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Abstract

Background: Feasible, scalable, and cost-effective approaches to ensure viral suppression (VS)
among children living with HIV (CLHIV) are urgently needed. The goal of the Opt4Kids study
was to determine the impact of point-of-care (POC) viral load (VL) and targeted drug resistance
mutation (DRM) testing in improving VS among children on antiretroviral therapy (ART) in
Kenya.

Methods: We conducted a randomized controlled trial to evaluate the use of POC VL and
targeted DRM testing among children aged 1-14 years on ART at health facilities in western
Kenya 2019-2020. Children were randomized 1:1 to intervention (POC VL every 3 months,
targeted DRM testing, and clinical management support) vs. control (standard-of-care, centralized
VL every 6 months) groups. Our primary outcome was VS (VL <1000 copies/mL) 12 months after
enrollment.

Findings: Of the 704 participants enrolled, the median age at enroliment was 9 years
(interquartile range [IQR] 7, 12), 344 (49%) were female, the median time on ART was 5.8 years
(IQR 3.1, 8.6), and 536 (76%) had documented VS at enrollment. At 12 months after enrollment,
the proportion of participants achieving VS in the intervention group 283/313 (90%) was very
similar to that in the control group 289/315 (92%, risk ratio (RR) 0.99, 95% confidence interval
[C1] 0.94, 1.03). We identified 122 episodes of viremia in intervention participants, of which 107
(89%) samples successfully underwent DRM testing and 91 (85%) had major DRMs. The median
turnaround time for VL results was one (IQR 0, 1) and 15 (IQR 10, 21) days in the intervention
and control groups, respectively.

Interpretation: POC VL markedly decreased turnaround time and targeted DRM testing
identified a high prevalence of HIV drug resistance mutations in CLHIV, but did not increase
rates of VS. Further research in combination interventions, including POC VL and DRM testing
coupled with psychosocial support, is needed to optimize VS for CLHIV.

Keywords

HIV; children; antiretroviral therapy; point-of-care (POC) testing; viral load; drug resistance
mutations (DRM)
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INTRODUCTION

Among the nearly 1 million children living with HIV (CLHIV) on antiretroviral treatment
(ART), less than half achieve virologic suppression (VS), lagging well behind the estimated
67% VS for adults. While the causes of virologic failure among CLHIV are multifactoriall,
lack of timely viral load (VL) and drug resistance monitoring to facilitate early and
appropriate clinical decision-making are likely contributors. To meet the UNAIDS 95-95-95
targets for population VS among CLHIV, novel approaches to such monitoring are urgently
needed.

Kenya has a high burden of pediatric HIV, with an estimated 111,500 CLHIV and 5,200
newly infected children under the age of 14 in 2020. Increasing availability of routine

VL testing, which began in Kenya in 2014 per 2013 World Health Organization (WHO)
recommendations, has raised awareness of treatment failure in children but has not resulted
in higher VS rates. Numerous challenges, such as lengthy turnaround times for test results,
the cost of transporting samples to centralized laboratories, and the inability to monitor VL
more frequently than national guidelines allow, reduce the potential benefits of laboratory-
based VL testing.12 Inadequate supply chains for key VL reagents, poor utilization and lack
of understanding of VL results among patients and providers, and failure to switch ART
despite persistent virologic failure further reduce the potential impact of VL. monitoring.3-7
Point-of-care (POC), or even near POC, VL assessments have been shown to be feasible,
accurate, and less expensive than laboratory-based VL assays.’10 Kenya has launched a
nation-wide POC tuberculosis testing platform using GeneXpert® technology which has
been used to pilot test HIV early infant diagnosis and limited POC VL testing and can be
leveraged to carry out greater POC VL testing.11-13

HIV drug resistance is also expected to have a significant role in virologic failure among
CLHIV. Recent WHO reports warn that HIV drug resistance mutations (DRMSs) could
jeopardize the attainment of the global targets for HIV. Existing data in sub-Saharan Africa
suggest that DRMs are prevalent among children who do not achieve VS and those newly
diagnosed with HIV.14-18 Incorporating DRM testing and results into clinical decision
making for CLHIV may be an important component of effectively managing CLHIV with
virologic failure.

Thus, we conducted Opt4Kids, a randomized controlled trial, to evaluate if using higher
frequency POC VL with targeted DRM testing and clinical decision support for children
aged 1-14 years on ART in Kenya could improve VS rates. We hypothesized that POC

VL and targeted DRM testing would facilitate earlier and more appropriate clinical decision-
making, resulting in improved treatment outcomes among CLHIV.

METHODS

Study setting and population

The study was conducted in Kisumu County, western Kenya, with the second-highest
prevalence of pediatric HIV infections in Kenya. The study was implemented at five low-
resource, high-HIV burden public sector facilities from March 2019 to December 2020.
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Comprehensive pediatric HIV care and treatment services were provided per Kenyan ART
guidelines, including ART for all children diagnosed with HIV.1® First-line ART regimens
in children under three years of age during the study period included combinations of two
nucleos(t)ide reverse transcriptase inhibitors (NRTIs) lamivudine, abacavir, or zidovudine
with: (1) non-nucleos(t)ide reverse transcriptase inhibitors (NNRTIs) efavirenz, (2) protease
inhibitors (PIs) lopinavir/ritonavir, or (3) integrase inhibitors (INSTIs) dolutegravir.2? For
children 3-15 years of age, efavirenz was preferred over lopinavir/ritonavir, and in 2020, the
guidelines were updated to recommend dolutegravir for those weighing at least 20 kilograms
for both treatment initiation or switch.2122 Routine VL monitoring was offered through a
network of public-sector, centralized laboratories and was recommended for children after
six months of continuous ART and every six months thereafter for those with VL <1000
copies/mL (Supplemental Figure 1). Management of children with VVL = 1000 copies/mL
included enhanced adherence counseling and repeat VL testing after three months of good
adherence followed by switch of ART to second line regimens if still not virologically
suppressed. DRM testing at national reference laboratories was restricted to children with
virologic failure on a protease inhibitor (PI)-containing 1%t line or on 2" or 3/ line ART
who continue to have viremia after adherence optimization. DRM testing became accessible
in 2018 though it requires approval by the Kenyan Ministry of Health (MOH) HIV ART
treatment committees, who also guide local providers on clinical management.

The study population was recruited from CLHIV ages 1-14 years newly initiating or already
receiving ART at the study facilities.

Study design

All study methods are described in detail elsewhere.23 In brief, we conducted an open-label,
individually randomized controlled trial over 12 months allocating children on ART 1-

14 years of age 1:1 to intervention (POC VL testing every three months, targeted DRM
testing, and clinical decision support; abbreviated to POC hereafter) or control (standard

of care (SOC)) groups in five facilities in western Kenya (Figure 1, Supplemental Table

1). We chose the study facilities to leverage existing POC technologies, specifically the
GeneXpert® platform. Our initial eligibility criteria excluded children on 2", 34, or salvage
ART regimens; however, given the overall high usage of Pl-containing ART for all ART
regimens in Kenya, we removed type of ART as an exclusion criterion.

Study procedures

Randomization, allocation, and blinding—We conducted randomization using
sequentially numbered, sealed, opaque envelopes containing allocation assignment using a
balanced blocked randomization scheme with varying block sizes of 6, 8 or 10, stratified by
facility site and age groups (Group A: 1-9 or Group B: 10-14 years of age). Study staff at
each facility approached potential participants’ primary caregivers for study participation

at routine clinical visits and obtained informed consent, with additional assent only

for participants 13-14 years of age. Study staff selected sequential envelopes to assign
randomized allocation. Thus, participants, including for the SOC group, could be enrolled
at any timepoint in their routine care. Investigators were blinded to the randomized group,
while participants, site coordinators (who also implemented POC VL testing for the primary
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outcome), and the data team were not. A total of 17 protocol deviations occurred, including
four instances each of participants being enrolled again and not being allocated assigned
group (Figure 1).

Intervention- POC VL testing—Our POC VL testing approach utilized the existing
GeneXpert® system at four of the five facilities which can simultaneously perform TB

and HIV diagnostics. For the one facility that did not have a GeneXpert® system on site,
samples were transported daily to nearest facility less than 2km away. Fidelity to the group
allocations was maintained by restricting POC VL test ordering to study staff.

We conducted POC VL testing at study enrollment and every three months through 12
months of follow-up with results delivered via text message or phone to caregivers (and
paper results for providers) for the intervention group. This VL testing schedule is more
frequent than the SOC schedule in Kenya already described (Supplemental Figure 1) and
was intended to inform more rapid clinical management and participant/caregiver adherence
behavior through VL result counseling leading to improved VS. SOC VL testing per routine
care was continued by clinical facility staff in intervention group participants.

Intervention- targeted HIV DRM testing—Targeted HIV DRM testing on plasma

or DBS samples with VL = 1000 copies/ml using consensus sequencing using Applied
Biosystems 3130xI Genetic Analyzers at the KEMRI-CDC HIV Research and Sanger
3730xl at the Kenya National HIV Reference Laboratories. Subsequent episodes of VL

> 1000 copies/ml did not necessarily trigger a DRM test. Integrase inhibitor testing was not
conducted. The laboratories conduct batch testing at periodic intervals and return results to
the study staff within 24 hours of assay result. Study staff then forwarded the DRM results to
the clinical providers within 24 hours of their receipt.

Intervention- clinical decision support for management of children on ART
with drug resistance—Ouverall, clinical providers were instructed to follow current
Kenyan national guidelines for managing any child with VL = 1000 copies/mL. A Clinical
Management Committee (CMC) was formed based on the existing MOH regional technical
working group. The CMC included the co-chairs of the regional technical working group,
facility clinical and psychosocial service providers, study staff, principal investigators, MOH
and other country HIV experts, and HIV implementing partner technical advisors. It met

at least monthly to conduct case reviews of every participant with a DRM result in the
intervention group using a standardized case review form prepared by facility and study
staff. Recommendations regarding ART regimen and case management were agreed on by
consensus and summarized using a standardized CMC recommendation form.

Retention activities—The study followed clinic-based retention activities, which include
text message reminders, phone calls, home visits, and loss-to-follow-up tracing by clinic
staff, which site coordinators supplemented with additional phone calls or text messaging as
needed. We provided 500 Kenyan Shillings (approximately $5) to the participant’s caregiver
for enrollment and primary endpoint (12 months after enrollment) study visits.
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Data collection—Our data collection included in-person (or via phone during periods
of the COVID-19 pandemic) questionnaires, review of routine MOH standardized patient
records, including paper or electronic medical records, for clinical and laboratory
information, and sample collection when applicable.

Our primary outcome VS (defined as VL <1000 copies/mL, as per country guidelines) by
POC VL testing at 12 months after enrollment (defined as 48 weeks +/— 16 weeks, a wide
window intended to maximize our ability to obtain a VS measurement in spite of COVID
interruptions). If a POC VL test was not available at 12 months, any available SOC test in
the same window was used instead. Our secondary outcomes included V'S defined by lower
VL cutoffs and a set of process outcomes, such as uptake of and turnaround time of VL
testing results. We define major, minor, and accessory classification for HIV drug resistance
according to the Stanford HIV Resistance Database. All primary and secondary outcomes
defined in our protocol are reported here.

Statistical analysis

Power for the trial was based on the primary outcome of the proportion of children with
VS in the intervention vs. control groups 12 months. Historical facility counts showed 700
children potentially eligible at study sites; if 90% enrolled, with 10% lost to follow-up, we
calculated that the remaining 567 children (284 per group) would provide 80% power to
detect a difference in VS between groups of at least 11.05% if VS in the control group

is 65% (from historical facility data). Calculations were based on continuity-corrected Chi-
squared test with two-sided a=0.05.

We provide descriptive statistics for participant baseline characteristics by group. We
describe VS by group at enrollment (any blood draw 0-90 days prior to enrollment), 3,

6, and 9 months (any blood draw +/- 6 weeks within visit target except for the 3-month
visit which additionally included blood draws from day after enrollment to 6 weeks after
the 3-month visit). The primary analysis was intention-to-treat, comparing the proportion of
children with VS at 12 months (primary outcome) in the intervention vs. control groups.
We estimated the relative risk (RR) using a modified Poisson regression model with robust
standard error estimation, adjusting for facility and age group strata.2* We conducted an a
priori sensitivity analysis defining VS as VL<40 copies/mL as well as a post hoc analysis
of VL<400 copies/mL. We examined potential effect modification of the intervention effect
on the primary outcome in a priori subgroups (sex, age (1-9 or 10-14 year groups), time

of ART (<2 years, 2-5 years, or >5 years groups), VS of caregiver (yes, no, or unknown
groups) and a post hoc subgroup (biological parent caregiver), by including the main effect
of subgroup and the interaction between subgroup and randomization group in the model.
We performed a secondary analysis among children who were newly initiating ART or
initially unsuppressed (VL =400 copies/mL at first VL result within study visits 0-6 months
using group-specific testing modality) and compared VS (<400 copies/mL) at 12 months

by the randomized group. Subgroup analyses were performed for a priori subgroups (age
group and whether newly initiating ART). We conducted two post hoc sensitivity analyses of
the primary analysis, one adjusting for sex (since sex distribution was slightly different by
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group) and a second using inverse probability weighting (IPW, to potentially better address
missing outcomes).

Ethics review and safety monitoring

AMREF in Kenya and University of Washington and University of Colorado in the U.S.
provided ethical approval for this study. Given the determination of this trial as a minimal
risk study, a formal data and safety monitoring board was not assembled. Instead, the study
investigators conducted periodic data and safety monitoring activities to ensure participant
safety. The trial is registered with registration number NCT03820323.

Role of the funding source

RESULTS

Support for this study is provided by the National Institutes of Mental Health of the U.S.
National Institutes of Health (NIH, R34MH115769) and the Thrasher Research Fund. Study
data were collected and managed using REDCap electronic data capture tools hosted at the
University of Washington Institute of Translational Health Sciences and supported by the
National Center for Advancing Translational Sciences of the NIH (UL1 TR002319). The
funding sources or study sponsors had no role in study design; in the collection, analysis,
and interpretation of data; in the writing of the report; and in the decision to submit the paper
for publication.

Enrollment characteristics

A total of 926 potential participants were assessed for study eligibility, of which 222 (24%)
participants were excluded (53% because the child was unaccompanied by a caregiver who
could provide informed consent, 38% did not meet the initial more restrictive ART criteria
limited to 15t line regimens only, and 17% declined participation; Figure 1). Thus, 704
participants were randomized, with 349 allocated to the intervention group and 355 to the
control group. Four significant adverse events occurred (3 deaths and 1 hospitalization, all
deemed unrelated to study intervention).

The median age at enrollment for Group A (1-9 years) was 7 years (interquartile range
[IQR] 5, 8), and Group B (10-14 years) was 12 years (IQR 11, 13). A total of 344 (49%)
participants were females, with 45% of control group and 53% of intervention group being
female. (Table 1). All participants were on either already on ART or initiated ART within
30 days of enrollment, 382 (54%) were on non-nucleoside reverse transcriptase inhibitors
(NNRTI)-, 294 (42%) on Pl-, and 27 (4%) on integrase-containing ART at enrollment, and
the median time on ART was 5.8 years (IQR 3.1, 8.6). Among 613 (87%) of the participants
with a VL documented in the 24 months prior to enrollment, 536 (76%) had VS. Additional
facility characteristics and ART regimen changes during the course of the study can be
found in Supplemental Tables 1 and 2, respectively.

The majority, or 482 (68%), of primary caregivers, were reported as the biological mother
of the participant, of which 99% were known to be living with HIV and on ART. Among
all types of primary caregivers who identified as living with HIV, 153 (71%) self-reported
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VS at the time of enrollment. Most caregivers, 444 (63%), were married and 277 (39%)
had attained more than primary education. Neither participant nor caregiver characteristics
differed significantly between the intervention and control groups, except more participants
in the intervention group (184, 53%) were females compared to control group (160, 45%).

The proportion of children with VS at enrollment in the intervention group was 286/342
(84%) by POC VL testing, and the proportion of children with VS at enrollment in the
control group was 145/167 (87%) by SOC VL testing (Table 2). Among those in the
intervention group who also had SOC VL testing, it was 113/131 (86%).

Primary outcome of VS proportions

At 12 months after enrollment, 283/313 (90%) of participants in the intervention group

and 289/315 (92%) in the control group achieved VS by POC VL testing (RR 0.99,

95% confidence interval [CI] 0.94, 1.03; Table 2). VS proportions by various subgroups,
including by sex, age at enrollment, VS status of caregiver, and whether the caregiver

was a biologic parent or not, did not show modification of the relationship between the
intervention and VS (Table 2 and main effects in Supplemental Table 3). However, we see
some evidence that the effect of the intervention may have varied by subgroups for time on
ART (p=0.07), with children on ART for <2 years having VS 77% in intervention vs. 90%
in control groups (RR 0.84, 95% C1 0.70, 1.02). When assessing VS using a lower threshold
of <400 or <40 copies/mL, the VS proportion at 12 months after enroliment was lower
overall than seen with the higher threshold but still similar between the two groups. Findings
from the two sensitivity analyses, one for adjusting by sex and second accounting for IPW,
demonstrated similar findings as our primary outcome analysis (Supplemental Table 4).

DRM testing, resistance identified, and ART change recommendations

In the intervention group, we identified 138 episodes of viremia, among 81 participants,
from enrollment to 9-months post-enroliment (Table 3). We requested 120 DRM tests,

of which 107 (89%) were successfully conducted (13 samples failed to amplify). Among
successful DRM tests, 107 (100%) identified at least one DRM, of which 91 (85%) tests
were classified as major DRMs. The distribution for all DRM test results by HIV drug
class were: 61 (57%) NRTI, 88 (82%) NNRTI, and 9 (8%) PI. Our Clinical Management
Committee recommended that 33 (31%) children undergo an ART change, of which all 33
(100%) had an ART change documented by 12-months post-enroliment. In contrast, we
recorded 72 episodes of viremia, among 56 participants, only 5 DRM tests were requested, 2
(2.8%) of which received a successful DRM test result, and both results documented major
DRMs.

Secondary process outcomes

Of the participants attending each study visit in the intervention group, 100%, 91%, 55%,
56%, and 100% had a POC VL conducted at 0, 3, 6, 9, and 12 months after enroliment,
respectively (Supplemental Table 5); the 6- and 9-month after enrollment visits were heavily
impacted by inability to conduct in-person visits during COVID-19 related restrictions in
2020. Among participants in the control group, 47%, 52%, 37%, 40%, and 38% had a SOC
VL conducted at 0, 3, 6, 9, and 12 months after enroliment.
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Of the POC VL tests conducted in the intervention group during the entire study period,
>95% were returned to the participant/caregiver, and =80% were returned within 24 hours
of the blood draw, excluding the 12-month visit in which only 57% of VL results were
returned in 24 hours due to marked disruptions in the global supply of POC VL cartridges
for GeneXpert® systems; Supplemental Table 5). Return of results to providers followed
similar patterns. Neither the number of total VL tests requests nor the turnaround time
from sample collection to participant/caregiver was not available in the control group. From
sample collection to result return to providers, the median turnaround time was one day
(IQR 0, 1) for POC VL testing and 15 days (IQR 10, 21) for SOC VL testing in the
intervention and control groups, respectively.

Viral suppression among unsuppressed or newly initiating ART

VS at 12 months among those initially unsuppressed early in the study or newly

initiating ART (n=71 in each group) were similar between the randomized groups (60%

in intervention vs. 71% in control groups, RR 0.86, 95% CI 0.66, 1.13; Table 4), and

some evidence for those newly initiating ART having better VS than those already on ART
(interaction term p-value 0.053).

DISCUSSION

In the first randomized control trial of POC VL testing among children on ART, we did not
find greater VS rates among children receiving the intervention vs. SOC 12 months after
study enrollment, either overall or when limited to those newly initiating ART or initially
virally unsuppressed. CLHIV enrolled in both groups demonstrated similar VS, defined

as <1000 copies/mL, at enrollment (84-87%) and 12 months later (90-92%). However,

a sizable proportion failed to achieve VS, particularly at lower thresholds of VS of 400
(89%) or 40 (73-75%) copies/mL, and major DRMs were common among viremic children.
As expected, turnaround time was markedly faster with POC vs. SOC VL testing. Our
study demonstrates the high overall feasibility of utilizing POC VL testing for treatment
monitoring among CLHIV.

Our intervention demonstrated the feasibility, but not efficacy, of the use of POC VL
testing for CLHIV, a population which experiences lower rates of VS and more rapid
clinical progression than adults with virologic failure.”-2% Results on the impact of POC
VL in various populations of people living with HIV have been mixed. For example,

more frequent POC VL testing had no impact on VS among South African postpartum
WLHIV. Preliminary analysis of a Ugandan study suggests modest improvement in VS
(7%) among some subsets of people living with HIV, including children, receiving POC
VL. POC VL testing combined with a differentiated service delivery strategy enhanced VS
by 10.3% and retention by 7.7% among adults living with HIV in South Africa.26 Our
failure to demonstrate improved VS may be due to higher-than-expected VS in the SOC
group. Compared to historical data from the study facilities showing approximately 65%
VS in CLHIV prior to the start of the study, enrolled CLHIV had higher VS at enrollment
(84-87%). This could be due to overall improvements in VS among children over time and
it is possible that our study enrolled CLHIV who were more likely to be retained in care and
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have higher rates of VVS. For instance, we could not identify a caregiver to give consent for
the majority (53%) of eligible participants screened but not enrolled, despite intense efforts.
This subgroup of children unaccompanied by caregivers may have worse HIV outcomes,
including VS rates, than those with caregivers who could enroll in our study.2’-2% Second,
it is possible the impact of POC VL testing would become more apparent after a longer
duration of follow-up. Although VS can be achieved within three months with improved
adherence or after switch to a more effective ART regimen, it is also clear that children
with virologic failure often have multiple barriers to adequate adherence and may require a
longer time to achieve VS.2529 Third, our overall focus on the biomedical aspects of HIV
care, with the heavy emphasis on the laboratory components of HIV treatment monitoring,
did not address the behavioral or structural barriers that exist to adherence to ART among
CLHIV. CLHIV with virologic failure likely need additional interventions that address

the psychosocial and behavioral issues facing these children and their families. However,
considerable work remains to develop effective interventions that work for CLHIV and their
families.

Our study showed high uptake of VL testing during non-COVID impacted timepoints,
demonstrating the feasibility of 6-monthly VL testing via POC or SOC. While our trial did
not demonstrate the efficacy of POC VL testing in improving VS rates among CLHIV, the
scale-up of POC VL testing in national testing systems in LMIC can serve a complementary
role for centralized testing. The WHO/UNITAID already supports the integration of POC
VL testing for treatment monitoring, and international funders and partners have also
endorsed POC VL testing. For instance, Kenya already has a strategic plan for integrating
POC VL testing in its treatment monitoring guidelines.13 If POC VL testing can be achieved
at the same or lower costs, perceived to be more accessible, and have a faster turnaround
time than SOC VL testing, POC VL testing may still have the potential to improve HIV
care, especially for vulnerable subpopulations like CLHIV. Additional benefits of more
accessible POC VL testing may be that it can support differentiated service delivery models,
with rapid identification of CLHIV in need of intensified support versus those who may
benefit from less frequent visits while maintaining VS.

We also demonstrated the feasibility of implementing DRM testing for children with
virologic failure and identified high rates (>80%) of major DRMs in viremic children. This
resulted in over a third of children with DRM testing having a recommendation for ART
regimen change, though some recommendations for drug changes were related to treatment
simplification or optimization and not solely due to drug resistance. Even for children
without DRMs that require regimen changes, DRT may guide decisions about whether to
continue adherence efforts with the current ART regimen or switch to another regimen.
Given that both primary and secondary drug resistance is a growing issue among CLHIV, it
is even more important that DRT become more widely available in LMIC. Additional studies
may inform how best to use this resource, including modeling and costing studies.

Limitations

We have conducted one of the first studies utilizing POC VL testing combined with
DRT to optimize VS among CLHIV; however, our study had limitations. First, as noted
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above, it is possible we had a sample biased towards higher levels of VS given we only
enrolled CLHIV already in care and excluded those in whom we could not contact a
caregiver for consent. Second, though our package of POC VL testing, targeted DRM
testing, and clinical decision support was only offered to intervention group participants,

it was the same providers caring for participants in intervention and control groups. We
observed greater fidelity in conducting SOC VL tests in the SOC group than expected

and anecdotally, increased confidence in facility staff over time in managing CLHIV with
non-VS; therefore, some spillover effect in control participants is possible. Alternative study
designs, such as facility-level cluster randomization, may avoid potential spillover effects
though would require greater sample sizes. Third, we note that VS was assessed on different
schedules for the intervention group (3-monthly) versus the control group (6-monthly unless
unsuppressed and then 3-monthly until suppressed), so, theoretically, the intervention group
participants had a greater number of opportunities to act on their test results but also

greater opportunities to detect viremia. Ultimately, restrictions and reagent stock outs related
to COVID-19 greatly affected our ability to conduct POC VL testing every 3 months as
planned, which while making our comparisons between groups more reliable, arguably
negated our ability to offer our intervention package to the intervention group effectively.
While the impacts of COVID-19 may not be as significant in the future, it is likely programs
that implement POC VL testing may find similar challenges to ensuring compliance to

any VL testing schedule or platform. Fourth, potential measurement bias in ITT estimates
and selection bias due to missing outcome data (on approximately 11% of our enrolled
participants) are limitations; however, our sensitivity analysis using IPW substantiated our
primary outcome analysis findings. Lastly, while we conducted quarterly external quality
control testing with our participating laboratories for POC VL testing, formal laboratory
validation and verification for the POC VL testing before the start of the study limited local
technical partners’ support to substitute study POC VL testing over SOC VL testing. Greater
partnerships and coordination at national and local levels will be needed to realize POC VL
testing full potential.

Conclusion

In a randomized control trial of POC VL testing among children on ART in western

Kenya, VS was not different among children receiving the intervention of POC VL with
targeted DRT and clinical decision support vs. SOC at 12 months after study enrollment.
Nonetheless, POC VL was highly feasible to implement leveraging existing TB testing
systems and resulted in increased access to VL testing and a faster turnaround time

for results return than SOC. Among children without VS, rates of drug resistance were
concerningly high. Further research is needed to evaluate combination interventions that best
utilize POC VL and DRM testing coupled with behavioral support to optimize VS and care
for CLHIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context (no references)
Evidence before this study

We searched online journal databases, such as PubMed, for randomized controlled trials
evaluating the effects of point-of-care (POC) HIV viral load testing in people living
with HIV and receiving antiretroviral therapy (ART). We included trials published up
to February 5, 2022, in any language. Our search included several combinations of

key terms, such as: “HIV,” “point-of-care,” “viral load,” “adolescents,” “children,” and
“point-of-care viral load (“POC VL") testing.” We screened abstracts for relevance and
then retrieved the full-text articles if deemed relevant; we examined the reference lists
from these articles for any additional relevant studies. We also searched conference
abstracts of leading HIV conferences to find data that has not yet been published and
archived in PubMed.

We identified a few pertinent studies with mixed evidence regarding the impact of POC
VL on viral suppression (VS). A randomized controlled trial among adults in South
Africa, STREAM, found that paired POC VL testing with task shifting enhanced VS and
retention in HIV care. In contrast, preliminary analysis from a study among postpartum
women in South Africa did not find that POC VL testing improved VS rates. Another
trial in South Africa, the POWER study, aims to assess the feasibility of POC VL testing
to manage viremia among people living with HIV =18 years, though its findings are

not yet published. Preliminary analysis from a study conducted in Uganda demonstrated
modest improvements (7%) in VS among subsets of people living with HIV undergoing
POC VL testing. The Clinton Health Access Initiative evaluated the impact of near
POC VL testing across seven countries in sub-Saharan Africa. Their findings suggest
that near POC VL testing enabled rapid test result delivery for high-risk populations
and significantly improved turnaround time for results compared to centralized testing.
Finally, a study evaluating POC VL testing among adolescents and young adults with
HIV in Haiti identified no difference in VL outcomes between their study groups. Thus,
while POC VL testing improves timeliness of result return, it does not consistently
improve VS. However, there are no studies assessing impact of POC VL on VS in
children with HIV (CLHIV).

Added value of this study

Our study is the first study to integrate POC VL testing with HIV drug resistance testing
(DRT) among CLHIV and to evaluate this combination’s impact on VS. We found no
difference in VS between CLHIV who underwent POC VL testing combined with DRT
vs. those who received standard care. POC VL was feasible to implement in clinics
with GeneXpert® tuberculosis testing systems and resulted in significant improvements
in turnaround time for HIV VL results. DRT identified a high prevalence of HIV drug
resistance among CLHIV on ART with viremia.

Implications of all the available evidence

Our findings, alongside all available evidence, suggest that POC VL testing significantly
decreases turnaround time but does not necessarily improve VS among all subsets of
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people living with HIV, including CLHIV. Nonetheless, a significant portion of CLHIV
did not achieve VS and these children face high rates of HIV drug resistance. More
comprehensive interventions that couple biomedical testing with psychosocial support
may be necessary to improve VS in the remaining CLHIV with viremia.
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Randomly allocated to intervention Randomly allocated to control i
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[ Analyzed (n=313) ] [ Analyzed (n=315) ]

Figure 1:
Flow diagram of study participants

1Reasons fur exclusion are not mutually exclusive; ART eligibility changed from only
including children on 15t line ART regimens to include all ART regimens (change made in
September 2019).

2A total of 17 protocol deviations occurred: in n=4 instances, participants were mistakenly
enrolled again in the study, n=4 were allocated to the control group but received intervention
condition (more below), n=3 participants were randomized within the wrong age group,
n=3 were not on 15t line antiretroviral therapy prior to change in eligibility criteria and
participation was terminated, n=1 each for study procedures conducted on a previously
terminated participant, sample collected on a non-participant, and drug resistance testing
result reported erroneously on the incorrect study participant.

3N=351 received control condition while n=4 were mistakenly allocated to intervention
condition; our intent-to-treat analysis considered these 4 individuals as members of the
control group.

Lancet Child Adolesc Health. Author manuscript; available in PMC 2023 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Patel et al. Page 18

Table 1:

Baseline characteristics of enrolled children and their caregivers in the Opt4Kids study, March 2019-
December 2020

Variable Total study group Intervention group (POC Control group (SOC
(n=704) VL; n=349) VL; n=355)

Child characteristics

Age at enrollment

1-9 years 379 (54%) 188 (54%) 191 (54%)

10-14 years 325 (46%) 161 (46%) 164 (46%)
Median age (IQR) 9(7,12) 9 (6, 12) 9(7,12)
Sex

Female 344 (49%) 184 (53%) 160 (45%)

Male 360 (51%) 165 (47%) 195 (55%)
Age at ART initiation in years

<2 302 (43%) 156 (45%) 146 (41%)

2t0<5 269 (38%) 137 (39%) 132 (37%)

5t0 <10 118 (17%) 51 (15%) 67 (19%)

10 to 14 13 (2%) 4 (1%) 9 (3%)

Unknown/missing 2 (<1%) 1 (<1%) 1 (<1%)
Median age at ART initiation (IQR) 2(1,4) 2(2,4) 2(1,5)
Time on ART in years

Newly initiating 20 (3%) 11 (3%) 9 (3%)

1 month to <2 years 90 (13%) 46 (13%) 44 (12%)

20 <5 years 188 (27%) 91 (26%) 97 (27%)

5 to < 10 years 306 (43%) 145 (42%) 161 (45%)

210 years 98 (14%) 55 (16%) 43 (12%)

Unknown/missing 2 (<1%) 1 (<1%) 1 (<1%)
Median time on ART in years (IQR) 5.8 (3.1, 8.6) 6.0 (3.1,8.9) 5.6(3.1,8.4)
ART regimen at study enrollment containing

NNRTI 382 (54%) 182 (52%) 200 (56%)

Pl 294 (42%) 148 (42%) 146 (41%)

Integrase 27 (4%) 19 (5%) 8 (2%)

PI and integrase 1 (<1%) 0 (0%) 1 (<1%)

WHO clinical stage, prior to two years to or on
day of enrollment

I 207 (29%) 100 (29%) 107 (30%)
I 281 (40%) 141 (40%) 140 (39%)
n 129 (18%) 61 (17%) 68 (19%)
v 23 (3%) 13 (4%) 10 (3%)
Not indicated or missing 64 (9%) 34 (10%) 30 (8%)

Viral suppression (VL<1000 copies/mL) at

1
enrollment
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Variable Total study group Intervention group (POC Control group (SOC
(n=704) VL; n=349) VL; n=355)
No 77 (11%) 38 (11%) 39 (11%)
Yes 536 (76%) 262 (75%) 274 (77%)
No VL recorded/missing 91 (13%) 49 (14%) 42 (12%)

Primary caregiver or household characteristics

Type of caregiver

Father 59 (8%) 26 (7%) 33 (9%)
Mother 482 (68%) 244 (70%) 238 (67%)
Other biological 149 (21%) 73 (21%) 76 (21%)
Non-biological 14 (2%) 6 (2%) 8 (2%)
Unknown 0 (0%) 0 (0%) 0 (0%)

Marital statu52

Married or cohabitating 444 (63%) 224 (64%) 220 (62%)
Not Married 259 (37%) 125 (36%) 134 (38%)
Unknown 1 (<1%) 0 (0%) 1 (<1%)

Maternal HIV status among n=482 enrolled
children with maternal caregiver

Positive 475 (99%) 240 (98%) 235 (99%)
Negative 7 (1%) 4 (2%) 3(1%)
Unknown 0 (0%) 0 (0%) 0 (0%)

Maternal ART status among n=475 maternal
caregivers living with HIV

Yes 472 (99%) 239 (100%) 233 (99%)
No 2 (<1%) 1 (<1%) 1 (<1%)
Unknown/missing 1 (<1%) 0 (0%) 1 (<1%)

Paternal HIV status among n=59 enrolled
children with paternal caregiver

Positive 49 (83%) 23 (88%) 26 (79%)
Negative 10 (17%) 3 (12%) 7 (21%)
Unknown 0 (0%) 0 (0%) 0 (0%)

Paternal ART status among n=49 paternal
caregivers living with HIV

Yes 48 (98%) 23 (100%) 25 (96%)
No 0 (0%) 0 (0%) 0 (0%)
Unknown 1 (2%) 0 (0%) 1 (4%)

Viral suppression of primary caregiver

Yes 431 (61%) 212 (61%) 219 (62%)
No 39 (6%) 26 (7%) 13 (4%)
Not living with HIV 135 (19%) 62 (18%) 73 (21%)
Unknown 99 (14%) 49 (14%) 50 (14%)

Caregiver educational attainment
No primary 29 (4%) 14 (4%) 15 (4%)

Primary education 398 (57%) 198 (57%) 200 (56%)
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Variable Total study group Intervention group (POC Control group (SOC
(n=704) VL; n=349) VL; n=355)
More than primary 277 (39%) 137 (39%) 140 (39%)
Having household commaodities
Electricity 403 (57%) 206 (59%) 197 (55%)
Radio 554 (79%) 270 (77%) 284 (80%)
Television 375 (53%) 191 (55%) 184 (52%)
Phone 679 (96%) 336 (96%) 343 (97%)
Higher quality floor 411 (58%) 204 (58%) 207 (58%)
Higher quality roofing material 696 (99%) 347 (99%) 349 (98%)
More than one room 580 (82%) 284 (81%) 296 (83%)
Higher quality cooking material 160 (23%) 87 (25%) 73 (21%)
Reporting food insecurity (n, %)
None 0 140 (20%) 64 (18%) 76 (21%)
Mild 1-9 351 (50%) 177 (51%) 174 (49%)
Moderate 10-18 186 (26%) 90 (26%) 96 (27%)
Severe 19-27 27 (4%) 18 (5%) 9 (3%)

Abbreviations: IQR = interquartile range; VL=viral load; POC=point-of-care; SOC=standard-of-care; ART=antiretroviral therapy

'Zlnitiating ART within 30 days of study enrollment

2 . .
SOC viral load at enrollment or most recent up to 2 years prior.
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Table 2:

Comparison of viral suppression by study group over time by subgroups and varying threshold of VL cutoffs
among the Opt4Kids study participants (n=704), March 2019- December 2020
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Variable Interve\r)}_i(;)r;gg%ga (POC Cont\l;(l)_l;grllr(:)g&()soc CR:'IS)k Ratiol (95% pvaluel

Viral suppression < 1000 copies/mL

By testing interval 2
Enrollment 286/342 (83.6%) 145/167 (86.8%) - -

3 months 211/241 (87.6%) 159/185 (86.0%) - -

6 months 110/124 (88.7%) 122/131 (93.1%) - -

9 months 130/149 (87.3%) 128/143 (89.5%) - -
Primary outcome: viral suppression <1000 | 283/313 (90.4%) 289/315 (91.8%) 0.99 (0.94, 1.03) 0.55
copies/mL 12 months after enrollment 3
Viral suppression < 1000 copies/mL at 12 months by baseline subgroup
Sex 0.95

Female 146/164 (89.0%) 129/144 (89.6%) 0.99 (0.92, 1.07)

Male 137/149 (92.0%) 160/171 (93.6%) 0.98 (0.93, 1.05)

Age 0.26
1-9 years 169/187 (90.4%) 178/198 (89.9%) 1.01 (0.94, 1.07)

10-14 years 114/126 (90.5%) 111/117 (94.9%) 0.95 (0.89, 1.02)

Time on ART 0.07
<2 year 36/47 (76.6%) 37/41 (90.2%) 0.84 (0.70, 1.02)
2-5years 73/78 (93.6%) 75/86 (87.2%) 1.07 (0.97, 1.19)
> 5 years 173/187 (92.5%) 176/187 (94.1%) 0.98 (0.93, 1.04)

Viral suppression status of caregiver 0.15
Suppressed 181/196 (92.4%) 180/200 (90.0%) 1.02 (0.96, 1.09)
Unsuppressed 35/43 (81.4%) 28/29 (96.6%) 0.85(0.73, 0.99)

Not available 20/22 (90.9%) 16/17 (94.1%) 0.96 (0.81, 1.15)

HIV-1 negative or unknown 47/52 (90.4%) 65/69 (94.2%) 0.96 (0.86, 1.07)

Caregiver biologic parent 0.79

Yes 2221246 (90.2%) 221/242 (91.3%) 0.99 (0.93, 1.05)

No 61/67 (91.0%) 68/73 (93.2%) 0.97 (0.88, 1.07)

Viral suppression <400 copies/mL

By testing interval 2
Enroliment 273/342 (79.8%) 132/167 (79.0%) - -

3 months 205/241 (85.1%) 148/185 (80.0%) - -

6 months 109/124 (87.9%) 114/131 (87.0%) - -

9 months 127/149 (85.2%) 124/143 (86.7%) - -
Viral suppression<400 copies/mL at 12 277/313 (88.5%) 281/315 (89.2%) 0.99 (0.94, 1.05) 0.76

months after enrollment 3
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Variable Interve\r)}_i(;)r;gg%ga (POC Cont\l;(l)_l;grllr(:)g&()soc CR:'IS)k Ratiol (95% pvaluel
Viral suppression <40 copies/mL
By testing interval 2

Enrollment 225/342 (65.8%) 80/167 (47.9%) - -

3 months 178/241 (73.9%) 87/185 (47.0%) - -

6 months 95/124 (76.6%) 75/131 (57.3%) - -

9 months 111/149 (74.5%) 87/143 (60.8%) - -
Viral suppression<40 copies/mL at 12 235/313 (75.1%) 231/315 (73.3%) 1.02 (0.93,1.12) 0.67
months after enrollment 3

Abbreviations: CI = confidence interval; VL=viral load; POC=point-of-care; SOC=standard-of-care; ART=antiretroviral therapy

JRisk ratios, confidence intervals, and p-values generated by Poisson regression modified with robust standard error estimation, and adjusted for
facility and age group strata. Models generating RRs by subgroup also include the subgroup variable as a main effect and the interaction term
between the subgroup variable and the intervention. P-values indicate statistical significance of the effect of the intervention, except for p-values for
subgroups which are the p-value for the interaction term between subgroup and intervention effect and indicate whether the estimates for the RR
differ by subgroup status. For example, the p-value for sex indicates whether the RR for the effect of the intervention is statistically significantly
different in males vs. females. Models reporting associations of baseline subgroups with viral suppression are reported in supplemental Table 4,

2 . .
POC VL results are shown for the intervention group and standard lab-based VL results are shown for the control group

3VL results documented at 12 months +/— 16 weeks were included in the analysis
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Description of drug resistance testing up until 12 months of study follow-up and outcomes by study arm

among Opt4Kids study participants (n=704), March 2019-December 2020.

Variable

Intervention group (POC VL;

Control group (SOC VL;

n=349) n=355)
Episodes of viremia (may be >1 per participant)
Participants with viremia (= 1000 copies/ml)‘z 81 56
Episodes of viremia (= 1000 copies/ml)l 138 &
DRM tests requested 1202 57
DRM tests performed successfully 107/120 (89%)3 25 (40%)4
Any DRM identified 107/107 (100%) 2/2 (100%)
Any major DRM identified 91/107 (85%) 2/2 (100%)
Any DRM type by HIV drug classes
NRTI 61/107 (57%) 1/2 (50%)
NNRTI 88/107 (82%) 2/2 (100%)
Pl 9/107 (8%) 1/2 (50%)
Major DRM type by HIV drug classes
NRTI 61/91 (67%) 1/2 (50%)
NNRTI 88/91 (97%) 2/2 (100%)
Pl 9/91 (10%) 1/2 (50%)
ART change recommended per each DRM test successfully 33/107 (31%) N/A
conducted
Recommended ART change made by 12-months post-enrollment 33/33 (100%) N/A

Abbreviations: VL=viral load; POC=point-of-care; SOC=standard-of-care; ART=antiretroviral therapy; DRM=drug resistance mutation;
NRTI=nucleos(t)ide reverse transcriptase inhibitor; NNRTI= non-nucleos(t)ide reverse transcriptase inhibitor; PI=protease inhibitor

1 . . . "
From study enrollment through last date prior to the 12-month study visit (e.g., data excludes results obtained as part of 12-month study visit)

DRM testing was not requested for 16 samples which were from a participant’s second viremic episode, occurring prior to our study’s protocol

change requiring DRM testing for all episodes. Two of the remaining 122 had insufficient sample for a DRM test.

3Of 120 samples where we requested DRM test, 13 (11%) failed to amplify

4 . .
We are not able to elucidate reasons why 5 of the samples were selected for DRM testing or why 3 of the 5 requested DRM test were not

performed successfully
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