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Abstract: Chronic kidney disease (CKD) is a progressive condition that affects more than 10% of the
world’s population. Monitoring urine albumin and creatinine ratio (W ACR) has become the gold
standard for nephropathy diagnosis and control. The objective of the present study was to develop
a simple, accurate, sensitive, and rapid point-of-care test (PoCT) device - MYUALBUMIN that
community healthcare professionals can use in resource-limited facilities and by patients in their
own homes for screening the risk and monitoring the progress of CKD. Albumin and creatinine
concentrations in urine samples were determined using spectrophotometric dye (tetrabromophenol
blue)-binding and colorimetric Jaffe’assay, respectively. Urine samples were diluted with distilled
water (1:80) and mixed separately with albumin and creatinine reaction mixture. The creatinine
reaction was incubated at room temperature (25°C) for 30 minutes before analysis. Optical density
(OD) was measured at the wavelengths of 625 nm (albumin) and 515 nm (creatinine). All calibration
curves (2-60 mg/L and 0.25-2 mg/dL for albumin and creatinine) yielded linear relationships with
correlation coefficients (r2) of > 0.999. Good accuracy (%DMYV <+ 2.88%) and precision (%CV <3.0%)
were observed from both the intra- or interday assays for the determination of albumin and
creatinine by MYUALBUMIN. The limit of quantification (LOQ) of albumin and creatinine in urine
samples determined by MYUALBUMIN and laboratory spectrophotometer were 2 mg/L and 0.1
mg/dL, respectively, using 37.5 uL urine samples. The device was well applied with clinical samples
from 13 CKD patients. The median (range) of %DMV of the central (hospital) laboratory method
(immune-based assay) was 3.18 (-10.11 to 14.12)%, with a high correlation coefficient (1> >0.99). In
conclusion, MYUALBUMIN showed satisfactory test performance in terms of accuracy,
reproducibility, sensitivity, and specificity. The device would have significant economic benefits
besides obviously improving clinical decision-making processes.

Keywords: albumin; albumin-creatinine ratio; creatinine; microalbumin; point-of-care medical
device

1. Introduction

Nephropathy is one of the global health problems, with an increasing prevalence worldwide in
recent years [1]. The leading causes of nephropathy are generally diabetes and hypertension, which
can lead to kidney damage, chronic kidney disease (CKD), kidney failure, and even death [2]. CKD
is defined as either kidney damage or a glomerular filtration rate (GFR) < 60 mL/min per 1.73 m? for
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three months or more, irrespective of cause, and stages of CKD severity are classified based on GFR
[3]. In its early stages, CKD shows very few signs or symptoms. As the disease progresses, patients
may experience nausea, vomiting, fatigue, sleep problems, shortness of breath, lower back pain, and
swelling of the feet and ankles. In severe cases, CKD may also result in vascular disease, cognitive
dysfunction, anemia, osteoporosis, and fractures [4]. Early detection of nephropathy, especially in
patients with diabetes and hypertension is urgently required to prevent the progression of kidney
damage.

Kidney function disorders and kidney disease are commonly diagnosed through 24-hour urine
tests, where urine is collected over 24 hours to obtain a more reliable evaluation of the body’s
condition [5]. Creatinine and microalbuminuria detection are standard and widely used laboratory
tests for kidney disorders. However, such tests are not only inconvenient from the patient’s
perspective but may also carry the risk of low adherence to instructions. Random urine albumin-to-
creatinine ratio (WACR) is highly correlated with 24-hour urine albumin, which is of great significance
for accurate and practical early detection and ongoing monitoring of the progression of CKD [6-10].
Nephropathy occurs when the uACR is > 30 mg/g creatinine or microalbuminuria is present (urinary
albumin 30-300 mg/24 hours) [11]. Without early detection and treatment, microalbuminuria may
progress to irreversible macroalbuminuria (>300 mg/24 hours) [12], which increases the risk of CKD
progression and cardiovascular events. This emphasizes the need to develop highly sensitive point-
of-care testing (PoCT) devices for rapid microalbuminuria tests to facilitate early CKD detection,
monitoring, and management.

The objective of the present study was to develop a simple, accurate, sensitive, and rapid PoCT
device - MYUALBUMIN that can be used by community healthcare professionals in resource-limited
facilities and by patients in their own homes, for screening the risk and monitoring the progress of
CKD. The clinical applicability of the device was validated in comparison with the gold standard test
used in the central laboratory (immune-based assay) in urine samples obtained from CKD patients.

2. Materials and Methods
2.1. Chemicals and Reagents

Creatinine, tetrabromophenol blue (TBPB), picric acid (PA), and human serum albumin (HSA)
were obtained from Sigma-Aldrich (Missouri, USA). Sodium sulfate anhydrous was purchased from
QReC, New Zealand. Trisodium citrate dehydrate, calcium chloride, ammonium chloride,
magnesium sulfate heptahydrate, and disodium oxalate were obtained from Loba Chemie (Mumbai,
India). Urea was purchased from Bio-Rad Laboratories (California, USA). Potassium chloride and
sodium chloride were obtained from Ajax Finechem (Wollongong, Australia). Sodium phosphate
monobasic monohydrate and sodium phosphate dibasic heptahydrate were purchased from Carlo
Erba (Emmendingen, Germany) and Merck (Darmstadt, Germany), respectively. Sodium bicarbonate
was obtained from (Pennsylvania, USA).

A stock solution (20 mg/mL) of HSA and creatinine was prepared with deionized water and
stored at 4 -C. The working solutions were obtained by diluting the stock solution with water before

use.
Artificial urine was prepared using the ingredients shown in Table 1 [13].
Table 1. Composition of artificial urine used to evaluate the test performance of MYuUALBUMIN
[13].
Combosition Molecular Molecular weight  Final concentration
P formula (g/mol) (mM)
Sodium sulfate anhydrous Nax50s 142.04 9
Trisodium citrate dehydrate =~ NasCsHs072H20 294.1 5
Urea CHsN20 60.06 200
Potassuium chloride KCl 74.55 30

Sodium chloride NaCl 58.44 54
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Calcium chloride CaClz 110.99 3
Ammonium chloride NH4Cl 53.49 15
Magnesium sulfate heptahydrate =~ MgSO4.7H20 246.47 2
Sodium phosphate monobasic NaH2PO4+.H20 137.99 3.6
monohydrate
Sodium phosphate dibasic Na:HPO4+.7H20 268.03 0.4
heptahydrate
Sodium bicarbonate NaHCO; 84.01 2
Disodium oxalate Na2C204 134 0.1

2.2. Instrumentation and Measurement Platform

MYUALBUMIN was developed as a colorimetric-based spectroscopic PoCT device to determine
HACR utilizing a dual optical sensor. The test platform of the MYUALBUMIN device is shown in
Figure 1, and the schematic diagram of the system operation is shown in Figure 2. The MCU
(microcontroller unit) sends a signal to the constant current source circuit to transmit UV light at 625
nm and 515 nm to pass through the cuvette and photodiode amplifier circuit. The detector receives
Vour-1 and Vou-2 signals, converts them to ADC (analog-to-digital converter), and filters out only the
desired frequency signals. The noise from outside ambient light is removed and used to calculate the
absorbance value according to the equation:

T=1/lo 1)

A =log1 (1/T) or A =2 —1logio(%T) 2)

Where T = transmittance, I = transmitted light, Io = incident light, A = absorbance.
The absorbance value at 625 nm is used to calculate albumin concentration according to the
equation:

Albumin = [(A-intercept)/slope] * Dilution factor 3)

Where A is an absorbance at 626 nm and slope, and intercept are from the linear calibration.
The absorbance value at 515 nm is used to calculate creatinine concentration according to the
equation:

Creatinine = [(A-intercept)/slope] * Dilution factor 4)

Where A is an absorbance at 515 nm and slope and intercept are from the linear calibration.
The albumin-creatinine ratio (WACR) is calculated according to the equation:

UACR = (Albumin * 100)/Creatinine 5)

Results are displayed and interpreted as follows: i) normal urinary albumin if uACR < 30 mg/g
creatinine, ii) microalbuminuria if uACR =30-300 mg/g creatinine, and iii) macroalbuminuria if uACR
>3,000 mg/g creatinine [14,15].
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Figure 1. (a) MYHALBUMIN device and (b) measurement platform.
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Figure 2. Schematic diagram showing the operational workflow of MYuALBUMIN.

2.3. Colorimetric Detection of Albumin and Creatinine

Albumin concentrations in urine samples (artificial and clinical samples) were determined using
a spectrophotometric dye-binding assay. The dye used in the reaction was tetrabromophenol blue
(TBPB) [16].

Albumin + tetrabromophenol blue in acetate buffer (pH 3.2) = ALB-TBPB Complex

Concentrations of creatinine (artificial and clinical samples) were determined using the
colorimetric Jaffé reaction in alkaline conditions [17].

Creatinine + Picric Acid + NaOH =» CRE-Picrate Complex
The reaction mixture of creatinine was incubated at room temperature (25°C) for 30 minutes,

and uACR was determined using MYUALBUMIN.

2.4. MYuALBUMIN Detector Linearity

UV-visible absorbance of standard solutions of albumin (3 concentrations: 10, 40, and 60 mg/L)
and creatinine (3 concentrations: 0.25, 1, and 2 mg/dL) following the reactions described above were
recorded using MYUALBUMIN at the absorbance of 625 nm and 515 nm, respectively. The measured
values of both albumin and creatinine at all concentrations were within acceptable limits, i.e., <+10%
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deviation from the values measured using a laboratory spectrophotometer (PERSEE T6U UV/VIS
Spectrometer, California, USA).

2.5. Measurement of Albumin and Creatinine in Urine Samples

For albumin reaction, 2 mL of the mixture of tetrabromophenol (TBPB, 5x10% M) and 1% Triton
X-100 in 0.05 M acetate buffer (pH 3.2) was thoroughly mixed with diluted urine (37.5 puL) sample in
distilled water (1: 80) [16]. For the creatinine reaction, the alkaline picrate reaction mixture of picric
acid (1 mL) and sodium hydroxide (1 mL) was thoroughly mixed with a diluted urine sample in
distilled water (1: 80) and incubated at room temperature for 30 minutes before analysis[17]. The
optical density (OD) of the mixture of urine sample (3 mL each) for determination of albumin and
creatinine concentrations were measured against respective blank solutions in sample holders No. 1
(absorbance at 625 nm) and 2 (absorbance at 515 nm), respectively. The color intensity was corrected
into Aintensity (absolute value) by subtracting the blank intensity and adjusting with the dilution
factor (1:80).

2.6. Validation of Test Performance of MYuALBUMIN
2.6.1. Calibration Curves

For analysis of albumin in artificial urine samples, calibration curves were prepared by replicate
analysis of seven samples (37.5 puL each) spiked with varying concentrations of albumin (0, 2, 5, 10,
20, 40, and 60 mg/L. Samples were analyzed as described above.

To analyse creatinine in artificial urine samples, calibration curves were prepared by replicate
analysis of six samples (37.5 uL each) spiked with varying concentrations of creatinine (0, 2.5, 5, 10,
15, and 20 mg/dL). Samples were analyzed as described above.

2.6.2. Accuracy

The accuracy of MYPALBUMIN for determination of albumin in artificial urine samples was
determined by replicate analysis of five sets of samples spiked with three different concentrations of
albumin (10, 40, and 60 mg/L).

The accuracy of MYUALBUMIN for the determination of creatinine in artificial urine samples
was determined by replicate analysis of five sets of samples spiked with three different
concentrations of albumin (0.25, 1, and 2 mg/dL).

The accuracy of the assay method was reported as the percentage deviation of the mean value
(%DMYV) from the theoretical value (laboratory spectrophotometer):

Accuracy (%) = [(mean — nominal)/nominal] x 100 (6)

2.6.3. Precision

The precision of MYUALBUMIN for determination of albumin in artificial urine samples based
on within-day (repeatability) and day-to-day (reproducibility) variation was determined by replicate
analysis of five sets of samples spiked with three different concentrations of albumin (10, 20, and 60
mg/L).

The precision of MYUALBUMIN for the determination of creatinine in artificial urine samples
based on within-day and day-to-day variation was determined by replicate analysis of five sets of
samples spiked with three different concentrations of creatinine (0.25, 1, and 2 mg/dL).

The coefficient of variation (CV) was calculated from the ratio of standard deviation to the mean
and expressed as a percentage:

% CV = standard deviation/ mean x 100 (7)
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2.6.4. Limit of Quantification

The limit of quantification (LOQ) of MYUALBUMIN for determination of albumin and
creatinine in artificial urine samples was determined from the lowest concentration of albumin or
creatinine (in spiked urine samples) that produced CV <+25% of spiked concentrations.

2.7. Application of MYUALBUMIN to Clinical Samples

The study was approved by the Ethics Committee, Faculty of Medicine, Thammasat University
(Project number MTU-EC-O0-2-1-168/66, approval number 266/2566). The study was conducted at
Thammasat Chalermprakiet Hospital and the Thammasat University Center of Excellence in
Pharmacology and Molecular Biology of Malaria and Cholangiocarcinoma, following the guidelines
outlined in the Declaration of Helsinki. Written informed consent was obtained from all subjects
before study participation.

Random urine samples (2-3 mL) were collected from 13 CKD patients. All samples were stored
at -20 »C until analysis. Concentrations of albumin and creatinine in urine samples were measured as
described above, and the uACR values of each sample were determined using the MYuUALBUMIN
device and compared with a laboratory spectrophotometer and central (hospital) laboratory method
(immune-based assay). The immune-based assay (Dimension Clinical Chemistry System, SIEMENS,
Germany) was performed by Bangkok Pathology Laboratory, Bangkok, Thailand. The microalbumin
method is based on particle-enhanced turbidimetric inhibition immunoassay. The creatinine method
measures creatinine enzymatically.

2.8. Statistical Analysis

Statistical analysis was performed using SPSS 17.0 software. Quantitative variables are
summarized as median (range) values. Deviation from the mean of the uACR values measured using
MYuUALBUMIN and those measured using the standard spectrophotometer were calculated and are
expressed as %DMV (% deviation from mean value). The correlation between the uACR values
measured using both equipment was determined using Spearman’s correlation test at a statistical
significance level of a=0.05.

3. Results
3.1. Validation of Test Performance of MYuALBUMIN Device

3.1.1. Calibration Curves

Urine analyses of albumin and creatinine by MYpPALBUMIN were calibrated using the
concentration range of 2-60 mg/L and 0.25 — 2 mg/dL, respectively. All calibration ranges yielded
linear relationships with correlation coefficients (r2) of 0.999 or better (Figures 3a,b and 4a,b).
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Figure 3. Calibration curves of albumin at the concentration range of 0-60 mg/dL determined by (a)
MYUALBUMIN and (b) laboratory spectrophotometer.
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Figure 4. Calibration curves of creatinine at the concentration range of 0-2 mg/dL determined by (a)
MYPALBUMIN and (b) laboratory spectrophotometer.
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3.1.2. Accuracy

Good accuracy was observed from both the intra- or interday assays for determination of
albumin and creatinine by MYHALBUMIN, as indicated by the minimal deviation of mean values
found with measured samples from that of the theoretical values (actual amount added), with %MDV
of lower than +2.88 % at all investigated concentrations (Table 2a-b).

Table 2. Intra- and inter-assay precision and accuracy of albumin assay determined by
MYUALBUMIN compared with laboratory spectrophotometer.

Albumin concentration added (mg/L) Precision (%CV) Accuracy (%DVM)
Intraday Interday Intraday Interday
MYuUALBUMIN
10 2.52 4.58 1.43 4.29
40 1.34 3.02 2.36 1.07
60 1.44 2.75 -0.90 -1.57
Spectrophotometer

10 2.86 3.77 3.51 6.22
40 0.30 1.00 1.96 2.50
60 1.42 0.87 -0.95 -0.95

3.1.3. Precision

Slight variation (intra- and inter-assay variation) of albumin and creatinine assays in urine
samples was observed with CV below 3 % at all investigated concentrations (Table 3a-b).

Table 3. Intra- and inter-assay precision and accuracy of creatinine assay by MYUALBUMIN
compared with laboratory spectrophotometer.

Creatinine concentration added (mg/L) Srecision CoCh) Accuracy (%DVM)

Intraday Interday Intraday Interday
MYuUALBUMIN

0.25 1.21 12.69 5.42 -2.82

1 1.08 4.54 4.77 1.03

2 1.35 3.53 -2.57 -4.14

Spectrophotometer

0.25 1.99 2.35 2.61 3.83

1 1.25 2.32 -0.15 1.43

2 1.42 2.40 -0.20 1.23

3.1.4. Limit of Quantification

The LOQ of albumin and creatinine in urine samples determined by MYUALBUMIN and
laboratory spectroscopy were 2 mg/L and 0.25 mg/dL, respectively, using 37.5 uL urine samples.

3.2. Application to Clinical Samples

To evaluate the clinical applicability of MYUALBUMIN, the uACR values in urine samples of 13
CKD patients measured by MYUALBUMIN were compared with those measured by the laboratory
spectrophotometer and central (hospital) laboratory (immune-based assay) methods. The median
(range) of %DMV of the spectrophotometer and immune-based method were -2.15 (-14.18 to 11.65)%
and 3.18 (-10.11 to 14.12)%, respectively. The correlation of the values measured between the two
methods was high, with r2of > 0.99 (Figure 5a,b).
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Figure 5. Correlation between HACR measured by (a) MYUALBUMIN vs. laboratory
spectrophotometer and (b) MYUALBUMIN vs immune-based assay (gold standard).

4. Discussion

Of all proteins, albumin, synthesized in the liver, is very important as an active substance in the
human body. In healthy individuals, the albumin content in urine is typically less than 30 mg/g
creatinine, and any value higher than this may indicate potential kidney disease [18]. Creatinine is
the ultimate metabolite of nitrogen elements in the human body, primarily excreted from the blood
by the kidneys, specifically through glomerular filtration. Low urinary excretion of creatinine reflects
impairment of kidney function and corresponding renal diseases [19].

The use of the urine (random) albumin to creatinine ratio (WACR) is currently recommended as
the preferred screening strategy for the risk and monitoring of the progress of CKD [20]. The standard
method for uACR determination involves measuring albumin and creatinine separately using
automated machines. The available analytical techniques used for detecting each substance are
complex, time-consuming, and expensive and require modern and less portable instruments, high-
cost analyses, large sample and reagent volumes, and the services of skilled medical technicians. Due
to the low concentration of microalbuminuria in urine, it is difficult to measure the concentration
level using a spectrophotometer and colorimetric methods [21] and more specific methods such as
immunoturbidimetry [22,23], immunoassays [24,25], radioimmunoassay [26], and liquid
chromatography have been applied [27]. In addition, several sensitive methods have been developed
to determine microalbuminuria and/or uACR. These include paper-based analytical devices (PAD)
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[8,28-32], microfluidic sliding PAD [33], sequential injection analysis (SIA) [34,35], and mono-
segmented sequential injection lab-at-valve (SI-LAV) system [36]. Although the performance of some
tests is considered good, they are time-consuming and require complicated devices or external tools
such as pumps and high voltage-machines, which are impractical for PoCT. Therefore, developing a
simple device with a short analysis time is needed to be portable, cost-effective, and affordable for
the PoCT of CKD.

Research articles on developing PoCT devices for uACR measurement have highlighted
technological advances, biosensor-based approaches, microfluidic systems, smartphone-based
technologies, clinical validation studies, and challenges in translation and implementation.
Biosensors typically involve immobilizing specific antibodies or aptamers on a sensor surface to
capture albumin, followed by detecting creatinine or albumin-creatinine complexes. Such biosensors
offer the advantages of rapid analysis, minimal sample volume requirements, and potential for PoCT.
However, they may be susceptible to interference from matrix components or substances in biological
samples, leading to false-positive or false-negative results. Some biosensors may exhibit limited
sensitivity, particularly when detecting low concentrations of albumin or creatinine in urine samples
[37]. Microfluidic-based PoCT devices have gained attention for their ability to perform complex
sample handling and analysis tasks on a miniaturized platform [8,9,28,31]. Microfluidics have been
integrated with sensing elements for uUACR measurement, enabling precise control of sample flow
and reaction kinetics. These systems may, however, encounter challenges related to sample handling,
such as sample evaporation, air bubble formation, and clogging of microchannels. Smartphone-based
PoCT devices have emerged as promising platforms for decentralized testing [38—40]. These devices
leverage smartphones’ computational power and connectivity to perform uACR analysis using built-
in cameras, sensors, and dedicated mobile applications. The measurement modes include
colorimetric assay, fluorescence detection, and paper-based microfluidics. Smartphone-based assays
may face compatibility issues with different smartphone models or operating systems, limiting their
universal applicability.

The PoCT devices commercially available for determining uACR are immune-based assays.
These include the DCA Vantage Analyzer (Siemens, Germany), AfinionTM AS100 Analyzer
(Abbotts, USA), NycoCardTM READER II (Abbotts Rapid Diagnostics, USA), and QuikRead goTM
Instrument (Orion Diagnostica, Finland) [41]. While PoCT devices offer numerous advantages for
uACR measurement, including rapid results, point-of-care testing, minimal sample volume, ease of
use, and portability, they also present limitations related to cost, quality control, interference,
regulatory compliance, and data management.

In this study, we developed MYHALBUMIN as a PoCT for screening the risk and monitoring
the progress of CKD using HACR as a biomarker. The device is portable, user-friendly, accurate,
reproducible, and cost-effective, with comparable performance to laboratory spectrophotometer. The
analysis runtime is relatively short (reaction time=30 minutes and analysis time < 1 minute). The test
procedure is also simple, making the device suitable for use at patients’ homes and in community
healthcare facilities with limited laboratory facilities. Unskilled users can operate MYuUALBUMIN,
and minimal to no auxiliary equipment is needed. The methods are based on colorimetric dye-
forming reactions, in which the optical density of the color complex formed from each reaction is
measured using visible UV at wavelengths of 515 nm (for creatinine) and 625 nm (for albumin).
Moreover, the proposed system utilized the slimmer cuvettes (12.5x7.5x45 mm) than the conventional
cuvettes (12.5x12.5x45 mm) in a spectrophotometer with the same pathlength (10 mm) to reduce the
measuring solution volume. The device can simultaneously measure both compounds and provide
uACR for each sample. The Jaffe reaction is the most commonly used method for creatinine
determination, relying on the formation of an absorbing complex during the reaction of creatinine
with picric acid. Several dyes have been used in the albumin reaction, including methyl orange,
bromocresol green and bromocresol purple [42], bromophenol blue [43], tetrabromophenol blue [44],
bromochlorophenol blue [45], Commassie Brillant Blue G [46], and eosin [47] dyes. Calibration curves
for both compounds can be prepared only once when the device is first used, and the information is
recorded in the device database. uUACR can be measured in a single random urine sample without
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the requirement of batch analysis. The accuracy and reproducibility of both assay methods are within
acceptable ranges (%DVM < +2.88%, %CV < 3.0%). Although the methods are based on spectroscopic
assays, the sensitivity of albumin and creatinine analyses is in an acceptable range. It is adequate to
detect microalbuminuria (LOQ) of 2 mg/L and 0.25 mg/dL for albumin and creatinine, respectively).
Quality control (QC) samples (with three concentrations: low, medium, and high) should be
integrated into the analysis at least once every two weeks. An acceptable deviation of uACR values
from each QC sample is +5%. New calibration curves are required to accurately analyse uACR in case
of deviation outside this acceptable limit. The clinical applicability of MYUALBUMIN to determine
uACR was well demonstrated in urine samples collected from 13 CKD patients. An excellent
correlation (r2 > 0.994) was found between the values measured by the device compared with
laboratory spectrophotometer and the gold standard method used in the central (hospital) laboratory
(immune-based assay).

5. Conclusions

MYUALBUMIN, a simple platform based on colorimetric detection for the determination of
uACR was developed for use as a PoCT for determining the risk and monitoring the progress of CKD.
The device showed satisfactory accuracy, reproducibility, sensitivity, and specificity test
performance. The device would have significant economic benefits besides obviously improving
clinical decision-making processes. Validation of the clinical application of the device in a large
sample size, including healthy subjects, CDK patients, and different groups of patients at risk of CKD
(particularly those with diabetes and hypertension), is underway.

6. Patents

The innovation patent ' MYUALBUMIN' is approved by the Department of Intellectual Property
of Thailand (No. 2302005386).
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