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Abstract 

Background: Viral suppression (VS) is a marker of effective HIV therapy, and viral load (VL) testing is critical for treat‑
ment monitoring, especially in high‑risk groups such as children and pregnant/postpartum women. Although routine 
VL testing, via centralized laboratory networks, was implemented in Kenya starting in 2014, optimization and sustain‑
able scale up of VL testing are still needed.

Methods: We conducted a mixed methods study to evaluate the impact of higher frequency, point‑of‑care (POC) VL 
testing in optimizing VS among children and pregnant/postpartum women on antiretroviral treatment (ART) in five 
HIV treatment facilities in western Kenya in the Opt4Kids and Opt4Mamas studies. We conducted 68 key informant 
interviews (KIIs) from December 2019 to December 2020 with children and pregnant women living with HIV, child 
caregivers, providers, laboratory/facility leadership, and county‑ or national‑level policymakers. Our KII guide covered 
the following domains: (1) barriers and facilitators to ART use and VS, (2) literacy and experiences with VL in routine 
care and via study, and (3) opinions on how to scale up VL testing for optimal programmatic use. We used inductive 
coding and thematic analysis to identify dominant themes with convergent and divergent subthemes.

Results: Three main themes regarding VL testing emerged from our analysis. (1) Key informants uniformly contrasted 
POC VL testing’s faster results turnaround, higher accessibility, and likely cost‑effectiveness against centralized VL 
testing. (2) Key informants also identified areas of improvement for POC VL testing in Kenya, such as quality control, 
human resource and infrastructure capacity, supply chain management, and integration of VL testing systems. (3) To 
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enable successful scale‑up of VL testing, key informants proposed expanding the POC VL testing scheme, electronic 
medical records systems, conducting quality checks locally, capacity building and developing strong partnerships 
between key stakeholders.

Conclusion: The more accessible, decentralized model of POC VL testing was deemed capable of overcoming critical 
challenges associated with centralized VL testing and was considered highly desirable for optimizing VS for children 
and pregnant/postpartum women living with HIV. While POC VL testing has the potential to improve VS rates among 
these populations, additional research is needed to develop strategies for ensuring the sustainability of POC VL testing 
programs.

Trial registration: NCT03820323, 29/01/2019

Keywords: Viral suppression, Viral load testing, Point‑of‑care, Children, Pregnant/postpartum women, Kenya

Background
Viral suppression (VS) is a critical component of effective 
HIV therapy, and its inverse, viral failure, is associated 
with poor HIV treatment outcomes, including mortality 
[1, 2]. While many populations living with HIV, includ-
ing general adult populations, are close to achieving the 
last target of VS in the UNAIDS 95–95-95 goals, some 
key populations, including children and pregnant/post-
partum women, struggle with VS [3]. In Kenya, a high 
HIV-burden country, an estimated 111,500 children ages 
0–14 are living with HIV [4, 5]. Only an estimated two-
thirds of these children who have been on antiretroviral 
treatment (ART) for more than six months are virally 
suppressed [6]. Similarly, pregnant/postpartum women 
also do not always achieve or sustain VS, with 22–30% 
of women experiencing at least one episode of viral load 
(VL) ≥ 1000 copies/mL, the current threshold for viral 
failure according to Kenya guidelines, during pregnancy 
or the first six months postpartum [7–9]. The overall 
MTCT rates in Kenya have increased from 8% in 2016 
to 11% in 2020, in part reflecting suboptimal levels of 
maternal VS [10, 11].

The ability to ascertain VS through frequent and eas-
ily accessible VL testing is key in treatment monitor-
ing, however, the benefits received from current testing 
options are diminished by operational barriers. Begin-
ning in 2013, the World Health Organization (WHO) 
advised that individuals on ART be monitored with rou-
tine VL testing [12]. Starting in 2014, Kenya adopted 
these recommendations and has expanded access to rou-
tine VL testing via centralized-laboratory networks, also 
known as centralized VL testing [13, 14]. Several poten-
tial barriers exist to centralized VL testing. Long turna-
round times for test results, limited trained laboratory 
staff or testing expertise, difficulties in transporting sam-
ples to centralized laboratories, and the inability to moni-
tor VL more frequently than national guidelines limit the 
potential benefits of centralized VL testing [8, 15–20].

Point-of-care (POC), or even near-POC, VL evalua-
tions are feasible, accurate, and at times, less expensive 

than laboratory-based VL tests [21, 22]. In 2021, the 
WHO proposed new guidelines for POC testing engage-
ment in HIV diagnosis and treatment and discerned 
several gaps in research. A strong recommendation was 
proposed for the use of POC HIV testing in early infant 
diagnosis [23]. This is supported by rich literature that 
demonstrated the competency of POC testing in facilitat-
ing earlier treatment initiation, higher treatment reten-
tion, and greater feasibility for resource-constrained 
environments [24–27]. However, the evidence base is still 
lacking for the effectiveness and feasibility of POC VL 
testing in supporting HIV treatment monitoring, includ-
ing for key populations living with HIV, such as children 
and pregnant/postpartum women [23]. Evidence for 
patient, provider, policymaker perspectives on POC VL 
testing, including for approaches for optimization and 
sustained delivery of POC VL testing is also needed.

To help understand the potential impact POC, or near 
POC, VL testing may have on VS among the key popula-
tions, we conducted two parallel, mixed methods studies 
in Kenya by employing existing GeneXpert® technology 
implemented for POC tuberculosis (TB) testing. The 
first study is an open-label randomized controlled trial 
among children (Opt4Kids), and the second is a cohort 
study among pregnant/postpartum women (Opt4Ma-
mas). Here we present our qualitative study findings that 
focus on patient, provider, and policymaker perspectives 
on how to achieve optimized and sustainable centralized 
and POC VL testing processes in Kenya.

Methods
Study setting and positionality
The study was conducted in Kisumu County, in western 
Kenya. Adult HIV prevalence in Kisumu is 19.9% as of 
2016, which is three times higher than the national figure, 
while pediatric HIV incidence is the second highest [13]. 
Five high volume and high-HIV burden primary health-
care facilities in the Kisumu County participated in this 
study. Since several members of the project team were 
not of Kenyan background, our team took steps at study 
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conception, design, implementation, data analysis and 
interpretation of findings to ensure Kenyan colleagues 
were involved or led aspects of this study. We conducted 
ad hoc meetings with the project team, which included 
academic researchers (including one primary investiga-
tor who belonged to the Kenyan community, one who 
belonged to the South Asian American immigrant com-
munity, 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 com-
munity), and other stakeholders as needed to review our 
ongoing analysis and findings. The non-Kenyan mem-
bers vetted the emerging themes and subthemes with our 
Kenyan team members to ensure the findings and inter-
pretation resonated with their perceptions, beliefs, or 
lived experiences.

Parent studies and procedures
Opt4Kids was an open-label trial that examined the 
impact of POC VL testing in combination with targeted 
drug resistance (DRM) testing and clinical decision guid-
ance on VS among children living with HIV (CLHIV) 
on ART [22, 28]. The study recruited 704 children aged 
1–14  years in five high-volume HIV treatment cent-
ers in Kisumu, Kenya, and followed them for the next 
12 months. Eligible children were randomly assigned to 
undergo the intervention or to receive standard-of-care 
(SOC) testing. As a part of the intervention, we employed 
GeneXpert® technology for POC VL testing every three 
months, with study visits and testing schedules synchro-
nized to intervention participants’ routine clinical visits 
when feasible. Study staff delivered results of POC VL 
testing via text messaging to participants’ primary car-
egiver and paper copies to providers within one to two 
days after testing. If lab results indicate non-suppression, 
the caregivers and participants were encouraged to fol-
low-up directly with the routine providers for next steps. 
During the study period, samples collected for POC VL 
testing were centrifuged and analyzed at the onsite labo-
ratories for four of the five study facilities equipped with 
the GeneXpert® platform. For the one site without Gen-
eXpert®, samples were centrifuged at the facility labora-
tory and then transferred daily to a nearby study facility 
for GeneXpert® analysis. We administered targeted DRM 
testing for intervention participants with VL more than 
1000 copies/mL, and results were shared with partici-
pants and their primary caregivers by their routine care 
providers. SOC VL testing was performed every six 
months and results returned through routine care, while 
DRM testing was limited to second-line ART failures 
through a centralized approval procedure in accordance 

with Kenyan national guidelines. The primary aim for 
Opt4Kids study was to assess the effect of the interven-
tion on VS 12 months after study enrollment.

Opt4Mamas was a prospective, mixed-methods, paral-
lel cohort study that investigated VS rates pre- and post-
implementation of a POC VL testing intervention among 
pregnant/postpartum women living with HIV newly 
initiating or already on ART in the same five facilities as 
Opt4Kids. We enrolled 820 pregnant women during their 
antenatal care (ANC) visits and followed them 6 months 
pregnant/postpartum. Pre-intervention implementation, 
all enrolled women were given standard-of-care testing 
throughout their pregnancy/postpartum care. Post-inter-
vention, a new cohort of pregnant women were enrolled 
to receive POC VL and targeted DRM testing, parallel to 
procedures described for Opt4Kids.

Study procedures for qualitative data collection
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 and 
above) study participants for Opt4Kids, (2) caregivers of 
children enrolled in Opt4Kids, (3) women newly initiat-
ing ART during pregnancy in Opt4Mamas, (4) women 
already on ART with viremia at some point after enroll-
ment in ANC in Opt4Mamas, (5) providers and other 
facility staff at our study sites, and (6) policymakers and 
other stakeholders at the local and national levels. Within 
the last two groups, we aimed to ensure we sampled some 
individuals who worked in clinical care as well as oth-
ers who worked in the laboratory sections, to achieve a 
wide breadth of perspectives. We used convenience sam-
pling to recruit participants/caregivers already enrolled 
in the parent studies who came to the clinic during our 
interviewing period. Additionally, we used purposive 
sampling to recruit providers, other facility staff, policy-
makers, and other stakeholders. Within each subgroup, 
we aimed to perform approximately 10–15 key informant 
interviews (KIIs), until saturation of themes was reached.

Two, related version of interview guides were used in 
this study. One puts more emphasis on experiences with 
POC VL testing, and was targeted for study participants, 
while the other focused on the health system perspectives 
of POC VL testing implementation, and was targeted for 
providers and policymakers. Both interview guides were 
designed using a socioecological model of VS, which takes 
into account individual, interpersonal, organizational, 
and structural/policy variables affecting VS, with an addi-
tional emphasis on operational aspects of POC VL and 
DRM testing [29]. The interview guides covered the fol-
lowing domains: (1) barriers and facilitators to ART usage 
and VS, (2) VL literacy and experiences with SOC VL and 
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DRM testing in routine care, (3) experiences with POC 
VL & DRM testing via our study, and (4) how to scale up 
both SOC and POC VL testing for programmatic use. We 
specifically inquired about logistical aspects of efficiently 
operationalizing POC VL testing, such as how partici-
pants/caregivers like to receive results, the content and 
methods of results counseling, provider reaction to results 
receipt methods, and additional capacity-building needs 
for providers and health facilities. For more details, see 
Supplementary Files 1 and 2.

Data collection
We obtained written informed consent from all participants 
in the qualitative portion of the studies, regardless of their 
consent for the parent studies. Adolescent participants age 
13 or older also provided additional assent. We collected de-
identified socio-demographic information for key inform-
ants not already participating in our parent studies on a paper 
form, and later entered the information into a database.

Our Kenyan study team members, who were research 
nurses or clinical officers, conducted the interviews and 
received in-person training in interviewing techniques from 
one of the investigators. Of note, most of the facility staff, 
leadership, policymakers, and other stakeholder interviews 
were conducted by our team’s Kenyan research coordinator. 
Each interview was performed in the participants’ chosen 
language, which was either English (largely for providers 
and policymakers), Kiswahili, or Dholuo. The interviews 
were audio-recorded, and either the same interviewer or 
another member of the research staff transcribed the inter-
views directly into English if they occurred in Kiswahili or 
Dholuo. If the interviewer was not transcribing the record-
ing personally, they reviewed the English transcription for 
accuracy and any discrepancies were resolved by discus-
sion among research staff members. Initial transcripts were 
read by a principal investigator and a study coordinator, and 
feedbacks were provided to each interviewer for iterative 
improvements 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 [29, 30], and three team mem-
bers carried out the coding under the supervision of a 
principal investigator via weekly meetings and with itera-
tive input from the larger research team, which included 
members from Kenya, via as needed conference calls. One 
research coordinator created an initial codebook based on 
KII guides and her read of the initial few transcripts, and 
then two research assistants iteratively modified the code-
book as transcript coding progressed under the supervi-
sion of the research coordinator. 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 tran-
scripts were coded independently by various coders, with 
one research coordinator reviewing all transcripts’ coding 
in NVivo. We utilized thematic analysis to maintain an 
analytic codebook which organized our codes into over-
arching domains with subsequent themes, subthemes, 
and illustrative quotes, both convergent and divergent.

Results
A total of 68 interviews were conducted among 63 key 
informants (noting 5 interviews were repeat interviews with 
pregnant women, one each at the start and end of study 
follow-up). 44 key informants were participants/caregivers 
(n = 8 with adolescent participants, n = 16 with caregivers of 
child participants, n = 10 with pregnant women newly ini-
tiating ART, and n = 10 with pregnant women with a high 
VL result at some point during study follow-up), 11 were 
providers (n = 6 with HIV providers or laboratory staff, 
n = 5 with facility-level leadership), and 8 were policymakers 
(county- or national-level policymakers). Additional demo-
graphic details of the key informants are detailed in Table 1.

Table 1 Key informant demographics

Frequency(N = 63)

Participants/Caregivers (N = 44)
Adolescent participants (N = 8)

 Age Median 13(13–13)

 Sex Female 5

Male 3

Caregivers of child participants (N = 16)

 Age of child Median 8.5(5–11)

 Sex of child Female 5

Male 11

Pregnant women newly initiating ART (N = 10)

 Age Median 24.5(20–33)

 Number of biological children Median 1(0–2)

 HIV positive children? Yes 0

No 10

Pregnant women with high VL during study follow‑up (N = 10)

 Age Median 28(24–30)

 Number of biological children Median 2(2–3)

 HIV positive children? Yes 0

No 10

HIV providers (N = 11)
 Years of experience caring for 
children and pregnant women 
living with HIV

Median 7(3–15) years

Policymakers (N = 8)
 Years of experience caring for 
children and pregnant women 
living with HIV

Median 11(5–16) years
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Below, we explore the themes related to VL testing in 
western Kenya from the perspectives of three large key 
informant groups; (1) the “patient/caregiver”, which 
includes study participants and caregivers for the chil-
dren interviewed, (2) “providers” which includes both 
clinical and laboratory staff and facility leadership; and 
(3) “policymakers” which includes county- and national-
level policymakers. In analyzing the KIIs, we compara-
tively investigated the emerging themes by the three 
groups and discuss below the dominant themes of: (1) 
perceived positive impacts of POC VL testing interven-
tion; (2) perceived challenges with POC VL testing inter-
vention; and (3) suggested areas of improvement for VL 
testing scale-up. Table 2 delineates the supporting quotes 
for these themes and relevant subthemes.

Perceived Positive Impacts of POC VL Testing Intervention
Rapid return of results or turnaround improves caretaking 
and facilitates timely interventions
Key informants unanimously acknowledged the ben-
efits of a rapid return of results or turnaround time 
with POC VL testing. Frequently, patients/caregiv-
ers indicated that routine VL monitoring, coupled with 
adherence counseling, informed their health status and 
encouraged ART adherence by offering them an active 
way of receiving feedback on how their treatment and 
adherence are impacting their health. Yet, patients who 
previously received SOC, centralized testing reported 
experiencing long delays or misses in results delivery. Pro-
viders consistently reported the prolonged turnaround 
time of centralized VL testing, lasting weeks to months, 
as an impediment to the delivery of timely interventions, 
including adherence counseling, treatment adjustments, 
and DRM testing. In contrast, patients/caregivers who 
underwent POC VL testing in the Opt4Kids and Opt-
4Mamas studies generally reported receiving their test-
ing results within one or two days after sample collection. 
Patients/caregivers were appreciative towards POC VL 
testing for being able to know their statuses and receive 
intervention quicker. This motivated patients/caregiv-
ers to reflect and make immediate improvements in ART 
adherence. Providers also indicated that having a fast 
results turnaround enabled rapid intervention for patients 
struggling with treatment failure or poor ART adherence.

Decentralization potentially reduces cost and increases 
the accessibility of VL testing
Providers and policymakers anticipated potential cost 
reduction and increased accessibility of VL testing with 
POC VL testing implementation over centralized VL 
testing. They highlighted that POC VL testing eliminates 
the process of transporting samples to centralized labo-
ratories, which reduces the need for courier services and 

ultimately lowers testing costs. Furthermore, providers and 
policymakers believed that implementing POC VL testing 
reduces sample delivery delays for geographically remote 
areas that face additional challenges in transportation.

Increased testing frequency improves VL monitoring 
of children and pregnant/postpartum women
Providers explained that patients can experience dras-
tic changes to drug adherence within the current rec-
ommended six-month VL testing interval, which may 
directly impede VS. Caregivers and providers articulated 
support for three-month testing for children because 
children face unique barriers to ART adherence com-
pared to adults. For example, children are generally reli-
ant on caregivers to maintain adherence. Many children 
have several caregivers simultaneously providing care 
for them, with each one having different approaches to 
administering the medications. This may result in incon-
sistent drug-giving or -taking behavior among children. 
Providers also advised three-month testing for pregnant/
postpartum women because more frequent VL testing 
might help achieve and improve monitoring of VS to 
minimize the possibility of MTCT.

Perceived Challenges with POC VL Testing Intervention
Acceptability of POC VL testing in the healthcare sector
Several patients reported concerns over observed dis-
crepancies between the POC and the centralized VL test-
ing results. Since intervention group participants could 
still chose to undergo centralized VL testing through 
their routine care providers during the study period, 
some who received both types of VL tests expressed 
skepticism towards POC VL testing after observing dis-
crepant results. Although providers and policymakers 
generally acknowledged the advantages of the POC VL 
testing, they also articulated concerns with quality con-
trol and its validity in informing clinical decisions. Pro-
viders expressed that they are more comfortable utilizing 
a validated test. Thus, to build confidence, both for pro-
viders and patients, in validity of POC VL testing, provid-
ers felt that robust validation and verification processes 
would need to be conducted.

Absence of supply chain to support POC diagnostics
Providers and policymakers highlighted gaps in the 
supply chain of testing reagents for POC devices. A lab 
manager, for example, reported that functional POC 
machines are available in healthcare facilities but are not 
used because there was no channel to purchase testing 
cartridges after their contract ended with implementa-
tion partners. The absence of an affordable, dependable 
supply chain left functional devices to be underutilized.
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Capacity limitations
Providers also raised concerns about the shortage of human 
resources to support POC diagnostics. Providers and poli-
cymakers saw the benefits of POC testing. They expressed 
the desire to leverage its multi-disease testing capability for 
other infectious diseases such as COVID-19, especially for 
hard-to-reach areas. Yet, they also worried about the strug-
gles of prioritization and the increasing demand for staff. 
This was evident during the COVID-19 pandemic, where 
laboratory resources were reallocated to support high vol-
umes of COVID-19 testing, causing extensive delays for 
VL testing. Furthermore, only a small number of desig-
nated clinical staff were trained to perform and interpret 
POC VL testing on POC devices that were simultaneously 
used for TB testing during the study period. Utilizing POC 
machines for multi-disease testing without capacity build-
ing, such as hiring more staff and purchasing more devices, 
will more likely hinder than help overcome the current bar-
riers of the testing system in Kenya.

Integration of POC VL testing into the current testing 
guidelines
Lastly, key informants described integration issues 
between the POC VL testing system and routine clinic VL 
testing procedures. Patients who chose to continue their 
routine care reported feeling burdened by receiving test-
ing from both routine clinics and POC VL testing facilities. 
One provider revealed confusion among healthcare staff 
in the clinical process due to conflicting recommendations 
between the national guidelines and the POC VL testing 
protocols, specifically in testing frequency.

Anxiety toward blood draws discourages patients 
from higher frequency VL testing
Patients/caregivers indicated some pervasive distrust and 
fear towards VL testing due to phlebotomy or blood draws. 
When asked about the negative aspects of three-month VL 
testing, one mother responded, "it drains blood from the 
body" and a nursing officer corroborated this sentiment 
that patients often say, "they are drawing blood, you’ll be 
anemic." Several of our child participants identified pain 
from blood draws as their primary barrier for undergoing 
VL testing. Aware of these sentiments, most providers also 
rejected the proposal of monthly VL testing, suggesting 
that more frequent VL testing than every three-months 
would discourage patients from receiving any VL testing, 
as its benefits outweigh the negatives of the physical and 
psychological distress brought on by blood draws.

Suggested Areas of Improvement for VL Testing Scale‑Up
Expanding the POC VL testing scheme
Since the most substantial areas for improvement for cen-
tralized VL testing were shortening the results turnaround 

time, many felt POC VL testing had a significant role in 
programmatic use for HIV treatment monitoring. Pro-
viders and policymakers advocated for continual and 
expanded access to POC diagnostics, with several consid-
erations for optimization and sustainability.

Optimizing clinical management, workload, and utilization 
of POC diagnostics
Implementing a robust health information system and 
conducting quality checks locally can optimize clinical 
management, workload, and utilization of POC diag-
nostics. Policymakers remarked that traditional paper-
based data systems have disadvantages in data duplicity, 
where the same data is entered into different sources by 
different users. Thus, this leads to data losses across the 
cascade, as providers experience added workload, there-
fore, see less value in entering the same data across mul-
tiple points. Providers echoed this by reporting that gaps 
within health information sharing, especially with notify-
ing the release of patient VL results, is an important fac-
tor that led to missed VL results discussion with patients 
and further intervention for non-suppression. On the 
other hand, electronic records system provides a central-
ized platform to store health data, which reduces data 
duplicity and allows data sharing on the national level. 
Thus, benefits were seen with using an electronic records 
system for the scale up of VL testing to assure clinical 
care continuity, health information sharing, and reduc-
tion of workload for providers.

Concerns with quality control led some providers to 
be less willing to utilize POC VL testing. Providers felt 
like they needed more validation and control over the 
process in order to be able to rely on POC VL testing. 
Among providers and policymakers, there was consen-
sus to conducting quality checks locally at the facilities 
where POC VL testing is implemented to boost clinical 
staff confidence.

Capacity building and partnership development 
for sustainable VL testing system
Policymakers and providers believed that a sustainable 
VL testing system will require capacity building and col-
laborative partnerships. With considerations for the 
increased workload brought by POC diagnostic imple-
mentation, providers and policymakers recommended 
expanding testing capacity by training more staff and 
equipping labs with POC testing devices. In addition, 
policymakers advised building collaborative partner-
ships between key stakeholders involved in implement-
ing POC VL diagnostic as a vital step in developing a 
seamless process for VL testing procedures and patient 
management. The integration of POC VL testing into the 
current centralized system involves streamlining testing 
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recommendations and the development of new guide-
lines. This process requires effective communication 
between different stakeholders.

Envisioning the ideal testing experience
Key informants were asked to envision the ideal testing 
experience by providing recommendations for the optimal 
testing frequency, blood drawing amount, testing setting, 
testing cost, and results delivery method. Despite reported 
anxiety experienced during blood draws, there was a clear 
consensus that every three months was the ideal testing 
frequency for children and pregnant/postpartum women 
among all groups of key informants. Patients/caregivers 
reported that receiving sufficient explanations and edu-
cation from providers could successfully alleviate their 
concerns with blood drawing. However, some provid-
ers and patients/caregivers also suggested modifying the 
sampling amount to small amounts or even finger pricks, 
if feasible, to relieve patients’ anxiety during the proce-
dure. When asked about the ideal setting for performing 
VL testing, providers generally preferred VL testing to be 
conducted at the healthcare facility’s laboratory, by a lab 
technician instead of directly by themselves, to assure the 
quality of testing, minimize contamination, improve clinic 
flow and prevent increasing their workload. Surprisingly, 
most informants, including patients/caregivers, indicated 
they were willing to contribute towards VL testing costs. 
Most patients/caregivers determined 200 Kenyan Shillings 
(approximately USD 1.85) or less to be a reasonable price 
for paying out-of-pocket for a POC VL test for which they 
could receive the result before leaving the facility.

In addition, patients/caregivers desired punctual and 
informative communication for VL testing results. Over-
whelmingly, patients/caregivers reported phone calls or 
text messaging as the preferred method of results commu-
nication. Patients/caregivers said that delivering results by 
phone can save trips to the clinic and ensure timely recep-
tion of results. However, participants also raised concerns 
about inadvertent disclosure of HIV status, as phone shar-
ing between family and community members is a common 
practice in Kenya. To ensure the confidentiality of medi-
cal information, several patients/caregivers proposed to 
confirm the patient’s identity before delivering VL results. 
Patients/caregivers recommended the content of the call 
or text message to include the patient’s name, followed by 
the exact number of HIV-1 RNA copies detected from test-
ing. Other patients/caregivers also suggested incorporating 
words of encouragement to motivate ART adherence.

Discussion
This study contributes to the limited literature that quali-
tatively investigates the experiences of POC VL testing in 
a resource-limited setting, with a focus on children and 

pregnant/postpartum women, and elicits approaches to 
optimization and sustainability from provider and policy-
maker perspectives. We report overwhelmingly positive 
perceptions of POC VL testing, with our key informants 
regarding it as more accessible and timelier as compared 
to centralized VL testing. Nevertheless, our key inform-
ants also identified several challenges to realizing the 
full benefits of POC VL testing, and pointed out areas 
of improvement in quality control, human resource and 
infrastructure capacity, supply chain management, and 
POC and centralized VL testing system integration. 
Overall, there appears to be enthusiasm for the scale-
up of POC VL testing and timely return of results from 
patients/caregivers, providers, and policymakers in 
Kenya. The key questions now center on how the imple-
mentation of POC VL testing alongside centralized VL 
testing truly impact clinical outcomes, and if deemed 
beneficial, how to develop an optimal and sustainable 
centralized and POC VL testing program.

POC VL diagnostics can maximize benefits received 
from routine VL monitoring by addressing critical chal-
lenges with centralized VL testing. The long results 
turnaround time of centralized VL testing, even if down 
to < 14  days now, diminishes some of the benefits of VL 
monitoring by not having rapid return of results and the 
ability to counsel and make clinical decisions in a more 
timely fashion [9, 31]. The decentralized approach of 
POC VL testing, on the other hand, saves the time spent 
on transportation, facilitating prompt delivery of coun-
seling to motivate ART adherence and opportune switch 
of ART regimen for those with treatment failure [32–35]. 
In addition, some POC VL testing devices are portable, 
which increases the accessibility of VL testing in hard-to-
reach areas [36]. The decentralized, more accessible model 
of POC testing has great potential in complementing cen-
tralized VL testing, or for multi-disease testing, in Kenya 
to fill gaps or needs where they currently exist. Ultimately, 
while the reduction in turnaround time is a key element 
of POC VL testing—and patients/caregivers, providers, 
and policymakers were clearly most enthused about this 
aspect of POC VL testing in our study, it remains unclear 
how such reductions in turnaround time truly translate 
to improved clinical outcomes, as the studies to date have 
mixed findings. For instance, in the Opt4Kids and Opt-
4Mamas studies, the intervention groups who underwent 
more frequent POC VL testing, alongside other interven-
tions, did not have improved VS compared to the control 
groups undergoing SOC [37, 38]. Similarly, another study 
in South Africa with pregnant/postpartum women also did 
not find any significant improvements in VS [39]. On the 
other hand, one study in South Africa that coupled POC 
VL testing with task shifting showed a higher VS rate and 
retention in HIV care in the intervention group [40], and 
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another study in Uganda showed POC VL testing resulted 
in higher one-year VS rate post-intervention [40, 41].

With the versatility of POC diagnostics, there has been 
demand to leverage the technology for multi-disease test-
ing in resource-limited settings. However, the feasibility 
and operational challenges of integrating POC diagnostic 
for multi-disease testing remains unclear. In our study, 
key informants identified human resource capacity and 
prioritization as the main considerations for multi-dis-
ease testing. A study done in Zimbabwe that examined 
multi-disease testing for HIV and TB on GeneXpert® 
implemented a differentiated care model that prioritized 
testing for key populations at higher risk of adverse out-
comes. This effectively minimized disruption to POC 
TB and HIV testing while maximizing the utility of the 
devices [42]. Nonetheless, there are other considerations 
for POC multi-disease testing identified by the WHO, 
many of which are parallel to those proposed in this 
study, such as coordinated planning, developing standard 
operating procedures, quality management and valida-
tion, supply chain and inventory management [43]. Fur-
ther research is needed to assess the prospects of POC 
multi-disease testing in improving health outcomes and 
challenges that may arise.

Decentralization brought by POC VL testing increases 
the complexity of quality control and supply chain man-
agement procedures. As POC VL testing shifts sample 
processing outside of centralized laboratories, it adds 
uncertainty to testing quality and accuracy. It has been 
proposed that establishing country-owned external qual-
ity assessment (EQA) programs can help address quality 
issues to ensure diagnostic accuracy [44]. This arose as 
a finding in our work, where informants indicated that 
building confidence for the locally operated POC VL test-
ing required the validation, verification, and EQA checks 
to be led and conducted locally. In addition, the success-
ful establishment, supervision, and maintenance of a 
long-term reagent supply chain may be more difficult to 
achieve under a decentralized system, as reagents needed 
for POC VL testing devices have to be transported to dif-
ferent locations, including hard-to-reach health facilities. 
Arguably, supply chain issues apply to all types of medi-
cal commodities so these issues should be solvable. Yet, 
there is a paucity of data to support ways to optimize the 
supply chain management for POC diagnostics in low 
and middle income countries (LMIC) [45]. Thus, further 
research is needed to address ways to optimize supply 
chain management for POC diagnostics.

Our key informants also highlighted that POC VL test-
ing implementation, especially if implemented at a higher 
frequency for certain subpopulations, might worsen 
existing challenges, such as increasing clinical flow or 
burden. Our key informants indicated that capacity 

building and transitioning to an electronic records sys-
tem could reduce the workload for providers by mini-
mizing data duplicity. A study performed in Kenya found 
that task-shifting ART delivery from clinical staff to com-
munity care coordinators ensured similar health out-
comes for clinically stable patients living with HIV and 
reduced the number of clinical visits by half [46]. Another 
recent study performed in South Africa found that POC 
VL testing enabled early task-shifting of the caregiving 
responsibility of VS patients from professional nurses to 
a lower cadre of nurses acceptably and feasibly [32, 40]. 
A similar model of task-shifting, plus developing a robust 
health information system, may be adapted for the future 
scale-up of POC VL testing in Kenya to mitigate human 
resource barriers. A key consideration in the scale-up of 
POC VL testing will be to do so in a manner that least 
burdens the already overburdened staff at the facilities in 
LMICs.

Furthermore, our key informants recommended 
streamlining POC VL testing into the existing health sys-
tem operations, some of which are already in process in 
Kenya [47]. Developing good partnerships between key 
stakeholders is a necessary step to the integration of the 
two testing methods. In addition, it is essential to define 
the role that POC VL testing will play in the HIV treat-
ment cascade and develop clear action plans to guide 
clinical decision-making and patient management [35]. 
Given some of the advantages of POC VL testing, such 
as decentralization and portability, it has been proposed 
that such technology could be especially fruitful in 
enhancing patient outcomes for vulnerable and hard-to-
reach populations [16].

Aside from anticipating some of the above implemen-
tation barriers, we also note key considerations for the 
optimalization of VL testing under a resource-limited 
environment with unique sociocultural context. These fac-
tors would be essential to consider in the scale-up of POC 
VL testing but are also applicable to centralized VL test-
ing. For example, patients/caregivers in our study reported 
200 Kenyan Shillings (approximately $1.85) or less, admit-
tedly only a fraction of the estimated $25 to $30 cost per 
test, to be a reasonable expense they would be willing to 
pay out-of-pocket for POC VL testing [21, 22]. The fact 
that patients/caregivers were willing to pay money for the 
possibility of receiving results sooner signals the value of 
POC VL testing to them. Therefore, regardless of central-
ized vs. POC testing component, better systems need to be 
built within VL results reporting within resource-limited 
settings that helps address the desire that patients/car-
egivers themselves have for getting this data back to them 
soon. We also found that anxiety towards phlebotomy may 
serve as a critical barrier that discourages patients from 
VL testing, especially among children. Other factors such 
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as stigma, cultural beliefs, and previous adverse experi-
ences can all heighten fear towards phlebotomy and deter 
patients from receiving timely VL testing even if the health 
system were ready to offer it to the patient [48–51]. When 
designing education programs to overcome such barri-
ers, it is crucial to address all the different social, cultural, 
and experiential factors contributing to patients’ testing 
decisions.

Lastly, our study in one of the few that assesses the 
acceptability of higher-frequency testing. We found that 
three-month testing frequency was acceptable, and even 
desirable, for many patients/caregivers, providers, and 
policymakers, articulating the limitations of six-month 
testing in delaying timely clinical interventions for par-
ticularly vulnerable subpopulations such as children and 
pregnant/postpartum women. A study from Uganda 
simulated the efficacy of different testing frequencies 
in detecting treatment failure, noting that all schemes 
of shorter frequencies of testing as compared to testing 
intervals of six months resulted in higher cases of previ-
ously undetected treatment failure [50]. Our data from 
the Opt4Kids study suggests, for instance, that higher 
frequency VL testing in children does detect more epi-
sodes of viremia, and the rates of HIV drug resistance 
mutations are alarmingly high (100% of all tested samples 
had any mutation, and 85% had at least one major muta-
tion) among these children, a third-of whom required an 
ART regimen change [37, 52, 53]. Thus, more frequent 
VL testing may result in greater detection of treatment 
failure and, ideally, more optimal management of such 
individuals. However, testing frequency must be bal-
anced with costs and other local considerations.

One of the most significant strengths of our qualitative 
study is that it provided diverse insights to POC VL test-
ing by incorporating the perspectives of patients/caregiv-
ers, providers, and health system policymakers, and has a 
high potential for transferability to other LMICs consid-
ering optimal scale-up of VL testing programs. However, 
our study also has several limitations. We were unsuc-
cessful in eliciting meaningful interviews with our ado-
lescent participants and chose to terminate them sooner 
than the desired number of interviews. Additionally, a 
coding and analysis effort driven exclusively by Kenya-
based team members may have resulted in different con-
clusions or emphases on particular findings, despite the 
fact that the Seattle-based coding and analysis team met 
with the Kenya-based team on many occasions. Lastly, 
our study was conducted during the global COVID-19 
pandemic, which may influence our findings, for exam-
ple, the convenience of saving trips to clinics during the 
COVID-19 pandemic may influence participants to favor 
POC VL testing implemented in the study over the SOC 
centralized VL testing process. The pandemic may also 

add weight to certain themes more than others (e.g., sup-
ply chain shortages), though we anticipate such themes 
would have been identified regardless of the pandemic.

Conclusion
We found that POC VL testing, coupled with higher fre-
quency testing, is deemed highly desirable, especially for 
vulnerable subpopulations such as children and pregnant/
postpartum women living with HIV, by various groups of 
individuals, from patients/caregivers, providers, and poli-
cymakers in Kenya. The more accessible, decentralized 
model of POC VL testing was felt to be able to overcome 
challenges currently facing centralized VL testing. How-
ever, several areas of improvement including quality con-
trol, human resource and infrastructure capacity, supply 
chain management, and integration of VL testing systems, 
were delineated, with accompanying potential solutions 
for larger scale-up of POC VL testing. Further investiga-
tions are needed to identify methods to achieve optimized 
and sustainable POC VL testing in LMICs.
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