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Abstract

Objective: We sought to evaluate the utility of a point-of-care (POC) urine tenofovir (TFV) 

assay, developed to objectively assess adherence, to predict HIV drug resistance (HIVDR) in 

people failing first-line antiretroviral therapy (ART).

Design: We retrospectively analyzed TFV levels as a biomarker of adherence in urine specimens 

collected during a clinical trial that enrolled adults with virologic failure on first-line ART in 

Uganda and South Africa.

Methods: Urine specimens were analyzed from participants on TFV-containing regimens who 

had a viral load >1,000 copies/mL and paired genotypic resistance test (GRT) results. We assessed 

recent ART TFV adherence with a qualitative POC lateral flow urine assay with a cut-off value 
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of 1,500 ng/mL. We then calculated performance characteristics of the POC urine TFV assay to 

predict HIVDR, defined as intermediate or high-level resistance to any component of the current 

ART regimen.

Results: Urine specimens with paired plasma GRT results were available from 283 participants. 

The most common ART regimen during study conduct was emtricitabine, tenofovir disoproxil 

fumarate, and efavirenz. The overall prevalence of HIVDR was 86% (n=243/283). Of those with 

TFV detected on the POC assay, 91% (n=204/224) had HIVDR, versus only 66% (n=39/59) 

among those with no TFV detected (p-value<0.001). Positive and negative predictive values of the 

assay to predict HIVDR were 91% and 34%, respectively.

Conclusions: In populations with a high prevalence of HIVDR, the POC urine TFV assay can 

provide a low-cost, rapid method to guide requirements for confirmatory resistance testing and 

inform the need for regimen change.
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INTRODUCTION

Due to low availability of genotypic resistance testing (GRT) [1] in low- and middle-income 

countries (LMIC), treatment decisions after virologic failure are typically based on empirical 

guidelines [2]. This strategy has potential for unnecessary antiretroviral therapy (ART) 

regimen changes or inadvertent continuation of failing regimens.

Therapeutic drug monitoring is a potential tool for management of virologic failure by 

objectively evaluating ART adherence [3,4]. Although historically costly due to reliance on 

liquid chromatography-tandem mass spectrometry (LC-MS/MS) to measure drug levels [4], 

point-of-care (POC) urine tenofovir (TFV) assays have recently been developed to detect 

TFV using an antibody-based lateral flow assay. These assays, which function similarly to 

urine pregnancy tests, provide a low-cost, real-time measure of adherence [5–8]. POC urine 

TFV assays have been validated in laboratory settings and in populations on pre-exposure 

prophylaxis (PrEP) [6,9]. However, their utility as a clinical tool to assess the cause of 

virologic failure has not yet been fully evaluated.

METHODS

Study Design and Study Population

We conducted a diagnostic validity assessment utilizing specimens from the REVAMP 

clinical trial [10,11]. REVAMP enrolled adults ≥18 years at public-sector clinics in Uganda 

and South Africa who experienced virologic failure, defined as HIV-1 RNA viral load (VL) 

>1,000 copies/mL while on first-line ART from 2016 to 2019. Blood specimens were stored 

from each study visit. Urine collection and storage began one year after the study launch as 

part of a protocol amendment.

In this analysis, we included participants on TFV-containing first-line ART with stored 

urine and GRT results available from the same study visit. We selected the first applicable 
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specimen from each participant that met these criteria. REVAMP was approved by 

institutional review boards at Mbarara University of Science and Technology, University 

of KwaZulu-Natal, and Mass General Brigham, as well as the Uganda National Council of 

Science and Technology and the South African Department of Health. All participants gave 

written informed consent.

Laboratory Methods

GRT was performed using Sanger sequencing for plasma specimens with a VL >1,000 

copies/mL [11]. We defined HIVDR as intermediate or high-level resistance to any drug in 

the current ART regimen, as determined by the Stanford algorithm [12].

Cryopreserved urine specimens were tested at the Africa Health Research Institute 

Pharmacology Core Laboratory using a POC lateral flow assay, which classifies TFV as 

present versus (vs) absent with a cut-off of 1,500 ng/mL [6]. The urine TFV assay provides 

a measure of short-term adherence over the prior four to seven days and has been previously 

validated against methods using LC-MS/MS [5,6].

Statistical Analysis

We compared the percentage of participants with HIVDR among those with vs without TFV 

in urine overall, as well as stratified by VL (> vs < 10,000 copies/mL), age (> vs < 40 years), 

and duration of ART (> vs < 4 years). We also conducted an exploratory analysis to evaluate 

factors associated with absence of HIVDR among those with TFV present in urine. We 

calculated test performance characteristics of the POC urine TFV assay to predict HIVDR 

by estimating sensitivity, specificity, positive predictive value (PPV), and negative predictive 

value (NPV) with exact 95% confidence intervals (CI). We also estimated PPVs and NPVs 

across a range of HIVDR prevalence estimates. Finally, we compared performance of the 

urine TFV assay with self-reported adherence within the past month (perfect vs imperfect) to 

predict HIVDR. Data analysis was performed using Stata v14 (College Station, Texas).

RESULTS

Study Population and Characteristics

Of 840 participants in REVAMP, we analyzed urine specimens with paired GRT results 

available from 283 participants on TFV-containing regimens (Supplemental Figure 1). We 

excluded participants from this analysis who were on non-TFV regimens, did not have urine 

collected, or did not have GRT results available. Excluded participants had a higher median 

age and longer median duration of ART, compared to those who were included.

Median age at study enrollment was 35 years (interquartile range [IQR]: 30 – 43 years), 

and 53% (151/283) were female. Ninety-five percent (269/283) were on lamivudine (or 

emtricitabine, XTC), tenofovir disoproxil fumarate (TDF), and efavirenz; while 5% were on 

XTC, TDF, and nevirapine. Median duration of ART was 4.6 years (IQR: 3.3 – 6.7 years). 

Most specimens analyzed (277/283, 98%) were from the study enrollment visit. Prevalence 

of HIVDR was 86% (243/283). Among those with HIVDR, nearly all (242/243, 99.6%) 
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had resistance to NNRTIs, and 83% (202/243) had resistance to both nucleoside reverse 

transcriptase inhibitors and NNRTIs. Only one participant had M184V alone.

HIVDR in Participants with versus without Detectable TFV in Urine

Among participants with TFV in urine (all of whom had VL >1,000 copies/mL, based on 

study inclusion criteria), 91% (204/224) had HIVDR vs 66% (39/59) of those without TFV 

in urine (p<0.001; Figure 1). This relationship was generally similar when stratified by VL, 

age, and duration of ART, although the urine TFV assay had better discriminatory value with 

those under 40 (PPV 94% [95% CI: 89% – 97%]; NPV 38% [95% CI: 23% – 54%]) versus 

those older than 40 years of age (PPV 86% [95% CI: 75% – 93%]; NPV 26% [95% CI: 9% 

– 51%]) (Figure 1).

Twenty participants had detectable TFV and no HIVDR, all of whom contributed specimens 

from the study enrollment visit. Older age was associated with absence of HIVDR among 

those with detectable TFV (Wilcoxon rank sum, p=0.0142). However, no other factors 

differentiated that group in exploratory analyses, including sex, duration of ART, ART 

regimen, and VL.

Test Performance Characteristics

Overall, the POC urine TFV assay had a sensitivity of 84% (95% CI: 79% - 88%) and 

specificity of 50% (95% CI: 34% - 66%) to predict HIVDR in participants with viremia 

(Table 1A). Based on the study prevalence of HIVDR of 86%, PPV was 91% (95% CI: 

87% - 95%), and NPV was 34% (95% CI: 22% - 47%) (Table 1A). At 90% prevalence of 

HIVDR, the PPV is expected to be 94% (95% CI: 92% - 95%) and the NPV 26% (95% 

CI: 19% – 35%, Table 1B). As prevalence of HIVDR decreases, PPV of the assay is also 

expected to decrease, but NPV would increase, such that at 10% prevalence of HIVDR, the 

NPV is expected to reach 97% (95% CI: 95% - 98%, Table 1B).

Self-reported perfect vs imperfect adherence had a sensitivity of 18% (95% CI: 13% - 23%) 

and specificity of 83% (95% CI: 67% - 93%) to predict HIVDR in participants with viremia. 

PPV was 86% (95% CI: 73% - 94%), and NPV was 14% (95% CI: 10% - 19%).

DISCUSSION

The real-time urine TFV assay exhibited a PPV of 91% to predict HIVDR in a population 

failing NNRTI-based ART with a high (86%) prevalence of resistance. Conversely, NPV was 

much lower in this population, and a negative urine TFV assay alone thereby would not 

reliably exclude HIVDR in a setting with a high prevalence of resistance. By comparison, 

assuming similar performance characteristics, the assay is predicted to have high NPV in 

settings with low HIVDR prevalence, as might be expected with integrase strand transfer 

inhibitor (INSTI)-based ART [13,14], the now-preferred first-line regimen throughout sub-

Saharan Africa [2]. Moreover, the urine TFV assay outperformed self-reported adherence 

to predict HIVDR, with respect to sensitivity, PPV, and NPV, thus suggesting value over 

historically unreliable self-reported adherence metrics [15,16].
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Advantages of urine adherence assays include low costs and point-of-care availability. Few 

studies have evaluated the utility of urine ART levels to determine the etiology of virologic 

failure in resource-limited settings. A recent pilot study in South Africa (n = 14) similarly 

reported high sensitivity (100%) for this POC urine TFV assay to predict HIVDR [17]. 

In addition, a study evaluating detectable plasma protease inhibitor levels, measured by 

LC-MS/MS, revealed high sensitivity and high NPV for detectable ART levels to predict 

resistance in a sample with a lower prevalence of HIVDR (27%) [18]. Another study found 

that intermediate levels of tenofovir-diphosphate (TFV-DP) in dried blood spots, a longer-

term measure of adherence, were associated with HIVDR in participants with viremia, as 

compared to lower levels of TFV-DP for those without HIVDR [19]. These findings are 

consistent with ours, which suggest that an objective metric of adherence has high PPV for 

HIVDR in settings with high HIVDR prevalence. Notably, in our study with a much larger 

sample, the presence of TFV had a high but imperfect probability of predicting HIVDR 

(91%), suggesting that some individuals taking therapy retain activity to their regimen. 

This was seen more commonly in older participants, perhaps reflecting more consistent 

longer-term adherence for this group. Conversely, we also found that the TFV assay will 

be expected to have a high NPV for HIVDR in scenarios where HIVDR prevalence to first-

line regimens is expected to be low, such as with the current dolutegravir-based regimens 

recommended by the World Health Organization, which was also seen in a recent study 

evaluating use of this assay in a population on high genetic barrier regimens [20].

Our findings should be interpreted considering study limitations. This study was conducted 

using retrospective analysis of specimens in a centralized laboratory and only included 

participants on NNRTI-based regimens. In addition, the POC urine TFV assay provides 

qualitative information on recent adherence but does not provide information on longer-term 

adherence beyond seven days [6] or on gradations of adherence. Assays for short-term 

adherence may also be subject to “white coat adherence”, in which medications may be 

taken in anticipation of a clinic visit [21]. We do not suspect “white coat adherence” to 

be a source of bias in this study, because 98% of specimens analyzed were from the study 

enrollment visit before participants were aware of urine drug monitoring. We consider this 

ability to exclude white coat adherence and the large sample size the two greatest strengths 

of this study. Future work should explore use of the urine TFV assay in individuals taking 

dolutegravir-based regimens as a trigger for adherence interventions to increase virologic 

suppression rates.

In summary, with a low expected cost [6], this POC urine TFV assay holds promise for a 

wide range of applications for ART programs in LMICs. In settings with a high prevalence 

of HIVDR (such as populations failing NNRTI-based regimens), the POC urine TFV assay 

could provide a low-cost method to focus HIVDR testing or to assist in informing regimen 

changes. Conversely, the assay could assist with excluding HIVDR and triggering immediate 

adherence interventions in settings with low HIVDR prevalence, as may be expected in 

populations taking dolutegravir-based regimens, where adherence challenges (rather than 

dolutegravir resistance) are currently expected to underlie most cases of virologic failure 

[20]. Future field-based studies are needed to evaluate prospective implementation of the 

POC urine TFV assay among people with virologic failure in sub-Saharan Africa. Such 

studies can provide guidance on the need for additional GRT testing, the utility of changing 
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ART regimens, and triggering real-time adherence interventions based on a low-cost metric, 

depending on the regimen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

We would like to acknowledge the REVAMP study participants and staff for their dedication to this work. S.M.M., 
K.G., J.A., M.G., M.A.S., M.Y.M., W.M., P.M., H.S., B.H.G., V.C.M., and M.J.S contributed to the study design. 
S.M.M., W.M., M.Y.M., G.M., H.S., S.P., and M.J.S oversaw data and specimen collection. M.P. and G.M. 
processed the laboratory specimens for the study and ensured selection of appropriate specimens for analysis. 
K.G. conducted the urine tenofovir assays for the study. M.G. and M.A.S contributed to development of the urine 
tenofovir assay, provided consultation on interpretation of the urine tenofovir assays, and provided expertise on 
objective adherence measures. S.M.M., K.G., J.A., S.P., and G.C. curated the study data and conducted data quality 
checks. S.M.M. conducted the data analysis and drafted the manuscript. B.H.G. and M.J.S. provided consultation 
and oversight of the statistical analysis. All authors contributed to critical review of the manuscript.

FUNDING:

This work was supported by the National Institutes of Health [R21AI145537 to S.M.M, R01AI124718 to M.J.S 
and W.M, R01AI143340 to M.G., and K23MH122286 to M.S.], the Gilead Sciences Research Scholars Program in 
HIV [research grant to S.M.M], the Emory University Center for AIDS Research [P30AI050409 to V.C.M] and the 
Harvard University Center for AIDS Research P30AI060354 to S.M.M.]. The contents are solely the responsibility 
of the authors and do not necessarily represent the official views of the NIH.

REFERENCES

1. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of 
Antiretroviral Agents in Adults and Adolescents Living with HIV. https://clinicalinfo.hiv.gov/sites/
default/files/inline-files/AdultandAdolescentGL.pdf (accessed 5 Oct2020).

2. World Health Organization. Updated recommendations on HIV prevention, infant diagnosis, 
antiretroviral initiation and monitoring.; 2021. https://www.who.int/publications-detail-redirect/
9789240022232 (accessed 25 Mar2021).

3. Castillo-Mancilla JR, Haberer JE. Adherence Measurements in HIV: New Advancements in 
Pharmacologic Methods and Real-Time Monitoring. Curr HIV/AIDS Rep 2018; 15:49–59. 
[PubMed: 29380227] 

4. Spinelli MA, Haberer JE, Chai PR, Castillo-Mancilla J, Anderson PL, Gandhi M. Approaches to 
Objectively Measure Antiretroviral Medication Adherence and Drive Adherence Interventions. Curr 
HIV/AIDS Rep 2020; 17:301–314. [PubMed: 32424549] 

5. Gandhi M, Bacchetti P, Spinelli MA, Okochi H, Baeten JM, Siriprakaisil O, et al. Brief Report: 
Validation of a Urine Tenofovir Immunoassay for Adherence Monitoring to PrEP and ART and 
Establishing the Cutoff for a Point-of-Care Test. J Acquir Immune Defic Syndr 2019; 81:72–77. 
[PubMed: 30664078] 

6. Gandhi M, Wang G, King R, Rodrigues WC, Vincent M, Glidden DV, et al. Development and 
validation of the first point-of-care assay to objectively monitor adherence to HIV treatment and 
prevention in real-time in routine settings. AIDS 2020; 34:255–260. [PubMed: 31634188] 

7. Pratt GW, Fan A, Melakeberhan B, Klapperich CM. A competitive lateral flow assay for the 
detection of tenofovir. Anal Chim Acta 2018; 1017:34–40. [PubMed: 29534793] 

8. Sevenler D, Niu X, Dossantos S, Toner M, Cressey TR, Sandlin RD, et al. Point-of-care 
semi-quantitative test for adherence to tenofovir alafenamide or tenofovir disoproxil fumarate. J 
Antimicrob Chemother 2022; 77:996–999. [PubMed: 35038336] 

9. Spinelli MA, Rodrigues WC, Wang G, Vincent M, Glidden DV, Okochi H, et al. Brief Report: 
High Accuracy of a Real-Time Urine Antibody-Based Tenofovir Point-of-Care Test Compared With 

MCCLUSKEY et al. Page 6

AIDS. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf
https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf
https://www.who.int/publications-detail-redirect/9789240022232
https://www.who.int/publications-detail-redirect/9789240022232


Laboratory-Based ELISA in Diverse Populations. J Acquir Immune Defic Syndr 2020; 84:149–152. 
[PubMed: 32167963] 

10. Siedner MJ, Bwana MB, Moosa MS, Paul M, Pillay S, McCluskey S, et al. The REVAMP trial 
to evaluate HIV resistance testing in sub-Saharan Africa: a case study in clinical trial design 
in resource limited settings to optimize effectiveness and cost effectiveness estimates. HIV Clin 
Trials 2017; 18:149–155. [PubMed: 28720039] 

11. Siedner MJ, Moosa M-YS, McCluskey S, Gilbert RF, Pillay S, Aturinda I, et al. Resistance 
testing for management of HIV virologic failure in sub-Saharan Africa: an unblinded randomized 
controlled trial. Ann Intern Med Published Online First: 26 October 2021. doi:10.7326/M21-2229

12. Liu TF, Shafer RW. Web resources for HIV type 1 genotypic-resistance test interpretation. Clin 
Infect Dis 2006; 42:1608–18. [PubMed: 16652319] 

13. Collier DA, Monit C, Gupta RK. The Impact of HIV-1 Drug Escape on the Global Treatment 
Landscape. Cell Host Microbe 2019; 26:48–60. [PubMed: 31295424] 

14. Cahn P, Pozniak AL, Mingrone H, Shuldyakov A, Brites C, Andrade-Villanueva JF, et al. 
Dolutegravir versus raltegravir in antiretroviral-experienced, integrase-inhibitor-naive adults with 
HIV: week 48 results from the randomised, double-blind, non-inferiority SAILING study. Lancet 
2013; 382:700–8. [PubMed: 23830355] 

15. Musinguzi N, Muganzi CD, Boum Y, Ronald A, Marzinke MA, Hendrix CW, et al. Comparison 
of subjective and objective adherence measures for preexposure prophylaxis against HIV infection 
among serodiscordant couples in East Africa. AIDS 2016; 30:1121–1129. [PubMed: 26785125] 

16. Arnsten JH, Demas PA, Farzadegan H, Grant RW, Gourevitch MN, Chang CJ, et al. Antiretroviral 
therapy adherence and viral suppression in HIV-infected drug users: comparison of self-report and 
electronic monitoring. Clin Infect Dis 2001; 33:1417–1423. [PubMed: 11550118] 

17. Jennings L, Kellermann T, Spinelli M, Nkantsu Z, Cogill D, van Schalkwyk M, et al. Drug 
Resistance, Rather than Low Tenofovir Levels in Blood or Urine, Is Associated with Tenofovir, 
Emtricitabine, and Efavirenz Failure in Resource-Limited Settings. AIDS Res Hum Retroviruses 
Published Online First: 29 December 2021. doi:10.1089/AID.2021.0135

18. Hermans LE, Steegen K, Ter Heine R, Schuurman R, Tempelman HA, Moraba R, et al. Drug 
level testing as a strategy to determine eligibility for drug resistance testing after failure of ART: 
a retrospective analysis of South African adult patients on second-line ART. J Int AIDS Soc 2020; 
23:e25501. [PubMed: 32515898] 

19. Castillo-Mancilla JR, Edwards JA, Brijkumar J, Moosa M-Y, Zhao Y, Ofotokun I, et al. Tenofovir 
diphosphate levels in dried blood spots are associated with virologic failure and resistance to 
first-line therapy in South Africa: a case-control cohort study. J Int AIDS Soc 2021; 24:e25849. 
[PubMed: 34910844] 

20. van Zyl G, Jennings L, Kellermann T, Nkantsu Z, Cogill D, van Schalkwyk M, et al. Urine 
tenofovir-monitoring predicts HIV viremia in patients treated with high genetic-barrier regimens. 
AIDS 2022; 36:2057–2062. [PubMed: 36305182] 

21. Podsadecki TJ, Vrijens BC, Tousset EP, Rode RA, Hanna GJ. “White coat compliance” limits 
the reliability of therapeutic drug monitoring in HIV-1-infected patients. HIV Clin Trials 2008; 
9:238–246. [PubMed: 18753118] 

MCCLUSKEY et al. Page 7

AIDS. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Proportion with HIV Drug Resistance in Participants with and without Detectable Urine 

Tenofovir, Stratified by HIV-1 RNA Viral Load, Age, and Duration of Antiretroviral 

Therapy. We calculated the proportion with HIV drug resistance among participants with 

and without detectable tenofovir in urine using the point of care assay, stratified by HIV-1 

RNA viral load, age, and duration of ART. Using the Stanford algorithm [12], HIV drug 

resistance was defined as intermediate to high-level resistance to any component of the 

current antiretroviral therapy regimen. TFV=tenofovir, VL=viral load, ART=antiretroviral 

therapy, HIVDR=HIV drug resistance
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TABLE 1.

Test Characteristics of a Point-of-Care Urine Tenofovir Assay to Predict HIV Drug Resistance

A. Test Characteristics
B. HIVDR Prevalence Estimates

PPV NPV

% (95% CI)  % (95% CI) % (95% CI)

Sensitivity 84 (79, 88) 90% 94 (92, 95) 26 (19, 35)

Specificity 50 (34, 66) 75% 83 (79, 87) 51 (41, 61)

PPV 91 (87, 95) 50% 63 (55, 70) 76 (67, 83)

NPV 34 (22, 47) 25% 36 (29, 43) 90 (86, 93)

Observed HIVDR Prevalence 86 (81, 90) 10% 16 (12, 20) 97 (95, 98)

AIDS. Author manuscript; available in PMC 2024 June 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Design and Study Population
	Laboratory Methods
	Statistical Analysis

	RESULTS
	Study Population and Characteristics
	HIVDR in Participants with versus without Detectable TFV in Urine
	Test Performance Characteristics

	DISCUSSION
	References
	FIGURE 1.
	TABLE 1.



