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Abstract

Proper management of an HIV infection requires that a patient be at least 80–95% adherent to a 

prescribed drug regimen to avoid poor health outcomes and the development of drug-resistant HIV 

strains. Clinicians generally monitor adherence habits indirectly through patient self-reporting, pill 

counting, and electronic drug monitoring. While direct measurement of patient samples like urine 

for monitoring drug levels is possible, it requires specialized equipment and training that is not 

readily available in resource-limited settings where the need is greatest. In this work we report the 

development of an antibody that binds to tenofovir (TFV), a key small molecule drug for both the 

treatment and prevention of HIV, and a competitive lateral flow assay that uses that antibody to 

monitor urine samples for the presence of the drug. TFV was conjugated to an immunogenic 

protein and injected into rabbits to raise polyclonal antibodies sensitive to the drug. The antibodies 

were verified for TFV-sensitivity by immunoprecipitation and HPLC. A gold nanoparticle-based 

competitive assay was developed to detect the presence of TFV in urine samples with a sensitivity 

of 1 μg mL−1. This TFV assay could be deployed as a point-of-care device for adherence 

monitoring in resource-limited settings as a low-cost, accurate, and speedy alternative to current 

methods to better inform changes in treatment.
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1. Introduction

Tenofovir (TFV) has become a cornerstone of HIV treatment since its approval for use in 

2001 as tenofovir disoproxil fumarate (TDF). In 2015, the World Health Organization 

maintained its recommendation that TDF, which is metabolized into TFV in vivo, be part of 

the preferred first-line regimen for antiretroviral therapy to treat HIV patients [1]. In 

addition, the WHO recommends pre-exposure prophylaxis (PrEP) therapies containing TFV-

derived medications be deployed to prevent the transmission of the virus among high-risk 

populations in both high- and low-resource settings [2]. As a result of these 

recommendations and the development of new formulations, such as tenofovir alafenamide 

(TAF), TFV will likely remain one of the most important tools for the treatment and 

prevention of HIV.

The number of people accessing antiretroviral medications to manage their HIV infections 

has risen to over 18 million worldwide as of June 2016 [3]. Around 10 million of these 

people are on treatment regimens containing TFV [4]. Mismanagement of HIV drug 

regimens routinely results in a heightened risk of transmission, decreased patient health and 

quality of life, and an increase in the incidence of HIV drug resistance [5]. The WHO cites 

poor adherence as the main reason for suboptimal clinical benefits managing chronic 

illnesses such as HIV/AIDS [6]. As a result, it is critical that clinicians monitor the 

adherence of HIV patients to their prescribed treatment regimens.

To manage HIV infections and keep viral loads low patients must be at least 80–95% 

adherent to their antiretroviral treatments [7, 8, 9, 10], and many populations of patients do 

not demonstrate adequate adherence rates [11, 12, 13]. There are many factors that diminish 

adherence rates: complexity of regimen, side effects, and patient psychological factors 

among others [14, 15, 16, 17, 18]. Fortunately, there are many interventions that have been 

shown to improve adherence behaviors and health outcomes [19].

Current methods for tracking adherence behaviors are mostly indirect such as pill counting, 

electronic drug monitoring, and patient self-reporting [5]. Pill counting and electronic 

monitoring are limited in their deployment and self-reporting, the most widely used method, 

is prone to overestimation [20, 21]. Current direct methods to measure drug levels in patient 

samples generally require expensive equipment [22] that is not easily accessible in resource-

limited settings where the need is greatest.

We report here the first antibody-based direct measurement of TFV in urine. Using a gold 

nanoparticle-based competitive lateral flow strip assay, we have detected TFV in spiked 

urine samples at clinically relevant concentrations. Raising antibodies against small 

molecule targets like TFV is not straightforward. Conjugation of TFV to a protein substrate 

is required, and in this case was not trivial (Figure 1). As such, we have included the details 

of our approach.
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This assay has the potential to facilitate objective monitoring of HIV adherence habits in all 

settings without the need for expensive equipment or long turnaround times allowing 

clinicians to intervene in cases of noncompliance and improve overall patient outcomes.

2. Methods

2.1 Materials

TFV was purchased from Ark Pharm, Inc. (Libertyville, IL). Bovine serum albumin (BSA), 

keyhole limpet hemocyanin (KLH), sulfosuccinimidyl 4-(N-

maleimidomethyl)cyclohexane-1-carboxylate (sulfo-SMCC), 1-Ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC), Pierce Protein G agarose beads, CarboxyLink 

Coupling Gel, Whatman chromatography paper, and pico chemiluminescent substrate were 

purchased from ThermoFisher (Waltham, MA). Amersham Protran nitrocellulose was 

purchased from GE Healthcare Life Sciences (Pittsburgh, PA). Anti-rabbit antibody 

conjugated to horseradish peroxidase (HRP) was purchased from GE Healthcare (Chicago, 

IL). Goat anti-rabbit antibody was purchased from Abcam (Cambridge, MA). N,N′-
Dicyclohexylcarbodiimide (DCC), pyridine, 3-mercapto-1-propanol, silica gel Davisil grade 

643, Hi-Flow Plus HF180 nitrocellulose sheets, adenosine monophosphate, Tween 20, 

sucrose, adenosine monophosphate (AMP), and all solvent and buffers were purchased from 

Sigma-Aldrich (St. Louis, MO). A 40nm InnovaCoat Gold Conjugation Kit was purchased 

from Innova Biosciences (Babraham, England).

2.2 Synthesis of tenofovir-thiol hapten

The synthesis of tenofovir-thiol (TFV-SH) is outlined in Figure 1a (inset). The synthesis was 

performed using a modified version of the protocol of Varal et al. [23] for the esterification 

of the tenofovir phosphonate group. In short, 270mg of TFV and 389mg of DCC were 

measured into a round-bottom flask to which 10mL of dry pyridine and 100μL of 3-

mercapto-1-propanol was added. The mixture was stirred under argon and refluxed for 18–

24 hours. The solution was dried and dissolved in 10mL of a 1:1 dichloromethane:methanol 

mixture. The solution was filtered and concentrated. Flash chromatography through a short 

silica gel column was performed on the concentrate with elution by a gradient from 0% 

methanol to 40% methanol in dichloromethane. The fractions of interest were dried by 

rotary evaporation followed by high vacuum overnight. The presence of TFV-SH was 

confirmed by liquid chromatography–mass spectrometry (LC-MS).

2.3 LC-MS characterization

LC-MS measurements were performed on an Agilent 1100 series LC/MSD with a Cortecs 

C18 column (90Å, 2.7 μm, 4.6 mm × 150 mm) from Waters (Milford, MA). Samples were 

dissolved in a solution of 975μL 0.6% tri-fluoroacetic acid in water and 25μL methanol. 

20μL of sample was injected into a gradient mobile phase outlined in Table S1 at a flowrate 

of 0.6mL min−1 into the column equilibrated at 45°C and passed through the mass 

spectrometer set for positive polarity electrospray ionization (ESI+) at a range of 100–1500 

m/z.
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2.4 KLH-TFV and BSA-TFV conjugation

20mg of BSA and 20mg of KLH were each dissolved in 2mL of phosphate buffer saline 

(PBS). 4mL of 5mg mL−1 sulfo-SMCC in PBS was added to each protein solution. The 

samples were incubated for 1 hour at room temperature while rotating before being desalted 

into PBS. 50mg of TFV-SH was dissolved in 500μL methanol and added to each sample 

before being incubated 2 hours at room temperature while rotating. The samples were 

desalted into PBS. About 300μL of the BSA-TFV sample was then desalted into pure water 

and conjugation was confirmed by matrix-assisted laser desorption/ionization - time of flight 

(MALDI-TOF) and acrylamide gel electrophoresis. Mass measurements of BSA-TFV were 

taken in a Bruker Autoflex MALDI-TOF Mass Spectrometer with a sinapinic acid double 

layer matrix set to linear positive mode.

2.5 Anti-TFV antibody development

Antibody development was conducted by Covance Inc. (Denver, PA) in accordance with the 

NIH guidelines for the care and use of animals in research and under warranty that 

appropriate IRB approval was obtained. KLH-TFV was injected into rabbits, and serum 

containing anti-TFV polyclonal antibodies was collected and used for the current study.

2.6 Immunoprecipitation of TFV by anti-TFV antibody

Two samples were prepared containing a mixture of 100μL of 50μg mL−1 TFV and 100μL 

of 1mg mL−1 AMP. To one tube 375μL of anti-TFV serum (+IP) was added and to the other 

375μL of PBS (−IP). The samples were incubated while rotating at 4°C overnight. 300μL of 

Protein G bead suspension was added to the samples and further incubated at 4°C for 1 hour. 

The samples were spun down for 1 minute at 3000rpm and decanted. The supernatant from 

the (−IP) sample (−IPsup) was set aside. The beads were then washed and decanted four 

times with yeast lysis buffer (50mM HEPES pH 7.6, 1mM EDTA, 1% Triton X-100, 0.1% 

sodium deoxycholate, 140mM NaCl), with the third wash being with a high salt yeast lysis 

buffer (500mM NaCl). The beads were then heat eluted for 5 minutes at 95°C into 100μL of 

TE buffer. The supernatant was set aside and heat elution was repeated to give a total volume 

of 200μL of supernatant per sample. The supernatants were then extracted by 

phenol:chloroform:isoamyl alcohol and the top aqueous phase kept in order to remove 

proteins. A second chloroform extraction was performed to remove as much phenol as 

possible from the upper aqueous phase. The samples were then tested by LC-MS to confirm 

the selective immunoprecipitation of TFV by the anti-TFV polyclonal antibody.

2.7 Antibody Purification

BSA-TFV protein was immobilized onto agarose beads using the CarboxyLink Coupling 

Gel protocol from ThermoFisher. In short, 2mL of gel slurry was packed into a disposable 

column and allowed to settle for 30 minutes. The column was washed with 10mL of 2-(N-

morpholino)ethanesulfonic acid (MES) buffer. 1mL of approximate 1mg mL−1 BSA-TFV 

solution was desalted into MES buffer using a desalting column and added to the column 

along with 30mg EDC dissolved in 0.5mL MES buffer. The column was capped and the 

slurry was mixed end-over-end for 3 hours. The column was allowed to drain and washed 

with 1mL of 1M NaCl. The presence of protein in the flow-through was tested by Bradford 
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assay against a BSA-TFV control sample to confirm protein remained on the beads. The 

column was washed with 5–10mL of 1M NaCl then equilibrated with 6mL PBS. 500μL of 

serum was added to the column which was then capped and allowed to incubate for 1 hour at 

room temperature. The column was washed with 12mL of PBS and eluted with 8mL of 

100mM glycine buffer pH 3.0. Fractions were collected and immediately neutralized by 

addition of 100μL 1M Tris pH 7.5 buffer. Flow-through, wash, and elution fractions were 

checked for protein by Bradford assay. Elution fractions containing antibody were pooled 

and desalted into PBS. The presence of purified antibody was verified by acrylamide gel 

electrophoresis and functionality of the antibody was verified by immunoprecipitation.

2.8 Gold Nanoparticle Conjugation

Conjugation of purified antibody onto gold nanoparticles was performed using an 

InnovaCoat Gold Conjugation Kit from Innova Biosciences following the manufacturer’s 

instructions. The nanoparticles were suspended in 50μL of 10x diluted Innova quencher 

solution and stored at 4°C.

2.9 Competitive Lateral Flow Assay

Hi-Flow Plus HF180 nitrocellulose sheets were laser cut into lateral flow strips, and 

chromatography paper was adhered to the end of the strips as a waste reservoir. Samples of 

TFV were prepared at varying concentrations between 10ng mL−1 and 100μg mL−1 in urine 

alongside a no TFV control sample. For each sample, 1μL of antibody conjugated gold 

nanoparticles was added to 24μL of PBS and 80μL of the TFV solution was added. The 

mixture was allowed to incubate at room temperature on a rotator for at least 30 minutes. 

0.3μL of anti-rabbit antibody was spotted on the strips as a control spot. The test spot, 0.3μL 

of 2.5μg mL−1 BSA-TFV, was spotted on the strips upstream of the control spot. The spots 

were allowed to dry and another 0.3μL of BSA-TFV was spotted on top. This spotted BSA-

TFV acts as the test spot for the assay. After incubation, concentrated TBS-T was added to 

each sample such that the final Tween 20 concentration was 0.05%. One end of each of the 

lateral flow strips was dipped vertically into the sample tubes such that the solution ran up 

the nitrocellulose strip and into the waste reservoir via capillary action. The strips were 

incubated in solution for 25–30 minutes before being photographed with a Nikon DS-Ri2 

camera and analyzed via ImageJ.

3. Results

3.1 Generation of IP-grade anti-TFV polyclonal antibodies from phosphonate-decorated 
protein complexes

To raise an antibody against TFV, the small molecule was attached to an immunogenic 

protein for rabbit immunization. TFV was modified to contain a reactive side group for 

conjugation. We added a thiol group to the phosphonate group of TFV utilizing a synthetic 

pathway similar to how TFV is converted to TDF [23, 24]. Here we reacted TFV with 

mercapto-alcohols in order to produce thiol-modified TFV molecules (TFV-SH) as shown in 

Figure S1.
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After reacting TFV (287MW) with 3-mercapto-1-propanol (92MW) the LC-MS data in 

Figure 2a confirmed the presence of TFV-SH. The synchronized increase in the UV 

absorbance at 254nm and the spike at 362MW at 8.4 minutes demonstrates the existence of 

TFV-SH indicating attachment of the thiol to the phosphonate side group the liberation of 

water.

Once TFV-SH was synthesized, we attached the molecule to KLH and to BSA by adding a 

maleimide side group to each of the proteins and then conjugating the thiol group of the 

TFV-SH to the maleimide as outlined above. The increase in molecular weight of the BSA 

molecule is demonstrated by MALDI (Figure 2b) and confirms successful conjugation of 

TFV-SH to the proteins. The purified KLH-TFV conjugate was then injected into rabbits to 

generate polyclonal antibodies against TFV.

Serum from KLH-TFV immunized rabbits was analyzed to confirm the presence of TFV-

sensitive antibodies. Western blotting and immunoprecipitation experiments were done to 

confirm the specific and sensitive antibody binding of the polyclonal antibody to BSA-TFV 

conjugates (Figure S3). While these tests were highly suggestive of the presence of TFV-

binding polyclonal antibodies, they did not demonstrate direct binding of the antibody to 

native, unmodified TFV. This was expected, since TFV is a small molecule. As such, we 

performed a modified immunoprecipitation protocol as described above. In short, rather than 

transferring the immunoprecipitated sample to a gel for western blotting we removed 

proteins from the sample via phenol:chloroform:isoamyl alcohol purification and analyzed 

the resulting solution with LC-MS. The confirmed presence of TFV in this sample (Figure 

2c) demonstrates the successful generation of TFV-sensitive polyclonal antibodies. The 

corresponding absence of AMP, a nucleotide analogue of TFV present at a 20x higher 

concentration than TFV in the initial immunoprecipitation sample (Figure 2c inset), 

establishes the high specificity the antibody has to TFV.

3.2 Lateral flow strip assays can detect 1μg mL−1 TFV in urine

After the specificity of the antibody was established, a dot blot assay was used to 

characterize its performance in TFV spiked urine samples (see supplemental materials). 

Development of a lateral flow strip assay required immobilization of the anti-TFV antibody 

to gold nanoparticles. The serum was processed by affinity purification to isolate anti-TFV 

antibodies and was validated by immunoprecipitation (Figure S4) to confirm that the 

purified antibodies were still functional. It was then conjugated to 40nm gold nanoparticles 

for use in the lateral flow assay.

The lateral flow assay is outlined schematically in Figure 3a and Figure 3b. Anti-TFV 

antibody conjugated to gold beads was incubated with TFV-spiked urine samples and 

allowed to flow through a nitrocellulose strip containing spots of BSA-TFV and anti-rabbit 

antibody control spots. The results of the assay in Figure 3c, Figure 3d, and Figure S5 show 

sensitive, statistically significant, and specific detection of TFV in spiked urine samples with 

a preliminary lower limit of detection of 1μg mL−1. The assay takes about 55 minutes to 

perform given the two incubation steps required. Our initial attempts at shortening these 

incubation times resulted in unacceptably poor signal for a colorimetric read.
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4. Discussion

Raising and deploying an antibody against a small molecule presents several challenges 

(Figure 1). Most often the small molecule is not immunogenic on its own. As a result, the 

desired antigen must be conjugated to a carrier protein to coax an immune response from the 

host (Figure 1a) [25, 26, 27]. Another challenge is characterization of the host serum after 

immunization (Figure 1b). For protein targets, gel electrophoresis is a common technique to 

isolate and visualize antibody-protein interactions. However, since small molecules cannot 

be characterized by gel electrophoresis, other techniques such as quartz crystal microbalance 

[28], surface plasmon resonance [29], or mass spectrometry [30] must be used to confirm 

antibody-target binding.

Additionally, small molecule targets present challenges for use in standard lateral flow 

assays (Figure 1c). The most common lateral flow configuration uses antibodies in a 

sandwich assay to both capture and visualize the same molecule using two antibodies, one 

immobilized to the lateral flow substrate and the other linked to a visualization moiety. This 

method relies on large targets such as peptides and proteins that have multiple antibody-

binding sites. Small molecules, however, often only have a single antibody-binding site and 

this precludes the possibility of using a sandwich assay. For small molecules, competitive 

ELISAs have become a common technique [31, 32, 33]. In this work, we were able to 

overcome many of these challenges to develop an assay for the detection of TFV.

Attaching TFV onto a carrier protein was not trivial. Unmodified TFV cannot be attached to 

a protein in a simple one-step reaction like peptides or other biological molecules. The 

primary amine on the adenine base is less reactive since it is stabilized by the aromatic rings. 

The phosphonate group is also less reactive than typical phosphates on nucleotides. As such, 

we modified the TFV molecule to contain a more reactive side group. We added a thiol 

group to the TFV molecule via phosphonate chemistry to enable the use of Sulfo-SMCC to 

link thiol-containing molecules to proteins [34]. While there are many ways to modify 

phosphonates [35], it does not appear to have been done to attach TFV onto an immunogenic 

protein for the purpose of raising an antibody. The schematic in Figure 2b shows the two-

step reaction. It is important to note that the MALDI data presented in Figure 2b shows the 

results of TFV conjugation onto BSA, not the results of conjugation onto KLH. KLH is too 

large of a protein (390kDa) for convenient MALDI measurements, so often the BSA 

conjugated analog is used for characterization, as we have done here. It is assumed that the 

KLH-TFV reaction proceeds with similar efficiency [36, 37, 38].

After immunization, the serum was analyzed to confirm that the polyclonal antibodies 

generated were both sensitive and specific to TFV. Figure S3 and Figure 2c show that the 

anti-TFV serum is sensitive and specific to BSA-TFV and to TFV, respectively. 

Immunoprecipitations were done in the presence of excess whole cell lysate or AMP to 

demonstrate the specificity of the antibody. AMP was chosen because of its structural 

similarities to TFV and because adenosine in general is present in urine. Since TFV cannot 

be characterized by standard western blotting, we eluted the Protein G beads and purified the 

sample using phenol:chloroform:isoamyl alcohol mixture before LC-MS measurements 

were made
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With the anti-TFV antibody in hand, we developed a competitive assay to detect TFV. Like 

other competitive ELISAs, the principle of the assay is that as the concentration of TFV in 

the sample increases and more of the anti-TFV antibody is bound to free floating TFV, less 

of the anti-TFV antibody is unbound and available to bind to the BSA-TFV immobilized 

onto a nitrocellulose substrate (Figure 3a).

TFV-spiked urine was our model biological sample. Urine provides several advantages in 

monitoring TFV adherence. Urine tests are non-invasive compared to assays that measure 

plasma. For patients on TFV regimens, the urinary concentration of TFV is usually over 

100x more concentrated than in plasma [39]. Also, urine does not require additional sample 

preparation before testing.

The assay to detect TFV in urine needs to be sensitive enough to distinguish between 

patients that are properly adhering to their regimens and not so sensitive that it can identify 

those who are not. For a patient taking 300mg TDF daily, the mean urine concentration of 

TFV was 23μg mL−1 [40]. When 300mg of TFV is ingested only once, the mean 

concentration of TFV in urine after 24–72 hours was reported to be 1–10μg mL−1 [41]. The 

increased use of TAF as an alternative to TDF in drug regimens will shift these sensitivity 

windows. TAF is dosed at 25mg per day and thus results in about a 10x decrease in TFV 

plasma concentrations [42]. Assuming this also leads to a 10x decrease in TFV urine 

concentrations, it would suggest that daily doses of 25mg TAF would result in about 2.3μg 

mL−1 of TFV in urine as a gross estimate. The 24–72 hour TFV urine concentration after a 

single 25mg dose of TAF would similarly be estimated to be around 0.1–1μg mL−1. Use of a 

competitive ELISA assay allows us to tailor the dynamic range of the assay to reflect current 

dosing recommendations and new formulations that may shift the excretion profile of the 

drug.

The gold nanoparticle lateral flow strip assay generates a clear colorimetric readout 

requiring less time, training, and equipment than more complex detection methods such as 

HPLC and mass spectrometry. The strip architecture was chosen as a way to facilitate faster 

prototyping to allow hand-spotting of the BSA-TFV spots rather than using an automated 

spotter [43]. The sensitivity down to 1ug mL−1 and the high specificity of the anti-TFV 

antibody suggests the lateral flow assay is appropriate for assaying urine samples of HIV 

patients prescribed TFV-containing drug regimens. A major limitation of the current assay in 

this format is the time to result of 55 minutes. However, time in clinic for an individual 

patient visit can and usually does exceed one hour. If urine is collected and tested upon 

check-in (a common intake procedure), results can be obtained discussed before discharge. 

The overall assay time for the gold-based lateral flow device was determined by varying the 

two key incubation steps of the assay: incubating the spiked urine sample with the gold-

conjugated anti-TFV antibodies, and incubating the resulting mixture with the lateral flow 

strip. A number of strategies can be deployed to reduce these incubation times. Though on 

the high end of acceptable times to result, the simplicity of the lateral flow assay shows 

potential for deployment in settings where such measurements are now completely lacking.
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5. Conclusion

The assay is flexible enough to be immediately paired with other low-cost monitoring 

methods in the treatment of diseases that are commonly comorbid with HIV such as 

hepatitis [44] and tuberculosis [45].

As the use of TFV-containing drugs continues to expand in the treatment and prevention of 

HIV, so too does the need increase for accurate monitoring techniques in order to improve 

patient outcomes and reduce the proliferation of TFV-resistant HIV strains. In this work, we 

have developed an anti-TFV antibody and a competitive gold nanoparticle lateral flow assay 

to test urine as an objective tool for monitoring patient adherence habits. The assay does not 

need an external power source, is affordable to develop and deploy in both resource-rich and 

resource-limited settings, and non-invasively gives an accurate colorimetric output 

measuring clinically relevant concentrations of TFV in urine in less than 1 hour.
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Refer to Web version on PubMed Central for supplementary material.
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Lateral flow strip is created to test HIV patients for drug adherence to Tenofovir

Anti-Tenofovir antibody is raised as a key component of the urine-based test

Gold nanoparticle-based competitive assay detects clinically relevant 

concentrations

New assay potentially deployable in resource-limited settings where need is 

greatest
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Figure 1. 
Technical challenges. A) Antibody development: TFV alone cannot generate polyclonal 

antibodies (i) and there is not a straightforward method for direct conjugation onto an 

immunogenic protein (ii). TFV was conjugated to an immunogenic protein (iii). B) 

Antibody characterization: Antibodies targeting small molecules cannot be characterized by 

western blotting, the standard method (i). Immunoprecipitation followed by LC-MS analysis 

was used (ii). C) Assay Approach: A small molecule target is not suitable for standard 

sandwich-based assays (i). A competition-based assay was designed (ii).
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Figure 2. 
A) LC-MS characterization of the purified TFV-SH synthesis product. (top) UV Absorbance 

at 254nm. (bottom) Mass Spec signal of 362 MW. B) MALDI measurements of BSA-

maleimide intermediate and BSA-TFV conjugate. BSA has a MW of 66,463. C) LC-MS 

characterization of TFV immunoprecipitation and (inset) pre-immunoprecipitation sample.
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Figure 3. 
A) Schematic of competitive gold nanoparticle lateral flow assay. B) Expected output of 

competitive gold nanoparticle lateral flow assay. As the amount of TFV increases in the 

sample, the test spot intensity decreases. C) Sensitivity test of competitive gold nanoparticle 

lateral flow assay in TFV-spiked urine samples. D) Competitive gold nanoparticle lateral 

flow assay statistical analysis of sensitivity test. Strips were imaged and processed using 

ImageJ to get background-normalized intensity measurements of test spots for varying 

concentrations of TFV spiked into urine. Images were converted to grayscale and intensity 

measurements were made with normalization to the control spots. Points with asterisks are 

significantly different than the no-TFV control strips as determined by one-way ANOVA 

(F(5,24) = 15.0, p=1.02 × 10^-6 and a Tukey test (Data from 5 Biological Replicates).
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