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Abstract

Background: Therapeutic drug monitoring measures antiretroviral adherence more accurately
than self-report but has not been available at the point-of-care (POC) until now. We compare a
novel POC test for urine tenofovir to laboratory-based enzyme-linked immunosorbent assay
(ELISA) testing in diverse patient populations urine pre-exposure prophylaxis (PrEP).

Setting: Urine samples were analyzed using ELISA and the POC lateral flow immunoassay
(LFA) test from two cohorts of PrEP users taking tenofovir disoproxil fumarate/emtricitabine: the
Partners PrEP Study, which recruited Kenyan and Ugandan heterosexual men and women, and the
IBrEATHe Study, which recruited U.S. transgender women and men using gender-affirming
hormone therapy.

Methods: We calculated the sensitivity, specificity, and accuracy of the POC test compared to
ELISA at a cut-off of 1,500 ng/mL.

Results: Overall, 684 urine samples were tested from 324 participants in the two cohorts. In
Partners PrEP, 454 samples from 278 participants (41% women) were tested with a median age of
33 years. In IBrEATHe, 231 samples from 46 individuals (50% transwomen) were tested with a
median age of 31 years. Comparison of the LFA read-out to ELISA yielded 100% sensitivity
(97.5% one-sided confidence interval (C1)=99.3%), 98.3% specificity (95% CI1=95.2%-99.7%),
and 99.6% accuracy (95% CI1=98.7%-99.9%).

*995 Potrero Avenue, Ward 84, San Francisco, CA 94110; Tel: 201-247-9124; Fax 415-431-7029; matthew.spinelli@ucsf.edu.
TMembers of the Partners PrEP Study Team listed after the Acknowledgements
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Conclusion: The sensitivity, specificity, and accuracy of a novel POC test for urine tenofovir all
exceeded 98% when compared to a laboratory-based ELISA method when tested in diverse patient
populations. Given the LFA’s high accuracy and expected low cost, this POC test is a promising
tool to support antiretroviral adherence that could be widely scalable to real-world clinical
settings.

Keywords
Pre-exposure prophylaxis; point-of-care; adherence; real-time; antiretroviral therapy

Introduction:

Adherence is the primary determinant of pre-exposure prophylaxis’ (PrEP) efficacy.1? Since
self-reported PrEP adherence can be subject to bias,? therapeutic drug monitoring (TDM),
where drug levels are measured in a biomatrix such as dried blood spots,* hair,> plasma,® or
urine,’ is increasingly used to interpret and assess outcomes in PrEP studies. However,
laboratory-based methods for TDM require expensive spectrometry-based technology and
laboratory personnel, limiting their scalability and use outside of research settings.8 A point-
of-care (POC) test to objectively assess adherence to PrEP using antibody-based detection
could have substantial utility in clinical settings.

Availability of TDM in real-time could permit targeting of PrEP adherence counseling to
PrEP users who can benefit most.%-11 In addition to use for PrEP, a POC test for adherence
monitoring could also benefit patients on antiretroviral treatment (ART). During treatment
monitoring, HIV viral loads serve both as surrogates of adherence and indicators of efficacy,
although in some contexts they are used infrequently due to cost and logistical challenges.
Availability of adherence information in real-time could support clinical decision-making
and enhanced adherence counseling while the patient is still in clinic, increasing the
efficiency of ART delivery.® Tenofovir-based drugs are the backbone of PrEP and most ART
regimens worldwide. A POC, real-time, metric of adherence for tenofovir would therefore
likely have broad applications, including outside of research settings, to measure and support
adherence to therapy for both HIV prevention and treatment.

We previously reported on the development of a highly-selective antibody against tenofovir
and used it to develop an enzyme-linked immunosorbent assay (ELISA) to measure
tenofovir levels in urine, validating it against spectrometry-based methods with high
accuracy.”8 Urine tenofovir testing examines recent adherence over the last 4-7 days,
analogous to plasma tenofovir testing.12 Using data from a directly-observed therapy (DOT)
study administering different dosing patterns of tenofovir disoproxil fumarate (TDF), we
established that a cut-off of 1500 nanograms (ng)/milliliter (mL) of tenofovir in urine
accurately classified recent TDF-based PrEP dosing.” We then developed a lateral flow
immunoassay (LFA), which permits testing at the POC, using the tenofovir-specific antibody
designed to signal urine tenofovir levels below this cut-off.13 Finally, we validated the LFA
against liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based methods.13

Prior to widespread use of this novel adherence metric, it is now necessary to: 1) establish
that the LFA provides accurate read-outs when compared to laboratory-based testing; and 2)
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test the LFA in diverse patient populations. To accomplish these two objectives, in this
analysis we validate the novel LFA POC test against ELISA drug-level testing using urine
samples from two large previously completed PrEP studies.

Study Populations:

The Partners PrEP Study was the first study that established the efficacy of TDF/
emtricitabine (FTC)-based PrEP in heterosexual men and women (NCT00557245).14 The
study enrolled heterosexual serodiscordant couples in Kenya and Uganda, randomizing the
HIV-uninfected partner to receive TDF/FTC, TDF, or placebo (n=4747).14 Our analysis
leverages urine specimens available from participants in the pharmacokinetic substudy of
Partners PrEP (n=292).15

The TRIUMPH study is a U.S. demonstration project of PrEP in transgender women and
men. The I-BrEATHe study is an ongoing pharmacokinetic substudy of this demonstration
project which collected biospecimens, including urine, from 48 participants also using
gender-affirming hormone therapy (NCT04050371).

Laboratory Methods:

Urine samples collected in Partners PrEP Study and I-BrEATHe were aliquoted for analysis
by both ELISA and the LFA. For the ELISA-based immunoassay, working solutions of
tenofovir of known concentrations were prepared. Calibrators or different concentrations of
tenofovir were incubated on a microtiter plate with the targeted analyte-enzyme conjugate to
generate a dose—response curve. An ELISA plate reader extrapolated the concentration of
tenofovir in the unknown specimen based on the calibration curve. The lower limit of
quantification (LLOQ) for the ELISA-based immunoassay is 1000 ng/mL, which
corresponds to no dosing in the prior 4—7 days.”*8 For the LFA, 2-3 drops of urine are
applied from the urine sample on to the LFA and, after five minutes, the lines on the LFA
window are visually read (Figure 1). The cut-off for the LFA is 1,500 ng/ml, which was
selected based on a prior DOT study because it optimized specificity for dosing in the prior
24 hours, while maintaining high sensitivity.”

Statistical Analysis:

Results:

We calculated the sensitivity, specificity and accuracy of the LFA compared to ELISA using
urine samples in the two different studies by cross-tabulating values above/below the

1500ng/mL threshold by the two different assays.” Because misclassification was very rare,
we present confidence intervals based on exact calculations using the binomial distribution.

A photograph of the LFA showing test and control lines, as well as the sample window, is
shown in Figure 1. Overall, 684 urine samples were tested from 324 participants in the two
cohorts. In the Partners PrEP Study, 454 samples from 278 participants (41% women and
59% men) were tested; the median age was 33 years (interquartile range (IQR) of 28-39). In
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IBrEATHe, 231 samples from 46 individuals (50% transgender women on estrogen and 50%
transgender men on testosterone) were tested; the median age was 31 years (IQR 25-40).

Overall, of the 505 samples with tenofovir levels greater than or equal to the cut-off of
1500ng/mL using laboratory-based ELISA, 505 of the POC test results were also positive,
yielding 100% sensitivity (one-sided 97.5% confidence interval (C1)=99.3%). Of the 179
samples with TFV levels below the cut-off, 176 were negative with the POC test, yielding
98.3% specificity (95% C1=95.2%-99.7%). The accuracy of the POC LFA across the two
studies was 99.6% compared to ELISA (95% C1=98.7%-99.9%) (Figure 2).

The three individuals who tested falsely positive with the LFA were all heterosexual men
who were part of the Partners PrEP study; two were not on medications at the time, one was
taking ampicillin, nitrofurantoin, and furosemide at the time of sample collection.

Discussion:

In a large, diverse sample of men and women (both cisgender and transgender) taking TDF/
FTC-based PrEP, the sensitivity, specificity, and accuracy of a novel POC test for urine
tenofovir were all over 98% when compared to a laboratory-based ELISA method. These
results build on previous results showing high accuracy of the LFA compared to LC-MS/MS
among 30 men and women in the TARGET study.13 An LFA, like a urine pregnancy test,
can be performed easily by personnel without specialized training at the point-of-care. Given
its excellent performance characteristics and estimated low-cost (<$2.00 per test), this POC
test could be implemented widely to support both PrEP and HIV ART delivery.

Tenofovir-based regimens are the backbone of most ART regimens worldwide, and tenofovir
disoproxil fumarate (TDF)/emtricitabine (FTC), and recently tenofovir alafenamide (TAF)/
FTC, are the only approved regimens for PrEP.16-18 As TAF is also metabolized into
tenofovir and secreted in the urine at levels approximately eight-fold below TDF, the urine-
based tenofovir assay can be readily adapted for monitoring TAF-based therapy.1® We are
currently developing a version of the LFA to measure adherence to TAF-based ART. A POC
urine tenofovir test could therefore provide real-time actionable recent adherence
information in many contexts.

For PrEP, we have previously shown in a completed demonstration project that low versus
high urine tenofovir concentrations confers a 14-fold higher odds of HIV seroconversion at
subsequent visits.11 A negative urine tenofovir POC test during a PrEP visit, therefore, could
trigger a discussion about the client’s adherence and potentially enhanced adherence
counseling, closer follow-up intervals, and additional services (mental health, substance use,
social work) as indicated. TDM has been previously used to support PrEP adherence
counseling with promising results. The Los Angeles-based PATH-PrEP study utilized
plasma tenofovir TDM to target motivational interviewing-informed adherence counseling to
those with low recent adherence, finding that nearly 2/3 of participants with low adherence
improved their subsequent adherence with counseling enhanced by drug-level testing.10
Future randomized controlled trials should examine the unique potential of POC adherence
testing to both measure and support adherence counseling for PrEP.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 June 01.
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In the context of HIV treatment, there is growing interest in using TDM to guide provision
of costly resistance testing in resource-limited settings.2% An elevated HIV viral load with a
high urine tenofovir level would suggest a higher likelihood of viral resistance, triggering a
viral genotype and switch to second-line therapy. Conversely, a low urine tenofovir level in
the setting of a high HIV viral load could spur enhanced adherence counseling. As a drop off
in adherence may precede a rise in the HIV viral load by weeks to months for some
individuals,2! the POC urine test could permit adherence intervention prior to the loss of
virologic control. In contexts where viral load testing occurs annually or less often, urine
tenofovir could be used in-between viral load tests to enhance adherence counseling and
prioritize those who need more frequent viral load testing.2°

This assay will have several limitations inherent to short-term adherence metrics. Urine
tenofovir is highly correlated with plasma tenofovir,12 and similarly measures adherence
over short periods of time (~1 week). It is possible that individuals could increase their
adherence immediately prior to a clinical visit (“white-coat adherence”) and thereby have a
positive urine tenofovir test, without this reflecting typical adherence patterns. Plasma-based
tenofovir metrics supported the interpretation of all the major clinical trials and many of the
demonstration projects of PrEP. In these studies, a pattern of increasing adherence prior to
study visits was not seen, even when participants were informed drug-level testing would be
performed.22 However, PrEP provision in the context of a clinical trial or demonstration
project may differ from that occurring in real-world contexts so close observation of
adherence patterns with widespread use of the POC test will be needed. Moreover,
combining the urine POC test with a cumulative metric of adherence such as measurement
of tenofovir or its metabolites in hair or dried blood spots (DBS), respectively, can reveal
patterns of adherence.23 For these reasons, a positive urine tenofovir test should not imply
perfect adherence. However, the interpretation of a low urine POC test is clear,1! with a
negative test meriting discussion and potentially intervention to support the PrEP user’s
adherence. An ongoing clinical trial of the feasibility, acceptability, and impact of enhanced
adherence counseling with the POC test will shed additional light on implementation of the
tool (NCT03935464).

In conclusion, given the excellent performance characteristics of the tenofovir-based LFA in
diverse populations on PrEP, this point-of-care test is emerging as a promising tool to
support PrEP adherence that could be widely scalable to real-world clinical settings.
Enhanced adherence support using this test should be evaluated in randomized clinical trials
across a variety of populations.
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Figure 1:
Photograph of the Point-of-Care Test showing Control and Test Lines and the Sample

Window
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