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Stool antigen tests are recommended for the diagnosis of Helicobacter pylori infection. Here, we compared two novel
assays, i.e., one enzyme immunoassay (EIA) and one immunochromatography assay (ICA), with a chemiluminescence immunoassay (CLIA) that had previously been compared with rapid urease test, histology, and urea breath test.
Two hundred sixty-six frozen stool samples with defined CLIA results (42 positives, 219 negatives, and 5 samples
with borderline results) collected between January and May 2018 were thawed and immediately tested by EIA,
ICA, and CLIA.
In 248 samples with repeatedly positive/negative CLIA results, EIA and ICA were positive for 40 and 37 of 41
CLIA-positive samples and yielded negative results for 206 and 201 of 207 CLIA-negative samples, respectively.
There was a high positive percent agreement (EIA, 97.6%; 95% confidence interval (95% CI), 86.3–100%; ICA,
90.2%; 95% CI, 76.9–96.7%), as well as a negative percent agreement between the assays (EIA, 99.5%; 95% CI,
97.0–100%; ICA, 97.1%; 95% CI, 93.7–98.8%). This was further supported by kappa values indicating very good
agreement (CLIA vs. EIA, 0.971; CLIA vs. ICA, 0.857). In conclusion, both EIA and ICA comprise valuable assays for the detection of H. pylori antigen in stool samples.
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Introduction
Since Helicobacter pylori infection may cause significant
complications, e.g., peptic ulcer disease, carcinoma, or mucosa-associated lymphoid tissue lymphoma, its accurate diagnosis is relevant. Diagnostic tests consist of invasive tests, i.e.,
culture, histology, rapid urease test (RUT), and PCR, as well
as non-invasive tests, such as urea breath test (UBT), serological assays for the detection of serum antibodies, and stool antigen tests (SATs) [1, 2].
SATs comprise enzyme immunoassays (EIAs) or immunochromatography assays (ICAs), detecting H. pylori antigens
by the use of either monoclonal or polyclonal antibodies. In
general, ICAs are easier to perform than EIAs, but previous
studies have shown that EIAs are more accurate than ICAs [3,
4]. Furthermore, assays using monoclonal antibodies are more
accurate than assays based on polyclonal antibodies [5]. In
fact, SATs in the form of monoclonal EIAs have a pooled sensitivity of 94% and specificity of 97% [5], are less expensive
than the UBT, and have therefore been recommended by international and national guidelines as alternatives to the UBT for
both diagnosis of infection and confirmation of eradication
following therapy [6–8]. SATs are particularly interesting for
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the diagnosis in children in order to avoid the application of
invasive tests [9–11]. In addition, SATs are helpful in epidemiological studies [12, 13].
The present study aimed at comparing two novel assays (one
EIA and one ICA, both using monoclonal antibodies) with a
monoclonal chemiluminescence immunoassay (CLIA), which
has shown before a sensitivity of 90.1% and a specificity of
92.4% in comparison with RUT, histology, and UBT [14].

Materials and Methods
Patients’ Samples. Two hundred sixty-six fresh stool
samples with defined CLIA results (42 positives, 219
negatives, and 5 samples with borderline results) and
sufficient stool material for further testing were collected
between January and May 2018 and stored at −20 °C. To
avoid possible degradation of protein due to multiple freezing
and thawing cycles, frozen samples were thawed in
proportions and immediately tested in parallel in all 3 assays.
Enzyme Immunoassays. CLIA (LiasonW, H. pylori SA,
DiaSorin, Dietzenbach, Germany), EIA, and ICA
(RIDASCREENW and RIDAQUICKW; R-Biopharm AG,
Darmstadt, Germany) for the detection of H. pylori antigens
in stool samples were used according to the manufacturers'
instructions.
Statistical Analysis. Since none of the assays could be
considered gold standard, and in the absence of data from
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other (invasive or non-invasive) tests for the detection of
H. pylori, we calculated the positive and negative percent
agreement (PPA and NPA, respectively) between the assays
with 95% confidence intervals (95% CI). In addition, data
were statistically analyzed by using McNemar's test and by
calculation of Cohen's kappa.
Ethics. Since data were collected for quality enhancement
of bacteriological diagnostics, and no analyses were
performed other than requested, an approval by a local ethics
committee was not applied for. The study is in agreement with
the General Data Protection Regulation of the EU.
Results
In total, 266 stool samples obtained from 260 patients (median age, 45 years; range, 1–96 years) were included in the
study. One hundred sixty-four (61.7%) of these samples were
from female patients, and 102 samples (38.4%) from male
patients.
Thawed stool samples were subjected again to CLIA and simultaneously to EIA and ICA. Initial CLIA results could be
replicated by the second CLIA measurements in 249/266
(93.6%) samples, 207 of these being negative, 41 positive,
and 1 sample yielding borderline results twice. One of the 41
CLIA-positive samples was negative by both EIA and ICA,
whereas 3 additional samples were negative by the ICA only
(Table 1). One and 6 of 207 CLIA-negative samples were
EIA-positive or ICA-positive, respectively. The one sample
with consistently borderline CLIA results was negative in both
EIA and ICA.
Due to sufficient sample material, analysis of 12 samples
with questionable ICA results in the first run including CLIAnegative and CLIA-positive samples could be repeated
(Table 2). Data for 2 samples each could be either corrected
(116, 68) or remained false positive or negative, respectively
(194, 15). For the other 8 samples, the results were slightly
Table 1. Detection of H. pylori-specific antigen by ICA, EIA, and CLIA
in 248 stool samples with consistent positive or negative CLIA results
CLIA
EIA
ICA (initially)
ICA (retested)a

Positive
Negative
Positive
Negative
Positive
Negative

Positive

Negative

40
1
37
4
38
3

1
206
6a
201
5
202

a
Twelve samples with questionable initial ICA results could be
retested.

Table 2. Data (for CLIA and EIA given as OD; sorted by OD results of
the first CLIA analysis) for 12 samples with replicate ICA data
Sample number
116
194
20
80
72
1
64
69
68
26
15
24
a

CLIA
Initial
0.01
0.01
0.39
0.50
0.68
1.08
2.48
2.56
3.22
4.31
4.43
17.10

Second
0.17
0.32
1.99a
0.01
0.72
0.78
3.83
3.36
5.41
2.62
6.67
9.76

EIA
0.002
0.004
1.739
0.002
0.589
2.007
1.411
1.232
1.547
2.212
2.142
3.419

Table 3. Data (for CLIA and EIA given as OD; sorted by OD results of
the first CLIA analysis) for 17 stool samples with discrepant CLIA results
Sample number
190
248
264
20
228
186
54
241
145
266
240
252
76
84
143
1
137
a
b

CLIA
Initial

Second

0.29
0.32
0.34
0.39
0.39
0.41
0.42
0.45
0.58
0.70
0.73
0.80
0.91
0.97
0.99
1.08
1.20

0.91a
1.36
1.16
1.99
1.24
1.01
0.92
1.27
0.91
1.84
3.71
1.68
0.67
0.62
0.27
0.78
0.47

EIAa

ICA

0.001
0.003
0.003
1.739
0.002
0.003
0.002
0.002
1.271
0.270
3.026
0.001
0.199
0.002
0.001
2.007
0.004

–
–
–
−/((+))b
–
–
–
–
–
–
–
–
–
–
–
−/((+))
–

Positive results in bold; borderline results highlighted gray.
Two samples retested by ICA yielding weakly positive results.

modified or repeated as initially seen (80, 72, 64, 69, 26, 24)
or extremely faint bands were visible (20, 1), which might
have gone undetected without knowing the correct results.
Thus, the latter 2 samples were considered ICA-negative. Notably, the EIA-positive sample 72 yielded negative results in
both CLIA runs and repeatedly by ICA.
In 17 samples (6.4%), discrepant results were obtained between the 2 CLIA measurements (Table 3). The vast majority
of these were CLIA borderline or low positive (optical density
[OD], 0.9–1.99) in either the first or the second CLIA measurement, and only sample 240 was negative in the initial testing but later clearly positive in both the second CLIA testing
and the EIA, while the ICA yielded a negative result. Notably,
5 additional samples (20, 145, 266, 76, and 1) were also EIApositive, 3 of these with OD > 1 (Table 2). Initial ICA results
were negative for all 17 samples; ICA analysis could be repeated for 2 samples, which then yielded very weakly positive
results as mentioned before.
Since no gold standard assay could be included in the study,
the overall statistical analysis relied on calculating PPA and
NPA and included only the 248 samples with consistent positive or negative CLIA results. Here, we observed high agreement between the CLIA and both EIA and ICA (Table 4).
Accordingly, the assays did not differ when compared using
the McNemar's test (CLIA vs. EIA, 0.480; CLIA vs. ICA, initial analysis only, 0.752; CLIA vs. ICA including repeat testing, 0.724). Similarly, the kappa values also indicated very
good agreement between the assays (CLIA vs. EIA, 0.971;
CLIA vs. ICA, initial analysis only, 0.857; CLIA vs. ICA including repeat testing, 0.885).

ICA
Initial
+
+
−
(+)
−
−
(+)
(+)
−
((+))
−
(+)

Positive results in bold; borderline results highlighted gray.

Second
−
+
((+))
(+)
−
((+))
+
+
+
(+)
−
+

Table 4. Positive and negative percent agreement between CLIA and EIA
or ICA, respectively, for 248 samples with consistent positive or negative
CLIA results
Assay
EIA
ICA (initial analysis only)
ICA (including repeat testing)

PPAa

NPA

97.6%
(86.3–100%)
90.2%
(76.9–96.7%)
92.7%
(79.9–98.2%)

99.5%
(97.0–100%)
97.1%
(93.7–98.8%)
97.6%
(94.3–99.1%)

a

PPA, positive percent agreement; NPA, negative percent agreement;
data with 95% CI in parentheses.
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Discussion

Authors' Contributions

The present study evaluated for the first time two novel assays for the detection of H. pylori antigen in human stool
samples. A limitation of the present study already mentioned
above is the lack of further data from other invasive or non-invasive tests. In comparison to a previously tested CLIA, however, both ICA and EIA proved to be valuable tools for the
laboratory diagnosis of H. pylori infection.
Although not statistically significant, the ICA appeared to
be slightly less sensitive than the EIA, which, however, is in
accordance with previous studies [3, 4]. We were able to repeat 12 measurements for samples, where the ICA results contradicted the data obtained by the other tests. Clearly, the
altered results here observed for 2 samples might be due to
pre-analytical issues, e.g., specimens, reagents, and test cassettes must be at room temperature before the analysis, or to
an inhomogeneous distribution of antigen within the samples.
Notably, very faint bands might be easier to be recognized
with some more experience with this assay. As all ICAs, the
assay tested is fast and does not require further equipment,
such as an ELISA reader.
We observed very high PPA and NPA (kappa value, 0.971)
between the EIA and the CLIA, which has a sensitivity of
90.1% and a specificity of 92.4% [14]. In comparison to the
CLIA, one advantage of the EIA was the very low number of
samples yielding OD values close to the cut-off of the assay. In
fact, all negative samples yielded OD values at least threefold
lower than the cut-off, while the OD values of all but 2 positive samples were at least threefold higher than the cut-off.
None of the samples yielded a borderline result. In contrast,
one sample yielded a borderline result in both CLIA runs, and
we observed 4 samples each with borderline results in one of
the 2 runs being negative in the other one. Likewise, a considerable number of samples yielded weakly positive or negative
results close to borderline in either CLIA measurement, some
of which could not be confirmed in the other CLIA measurement. Thus, the EIA seems to discriminate more precisely between positive and negative samples than the CLIA.
In conclusion, both EIA and ICA can be employed to detect
H. pylori antigen in human stool samples. While the ICA is
rapid and easy to perform, the EIA demonstrated considerable
precision without yielding borderline results.
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