Journal of Clinical Laboratory Analysis 28: 281-286 (2014)

Evaluation of the URiISCAN Super Cassette ACR
Semiquantitative Urine Dipstick for Microalbuminuria Screening

Min-Chul Cho,' Misuk Ji,? So Young Kim,> Wonho Choe,* Woochang Lee,®> Sail Chun,**
and Won-Ki Min®

'Department of Laboratory Medicine, Gyeongsang National University Hospital and Gyeongsang National

University School of Medicine, Jinju, Korea
2Department of Laboratory Medicine, Eulji University Hospital, Eulji University School of Medicine,
Daejeon, Korea
3Department of Laboratory Medicine, St Paul’s Hospital, College of Medicine, The Catholic University of
Korea, Seoul, Korea
“Department of Laboratory Medicine, Eulji University School of Medicine, Seoul, Korea
SDepartment of Laboratory Medicine, Asan Medical Center, University of Ulsan College of Medicine,
Seoul, Korea

Background: Microalbuminuria tests are
used as screening tools for diseases,
such as diabetic nephropathy, cardiovas-
cular disease, and hypertension. The pur-
pose of this study was to evaluate the
utility of a newly introduced semiquantita-
tive urine dipstick, URISCAN Super cas-
sette ACR (URiSuper-ACR [where ACR is
albumin/creatinine ratio]; YD Diagnostics
Corp., Korea), as a screening tool for mi-
croalbuminuria. Methods: Albumin and cre-
atinine levels in randomly selected spot
urine samples of 1,040 patients were semi-
quantitatively measured using URiSuper-
ACR. Results using URiSuper-ACR sys-
tem were compared to measurements
obtained by quantitative analyzer. We also
calculated diagnostic sensitivity, specificity,
precision, linearity, and categorical concor-
dance rates for the diagnosis of microal-
bumiuria using this system. Furthermore,
we performed interference tests using stan-
dard controls to evaluate possible influence
of various factors. Results: URiSuper-ACR
test showed 88.8% and 86.3% sensitivity

and 90.1% and 93.8% specificity for albu-
min concentration and ACR, respectively.
It also showed 91.1% and 92.6% positive
predictive values and 87.6% and 88.5%
negative predictive values, respectively. The
concordance rate between URiSuper-ACR
and quantitative method for albumin and
creatinine concentration within the same
category were 78.4% and 67.1%, respec-
tively, and for the 1 category were 98.8%
and 99.5%, respectively. For ACR, an
80.0% concordance rate was seen within
the same category. The within-run coeffi-
cients of variation (CVs) were 3.0~15.4%
and 5.2~23.5% for albumin and creatinine,
respectively, showing good linearity. In
interference tests, no interference was ob-
served except for cases with high spe-
cific gravity. Conclusions: URiSuper-ACR
showed good diagnostic performance for
the detection of microalbuminuria and may
be a useful screening test in clinical labo-
ratories. J. Clin. Lab. Anal. 28:281-286,
2014. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

In cases of renal failure, urine microalbuminuria is
a very valuable marker for the diagnosis of incipient
nephropathy (1). The urine microalbumin test is used as a
screening test for the diagnosis of renal complications in
diseases, such as diabetic nephropathy, cardiovascular dis-
ease, and hypertension (1-3). While the standard method
of microalbumin testing uses 24-hr urine samples, spot
urine or first morning urine samples are frequently used
nowadays due to the inconvenience of 24-hr urine collec-
tion (4, 5). Urine albumin is very stable and can be stored
for 1 week at room temperature or for several weeks at
4°C (6). However, the albumin concentration measure-
ment can be influenced by the amount of urine (7), and
the albumin excretion rate can spontaneously change due
to various factors, including water intake, hyperglycemia,
exercise, and position. Nonetheless, the excretion of cre-
atinine is maintained at a steady rate when the glomeru-
lar function is constant; thus, the albumin concentration
influenced by quantitative changes in urine can be cali-
brated by calculating the ratio of albumin to creatinine
(albumin/creatinine ratio [ACR]; (8-11)). Therefore, the
diagnosis of microalbuminuria is possible using the ratio
of microalbumin to creatinine excretion (9,10, 12, 13).

Recently, a urine dipstick test (URiSCAN Super
cassette ACR [URiSuper-ACR; where ACR is albu-
min/creatinine ratio], YD Diagnostics Corp., Korea) that
can conveniently and semiquantitatively measure concen-
trations of urine microalbumin and creatinine as well as
ACR was developed. The present study evaluated the di-
agnostic performance of this new semiquantitative dip-
stick, the URiSuper-ACR.

MATERIALS AND METHOD
Specimens

Among the urine specimens requested for ACR tests
from July 1, 2011, to August 31, 2011, at the Department
of Laboratory Medicine, Asan Medical Center, 1,040
specimens were randomly selected for this study. Tests
were performed using random, midstream spot urine sam-
ples, and all tests were completed within 2 hr of urine
collection.

Assay Principle

Detection of albumin and creatinine in the URiSuper-
ACR were performed using the dye-binding and metal
complex methods, respectively. The color change made
by the reaction was measured by a reflectance meter
(URiSCAN Super Plus, YD Electronics Co., Ltd., Korea).
Each specimen was tested twice to measure the percent
R (the change of reflectance rate [change%R]), and based
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on the value, the sample was assigned a category. The
URiSuper-ACR system classifies albumin concentration
measurements into four categories (0, 30, 80, and 150
mg/1), and creatinine concentration measurements into
five categories (10, 50, 100, 200, and 300 mg/dl), which
allows for semiquantitative estimation. It also estimates
the ACR using three categories (<30, 30-300, and
>300 mg/g).

Diagnostic Sensitivity and Specificity

Using the equipment for quantitative measurement
(Cobas Integra 800, Roche Diagnostics, Rotkreuz,
Switzerland) as the “gold standard,” the sensitivity and
specificity of the URiSuper-ACR were calculated. The
range of microalbuminuria was defined as albumin 20—
150 mg/1 and ACR 30-300 mg/g, abiding to the ranges
reported by other studies (14, 15).

Comparison of the URiSuper-ACR and the
Quantitative Method

The categorical concordance rates of the URiSuper-
ACR results were calculated by comparing the results
of the quantitative analyzer (Cobas integra 800, Roche
Diagnostics), which use immunoturbidometric and
the Jaffe-kinetic method. Quantitative albumin con-
centration measurements of <20, 20-60, 61-110, and
>110 mg/l were assigned categories defined by 0, 30,
80, and 150 mg/l1, respectively. Quantitative creatinine
concentration measurements of <24, 24-74, 75-150,
151-250, and >250 mg/dl were matched to categories
defined by 10, 50, 100, 200, and 300 mg/dl, respectively.
Quantitative ACR measurements of <30, 30-300, and
>300 mg/g were regarded as normal, microalbuminuria,
and proteinuria, respectively. For albumin and creatinine,
a positive concordance rate between the URiSuper-ACR
and quantitative results was calculated when both results
were observed in the same category (main diagonal) or
in +1 category (main + first lateral diagonal). For the
ACR, concordance was reached when the results were
in the same category (main diagonal). In addition, the
correlation of the change%R value, which is the mean
reflectance rate measured by the reflectance meter by
the color change of the URiSuper-ACR, was compared
with quantitative microalbumin and creatinine levels as
measured by the Cobas Integra. SPSS version 13.0 (SPSS,
Inc., Chicago, IL) was used to compare correlations.

Precision and Linearity of the URiSuper-ACR

For the evaluation of precision, standard solutions of
albumin (10, 30, 80, and 150 mg/1) and creatinine (10, 50,
100, 200, and 300 mg/dl) were prepared and repeatedly
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TABLE 1. Comparison of the URISCAN Super Cassette ACR and the Quantitative Method*
(A) Albumin (n = 1,040)
Quantitative method
mg/1 0 30 80 150
URISCAN Super cassette ACR 0 437 60 2
30 46 79 34 5
80 2 15 28 52
150 3 6 271
Concordance Main diagonal® 78.4%
Main + first lateral diagonal® 98.8%
(B) Creatinine (n = 1,040)
Quantitative method
mg/dl 10 50 100 200 300
URISCAN Super cassette ACR 10 17 15 1
50 7 200 47
100 97 316 39
200 1 78 125 14
300 3 40 40
Concordance Main diagonal® 67.1%
Main + first lateral diagonal® 99.5%
(C) ACR (n = 1,040)
Quantitative method
mg/g <30 30-300 >300
URISCAN Super cassette ACR <30 501 60
30-300 49 160 58
>300 21 191

Concordance

Main diagonal® 81.9%

4Results falling into the main diagonal are bolded, and the results falling into the first diagonal are italicized.
b Agreement between the URISCAN Super cassette ACR and the quantitative method within the same categories.
¢Agreement between the URISCAN Super cassette ACR and the quantitative method within +1 categories.

ACR, albumin/creatinine ratio.

measured ten times using the URiSuper-ACR. Within-
run coefficients of variation (CVs) were calculated using
the concentration of standard solution and change’R.
For the evaluation of linearity, standard solutions of mi-
croalbumin and creatinine were prepared by diluting a
0.2 g/1 stock solution of microalbumin and a 10 g/1 stock
solution of creatinine mixed with 9% NaCl solution. Mi-
croalbumin standard solutions with concentrations of 10,
30, 80, and 150 mg/dl and creatinine standard solutions
with concentrations of 10, 50, 100, 200, and 300 mg/dl
were repeatedly tested ten times. Excel 2007 (Microsoft,
Redmond, WA) was used for the calculation of precision
and linearity.

Interferences

Interference tests were performed on a variety of condi-
tions that can influence the results of the URiSuper-ACR.

For each standard solution with known concentration, we
added 250 erythrocytes/ 1, adjusted the pH level to S or
9, increased the specific gravity (SG) to 1.030, or added
50 mg/dl ascorbic acid. NaCl was added in normal urine
to make high SG urine sample. We repeatedly tested each
standard solution ten times and compared the change%R
before and after the modifications of the conditions. In-
terference was considered to have an effect if there was a
significant change of the test results for at least one of the
ten tests.

RESULTS
Diagnostic Sensitivity and Specificity

For albumin and ACR, the URiSuper-ACR test
showed sensitivities of 88.8% and 86.3%, specificities of
90.1% and 93.8%, positive predictabilities of 91.1% and
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92.6%, and negative predictabilities of 87.6% and 88.5%,
respectively.

Comparison of the URiSuper-ACR and the
Quantitative Method

The concordance rates between the URiSuper-ACR
and Cobas Integra on the albumin and creatinine con-
centration for the same category of microalbumin were
78.4% and 67.1%, respectively, and for 1 category were
98.8% and 99.5%, respectively. For ACR, the concordance
rate was 81.9% for each category (Table 1). The R? values
for the regression line obtained by the correlation analysis
of change%R and the quantitatively measured value were
0.884 for albumin and 0.753 for creatinine, respectively
(Fig. 1). The change%R of the URiSuper-ACR and quan-
titatively measured values showed strong correlations for
both albumin and creatinine.

Precision and Linearity of the URiSuper-ACR

The within-run CV of the URiSuper-ACR was
3.0~15.4% for albumin and 5.2~23.5% for creatinine.
Good linearities were shown in the measurement of al-
bumin and creatinine, and the R? values were 0.9888 and
0.9927, respectively.

Interferences

Tests were performed in various conditions that can
influence the results, including RBC contamination, low
and high pH, high SG, and residual ascorbic acid. None
of the conditions except for high SG showed interference
on the URiSuper-ACR results for albumin and creatinine
(Table 2). Albumin measurements were lower in three (30,
80, and 150 mg/1) of four (0, 30, 80, and 150 mg/1) con-
centrations tested under high SG. In contrast, creatinine
measurements were higher in four (10, 50, 100, and 200
mg/dl) of five (10, 50, 100, 200, and 300 mg/dl) concen-
trations tested under high SG.

DISCUSSION

Chronic renal disease patients around the world are
undergoing dialysis, and the number of these patients is
increasing (16-18). Urine microalbumin is the first step in
screening for renal diseases. There are two known ap-
proaches in confirming microalbuminuria: quantitative
and semiquantitative methods. The quantitative method is
regarded as the “gold standard” used in clinical laborato-
ries. Semiquantitative methods including the URiSuper-
ACR used in this study, which is often used as the bedside
diagnostic screening tool, measure microalbuminuria by
using low-cost urine dipstick reagent strips. Other simi-
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Fig. 1. The comparison of the change of reflectance rate (change%R)
values from the URISCAN Super cassette ACR and log transformed
quantitative values from the Cobas Integra 800. (A) Albumin (R? =
0.884); (B) creatinine (R*> = 0.753).

lar reagent strips were introduced for protein detection;
however, problems occurred with high false positive rates
and low sensitivity (12, 19). Therefore, there is a need for
an easy screening test with high sensitivity, specificity, and
less interference by other factors.

The URiSuper-ACR was developed as a screening tool
to detect microalbuminuria in a fast and easy manner,
and this study is the first evaluation report on this urine
dipstick. The URiSuper-ACR is a newly designed urine
strip type to also measure the ACR by the addition of
a creatinine pad, giving an advantage over strip types
that only measure albumin concentrations. This test can
calibrate for urine dilutions, thereby increasing diagnostic
sensitivity and specificity. Thus, this tool enables the use
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TABLE 2. Possible Effects of Interferences on the URISCAN Super Cassette ACR

Possible interferences

High SG Ascorbic acid
Conc. 250 Ery/pl pHS pH9 (1.030) 50 mg/dl
Albumin (mg/1) 0 N N N N N
30 N N N Y (10) N
80 N N N Y (10) N
150 N N N Y (80) N
Creatinine (mg/dl) 10 N N N Y (100) N
50 N N N Y (200) N
100 N N N Y (200) N
200 N N N Y (300) N
300 N N N N N

“N” indicates that the results were within the same categories with addition of the interferences and “Y” means that the results were within the
different categories with addition of the interferences. The numbers in the parentheses represent the concentrations according to the change of

reflectance rate (change’oR).

Conc., concentration; Ery, erythrocyte; SG, specific gravity; ACR, albumin/creatinine ratio.

of spot urine samples instead of 24-hr urine samples (15).
In addition, the ACR urine strip was reported to measure
urinary protein loss more accurately.

The URiSuper-ACR showed good sensitivity and speci-
ficity in this study, with values of 88.8% and 90.1%, re-
spectively, for albumin and 86.3% and 93.8%, respectively,
for the ACR. These results indicate that this instrument
has adequate sensitivity and specificity as a screening
tool. In a diagnostic performance evaluation study (20)
of the Clinitek microalbumin 2 semiquantitative strip
(Siemens Healthcare Diagnostics, Inc., Tarrytown, NY;
Clinitek strip) on samples from the general population,
a sensitivity and specificity of 90% and 91%, respectively,
were reported, which are comparable to our results.

Compared to the laboratory quantitative method, the
URiSuper-ACR strip detected microalbuminuria in 160
of the total 1,040 urine samples and yielded a high concor-
dance rate of >80% when the ACR was calculated, which
was significantly higher than albumin-only measurements
(albumin concordance rate, 78.4%). This correlates with
previous reports (15,21) stating that when using spot urine
for albumin excretion estimation, the ACR is more ac-
curate and is recommended for compensation of urine
dilution or concentration effects. Furthermore, in the
correlation analysis of quantitative measurements by the
quantitative method and change%R by the URiSuper-
ACR, the R? values for both albumin and creatinine were
>0.7 for uncategorized measurements, showing high cor-
relation between the two methods and confirming the ac-
curacy of the URiSuper-ACR strip test.

In urine dipstick tests, interferences can occur due to
various substances within urine samples. In our interfer-
ence experiment in this study, no conditions other than
high SG showed interference. Urine SG usually reflects
urine concentration status that may affect the results of

urine dipstick (22). High urine SG is a well-known in-
terference factor to cause lower result in the urine dip-
stick for the detection of proteinuria (23,24). This may be
explained by the fact that high SG reduces color devel-
opment in the protein test. Similar negative interference
was also observed in our study. High SG’s interference for
creatinine measurement in urine dipstick is not clear. De-
tection of creatinine in the URiSuper-ACR is performed
by metal complex methods, in which the optical measure-
ment of color change is included. Thus, one possible ex-
planation is that high SG may positively affect the optical
reaction in the creatinine test. Clinically, urine samples
are known to show high SG when there is excess water
loss/dehydration, adrenal insufficiency, hepatic disease,
or digestive heart failure (25). Thus, when testing urine
samples from patients with these conditions, urine SG
should be verified, and possible interference must be con-
sidered if the SG is high.

In addition to measuring albumin and creatinine, the
URiSuper-ACR also detects ten items (blood, bilirubin,
urobilinogen, ketone bodies, protein, nitrite, glucose, pH,
leukocyte, and SG) that are already included in conven-
tional clinical laboratory urine strip tests that are cur-
rently used in our laboratory. We investigated the effect
of the addition of creatinine and albumin test pads by
comparing the URiSuper-ACR results with those of con-
ventional urine strip (URiISCAN Super cassette; YD Di-
agnostics Corp., Korea) having ten test items. We found
concordance rates within each category of 92.5-100%,
and within £1 categories of 99.2-100%, showing the in-
significant effect exerted on the other ten test items by the
addition of microalbumin and creatinine pads (data not
shown).

The limitation of this study was the selection of a het-
erogeneous patient group rather than a specific patient
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group, which limits the prediction of test performance in
patients with specific diseases, such as hypertensive dis-
eases or diabetes. As an example, in the Clinitek microal-
bumin/creatinine urinalysis dipstick evaluation study for
pregnant cohorts, the sensitivity was 18.5-59.4% and
specificity was 45.4-84.2%, and this instrument was re-
ported to be inadequate as a screening tool (12). However,
when the same evaluation was performed for the general
population, the sensitivity was 90% and specificity was
91%, making it a useful screening tool for the detection
of microalbuminuria (20). Therefore, the diagnostic per-
formance can differ according to the patient population,
and separate evaluation studies for specific disease groups
are needed.

In this evaluation study on a heterogeneous patient
group, the URiSuper-ACR showed good diagnostic
performance, such as good sensitivity, specificity, concor-
dance rate with quantitative method, linearity, and preci-
sion, and this method could be used as an effective screen-
ing tool for the detection of microalbuminuria.
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