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Abstract

Background Pregnant women and children living with HIV in Kenya achieve viral suppression (VS) at lower rates
than other adults. While many factors contribute to these low rates, the acquisition and development of HIV drug
resistance mutations (DRMs) are a contributing factor. Recognizing the significance of DRMs in treatment decisions,
resource-limited settings are scaling up national DRM testing programs. From provider and patient perspectives, how-
ever, optimal ways to operationalize and scale-up DRM testing in such settings remain unclear.

Methods Our mixed methods study evaluates the attitudes towards, facilitators to, and barriers to DRM testing
approaches among children and pregnant women on antiretroviral therapy (ART) in five HIV treatment facilities

in Kenya. We conducted 68 key informant interviews (Klls) from December 2019 to December 2020 with adolescents,
caregivers, pregnant women newly initiating ART or with a high viral load, and providers, laboratory/facility leader-
ship, and policy makers. Our Kl guides covered the following domains: (1) DRM testing experiences in routine care
and through our intervention and (2) barriers and facilitators to routine and point-of-care DRM testing scale-up. We
used inductive coding and thematic analysis to identify dominant themes with convergent and divergent subthemes.

Results The following themes emerged from our analysis: (1) DRM testing and counseling were valuable to clini-
cal decision-making and reassuring to patients, with timely results allowing providers to change patient ART regi-
mens faster; (2) providers and policymakers desired an amended and potentially decentralized DRM testing process
that incorporates quicker sample-to-results turn-around-time, less burdensome procedures, and greater patient
and provider “empowerment”to increase comfort with testing protocols; (3) facility-level delays, deriving from over-
worked facilities and sample tracking difficulties, were highlighted as areas for improvement.
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and areas of improvement highlighted in our study.
Trial Registration NCT03820323.

Conclusions DRM testing has the potential to considerably improve patient health outcomes. Key informants recog-
nized several obstacles to implementation and desired a more simplified, time-efficient, and potentially decentralized
DRM testing process that builds provider comfort and confidence with DRM testing protocols. Further investigat-
ing the implementation, endurance, and effectiveness of DRM testing training is critical to addressing the barriers

Keywords Viral suppression, Viral load testing, Drug resistance testing, Drug resistance mutation

Background

Kenya has one of the highest HIV prevalence rates in
the world, approximately 4.2% in 2020 among adults,
with an estimated 870,000 women living with HIV
(WLHIV) and 82,500 children living with HIV (CLHIV)
[1-3]. While 90% of WLHIV in Kenya receive antiret-
roviral therapy (ART) during their pregnancy, only an
estimated 73% achieve viral suppression (VS) during
the pregnancy and postpartum periods [1]. Lack of VS
among pregnant WLHIV is one of the leading risk fac-
tors of vertical transmission of HIV, ultimately affecting
pediatric HIV prevalence. Globally, only 40% of CLHIV
had suppressed viral load (VL), compared to 67% of
adults who had achieved VS [4]. Kenya has a high
prevalence of pediatric HIV, with an estimated 111,500
CLHIV and 5,200 newly infected children under the age
of 14 in 2020 [2].

While there are a variety of underlying causes for lower
VS rates in both WLHIV and CLHIV, HIV drug resistance
mutations (DRMs) account for some treatment failures
[5]. DRM testing can greatly influence individual patient
treatment decisions and represents the standard-of-care
(SOC) in high-resource settings [6]. Routine surveillance
of DRMs is also valuable in determining which ART regi-
mens are selected as first or second-line treatment choices
[7, 8]. DRMs have a substantial influence on the durabil-
ity and longevity of existing ART regimens, particularly in
the case of CLHIV, given their anticipated life-long use of
the medications [9-11]. As most recently recommended
by the Kenyan Ministry of Health (MOH), preferred first-
line ART regimens for children and adults include dolute-
gravir. Prior to dolutegravir roll-out, the leading regimens
included efavirenz and protease inhibitors [12].

International groups, including the Joint United
Nations Programme on HIV/AIDS and the World Health
Organization, have raised concerns regarding the rate
at which HIV DRMs are increasing in resource-limited
settings (RLS) [13, 14]. For example, in a survey from
10 sub-Saharan African countries, approximately half
of infants newly diagnosed with HIV had drug-resistant
strains before initiating ART [13]. Among the sampled

patients in our parent study Opt4Kids (described in
detail below), which included children enrolled in HIV
care in western Kenya, 100% of the children with viro-
logic failure had at least one DRM and 85% had at least
one major DRM [15]. Similarly, in our parent Opt4Ma-
mas study in pregnant and postpartum WLHIV, while
rates of DRM were lower in women with virologic fail-
ure, DRMs identified provided critical information for
rapid switch of ART to prevent HIV transmission during
pregnancy and breastfeeding.

Recognizing the role HIV DRMs play in individual
treatment determinations as well as for national pol-
icy guidance, many RLS have been scaling up DRM
testing [16, 17]. However, scaling up DRM testing in
such settings has been complex for various reasons,
including procuring and maintaining expensive test-
ing equipment, recruiting highly trained laboratory
staff for molecular testing, developing and maintain-
ing sample transport networks, and developing clini-
cal capacity for use of such specialized testing [18, 19].
Several questions remain regarding DRM testing scale-
up, including those related to patient understanding
of DRM testing and results, provider comfort in inter-
pretation and counseling of DRM testing results, and
health systems optimization for wider use of DRM
testing. To better understand how DRM testing can be
implemented effectively, we conducted this qualitative
sub-study within two parent studies. The goal of the
parent studies was to evaluate the impact of point-of-
care (POC) VL testing combined with targeted DRM
testing and clinical decision support among CLHIV
(Opt4Kids) and pregnant/postpartum WLHIV (Opt-
4Mamas). In this analysis, we aimed to better under-
stand: (1) perceptions of DRM testing among patients,
providers, and policymakers, (2) comfort in interpre-
tation and counseling experiences among patients and
providers, and (2) future improvements in the cur-
rent DRM testing approach in western Kenya. To our
knowledge, our study is the only qualitative investiga-
tion of CLHIV, pregnant WLHIV, and provider/policy
maker perspectives on HIV DRM testing.
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Methods

Study context, setting, and researcher positionality

The study was conducted in Kisumu County in west-
ern Kenya. Kisumu is the third largest city in Kenya with
large agricultural industries that contribute largely to the
broader East African economy [20]. Adult HIV prevalence
is 17.5% in Kisumu, three times that of the national aver-
age, while pediatric HIV incidence is the second highest
in the county [20-22]. The clinical facilities where the
study was conducted were led by the implementing part-
ner, Family AIDS Care and Education Services (FACES).
Dr. Patrick Oyaro (a Kenyan principal investigator) and
Dr. Lisa Abuogi (an American principal investigator),
held leadership positions in FACES at some point in their
lives and have developed strong connections with the
County-level MOH. We conducted ad hoc meetings with
the project team, which included academic researchers
(including one primary investigator who belonged to the
Kenyan community, one who belonged to the South Asian
American immigrant community, and one who belonged
to the White American community), study staff (including
three who belonged to the Kenyan community, one who
belonged to the Somali American immigrant community,
and three who belonged to the Asian American/Pacific
Islander community), and other stakeholders as needed to
review our ongoing analysis and findings. Since many pro-
ject team members were not of Kenyan background, the
non-Kenyan members vetted the emerging themes and
subthemes with our Kenyan team members to ensure the
findings and interpretation resonated with their percep-
tions, beliefs, or lived experiences.

Parent studies

Opt4Kids is an open-label, randomized controlled trial
that examined the impact of POC VL testing in combi-
nation with targeted DRM testing and clinical decision
guidance on VS among CLHIV on ART [15, 23]. The
study recruited 704 CLHIV aged 1-14 years in five high-
volume HIV treatment centers in Kisumu, Kenya, and
followed them for 12 months. Study staff at each facil-
ity approached potential participants’ primary caregiv-
ers for study participation at routine clinical visits and
obtained informed consent, with additional assent given
by participants aged 13—14 years. Eligible children were
randomly assigned to the intervention or SOC. The inter-
vention included POC VL testing every 3 months using
GeneXpert® technology, previously used in these facili-
ties for tuberculosis diagnosis, targeted DRM testing for
VL>1000 copies/mL, and clinical management support
for the facility providers, including multidisciplinary case
review (including facility providers and staff) for inter-
pretation of the DRM testing results. The control or SOC
arm followed national guidelines and included SOC VL
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testing every 6 months and approved DRM testing via a
centralized approval process. Specifically, the NyaWest
Technical Working Group reviewed and approved
SOC DRM testing usually for those with virologic fail-
ure on a protease inhibitor-based first line or on second
or third line ART who continued to have viremia after
adherence optimization. The same committee provided
guidance to providers on clinical management. DRM
testing was conducted at a national reference laboratory.

Opt4dMamas is a prospective cohort study that com-
pared VS rates pre- and post-implementation of a POC
VL testing intervention among pregnant/postpartum
WLHIV newly initiating or already on ART in the same
five HIV treatment facilities. We enrolled 820 pregnant
women during their antenatal care (ANC) visits and
followed them for 6 months. During pre-intervention
implementation, all enrolled women received SOC test-
ing throughout pregnancy/postpartum care. During
the post-intervention period, the study offered POC VL
testing combined with targeted DRM testing and clini-
cal decision guidance (as for Opt4Kids described above),
and a new cohort of pregnant/postpartum women were
enrolled to receive the intervention.

For both studies, a Clinical Management Committee
(CMC) was developed for intervention group patients
modelled after, and including some members of, the
existing MOH clinical management technical working
group in Kisumu County. The CMC was comprised of
the head of the Kisumu-based Technical Working Group,
clinical providers from the five facilities, study personnel
and lead investigators, HIV specialists from the MOH
and other countries, and technical advisers from HIV
implementing partners. The committee conducted case
reviews using a standardized form prepared by facil-
ity staff. It convened on a regular basis to discuss cases
and to provide recommendations about ART regimen
changes and case management using a study-developed
standardized form.

Study procedures

For the qualitative data collection for both studies, we
conducted semi-structured in-depth interviews from
December 2019 to December 2020 with six subgroups of
key informants, including: (1) adolescent (ages 13 years
and above) study participants for Opt4Kids, (2) car-
egivers of children enrolled in Opt4Kids, (3) women
newly initiating ART during pregnancy in Opt4Mamas,
(4) women already on ART with viremia at some point
after enrollment in ANC in Opt4dMamas, (5) providers
and other facility staff at our study sites, and (6) policy-
makers and other stakeholders at the local and national
levels. Within the last two groups, we sampled individu-
als who worked in clinical care as well as in the laboratory
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section to ensure we had a wide breadth of perspectives.
Study staff worked with the community partners and
those attending community stakeholder meetings to
help generate the initial pool of key informants for the
key informant interviews (KIIs). We used convenience
sampling to recruit patients already enrolled in the par-
ent studies who came to the clinic during our interview-
ing period. Additionally, we utilized purposive sampling
to recruit laboratory staff, facility staff, policymakers, and
other stakeholders. Within each subgroup, we aimed to
perform approximately 10-15 KlIs until saturation of
themes was reached.

Our interview guides were designed using a socioeco-
logical model of VS, [24] which considers individual, inter-
personal, organizational, and structural/policy variables
affecting VS, with an additional emphasis on operational
aspects of POC VL and DRM testing. The interview guides
covered the following domains: (1) barriers and facilita-
tors to ART usage and VS, (2) VL literacy and experiences
with SOC VL and DRM testing in regular care, (3) expe-
riences with POC VL and DRM testing within the study,
and (4) how to scale up both SOC and POC DRM and VL
testing for programmatic use. For this analysis we focused
on DRM testing aspects of the KlIs; for findings relevant to
VL testing, please reference a related publication [25].

Data collection

We obtained written informed consent for all partici-
pants in the qualitative portion of the studies. Informed
consent was obtained for minors from their primary
caregivers, with additional assent given by participants
aged 13-14 vyears. We collected de-identified socio-
demographic information for key informants not already
participating in our parent studies on a paper form, and
later entered the information into a database. Our Ken-
yan study team members, who were research nurses or
clinical officers, conducted the interviews and received
centralized in-person training in interviewing tech-
niques from the principal investigators. The interviewers
had considerable prior experience conducting KlIs and
focus group discussions with several studies conducted
in the region. Of note, most of the facility staff, leader-
ship, policymaker, and other stakeholder interviews
were conducted by our team’s Kenyan research coordi-
nator (EB). Interviews lasted 30-60 min, and field notes
were taken during interviews. KIIs were conducted over
video call via Zoom or in-person and audio-recorded
in a private setting within the HIV treatment facilities.
Interviews were performed in the participants’ chosen
language, which was either English (largely for provid-
ers and stakeholders), Kiswahili, or Dholuo. Either the
same interviewer or another member of the research staff
transcribed the interviews directly into English if they
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occurred in Kiswahili or Dholuo. If the interviewer was
not transcribing the recording personally, they reviewed
the English transcription for accuracy, and any discrep-
ancies were resolved by discussion among research staff
members. RCP and EB read initial transcripts and pro-
vided feedback to each interviewer for iterative improve-
ments in interviewing as well in the guides. English
transcripts were then uploaded into NVivo (version 12.0,
QRS International Pty Ltd.) for coding and analysis.

Data analysis

We used inductive coding [26, 27], and three team mem-
bers (SRQ, AJS, and SAH) carried out the coding under
the supervision of RCP via weekly meetings and with
iterative input from the larger research team, which
included members from Kenya, via as-needed confer-
ence calls. SAH created an initial codebook based on KII
guides and her read of the initial few transcripts, and then
team members AJS, SRQ, and SAH iteratively modified
the codebook as transcript coding progressed. Initially,
two transcripts were coded collaboratively, in a group
setting at the same time by all three coders, and then 1-2
transcripts were double-coded separately by coders, with
any differences in coding addressed through consensus.
The remaining transcripts were coded independently by
various coders, with one coder (SAH) reviewing all tran-
scripts’ coding in NVivo. We utilized thematic analysis
to maintain an analytic codebook which organized our
codes into overarching domains with subsequent themes,
sub themes, and illustrative quotes, both convergent and
divergent.

Results

We conducted a total of 68 KIIs with CLHIV (n=8),
caregivers of participating CLHIV (n=18), WLHIV
who were newly initiating ART (n=13), WLHIV who
were already on ART with viremia (n=10), HIV pro-
viders or laboratory staff (n=6), facility-level leader-
ship (n=5), and county- or national-level policymakers
(n=38). Throughout this paper, the term “patients” refers
to CLHIV, WLHIV who were newly initiating ART,
WLHIV who were already on ART with viremia, and car-
egivers of participating CLHIV whom we interviewed.
“Providers” includes HIV clinic providers or laboratory
staff and facility-level leadership, and “policymakers”
refers to county- or national-level policymakers whom
we interviewed. Overall, while analyzing the attitudes
and experiences with DRM testing among patients, pro-
viders, and policymakers three main themes emerged:
(1) perceptions of DRM testing, (2) provider confidence
and comfort with the DRM testing process, and (3)
areas for future improvements. Table 1 provides notable
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Table 1 Themes, subthemes, and quotes demonstrating attitudes towards and facilitators and barriers to DRM testing approaches

Main theme

Subtheme

Supporting Quote

Perceptions of DRM testing

Gaps in understanding of DRM testing among patients
and providers

Perceived benefits of DRM testing: informs clinical decision-
making

Perceived challenges of DRM testing: burdensome proce-
dures

Perceived challenges of DRM testing: lack of timeliness

“No, they didn't explain to me [the drugs resistance test results
or anything to do with drug resistance]” (35-year-old, female,
caregiver)

‘I would wish to know more about drug-resistant testing...
[m]aybe it was done but | don't understand it (Age unknown,
female, adult patient)

“l don't routinely do the interpretation of [drug resistance
tests]...l am not as comfortable with the interpretation

of the result...many people with the facility may not even
know what it is” (Medical superintendent)

“We got results just recently and we were told that further con-
sultations are still being done to determine whether the child’s
medications will be changed. They will give us a way forward”
(56-year-old, female, caregiver)

“[Elspecially for the first line and second line, we actually just
go blindly and sometimes you never know what the ART his-
tory has been, something that is never discussed very openly;
as much as you may try to gather information, but sometimes
people may be hiding certain issues; so, to me | feel it was giv-
ing us an aspect of making an informed decision." (County-
level HIV and sexually transmitted infections coordinator).

“For the standard-of-care it has been pathetic... it has been
a challenge because there are so many channels of getting
the test being done...before the test is being done, we have
to get approvals, we have to discuss clients.” (Nursing officer)

“[Before the DRM test,] we need to do a direct observation test
but...maybe the client is somewhere where you cannot get...
[ylou find you [cannot know] whether the client has been tak-
ing the drugs or not. (Clinic manger)

“[TIhere’s no clear roadmap of what you do next...[t]here’s
a lot of mix-up and we really need to follow a lot for a DRM
testing to be done. We need to do a lot of phone calls. So it's
not something that is easy for us to do” (Clinic manager)

“Currently, even the participants who are in need and the par-
ticipants who are supposed to get that test actually don't

get that test because of a lot of bureaucratic layers...those
are the aspects that need to be cleared.” (National-level lab
specialist)

“To me, | think [more timely results reception through the inter-
vention] has really helped a lot and it has really helped us

in decision-making for clients...we are really able to get those
results early and act on them...the national [procedure]

that takes like one month....[is] too much! (Technical advisor)

“[W]e have been having a challenge in terms of turnaround time
or getting the results early....[tlhe best thing with OptStudies
is that...we are able to get the results very early” (Clinic manager)

“They really need to look at the turnaround of the DRT results
because we are supposed to make decisions as early as possi-
ble. If [the tests] take a lot of time, it will then delay the process
of intervention. So | would wish the process takes [a] shorted
time...we should intervene as fast as possible because...the
patient might be attacked by opportunistic disease and may
end up dying before we even get the patients results.” (Clinic
manager)

“[Sample-to-results turn-around time] should be timely

and even the giving of the results to the client should not be
long...because remember they are anxious, they are human
beings too, they are failing and they have gone through ses-
sions, they're aware that they are failing. So getting the results
back is also assurance or motivating. It lays the anxiety

they might be having. And then they adjust very quickly

to the changes and the possible ways of getting to suppres-
sion.” (Nursing officer)
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Main theme Subtheme

Supporting Quote

Perceived challenges of DRM testing: facility-level challenges

Perceived challenges of DRM testing: lack of funding

Provider confidence and comfort  Overall confidence and comfort with DRM testing is limited
with the DRM testing process among providers

Trainings to increase confidence and comfort

Multidisciplinary discussions to increase confidence
and comfort

“[W]e've also had the aspect where...they don't track [the
results] appropriately...one case that... | had to bring to their
attention, then they found it in their system and it was actually
just missed!” (County-level HIV and sexually transmitted infec-
tions coordinator)

“[W]e have had delays because the facilities have so much

in their hands; so, they have this case, then they say they will
discuss the following day; so, they postpone the discussion.
Then even when it has been discussed, summarizing the case
is also another one. So, | would want to say that yes, we've
had delays, and we've actually had backlogs for the DRM
tests” (County-level HIV and sexually transmitted infections
coordinator)

“[Blefore this | remember we had to ask for donations

to do DRM testing for some participants...we were lucky
that we had some well-wisher fund in the program, we call
it the ‘participant fund...for some participants, we actually
had used the participant fund to facilitate...PMTCT [Preven-
tion of mother-to-child transmission] women who needed”
(Technical advisor)

“They are not done routinely not because they are harm-
ful but because they are expensive. So, if it is done more
frequently, it means it is affordable. So, making it affordable
is another issue!” (Medical superintendent)

‘| have not met one [sample for DRM testing in my lab]...!
don't know if it's because of the training or maybe they have
been doing it and | [do not know]...whether they...desire

to have the routine VL or DRM testing. But maybe empower-
ment should be done to [providers] so that they capture this”
(Lab coordinator)

“[Elither there is a knowledge gap that is making [providers]
not request on this, or maybe there is fear of long turnaround
time, or...maybe failure to read the guideline or that depth

[of knowledge] to know that this is what | am supposed to do”
(County-level lab coordinator)

‘I don't think we've empowered the providers to be able
to actively do that and say...this is the [DRM] result that is back
and it shows mutation for these and these” (Technical advisor)

"I have gone through advanced HIV clinical course, so I am
confident and | also train others to interpret.” (Technical advisor)

“[TIraining is good because we cannot know everything.
Maybe the way | interpret today, tomorrow the interpretation
has changed because there's so many researchers and medical
knowledge is always changing. So having a training is good...
[iIf we can be trained over the same then we will appreciate”
(Nursing officer)

We will really benefit more if we get training on it (Clinic
manager)

“We've had several trainings, but they are still a bit shy when it
comes to interpretation of the mutations and the significance
of those mutations when you talk about drugs sensitivity

and drug resistance.” (Technical advisor)

“Most of the sites are doing a pretty good job [of interpreting
DRM testing results] nowadays because of the NYAWEST-TWG. ..
when they are discussing those cases, they've requested
partners to support those health care workers to join these
discussions. So people are getting better at doing it (Prevention
of mother-to-child transmission technical advisor)

“[My experience with the OptStudies] was good because |
was also being put on board, discussing about the patients,
making decision with different people, sharing ideas, sharing
the challenges, the right ART regimen that the patient is sup-
posed to be put on” (Clinic manager)
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Main theme

Subtheme

Supporting Quote

Future Improvements

Decentralize the approval process

Facility-level improvements

Build provider knowledge

“Yes, if we could be doing everything in our lab then it could
be better because, uh we take and then do it onsite and then
the client gets his result immediately... [POC DRM test-

ing is doable] if given the equipment because it is a matter

of culture, it's a matter of culture. What we need is just put uh,
logistics in place... it doesn't even need a lot” (Lab incharge)

“[Ulsually we have a backlog of children who are not getting
these tests, because we have this technical working group

at the county level. So, if we decentralized this and give power
to the facilities to recommend this test, maybe it would enable
us to avoid the backlog! (Technical advisor)

“[Flor the decision of the DRM testing to be done, | feel that it
should be right at the implementation phase and that is the ser-
vice healthcare service providers because they are the one

who identifies that this client is failing this regiment, they have
the history of this clients right from initiation to the way they
have walked on this journey with this client” (Clinic manager)

‘It should be made more accessible to more people, more
facilities. For us, we want it even to be in the wards. To be
accessible to people in the wards. So, then it makes it easier
for us to make decisions in time!" (Medical superintendent)

“[TIhere is a big gap because either the sample was sent,

six months down the line, the results page is still blank

so you are like does it mean this result was not received

or... so when you follow to the clinic, you find that maybe

the results was received and maybe action was taken

and yet at the lab register it is still blank. So, I think there is a lot
of gaps there that need to be actually, considered to be taken
some action so that we can. (County-level lab coordinator)

“[Y]ou can get [the results] in the file, but it was filed there
without their knowledge. So someone comes with a viral load
results that is above 1000 and puts it in the file. Many clinicians
are not good in flipping pages so they will not see it (Preven-
tion of mother-to-child transmission technical advisor)

“[Flor instance Lumumba has many clinicians who those
case discussions would really make a difference in their lives
in terms of even improving their skills and the knowledge
on how to manage some of those clients because it's fast
hand with the consultant and everyone else and you know,
the NYAWEST team is also part of that...[s]o it could be

in a time where we can have as many as clinicians involved
as possible to be looked at as an MDT with external facilities
or something like that so that it is used to discuss the case
but the same time to transfer skills and knowledge to as many
as are available to be used! (Prevention of mother-to-child
transmission technical advisor)

“[W]e need to have also technical persons coming from dif-
ferent organizations and even the county, uh, to provide
technical expert and advise on different clinical manifestation
of participants and regimens switch or failures.” (County direc-
tor of public health)

“| think having an algorithm would help because for viral

load, it's pretty clear people are able to follow. So, I think that's
an area that uh, it’s a brilliant idea.” (County-level HIV and sexu-
ally transmitted infections coordinator)

“They need to be trained. The training should be done

so that even more of them...once they are not trained

and many of them are not aware, they will not even request
for it (Medical superintendent)

“[Clapacity building of the clinical teams and even the diag-
nostic teams, | think it is an area that | can focus on so much
and see how it can be done to support the class because |
know there is resistance but we are missing opportunities.
(County-level lab coordinator)
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Main theme Subtheme

Supporting Quote

Build patient knowledge

‘| would wish to know more about drug-resistant testing. ..
[mlaybe it was done but I don't understand it (Age unknown,
adult patient)

‘| can't remember well [what was taught during sessions]."
(15-years-old, female, adolescent)

“But now, the issue is the understanding is now what is uh, uh
the question because really, to put it in a lay man’s language
for them to be able to understand what you mean...the client
will not be getting uh the right information.” (County-level HIV
and sexually transmitted infections coordinator)

quotations from the interviews, organized by the themes
described below.

Perceptions of DRM testing

Gaps in understanding of DRM testing among patients

and providers

Most patients reported a lack of awareness of DRM
testing and had not previously experienced one being
conducted for themselves or their children (for the car-
egivers). Notably, some patients indicated that clinic staff
had not informed them that their samples were undergo-
ing DRM testing. Patients reported only hearing about
the DRM test results and next steps regarding their care
after the results were back. In contrast, most provid-
ers reported familiarity with DRM testing through staff
trainings, though some never received any formal train-
ing on DRM testing outside of the study. These provid-
ers expressed basic understanding of why and for whom
DRM testing was conducted. However, these providers
also acknowledged key limitations in in-depth under-
standing of DRM testing—such as knowing when to
request a test, how to counsel patients based on their
results, and how to make appropriate clinical decisions
that adhere to the results—reporting that they had lim-
ited exposure to DRM testing or that they did not retain
information they had previously received regarding DRM
testing because their exposure to DRM testing outside of
the study was so infrequent.

Perceived benefits of DRM testing: informs clinical
decision-making

Providers/policymakers and patients stressed that DRM
testing and DRM testing counseling were valuable to pro-
viders for optimal clinical decision-making and partici-
pants for reassurance, respectively. Study patients who
had undergone DRM testing reported that the DRM test-
ing results and counseling from the providers gave them
helpful guidance or “a way forward” for next steps in their
ART management. Specifically, DRM testing counseling
provided patients with feedback on their adherence

patterns and determined whether they needed a change
in their ART regimen. As for providers, DRM testing
results were crucial pieces of information that informed
the clinical decision-making processes. One policymaker
mentioned that clinical decisions were made easier with
DRM testing because DRM testing provided insights into
past antiretroviral (ARV) drug exposure for those few
patients who, for whatever reasons, did not have prior
ARV drug histories documented in their records. In such
cases, providers felt empowered to determine appropri-
ate treatment regimens, guided by actual information
rather than blindly making a regimen change. Apart from
their opinion that DRM testing aided clinical decision-
making, providers and policymakers also appreciated the
collaborative nature of the multidisciplinary discussions
that occurred as part of the CMC meetings. Providers
and policymakers stressed the importance of not hav-
ing a single provider establish a patient’s treatment plan.
Rather, collaborating on a team of varied and experienced
staff boosted their confidence in the decisions made,
especially for ART regimen changes.

Perceived challenges of DRM testing: burdensome procedures
Some of the perceived challenges stated by providers
and policymakers included the difficulty of comply-
ing with current complicated SOC DRM testing proto-
cols and requirements, such as mandatory bureaucratic
approvals, multidisciplinary team discussions, and
patient communication. As such, some providers com-
mented that SOC DRM testing processes are “pathetic”
and have been “disappointments”. Specifically, one pro-
vider mentioned that the two-week directly observed
drug ingestion trial prior to requesting the DRM test can
be challenging to achieve, due to difficulty contacting,
coordinating with, and monitoring of patients for ade-
quate completion of the trial requirements. The directly
observed HIV treatment period involves a trained peer,
such as a healthcare provider or family member, who
observes the patient ingesting prescribed ART daily,
until consistent adherence-enhancing behaviors are
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adopted. Many providers and policymakers emphasized
that the bureaucratic steps involved with ordering and
conducting a test were confusing and required close
monitoring by providers, making the DRM testing pro-
cess difficult to complete. As a result, the burdensome
DRM testing process discouraged many clinicians from
ordering test in the first place.

Perceived challenges of DRM testing: lack of timeliness
Another challenge stated by providers and policymakers
was the overall delay associated with the SOC DRM test-
ing process. Overwhelmingly, providers emphasized that
mandatory bureaucratic processes and approvals delayed
DRM testing procedures, due to the significant delays
caused by the additional steps of enhanced adherence
counseling summaries, directly observed therapy, and
technical group discussions. During these delays, provid-
ers reported that patients’ overall health worsened with
some patients developing opportunistic infections and, in
one instance, one patient dying after waiting four months
for test results. In contrast to the SOC protocols, many
providers and policymakers perceived that timely recep-
tion of DRM testing results allowed providers to make
clinical decisions and change patient ART regimens
quickly.

In addition to providers and policymakers, patients also
communicated dissatisfaction with the delays associated
with the DRM testing process, desiring to know as soon
as possible if their medication was working and if drug
regimen changes were necessary. Patients, providers, and
policymakers noted that timely reception of DRM testing
results would decrease patient anxiety when waiting for
results. As reported by providers, patients too felt that
timely reception of DRM testing results was important to
provide assurance and motivation to them.

Perceived challenges of DRM testing: facility-level chal-
lenges In addition to the significant delays faced at the
national level for DRM testing, providers and policy-
makers reported two facility-level challenges: (1) over-
worked facility staff and (2) difficulty tracking DRM test-
ing results. First, several providers mentioned that DRM
testing has been delayed because facilities have too many
procedures to perform for the number of staft they have.
Providers and policymakers commented that procedure
backlog within clinics delayed testing procedures (such
as the postponement of multidisciplinary team discus-
sions), clinical decision-making, and patient care. Sec-
ondly, providers and policymakers commented on how
the mishandling of DRM testing results, such as logisti-
cal issues of tracking DRM testing results, led to missed
results and delayed care.
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Perceived challenges of DRM testing: lack of funding

Lastly, providers stated that lack of funding is a signifi-
cant challenge to DRM testing. Several providers empha-
sized that while the national HIV program covers the
cost of the DRM test itself and is free to the clinics and
patients, in certain cases, clinicians were only able to
conduct DRM testing after requesting and receiving
donations from FACES for laboratory tests not otherwise
covered by the MOH. Providers highlighted that the high
cost of the test prevented clinicians from ordering tests,
making the test, as they stated, less accessible.

Provider confidence and comfort with the DRM testing
process

Overall confidence and comfort with DRM testing is limited
among providers

Overall, the general lack of knowledge and formal train-
ing on when and how to order a test for the current
national SOC process deterred many providers from
requesting a test. One provider mentioned that their lab
had never encountered a sample that qualified for DRM
testing, acknowledging that providers were unaware of
what qualified for further DRM testing.

Trainings to increase confidence and comfort

By and large, trainings were considered valuable to
increase providers’ confidence to interpret DRM testing
results and improve providers” ability to teach others to
interpret DRM testing results. One provider underscored
that the absence of any type of DRM testing training at
their clinic was the reason for their co-workers’ inabil-
ity to interpret DRM testing results independently. At
the same time, one policymaker noted that regardless of
training reception, providers were still “shy;” lacking the
confidence to correctly interpret results and make sub-
sequent clinical decisions. Notably, despite not having
undergone formal training to interpret testing results,
several providers commented on how clearly laid out
words such as “resistance” and “non-susceptible’, i.e.,
phenotypic interpretation using the Stanford HIV Drug
Resistance Database, printed on DRM testing results
documents by the resulting lab made DRM testing results
interpretation easier. In addition to ordering and inter-
preting DRM testing results, providers also reported a
lack of formal training on how to counsel patients after
receiving and processing the DRM testing results them-
selves. One policymaker further highlighted that coun-
seling patients can be difficult due to the challenge of
making technical language around DRM testing more
accessible for patients. On the other hand, when asked
about the meaning of their DRM testing results, patients
used non-technical and digestible language, such as “not
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working well” or “not effective,” to explain their results.
Overall, most patients seemed to be satisfied by the lan-
guage used by their providers to counsel on their results,
expressing gratitude towards their provider’s kindness,
guidance, and efforts to motivate them and alleviate their
fears during these sessions, while desiring to know why
they may have to change their drug regimens. Notably,
patients trusted providers and study staff in their knowl-
edge of HIV treatment, with two patients reporting that
they wanted doctors and the study staff to educate and
counsel them on their results.

Multidisciplinary discussions to increase confidence

and comfort

Lastly, several providers commented that the multi-
disciplinary discussions hosted by the study markedly
improved providers’ abilities to interpret DRM test-
ing results, giving them opportunities to gather differ-
ing perspectives on which ART regimen was optimal
for a patient. Providers and policymakers noted that
incorporating a wider range of stakeholders from differ-
ent facilities, organizations, and counties into the multi-
disciplinary discussions would allow for more enriched
discussions, improving their DRM testing interpretation
skills.

Future improvements

Decentralize the approval process

Several providers and policymakers wanted to decentral-
ize the overall DRM testing ordering process to decrease
the number of bureaucratic layers, which would not only
better empower local facilities to seek out DRM testing
but also decrease turn-around time and expedite clinical
decision-making process. Multiple providers and poli-
cymakers suggested allowing providers to request a test
without the approval of the multidisciplinary discussion
team which would prevent a backlog of DRM testing
orders. Nonetheless, providers and policymakers sug-
gested that developing carefully considered and planned
national algorithms would help ensure the implementa-
tion of a decentralized DRM testing ordering process
optimized on the limited resources for such testing.

Facility-level improvements
Providers and policymakers identified three facility-level
improvements: (1) increasing clinic capacity for DRM
testing on-site via POC assays, (2) improving systems for
tracking the return of results, and (3) incorporating more
diverse voices into multidisciplinary discussions.

First, providers and policymakers suggested increas-
ing testing capacity by making POC DRM testing avail-
able on-site. Although providers recognized that this
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would involve increasing human capacity and acquiring
equipment, one provider emphasized that this is a mat-
ter of changing culture and would require minimal effort.
Other providers commented that having DRM testing
technologies on-site would allow providers to decide
more quickly which regimens to administer to a patient.

Second, providers and policymakers desired a system
that tracks DRM testing results within each facility. One
policymaker, for example, expressed concern over the
misfiling of DRM testing results which had resulted in
delayed modification of treatment plans for patients and
delayed care. One lab coordinator expressed confusion as
to whether results from the lab were received by the facil-
ity or not, expressing desire to improve systems for track-
ing the return of DRM testing results from the lab to the
facility.

Third, providers and policymakers strongly approved
of the collaborative multidisciplinary team discussions
within the studies, advocating for the expansion and
diversification of these discussions to include clinicians
and technicians from different facilities. One policymaker
believed this would allow for a greater exchange of skills,
knowledge, improve case management, and patient care
coordination. Providers and policymakers also expressed
interest in holding regular multidisciplinary discussions,
on a monthly basis (they were held ad hoc during study
follow-up depending on case volumes).

Build provider knowledge

Additionally, providers and policymakers expressed great
interest in the provision of trainings to providers so that
they are aware of and feel empowered to order tests,
interpret DRM testing results, counsel patients appropri-
ately, and make subsequent clinical decisions. Notably,
one provider emphasized that because DRM testing is
not routinely conducted, many providers are unaware of
when to order a test, which has led to missed opportu-
nities for testing. Providers mentioned that having regu-
lar, up to date trainings would increase the confidence
and comfort of providers to order these tests. Providers
noted that trainings should also dissuade providers’ fear
of erroneously ordering a test when not indicated, espe-
cially layered onto a backdrop of limited resources for
such testing in the first place. Overall, providers and poli-
cymakers expressed great interest in the creation of an
algorithm that gives providers clear directions on when
to order a DRM test.

Build patient knowledge

Patients and providers highlighted the need to increase
patient knowledge of DRM testing. Specifically, providers
emphasized that patients need clearer messaging on how
the DRM testing process works. Those providers who
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had counseled patients on DRM testing results reported
that they tended to focus counseling on what the DRM
testing results meant for the patient, namely whether the
patient needed to change ART regimens or adherence
habits, rather than detailing specific DRM testing proce-
dures and processes. Interestingly, we found that patients
wanted to learn more about the details behind the DRM
testing procedures, not just the end implications of the
DRM testing result, although some patients who were
given DRM testing training often could not recall any
information that they learned. For instance, one patient
with high VL was aware that her blood sample was col-
lected, but she was confused as to what the blood test
was specifically measuring.

Discussion

By qualitatively exploring perceived attitudes towards,
facilitators to, and barriers to current DRM testing
approaches in Kenya among patients, providers, and pol-
icymakers, our study provides key insights on how to lev-
erage existing DRM testing procedures for more optimal
scale-up in RLS. The perceived potential for DRM test-
ing to significantly impact patient health outcomes, i.e.,
resulting in an ART regimen change, was supported by
all, from patients to policymakers. Improving provider
confidence and comfort with ordering and interpret-
ing DRM testing results via regular trainings and imple-
menting a simpler, decentralized DRM testing ordering
process are clear next steps in improving DRM testing
scale-up in Kenya and related settings.

Globally, HIV drug resistance is a substantial threat
to the success of ART and the elimination of HIV
[7]. Within RLS, the limited availability of ARV drug
options, high cost of second- and third-line regimens,
and limited capital (e.g., laboratory equipment, per-
sonnel, maintenance costs) and high-quality laboratory
infrastructure for timely delivery of accurate DRM test-
ing results illustrate how crucial it is that ART regimens
are used optimally, both in switching patients whose
ART is failing and not switching patients whose drug
resistance to the current regimen is not the reason for
virologic failure [28]. With transmitted or acquired HIV
drug resistance only increasing as more people have
access to ART and age on their current regimens, the
fundamental next questions for the global HIV commu-
nity are how to make DRM testing more accessible to
patients and providers in RLS.

DRM testing was perceived as fundamental to the clini-
cal decision-making process for patients with virologic
failure, by allowing providers to infer past ARV drug
exposures when missing from records or not disclosed
by patients, and to develop a plan for optimal ART regi-
mens moving forward. For example, a study conducted
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in South Africa, reported that genotypic resistance test-
ing informed clinical decision-making, causing providers
to select a second-line regiment different to what would
have been originally selected by the provider [29, 30].
DRM testing also prevents premature switches to costly
or unnecessary empiric regimens, potentially increas-
ing overall cost-efficiency and limiting any patient side
effects or adverse events that may occur when chang-
ing drug regimens [18]. In addition to informing clinical
decision-making, the presence of DRM testing services
within clinical settings raises awareness among clinical
providers and patients of issues relating to ARV resist-
ance and treatment failure—issues that may be other-
wise unknown [30]. That is, the process of reviewing
DRM testing results reports served as educational tools
by exposing nurses, clinicians, counsellors, and patients
to drug resistance patterns within clinical settings [30].
Nonetheless, incorporating more frequent DRM test-
ing among patients with virologic failure on first- or
second-line ART, when used in combination with POC
VL testing and clinical decision-making support, did not
improve VS among all children enrolled in our Opt4Kids
study. However, a subset of children who did require a
regimen change did show a statistically significant rate
of VS [31, 32]. Similarly, a study conducted in public-
sector HIV clinics in Uganda and South Africa found that
incorporating DRM testing into the SOC procedures for
patients whose first-line regimens failed did not improve
patients’ VS rates after 9 months, findings that are con-
sistent with other studies that suggest limited short-term
and long-term virologic benefits of DRM testing [33—35].
These findings, however, are in conflict with other stud-
ies that report stated benefits of DRM testing on viro-
logic outcomes [36]. Overall, further investigation into
the impact of DRM testing will be essential to guiding
selection of second- and third-line regimens, managing
treatment failure, coordinating patient care, and improv-
ing health outcomes.

While the DRM testing results were viewed as informa-
tive clinical tools, bureaucratic regulations were repeat-
edly emphasized as obstacles to optimal patient care,
slowing down the DRM testing process and complicat-
ing DRM testing procedures. Our patients highlighted
that the lack of timely receipt of results, a well-reported
challenge for DRM testing, increased patient anxiety over
delayed results and perceived worsening of patient health
during the wait [13, 18]. Slow and burdensome admin-
istrative procedures, such as mandatory consultations,
intensive adherence counseling sessions, directly observed
therapy, and coordination of multidisciplinary team dis-
cussions, resulted in a backlog of treatment failure cases,
deterred providers from ordering tests, and confused
providers who followed patients’ results through the
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treatment cascade. To tailor service provision and facili-
tate the DRM testing process, providers and policymak-
ers suggested decentralizing DRM testing procedures or
transferring management and decision-making power to
county- level or even to local facilities. Admittedly, when
resources are scarce for DRM testing, it is understand-
able that tension exists between enabling a decentralized
DRM testing ordering process and ensuring optimal use
of the testing, but this has been done successfully in South
Africa and Botswana [29, 30]. Moreover, a decentralized
process could be facilitated by POC, or even near POC
DRM testing, a simpler-to-operate POC technology that
provides on-site results return within health facilities.
Despite potential positives of decentralized DRM test-
ing, we acknowledge that decentralization of DRM test-
ing has been criticized for its high costs and impracticality
within constrained clinic settings, leading others to sug-
gest building upon existing capacities by strengthening
centralized high-throughput laboratories to address issues
surrounding sample referral and results delivery [18, 29].
How to optimally decentralize DRM testing procedures in
RLS is a key area for further research.

In addition to bureaucratic regulations, the overall lack
of provider and patient knowledge of the DRM testing
process was another reported challenge. Specifically, the
confusion among providers of when and how to order and
interpret tests, as well as the lack of confidence in their
recommendations to change ART regimens, remained
a barrier to DRM testing use, delaying patient care and
preventing patients in need of DRM testing from under-
going it—barriers that have also been reported elsewhere
[37]. The introduction and implementation of up-to-date
DRM testing training programs presents an opportunity
to address the lack of provider knowledge, confidence,
and comfort in ordering and interpreting tests. Expanding
clinic-level healthcare workers’ capacity to order, interpret,
and counsel on DRM testing is critical due to the scarcity
of specialist clinicians and the overall issue of drug resist-
ance becoming a growing concern in RLS [29]. Exploring
ways to effectively implement these trainings and ensure
their success will be key in improving providers’ funda-
mental ability to comprehend, follow, and operate under
national protocols. Furthermore, the lack of patient knowl-
edge limited patients’ involvement in understanding and
managing their own health. Our data suggests that patients
were eager to receive messaging regarding what DRM test-
ing entails and how the findings reflect their adherence;
national programs will need to develop training tools for
providers to better enable them to educate and counsel
their patients as well. Overall, increasing access to knowl-
edge about DRM testing will equip clinicians with tools
to provide more effective care and provide patients with
knowledge to better understand their own health.
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Other challenges to DRM testing implementation in
RLS include high capital expenditures and test costs,
limited laboratory infrastructure, lack of skilled staff,
and issues surrounding specimen collection, handling,
tracking, and transport to centralized laboratories—
findings that have been reported elsewhere [18, 29, 38].
Despite these barriers, new types of DRM testing tech-
nologies have significantly lowered cost and increased
access to testing in RLS [18, 29, 37]. Feasible technolo-
gies to detect DRMs include sequencing-based assays,
such as Sanger and next-generation sequencing in cen-
tralized laboratories, but coordination of HIV care could
potentially be more efficient and effective with rapid,
economical, and simpler testing technology [15, 22].
Although it is anticipated that widely validated Sanger
assays will continue to play a primary role in DRM test-
ing in RLS, point-mutation assays and genotype-free
prediction systems offer the possibility of decentraliza-
tion through POC or near-POC use [18]. For instance,
in comparison to Sanger sequencing assays, tests such
as ‘OLA-Simple; a near-POC test based on the oligonu-
cleotide ligation assay (OLA), have faster turnaround
times from sample-to-results and improved sensitiv-
ity, while requiring less expensive equipment and less
complex workflows [39]. We are currently attempting
to implement a field validation study of OLA Simple for
our study samples in Kenya, [40, 41] and the same team
is in the midst of developing a POC assay that detects
HIV VL and, amongst those with a certain threshold
of VL, automatically conducts DRM testing [42]. Such
types of POC DRM testing, which several providers
within our study advocated for, have the potential to
bypass delays associated with centralized procedures,
reduce chances for specimen mishandling, and decrease
the risk of losing patients to follow-up for clinic visits
[37]. Coupling VL testing and DRM testing facilitates
earlier entry of a patient into the treatment cascade
prior to the acquirement of further DRMs, avoids high
costs from premature switches to second or third-
line therapy, and maximizes durability of ART options
within RLS [7, 13, 18, 28, 43, 44]. Looking forward, cou-
pling POC DRM testing with routine POC VL testing
can inform providers within a single visit if patients
need to switch regimens, potentially improving VS [37].

While our qualitative study sheds light on how
impactful DRM testing might be for optimal HIV treat-
ment decisions and current challenges in operationaliz-
ing DRM testing in Kenya, it also has several limitations.
We were unable to obtain meaningful interviews from
our young adolescent participants (ages 13—14 years),
so we were unable to include the perspectives that may
be unique to this population. We also did not sam-
ple providers based on years of experience; hence, our
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analysis does not establish connections between years
of experience and comfort in use of DRM testing. Fur-
thermore, the transcript coding and initial analysis was
not led by Kenya-based team members, so our analytic
framework may lack the necessary context to adequately
interpret interviews and make appropriate conclusions.
While the Seattle-based coding and analysis team met
on several occasions with the Kenya-based team, a
coding and analysis effort entirely led by Kenya-based
team members could have possibly resulted in differ-
ent conclusions or different emphases on certain find-
ings. Additionally, our investigation was conducted
during the COVID-19 pandemic, which made it diffi-
cult to conduct in-person interviews due to limitations
in travel, especially with national-level stakeholders,
which may have potentially influenced the responses
we elicited, though we still captured body language via
video calls in Zoom. Though our patient and provider
sampling was limited to the facilities where the parent
studies took place in Kisumu, Kenya, the themes we pre-
sented are applicable to other clinics in Kenya and likely
other RLS. Notwithstanding these limitations, our work
presents some of the most detailed findings to date with
implications for DRM testing scale-up in RLS.

Conclusions

Our study reveals that patients, providers, and policy-
makers perceived DRM testing offering great value in
enabling them to make optimal treatment decisions.
However, current DRM testing processes, such as the
study setting in Kenya, face considerable obstacles to
wider implementation in RLS, including a need for a sim-
plified, more time-efficient, and potentially decentralized
DRM testing process that does not undermine provider
confidence and comfort ordering and interpreting DRM
testing results. As scale-up of DRM testing is increas-
ing, with both conventional and novel POC assays, it is
time for national HIV treatment programs, supported
by international agencies, to develop enhanced provider
training that fosters confidence in ordering DRM test-
ing and interpreting subsequent results and to create
messaging for patients to bolster their understanding of
DRM testing. Further investigation into creating effec-
tive methods for implementing and ensuring the effec-
tiveness of these trainings and messaging strategies are
needed soon, as global increases in drug resistance will
only become a more widespread issue over time.
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