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Abstract

Objective: We examined the relationship between urine tenofovir (TFV) levels measured with a
novel immunoassay, which permits point-of-care (POC) testing, with HIV seroconversion and
objective adherence metrics in a large PrEP demonstration project.

Design: Secondary analysis of stored specimens from an open-label PrEP cohort study

Methods: We examined the association between undetectable urine TFV levels and HIV
seroconversion in iPrEx-OLE using generalized estimating equations. We examined rank
correlations between levels of TFV and emtricitabine (FTC) in urine, dried blood spots (DBS), and
hair and determined the sensitivity and specificity of undetectable urine TFV for predicting dosing
cut-offs in DBS.

Results: The median urinary TFV level was 15,000 ng/ml in those who remained HIV-negative
(n=105; IQR:1,000-45,000); 5,500 in those who eventually seroconverted (n=11; IQR:1,000-
12,500); and all were undetectable at seroconversion (n=9; p<0.001). Decreasing strata of urine
TFV levels were associated with future HIV seroconversion (p=0.03). An undetectable urine TFV
was 100% sensitive and 81% specific when compared to an undetectable DBS TFV-DP level and
69% sensitive, but 94% specific, when compared to low adherence by DBS (<2 doses/week).

Conclusions: Urine TFV detection by a novel antibody-based assay was associated with
protection from HIV acquisition among individuals on PrEP. Urine TFV levels were correlated
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with hair and DBS levels and undetectable urine TFV was 100% sensitive in detecting non-
adherence. By implementing the immunoassay into a POC strip test, PrEP non-adherence could be
detected in real-time, allowing rapid intervention.

Keywords
Immunoassay; PrEP; Point-of-care; Urine; HIV infection; Antiretroviral adherence; Tenofovir

INTRODUCTION

The accurate interpretation of major tenofovir (TFV) disoproxil fumarate (TDF)/
emtricitabine (FTC)-based pre-exposure prophylaxis (PrEP) trials relied on the use of
pharmacologic metrics of adherence, rather than self-report [1-3]. Pharmacologic metrics
assess TFV/FTC drug levels (or their metabolites) in biomatrices such as plasma or dried
blood spots (DBS). For instance, in the iPrEx Open-Label Extension (iPrEx-OLE) study,
HIV-incidence decreased from 4.7 infections per 100 person-years in those with no
detectable TFV-diphosphate (TFV-DP) in DBS to 0 with high estimated adherence (=4
tablets/week) [1]. Objective adherence metrics have therefore been incorporated into PrEP
implementation programs to aid interpretation of effectiveness [4-7].

Although PrEP adherence has been higher in demonstration projects than clinical trials after
PrEP’s efficacy was known, adherence to PrEP over time, or PrEP persistence, has been a
challenge among at-risk populations [4, 8, 9]. In the United States (U.S.) PrEP Demo
Project, one-fifth of participants had DBS drug levels consistent with sub-optimal adherence
by study end (<4 tablets/week) [4]. A demonstration project among young U.S. men who
have sex with men (MSM; ages 18-22) found sub-optimal adherence in 76% of individuals
by study end [6].

Investigators have attempted to use PrEP drug levels in plasma, urine, and DBS to target
adherence interventions to individuals with the highest need [7, 10-12]. However, the turn-
around time of the current available methods to analyze drug levels in any biomatrix using
liquid chromatography tandem-mass spectrometry (LC-MS/MS) may limit the impact [11,
13]. Spectrometry-based methods for PrEP drug levels will also be difficult to implement
clinically due to expense and the need for trained personnel [13, 14]. Antibody-based
measurement of TFV is attractive because it can be developed into a rapid strip test available
at the point-of-care (POC), similar to a urine pregnancy test, allowing immediate adherence
intervention [13, 14].

We developed a novel antibody-based immunoassay for TFV that evaluates recent PrEP
adherence (within 96 hours) and have previously shown that urine TFV levels by the
immunoassay are highly correlated with those quantified via LC-MS/MS in healthy
volunteers [14]. In a sub-study of iPrEx-OLE, we examine for the first time the association
between urine TFV levels measured by the immunoassay and HIV seroconversion events in
individuals taking PrEP, and compare urine tenofovir (TFV) levels by the immunoassay to
drug level measurement in DBS and hair.
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METHODS:

Participants Who Qualified for the iPrEx-OLE Urine Adherence Substudy

The iPrEx-Open Label Extension (OLE) provided PrEP to 1,085 MSM and 140 transwomen
[1]. Urine was collected every 12 weeks and DBS was prepared 4 and 8 weeks after PrEP
initiation, and then every 12 weeks. DBS assays for TFV-DP and FTC-triphosphate (FTC-
TP) were analyzed at all visits for participants who seroconverted in iPrEx-OLE and in a
random subset of those who remained HIV-negative [1]. Hair samples for TFV and FTC
were collected every 12 weeks for all who provided opt-in consent and analyzed among
seroconverters and a random subset of those who remained HIV-negative[15]. Participants
who qualified for the correlation analysis required sample availability from all three
biomatrices (urine, DBS, hair) at one or more visits over the duration of iPrEx-OLE (median
72 weeks). Additional urine samples from seroconverters (n=10) were included in the
specific analysis looking at the association between urine TFV levels and seroconversion.
All individuals in the study provided informed consent, including for sample storage and
further testing, the institutional review board from each study site approved the study.

Laboratory Procedures

The development of the antibody specific for TFV and the performance characteristics of the
resultant immunoassay were recently described [14]. Any TFV level below the lower limit
of quantification (LLOQ) was considered negative (<1000ng/ml). The upper limit of
quantification for the immunoassay is 50,000 ng/ml. Using previously described and
validated LC-MS/MS-based methods, TFV-DP and emtricitabine triphosphate (FTC-TP)
concentration were measured in DBS [16], and FTC and TFV concentrations were measured
in hair [17].

Statistical Analysis

For the seroconversion analysis, urine TFV concentrations via the immunoassay were
compared using Kruskal Wallis’ test among individuals 1) at the seroconversion visit; 2)
prior to the seroconversion visit; and 3) those who remained HIV-negative. We analyzed
receiver operating curves (ROC) to identify two urine TFV cut-points compared to the
outcome of future HIV seroconversion. Mixed-effects logistic regression examined the
association between the cut-points and HIV seroconversion only in the samples collected
prior to the seroconversion visit. Spearman correlation coefficients and scatterplots were
examined to assess the relationship between TFV urine concentrations via the immunoassay
and both TFV-DP and FTC-TP levels in DBS and TFV and FTC levels in hair for
participants with samples from all three biomatrices. The sensitivity and specificity of the
urine assay at an undetectable urine TFV level (<1000 ng/ml) was compared to two levels of
inadequate adherence defined by TFV-DP concentrations in DBS: (1) the limit of
quantification (<3.5 fmol/punch) and (2) very low adherence (<350 fmol/punch, estimated
average weekly adherence of <2 tablets/week) [1, 18]. We selected the lower limit of
detection for the urine assay (1000ng/ml) as the optimal single cut-off based on analysis of
ROC curves and prior data examining LC-MS/MS-based methods to quantify TFV levels in
urine [10].
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Urine, DBS, and hair samples were available from 125 individuals across 162 person-visits.
The median age of the 125 participants was 30 years (interquartile range (IQR): 24-40).
Overall, 5% were transwomen; 14% were Black and 44% Latino. Overall, 34% of
participants who remained HIV negative had urine tenofovir levels indicating poor recent
adherence compared to 60% of individuals prior to seroconversion, and 100% at the time of
seroconversion. Of the 20 individuals who HIV seroconverted in this substudy, samples were
available at 14 person-visits from 11 individuals prior to seroconversion and from 9
participants at the actual visit where seroconversion was documented. The median time
between sample collection and HIV seroconversion in these 20 participants was 15 weeks
(intraquartile range (IQR): 0-36 weeks).

Urine TFV levels among HIV seroconverters

Association

Discussion:

The median urinary TFV level by the immunoassay was 15,000 ng/ml (IQR: BLQ-45,000)
in those who remained HIV-negative (n=105); 5,500 ng/ml (IQR: BLQ-23,000) in those who
eventually seroconverted (p<0.001; n=11; median of 36 weeks prior to seroconversion); and
undetectable (<1000 ng/mL) in all 9 individuals at the seroconversion visit (p<0.001)
(Figure 1). The optimal urine cut-points for future HIV seroconversion based on ROC
analysis were 1,000 and 25,000 ng/ml (Supplemental Figure 1). Decreasing strata of urine
TFV levels were associated with future HIV seroconversion (p=0.03). A low/undetectable
vs. high (<1000 vs. >25,000 ng/ml) urine TFV was associated with future HIV
seroconversion (odds ratio (OR) 13.7; 95% confidence interval (Cl): 1.25-1197), while the
p-value when comparing an intermediate and high level was 0.11 (OR 6.3; 95%CI 0.23—
474).

of TFV urine levels with DBS and hair concentrations

Across 152 person-visits in the correlation analysis, urine TFV levels correlated with hair
concentrations of TFV (Rho (p)=0.39, p<0.001) and FTC (p=0.48, p<0.001), as well as with
DBS concentrations of TFV-DP (p=0.52, p<0.001) and FTC-TP (p=0.75, p<0.001) (Figure
2). An undetectable urine TFV level was 100% sensitive and 81% specific when compared
to an undetectable TFV-DP concentration in DBS. When comparing an undetectable urine
TFV level to very low adherence estimated by DBS TFV-DP level (<2 tablets/week), the
urine test was 69% sensitive and 94% specific (Supplemental Figure 2).

We demonstrate for the first time that urine TFV levels by a novel immunoassay are
associated with future HIV acquisition in a diverse sample of MSM and transwomen
enrolled in a PrEP demonstration project. Urine TFV levels correlated with hair and DBS
metrics, established methodologies essential to interpretation of later-stage PrEP trials [1, 3,
5, 6]. An undetectable urine tenfovir level with the immunoassay was highly sensitive in
detecting non-adherence and was highly specific in detecting low adherence via DBS
metrics.
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TFV levels in urine, like in plasma, are a short-term measure of adherence, detecting TFV
ingestion 4 days prior to measurement [10]. PrEP drug/metabolite levels in hair and DBS,
respectively, provide estimates of adherence over certain established time frames (shortest to
longest time frames: DBS FTC-TP< DBS TFV-DP< hair FTC< hair TFV levels) [19, 20].
The correlation coefficients of TFV levels in urine (shortest-term metric) and PrEP metrics
in DBS/hair follow a monotonic pattern according to duration of exposure represented by
each established metric (Figure 2). Although DBS and hair levels better assess drug-taking
over longer time periods, they require specialized personnel and LC-MS/MS equipment,
resulting in high cost and long turn-around times [13, 14]. Antibody-based assays, such as
the one described here, can be developed into point-of-care lateral flow immunoassays
(LFAs). LFASs require no special equipment or training to implement, permitting real-time
adherence feedback at the clinic or even at home, with a projected cost of approximately <$2
U.S. dollars [14].

A limitation of this study is the lack of case-cohort sampling among the specimens,
prohibiting examination of HIV incidence. We were only able to retrospectively test the
urine samples by the immunoassay that were stored in iPrEx-OLE. Moreover, urine was not
available on all seroconverters in iPrEx-OLE for this analysis. There were 28 seroconverters
on PrEP in the overall cohort and we had data on 20 (71%) [1]. The immunoassay may be
limited in assessing adherence in the context of intermittent PrEP if previous exposures
occurred more than 4 days prior. Future studies should measure TFV levels by the
immunoassay prospectively, as well as a long-term adherence measurement in DBS or hair,
to more accurately determine short and long-term patterns of adherence in diverse
populations. Finally, the LFA for POC TFV urine level monitoring is still under development
(anticipated data January 2019) using cut-offs for high, moderate, and low levels of
adherence provided by a directly-observed (DOT) study [21].

A real-time test showing low TFV levels will allow immediate feedback and could trigger
established PrEP adherence interventions. Further qualitative research is needed to
understand how to deliver results in a motivating, non-judgmental manner. Prior studies
noted that adherence feedback using laboratory-based assays is valuable to patients, and
discussion of sub-optimal drug level results can improve subsequent adherence [7, 11, 12].
Furthermore, feedback delivered in a patient-centered manner, emphasizing protection from
HIV rather than adherence, increases acceptance [11, 12]. A low-cost, POC adherence
metric could allow clinics to focus their resources on individuals who need the most support
[7], an important consideration as PrEP delivery moves towards automated and home-based
delivery to meet demand and patient preference [7, 22, 23].

In conclusion, we apply a novel immunoassay which quantifies TFV levels in urine to a
cohort study for the first time and show that TFV levels are associated with both future HIV
acquisition and other established pharmacologic metrics of adherence. The antibody-based
assay is expected to be available as a low-cost, POC adherence metric within the year.
Studies evaluating the POC adherence metric’s potential to motivate and support PrEP
persistence in diverse populations are needed.
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Figure 1:
Box plot showing ELISA-immunoassay urine TFV levels among iPrEx OLE participants

who did not acquire HIV; those prior to seroconversion (median 36 weeks); and those at the
time of seroconversion
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Figure 2:
Correlation of Urine Tenofovir (TFV) with Dried Blood Spot (DBS) Emtricitabine

Triphosphate (FTC-TP) and Tenofovir Diphosphate (TFV-DP) and Hair FTC and TFV
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