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Abstract

A combined thread-paper microfluidic device (UTPAD9 presented for the
determination of glucose in blood. The device isiglged to include all the analytical
operations needed: red blood cell separation, tontig, enzymatic recognition, and
colorimetric transduction. The signal is capturathva smartphone or tablet working in
video mode and processed by custom Android-basémivese in real-time. The
automatic detection of the region of interest oa titread allows for the use of either
initial rate or equilibrium signal as analyticalrpmeters. The time needed for analysis
Is 12 s using initial rate, and 100 s using thaldgiium measurement with a LOD of 48
UM and 12 puM, respectively, and a precision aroé¥td The uTPAD allows a rapid

determination of glucose in real samples using 8niyt. of whole blood.

*Corresponding author, email: erenas@ugr.es

Keywords: Thread-paper microfluidic device; Glucose detaation; Whole blood;
Reaction rate; Smartphone.
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1. Introduction

In our global society there is a drive to move #doguisition of chemical information
from the controlled environments of labs to thecplavhere the information is needed.
This necessitates changing the methods used taajenanalytical information from
approaches that are instrument and lab centereddet®entralized user-centered
approaches, the so-called distributed approachesk@ira et al., 2018). One type of
analytical system that has the potential to provass, laboratory-quality results is lab-
on-a-chip devices that rely on microfluidic platfts allowing the miniaturization of
chemical assays (Mark et al., 2010). The use oflladfy as a liquid propulsion
principle presents advantages over other more aamgiopulsion systems in terms of
simplicity, low cost, biocompatibility, fast respg® and user-friendly format. The
development of devices based mainly on paper, dhi@ad cloth have evolved into an
active research field with an increasing numbepuflications and reviews (Akyazi et
al., 2018;Aydindogan et al., 2018;Farajikhah et 2019;Hoekstra et al., 2018;Li and
Steckl, 2018).

In combination with consumer electronic devicest tin@lude color sensors, mainly
smartphones and tablets, capillary-based devices tiee potential to become a total
analytical system. These total analytical systenustnbe considered as a whole and
include everything needed to perform the analys@mpling, sample treatment,
conditioning, analyte recognition, measurementgctebnic equipment, and data
processing. They should operate in the most robndt simple way possible. These
systems do not produce data, but information relet@the user in an understandable
format.

The use of thread brings various advantages fomidueufacture of analytical devices in
terms of definition of path, strength, varied metsr and small volume of samples
(Nilghaz et al., 2013). Thread has been used aposugor the manufacture of
microfluidic devices (LTAD) that can implement \ars analytical operations, such as
support for recognition (Wu et al., 2016) and tcartion reactions (Liu et al., 2017),
immobilization of reagents (Galpothdeniya et a0142), chromatographic (Agustini et
al., 2018) or electrophoretic (Cabot et al., 204&parations, control and manipulation
of flow (Ballerini et al., 2011;Li et al., 2018) @ample conditioning (Ulum et al.,
2016). The measurement techniques are mainly d¢ptod electrochemical, by
integrating electrodes onto the thread (Malon et2817). The most commonly used

optical measurements, apart from the visual orreshased on the acquisition of images
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from the device with a scanner (Mao et al., 2015)vith a smartphone (Erenas et al.,
2016) and subsequent processing.

A variant in the design of microfluidic devices sts of the combination of thread and
paper which gives rise to the so-called microfloitiread-paper based analytical device
(LTPAD). These devices developed mainly by the teafrof. F.A. Gomez, combine
the good conduction of fluids by the thread witte tftecognition process and the
subsequent acquisition of the color informatiomfran image of a paper area obtained
with a scanner. They have been used for the enayhatermination of glucose using a
three-channel system made with nylon thread andeethreaction areas of
chromatographic paper (Gonzalez et al., 2016;Led ,€2018). Other systems described
include a 3D multilayered paper pTPAD for the deieation of glucose and BSA
(Neris et al., 2019) and two ELISA for biotinylatgdat anti-mouse IgG and rabbit IgG
(Gonzalez et al., 2018a;Gonzalez et al., 2018kieddahok et al. (Sateanchok et al.,
2018) describes aTPAD together with a smartphone for the total phienmontent in
green tea using a thread portion for the handlihgamples and a paper portion for
reaction with immobilized reagents.

In this paper we consider the acquisition of thercanformation of the microfluidic
device through a smartphone working in video mddes opens the door to use kinetic
measures to obtain analytical information, which s&nificantly shorten the analysis
time. Additionally, the determination of glucosewiole blood requires separating the
red blood cell (RBC) from the plasma, which is asleid with amuTPAD incorporating

a separation membrane. Blood samples collected frolomteers were analyzed with
UTPAD as well as with a portable glucose meteorder to validate results.

2. Experimental methods

2.1 Materials and Equipment.The thread used as support for the pTPAD preparatio
was a commercial white cotton thread (caliber 1@ Hitex 94) from Finca (Presencia
Hilaturas S.A. Alzira, Valencia, Spain) measuringuend 600um in diameter and
containing 25010 fibers (Erenas et al., 2016). fdsgents included on the thread were
3,3,5,5'-tetramethylbenzidine (TMB), glucose oxsgafrom Aspergillus Niger (GOXx),
horseradish peroxidase (HRP), chitosps)-glucose, and phosphate buffer solution
(1xPBS) containing NaCl, KCI, NHPO, and KHPQO, All these reagents were
purchased from Sigma Aldrich (Sigma—Aldrich QuimigaA., Madrid, Spain). Acetic

acid, ethanol, and hydrogen peroxide were purché&®ed Panreac S.A. (Barcelona,
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Spain). Reverse osmosis type quality water (MilD-R12 plus Milli-Q station
(Millipore, Bedford, MA, U.S.), conductivity 18.2 §8-cm) was used throughout.
Whole blood separation membranes MF1, LF1, VF2 &®IDVA were used and
purchased from Whatman (Little Chalfont, Buckingls&ime, United Kingdom).

All the blood samples were obtained from healthjurmteers and collected in tubes
containing EDTA to avoid the clotting of samplesnd® the blood samples were
extracted they were preserved at 4°C for up tovwoaek.

The uTAD images were recorded and processed usuagiety of devices including a
Sony DSC-HX300 digital camera (Sony, Tokyo, Japam)Samsung Galaxy S5
smartphone, a Samsung Galaxy Tab A tablet (Sam&iectronics, Suwon, South
Korea), and a Motorola Moto G4 Play smartphone ¢@ven Goup LTD, Beijing,
China). ImageJ software (National Institutes of IiHledBethesda, Maryland, USA) with
the Color Space Converter plugin_(http:/rsb.inito.gov/ij/plugins/color-space-

converter.html) was used to analyze digital imagesdemux 2.6 (Mean) was used to
obtain single frames from video files for analyisysimageJ. The Anaconda distribution
of Python (Continuum Analytics), OpenCV (Open Seui€omputer Vision), and
Android Studio (Google) were used for the developihté application software for the
processing of video files and for the real-time And app.

The laboratory evaluations of glucose HTAD in whioleod and plasma samples were
completed for validation purposes using an AccukCAwiva Nano glucose meter

(Roche, Switzerland) provided with test-strips.

2.2 Thread-based device preparation

The outer waxy layer of cotton thread, called daticonfers hydrophobic properties
which affects the wicking and wetting propertie®. femove this layer, the thread is
scoured in a boiling solution of 10 mg/mL X5 for 5 minutes (Nilghaz and Shen,
2015). Afterwards, the thread is washed severadgiomtil the rinsate has a neutral pH,
sonicated 3 times in purified water for 5 minutakkpwed to dry at room temperature,
and stored in a closed container for further use.

The basic design of the uTAD for glucose deternmmais shown in Figure 1i. It
consists of a 2.5 cm-long thread attached to eepsaouble-sided adhesive tape with
three different regions: A) a sampling region wheaenple is placed; B) a recognition
region where GOX is retained and@4 produced; and C) a transduction region where

TMB is oxidized changing the color of thread (Sclee8®). To prepare the device, 5.0
4
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puL of 1XPBS is added in the sampling region anovald to dry for two minutes. Then
1.0 pL of 1.74 U/uL GOx is added in the recognitregion followed by 0.35 pL of
20.8 mM TMB in ethanol, 0.35 pL of 3.5-10U/mL HRP, and, after waiting one
minute, 0.7 pL of a 1 mg/mL chitosan aqueous smiuts added to the transduction
region. The device is then left to dry at room tenapure for a few minutes. The
devices are kept in the darkness until use.

Figure 1
For whole blood glucose determination, the uTADpparation was modified for the
small volume of serum produced (Figure 1ii). To.&a dm-long piece of thread 2.5 uL
of 1xPBS is added to the sampling region and altbteedry at room temperature for 10
minutes. Then 0.5 pL of a solution containing 208 U/mL HRP, 3.48 U/mL GOx,
0.5 pL of 14.56 mM TMB in ethanol, and 0.7 puL ofig/mL chitosan in water is
deposited in the recognition and transduction megkonally, a 4 mm x 5 mm diameter
tear-shaped piece of LF1 whole blood separation Ion@ne was placed at the beginning
of sampling region of thread.
In order to use the uTAD for whole blood glucoséedmination we designed a two-
piece methacrylate custom case (Figure 1iii) tldddthe thread in a channel engraved
for this purpose and allows the acquisition of widéth the smartphone. The case was
designed using lllustrator software and engraveagus Rayjet Trotec Laser engraving
printer (Trotec, Austria) using Rayjet Commandetitvgare. A thread and separation
membrane are placed on the grove in the bottorrepesad the top, that has two holes

for sampling and recording the video, is placedrayend the uTAD is ready for use.

2.3 UTAD image capture and processing

The digital images were captured using a Sony D3G9 digital camera and
Motorola Moto G Play smartphone. For still images the camera wass as follows:
resolution of 3648x2736 pixels, aperture value5f/&xposure time 1/40 s, 1SO-80,
2800K white balance (see Figure S1), and image® waved in jpg format (Joint
Photographic Experts Group). For video recordirgs damera was set-up as follows:
resolution of 1440x1080 pixels, 25 frames per sdcamd 2800K white balance, and
the files were saved in MTS (AVCHD) format. All tireages and videos were captured
inside a custom cubic light box illuminated by tb@&D light bulbs (3000K) located in
a fixed position. Image and video files from theADI'were analyzed using ImageJ and

the in-house app. All the optimization relatedhie pTAD and uTPAD, was performed
5
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using the Sony digital camera to image the dewv@alibration and validation of the
device was performed using Motorola Motd Blay smartphone and the custom
Android app.

2.4 Developed software for image-processing

The basic steps employed in the custom image pogesoftware are outlined here,
and a more detailed description is given in theplmentary information. The image
is first transformed from the RGB color space ® HEV color space. The hue channel
is used to identify the type of pixel (e.g. red gdsxare whole blood; blue pixels are
chemically active areas of the thread), and theraabn channel is used to identify the
region of interest and track the degree of colmetigpment. An additional set of values,
the color absorbance ratios, are also calculaiéxse three values, hereafter referred to
as CA123, are defined as the negative log of thie @& two RGB channels. For
example, cAl is the -log(Blue/Green) (Cantrelllet2010). A single region of interest
(ROI) was automatically identified as the largesht@guous group of colored pixels.
Pixels are masked as colored if their saturatiogrésiter than a threshold amousd(@

in an 8-bit image). Only pixels inside this ROleaused in subsequent data
manipulations. For pixels in the ROI, the meandiae, and standard deviation are
calculated for RGB, HSV, and cAl123, and a histogmainthe individual values is
displayed on the screen and recorded in a texafdag with the elapsed time for that
frame. A subset of the data from 12 seconds béf@relapsed time up to and including
the current frame is defined. A least-squares tified¢o the analytical parameter versus
time within the 12s window is then calculated. Hhape of this line is taken to be the
rate of change in the device response. Both theingosverage of the analytical
parameter and the rate of change are displayedpasate auto-scaling plots. The raw
video, processed video, and summary data for earhef are each stored as separate
files. The Android-based application was developed tested using two different
Samsung devices. The final calibration and valaratf the uTPAD was done with a

lower processing capacity Motorola Motd Blay smartphone.

2.5 Calibration and validation of u.TAD and uTPAD
In order to use the uTPAD, 3 uL of whole blood skwas deposited on the sampling
area, and a Motorola Moto*@lay smartphone running the Android-based app was

used to monitor the color change. To validate #wmilts, the concentrations obtained
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were compared to a commercial glucometer (Accu-Eheagether with the glucose
test strips. The test-strip is introduced in thecgimeter, and 0.6 pL of whole blood is
placed on the sampling area to measure the glumossentration with the glucometer.
Each whole blood sample was analyzed 3 times uiiegglucometer and results

obtained compared to the provided by the uTPARImMs of percent error.

3. Results and discussion

Thread is a potential substrate for microfluidicvides fabrication with some
advantages compared to paper such as high mechat@agth (both in dry and wet
conditions), flexibility, lightweight, and ease &inctionalization. A large variety of
materials with different properties are availakd@d the thread itself is the driving
channel, contrary to what happens in paper in wihieh channel must be defined
(Malon et al., 2017;Nilghaz et al., 2013). A vegnumon substrate is cotton, a super-
hydrophilic material, whose specific properties e®p on chemical composition and
surface morphology (Darmanin and Guittard, 2014 )this application, the gaps intra-
yarn, inter-yarn, and lumen of each fiber accoontlie capillary action by wicking the
liquid into the thread (Banerjee et al., 2013). ¥é&ected commercial cotton thread
(~600 p diameter and 250£10 fibers) as the matkmighe capillary platform combined
with paper to implement all analytical operatioparticles separation, fluid transport,
chemistry immobilization and colorimetric transdanot The capillary movement of
water in the selected thread shows minor devidtimm Washburn-type behavior (L=a
J t; a=0.8185+0.0065). ThaTAD designed for glucose determination is a single-
channel device with a sampling area on one enchefthiread and a detection area
containing the recognition chemistry at the otheal.€The principle of the dry-reagent
cotton thread-based assay is based on enzymatatma of glucose using GOx/HRP

and colorimetric transduction with TMB.

3.1 uTAD optimization

To adjust the enzymatic solution method to the pTiABnat, different variables were
studied and optimized (additional details are giuethe supplementary information).
For the transduction reactions the on-thread TMBh@hilization, the amount of TMB
and HRP, and the pH adjustment were all optimiEea.the recognition reactions the
amount of GOx and volume of sample added were extiudiMB is the reagent selected

for the optical transduction of the enzymaticalgngrated KD,. TMB is insoluble in

7
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water, but the blue oxidation product is solubld aan be dragged through the medium
by the sample. Chitosan is used to preconcenth&texidized TMB in the detection
area as it is strongly retained to paper (Arizadad et al., 2016;Gabriel et al., 2016)
and cloth-based devices (Bagherbaigi et al., 20k4¥lows the movement of the
oxidized TMB and increases the homogeneity of th@l RLiu et al.,, 2014). The
deposition of 0.7 pg of chitosan (0.7 pul of 1 mg/wdlution) reduces the length of
TMB oxidized area (16%) and improves reproducipilifrom 20.3% CV without
chitosan to 3.6% with it, n=3) (Table S1).

As TMB and HRP mutually influence one another, ttagtimization was performed
simultaneously by a factorial design obtaining aimam saturation signal for 14.0 pU
and 7.3-18 pmol of HRP and TMB, respectively (Figure S3). Timemobilization by
drying of pH 7.4 PBS buffer in the thread improtke precision (7.6% compared to
11.5%) and simplifies the use of the device, thesincluded the buffer in the uTAD
although it reduces the equilibrium value of theisstion signal (Figure S4).

To study the GOx dependence, different concentrativere deposited on the thread
and the evolution of saturation signal was mondareer time (Figure S5). The largest
saturations were obtained with 1.74 U of GOx. lestingly a substantial lowering in
the reaction time for equilibration (100 s) was ated, which is a much lower time
than described in literature, typically around 1@ fTable S3).

The maximum saturation signal was obtained for LGamples. For smaller volumes,
the signal decreases because a smaller amouniaafsgl is present, and the precision is
lower due to the thread not being completely wegufe S6). Alternatively, at higher
sample volumes the oxidized TMB is dragged from RdHcreasing the signal and

lowering the precision.

3.2uTAD analytical characterization

To study the performance of the system we prepHbedifferent glucose standards, five
replicates each, using 50 different uTAD deviceackeis a one-use device) while
recording the evolution of colors with a smartphanereal-time using the custom
Android app. As analytical parameters we studiett lbloe initial reaction rate using a
window of 12 s from the time when the app detecthange on the color of thread
(Figure 2) and the equilibrium signal measuredh&ssaturation 100 seconds after the

sample addition (Figure S7). In both cases, thatiogiship between the logarithm of
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glucose concentration and the analytical paramistesigmoidal and is fitted to a

Boltzmann equation (Equation 1).

(A1—43)
y=4+ 1(x-:3) E-q

1+e Asa

Figure 2
Analytical figures of merit obtained using both meds (rate based and equilibrium)
are shown in Table 1. The limit of detection wagwated as 6 times the standard
deviation of the blank (Mistberger et al., 2014htaoning a value of 48 UM for initial
rate and 12 pM when equilibrium saturation is ugdese values are much lower than
those in the literature for colorimetric WPAD’s fgiucose (Chun et al., 2014;Gabriel et
al., 2017;Gonzalez et al., 2016) and comparablthdse obtained by a bipolar ECL
thread-based method (Liu et al.,, 2017) (Table 38)precision study was also
performed at three different concentrations, 10icafes each, obtaining values ranging
from 5.5% to 7.8%. Although an analysis time of Ha@onds is a major improvement
for colorimetric devices compared with literatudgiga-Avidad et al., 2016;Gabriel et
al., 2017;Zhu et al., 2017), the use of initiakrateasured in real-time further reduces
the analysis time down to 12 seconds. A study efsthbility of uTAD over time in two
different preservation conditions, fridge and deaior, showed short lifetimes (Figure
S8) as is typical for these systems (Zhu et all,720

Table 1
3.3 Glucose determination in whole blood
To perform the conventional spectrophotometric mheiteation of glucose in blood in
the laboratory, it is necessary to separate plasoma the RBC via centrifugation, to
avoid their interference in the blue color of oxiell TMB (Li and Steckl, 2018). In
order to meet the ASSURED guidelines (Mabey et26l04), we studied the inclusion
of an RBC separation step in the developed pTADeM®eping the device as small as
possible.
Different strategies have been described in liteeato integrate RBC separation from
plasma in paper and thread devices. Some are bastt use of different salts in the
thread to induce blood clotting, such as NaCl (halg and Shen, 2015;Yan et al., 2014)
or CaC} (Li et al.,, 2014); anticoagulants such as EDTA ufol et al., 2016);
agglutinating antibodies (Al-Tamimi et al., 2012n¢a and Lin, 2015) or paper
membranes (Songjaroen et al., 2012).
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The use of NaCl or EDTA in different conditionsaincentration and temperature did
not result in appreciable separation of plasmaensimall volumes of blood used (see Sl
3.8). Blood filter paper (Songjaroen et al., 20iused to separate the RBC from
whole blood by trapping them on the membrane whllewing plasma to flow by
capillarity to the recognition area. As paper fiétéo remove particles greater than 2—3
pm, we tested polyvinyl alcohol-bound glass fibemnbranes (MF1, LF1 and VF2) and
binder-free glass fiber membrane (VF1). To teseffipapers, a 6 mm round shape
membrane was located at the beginning of the uTA® B0 pL of whole blood was
used. Only LF1 paper provided a sufficient amanfrglasma for samples this small.
To reduce the blood volume needed, we designedrasbape membrane connected to
the thread by the tip (Figure 1ii) and tested dédfe tear sizes and blood volumes. We
selected a 4 mm x 5 mm diameter tear-shaped memlaraoh 3 pL of blood. Figure 3
shows the plot-line saturation profiles of the deviith 3 uL and 4 pL of blood. A
sharp change in saturation is observed for the 3arhple size indicating better RBC
separation than the progressive increase seee i . sample size.

Figure 3
Due to the low volume of plasma obtained from 3qilwhole blood, it was necessary
to redesign the device to overlap the recognitiod detection areas (Figure 1ii).
Consequently, we designed a combined thread — pajgeofluidic device, a uTPAD,
to include the different analytical operations reeéor glucose analysis in total blood:
RBC separation, conditioning, recognition, and scarction.
For ease the use, we designed a custom casingipiege methacrylate. The bottom is
engraved with a slit that allows lodging both theetd and the membrane in a fixed
position. The top has two holes for sampling antlecobng the signal with the
smartphone (Figure S4). This housing was designddlfill the ASSURED guidelines
of user-friendly operation and safety; the usemcatouch the sampling area or thread
where the reaction will occur.
To calibrate the pTPAD a series of whole blood damwith known amounts of
glucose around physiological levels were prepa#esl pL aliquot of whole blood was
left at room temperature for 6 hours so that glysisl consumes the glucose present,
and it was then spiked with 0.5 pL of a glucosexéaad. The calibration function is
shown in Figure 4, and the details of the fit tter equation and figures of merit are
presented in Table 1. Due to the rapid change ior af the uTPAD when a whole

blood sample is analyzed, it is not possible totheanitial rate as analytical parameter.
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Figure 4

A precision study was carried out at 50.0, 90.0 4hd.0 mg/dL of glucose, with 10
replicates per solution. Relative standard deuastioof 6.6%, 6.9% and 5.2%,
respectively, were measured. Taking into accouglt tte precision of the colorimetric
method in a laboratory is around 5% (Burtis andnByi2007), the values obtained with
this device are quite acceptable. This completéesysiot only measures the glucose
concentration, but it also separates plasma fromlevblood and performs multiple
buffered reactions without any manipulation of sEminally, the price of a sensor
was estimated to be 0.0087 €/uTPAD without the eage0.0999 €/uTPAD including
it. (Table S2).

Once the development and optimization of the dfiervariables were performed, a
study of interference species was carried out {@e@&.1 in the SI) and finally, the
UTPAD was applied to real whole blood samples seggrom seven different healthy
volunteers. In all cases, 3 puL of blood was addethée pnTAD without any kind of
previous treatment. The measured values range 3o 17% (Table 2) percent error

when compared to a commercial glucose meter.

4. Conclusions

This study develops the first colorimetric micraflic-based procedure combined with
a smartphone app to obtain kinetic or equilibriugnals in real time. The procedure is
implemented in a microfluidic single-channel devtbat combines cotton thread and
paper,uTPAD, for glucose analysis in whole blood with reed for any pre-treatment.
The combination of several analytical operationshsas buffering, and the separation
of the red blood cells from the plasma, along witie use of thread as the support
simplifies the operational procedure and reduces ahalysis time. The analytical
approach shown here can be extended to the real#tmonitoring of a variety of
chemicals or biomarkers by selecting the type dafcedure (kinetic/equilibrium),
depending on the concentration of the analyte imbgpation with capillary
microfluidic devices. This strategy opens the waythte simple application of kinetic
procedures using a smartphone, increasing thetitdysaf ready-to-use procedures.
The main limitation of the presented procedureeiated to the short lifetime of the
uTPAD device, due to the loss of activity of the ynatic material. Future work will
focus on replacing enzymes with nanozymes or inetuénzymes in co-embedded

flower-like nanomaterials to improve the lifetimétbe device, as well as developing
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kinetic procedures for on-site detection basedroggssing information captured with a
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Table 1. Calibration function and analytical parametertaf tnethod when saturation and initial rate are
used as analytical parameter.

Calibration function Calibration function Calibration function
(Initial rate) (Saturation) (Total blood)
Al -0.006 Al 0.164
A2 3.352 A2 0.776 Intercept 5.344
A3 2.666 A3 2.403 Slope 0.257
A4 0.320 A4 0.490
R? 0.987 R? 0.966 R? 0.991
LOD 48 M LOD 12 uM LOD 28 mg/dL
Arg%;gsis 12s A?ﬂ\?is 100 s Arﬁ])ésis ~10s
Precision(n=10)
15 uM 10.2 % 15 uM 7.8 % 50 mg/dL 6.6%
125 uM 5.7 % 125 pM 7.2% 90 mg/dL 6.9 %
500 pM 9.1% 500 uM 5.5 % 110 mg/dL 5.2 %
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562 Table 2. Validation of whole blood samples using the uTPABd a commercial glucose meter as
563 reference method.

564
565

Whole blood sample Glucose meter HTPAD | Error|

1 65 mg/dL 67 mg/dL 3%
66 mg/dL 72 mg/dL 10%
51 mg/dL 60 mg/dL 17%
65 mg/dL 59 mg/dL 10%
73 mg/dL 75 mg/dL 3%
119 mg/dL 113 mg/dL 5%
67 mg/dL 79 mg/dL 4%
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Figures

Figure 1.i) Picture of the uTAD for glucose: A) Samplinggien; B) detection region;
C) transduction region. ii) Picture of uTPAD for @@ blood glucose: D) RBC paper
based separation membrane and sampling area; &gjtidet and transduction area. iii)
Case designed to contain the pTPAD with a holéfeod sampling and a window for
video recording.

Figure 2. Calibration of uTAD sensing membrane using initiale and adjust to a

Boltzmann equation.

Figure 3. Saturation (S) plot profile of the device when eliéint volumes of 3 and 4 pL
of whole blood sample are added. i) 3uL; ii) 4pL.

Figure 4. Calibration (n=5) of uTPAD obtained from whole btb spiked samples

using saturation (S) as analytical parameter.
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Highlights

- A UTPAD for the determination of glucose in whole blood has been developed using 3uL of
sample.

-The device include analytical operations needed: red blood cell separation, sample
conditioning, enzymatic recognition, and colorimetric transduction.

- An Android based app permit the automatic detection of the ROl on the thread allowing for
the use of either initial rate or equilibrium signal as analytical parameters.
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