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A B S T R A C T   

Background: As many as 40% of the 1 million children living with HIV (CLHIV) receiving antiretroviral treatment 
(ART) in resource limited settings have not achieved viral suppression (VS). Kenya has a large burden of pediatric 
HIV with nearly 140,000 CLHIV. Feasible, scalable, and cost-effective approaches to ensure VS in CLHIV are 
urgently needed. The goal of this study is to determine the feasibility and impact of point-of-care (POC) viral load 
(VL) and targeted drug resistance mutation (DRM) testing to improve VS in children on ART in Kenya. 
Methods: We are conducting a randomized controlled study to evaluate the use of POC VL and targeted DRM 
testing among 704 children aged 1–14 years on ART at health facilities in western Kenya. Children are ran-
domized 1:1 to intervention (higher frequency POC VL and targeted DRM testing) vs. control (standard-of-care) 
arms and followed for 12 months. Our primary outcome is VS (VL < 1000 copies/mL) 12 months after enrollment 
by study arm. Secondary outcomes include time to VS and the impact of targeted DRM testing on VS. In addition, 
key informant interviews with patients and providers will generate an understanding of how the POC VL 
intervention functions. Finally, we will model the cost-effectiveness of POC VL combined with targeted DRM 
testing. 
Discussion: This study will provide critical information on the impact of POC VL and DRM testing on VS among 
CLHIV on ART in a resource-limited setting and directly address the need to find approaches that maximize VS 
among children on ART. 
Trials registration: NCT03820323.   

1. Introduction 

As many as 40% of the 1 million children living with HIV (CLHIV) <
15 years of age receiving antiretroviral treatment (ART) and living in 
low and middle income countries (LMIC) have not achieved viral sup-
pression (VS) [1,2]. Disturbingly, rates of VS have not improved sub-
stantially since 2000 despite the implementation of more efficacious 1st 

line ART regimens for children [1,3]. While the reasons for poor VS rates 

in children are multifactorial, drug resistance and poor access to timely 
viral load (VL) monitoring to facilitate early and appropriate clinical 
decision-making are likely major contributors. Novel approaches that 
are relevant to current program practices and easily scalable are ur-
gently needed to achieve the UNAIDS 95-95-95 goal for population VS 
targets in CLHIV [4]. 

Kenya has nearly 140,000 CLHIV <15 years of age and 8000 new 
pediatric infections annually [5,6]. Based on national survey data, only 
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48% of children and adolescents on ART have achieved VS in Kenya [6]. 
Low VS rates contribute to pediatric HIV morbidity and mortality. 
Starting in 2013, the World Health Organization (WHO) recommended 
monitoring people on ART with routine VL testing [7]. Increasing 
availability of routine VL testing, implemented in Kenya starting in 
2014, has highlighted the issue of treatment failure in children but has 
not led to higher VS rates [5,8]. Several challenges, including long 
turn-around times for test results from weeks to months, expense of 
transporting samples to centralized laboratories, and inability to 
monitor VL more frequently than national guidelines allow, reduce the 
potential benefits of laboratory-based VL testing [7,9–14]. Lack of reli-
able supply chains for critical VL reagents, limited knowledge of VL 
interpretation for providers and patients, and failure to switch ART 
despite ongoing virologic failure further limit the potential impact of VL 
monitoring [14–18]. 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 [13,14,19]. Kenya has implemented a 
nation-wide POC testing for tuberculosis using GeneXpert® technology 
which can be leveraged to carry out POC VL testing as well. Further-
more, POC VL-based care models are predicted to be more cost-effective 
than laboratory-based VL testing [20]. 

Additionally, HIV drug resistance is likely to contribute substantially 
to virologic failure in children. Recent WHO reports warn that HIV drug 
resistance mutations (DRMs) will undermine the attainment of the 
global targets for HIV [21]. Existing data in Africa among children not 
achieving VS and those newly diagnosed with HIV show high rates of 
DRMs [22–27]. Understanding current DRM patterns among children 
failing ART is critical to determining the optimal management of these 
children, and may provide evidence for revision of algorithms used to 
manage children with virologic failure that can be rigorously tested in 

Fig. 1. CONSORT flow diagram.  
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the future. 
This randomized controlled study will evaluate the use of higher 

frequency POC VL with targeted DRM testing and clinical decision 
support for children aged 1–14 years on ART in Kenya. We hypothesize 
that rapid return of results via POC VL and targeted DRM testing will 
facilitate earlier and more appropriate clinical decision-making result-
ing in improved treatment outcomes among CLHIV [28]. 

2. Methods 

2.1. Trial design 

We are conducting an open-label randomized controlled trial eval-
uating the use of higher frequency POC VL testing with targeted DRM 
testing and clinical decision support among children with HIV on ART 
age 1–14 years over a 12-month period in high-volume HIV treatment 
facilities in Kisumu, Kenya (Fig. 1). We have chosen the study facilities 
to leverage existing POC technologies, specifically GeneXpert®. 
Currently, GeneXpert® technology is primarily being used for tubercu-
losis diagnosis in Kenya, but have been pilot tested for HIV early infant 
diagnosis and HIV quantitative RNA testing (e.g. VL) [29–31]. While 
validated for HIV VL monitoring, the technology remains to be tested for 
optimal integration into routine HIV clinical care [13,43]. At each fa-
cility, eligible children are randomized 1:1 to either receive the inter-
vention, consisting of POC VL testing every 3 months with targeted DRM 
testing and clinical decision support, or standard-of-care (SOC) testing 
based on the existing Kenyan national guidelines (detailed later). We 
will follow the viral outcomes 12 months after enrollment for each child 
and compare VS rates, defined as VL < 1000 copies/mL by the current 
Kenyan national guidelines, among intervention vs. control arms 
(Fig. 2). 

2.2. Study objectives 

Our leading objective is to determine the impact of POC VL by 

comparing the proportion of children on ART achieving VS 12 months 
after study enrollment (Aim 1a) and time to VS among those not sup-
pressed or newly initiating ART (Aim 1b) between the study arms. We 
hypothesize that the proportion of children virally suppressed will be 
higher in the intervention vs. control arm. 

Our secondary objectives are to determine the impact of targeted 
DRM testing and patterns of DRMs among children on ART without VS 
(Aim 2) and better understand how POC VL and targeted DRM testing 
influences VS and may be scaled for programmatic use, via key infor-
mant interviews (Aim 3a) and estimate programmatic costs and project 
incremental cost-effectiveness of the intervention (Aim 3b). 

2.3. Study setting 

The study is being conducted in Kisumu County, western Kenya, 
where adult HIV prevalence is 17.5%, 3.6 times higher than the national 
prevalence [6]. Kisumu County accounts for the second highest preva-
lence of pediatric HIV infections, with an estimated 9439 CLHIV and 369 
annual HIV-related deaths in children [32]. The study is being imple-
mented at five low-resource, high-volume, high-HIV burden primary 
health care facilities. These government facilities are supported by the 
Kenya Ministry of Health (MOH) and HIV implementing partners funded 
by the United States President’s Emergency Plan for AIDS Relief (PEP-
FAR) through the Centers for Disease Control and Prevention (CDC). 

Comprehensive pediatric HIV care and treatment services are pro-
vided in accordance with the Kenyan MOH ART guidelines. All children 
diagnosed with HIV are initiated on ART regardless of CD4 count per 
national guidelines [33]. First-line regimens in children under three 
years of age include lopinavir-ritonavir, lamivudine, and abacavir or 
zidovudine (see Table 1) [34]. For children 3–15 years of age 
lopinavir-ritonavir is substituted with efavirenz. Recent updates to the 
Kenyan guidelines recommend dolutegravir rather than efavirenz for 
those weighing at least 20 kg. Routine VL monitoring is offered through 
a laboratory network connected to a national, centralized laboratory and 
is recommended for children after six months of continuous ART and 

Fig. 2. Viral load and drug resistance mutation testing algorithm for children on ART by study arm (modified from Kenya MOH ART Guidelines 2018).  
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every six months thereafter for those with VL < 1000 copies/mL (Fig. 2). 
Management of children with VL ≥ 1000 copies/mL includes enhanced 
adherence counseling and repeat of VL testing in three months followed 
by possible switch of ART for those who are still not virologically sup-
pressed. DRM testing at a national reference laboratory is restricted to 
children with virologic failure on a protease inhibitor (PI)-based 1st line 
or on 2nd or 3rd line ART who continue to have viremia after adherence 
optimization. This testing process requires approval by the Kenyan MOH 
HIV ART treatment committee, who also guides the local provider on 
clinical management. 

2.4. Study population 

The study population was recruited from CLHIV ages 1–14 years 
newly initiating or already receiving ART at the study facilities. Infants 
<1 year of age were not included in the study as they frequently require 
more than 6 months of ART to suppress their initially high VL, and thus 
require specialized interpretation and management of VL results 
[35–37]. 

2.5. Eligibility criteria 

Children eligible for inclusion were age 1–14 years living with HIV 
(documented HIV positive or HIV VL) and already on ART or newly 
initiating ART at one of the study facilities. 

2.6. Randomization, allocation, and blinding 

We randomized study participants 1:1 to the intervention vs. control 
arms using a blocked randomization scheme with varying block sizes, 
stratified by facility site and age groups (Group A: 1–9 or Group B: 10–14 
years of age). Site coordinators ensured fidelity to the arm allocations by 
being the only ones able to order a POC VL. All investigators were 
blinded but participants, site coordinators, and the data team were not 
blinded to the randomization procedures. 

2.7. Study procedures 

Blood collection and storage: Approximately 6 mL of whole blood 
is collected in EDTA plasma tubes from participating children for study 
testing. If phlebotomy of the full amount is difficult to achieve, a mini-
mum of 2 mL of blood is collected to perform POC VL testing and to 
prepare dried blood spots (DBS) for potential DRM testing if needed. The 

samples are processed within 6 h of collection for plasma POC VL testing 
by existing lab staff. The remaining plasma is placed in aliquots and 
transported to the KEMRI-CDC HIV Research Laboratory in coolers for 
potential DRM testing or stored for any future testing. 

Intervention POC VL testing: Several POC VL tests have undergone 
analytical performance evaluations and are becoming increasingly 
available in resource-limited settings [38–43]. Of such POC VL tests, the 
HIV-1 VL Assay developed by Cepheid to be run on its existing Gen-
eXpert® systems is a leading test that has been validated and found 
feasible and reliable in rural African communities [43]. This assay uses 
reverse transcriptase polymerase chain reaction (PCR) technology to 
detect HIV in plasma over a range of 40 to 10 million copies/mL, with 
the lower limit of detection as low as 15 copies/mL, has an average run 
time of 90 min, and its kit is self-contained, including the necessary PCR 
reagents and supplies [44]. The only additional tool required is a 
centrifuge to separate the plasma from whole blood which is available at 
all the study facilities. Thus, our POC VL testing approach utilizes the 
existing technology and lab infrastructure already in place at the four of 
the five facilities for tuberculosis diagnostics. One facility does not have 
a GeneXpert® system on site but is within 2 km of a facility with the 
technology, therefore, study staff transfer the lab samples daily to this 
facility. The platform does not require batching tests and since the VL 
assay can be run simultaneously with other tests, study use of the ma-
chines does not interfere with their routine clinical use. 

For participants assigned to the intervention arm, POC VL testing is 
done earlier than SOC, 3 vs. 6 months for those children newly initiating 
ART, and more frequently than SOC, 3 vs. 6 months for children already 
on ART (Fig. 2). For children newly initiating ART, we conduct POC VL 
and DRM tests pre-ART initiation, then POC VL three months post-ART 
initiation, and every 3 months thereafter for a total of 12 months. For 
children already on ART, a POC VL test is conducted at enrollment and 
every 3 months thereafter for a total of 12 months. Study visits are co-
ordinated with the children’s clinical visits. The study staff aim to return 
POC VL results to the providers and caregivers within 24 h of sample 
collection via text messages or phone (and paper results for providers). 

Intervention HIV DRM testing: We are conducting targeted HIV 
DRM testing at the Kisumu branch of the KEMRI-CDC HIV Research 
laboratory using consensus sequencing on all plasma or DBS samples 
which lack VS. The HIV Research Laboratory utilizes Applied Biosystems 
(ABI) 3130xl Genetic Analyzers to conduct its HIV drug resistance 
testing on 0.5–1 mL of plasma. This optimized in-house assay detects 
reverse transcriptase- and PI-based mutations, and is broadly sensitive in 
genotyping HIV-1 subgroups detecting all mutations classified in the 
IAS-USA mutations list [45]. Integrase inhibitor testing is not routinely 
done, but may be requested. The lab conducts batch testing at periodic 
intervals and returns results to the study staff within 24 h of assay result. 
The DRM results report contain a list of the major and minor DRM ge-
notypes as well as phenotypic interpretations, based on the scoring 
systems generated by the Stanford Genotypic Resistance Interpretation 
Algorithm [46]. Study staff then forward the DRM results to the ordering 
providers within 24 h of their receipt. 

Intervention clinical decision support for management of chil-
dren on ART with drug resistance: Overall, clinical providers are 
instructed to follow current Kenyan national guidelines for the man-
agement of any child with VL ≥ 1000 copies/mL which includes 
assessment of barriers to adherence and other potential factors related to 
virologic failure. For the intervention arm, a Clinical Management 
Committee was formed based on the existing MOH clinical and DRM 
case review technical working group in Kisumu County. The Committee 
includes the chair of the technical working group, clinical providers 
from the facility, study staff, MOH and other country HIV experts, and 
HIV implementing partner technical advisors. It meets regularly to 
discuss the cases and determines if a child should undergo an ART switch 
based on DRM testing. Facility staff aim to call back the child and 
caregiver within one week for counseling, adherence support, and 
regimen change if needed. 

Table 1 
Recommended 1st and 2nd line antiretroviral therapy (ART) regimens for 
children and youth in Kenya [33,34].  

Age and 
weight 

Recommended 1st 
line ART at study start 

Updated 1st line 
ART during study 
implementation 

Recommended 2nd 
line ART 

Birth-4 
weeks 

AZT + 3 TC + RAL or 
NVP 

AZT + 3 TC + RAL 
or NVP 

ABC + 3 TC + LPV/r 

>4 weeks 
and <3 
years, 
<20 kg 

AZT (or ABC) + 3 TC 
+ LPV/r 

ABC + 3 TC + LPV/ 
r 

DRM testing-guided 
2nd line 

≥3 years 
and 
20–35 
kg 

ABC (or AZT) + 3 TC 
+ EFV (or RAL) ABC 
(or AZT) + 3 TC +
LPV/r 

ABC + 3 TC + DTG ABC (or AZT) + 3 
TC + LPV/r DRM 
testing-guided 2nd 
line 

≥15 
years or 
>35 kg 

TDF (or ABC) + 3 TC 
+ DTG (or EFV) 

TDF + 3 TC + DTG AZT (or TDF) + 3 TC 
+ ATV/r 

ART = antiretroviral therapy; AZT = zidovidine; 3 TC = lamivudine; RAL =
raltegravir; NVP = nevirapine; ABC = abacavir; LPV/r = lopinavir/boosted ri-
tonavir; EFV = efavirenz; TDF = tenofovir; DTG = dolutegravir; DRM = drug 
resistance mutation; ATV/r = atazanavir/boosted ritonavir. 
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SOC VL testing: For those assigned to the control arm, VL testing is 
conducted per national guidelines (as outlined above) through labora-
tory networking and transport to a centralized laboratory. Children in 
the SOC arm who are newly initiating ART have blood collected by study 
staff prior to ART initiation for future VL and DRM testing to be con-
ducted at completion of study follow up. These results will be returned 
to clinical providers and patients/caregivers after the study ends. 
Additionally, in order to have comparable outcomes, POC VL will be 
conducted on all SOC participants at 12 months of follow up. 

SOC DRM Testing: We anticipate that very few children in the 
control arm will undergo SOC DRM testing as DRM testing is not 
currently recommended for children on 1st or 2nd line ART per national 
guidelines and requires centralized committee approval as described 
above. For those children in SOC who undergo POC VL testing, e.g. at 
primary endpoint of 12 months after study enrollment, if the resulting 
VL ≥ 1000 copies/mL, then study DRM testing is conducted with 
intervention clinical decision support offered. 

SOC clinical decision support: Children in the control arm receive 
clinical management consistent with national guidelines including 
assessment of adherence and multi-disciplinary team review at the fa-
cility level. Providers follow their standard protocol for notification and 
follow up of children with high VLs. 

Qualitative evaluation: We are conducting key informant in-
terviews (KIIs) with four subgroups of key informants, including 
adolescent study participants, caregivers of children enrolled in our 
study, providers and other facility staff at our study facilities, and policy 
makers and other stakeholders from local to national levels. We are 
conducting 10–20 KIIs within each group with a total of 40–80 persons 
interviewed, some of whom will be interviewed serially up to four times 
during the study period. Our KII guide was developed from a socio-
ecological model of pediatric VS, which includes individual, interper-
sonal, organizational, and structural/policy factors that influence 
pediatric VS, and has a distinct focus on POC VL and DRM testing. 
Generally, the interview guides cover the following domains: 1) barriers 
and facilitators to ART use, 2) VL literacy and experiences with SOC VL 
and DRM testing in routine care, and 3) experiences with POC VL & DRM 
testing via study and how best to scale up for programmatic use (see 
supplementary materials for interview guides). Specifically, we query 
particular logistical aspects of optimally operationalizing POC VL 
testing, e.g. how caregivers prefer to learn of the results or where facility 
staff see the most need for POC VL testing. These logistical aspects, such 
as the preferred approach to delivering results, result counseling content 
and methods, and provider reaction to results and additional capacity- 
building needs for the providers and health facilities, need to be 
explored further in order to optimize implementation and scale up of 
POC testing. 

Costing and cost-effectiveness: For the costing component, we are 
using activity-based micro-costing, staff interviews, and time and mo-
tion studies to estimate the annual cost of HIV monitoring per child in 
the control and intervention arms. We use standardized cost menus to 
collect site costs, including start-up costs, clinic space, human resources, 
supplies, and VL test costs. Time and motion observation of intervention 
activities will be conducted to inform staff time costs and productivity 
assumptions and to remove research time (e.g. administering informed 
consent) from costs. For example, we will estimate the provider times 
necessary to complete the clinic visits for both arms, average number of 
patients seen in the clinic each day, and the time required to complete 
each step of the HIV care visit (VL testing and DRM, adherence coun-
seling, etc.). Observing multiple visits by various staff members will 
allow estimation of the average time taken for each step; time needed for 
research activities will be removed from intervention time to provide an 
estimate of the intervention, if implemented as a government program. 
When data are not available from our cohort, we will utilize data from 
population-based studies from Kenya and sub-Saharan Africa, and we 
may obtain additional cost data from health facilities, published gov-
ernment information on labor costs, and health economics literature on 

an as needed basis. Analyses will follow the guidelines for costing HIV 
interventions [36,47,48], and will reflect the provider perspective. We 
will also collect data on patient out-of-pocket costs to assess if POC VL 
testing saves participants time and expense, reflecting the societal 
perspective. For the cost-effectiveness analysis, we will parameterize a 
model of HIV disease progression with cost data collected and VS out-
comes from the trial to project HIV infections, HIV-related deaths, and 
disability-adjusted life years (DALYs) associated with the intervention 
and control scenarios. 

2.7.1. Informed consent 
Caregivers accompanying CLHIV age 1–14 years receiving or initi-

ating ART were approached and invited to participate in the study 
during regular clinic visits. Caregivers expressing interest in partici-
pating in the study were first confirmed to be the parent or legal 
guardian and then taken through individual written consent in their 
preferred language by study staff fluent in the local languages. Care-
givers receive a small transport and time reimbursement at enrollment 
and final study visit of approximately $5 USD. Children age 13 and older 
were provided information at an age appropriate level and given the 
opportunity to assent or decline separate from their caregiver. Consent 
for sample storage for future studies is documented separately from 
consent to participate in the study. Families who did not wish to 
participate continued to receive standard HIV services at the facility. 

All participants in the KIIs underwent informed consent with addi-
tional assent obtained from the participating adolescents (ages 13–14 
years, whose caregivers provided the consent). 

2.7.2. Retention activities 
The study relies on current clinic-based retention activities which 

include text message reminders, phone calls, home visits, and loss-to- 
follow-up tracing, which study staff supplement with additional phone 
tracing as needed. We anticipate these efforts will minimize losses to 
follow up and allow us to maintain sufficient participants to estimate our 
study outcomes well and minimize any bias due to missing outcomes. 

2.8. Outcomes 

Study Aim 1: Our primary outcome for Aim 1a is proportion of 
children virally suppressed (defined as VL < 1000 copies/mL) at 12 
months after enrollment by arm. Our secondary outcome for Aim 1b is 
time to VS among a subset of children without VS detected at any time or 
those newly initiating ART by arm. We will also examine a set of process 
outcomes, including turn-around time for the VL testing results, 
retention-in-care, proportion of children switching ART, etc. by arm. 

Study Aim 2: We intend to evaluate the impact of targeted HIV DRM 
testing on VS in the intervention arm. We will describe the proportion of 
children tested for DRMs with significant mutations within each class of 
HIV drugs, e.g. nucleoside/nucleotide reverse transcriptase inhibitors 
(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), and 
PIs. We will also explore how sociodemographic, behavioral, clinical, 
and facility factors may be associated with the DRM patterns we 
observe. 

Study Aim 3: In our Aim 3a, we intend to understand how our 
intervention influences VS by conducting KIIs which will interrogate 
factors which act as both facilitators and barriers to children achieving 
VS and focus specifically on how POC VL testing may improve VS. For 
Aim 3b, we will estimate costs and the incremental cost-effectiveness of 
POC VL combined with targeted DRM testing compared to SOC testing. 
We will calculate incremental cost effectiveness ratio (ICER) as the ratio 
of the difference in costs divided by the difference in effects across 
simulations for the intervention compared to SOC over a 20-year hori-
zon. Consistent with guidelines, we will discount costs and health ben-
efits at 3% annually, and consider ICERs below Kenya’s per capita GDP 
to be cost-effective [60]. We will perform extensive sensitivity analyses 
to identify influential assumptions. 
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2.9. Data collection and management 

Our data collection strategy includes prospective collection via 
REDCap systems and leveraging existing medical record systems at the 
study facilities. For prospective data collected through this clinical trial, 
we created longitudinal forms within a REDCap project, hosted by the 
University of Washington Institute of Translational Health Sciences, to 
capture the sociodemographics, behavioral, clinical, laboratory, and 
trial process data. Trial data collection is supplemented by capturing 
data from the existing paper and electronic medical record systems 
already running at the study facilities. When needed, for example for the 
pre-enrollment or SOC VL data, we obtain VL data from the National 
AIDS and STI Control Programme (NASCOP) online VL database and 
facility laboratory VL log books. For data management, we utilize 
existing data verification checks and quality tools within REDCap, 
conduct weekly quality checks, and generate quarterly reports for 
completeness, appropriateness, and quality of data. 

The KIIs are audio recorded, last 30–60 min, occur in a room at the 
study facility and in the preferred language of the participants, and 
participants are reimbursed for their time. 

For the costing studies, in addition to the staff interviews, we use 
standardized cost menus to collect site costs, including start-up costs, 
clinic space, human resources, supplies, and VL test costs and store the 
data in Excel files. When data are not available from our cohort, we will 
utilize data from population-based studies from Kenya and sub-Saharan 
Africa. 

2.10. Sample size and power calculations 

Power for the study is based on the primary outcome of proportion of 
VS in children in the intervention vs. control arms at 12 months after 
enrollment for each child (Aim 1a). We estimated requiring a sample 
size of 90% (630) of an estimated 700 children eligible to enroll to detect 
an effect size of at least 11%. Accounting for 10% loss to follow-up over 
12 months, this sample size is expected to provide total of 567 children 
(or 284 per arm) with outcomes for analysis. These calculations are 
based on Fisher’s exact test, two-sided α = 0.05, and initial VS rates of 
approximately 65% (estimated from historical facility data). We 
enrolled 704 children by December 2019 when further enrollment 
ceased. 

2.11. Statistical analyses 

Study Aim 1: We will provide descriptive statistics by randomization 
arm for study sample baseline demographics and facility characteristics, 
VS rates at baseline and quarterly afterwards, and process outcomes of 
interest. We note that VS is assessed on different schedules for the 
intervention arm (3-monthly) versus control arm (6-monthly unless 
unsuppressed and then 3-monthly until suppressed). Although testing 
frequency differs by arm, note that both arms include VS testing at 12 
months, which is our primary outcome. In addition, both arms test 
quarterly in those not currently suppressed, i.e., the group for analysis 
for our secondary outcome (time to VS). For both outcomes, the 
assessment plan is similar in spite of the overall difference in testing 
frequency by arm. 

All analyses of the intervention will be intention-to-treat (ITT), 
regardless of any post-randomization information, though additional 
secondary analyses of per-treatment may be considered. 

Our primary analysis in this randomized study will compare the 
proportion of children with VS 12 months after enrollment for each child 
(primary outcome) in the intervention vs. control arms (primary pre-
dictor) using a logistic regression model, adjusting for facility and age 
group strata (1–9 or 10–14 years). A key secondary analysis will 
examine potential effect modification by age group using an interaction 
term between age group and intervention group in the model. While the 
study is not powered to test the intervention effect within age subgroups, 

particularly in the subgroup of 10–14 year olds, this analysis will pro-
vide data for the intervention effect within each, as well as for the dif-
ference in effect between the younger and older children. 

Additional analyses including multivariate logistic regression models 
will estimate associations between VS and all potentially related 
individual-level factors (such as age, sex, duration on ART, prior VS 
patterns, and family demographics), as well as facility factors (such as 
patient volume, staff volume, urban/rural location, and tier of facility), 
in order to explore predictors of VS in this context. We will also do a 
secondary analysis separating the outlined outcomes for children on 1st 

vs. 2nd line therapy. 
For our secondary analysis for Aim 1b, we will compare time to VS 

using a Cox regression model limited to individuals who are not sup-
pressed during study follow-up or those initiating ART by study arms, 
with stratified baseline hazards by site and age group. A second analysis 
may adjust for potential confounders, such as the ones listed above, if 
found to be imbalanced between arms in this subpopulation. 

Study Aim 2: To estimate the effect of providing timely DRM results 
on VS for intervention participants undergoing DRM, separately from 
the effect of POC VL alone, a secondary analysis will be performed with 
outcome of time to VS. As in Aim 1b, we will use a Cox model with 
primary predictor of intervention vs. control arm. To distinguish the 
effect of DRM results from that of POC VL testing, we will add a time- 
varying covariate which indicates, for each visit with a VL test, 
whether the clinician was notified of a positive DRM result since the 
child’s prior VL test. If implemented as expected, all children without VS 
will be provided DRM testing and providers notified of the results. This 
model will allow us to divide the estimated effect of the intervention 
between the effect of POC VL testing alone (on those who do not have 
DRM), and the effect of POC VL testing plus DRM testing for those who 
do undergo DRM testing. We will perform these Cox models both un-
adjusted and adjusted, accounting for other factors likely to affect VS, 
particularly those that may vary at baseline in the intervention vs. 
control arms. 

We will also describe the proportion of samples within the inter-
vention arm that have any DRMs by HIV drug classes, e.g. NRTIs, 
NNRTIs, and PIs. We will report the proportion of samples with each 
type of mutation detected by drug class, and further group these mu-
tations into major and minor ones. For example, we will examine major 
mutations in M184 V/I and K65R for NRTIs, K103 N, Y181C, G190A, 
and V106 M for NNRTIs, and V82A, I76V, 184 V, L47A, L90 M, M46I, 
and D30 N for PIs. With 284 participants randomized to the intervention 
arm, we expect approximately 35% (100) to not achieve VS at their 1st 

POC VL test and undergo DRM testing. With n = 100, we will be able to 
estimate prevalence of DRMs to within ± 5%–10% of the 95% CIs. For 
example, for a class of DRMs with prevalence of 80%, we anticipate 
generating exact 95% CIs of 71.3%–87.0%; a less common DRM at 10% 
will generate 95% CIs of 5.1%–17.1%. We will also use multivariate 
logistic regression models to identify risk factors associated with major 
and any DRMs. 

Study Aim 3: For Aim 3a, study staff will translate and transcribe 
the interviews in English, with a second study staff verifying the accu-
racy of translation. The English transcripts are imported into a qualita-
tive analysis software package for coding. Serial interviews for the same 
person are inductively coded together to maintain context for that per-
son. We are developing a codebook documenting codes, definitions, 
guidelines on their use, and example quotes. 2-3 study staff indepen-
dently code the transcripts, including initial double coding. The initial, 
primary codes are developed from the interview guides and expanded 
into more detailed, secondary codes during the coding process. After the 
initial round of coding, the study team will meet to discuss their coding 
process, assess intercoder agreement, and resolve discrepancies through 
consensus. Once the coding is complete, we will use thematic analysis to 
organize the data for further analysis, prioritizing longitudinal over 
cross-sectional analysis [49,50]. Finally, analytic memos will be written 
to lift the primary and secondary codes into thematic analyses that 
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represent a full range of perspectives, both convergent and divergent. 
Several measures will be taken to ensure high quality data and rigorous 
analysis, such as principles of reflexivity [51] and rigor [52–54]. 

For Aim 3b, the micro-costing data, time and motion studies, and 
clinical outcomes will be used to estimate the average cost per child 
achieving VL suppression in the intervention compared to the control 
arm. 

2.12. Oversight and monitoring 

All serious adverse events associated with the procedures of this 
study are reported to the appropriate institutional review boards. The 
primary risk to participants in this study is social harm associated with 
HIV status disclosure. Field staff are trained to complete descriptions of 
adverse events that are communicated to the onsite study coordinator 
immediately, and then sent electronically to study investigators within 
24 h. 

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 conduct periodic data and safety monitoring activities to 
ensure participant safety. 

2.13. Trial status 

This trial began participant enrollment in March 2019 and 
completed enrollment by December 2019. Participants will be followed 
for 12 months following study enrollment, which we anticipate will end 
in December 2020. 

3. Discussion 

This study will help to address the need to improve HIV treatment 
outcomes among children and young adolescents living with HIV in 
resource-limited settings. In 2018, there were an estimated 1.7 million 
CLHIV worldwide, with only approximately 54% accessing ART [55]. 
Though the number of CLHIV on ART globally has nearly doubled since 
2010, VS remains suboptimal. Global estimates of VS among children on 
ART are limited, but range from 60 to 75% and are consistently lower 
than adults in similar settings [2,3,56]. Furthermore, children with 
virologic failure have low rates of achieving VS even with adherence 
interventions [57]. Achieving VS is particularly urgent for young chil-
dren less than two years of age who face extremely high mortality 
without treatment [58,59]. Yet, VS is also important for older children 
whose growth and neurodevelopmental outcomes are adversely affected 
by poor virologic control. In adolescents, viremia not only puts youth at 
risk for increased morbidity, but also contributes to potential ongoing 
sexual transmission of HIV amongst those who are sexually active [60, 
61]. 

Several factors contribute to VS in CLHIV including access to unin-
terrupted, effective ART regimens, excellent adherence to medication, 
and regular clinical follow up. Children are often reliant on caregivers to 
ensure medication adherence, frequently have drug resistance prior to 
treatment initiation due to individual or maternal exposure to anti-
retrovirals, and are faced with drug formulations that are not optimized 
for the pediatric population often requiring complex preparation, dosing 
measurements, and dosing frequency more than once per day [1,62]. In 
addition, clinical and immunological monitoring of children’s treatment 
success is known to be unreliable, leading to profound delays in recog-
nizing treatment failure [63]. The introduction of routine VL monitoring 
presents an opportunity to reliably assess and intervene for children not 
reaching VS [64]. Yet, current approaches to VL monitoring which 
involve centralized laboratories and sample transport networks have not 
necessarily provided timely and regular access to VL testing [12,13,65]. 
POC VL technology holds substantial potential to bridge the gap 
addressing the need for routine VL monitoring that can impact clinical 
management. We hypothesize that caregivers, older children, and 

clinical providers will be able to use knowledge of VL monitoring to 
support improved adherence and clinical intervention, leading to VS, an 
idea supported by the principle of “cues to action” in the Health Belief 
Model [66,67]. 

Our study leverages existing POC technology, the GeneXpert® Sys-
tem which is already in place in Kenya for use in tuberculosis and HIV 
infant diagnosis, to determine if POC VL testing that is more frequent 
and with reduced result turn-around time to clinical providers and pa-
tients than routine VL testing will ultimately improve VS. Operational-
izing such a model will foreshadow real-life implementation of such 
systems, where additions, such as a “hub and spoke” laboratory 
networking model, could be more feasible and sustainable compared to 
traditional, centralized laboratory models [68]. Heavy investments have 
already been made in GeneXpert® technologies for tuberculosis di-
agnostics in LMIC that should be leveraged when possible, without 
disrupting tuberculosis programs, in order to maximize this investment 
especially given the overlapping epidemics of tuberculosis and HIV in 
LMIC. Regardless of the results of the current study, it is arguable that 
POC VL technology should be utilized in LMIC in order to facilitate 
timely patient management and VL counseling to optimize health out-
comes, particularly in high risk populations including CLHIV [64,69, 
70]. 

Furthermore, our study recognizes that VS cannot be achieved if 
significant drug resistance is present [71]. The most recent WHO report 
on HIV drug resistance shows that up to 50% of treatment-naïve infants 
with HIV have drug resistance to NNRTIs. At the same time, resistance 
among children with non-suppression on 1st line ART regimens is 
increasing [71]. Furthermore, re-suppression following virologic failure 
among children is substantially lower than in adults, suggesting 
enhanced adherence support may be insufficient in this population [14, 
57,72]. Thus, we incorporated targeted DRM testing in CLHIV with 
virologic failure along with supported clinical management in order to 
optimize clinical treatment decisions. While introduction of integrase 
inhibitors for younger populations, including in Kenya, is beginning, 
understanding current DRM prevalence may influence timing and ur-
gency of introducing these highly potent drugs and testing for integrase 
resistance can be incorporated in future if needed. By determining 
current patterns and impact of DRM testing among children undergoing 
routine VL monitoring, this trial will inform the future needs of DRM 
testing in this population. 

Lastly, the qualitative and costing components of this study will 
complement the findings from the primary outcomes, aiding better 
interpretation of results and decision-making from programmatic and 
policy perspectives. Already, the study has experienced concerns on the 
ground about use of POC VL in routine HIV care including the validity of 
results and their use in clinical management of patients. While the 
GeneXpert® systems used in this study are WHO pre-qualified and have 
undergone national validation in Kenya, additional local data may be 
required to ensure confidence in this technology [30,31]. Further, given 
limited options for 3rd line and salvage ART regimens in Kenya and 
resource-limited settings generally, stakeholders are particularly con-
cerned about clinical management recommendations that lead to 
increased use of 2nd line or non-standard ART regimens. Despite sub-
stantial investment in stakeholder consultation and engagement in 
protocol development, ongoing barriers to uptake of POC VL technology 
requires further understanding which we will explore through qualita-
tive methods. 

3.1. Limitations 

As designed, our study will provide important evidence regarding the 
impact of POC VL and DRM testing with some clinical decision support 
on VS in CLHIV on ART. However, there may be important study limi-
tations to consider. First, while it would be ideal to provide same day or 
immediate POC VL results to participants and providers, the current 
clinical and laboratory systems in place at participating study facilities 
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do not support this. Thus, the ultimate utility of a POC test may be 
diminished and, arguably, our intervention may be better termed “near 
POC” or “rapid return of results.” Nonetheless, GeneXpert® is arguably 
one of the more ubiquitously-available systems in resource limited set-
tings due to the investments in tuberculosis diagnostics, and, therefore, 
demonstrating its use for POC VL testing may be a powerful tool for 
programs in many settings. Additionally, our proposed work will un-
doubtedly reduce the current turn-around times for centralized labora-
tory VL testing. Second, our current DRM testing process uses a central 
laboratory, which has already resulted in delays in DRM test results. We 
are exploring a near POC DRM testing technology in a substudy under 
this parent trial. Third, we chose to leverage existing technologies at the 
facilities to conduct POC VL testing, which meant using the GeneXpert® 
systems. GeneXpert® is arguably one of the more resource-intensive 
existing POC technologies. Other existing or in-development plat-
forms, such as the AlereQ®, can run on battery power, are more 
compact, and hence more user friendly for more rural facilities. None-
theless, the generalizability of our findings will not be limited to the 
GeneXpert® platform, as we are not validating this specific platform but 
rather testing a new approach to HIV management for children on ART 
which may include any POC VL testing platform. Fourth, crossovers or 
contamination may occur in our study if providers want to utilize POC 
VL testing for children in the control arm, however, such crossovers 
should be minimal as access to POC VL test ordering is limited to study 
staff only (to date our study has encountered one POC VL conducted on a 
child in SOC when not indicated). Fifth, because all providers are 
receiving additional training on management of children with virologic 
failure, it is possible that VS will increase for both groups. Even if this 
occurs, we likely still have sufficient power to detect a significant dif-
ference between study arms. Sixth, our analyses may not be able to truly 
account for the separate effects of the various combined intervention 
strategies used in the intervention, which is a limitation of all combi-
nation intervention studies. Notwithstanding these limitations, this 
study is poised to help optimize HIV treatment monitoring for children 
on ART in resource-limited settings. 

4. Conclusions 

Findings from this study will inform future work to combine an 
optimized POC VL and DRM monitoring algorithm with evidence-based 
socio-behavioral interventions to maximize VL suppression rates for 
CLHIV. The results may also support enhanced scale up of POC VL 
technology and access to DRM testing. Our study findings will directly 
address the urgent need to find interventions to maximize VS among 
children on ART and achieve global HIV goals. 
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