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Abstract

A point-of-care (POC) HIV drug resistance (HIV-DR) test is needed for low- and middle-
income countries (LMICs). Oligonucleotide Ligation Assay (OLA)-Simple, designed as a
near-POC HIV-DR test, was assessed for its overall usability in Kenya by technicians with
and without molecular laboratory PCR experience. Further, its diagnostic accuracy was
evaluated by PCR-experienced technicians utilizing 147 plasma samples with known Sanger

T —— sequence genotypes—based on seven major HIV-DR mutations of nucleotide and non-

nucleoside reverse transcriptase inhibitors. Thirteen laboratory technicians were recruited,

Academic Editor: Gassan Hodaifa including five with prior PCR experience. Twelve technicians completed the training and
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Simple test within 6 h. Technicians’ survey feedback indicated the user-friendliness of
OLA-Simple, citing straightforward reagent reconstitution, concise instructions in prompts,

and a shorter sample-to-result test time compared to standard genotyping assays. Of the
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147 archived plasma samples tested, 132 (90%) yielded interpretable results. OLA-Simple
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end-users and performed well. LMIC HIV programs would benefit from strategizing on
case-use scenarios for such near-POC HIV-DR assays to improve HIV outcomes.

Keywords: HIV drug mutations; resistance testing; near point-of-care; user-friendly; LMIC

1. Introduction

Human immunodeficiency virus (HIV) drug resistance (HIV-DR) is an increasing
threat to HIV treatment success and epidemic control globally [1]. In resource-rich coun-
tries, HIV-DR testing is used to guide initial antiretroviral therapy (ART) and subsequent
modifications, whereas in low- and middle-income countries (LMICs), HIV-DR testing is
limited to people living with HIV (PLWH) who repeatedly have high viral loads, despite
ART and adherence optimization, and possibly only when on second line ART or salvage
regimens [2]. There is growing momentum to increase the availability of HIV-DR testing in
LMICs, and to assess HIV-DR in ART failure for patient-level decision-making [3,4].

As many as half a million PLWH in LMICs are estimated to require HIV-DR tests
every year [5], but current HIV-DR testing falls far short of this need. Currently, HIV-DR
testing is commonly performed by Sanger sequencing, which is costly to run, requires
complex laboratory infrastructure, and has long turnaround times [6]. These barriers,
together with other logistical challenges, such as the requirement for sustained cold chains
during the transportation of test samples to centralized laboratories, and centralized clinical
decision-making, make HIV-DR testing unavailable for routine patient care in LMICs [5,6].
As of early 2022, during this study, only 19 laboratories in sub-Saharan Africa had the
capacity to sequence HIV-DR mutations (HIV-DRMs), of which only 11 were World Health
Organization (WHO)-certified [7]. To scale up HIV-DR testing in LMICs, there is a dire
need for new technologies that are potentially simpler, low-cost, and rapidly operable at or
near the point-of-care (POC) [6].

POC HIV-DR tests under development in the past decade are designed to detect a few
HIV-DR mutations of great clinical significance. Potentially, these tests could decentralize
testing, reduce cost, and shorten the turn-around time [6,8]. One such near-POC HIV-DR
test is based on an oligonucleotide ligation assay (OLA), whose performance is premised
on the annealing of assay-specific probes at relatively low temperatures to accommodate
viral polymorphisms, and the specificity of the ligase enzyme for the two bases on each
side of ligation, enabling sensitive and specific detection of HIV-DR point mutations [9,10].
The original OLA originally relied on a relatively laborious assay involving PCR, a ligation
reaction, and an enzyme-linked immunosorbent assay (ELISA) procedure to detect the
amplified and ligated DNA targets in samples of interest. However, simplifications and
modifications to multiple steps have produced OLA-Simple, which detects HIV-DRMs as
band lines on paper format lateral flow strips [11]. The test’s key reagents are lyophilized
to make them compact and stable at a temperature of ~4 °C (in a refrigerator). The
test’s procedures are executed through step-by-step user-in-the-loop guides that make
complex assay methods implementable with relative ease [9,10]. Already, OLA-Simple’s
performance assessment at the developer’s U.S.-based laboratory has demonstrated a
high overall sensitivity and specificity on HIV samples of various subtypes, sourced from
different countries [11,12]. While the test developer’s experienced laboratory staff report
OLA-Simple’s simplicity [10,13], it is necessary to assess usability by the intended users in
LMICs, like Kenya, which has an estimated 1.3 million adults and 75,000 children (aged
0 to 14 years) living with HIV. Over 98% of adults and 83% of children are on antiretroviral
treatment (ART), necessitating regular virological monitoring. A subset of patients failing

https:/ /doi.org/10.3390/laboratories3010005


https://doi.org/10.3390/laboratories3010005

Laboratories 2026, 3, 5

30f21

treatment (e.g., those on dolutegravir (DTG)-containing or second-line ART regimens) are
usually recommended for HIV-DR testing [14].

To determine if the OLA-Simple assay could be deployed effectively in the regional
decentralized laboratories nearest to HIV patients failing ART treatment, we assessed
its usability, and the feasibility of performing the test by technicians with and without
molecular laboratory experience (polymerase chain reaction (PCR)-experience) in Kenya.
Separately, we tested archived samples from two studies [15,16] and remnant clinical
samples from PLWH with viremia to evaluate its diagnostic accuracy. This validation
assessed OLA-Simple’s “end-user” laboratory technician’s usability experience, as well as
its performance characteristics in Kenya.

2. Methods
2.1. Study Design and Settings for OLA-Simple Validation

This was a prospective implementation and diagnostic validation study to evaluate
the usability, feasibility, and diagnostic accuracy of OLA-Simple, with the aim of imple-
menting the assay at decentralized laboratories near sites of patient care. The study was
conducted between April and July 2022 in Kenya. The study comprised two complemen-
tary components: first, we assessed the usability and feasibility of performing OLA-Simple
by laboratory technicians with different levels of molecular laboratory experience. This
component evaluated the training requirements, ease of use, and user acceptability of
the assay among PCR-experienced and PCR-inexperienced laboratory technicians. The
second component evaluated the diagnostic accuracy of OLA-Simple for detecting selected
HIV-1 DRMs in Kenya. This analysis utilized archived plasma samples from two prior
clinical studies, and remnant samples, with HIV-DR Sanger sequencing results available
from routine clinical monitoring tests for PLWH experiencing virological failure while on
ART. OLA-Simple results were evaluated primarily against standard Sanger sequencing.
However, to account for validly detected low-level variant mutations, a composite refer-
ence was employed. This reference incorporated HIV-DR results from Sanger sequencing
(constituting the majority of the samples) together with tie-breaker testing, using the ELISA-
based version of OLA that is capable of confirming low-frequency mutants (<20%). This
composite reference is referred to here as “modified Sanger sequencing”.

OLA-Simple training and evaluation occurred at two centralized laboratories (also
regarded as referral laboratories): the Kenya Medical Research Institute—Centre for Global
Health Research (KEMRI-CGHR) HIV-Research Laboratory in western Kenya and the
Nairobi at the National Public Health Laboratory (NPHL) in Nairobi. Both laboratory
facilities had capacity for HIV PCR and Sanger DNA sequencing and were WHO-accredited
regional laboratories for HIV-DR testing.

2.2. OLA-Simple Test Assay and Platform

The OLA-Simple test is designed as a near point-of-care oligonucleotide ligation assay
for targeted detection of clinically relevant HIV-1 DRMs. An earlier version of the assay
targeted five HIV-1 DRMs associated with resistance to first-line nucleos(t)ide reverse
transcriptase inhibitor (NRTI) mutations, K65R and M184V, and non-nucleoside reverse
transcriptase inhibitor (NNRTI) mutations, K103N, Y181C, and G190A [9]. For the present
study, however, the test was optimized to include probes for two additional DRMs, L74V
and Y115F, which are associated with NRTI abacavir resistance that is common among
children living with HIV (CLHIV). The selection of these additional targets was guided by
HIV-DRM data generated from the Sanger sequencing in the Opt4Kids study [15].

The OLA-Simple kit comprises lyophilized reagents for reverse transcription, PCR
amplification, ligation, and lateral-flow detection mixes. These reagents were prepared
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and stabilized with additives, as previously described [12], and packaged in the Lutz
Laboratory at the University of Washington, Seattle, WA, USA (picture shown in A of
Supplementary Figure S1). The lyophilized reagents and the lateral flow detection strips
for the OLA-Simple test were manufactured by the IEH Laboratories Consulting Group in
Seattle, WA, USA except for the lyophilized reverse transcriptase mix that was prepared at
the Lutz Laboratory. The RNA extraction reagents comprised a packaged pre-aliquoted
QIAamp® Viral RNA Mini Kit (Qiagen, Hilden, Germany).

For standardized assay execution and result interpretation, OLA-Simple testing was
guided by Aquarium, a software application developed at the University of Washington,
Seattle, WA, USA [9,10]. The application provided step-by-step instructions for conducting
the test, including assay set-up, timing, and result interpretation. A flatbed scanner was
integrated into the platform for the digitalization of interpretation of the visual images
generated from lateral flow strips. The Aquarium digital guidance platform was installed
on tablets and was used by the participating laboratory technicians throughout training,
competency assessment, and clinical sample testing.

2.3. Laboratory Personnel and Classification

Laboratory technicians participating in this study were recruited from both referral
testing laboratories and clinical patient-care hospital laboratories that supported HIV pa-
tient care or HIV-DR testing-related clinical studies. Specifically, these technicians had
participated in the Optimizing Viral Suppression for Children (Opt4Kids) [15] and Opti-
mizing Viral Suppression for Pregnant and Postpartum Women (Opt4Mamas) studies [16]
or in routine HIV-DR testing activities.

For the purposes of this evaluation, the testing laboratory personnel were clas-
sified into two groups, based on their prior experience with molecular diagnostic
tests. Five laboratory technicians working at the two centralized referral HIV-DR test-
ing laboratories—KEMRI-CGHR HIV-Research Laboratory (2 technicians) and NPHL
(3 technicians)—were classified as “PCR-experienced”. They were classified as such, given
their routine involvement in PCR-based assays and Sanger sequencing to support national
HIV-DR surveillance and clinical testing programs. These technicians were research technol-
ogists or scientists with university degree-level training in biomedical sciences. In contrast,
eight laboratory technologists from four hospitals (two technicians from each) in western
Kenya (Kisumu County Referral Hospital, Jaramogi Oginga Odinga Teaching and Referral
Hospital, Ahero Sub-County Hospital and Nyakach Sub-County Hospital), who were not
experienced in routinely performing PCR assays were regarded as “PCR-inexperienced”.
These technicians primarily performed low-complexity routine clinical laboratory testing
and held diploma-level or higher medical laboratory training. They did not have prior
experience in performing PCR-based assays.

2.4. Training, Competency, and Implementation Workflow

The training and competency assessment for OLA-Simple were conducted in a stan-
dardized stepwise manner designed to evaluate the learnability and feasibility of the assay
implementation in a laboratory setting. The OLA-Simple training program consisted of
three sequential parts. First, the laboratory technicians received approximately four hours
of virtual training, covering an overview of the principles of the OLA-Simple assay, in-
terpretation of results, and a navigation of online Aquarium software application. The
Aquarium software application provided step-by-step procedural guidance. Second, the
laboratory technicians observed an in-person demonstration of the entire OLA-Simple
workflow performed by a trained instructor, using two quality control (QC) samples. This
session also provided the trainees with an opportunity for physical familiarization with
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the assay materials, as well as hands-on interaction with the digital guidance platform
on Aquarium. Third, the trainee technicians underwent competency assessment by inde-
pendently performing the first test on two QC samples while under direct observation by
the instructor. Upon successful completion of the observed competency assessment, the
technicians proceeded to perform an unobserved, independent testing of the same QC
samples to confirm the reproducibility and operational readiness. Following completion
of competency training, only PCR-experienced technicians advanced to perform blinded
OLA-Simple testing of archived patient plasma samples.

PCR-inexperienced technicians participated in OLA-Simple training and competency
assessment, utilizing quality control (QC) samples to assess the test’s learnability and
ease-of-use and the feasibility of performing the test. They did not participate in testing of
archived clinical patient samples, our second objective, due to their inability to be away
from their regular workstations for a prolonged period (i.e., would have disrupted routine
diagnostic services). Their participation in this study was, therefore, limited to training and
competency testing, which we believe was sufficient to assess the usability and feasibility
of OLA-Simple in the Kenyan level 4 or 5 clinical laboratory environment. The PCR-
experienced technicians, in contrast, participated in both quality control sample testing and
blinded testing of archived study and remnant clinical plasma samples that were previously
genotyped. This latter group of technicians contributed to both the usability assessment
and the diagnostic accuracy evaluation of OLA-Simple (Figure 1).

2.5. Technician Usability Framework and Evaluation

Usability of the OLA-Simple assay was evaluated by combining a structured question-
naire and direct observation of technician performance. Anonymous survey questionnaires
were administered to the laboratory technicians before (pre-) and after (post-) training,
to assess perceptions of usability before exposure and after completion of training and
competency assessment.

The survey instruments were developed based on Nielsen’s usability framework,
which evaluates five key domains: learnability, efficiency, memorability, error, and user
satisfaction [17]. Each domain included multiple close-ended questions, assessed using
Likert-scale responses, as well as open-ended questions to capture qualitative feedback
on user experience, workflow challenges, and the perceived feasibility of implementing
OLA-Simple in a routine laboratory setting. Definitions and example survey items of each
usability domain are provided in Supplementary Table S1.

Post-training usability surveys were administered at different timepoints, depending
on the technician’s role in the study. PCR-inexperienced technicians completed the post-
training survey immediately following completion of competency testing, reflecting their
experience with training and initial assay execution. On the other hand, PCR-experienced
technicians completed the post-training survey at the end of study tests, when both com-
petency assessment and blinded testing of archived plasma samples had been completed,
allowing for the incorporation of feedback, based on extended hands-on use. Survey
instruments and full questionnaires are provided in Supplementary Appendix S1.

2.6. Samples for the OLA-Simple Diagnostic Validation

Archived plasma samples from clinical HIV studies and remnant samples from routine
monitoring of PLWH on ART with virologic failure that were previously characterized
for HIV-DRMs by Sanger sequencing were used to evaluate the diagnostic accuracy of
OLA-Simple in Kenya. A total of 147 de-identified plasma samples were selected and
tested by PCR-experienced laboratory technicians. The samples were obtained from three
sources: 68 plasma samples from the Opt4Kids study [15], conducted among CLHIV,
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and 20 archived plasma samples from the Opt4Mamas study [16], conducted among
pregnant/postpartum women living with HIV. Together referred to as OptStudies samples,
they were originally collected and genotyped as part of clinical research protocols. Lastly,
59 remnant archived plasma samples were obtained from PLWH-receiving ART who were
documented as having virologic failure, defined as HIV-1 RNA viral load > 1000 copies/mL.
These samples were collected between January 2019 and January 2022 from various parts
of Kenya and sequenced for clinical detection of HIV-DR at NPHL for routine care and
national surveillance activities. All these samples had previously been genotyped by
Sanger sequencing for standard HIV-DRM detection, and they were de-identified prior
to utilization for OLA-Simple validation. While OLA-Simple validation testing on the
archived samples from the OptStudies were analyzed at the KEMRI-CGHR laboratory, the
remnant archived routine clinical samples were tested at the NPHL. Sample selection and
testing workflows for the diagnostic validation are summarized in Figure 2.

2.7. Quality Control Samples and Testing

Two QC samples with known DRM patterns were utilized throughout the study support-
ing training, competency testing, and quality assurance during testing of archived samples.
The QC materials were prepared at the Lutz Laboratory (University of Washington), using
mixtures of synthetic DNA gBlocks® (Integrated DNA Technologies, Coralville, IA, USA) con-
taining the HIV-DRMs targeted in this evaluation. The two QC samples contained a distinct
combination of mutations: one with 30% K103N + 40% Y115F + 30% M184V +30% G190A
and the second sample comprised 40% K65R + 60% L74V + 40% Y181C. These control
samples were shipped to Kenya as lyophilized reagents and were resuspended on-site at
5000 copies/mL in HIV-negative plasma. These QC samples were tested by each of the
Kenyan technicians during OLA-Simple training, competency testing, and on a weekly
basis for approximately 10 weeks during clinical sample testing as part of a predefined
quality assurance plan. The QC results were reviewed to assess technicians’ proficiency
and consistency, and to monitor assay performance.

2.8. Sample Testing Procedures and Result Interpretation of OLA-Simple

OLA-Simple sample testing proceeded, using standardized procedures as previously
described [12]. Briefly, viral RNA was extracted from plasma samples using the pre-
aliquoted Qiagen Viral RNA Mini Kit reagents, following manufacturer instructions. As
per the OLA-Simple protocol, the extracted RNA was reverse-transcribed in rehydrated
lyophilized reverse-transcription reagents using a standard PCR thermocycler, and the com-
plimentary DNA (cDNA) was subsequently PCR-amplified in rehydrated lyophilized PCR
reagents. Next, aliquots of the amplified products were added to rehydrated lyophilized
ligation reagent mixes that were specific for each mutation tested for probe ligation in a
thermocycler. Ligation products were then applied to lateral flow detection strips in the
presence of rehydrated colloidal gold particles. Lateral flow paper strips were allowed
to develop for 15-20 min, scanned using a flatbed office scanner, and the digitalized im-
ages were uploaded into the Aquarium software platform to perform band visualization
and analysis.
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Participants:
N = 13 laboratory

/\

PCR-experienced technicians

(N=5)

PCR-inexperienced technicians

(N=g)

L]

L]

Training
Virtual training via zoom on overview of OLA-
Simple principle and Aquarium software.
In-person demonstration of test process by
trainer.
Hands-on demonstration of competency by
trainee while under observation by trainer.
Demonstration of technician competency by
blindly testing known panel samples inde-
pendently.

A

'

Evaluation of Competency Testing
Samples tested:
1. Two QC controls with known mutations
tested by each technician.
2. The control samples run by the technicians
independently also served as the compe-
tency testing material.

Training

¢ Virtual training via zoom on overview of OLA-
Simple principle and Aquarium software.

¢ A comprehensive in-person training on the
PCR principles and the OLA-Simple assay,
including physical introduction to OLA kit rea-
gents, consumables and Aquarium software.

¢ In-person demonstration of test process by
trainer.

« Hands-on demonstration of competency by
trainee while under observation by trainer.

* Demonstration of technician competency by
blindly testing known panel samples inde-

pendently.

A 4

A 4

Archived Sample Testing
N=147
Samples tested:

1. 88 Opt4Studies samples tested at KEMRI
by 2 technicians

2. 59 remnant archived clinical plasma sam-
ples tested at NPHL by 3 technicians

3. Weekly QC samples

Evaluation of Competency Testing
Samples tested:
1. Two QC controls with known mutations
tested by each technician.
2. The control samples run by the technicians
independently also served as the compe-
tency testing material.

Figure 1. Diagrammatic representation of laboratory personnel training, competency, and testing
schedule in the validation of the OLA-Simple assay for HIV-DR testing. This flowchart provides
a diagrammatic representation of the laboratory personnel training, competency assessment, and
testing involving technicians from various research institutions and hospital laboratories, who
participated in the validation of OLA-Simple. The diagram indicates the number of PCR-experienced
and PCR-inexperienced technicians and the training they received, and the competency testing and
the testing of archived samples for the clinical in-field validation of OLA-Simple. Abbreviations:
PCR, polymerase chain reaction; QC, quality control; NPHL, National Public Health Laboratory; Key:
* National Public Health Reference Laboratory (N = 3) technicians; HIV Research Laboratory, KEMRI,
Kisumu (N = 2) technicians. ® Technicians from hospital-based diagnostic laboratories: Kisumu
County Referral Hospital, Jaramogi Oginga Odinga Teaching and Referral Hospital, Nyakach Sub-
County Hospital, and Ahero Sub-County Hospital.
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Plasma samples selected for OLA-Simple as-
say performance evaluation
N =147
HIV-DRMs previously confirmed by Sanger se-

RN

OptStudies samples Remnant samples from NPHL
N =288 N =59
OLA-Simple tested by 2 technicians OLA-Simple tested by 3 technicians (samples
(Opt4Mamas =20, Opt4Kids = 68) from PLWH on ART with viremia)

" T~
” \\
- ~
- ~
- ~

1
Excluded 1 sample with
‘failed’ PCR amplification :

________ .r_’_’: : v
Excluded OLA-Simple results : N = 887 OLA-Simple
for: t HIV-DR results analyzed
3 defective test strips | I

________ | S —
agn |
132 Plasma samples amplified successfully and : Excluded 14 samples |
tested with OLA-Simple | that failed PCR amplifi- |
== : cation |
N = 924 potential OLA-Simple DR mutations | ———=—=—=—=—=—==—=—-—=

(NRTI=K65R, L74V, Y115F, M184V)
(NNRTI=K103N, Y181C, G190A)

OLA-Simple assay performance com-
pared to modified Sanger sequencing
(sensitivity, specificity, and % agree-

ment)

Figure 2. Flowchart of sample testing for validation of OLA-Simple compared to modified Sanger se-
quencing. Archived plasma samples from the OptStudies (Optimizing Viral Suppression in Children
(Opt4Kids) and Pregnant and Postpartum Women (Opt4Mamas) studies), and from NPHL (National
Public Health Laboratory) that were tested previously using Sanger sequencing, were selected for the
validation of OLA-Simple. A total of 132 plasma samples were successfully amplified and tested with
OLA-Simple for the 7 major potential HIV-DR mutations (that would yield 132 x 7 = 924 OLA-Simple
point-mutation tests). We excluded 3 defective OLA-Simple strips and 34 indeterminate OLA-Simple
results, therefore yielding a total of 887 OLA-Simple point-mutation results that were compared to
analysis outcomes from modified Sanger sequencing. Abbreviations: HIV-DR, HIV drug resistance;
PLWH, people living with HIV; PCR, polymerase chain reaction. Note: Given the greater sensitivity of
OLA-Simple compared to Sanger sequencing’s primary reference, discordant results that are sugges-
tive of a “false positive” were evaluated using a more sensitive semi-quantitative ELISA-based OLA
tie-breaker assay. Of 26 discordant codons tested, five (four K103N and one M184V) were confirmed
and therefore considered to be validly detected by OLA-Simple but not by Sanger sequencing. These
five results (only) were substituted for the corresponding Sanger sequencing outcomes to generate
the “modified Sanger sequencing” reference results.
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For each mutation assessed using a lateral flow strip, sample genotypes were classified
as mutant (MUT), wild-type (WT), or indeterminate (IND), based on the intensity of
genotype-specific bands, relative to predefined MUT and WT thresholds. For a lateral flow
strip run to be considered valid, the control (CTRL) band was required to be present, along
with a visible MUT and/or WT band. MUT thresholds were determined separately for
each codon and for each study site, using control run results. Specifically, for a given codon
at a given study site, the MUT threshold was defined using WT (0% MUT) control samples
as the mean MUT band intensity plus three standard deviations (mean + 3 x SD). Samples
with MUT band intensities exceeding the corresponding codon- and study-site-specific
MUT threshold were classified as MUT. WT thresholds were determined independently for
each study site using HIV-negative samples and were defined as the mean + 3 x SD of the
WT band intensity measured in these HIV-negative samples. Within each study site, a single
WT threshold was applied across all codons. Samples were classified as WT if they did not
meet the MUT criteria and their WT band intensity exceeded the WT threshold. Lateral
flow strips that neither met the WT nor MUT criteria but had the CTRL line intensity above
the WT threshold were classified as IND. Lateral flow strips were classified as “defective”
if the CTRL band was absent or if nonspecific markings interfered with the interpretation
of the MUT or WT regions. Samples that failed to produce interpretable results across all
seven mutations were classified as “failed amplification”. A diagrammatic representation
of genotype band interpretation is shown in part B of Supplementary Figure S1.

2.9. Reference Standard and Tie-Breaker Testing

Diagnostic accuracy of OLA-Simple was mainly evaluated against Sanger sequencing
as the reference standard. The samples included in this validation had been genotyped
for the HIV-1 protease/reverse transcriptase gene-associated drug resistance previously,
using the Applied Biosystems™ TaqPath™ Seq HIV-1 Genotyping Kit (Thermo Fisher
Scientific, Waltham, MA, USA), which detects NRTI and NNRTI mutations at frequencies
of approximately > 20% viral quasispecies [5]. The Sanger sequencing analyses were
performed at either KEMRI-CGHR or NPHL, depending on where samples had been
referred earlier for testing.

As mentioned above, since OLA-Simple is capable of detecting low-frequency muta-
tions below the limit of detection of consensus Sanger sequencing [18], additional testing
was conducted to resolve discordant mutation results, which could “represent false positive”
or “low-frequency” mutants. Remnant PCR amplicons generated during the OLA-Simple
testing in Kenya were shipped to the Frenkel Laboratory (University of Washington, Seattle,
WA, USA) and evaluated via the semi-quantitative, ELISA-based OLA method, previously
validated against a next generation sequencing (NGS) platform [18]. The ELISA-based
OLA employs the same ligation probes as OLA-Simple and uses mutation-specific stan-
dard curves to detect and semi-quantify mutant variants that are present at frequencies
as low as 2% of the viral population [18]. Although simultaneous extraction and testing
with high-sensitivity NGS platforms (e.g., llumina or PacBio) would have been the ideal
comparator, cost constraints precluded this approach. Therefore, ELISA-based OLA was
used as a cost-effective alternative with sensitivity and specificity that was comparable
to NGS methods for detecting low-frequency mutations below the detection threshold of
Sanger sequencing.

Results from the ELISA-based OLA were used to adjudicate discordant findings
between OLA-Simple and Sanger sequencing. Mutations detected by ELISA-based OLA
but not by Sanger sequencing were considered to be true positives and were incorporated
to constitute a composite reference standard, referred to in this analysis as “modified Sanger
sequencing,” which was used for the primary diagnostic accuracy analyses.
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2.10. Statistical Analysis

Descriptive characteristics of participating laboratory technicians were summarized
using frequencies or medians as appropriate. Feedback on the usability survey, captured
using Likert scales, was summarized as medians with interquartile ranges (IQRs).

For diagnostic accuracy analyses, OLA-Simple results were compared against modified
Sanger sequencing as a reference standard. Mutation detection outcomes were summarized
using frequencies and proportions. Additionally, in a sensitivity analysis, OLA-Simple
performance was compared against the standard genotyping reference method—Sanger
sequencing alone. OLA-Simple detection strips that were reported as defective or indeter-
minate were enumerated but excluded from diagnostic accuracy calculations. Diagnostic
performance measures, including sensitivity, specificity, and percent agreement, were
calculated with corresponding 95% confidence intervals (Cls), derived using the Clopper—
Pearson method from 2 x 2 matrices comparing OLA-Simple against the modified Sanger
sequencing results. All data wrangling and analysis were performed using R version 4.3.1
(R Project for Statistical Computing).

2.11. Ethics Approvals and Study Subjects” Consent

Ethical approvals to use stored samples for OLA-Simple evaluation study were pro-
vided by the African Medical and Research Foundation (AMREF) and Jaramogi Oginga
Odinga Teaching and Referral Hospital (JOOTRH) Institutional Review Boards (IRBs) in
Kenya, as well as the University of Washington and the University of Colorado Denver
IRBs in the USA. All adult study participants provided written informed consent, including
laboratory technicians who participated in the OLA-Simple testing, and Opt4Mamas study
participants. For the Opt4Kids study participants, however, written consent was obtained
from their parents or legal guardians. Additionally, Opt4Kids children who were 13 years
or older provided written assent. The use of de-identified archived samples from NPHL
was part of the NPHL's quality improvement activities and was considered to be exempt
from ethics review.

3. Results

3.1. Laboratory Technician Participants, Training, and Usability Feedback
3.1.1. Study Participants

A total of 13 laboratory technicians, five PCR-experienced and eight PCR-inexperienced
technicians, participated in the OLA-Simple training (Table 1, Figure 1). Their median age
was 33 years (interquartile range [IQR] 31, 34), five (38%) were female, nine (69%) had
Bachelor’s or Master’s level university education, and only eight (61%) had ever performed
a lateral flow strip test.

Competency assessment for the performance of the OLA-Simple test was performed
by testing two QC samples by each laboratory technician and evaluated by scoring the
presence or absence of the expected detection strip bands for each control sample. All five
PCR-experienced laboratory technicians passed both observed and unobserved competency
assessments with 100% accurate scores. Seven of the eight PCR-inexperienced laboratory
technicians completed both observed and unobserved training and competency assessment,
six passed with 100% accurate scores, and the seventh technician scored 86% due to the
absence of bands in one detection strip (likely due to inadequate sample volume trans-
fer). Thus, 12 of the 13 (92%) technician participants were deemed competent to perform
OLA-Simple correctly and independently. Reasons for the one technician not complet-
ing competency training was because of unwillingness to continue with the independent
competency testing process, which had seemed protracted.
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Table 1. Pre-OLA-Simple training survey, (N = 13 laboratory technicians).

Variables N (%) or Median (IQR 2)

Primary language

English 13 (100)

Kiswabhili 0 (0)
Age (years) 33 (31, 34)
Female 5 (38)
Highest level of education

Secondary, diploma, or the equivalent 3(23)

Some university credit, no degree 1(8)

Bachelor 8 (61)

Masters 1(8)
Current occupation

Medical lab technician/technologist 8 (62)

Research scientist/assistant 5 (38)
Years worked on current job 7 (6,11)
Years worked in a clinical or research laboratory 7 (5, 8)
Prior usage of micropipette 13 (100)
Frequency of micropipette usage

Daily 12 (92)

Weekly 1(8)
Ever performed PCR assay with extraction of DNA or RNA from clinical samples

S . ” 5(39)

(i.e., “PCR-experienced”)
Frequency of running a PCR assay (involving DNA/RNA handling)

Daily 3(23)

Weekly 1(8)

Monthly 1(8)

Ran PCR in the past but not currently 1(8)

Never set up and run a PCR 7 (54)
Ever performed a lateral flow test 8 (62)
Frequency of running a lateral flow assay

Daily 4 (31)

Monthly 1(8)

Used in the past but not currently 3(23)

Never performed a lateral flow test 5(39)

Awareness of the need for pre-and post-PCR area separation in a lab performing PCR 12 (92)

Feasible to have pre/post PCR area in your current lab 8 (62)

Comfortability with micropipette use 5(4,5)*
Comfortability with pipetting small volumes 4(4,5*
Understanding of PCR principles 4(3,5)*
Familiarity with how PCR works 3(2,5)*
Understanding of HIV drug resistance 4(3,5*
Comfortability of explaining mutations 4(2,5)*

2 IQR: Interquartile range * The median and IQR survey feedback represented Likert scores that ranged between
1 and 5, whereby 1 represented “not comfortable/not familiar/do not understand at all”, and 5 represented “very
comfortable/familiar /understand very well”.

3.1.2. Laboratory Technician Usability Experience

Each of the seven PCR-inexperienced technicians who completed training tested at
least four quality control samples, while the five PCR-experienced technicians tested at
least 20 plasma samples from OptStudies samples (in addition to quality control samples),
depending on the quantity of archived samples available at the two testing locations. OLA-
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Simple’s learnability, efficiency, and satisfaction domains were scored high by both PCR-

experienced and -inexperienced laboratory technicians. The post-training survey feedback

pertaining to learning, remembering, and running the test indicated that the technicians

found the OLA-Simple attributes relatively “easy” and “comfortable”. The packaging

of OLA-Simple reagents in modules and small convenient pouches, and guidance in the

execution of the test utilizing Aquarium software were scored most favorably as being

“helpful”. As a demonstration of the learnability ease, most of the technicians took >6 h to

complete their first test during competency testing; however, testing time improved with

experience and 80% of laboratory technicians could complete the test within six hours after

two or more rounds of practice (Table 2).

Table 2. Post-OLA-Simple training survey (N = 12 $ laboratory technicians).

Total Group PCR-Inexperienced PCR-Experienced
Variables (N=12) (N =5)
n(%) or Median (IQR) n(%) or Median (IQR) n(%) or Median (IQR)
Length of time to run OLA-Simple for
first time

5h 2 (17) 1(14) 1(20)

6h 4 (33) 2 (29) 2 (40)

7 h or more 6 (50) 4 (57) 2 (40)
Length of time to run OLA-Simple after
first time

4h 4 (33) 2(29) 2 (40)

5h 4 (33) 3(43) 1 (20)

6h 2 (17) 1(14) 1(20)

7 h or more 2 (17) 1(14) 1(20)
Number of tests run in 1 day 4 (2,5.75) 4(2,4) 8(3,12)
Comfortable number of samples
running simultaneously

2 samples 4 (33) 4 (57) 0

3 samples 1(8) 1(14) 0

4 samples 4 (33) 2 (29) 2 (40)

5 or more samples 3 (25) 0 3 (60)
Ease of learning OLA-Simple 5 (4, 5) 4 (4,5) 5 (5, 5)
Ease of remembering procedure 4 (4,5) 4 (4,4.5) 5 (4, 5)
Ease of running OLA-Simple after a
period of absence 45,9 43,49 56,5
Comfortability of running procedure
without Aquarium software 4(2.5) 2 (15, 4) 4(45)
Helpfulness of Aquarium software 5 (4, 5) 5 (4.25,5) 4 (4,5)
Difficulty finding correct reagent pouch 5 (4, 5) 5(3.5,5) 5(5,5)
Clearness of OLA-Simple reagent
labeling system 5(5.5) 5(5.5) 5(.5)
Helph.ﬂness of OLA-Simple color 55, 5) 55, 5) 55, 5)
matching system
Number of lines comfortable interpreting
on lateral flow test

3 lines 1(8) 1(14) 0

4 lines 5 (42) 3 (43) 2 (40)

5 lines 5 (42) 3 (43) 2 (40)

6 lines 0 0 0

7 or more lines 1(8) 0 1(20)
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Table 2. Cont.

Variables

Total Group
(N=12)
n(%) or Median (IQR)

PCR-Inexperienced
N=7)
n(%) or Median (IQR)

PCR-Experienced
(N=5)
n(%) or Median (IQR)

Comfortability with micropipette use

5(5,5)

5 (5, 5)

5 (5, 5)

Comfortability with pipetting

small volumes 55,9 55,9 56,9
Understanding of PCR principles 5(4,5) 4 (3.5,5) 5(5,5)
Familiarity with how PCR works 5(3.75, 5) 4(3,5) 5(5,5)
Understanding of HIV drug resistance 5 (4, 5) 4 (3.5,4.5) 5(5,5)
Comfortability of explaining mutations 45 (4,5) 4 (4,4.5) 5(5,5)
Able to continue after error occurred 3 (25) 0 (0) 3 (60)

Would recommend to colleagues 12 (100) 7 (100) 5 (100)

IQR: Interquartile range; the median and IQR survey feedback represented Likert scores that ranged between 1 and
5, whereby 1 represented “not comfortable /very difficult/not useful” and 5 represented “very comfortable/very
easy/very useful”; ¥ one technician did not complete the training and therefore was not included in the post-
training survey. Note: The post-training survey feedback was submitted after completion of sample testing;
for the PCR-naive, it followed two rounds of competency assessment using control samples while for the PCR-
experienced technicians, it took place after multiple rounds of testing archived clinical samples following their
competency testing.

As expected, the PCR-experienced technicians reported high comfort with the assay
tasks and performed the assay procedures with relative ease within shorter turn-around-
times (Table 2). Nonetheless, PCR-inexperienced technicians also reported ease of per-
forming the assay highly. The PCR-experienced technicians were also more comfortable
troubleshooting errors than PCR-inexperienced technicians. Having participated in more
rounds of OLA-Simple testing for the validation portion of our study, the PCR-experienced
participants indicated being comfortable running the OLA-Simple without entirely depend-
ing on step-by-step Aquarium software prompts, especially when executing sequential
intuitive test steps. Sixty percent were comfortable with testing up to 6 samples in a single
run batch using the OLA-Simple.

We observed overall improved scores in both technical skills and knowledge when we
compared pre-versus post-training feedback among the laboratory technicians (Table 3).
While comfort with micropipette usage was high at both pre- and post-training, familiarity
with the PCR processes improved considerably post-training. Knowledge of PCR and HIV-
DR, as well as technician confidence in handling smaller sample volumes, also improved.

All the laboratory technicians expressed that they would recommend OLA-Simple
to their colleagues. Open-ended feedback in the surveys suggested that they found OLA-

s 7o 7

Simple “user-friendly and convenient,” “simple and amazing,” “fascinating,” “exciting,’
and an “awesome HIV-DR test made simple.” Specifically, the laboratory technicians” expe-
riences with using dry reagents were reported as “simple and comfortable” and the majority
found them “easy to manipulate.” The easy-to-reconstitute dry OLA-Simple reagents and
the shortened sample-to-result test time were some of the features of the OLA-Simple
HIV-DR test that were highly appreciated. Nonetheless, laboratory technicians had some
suggestions for improvement. First, they suggested the need to create an offline version
of the guiding software application (Aquarium) that could provide testing instructions
even during times of poor internet connectivity. Second, they suggested the optimization
of detection chemistry to eliminate the occasional faint background band on detection
strips, especially on negative control samples (though they were correctly interpreted by
the automated band-reading software). Third, the PCR-experienced participants found the
Aquarium instructions to be tedious and to slow their execution once they had become

familiar and comfortable with the assay procedures. Thus, they recommended including a
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simplified set of execution prompts that omitted sequential predictable steps in Aquarium
for experienced users who were familiar with the assay protocol.

Table 3. Comparison of pre- versus post-training understanding and familiarity with assay procedures
(N = 12 laboratory technicians).

Pre-Training Post-Training
Variable N=13 N=12*
Median (IQR) Median (IQR)
Comfortability with micropipette use 5 (4, 5) 5 (5, 5)
Comfortability with pipetting small volumes 4(4,5) 55, 5)
Understanding of PCR principles 4(3,5) 5(4,5)
Familiarity with how PCR works 3(2,5) 5(3.75,5)
Understanding of HIV drug resistance 4(3,5) 5(4,5)
Comfortability of explaining mutations 4(2,5) 45 (4,5)

IQR: Interquartile range; the median and IQR survey feedback represented Likert scores that ranged between
1 and 5, whereby 1 represented “not comfortable/do not understand at all” and 5 represented “very comfort-
able/understand very well”; * PCR-inexperienced technician who did not complete competency testing has
been excluded.

3.2. Assay Performance
3.2.1. Outcomes of Testing Samples by OLA-Simple

A total of 147 plasma samples were tested by OLA-Simple that involved five PCR-
experienced laboratory technicians at two HIV-DR testing laboratories. The OLA-Simple
test results were compared to the modified Sanger sequencing results (Figure 2). Of the
147 samples tested, 132 (90%) of them were amplified and were tested by OLA-Simple.
The successful OLA-Simple test consisted of 87 (66%) samples out of the 88 OptStudies
samples [16,17] (analyzed by two technicians at KEMRI), and 45 (34%) out of the 59 archived
remnant samples for routine HIV viral load testing (analyzed by three technicians at NPHL).
The 132 successfully tested samples resulted in a total of 924 OLA-Simple detection strips
(seven point-mutations per sample). Three strips (0.3%) were found to be defective (i.e.,
no CTRL line), and another 34 (3.7%) strips gave indeterminate OLA-Simple results (no
MUT or WT signal above the cutoff value). These 37 strips were excluded from further
analysis, resulting in 887 point-mutation detection strip results that were compared against
the Sanger sequencing results (Figure 2).

3.2.2. Performance of OLA-Simple

Analysis of the 887 detection strips yielded 271 (30.1%) HIV-DR mutations detected by
OLA-Simple, as follows: 8 (2.9%) K65R; 25 (9.2%) L74VI; 11 (4.1%) Y115F; 77 (28.4%) K103N;
23 (8.5%) Y181C; 90 (33.2%) M184V; and 37 (13.7%) G190A. Discordant results (1 = 26) that
were OLA-Simple mutant positive (+) and Sanger sequencing mutant negative (—) were
assessed by the tie-breaker, the semi-quantitative ELISA-plate-based OLA. Five mutations
(four K103N and one M184V) were detected by the tie-breaker OLA, all present at < 20%
frequencies. These five were deemed to be validly detected by OLA-Simple but not by
Sanger sequencing. Thus, for the comparison of HIV-DR, these five tie-breaker results were
reclassified by substituting the tie-breaker result for the Sanger sequencing only result, to
constitute our “modified Sanger sequencing” reference result. The remaining 21 out of the
26 were resolved as discordant OLA-Simple results.

The OLA-Simple had an overall combined sensitivity of 97.3% (95% CI 94.5, 98.9), a
specificity of 97.2% (95% CI 95.5, 98.3), and a percent agreement of 97.1% (95% CI 95.9,
98.2) across all seven mutations compared to modified Sanger sequencing (Table 4). OLA-
Simple also detected each of the seven HIV-DRMs with high sensitivity, specificity, and
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percent agreements per mutation; all but one value was > 90%, as the specificity to K103N
was 86.4% (95% CI1 74.6, 93.8) (Table 4). Among the discordant results, 13/18 (72%) false
positives by OLA-Simple were due to faint signal intensities in the region of the mutant
band at or near the established detection threshold, which was the highest for the mutation
K103N (7 = 6). Seven false negatives by OLA-Simple were due mostly to the presence of
alternative mutant variants that were not detected (n = 3) or HIV sequence polymorphisms
that interfered with the probes’ ligation reaction and caused low band signal intensities
(n = 2). The positive and negative predictive values for OLA-Simple for detection of each
of the seven mutations were >75% and >94%, respectively, compared to modified Sanger
sequencing (Table 5).

Table 4. Sensitivity, specificity, and percent agreement for OLA-Simple (OS) compared to modified
Sanger sequencing across drug resistance mutations.

Mutation Detected by OS/Modified
Sanger Sequencing *

Wild-Type Codon by OS/Modified
Sanger Sequencing

n/N (n = True Positives

n/N (n = True Negatives by Percent Agreement

e OSTONAG gy (ST gy 090D
Mutation ¥ oc (95% CI) & v roC (95% CI)
Sanger Sequencing Sanger Sequencing
(TP + FN)) (TN + FP))
K65R 6/6 100% (54.1, 100) 114/116 98.3% (94.0, 99.8) 98.4% (94.2, 99.8)
L74VI 25/25 100% (86.3, 100) 101/101 100% (96.4, 100) 100% (97.1, 100)
Y115F 11/12 91.7% (61.5, 99.8) 114/114 100% (96.8, 100) 99.2% (95.6, 99.9)
M184V 88/90 97.8% (92.2,99.7) 36/38 94.7% (82.2,99.3) 96.9% (92.2,99.1)
K103N 69/71 97.2% (88.3,99.1) 51/59 86.4% (74.6, 93.8) 91.5% (85.3, 95.7)
Y181C 21/22 95.5% (77.1,99.9) 104/106 98.1% (93.3, 99.8) 97.7% (93.3,99.5)
G190A 33/34 97.1% (84.7,99.9) 89/93 95.7% (89.3, 98.8) 96.1% (91.0, 98.7)
Total n/N 253/260 97.3% (94.5, 98.9) 609/627 97.2% (95.5, 98.3) 97.1% (95.9, 98.2)
* Modified Sanger sequencing indicates HIV-DRMs results with Sanger sequencing in conjunction with semi-
quantitative ELISA-based OLA; Abbreviations: OS: OLA-Simple; TP: true positive; TN: true negative; and n/N
represent OLA-Simple results/modified Sanger sequencing results.
Table 5. Positive predictive value (PPV) and negative predictive value (NPV) for OLA-Simple (OS)
compared to modified Sanger sequencing across drug resistance mutations.
Positive Values Negative Values
Resistfmce n/N (n = True Positives by OS (TP), n/N (n = True Negatives by OS (TN),
Mutation N = Positives by Modified Sanger PPV N = Negatives by Modified Sanger NPV
sequencing * (TP + FP)) sequencing * (TN + FN))
K65R 6/8 75.0% 114/114 100%
L74VI 25/25 100% 101/101 100%
Y115F 11/11 100% 114/115 99.1%
M184V 88/90 97.8% 36/38 94.7%
K103N 69/77 89.6% 51/53 96.2%
Y181C 21/23 91.3% 104/105 99.0%
G190A 33/37 89.2% 89/90 98.9%

* Modified Sanger sequencing indicates HIV-DRMs results with Sanger sequencing in conjunction with semi-
quantitative ELISA-based OLA; Abbreviations: OS: OLA-Simple; TP: true positive; FP: false positive; TN: true
negative; FN: false negative; PPV: positive predictive value; NPV: negative predictive value; and n/N represent
OLA-Simple results/modified Sanger sequencing results.

In our sensitivity analysis, when comparing the OLA-Simple results to Sanger sequenc-
ing only (excluding ELISA-based OLA), OLA-Simple detected each of the seven HIV-DRMs
with high sensitivity, specificity, and percent agreement, ranging from 91.7% to 100%, 81.0%
to 100%, and 94.7% to 100%, respectively (Table S2). Similarly, in the sensitivity analysis,
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the positive and negative predictive values for detecting each of the seven mutations were
>75% and >94.7%, respectively (Table S3).

4. Discussion

This usability assessment of OLA-Simple among its intended users in Kenya demon-
strates that this simplified, near-POC HIV-DR test can be performed after minimal training.
All laboratory technician participants who completed the brief training demonstrated com-
petency to perform the test, regardless of prior PCR experience or their laboratory training
level. In addition, most technicians found OLA-Simple to be user-friendly and convenient.
Further, the assay demonstrated high sensitivity and specificity compared to the current
gold standard Sanger sequencing test. Overall, OLA-Simple results show high potential for
future use at decentralized laboratories in LMIC settings.

The technicians’ feedback highlighted the convenience of the assay’s packaging that
combined several PCR mix reaction ingredients into single-tube lyophilized reagents
and had ensured that the assay’s reagents were optimally reconstituted with just one
rehydration step. The OLA-Simple testing process was also found to be substantially faster
than the standard of care Sanger sequencing HIV-DR analysis. Based on prior cost analysis,
OLA-Simple developers estimate that the assay would be substantially less expensive than
Sanger sequencing, as it does not require a DNA sequencer, uses fewer materials for testing,
and has less stringent reagent storage requirements [19].

OLA-Simple demonstrated an overall sensitivity, specificity, and percent agreement
of 97%, in detecting the targeted seven major point mutations tested in this validation.
These mutations constituted the most clinically relevant viral genotypes associated with
resistance to ARTregimens among the patients. Unexpectedly, OLA-Simple demonstrated
a weaker specificity (86%) for the K103N mutation than in past performance evaluation
studies [11,12]. This was largely driven by the higher rates of false positive bands, due
to background mutant signals that were not prominent in previous validation studies.
The earlier ELISA-based OLA had reported satisfactory performance at other sites in a
prospective trial involving Kenya samples [20]. Since the specificity was higher for the
other codons, the OLA-Simple developers are confident that further technical optimization
would improve the test performance of future OLA-Simple versions. Also, it is worth
noting that the evaluated samples happened to have a few K65R point mutations that
may have contributed in part to the low positive predictive value in our validation of the
assay. Understandably, the inclusion of integrase strand transfer inhibitor (INSTI) resistance
detection probes would have been of great relevance, considering the use of this drug class
in current treatments in these settings. However, the specimens evaluated were collected
prior to widespread use of INSTI drugs.

This validation highlights a few particularly important test qualities that make OLA-
Simple well suited for future usability at decentralized laboratories in LMICs: specifically,
its simplicity, rapid turnaround time, and accuracy [8]. The laboratory technicians rated
OLA-Simple’s usability as “high”, including technicians who were PCR-inexperienced.
This high usability score was probably driven by an appreciation of how lyophilized
reagents simplified several molecular steps. Also, contributing to this score was likely the
detection of mutations on lateral flow strips that were visually readable in most instances
by the “naked eye,” as opposed to the gold standard Sanger sequencing, which requires
the use of bioinformatics tools. Additionally, the step-by-step software-guided prompts
facilitated ease of implementation. These user-friendly features of OLA-Simple’s earlier
versions have also been noted by other investigators [8-10,12], though this is the first
in-country, target-user evaluation. Additionally, OLA-Simple uses relatively inexpensive
equipment, in contrast to other HIV-DR POC technologies [21-24].
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The seven NRTI and NNRTI mutations selected for this OLA-Simple validation identi-
fied the “major” HIV-DR mutations conferring resistance to ARTs administered to children
and adults living with HIV at the time the specimens were banked [15,16]. Now, such
an evaluation would include detection for INSTI (e.g. dolutegravir) resistance mutations,
which have been developed for OLA [25]. Thus, this evaluation stands as a proof-of-concept
of how a near-POC HIV-DR test can support the detection of clinically meaningful DR,
which would in turn support more personalized patient care in LMICs, such as has been
performed with POC HIV-1 viral load testing for high-risk populations [26]. Second, OLA-
Simple or related technologies can help us to meet the need of an anticipated multi-fold
increase in HIV-DR testing in LMICs. Our related work has demonstrated that using
a hub-and-spoke model for decentralizing HIV-DR testing in Kenya, using a near-POC
technology, such as OLA-Simple, could not only decrease the turnaround time but also
increase the processing rate fourfold [2]. While HIV-DR testing with OLA-Simple requires
more advanced laboratory skills compared to HIV RNA quantification on more automated
commercial platforms, lessons learned from decentralized near-POC HIV-1 viral load test-
ing using platforms such as Cepheid’s GeneXpert may be applicable to HIV-DR testing [27].
Arguably, OLA-Simple uses common, simpler and relatively inexpensive laboratory equip-
ment, including a thermocycler and a flatbed office scanner for the automation of result
interpretation, compared to other POC HIV-DR technologies which require a real-time PCR
platform for qPCR or suspension array system [21-24]. Nonetheless, each of these POC
HIV-DR testing approaches, including OLA-Simple, comes with its own field implemen-
tation challenges, ranging from equipment installation and maintenance costs, technical
skill set, to quality assurance plans, and thus, none fully meets the ASSURED (affordable,
sensitive, specific, user-friendly, rapid, equipment-free, and deliverable) criteria endorsed
by WHO [8]. Although this study was conducted in centralized laboratories—thereby ben-
efiting from well-established biosafety measures and contamination controls—we believe
that the primary objective of evaluating the usability and feasibility of OLA-Simple when
operated by PCR-inexperienced technicians who did not routinely work in a molecular lab-
oratory or with this assay, was not materially affected. OLA-Simple, as currently designed,
could be implemented at decentralized laboratories with a stable power supply to run
thermocyclers, where technicians are trained to pipette small material volumes, coupled
with procedures and a strong quality assurance plan to prevent carryover contamination
from the amplified samples. We envision that for OLA-Simple to move to a true POC
technology, significant innovation in automation would be needed to achieve a similar
capacity to some of the existing near-POC HIV-1 viral load systems, such as the GeneXpert®
(Cepheid, Sunnyvale, CA, USA) technology. Even then, none of the HIV-DR or viral load
technologies are truly patient bedside.

This investigation has several strengths, including the in-country implementation
of OLA-Simple as a near-POC assay, evaluation of its usability by Kenyan laboratory
technicians, and the demonstration that a minimal set of molecular laboratory equipment is
sufficient for it to generate clinically actionable HIV-DR results. Nonetheless, this work had
several limitations. First, resource constraints prevented PCR-inexperienced technicians
from testing clinical specimens. Second, the study testing was conducted in centralized
molecular laboratories rather than in field settings where patient care occurs, which could
have reduced the rigor of the analysis. Nevertheless, the primary objective was to assess
trainability of both “novice” and “experienced” laboratory technicians in the OLA-Simple
method, which we believe was not materially affected. Although cost analysis could
have provided additional insight, it was beyond the scope of this study. Testing for
INSTI (e.g., dolutegravir) resistance was also not performed, as relevant mutations were
uncommon at the time the specimens were collected, as noted above. Like other near-POC
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HIV-DR assays in development, OLA-Simple detects specific “major” point-mutations [5].
Given the dynamic nature of HIV treatment, assay reagents will need to be updated
to capture relevant resistance mutations for emerging ART classes. While dolutegravir-
containing ART was initially considered highly effective, reports of resistance are increasing
in LMICs [28]. In response, OLA-compatible reagents for major dolutegravir mutations
have been developed and validated in the laboratory [25], enabling future implementation.
Furthermore, our selection of only discrepant results for a tie-breaker analysis—often
performed due to costs constraints—may have overestimated the sensitivity and specificity;
future analyses should systematically evaluate the assay’s performance. Lastly, future
analyses will prioritize the clinical relevance of OLA-Simple while aiming to increase the
involvement of laboratory technicians from lower-cadre hospital facilities. Additionally, to
further minimize potential low-level mutation bias, the use of an independent tie-breaker
assay will be considered.

5. Conclusions

This implementation of OLA-Simple to detect HIV-DR in Kenya is a first of its kind in
demonstrating the test’s high usability and test performance. Both PCR-experienced and
PCR-inexperienced laboratory technician participants were able to successfully execute the
OLA-Simple HIV-DR assay following brief training. The simplicity of the OLA-Simple re-
duces the turnaround-time relative to consensus sequencing, the standard method for HIV-
DR testing, and could enable specimens to be tested in regional laboratories near patient-
care sites in the LMICs. Tests such as OLA-Simple allow for country programs to strategize
the use of near-POC HIV-DR assays to improve patient-level HIV treatment outcomes.
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