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Abstract

The cagA gene of Helicobacter pylori that encodes an immunodominant CagA protein provokes

severe mucosal damage and acts as a risk factor for the development of peptic ulcer disease

and gastric cancer. Our aim is to develop an immunochromatographic test strip (ICTS) using our

previously developed recombinant CagA (rCagA) protein and anti-rCagA monoclonal antibody

(Mab) for the detection of anti-CagA antibodies in sera of infected patients. The rCagA was firstly

conjugated to gold nanoparticle and placed into the conjugate pad. A nonconjugated rCagA and

anti-rCagA Mab (CK-02) were immobilized on the test line and control line, respectively. Biopsy

and serum samples from 30 H. pylori-infected patients were used. The presence of cagA gene in

biopsy samples was first detected by PCR (Polymerase Chain Reaction), and 22 patients were found

positive while 8 were negative. When serum samples were tested by our developed ICTS, 21 were

positive for anti-CagA antibodies while 9 were negative. The serum samples were also tested by

a commercial ELISA (Enzyme Linked Immunosorbent Assay), and when compared to the ICTS a

sensitivity of 95% and a specificity of 100% were obtained. The ICTS can be used for rapid detection

of CagA-positive H. pylori infection instead of expensive, time consuming and laborious invasive

approaches.

Introduction

Helicobacter pylori infection is one of the most common infections
worldwide with an estimated prevalence of >90% in developing
countries and 40% in developed countries (1, 2). Helicobacter pylori
infection generally leads to the development of chronic gastritis that
might progress to gastric ulcer and cancer (3, 4). The cagA gene, one
of the most important virulent factors of H. pylori, is found in 60–
70% of the European strains (5), while it is found in >90% of East
Asian strains (6). Yamaoka et al. (7) reported that in Japan 96.9%
of H. pylori isolates analyzed by Polymerase Chain Reaction (PCR)
was cagA-positive. Several investigators have shown that patients
with peptic ulcer diseases were generally infected with cagA-positive
H. pylori strains as compared to strains from gastritis patients
(5, 8, 9, 10, 11, 12). In our previous studies we showed that the

cagA gene was detected in 57.0% of gastritis, 71.4% of gastric ulcer
and 86.6% of duodenal ulcer patients, and in another study 57.1%
of gastritis and 92.9% of peptic ulcers were cagA-positive (13, 14).
In a recent study, de la Cruz-Herrera et al. (15) showed that 70.7%
of gastric cancer patients were seropositive (total IgG) for the CagA
antigen. Thus, the search for cagA-positive H. pylori strains will be
a more reliable method for evaluating the risk of development of
peptic ulceration and gastric cancer. In addition, the detection of
cagA-positive H. pylori infection can help in the evaluation of the
treatment strategy. The cagA gene status can only be determined
in biopsy samples by PCR (invasive method). Serology, however, is
a noninvasive method that can detect serum anti-CagA antibodies
(16–21). The immunochromatographic test strip (ICTS) is another
serological test that can be used for the detection of such antibodies.
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Figure 1. A 2-fold dilution of the rCagA protein to which an equal volume of gold nanoparticle was added. An optimum concentration of the protein to be used

for gold conjugation was found 8 μg/ml as shown by the first dilution that did not change red color.

Several ICTSs are commercially available for the diagnosis of H.
pylori infection; however, none of these ICTSs detects such anti-CagA
antibodies. These qualitative tests were used either to detect H. pylori
antigens in stool samples or to detect anti-H. pylori antibodies in
blood samples (whole blood, serum and/or plasma) to aid in the
diagnosis of H. pylori infection in adult patients with symptoms of
gastrointestinal disorders (22). The advantages of the ICTS are being
rapid, easy to use, sensitive, specific and cost-effective; it can be used
at a health care unit without the need for complex equipment or
experience, and it can be stored at room temperature (RT) for up
to 24 months (23, 24).

Our aim is to develop an ICTS using our recombinant CagA
(rCagA) protein and anti-rCagA monoclonal antibody (Mab) for
the detection of anti-CagA antibodies in sera of H. pylori-infected
patients. This test will help a great deal to determine the pathological
potential of H. pylori strains in symptomatic subjects and correlate
the presence of such antibodies with the clinical outcome. The test
will also provide a predictive evaluation in particular for patients with
gastritis for the progression to peptic ulceration and gastric cancer
and eliminate the need for additional endoscopies in the follow up of
eradication therapy.

Experimental

Gold-conjugated rCagA protein

The rCagA protein (GenBank accession no: KM102759) prepared
previously in our laboratory by cloning the cagA gene 5′ conserved
region of H. pylori strain was conjugated to 20 nm colloidal gold
(BBI Solutions, UK) as described previously (25). The rCagA protein
was expressed and purified as described in our previous study (26),
and then buffer was exchanged with 5 mM phosphate buffer using
Amicon Ultra-0.5 mL Centrifugal Filter (Merck Millipore, Germany)
that filters the protein <50 kDa. Briefly, a 2-fold dilution of rCagA
protein was made to which an equal volume of colloidal gold solution
(pH 9.0) was added and incubated for 15 min at RT. The addition
of 100 μL of 10% (w/v) NaCl solution resulted in a color change
from brilliant red to blue. The first dilution that did not change
color was taken as the optimum concentration of the protein to be
used for gold conjugation. The optimum concentration of rCagA
protein conjugated with gold nanoparticle was found to be 8 μg/mL
(Figure 1). One milligram of this concentration was slowly added
to 5 mL colloidal gold solution (pH 9.0) stirred vigorously and
incubated for 45 min at RT. Then, 500 μL of 10% (w/v) bovine serum
albumin (BSA) solution in 20 mM sodium borate (pH 9.0) was added
and incubated at RT for 10 min. The conjugate was centrifuged at
10,000xg for 30 min at 10◦C and then washed two times with 5 mL
of 20 mM sodium borate (pH 9.0) containing 1% (w/v) BSA and
0.1% (w/v) sodium azide. The pellet was resuspended with 5 mL of
washing buffer and stored at 4◦C.

Direct dot blot assay

Direct dot blot assay was first used to confirm that gold-conjugated
rCagA protein reacts with anti-rCagA Mab (CK-02) developed pre-
viously in our laboratory by hybridoma technology. A commercial
anti-CagA Mab A-10 (Santa Cruz Biotechnology, USA) was used
as internal positive control, and BSA was used as internal negative
control. A 5 μL of each dilutions containing 0.5 μg protein was
spotted onto the nitrocellulose membrane and incubated at RT for
15 min. The membrane was blocked by incubating into PBS-T
containing 5% (w/v) BSA for 1 h at RT, then washed once using PBS-T
for 30 s. Gold-conjugated rCagA protein solution was then added and
incubated overnight at RT with shaking at low speed. The membrane
was washed three times using PBS-T with shaking. A positive reaction
was detected by the presence of red-colored dot.

Conjugate pad

The conjugate pad was prepared as described previously with minor
changes (27). One milligram of gold-conjugated rCagA protein solu-
tion was centrifuged, and then the pellet was resuspended with
400 μL of 20 mM sodium borate buffer (pH 8.0) containing 8.75%
(w/v) BSA, 8.75% (w/v) sucrose, 10 mM EDTA (Ethylenediaminete-
traacetic acid), 0.6 M NaCl and 0.1% (w/v) sodium azide. The G041
conjugate pad (Merck Millipore, Germany) that was cut in size of
5 × 10 mm using a rolling trimmer was soaked into the conjugate
solution and laid on a plastic surface. The conjugate pad was dried
at 37◦C for 3 h in a container with desiccant silica gel and stored at
RT with desiccant to prevent rehydration.

Membrane

A 2 μL (1 μg) of rCagA protein in 5 mM phosphate buffer and
2 μL (0.35 μg) of anti-rCagA Mab (CK-02) in elution buffer of NAb
Protein G Spin Kit (Thermo Scientific, USA) were dispensed on the
membrane of Hi-Flow Plus 240 Membrane Card (Merck Millipore,
Germany) that was cut in size of 5 × 60 mm as test line and control
line, respectively, and immobilized by incubating at 37◦C for 1 h in
a container containing desiccant. The membrane was blocked using
2% (w/v) BSA in 5 mM phosphate buffer containing 0.05% (w/v)
sodium dodecyl sulfate (SDS) at RT for 1 h on the shaker with low
speed. Then, it was washed 2 times (1 × 30 s and 1 × 15 min) with
5 mM phosphate buffer containing 0.05% (w/v) SDS, dried at RT
and stored at RT with desiccant.

Assembly of test strip

The prepared conjugate pad was firstly laminated between the sample
pad section and the membrane on the Hi-Flow Plus 240 Membrane
Card. Then, sample pad (C083) and absorbent pad (C083) (Merck
Millipore, Germany), those were cut in size of 5 × 20 mm, were
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Figure 2. Schematic representation of the ICTS (for the detection of anti-CagA antibodies) showing the constituents of the strip before (A) and after (B) the

addition of the sample.

adhered directly to the adhesive sections of the card. The assembled
strip in size of 5 × 60 mm was housed in a plastic cassette for easier
handling and protection. Ready-to-use test strip was stored in the
presence of desiccant at RT.

Principles of the ICTS

The developed ICTS is a qualitative lateral flow immunoassay based
on double-antigen sandwich-type format (Figure 2A). A drop of
serum sample when added to the sample pad leads to a lateral flow of
the sample fluid containing anti-CagA antibody toward the conjugate
pad where it will bind to the gold-conjugated rCagA protein (detector
reagent) and forms an immunocomplex. The complex continues to
move toward the test line where it will irreversibly bind to the immo-
bilized unconjugated rCagA protein (capture reagent) and forms a red
color line (positive result). The more the anti-CagA antibodies present
in the sample, the stronger the color of the test line. The flow of the
sample fluid continues toward the control line where the remaining
gold-conjugated rCagA protein binds to the immobilized anti-rCagA
Mab (CK-02) and gives a red color line (Figure 2B). The control line
always shows red color whether the sample is positive or negative, an
indicator for a proper function of the test. The absorbent pad at the
end of the strip absorbs the fluid through the membrane to ensure
a continuous flow and thus maintains a clear background. Only the
control line will be visible (negative result) if anti-CagA antibodies
are lower than the detection limit of the test. The test is considered
invalid if the control line shows no color and no results are interpreted
after 1 h.

Samples

Gastric biopsies and serum samples were collected from 30 patients
who attended the gastroenterology unit at Fatih University Hospital.

A written consent was filled for each patient, and the study was
approved by the university ethical committee. The presence of H.
pylori (ureC gene) in biopsies and the cagA status were determined
by PCR as described previously (12, 28).

Detection

Anti-CagA antibodies in serum samples were detected by the ICTS. A
100 μL of 1:5 diluted serum in 5 mM phosphate buffer was applied
to sample application window of the ICTS using a micropipette.
After 5 min, 20 μL of 5 mM phosphate buffer was added to wash
membrane that has the slowest flow rate (capillary flow time of
240 s/4 cm), and the results were interpreted after 20 min incubation
at RT. The presence of anti-CagA antibodies in serum samples
was also detected by a commercial Enzyme Linked Immunosorbent
Assay (ELISA) kit (Euroimmun, Germany) according to manufac-
turer instructions. The performance of the test strip was evaluated
by comparing the results of our developed ICTS with those of the
commercial ELISA. In addition, the relation between the presence of
anti-CagA antibody and the clinical outcome was considered.

Results

Dot blot

The gold-conjugated rCagA protein was captured by both our Mab
CK-02 and the commercial Mab A-10 (positive control) as shown
in red-colored dots on the membrane (Figure 3). A clear background
area (BSA) on the membrane was the negative control. Both controls
confirmed that our Mab CK-02 reacted with the gold-conjugated
rCagA protein specifically and the assay was done properly.
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Figure 3. Direct dot blot assay that shows gold conjugated rCagA protein reacted with our Mab CK-02 (red-colored dot) on the membrane. A red dot was also

seen at the commercial Mab A-10 site (positive control) while no color was seen on BSA site (negative control).

Figure 4. Test strip cassettes showing red-colored test line and control line following application of a strong and weak positive sample (1 and 2) and only

red-colored control line following application of a negative sample (3). C represents control line; T, test line; S, sample application window.

PCR (Polymerase Chain Reaction)

Helicobacter pylori was positive in 19 patients with gastritis, 4 with
gastric ulcer, 5 with duodenal ulcer and 2 with gastric cancer, and
the cagA gene was detected in 14 of 19 patients with gastritis, 3 of
4 patients with gastric ulcer and all patients with duodenal ulcer but
not in 2 patients with gastric cancer.

Performance of the ICTS

The developed ICTS was used to detect anti-CagA antibodies in
sera of H. pylori-infected patients. To determine the sensitivity per-
formance of the test a strong positive, weak positive and negative
samples were used. A high-intensity red-colored test line was seen
with the strong positive, a lower intensity red-colored test line was
seen with the weak positive, and no colored test line was seen when
the negative sample was used (Figure 4). The samples were defined
as strong and weak according to optical densities obtained in the
commercial ELISA.

Thirty patient sera when tested with our ICTS 21 were posi-
tive and 9 were negative. When these serum samples were tested
with the commercial ELISA 22 were positive and 8 were negative
(Table I). The sensitivity, specificity, positive predictive value, negative
predictive value and accuracy were 95%, 100%, 100%, 89% and
97%, respectively. Table II shows the relation between the H. pylori
infection cases and the presence of anti-CagA antibodies detected by
our developed ICTS.

Discussion

The high prevalence of H. pylori infection worldwide makes the
diagnosis of such infection a cumbersome task. It requires an invasive
approach (endoscopy) for the collection of gastric biopsies. However,
serology, a noninvasive approach, can help in the detection of such
infection. Anti-CagA antibodies detected in sera of infected patients
using the ICTS can be used for the identification of patients with
higher risk or more severe disease. We have reported earlier that the
presence of cagA was significantly associated with duodenal ulcer
(89%) and with gastric cancer (90%) (12). Recently, Miftahussurur
and Yamaoka (29) also reported that serological detection of anti-

Table I. Comparison of Our Developed ICTS with the Commercial

ELISA Kit for the Detection of Anti-CagA Antibodies in Sera of

H. pylori-Infected Patients

ELISA

Positive Negative Total

ICTS
Positive 21 0 21
Negative 1 8 9
Total 22 8 30

Table II. Anti-CagA Antibodies Detected by Our Developed ICTS in

Sera of H. pylori-Infected Patients

Disease CagA-positive CagA-negative

Gastritis 13 (68%) 6 (32%)
GU 3 (75%) 1 (25%)
DU 5 (100%) 0 (0%)
GC 0 (0%) 2 (100%)
Total 21 (70%) 9 (30%)

GU represents gastric ulcer; DU, duodenal ulcer; GC, gastric cancer.

CagA antibodies correlate with further increases in risk of peptic
ulcer and gastric cancer. They also indicated that CagA seropositivity
was higher in patients with gastric cancer than in controls. Shiota
et al. (30) reported that anti-CagA antibody detection can be used
as a biomarker for gastric cancer. The majority of H. pylori strains
in gastric ulcer (75%) and duodenal ulcer (100%) patients were
also CagA-positive when the H. pylori infection cases and the anti-
CagA antibodies detected by our ICTS were compared (Table II).
However, two gastric cancer patients (100%) were negative for the
anti-CagA antibodies. Thus, each infection cases, especially gastric
cancer, are needed in large number to get enough statistical values
for comparison. On the other hand, the relation between the H. pylori
infection in patients and the presence of anti-CagA antibodies showed
that CagA-positive H. pylori strains (70%) was significantly higher
than the CagA-negative strains.
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The gold-conjugated rCagA protein was used in the ICTS for
the detection of anti-CagA antibodies in sera of H. pylori-infected
patients. The control line coated with anti-rCagA Mab (CK-02)
captured excess amount of detector reagents (gold-conjugated rCagA
protein) regardless of the presence of target anti-CagA antibodies,
and it was in red color for each test. The control line and the clear
background that appeared on the reading window were the indicators
of an internal positive and an internal negative procedural control,
respectively.

The sucrose was used in conjugate solution as an essential ingredi-
ent to resolubilize detector reagents in the conjugate pad. When the
conjugate pad was dried the sucrose covered detector reagents and
protected the biological functions. It dissolved after the addition of
the sample and released detector reagents into the flow of the sample
fluid.

The membrane was blocked with BSA in phosphate buffer con-
taining SDS to facilitate the migration of detector reagents. SDS
provided a proper flow of sample on the membrane. On the other
hand, the detector reagents did not move toward the capture reagents
when the blocking buffer without the SDS was used.

Conclusion

We have developed a qualitative ICTS for the rapid detection (20 min)
of anti-CagA antibodies in patient sera using our rCagA protein
and anti-rCagA Mab (CK-02). This test showed high sensitivity and
specificity in detecting such antibodies and gave an accuracy of 97%
when compared with the commercial ELISA. The ICTS supports
point-of-care testing without the need for complex equipment or
experience and provides cost-effective and easy detection. Another
advantage of such serological test is that it is not affected by the use
of proton-pump inhibitor or antibiotics, ulcer bleeding and gastric
atrophy which can give false negative results in tests that require
gastric biopsy collection by invasive methods (31).

The test can support the diagnosis of CagA-positive H. pylori
infection instead of laborious invasive approaches and eliminate the
need for additional endoscopies in the follow up of eradication ther-
apy. Since CagA protein plays an important role in the progression
of the disease from gastritis to peptic ulceration and gastric cancer it
will help to determine the CagA status in H. pylori-infected gastritis
patients. Thus, it can also be used for the prediction of treatment
strategy in order to block future progression to peptic ulceration
and gastric cancer. According to our knowledge this is the first ICTS
worldwide that detects anti-CagA antibodies in patient sera rather
than whole anti-H. pylori antibodies.
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