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Improvement of biosensor accuracy using an
interference index detection system to minimize

the interference effects caused by icterus and
hemolysis in blood samples+t
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Reagent sensors in diagnostic assays are used in medical laboratories to obtain patient results. However, inter-

ference during the analysis of blood samples is a constant problem with reagent sensors and leads to inaccur-

ate results. Interference in blood analysis is frequently caused by hemolysis and icterus. This study analyzed

the effects of interferents on reagent sensors and devised a method to improve the measurement accuracy

Received 27th March 2019,
Accepted 22nd July 2019

DOI: 10.1039/c9an00555b

rsc.li/analyst

1 Introduction

In vitro diagnostic (IVD) medical devices containing reagent
sensors are used to perform tests on human blood samples.
The results are used to diagnose medical conditions, help
detect infection, and monitor drug therapies in clinical labora-
tories. Although IVDs play an important role in the diagnosis
and treatment of patient disease, interference can affect the
reactions used to detect the target substance and may lead to
false positives. Interference can increase the error in the
results and reduce the diagnostic accuracy. Particularly with
the blood analyzers used by doctors and clinical pathologists,
interference tests are conducted using bilirubin and hemo-
globin, which are produced by icterus and hemolysis, and the
results are used as important performance indicators and
clinical guides. Interference is a constant problem when ana-
lyzing blood using IVDs in clinical laboratories.

Interference from icterus and hemolysis can occur during the
blood handling or collection processes, or result from the color/
turbidity of the blood itself.>® Hemolysis occurs when hemo-
globin is released into the blood plasma on specimen collection
when blood is shaken too vigorously or is centrifuged before
coagulation is complete, during freeze-thaw cycles of whole
blood, or when blood is collected through an intravenous
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using an interference index detection (IID) system to minimize the interference effect. The IID system can be
easily applied using only two wells and an optical component for sample measurement. After applying the [ID
system, the interference rates from bilirubin and hemoglobin improved dramatically. A comparison of results
obtained for clinical samples showed that the IID system had a positive effect on the accuracy.

cannula.” ® Icterus affects spectral absorption because bilirubin is
yellow.”® Because the compounds icterus and hemolysis produce
have optical effects, they negatively affect IVD devices that
measures reagent reactions using spectrophotometry. This inter-
ference affects assays that use color detection for diagnosis, such
as those that test for different clinical chemistry, electrolytes.’

Traditionally, sample pretreatment is used to remove inter-
ference.'® However, this requires additional experimental pro-
cedures that can affect the sample usability and measurement
time, and the accuracy improvement is limited. Consequently,
various manufacturers are investigating procedures for using
an interference index with IVD devicess.>'""'> However, this is
not an ideal solution because it can only be utilized as a guide
of target analysis results through interference index provision.
It is important to improve interference effects and provide
more accurate measurements for diagnosis when measuring
samples containing an interferent under harsh conditions.

In this paper, the interference effects of bioassay sensors were
analyzed and a method was devised to improve the measurement
accuracy by minimizing the interference effect using the optical
characteristics of icterus and hemolysis in blood samples.

2 Materials and methods
2.1 Materials

Poly(vinyl chloride), bis(2-ethylhexyl)sebacate, tris(2-ethylhexyl)
phosphate, trioctyltin chloride, chromoionophore VI, cyclohex-
anone, hemoglobin, and bilirubin were purchased from
Sigma-Aldrich (St Louis, MO, US). Bicine, 2-(N-morpholino)
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ethanesulfonic acid, CHAPS, p-sorbitol, and glycerol were pur-
chased from Dojindo (Kumamoto, Japan). NaOH (4 N),
p-sorbitol, polyvinylbutyral (PVB), bromocresol purple (BCP),
glycylglycine, citric acid, and Triton X-100 were purchased
from Wako Pure Chemical Industries (Osaka, Japan). Urease
(URH-201) was purchased from Toyobo (Osaka, Japan).
l-y-Glutamyl-3 carboxyl-4-nitroanilide (y-GCN) was purchased
from Roche (Basel, Switzerland). A chloride electrode, urea/
blood urea nitrogen (BUN) kinetic Modular P liquid, gamma-
glutamyl transpeptidase (GGT) Modular P liquid, and total
bilirubin Modular P liquid were purchased from Roche
Diagnostics GmbH (Mannheim, Germany). Hemoglobin
reagent was purchased from Randox Laboratories (Crumlin,
UK). Multiple VALIDATE kits were purchased from LGC Maine
Standards (Cumberland Foreside, ME, US). All other chemicals
were purchased from Sigma-Aldrich.

2.2 Reagent design for the chloride, BUN, and GGT sensors

An optode membrane and buffer mixture were prepared for
the chloride sensor. The chloride optode polymeric membrane
mixture was prepared from 4% (w/v) poly(vinyl chloride), 21%
(v/v) bis(2-ethylhexyl)sebacate, 4% (v/v) Tris(2-ethylhexyl) phos-
phate, 0.8% (v/v) trioctyltin chloride, 0.15% (w/v) chromoiono-
phore VI, and 70% (v/v) cyclohexanone. After mixing for 30 s,
the mixture was incubated at room temperature for 12 h. The
buffer mixture was prepared from 3.2% (w/w) p-sorbitol, 2.2%
(v/v) glycerol, and 0.0024% (v/v) Triton X-100 in 800 mM citric
acid buffer (pH 4.5)."*'*

An enzyme mixture and pH indicator mixture were prepared
for the BUN sensor. The enzyme mixture was prepared from
urease (1600 units), 2% (w/w) p-sorbitol, 0.0025% (v/v) Triton
X-100, and 0.5% (w/v) CHAPS in 1 mL of 400 mM bicine buffer
(pH 8.5). An 8% (w/v) PVB solution was prepared in cyclohexa-
none by sonicating for 20 min and mixing for 1 min. The pH
indicator mixture was prepared with 4.5% (v/v) PVB using the
8% PVB solution, 0.13% BCP, and 95% (v/v) cyclohexanone
with vigorous mixing for 10 min.

A y-GCN mixture and buffer mixture were prepared for the
GGT sensor. The y-GCN mixture was prepared from 6.25% (w/v)
¥-GCN, 5% (w/w) p-sorbitol, and 0.4% (w/v) CHAPS in 10 mM
2-(N-morpholino)ethanesulfonic acid buffer (pH 5.5), and
mixed for 30 s. The buffer mixture was prepared from 1%
(w/w) p-sorbitol, 0.2% (w/v) CHAPS in 300 mM glycylglycine
buffer (pH 8.0).

2.3 Construction of the sensor chips for the chloride, BUN,
and GGT reagents

The sensor chip was manufactured to measure the reagents in
a specific optical device (LabGEO PT10; Samsung Electronics
Co., Ltd, Korea). The sensor chip consisted of two polyethylene
terephthalate (PET) films, spacer sheet, and was very thin
(300 pm) (Fig. S1at)."* The prepared reagents for the chloride,
BUN, and GGT sensors were applied on the two PET films and
then incubated at 1% humidity for 24 h. The thickness of the
dried chloride sensor on the film was 40 pm + 0.44, and both
the dried BUN and GGT sensors were 50 pm + 0.55 thick
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(Fig. S1bf). Each reagent-coated PET film was attached to a
spacer sheet and laminated (Fig. Sict). The final assembled
sensor chips were evaluated using test samples in the LED-
based optical device and were capable of measurements at
405 nm, 450 nm, 535 nm, 630 nm, and 810 nm (Fig. S1d¥).
The absorbance values for the chloride, BUN, and GGT sensors
were calculated using the following equations (eqn (1)—(3)):

Absorbance calculation for the chloride sensor =
[OD(SSS—Slonm) (300s) in W1 — OD(535_g19nm)in WZ]/ (1)

[OD 535810 nm) (before reaction) in W1]

Absorbance calculation for the BUN sensor
= [OD(535—810 nm)(2408) in Wl]

(2)
Absorbance calculation for the GGT sensor
= [OD(405,810 nm) (300 — 240 S) in Wl]
(3)

where W1 is the sensor reaction well, W2 is the sample
measurement well, and OD is the optical density (Fig. 1).

2.4 Regression analysis

Venous blood samples were collected into heparinized tubes.
The samples were centrifuged at 1000g for 15 min, and the
plasma was retained. The chloride electrode, urea/BUN kinetic
Modular P liquid, GGT Modular P liquid, total bilirubin
Modular P liquid, and hemoglobin reagent with the samples were
operated relative to a reference device (P-modular clinical chem-
istry analyzer; Roche Diagnostics GmbH) to measure the reference
concentrations of chloride, GGT, BUN, bilirubin, and hemo-
globin. The samples were placed in the optical device to obtain
the absorbance values at 405 nm, 450 nm, 535 nm, 630 nm, and
810 nm using the sensor chips. Regression analysis was per-
formed using SigmaPlot (version 13.0; Systat Software, Inc., San
Jose, CA, US) with the absorbance values and the reference con-
centrations of chloride, BUN, GGT, bilirubin, and hemoglobin.

2.5 Calibration

Calibration was performed to calculate the concentrations of
chloride, BUN, and GGT using the absorbance values
measured by the sensor chips by the optical device. Multiple
VALIDATE kits were used for calibration. The mean absorbance
values of duplicate measurements from the optical device and
typical reference values for each calibrator were used to calcu-
late polynomial regression equation values, which were
obtained wusing SigmaPlot. The calculated polynomial
regression values were applied to the method comparison and
interference test, which used the concentration calculated in
the optical device using the calibrator.

2.6 Method comparison

A method comparison was carried out in accordance with the
Clinical and Laboratory Standards Institute (CLSI) EP9-
A2 guideline.”® The chloride electrode, urea/BUN Kkinetic

This journal is © The Royal Society of Chemistry 2019
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Fig. 1 Structure of the sensor chip for the chloride, BUN, and GGT sensors and optical measurements. (a) H is the sample injection hole, W1 is the
sensor reaction measurement well, and W2 is the sample measurement well. (b) Side view of W1 and W2. W1 contains reagents 1 and 2 for the chlor-
ide, BUN, and GGT measurements. W2 is empty to allow for measurement of the absorbance of the blood sample itself. (c) When the undiluted
blood sample containing interferents produced by hemolysis or icterus is injected on H, it is moved into W1 and W2. In W1, it reacts with the sensor.
The sample in W1 and W2 is analyzed using the LED. (d) Colors in W1 and W2 before and after blood sample injection. W1 shows the color change
caused by reaction of the sensor reagents and sample. W2 shows the color of the sample injected into the empty well.

Modular P liquid, GGT Modular P liquid, total bilirubin
Modular P liquid, and hemoglobin reagent with the clinical
samples were operated relative to the reference device to
measure the reference concentrations of chloride, GGT, and
BUN. The concentrations of chloride, GGT, and BUN measured
by the optical device using the clinical samples were compared
with the reference concentrations. Statistical comparisons
were performed using Analyse-it SW (method validation
edition; Analyse-it Software, Ltd, UK) for Passing-Bablok ana-
lysis, and the R Score, slope, and offset values were calculated.
The observed % bias and total error were calculated (eqn (4)):
test — reference

%bias(dobs%) = W x 100. (4)

2.7 Interference tests

Interference tests were carried out in accordance with the CLSI
EP7-A2 guideline.'® Clinical samples with low and high concen-

This journal is © The Royal Society of Chemistry 2019

trations of chloride (low: <90 mmol L™, high: >120 mmol L™),
BUN (low: <20 mg dL™", high: >60 mg dL™"), and GGT (low:
<30 U L™, high: >90 U L"), as assessed on the reference device,
were spiked with bilirubin (1-50 mg dL™") and hemoglobin
(10-500 mg dL™"). Each prepared sample was tested four times in
the optical device. The interference effect rate (dobs, %) was deter-
mined using the means of the test and control as follows (eqn (5)):

mean(test) — mean(control)
mean(control)

x 100.

Interference effect rate(dqps %) =

(5)

3 Results and discussion
3.1 Target analytes and reagent sensor design

To investigate the diverse interference effects caused by icterus
and hemolysis of blood, it was necessary to select analytes
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from different assay methods. The target analytes selected
were chloride, BUN, and GGT. These analytes can be encoun-
tered with different assays and allow for investigation of a
range of interference effects. Chloride is an electrolyte that can
help control the volume of fluids and balance of acids and
bases in the human body."”*° GGT is found in the liver and
biliary epithelial cells, and is a sensitive marker of hepatobili-
ary disease.”®*" BUN is a factor that measures the amount of
urea nitrogen found in the blood.***?

The analytes are detected using chemical (chloride), bio-
chemical with a color reagent (BUN), and biochemical without
a color reagent (GGT) assays. The chloride sensor design
included an ionophore and chromoionophore. Trioctyltin
chloride acts as an ionophore that reacts with chloride ions in
the sample, which results in protonation and a conformational
change of the chromoionophore. The ion concentration is
determined by measuring the OD(s35-810 nm) (Fig. S2af)."”
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The BUN sensor design incorporated quantification of
ammonia release from urea by urease catalysis. The released
ammonia results in a color change of the pH indicator (BCP),
which can be measured at OD(s3s_g10 nm) (Fig. S2bt).%>**
The GGT sensor design incorporated quantitative measure-
ment of y-GCN without a chromogen. GGT catalyzes the trans-
fer of the glutamyl group from y-GCN to glycylglycine. The
amount of 5-amino-2-nitrobenzoate formed is proportional to
the GGT activity and can be measured at OD(405-810 nm)
(Fig. S2¢t).>>2°

3.2 Sensor chip composition for optical measurements

Two measurement wells were needed to investigate the inter-
ference effects caused by icterus and hemolysis in blood. The
first well measured the change in the color of the sensor on
reaction with the sample, and the second well measured the
optical value of the unreacted sample. Fig. 1 shows the struc-
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Fig. 2 Scatter plot to confirm the bias (%) trend with increasing bilirubin and hemoglobin concentrations. Undiluted clinical samples (n = 49 for
chloride, n = 41 for BUN, and n = 54 for GGT) were analyzed using the chloride, BUN, and GGT sensor chips in the optical device, and the absor-
bance values were obtained. The absorbance values were calculated (see eqn (1)—(3)). The concentrations of chloride, BUN, and GGT were obtained
by calibration using the calculated absorbance values. The clinical samples were measured in the reference device to obtain reference concen-
trations of chloride, GGT, BUN, bilirubin, and hemoglobin. The bias (%) between the concentrations measured in the optical device and the reference
concentrations was determined from the bilirubin (a) and hemoglobin (b) concentrations (see eqn (4)).
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ture of the sensor chip used for the chloride, BUN, and GGT
sensors, including the exterior and interior of the measure-
ment component, which contains the two wells and a sample
injection hole. The sample hole was configured so the sample
could be injected (Fig. 1ai and ii), and the injected sample was
moved to the wells through a microfluidic channel (Fig. 1aiii).
The sensor reaction measurement well (W1) consisted of
reagent sensors on the lower and upper PET film. W1 con-
tained the following: the optode membrane on the lower PET
film and buffer mixture on the upper PET film for the chloride
sensor, the enzyme mixture on the lower PET film and pH
indicator on the upper PET film for the BUN sensor, and the
y-GCN mixture on the lower PET film and buffer mixture on
the upper PET film for the GGT sensor (Fig. 1b). These were
prepared in the solid state to evaluate the high interference
effect that could arise with an undiluted sample. The sample
measurement well (W2) was empty (Fig. 1bii). When a sample
was injected into W1 (Fig. 1ci) and W2 (Fig. 1cii), the reaction
in each well was measured using the optical device. The absor-
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bance values measured in W1 depended on the color change
of the reagent sensor, and the optical value of the sample
itself was measured in W2 (Fig. 1d).

3.3 Interference effects caused by hemolysis and icterus of
blood in the chloride, BUN, and GGT sensors

Interference caused by hemolysis occurs when hemoglobin is
released into plasma, and interference caused by icterus
occurs when samples have high bilirubin concentrations.
Therefore, to investigate the effects of interference caused by
icterus and hemolysis of blood on the chloride, BUN, and GGT
sensors, the concentrations of chloride, GGT, BUN, bilirubin
and hemoglobin in clinical samples were measured using the
reference device. The results were used as reference concen-
trations. The same clinical samples were analyzed using the
chloride, BUN, and GGT sensors without sample dilution in
the optical device. The bias (%) between the concentrations
measured using the sensor chips and reference device was
evaluated. As the concentrations of bilirubin and hemoglobin
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Fig. 3 Visible spectra and linear regression with increasing bilirubin and hemoglobin concentrations. (a and b) Clinical samples spiked with bilirubin
and hemoglobin at six concentration levels were analyzed using the chloride, BUN, and GGT sensor chips in the optical device. Each sample was
analyzed three times. The visible spectra of bilirubin and hemoglobin in (a) and (b) were measured in W2. The visible spectra of chloride, BUN, and
GGT in (a) and (b) were measured in W1. (c and d) Clinical samples (n = 79) and bilirubin- and hemoglobin-spiked clinical samples (six levels x three
times) measured at OD405-810 nm)» OD(a50-810 nm), OD(535-810 nm), and OD(s30-810 nm) by the optical device. ODyu4s0-810 nm)—(535-810 nm)-(630-810 nm)]
was calculated and fitted with the reference bilirubin concentration (c). OD(405-810 nm) Was fitted with the reference hemoglobin concentration (d).

This journal is © The Royal Society of Chemistry 2019

Analyst


https://doi.org/10.1039/c9an00555b

Published on 24 July 2019. Downloaded by KEAN UNIVERSITY on 7/31/2019 1:22:28 AM.

Paper

increased, the bias (%) also increased (Fig. 2a and b).
According to these results, the concentrations measured by the
chloride, BUN, and GGT sensors are affected by the concen-
trations of bilirubin and hemoglobin.

3.4 Correlation between the bilirubin and hemoglobin
concentrations and the signal absorbances of clinical samples

Clinical samples spiked with bilirubin and hemoglobin were
analyzed, and the visible spectra measured in W1 and W2 were
confirmed to clarify specific reactions of the sensor reagents
with bilirubin and hemoglobin. The bilirubin and hemoglobin
results in W2 confirmed that the absorbance increased when
the concentration increased. The chloride, BUN, and GGT
results measured in W1 also confirmed that the absorbance
increased as the bilirubin and hemoglobin concentrations
increased (Fig. 3a and b). This means that there must be a
absorbance that can accurately reflect the hemoglobin and
bilirubin concentrations. Therefore, a absorbance equation
was developed for hemoglobin and bilirubin.

Regression analysis was performed using the bilirubin and
hemoglobin concentrations measured in the reference device
and the absorbance measured in W2 using the sensor chip in
the optical device. The absorbance values of 79 undiluted
clinical samples were measured in W2 using the sensor
chip in the optical device, and each absorbance was fitted
with the bilirubin and hemoglobin concentrations. The
OD((450-810 nm)—(535-810 nm)—(630-810 nm)] showed a high corre-
lation with the bilirubin concentration (r = 0.9985) (Fig. 3c).
The OD(405-310 nm) Showed a high correlation with the hemo-
globin concentration (r = 0.9979) (Fig. 3d). The regression
curves of the clinical samples were well matched with the bilir-
ubin- and hemoglobin-spiked samples. As shown in the
screening results for other absorbance values, the correlation
with clinical samples was low or the signal response curve
between the clinical samples and the spiked samples did not
match well (Fig. S3a-d and S4b-dt). In previous reports
of hemolysis measurements, some were performed at
OD(600 nm/570 nm) and one at OD,y5 nm. The results confirmed
that the correlation with hemolysis was high in the OD45 nm
region, similar to the results in the study that used ODy4y5 nm. "’

3.5 Improvement in chloride, BUN, and GGT performance by
deletion of the bilirubin and hemoglobin signals

The ODJ(450-810 nm)—(535-810 nm)—(630-810 nm)] showed a high cor-
relation with the bilirubin concentration, and the
OD(405-810 nm) Showed a high correlation with the hemoglobin
concentration. The tendency of an increase in the bias (%) of
chloride, BUN, and GGT was confirmed by increasing the bilir-
ubin and hemoglobin concentrations. Therefore, the perform-
ance of the chloride, BUN, and GGT sensors may be improved
by deleting the signal absorbance values for bilirubin and
hemoglobin in clinical samples. The following equations were
used to remove bilirubin and hemoglobin interference from
the chloride, BUN, and GGT sensors (eqn (6)—(10)):

BID = OD[(4507810nm)—(535—810 nm)—(630—810 nm)] (6)
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HID = OD(405-810nm) (7)

Nf selection : (BID + HID)/C (8)
IID = (BID + HID) x Nf ! (9)

Interference effect improved absorbance value = C + IID (10)

where C is the value calculated using the absorbance measured
in the sensor for the target analyte (see eqn (1)—(3)); IID is the
interference index detection, which is a total index for bilirubin
and hemoglobin interference detection; BID is the bilirubin index
detection, which is the OD(450-810 nm)—(535-810 nm)—(630-810 nm)]
of the sample measured in W2; HID is the hemolysis index
detection, which is the OD(495-g10 nm) Of the sample measured
in W2; and Nf is a normalization factor. The BID and HID may
be different because of variation in factors such as the reagent
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Fig. 4 Logic for interference index detection (IID) operation. BID is the
bilirubin index detection, HID is the hemolysis index detection, C is the
value calculated using the absorbance value measured for the sample

reaction in the sensor chip (see eqgn (1)-(3)), and Nf is the normalization
factor.
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Fig. 5 Interference tests of the chloride, BUN, and GGT sensors with
the IID system. Bilirubin-spiked, hemoglobin-spiked, and non-spiked
clinical samples (low and high concentrations of chloride, BUN, GGT)
were measured using the chloride, BUN, and GGT sensor chips in the
optical device. Each sample was analyzed three times. The interference
rates of the (a) chloride, (b) BUN, and (c) GGT sensors with (see eqn (10))
and without (see eqn (1)-(3)) the IID system were compared (see
eqgn (5)).
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composition, reagent concentration, light path length, applied
chromogen, and scale of the calculated absorbance values.
Therefore, a factor may be required to normalize the BID and
HID values.

Fig. 4 shows the logic used to remove interference effects
using the optical formula. The samples were reacted to
measure the absorbance values using the chloride, BUN, and
GGT sensor chips, and the values of C were calculated for the
target substance. The direction (+) of the slope was checked by
regression analysis using the C values and interference con-
centrations. The chloride slope was negative (Fig. S51), and the
BUN (Fig. S61) and GGT (Fig. S71) slopes were positive. The
absorbance values from the bilirubin and hemoglobin concen-

(a)

View Article Online
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trations of the samples were measured in W2 (interfering sub-
stance). The absorbance values were calculated using BID and
HID. The Nf value was selected to normalize the values of BID
and HID to the value of C. The Nf value for each interference
concentration was calculated using the equation (BID + HID)/C,
and the Nf value selected was above the maximum concen-
tration of the measured interference material. The Nf values
for the IID of the chloride, BUN, and GGT sensors were 1, 15,
and 150, respectively (Fig. S5-S77).

If the slope was negative, the absorbance values were calcu-
lated using C + IID. If the slope positive, the absorbance values
were calculated using C — IID. The absorbance values were
calibrated using calibrators to obtain the concentrations.

(b) (c)
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Fig. 6 Comparison of the chloride, BUN, and GGT sensors with the IID system. Undiluted clinical samples (n = 49 for chloride, n = 41 for BUN, and
n = 54 for GGT) were measured using the chloride, BUN, and GGT sensor chips in the optical device. The clinical samples were also measured in the
reference device to obtain reference concentrations of chloride, GGT, and BUN. The (a) chloride, (b) BUN, and (c) GGT concentrations from the
optical device (with (see egn (10)) and without (see eqn (1)—(3)) the IID system) and the reference device were compared. Passing—Bablok and
Bland—Altman difference plot analyses with 95% Cl were performed to confirm the R score, slope, offset, and % bias (see eqn (4)).
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3.6 Interference test for verification of the IID system

Interference tests were performed to verify the clinical per-
formance of the IID system as shown in Fig. 4. The tests were
carried out using clinical samples spiked with hemoglobin
(~500 mg dL™") and bilirubin (~50 mg dL™"). The bilirubin
interference rates (mean) with the chloride sensor and the IID
system decreased from 93% to 6% (low chloride) and 45% to
3% (high chloride), and the hemoglobin interference rates
(mean) decreased from 79% to 3% (low chloride) and 30% to
3% (high chloride) (Fig. 5a and S87). The bilirubin interference
rates (mean) with the BUN sensor and the IID system
decreased from 197% to 7% (low BUN) and 93% to 4% (high
BUN), and hemoglobin interference rates (mean) decreased
from 181% to 11% (low BUN) and 77% to 5% (high BUN)
(Fig. 5b and S91). The bilirubin interference rates (mean) with
the GGT and the IID system decreased from 243% to 12% (low
GGT) and 50% to 4% (high GGT), and the hemoglobin inter-
ference rates (mean) decreased from 312% to 37% (low GGT)
and 51% to 9% (high GGT), respectively (Fig. 5¢ and S107).

3.7 Method comparison for verification of the IID system

The IID system reduced hemoglobin and bilirubin inter-
ference. A method comparison test was performed to confirm
the correlation performance of the clinical samples with the
interference effect improvement. The reference concentrations
of chloride, BUN, GGT, bilirubin, and hemoglobin for the
clinical serum samples were obtained using the reference
device. The undiluted clinical samples were analyzed using the
chloride, BUN, and GGT sensors, and the concentrations cal-
culated using the IID applied absorbance value were compared
with the reference concentrations. The IID had a positive effect
on reducing interference with the chloride, BUN, and GGT
sensors and improving the accuracy of the clinical sample
results. A scatter plot was used to analyze the bias (%) accord-
ing to the bilirubin and hemoglobin concentrations. Before
applying the IID, the bias (%) increased as the bilirubin and
hemoglobin concentrations increased. However, after applying
the IID, the bias (%) improved (Fig. S11a and b¥). The method
comparison using clinical samples showed that the corre-
lations (R) of the chloride, BUN, and GGT sensors improved
from 0.823 to 0.960, 0.982 to 0.996, and 0.998 to 0.999, respect-
ively, after applying the IID and the bias (%) results for individ-
ual sample measurements were significantly improved (Fig. 6).
The IID effectively reduces the effect of interference with the
chloride and BUN sensors (red and blue arrows in Fig. 6a and
b). In the GGT sensor, the clinically important concentration
range of GGT is near the reference range (0-200 U L"), and
was particularly improved (red and blue boxes in Fig. 6c¢).
Therefore, the IID removed bilirubin and hemoglobin inter-
ference, and improved the correlation.

4 Conclusions

An IID system was developed to improve the measurement
accuracy of chemical sensors used in clinical applications by

Analyst
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removing the optical characteristics of interference caused by
icterus and hemolysis in blood samples. The sensor accuracy
was analyzed using data from real clinical samples, and inter-
ference tests and a method comparison using CLSI guidelines
were conducted to increase the reliability of the validation pro-
cedure. The IID used optical measurements of clinical blood
samples to minimize the interference effect.

Diagnostic assays of blood utilize various sensors, such as
chemical, enzymatic, and optode, according to the character-
istics of the target analytes. Interferents will differ depending
on the assay method and reagents. Therefore, three different
assay methods were investigated in this study: chemical, bio-
chemical using a color reagent, and biochemical without a
color reagent. The results were used to evaluate the use of the
IID in different assays. The 1ID effectively reduced interference
from high concentrations of bilirubin and hemoglobin, and
improved the measurement accuracy. Therefore, the IID is
expected to be useful in IVD devices. Further studies could
improve the interference effect through optimization of the
optical algorithm for other analytes and biosensors.

Generally, most bioassays require sample dilution with a
liquid reagent to avoid interference. This additional step for
sample preparation negatively impacts the assay usability and
increases the measurement time. The IID system efficiently
reduces interference even in undiluted clinical samples. In
addition, the IID system can be easily applied with only two
wells and an optical component. Therefore, the IID system will
simplify bioassays.
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