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Abstract

Conventional methods, such as gastric biopsy, enzyme-linked immunosorbent assay (ELISA), culture, require a long time for the
determination of Helicobacter pylori infections. This study reports an amperometric immunoreactor for rapid and sensitive quan-
tification of human serum immunoglobulin G (IgG) antibodies to H. pylori. Antibodies in the serum sample are allowed to react
immunologically with the purified H. pylori antigens that are immobilized on a rotating disk. The bound antibodies are quantified
by horseradish peroxidase (HRP) enzyme-labeled second antibodies specific to human IgG. HRP in the presence of hydrogen per-
oxide catalyzes the oxidation of hydroquinone to p-benzoquinone. The electrochemical reduction back to hydroquinone is detected
on a glassy carbon electrode surface at —0.15 V. The electrochemical detection can be done within 1 min, and the analysis time does
not exceed 30 min. The calculated detection limits for amperometric detection and the ELISA procedure are 0.6 and 1.9 Uml™',
respectively. The amperometric immunoreactors showed higher sensitivity and lower time consumed than did the standard spectro-
photometric detection ELISA method. It can also be used for rapid analysis in conventional and field conditions in biological, phys-

iological, and analytical practices.
© 2004 Elsevier Inc. All rights reserved.

Keywords: ELISA; Helicobacter pylori; Amperometric immunoreactor; Horseradish peroxidase; Hydroquinone; FIA

Helicobacter pylori is a gram-negative, spiral-shaped
bacillus that, in close contact with the gastric epithelium,
can cause peptic ulcers and chronic gastritis [1,2]. H. py-
lori infection causes nearly all ulcer diseases that are not
brought about by the use of certain medications such as
nonsteroidal antiinflammatory drugs [3]. Evidence link-
ing chronic H. pylori infection and gastric cancer has
also been demonstrated by epidemiological and patho-
logical studies [4,5].

The discovery of H. pylori as the causative organism
for most of the gastritis and peptic diseases has revolu-
tionized the treatment and management of these dis-
eases. The disease can be cured by eradication of H.
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pylori through the triple therapies based on a proton
pump inhibitor with two antibiotics (clarithromycin
and metronidazole or amoxicillin) [6]. To prevent the
indiscriminate use of multiple antibiotics, an accurate
diagnosis for the presence of H. pylori infection becomes
crucial. Current methods for diagnosing H. pylori infec-
tion can be divided into invasive and noninvasive (or
minimally invasive) [7]. The invasive method uses endos-
copy to obtain a biopsy sample of the stomach lining,
culturing, and histological examination of the biopsy
sample to demonstrate the presence of H. pylori. Alter-
natively, a positive urease test in the biopsy sample indi-
cates the presence of H. pylori because H. pylori contain
large quantities of the enzyme urease [8,9]. The noninva-
sive tests include the urea breath test and serological
tests.
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Some noninvasive tests are based on serological proce-
dures that detect immunoglobulin G (IgG)' against H.
pylori in human serum. Circulating anti-H. pylori 1gG
antibody has proved to be of considerable value in the
diagnosis of active infection due to the reliable correla-
tion between the presence of the antibody and gastric
mucosal colonization [10,11]. Common serum IgG mea-
surements are carried out using enzyme-linked immuno-
sorbent assay (ELISA) [12]. Although ELISA is a
popular assay in clinical examination, the relatively poor
limit of detection with absorbance spectrophotometry is
one cause of its lack of sensitivity [13]. In all instances, the
immobilized antigens are discarded after only one use.

Heterogeneous enzyme immunoassays, coupled with
flow injection (FI) system and amperometric detection,
represent a powerful analytical tool for the determina-
tion of low levels of many analytes such as antibodies,
hormones, drugs, tumor markers, and viruses [14].
Amperometric detection offers good to excellent sensi-
tivity combined with simple and low-cost instrumenta-
tion [15,16]. One approach used in such techniques is
to employ an enzyme label that generates an electro-
chemically active product [17-20].

In this article, we establish an amperometric immu-
noreactor with rotation incorporated into an FI analyti-
cal system for rapid and sensitive quantification of
human serum IgG antibodies to H. pylori, based on the
use of purified H. pylori antigens that are immobilized
on a rotating disk. Antibodies in the serum sample are al-
lowed to react immunologically with the antigens, and the
bound antibodies are quantified by horseradish peroxi-
dase (HRP) enzyme-labeled second antibodies specific
to human IgG, using hydroquinone (H,Q) as enzymatic
mediators. HRP in the presence of hydrogen peroxide
(H,0,) catalyzes the oxidation of H,Q to p-benzoquinone
(Q)[21]. The electrochemical reduction back to H,Q is de-
tected on a glassy carbon electrode (GCE) surface at
—0.15 V. The response current obtained from the product
of enzymatic reaction is proportional to the activity of the
enzyme and, consequently, to the amount of antibodies
bound to the surface of the immunosensor of interest.

Materials and methods
Reagents and solutions

All reagents used were of analytical reagent grade.
HRP enzyme-labeled second antibodies specific to

' Abbreviations used: 1gG, immunoglobulin G; ELISA, enzyme-
linked immunosorbent assay; FI, flow injection; HRP, horseradish
peroxidase; H,Q, hydroquinone; H,O,, hydrogen peroxide; Q, p-
benzoquinone; GCE, glassy carbon electrode; PBS, phosphate-buf-
fered saline; APCPG, 3-aminopropyl-modified controlled pore glass;
FIA, flow injection analysis.

human IgG were purchased from Sigma Chemical
(St. Louis, MO, USA). Glutaraldehyde (25% aqueous
solution) and H,O, were purchased from Merck
(Darmstadt, Germany). 3-Aminopropyl-modified con-
trolled pore glass, 1400 A mean pore diameter and
24m?mg ! surface area, was obtained from Electro
Nucleonics (Fairfield, NJ, USA) and contained 48.2
pmol g~ of amino groups. H,Q was purchased from
Sigma Chemical, and all other reagents employed were
of analytical grade and used without further purifica-
tions. Aqueous solutions were prepared using purified
water from a Milli-Q system.

The ELISA test kit for the quantitative determination
of H. pylori-specific 1gG class antibodies was purchased
from EQUIPAR Diagnostici (Rome, Italy) and was
used in accordance with the manufacturer’s instructions
[22].

Flow-through reactorldetector unit

The main body of the cell was made of Plexiglas Fig. 1
illustrates the design of the flow-through chamber con-
taining the rotating immunoreactor and the detector
system. GCE is on the top of the rotating reactor. The
rotating reactor is a disk of Teflon in which a miniature
magnetic stirring bar (Teflon-coated Micro Stir bar from
Markson Science, Phoenix, AZ, USA) has been embed-
ded. Typically, a reactor disk carried 1.4 mg of con-
trolled pore glass on its surface. Rotation of the lower
reactor was effected with a laboratory magnetic stirrer
(Metrohm E649 from Metrohm AG, Herisau, Switzer-
land) and controlled with a variable transformer with
an output between 0 and 250 V and maximum amperage
of 7.5 A (Waritrans, Argentina). Amperometric detec-
tion was performed using the BAS CV27, and the
BAS 100 B (electrochemical analyzer from Bioanalytical
Systems, West Lafayette, IN, USA) was used for cyclic
voltammetric analysis. The potential applied to the
GCE for the functional group detection was —0.15V
versus Ag/AgCl, 3.0 M NaCl reference electrode BAS
RE-6, and a Pt wire counter electrode. At this potential,
a catalytic current was well established. A pump (Gilson
Minipuls 3 peristaltic pump, Gilson Electronics, Mid-
dleton, WI, USA) was used for pumping, introducing
the sample, and stopping the flow Fig. 2 illustrates sche-
matically the components of the single-line continuous-
flow setup. The pump tubing was Tygon (Fisher Accu-
Rated, 1.0 mm i.d., Fisher Scientific, Pittsburgh, PA,
USA), and the remaining tubing used was Teflon
(1.0 mm i.d. from Cole-Parmer, Chicago, IL, USA).

All pH measurements were made with an Orion
Expandable Ion Analyzer (model EA 940, Orion Re-
search, Cambridge, MA, USA) equipped with a glass
combination electrode (Orion Research). The absorban-
cies were detected by Bio-Rad Benchmark microplate
readers (Japan) and a Beckman DU 520 general UV/
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Fig. 1. Schematic representation of components in the bioreactor flow cell: (A) assembled reactor, (B) upper cell body, (C) top view of lower cell
body, and (D) lower cell body. a, Electrical connection; b, O-ring; ¢, auxiliary electrode; d, Ag/AgCl, 3 M NaCl reference electrode BAS RE-6; e,

GCE; f, rotating bioreactor (with immobilized HRP).

‘F SI

Fig. 2. Block diagram of the continuous-flow system and detection
arrangement. P, pump (Gilson Minipuls 3 peristaltic pump); C, carrier
buffer line; SI, sample injection; W, waste line; R & DC, reactor and
detector cell; WE, GCE; RE, reference electrode (Ag/AgCl, 3 M
NaCl); AE, auxiliary electrode (platinum); D, potentiostat/detection
unit (BAS CV27); R, recorder (model 9176, Varian Techtron,
Springuale, Australia).

Vis spectrophotometer (Fullerton, CA, USA). The H.
pylori antigens were sonicated by a Sonics Vibra Cell
ultrasonic processor (Sonics & Materials, Newtown,
CT, USA).

H. pylori-specific 1gG antibody immunoassay

A series of standards that covered the clinically
relevant range (0-100 U ml~!) was supplied with the
ELISA test kit. A standard curve for the spectrophoto-
metric procedure was produced by following the manu-
facturer’s protocol. Concentrations of H. pylori-specific

IgG antibody were detected spectrophotometrically by
measuring absorbance changes at 450 nm.

Preparation of the H. pylori antigens

The antigens was prepared from a sonicate H. pylori
culture strain. The H. pylori antigens were grown on
blood agar plates at 37 °C for 3 days and then harvested,
washed, and resuspended in 0.01 M phosphate-buffered
saline (PBS, pH 7.2). This preparation was subjected to
sonication. The sonic amplitude level was set at 20, and
the machine was operated using four cycles of 60 s reg-
ulated alternatively. The sonicated preparation was cen-
trifuged at 1000g for 10 min, and the supernatant was
stored in the 0.01 M PBS (pH 7.2), at —20 °C between
uses.

H. pylori antigens immobilization

The rotating disk reactor (bottom part) was prepared
by immobilizing H. pylori antigens on 3-aminopropyl-
modified controlled pore glass (APCPG). The APCPG,
smoothly spread on one side of a double-coated tape af-
fixed to the disk surface, was allowed to react with an
aqueous solution of 5% (w/w) glutaraldehyde at pH
10.0 (0.20 M carbonate) for 2 h at room temperature.
After washing with purified water and 0.10 M phosphate
buffer (pH 7.0), 0.5ml of antigens preparation
(100 pg ml~' 0.01 M PBS, pH 7.2) was coupled to the
residual aldehyde groups overnight at 5 °C. The immo-
bilized antigens preparation was finally washed with
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phosphate buffer (pH 7.0) and stored in the same buffer
at 5 °C between uses. The immobilized H. pylori antigen
preparations were perfectly stable for at least 1 month.

Amperometric analysis of H. pylori-specific 1gG in human
serum samples

This method was applied in the determination of IgG
antibodies to H. pylori in 19 human serum samples. The
unspecific binding was blocked by 10-min treatment at
37 °C with 3% descremate milk in a 0.01-M PBS (pH
7.2). The serum samples were first diluted 100-fold with
0.01 M PBS (pH 7.2) and then injected into the PBS car-
rier stream at a flow rate of 1 mlmin~' and incubated
10 min at 37 °C. The immunoreactor was washed with
0.01 M PBS (pH 7.2) at a flow rate of 1 ml min~'. The
anti-human IgG—peroxidase conjugate (dilution of 1/
2000 in 0.01 M PBS, pH 7.2) was then injected into
the 0.01 M PBS (pH 7.2) carrier stream and incubated
10 min at 37 °C.

The immunoreactor was then washed free of any
traces of unbound enzyme conjugate with 0.01 M PBS
(pH 7.2). Finally, the substrate solution (100 pl of a
0.1-M phosphate—citrate buffer, pH 5.05, containing
1102 mol L' H,0, and 1x10>molL™" H,Q)
was injected into the carrier stream, and the enzymatic
product was detected by amperometric FI analysis.
For the next analysis, the immunoreactor was condi-
tioned by injection of desorption buffer (0.1 M gly-
cine-HCI, pH 2) for 2min and then washed with
0.01 M in PBS (pH 7.2).

A standard curve for the amperometric procedure
was produced by following our protocol with a series
of standards that covered the clinically relevant range
(0-100 Uml1™ ') supplied with the ELISA test kit.
Amperometric measurements were performed at
—0.15V at room temperature in a 0.1-M phosphate—
citrate buffer (pH 5.05) solution containing 1 X
10°molL™" H,0, and 1x102mol L~! H,Q, and
the resulting cathodic current was displayed on the
x — y recorder. When not in use, the immunoreactor
was stored in 0.01 M PBS (pH 7.2) at 4 °C.

Results and discussion
Study of the enzymatic process

Reactions catalyzed by enzymes have long been used
for analytical purposes in the determination of different
analytes such as substrates, inhibitors, and the enzymes.
The catalysis mechanism of HRP was explained in Ref.
[23].

HRP in the presence of H,O, catalyzes the oxidation
of H,Q to Q [21], which at a potential of —0.15V was
electrochemically reduced to H,Q, providing a peak cur-

Rotating disk
——
HRP,,

H:Q  Conjugate H:0

Electrode

€ H;0;

Scheme 1. Schematic representations of the reduction wave of the
enzymatic process among hydroquinone (H,Q), p-benzoquinone (Q),
hydrogen peroxide (H,0,), and horseradish peroxidase (HRP)
conjugated.

rent related to its concentration [24]. A schematic repre-
sentation of this process is shown in Scheme 1.

Effect of reactor rotation and continuous-flowlstopped-
flow operation

The implementation of continuous-flow/stopped-flow
programming and the location of two facing indepen-
dent reactors (Fig. 1) permits (i) use of relatively low
immunoreactant loading conditions, (ii) instantaneous
operation under high initial rate conditions, (iii) easy
detection of accumulated products, and (iv) reduction
of apparent Michaelis—-Menten constant (K3,).

A more complete reagent homogenization is achieved
[25] because the cell works as a mixing chamber by facil-
itating the arrival of immunoreactants at the specific
antigens, the arrival of enzymatic substrate at the active
sites, and the release of products from the same sites.
The net result is high values of current. The main advan-
tages of this system are its simplicity and the ease with
which it can be applied to the determination of specific
IgG antibodies to H. pylori in serum samples.

The effect of the rotation velocity was studied in a
range of 60-250 rpm. A linear relationship between the
electric signal and rotation velocity was observed in
the range of 60-180 rpm and showed a maximum rate
of response at 180 rpm [26].

If the reactor in the cell is devoid of rotation, the re-
sponse is lower because diffusional reactions are too
slow to be observed in the time scale of amperometric
analysis (Fig. 3D). If a rotation of 180 rpm is imposed
on the reactor located at the bottom of the cell (with
H. pylori antigens immobilized and the immunocomplex
with antibodies of serum samples and the enzyme conju-
gated), the signal is dramatically enlarged (Fig. 3).

The response current obtained from the oxidation of
H,Q in aqueous solution containing 0.1 M phosphate—
citrate buffer (pH 5.05) is proportional to the activity
of the enzyme conjugated and, consequently, to the
amount of specific antibodies of serum samples bound
to the rotating disk with H. pylori antigens immobilized.



Amperometric immunoreactor for assay of IgG antibodies to H. pylori | G.A. Messina et al. | Anal. Biochem. 337 (2005) 195-202 199

4
N AUV
i i ¥ D
’Zmi.nl if/’\—ir"’\—i;/\'_

Fig. 3. Effect of reactor’s rotation under continuous-flow and stopped-
flow conditions: (A) stopped flow with rotation, (B) continuous flow
with rotation, (C) stopped flow without rotation, and (D) continuous
flow without rotation. Flow rate 1.0 ml min~", cell volume 300 ul,
0.1 M phosphate—citrate buffer (pH 5.05) solution containing
1.0x 10> mol L™! H,05 and 1.0x 10> mol L™ H,Q. The flow was
stopped for 60 s during measurement.

As noted previously, rotation is expected to decrease
the values of the apparent K}, because the catalytic effi-
ciency is increased. A K, value that differs substantially
from that measured in homogeneous solution is not an
intrinsic property of the enzyme; rather, it is an intrinsic
property of the system. This constant characterizes the
reactor, not the enzyme itself. It is a measure of the sub-
strate concentration range over which the reactor re-
sponse is linear [27].

Effect of cell volume and sample size

Depending on the volume of the cell in contact with
the reactor, the overall process becomes controlled by
diffusion (large volumes) or by the chemical kinetics of
the immune and enzyme-catalyzed reactions (small vol-
umes). The cell volume was changed from 300 pl to 1 ml
by removing the O-rings between the upper and lower
halves of the cell. The rate of response, as expected, de-
creased linearly with an increase in cell volume due to
the dilution effect favored by rotation and the fact that
the measured current is directly proportional to bulk
concentration. The smallest cell volume of 300 ul was
adopted for further studies. The rate of response in-
creased linearly with sample size up to 200 pl in a cell
with a volume of 300 pl. For convenience, a sample size
of 200 ul was used to evaluate other parameters. Sensi-
tivity is nearly tripled in the range between 50 and
200 pl (Fig. 4).

Optimal conditions for the determination of the enzymatic
products

The rates of enzymatic response under stopped-flow
conditions were studied in the pH range of 3-8 and show
a maximum value of activity at pH 5.05 (Fig. 5). The pH
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Fig. 4. Effect of sample size. The initial rate was measured under
stopped-flow conditions. Each value of i/uA is based on five determi-
nations. Flow rate 1.0 ml min~', reactor rotation velocity 180 rpm,
0.1 mol L™! phosphatecitrate buffer (pH 5.05) solution containing
1.0x 107> mol L™" H,0, and 1.0x 107> mol L™' H,Q. The flow was
stopped for 60 s during measurement.

value used was 5.05 in 0.1 M phosphate—citrate buffer.
The effect of varying H,O, concentration from 7.0 X
107% to 5.0x 10> mol L™ for 1.0 x 10> mol L™' H,Q
solution, and the effect of varying H,Q concentration
from 1.0x10™* to 3.6x 10 *mol L™' for 1.0x10°°
mol L™! H,0, solution, on the bioreactor response was
evaluated. The optimal H,0, and H,Q concentrations
found were 1.0x 107 and 1.0 x 10> mol L™!, respec-
tively. Those concentrations were then used.

An additional parameter that would affect the assay
was the incubation temperature. Different incubation
temperatures, ranging from 25 to 37 °C, have been re-
ported in the literature [28,29]. As is well known, an
optimal temperature of immunoreaction would be
37 °C. At this temperature, however, a long incubation
time would decrease the activity of antigen, antibody,
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Fig. 5. Effect of pH on the rate of enzymatic response. Flow rate
1.0 ml min~!, cell volume 300 pl, 0.1 M phosphate—citrate buffer (pH
5.05) solution containing 1.0x103molL™' H,0, and
1.0x 10 mol L™" H,Q. The flow was stopped for 60s during
measurement.
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and enzyme, leading to the deterioration of response sig-
nals and a shorter lifetime of the immunosensor. En-
zyme exhibits the best activity over the temperature
range of 20-25 °C; a higher temperature would be harm-
ful to its activity [30].

Quantitative test for the detection of H. pylori-specific
IgG antibody

Under the selected conditions described above, the
amperometric response of the enzymatic product is pro-
portional to the concentration of H. pylori-specific IgG
antibody in the serum.

A linear calibration curve for the detection of H. pyr-
oli-specific 1gG antibody in serum was produced over
the range of 0-100 U ml~', as shown in Fig. 6. The lin-
ear regression equation was i = 0.033 CHp + 0.131 with
the linear relation coefficient r = 0.998. The coefficient
of variation (CV) for the determination of 20 U ml~'H.
pylori-specific antibodies was 2.9% (six replicates). The
ELISA procedure was also carried out as described pre-
viously, absorbance changes were plotted against the
corresponding H. pylori-specific IgG antibody concen-
tration, and a calibration curve was constructed. The
linear regression equation was A4 =0.028 CHp + 0.137
(Fig. 7) with the linear relation coefficient r = 0.995,
and the CV for the determination of 20 Uml~' H. py-
lori-specific antibodies was 4.7% (six replicates).

With the detection limit (DL) taken as the concentra-
tion that gives a signal three times the standard devia-
tion of the blank, the DLs for amperometric detection
and the ELISA procedure were 0.6 and 1.9 Uml™',
respectively. This result shows that amperometric detec-
tion was more sensitive than the spectrophotometric
method.
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Fig. 6. Calibration curve for determination of H. pylori-specific IgG
antibodies by amperometric FI immunoassay. Amperometric mea-
surements were performed at —0.15 V at room temperature in a 0.1-M
phosphate—citrate  buffer (pH  5.05) solution containing
1.0 x 1073 mol L™! H,0, and 1.0 x 107> mol L~ H,Q, and the result-
ing cathodic current was displayed on the x — y recorder.
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Fig. 7. Calibration curve for determination of H. pylori-specific IgG
antibodies by ELISA.

With sensitivity defined as the slope of the regression
line signal versus concentration, sensitivities for amper-
ometric detection and the ELISA procedure were
0.033 pA/Uml™" and 0.028 Abs/U ml™', respectively.
The corresponding analytical performances are summa-
rized in Table 1.

The precision of the amperometric assay was checked
with control serum at 20, 50, and 100 U ml~" H. pylori-
specific antibody concentrations. The within-assay pre-
cision was tested with five measurements in the same
run for each serum. These series of analyses were re-
peated for 3 consecutive days to estimate the between-
assay precision. The results obtained are presented in
Table 2. The H. pylori assay showed good precision;
the CV within-assay values were below 3%, and the be-
tween-assay values were below 5%.

Table 1
Analytical performances of H. pylori assays with amperometric and
photometric detection

Amperometry Photometry
Sensitivity 0.033 pA/U ml™ 0.028 Abs/U ml™!
DL 0.6 Uml™! 1.9 Uml!
a's 2.9% 4.7%

220 Uml™! H. pylori-specific antibodies (1 = 6).

Table 2

Within-assay precision (five measurements in the same run for each
control serum) and between-assay precision (five measurements for
each control serum, repeated for 3 consecutive days)

Control sera®  Within-assay Between-assay

—1
(Uml™) Mean  CV percentage  Mean  CV percentage
20 20.32 1.78 21.61 2.92
50 49.74 2.54 50.04  4.20
100 99.01 2.86 98.34 3.96

3 Uml™' H. pylori-specific antibodies.
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The accuracy was tested with dilution and recovery
tests. A dilution test was performed with 100 U ml™!
H. pylori-specific antibodies control sera with 0.01 M
PBS (pH 7.2) (Fig. 8).

Reproducibility assays were made using a repetitive
standard (n= 6) of 20 Uml™' H. pylori-specific anti-
bodies; the percentage standard error was less than 3%
(Table 3). The immunoreactor was regenerated by injec-
tion of desorption buffer (0.1 M glycine-HCI, pH 2) for
2 min and then washed with 0.01 M in PBS (pH 7.2),
thereby permitting our reactor to be used over 100 deter-
minations. For the next analysis, the immunoreactor
was conditioned by injection of desorption buffer
(0.1 M glycine-HCI, pH 2) for 2 min and then washed
with 0.01 M in PBS (pH 7.2).

Fig. 9 gives the results obtained using the two meth-
ods for five separate determinations of 19 human serum
samples. The results were compared, and there was no
significant difference between the methods.

The long-term stability of the immunoenzymatic sys-
tem to H. pylori-specific IgG antibodies was studied. In
this experiment, after 10 samples, a standard of
20 Uml™!' H. pylori-specific antibodies was injected to

110 -
100 z
90 |
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Fig. 8. Dilution test results for 100 U ml~'H. pylori-specific antibod-
ies. Each value of i/uA is based on five determinations.

Table 3
Reproducibility assays using repetitive standards (n = 6) of 20 U ml™!
H. pylori-specific antibodies

Standard of 20 U ml™! Proposed ELISA (U ml™})
H. pylori-specific antibodies ~ method (U ml™!)

1 20.11 21.43

2 19.79 19.37

3 20.64 20.47

4 20.18 19.74

5 19.53 20.92

6 20.03 21.86

Mean + SE 20.21 £0.245 20.63 £ 0.393
SD 0.601 0.963
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Fig. 9. Correlation between amperometric and commercial photomet-
ric assays.

test the electrode response. The catalytic current, in
practice, does not decay after 10 signs.

Correlations with ELISA assay procedure

The amperometric system was compared with a com-
mercial photometric system for the quantification of H.
pylori-specific antibodies in 19 serum samples. The slopes
obtained were reasonably close to 1.0, indicating a good
correspondence between the two methods (Fig. 9).

Conclusions

The usefulness of the immunoreactor used for the ra-
pid quantification of specific antibodies against H. pylori
in human serum sample was demonstrated. In practice,
the immunoreactor developed in this study is able to
operate as a fast, selective, and sensitive detection unit
when it is incorporated into a flow injection analysis
(FIA) system. It also minimizes the waste of expensive
antigens and other reagents; shows physical and chemi-
cal stability, low background current, wide working po-
tential range, and accuracy; and does not require highly
skilled technicians or expensive and dedicated equip-
ment. The electrochemical detection can be done within
1 min, and the analysis time does not exceed 30 min.
Immunosensors based on specific reactions between
antibodies and antigens provide promising alternative
tools for the routine clinical assay, biological, physiolog-
ical, and analytical practices.
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