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A modified version of a rapid office based one-step monoclonal immunoassay for detection of Helicobacter
pylori antigen in stool samples from children was evaluated against biopsy specimen-based methods and
compared to a monoclonal enzyme immunoassay using the same antigen. Blinded stool samples from 185
children (0.3 to 18.2 years) were investigated at the time of upper endoscopy prior to anti-H. pylori therapy; 62
children were H. pylori infected and 123 noninfected according to predefined reference standards. Samples
obtained 6 to 8 weeks after anti-H. pylori therapy were available from 58 children (3.8 to 17.7 years) and were
compared to results of the [13C]urea breath test (14/58 were positive). The rapid stool tests were performed by
two independent readers. Of 243 rapid tests performed, 1 (0.4%) was invalid for technical reasons. Equivocal
results (very weak line) were reported 16 times by reader 1 and 27 times by reader 2. When equivocal results
were considered positive, the two observers agreed on 76 positive and 160 negative results and disagreed on 7
samples (2.9%). The sensitivity was 90.8% for reader 1 and 85.5% for reader 2, and the specificity was 91.0%
and 93.4%, respectively. The monoclonal enzyme immunoassay revealed a sensitivity and specificity of 94.7%
and 97.6%, respectively. The modified chromatographic immunoassay is a good alternative in settings or
situations when the monoclonal enzyme immunoassay or the [13C]urea breath test are not available or feasible.
In order to improve sensitivity, very weak lines should be considered positive test results.

Several noninvasive methods are available for the diagnosis
of H. pylori infection (5, 14). Serological tests are not appro-
priate, since they cannot distinguish between a present and
previous infection and, in addition, they have a low sensitivity
in children younger than 12 years of age (6, 13). The [13C]urea
breath test (UBT) is the preferred noninvasive diagnostic tool
and gives excellent performance for both adults and children,
but specificity decreases in very young and mentally disabled
children who are not able to cooperate with the test procedure
(10, 11, 25). So far, tests for detection of H. pylori antigen in
stool samples are the only noninvasive diagnostic tools which
do not show an age dependence for the diagnostic accuracy
(14, 15). This makes stool tests very attractive, particularly for
young children and for epidemiological studies. Several tests
have been developed, but validation studies showed differences
in performance. An enzyme immunoassay (EIA) based on poly-
clonal antibodies that was developed by the Meridian Company
has been validated in several studies, with controversial results
(17, 20, 24). Lack of accuracy is obviously related to intertest
variability (19). In contrast, EIA based on monoclonal anti-
bodies showed consistently excellent results, with very high
sensitivity and specificity in both children and adults (15, 21).

A meta-analysis with head-to-head comparison has judged
the monoclonal EIA superior to the polyclonal EIA (8).

Recently, we reported on the performance of a one-step
monoclonal chromatographic immunoassay for detection of H.
pylori antigen in stool samples from symptomatic children com-
pared to the results of a well-established monoclonal EIA
using the same antigen, namely, the catalase of H. pylori (22).
Evaluation against biopsy specimen-based diagnostic methods
showed a moderate sensitivity but a good specificity. After pub-
lication of the data, the manufacturer modified the tests. The
aim of this study was to evaluate this new version of the rapid
office-based one-step stool test in symptomatic children against
invasive diagnostic methods and to compare the results with
those of the monoclonal EIA.

MATERIALS AND METHODS

Patients. For the evaluation before treatment, stool samples from 185 symp-
tomatic children (mean age, 10.2; range, 0.3 to 18.2 years) were frozen at �20°C
at the time of endoscopies. All 185 patients had never been treated for H. pylori
infection in the past. For 58 H. pylori-infected patients (mean age, 10.0; range, 3.8
to 17.7 years), stool samples were obtained 6 to 8 weeks after anti-H. pylori
therapy and within 2 days of performing a UBT to monitor the success of
therapy. Children were excluded if they took antibiotics or acid-suppressive drugs
(proton pump inhibitor, H2 receptor antagonists, antacids, or bismuth prepara-
tion) within 4 weeks prior to testing or if the H. pylori status was not clearly
defined as described below.

The study protocol was approved by the ethical committee of the Ludwig-
Maximilians-University, Munich, Germany.

Definition of H. pylori status. Two biopsy specimens each were taken during
upper endoscopy from the gastric antrum and corpus for histological examina-
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tion. The specimens were formalin fixed and stained with hematoxylin and eosin
and modified Giemsa. Local pathologists who were blinded for the results of the
other tests viewed the specimens for the presence of H. pylori. One antral
specimen was obtained for the rapid urease test and another for bacterial cul-
ture; this specimen was transported to the local microbiological laboratory in
transport medium and processed within 4 hours. UBT was performed according
to a standardized protocol, described previously (11). The test was considered
positive when the delta over baseline value was �5‰.

In the pretreatment group, the H. pylori status was defined as positive when
culture and at least two other tests (histology, rapid urease test, and UBT) were
positive. The H. pylori status was considered to be negative if all tests performed
gave negative results.

For ethical reasons and in accordance with the consensus statement of the
pediatric task force group on H. pylori infection (7), the success of therapy was
assessed by a UBT after treatment. The breath test was performed 6 to 8 weeks
after the end of therapy. The results were compared with the results of the stool
test and EIA.

Stool antigen tests. Parents were asked to bring a stool sample from their child
at the time of endoscopy, before any therapy was initiated. Treated children had
another stool sample delivered 6 to 8 weeks after the end of eradication therapy,
at the time of the second UBT. Stool samples were stored at �20°C until
analysis. Both the EIA and the rapid stool test were performed on coded
samples. All tests were performed according to the manufacturer’s instructions.
If a stool specimen was insufficient, the patient was excluded.

The improved rapid test (RAPID Hp StAR; Oxoid, Ltd., Hampshire, United
Kingdom) is an immunochromatographic membrane-based assay using amplifi-
cation technology for the determination of H. pylori antigen in stool samples.
This test utilizes two different monoclonal anti-H. pylori antibodies. Using the
applicator stick, a pea-sized sample (approximately 0.1 g) of thoroughly mixed
stool was transferred into the predispensed sample diluent vials and homoge-
nized for 15 s on a vortex mixer. Three hundred fifty microliters of the stool
suspension was added to the test strip vial using the supplied Pasteur pipette.
Care was taken to keep the sides of the vial clean. The test strip was immersed
in the sample and was left to stand vertically at room temperature for 15 min.
The appearance of one purple-pink line (control line) indicated the correct
performance of the test. According to the manufacturer’s guidelines, stool sam-
ples can be stored at 2 to 8°C for up to 5 days or indefinitely at �20°C before the
test.

Results were read visually within 5 min after the end of the incubation period.
Results were judged as follows. A negative test result was only one pink band
(control line). A positive test result was a distinguishable pink band (test line) in
addition to the control line. The appearance of any pink test line was considered
a positive result. Very weak, hardly visible test lines were considered equivocal.
An invalid test result was the absence of the control line, with or without a
visually detectable test line.

The results of the rapid stool test were read by two independent observers
(reader 1 and reader 2) who classified the results of the coded samples as
negative, positive or strongly positive, equivocal, or invalid. All stool tests were
performed without knowledge of the other test results.

For the EIA (Amplified IDEIA Hp StAR; Oxoid, Ltd., Hampshire, United
Kingdom), 50 �l of supernatant of the diluted stool sample (0.1 g stool in 0.5 ml
sample diluent) and, thereafter, 50 �l of conjugated monoclonal antibody solu-
tion were added to wells and incubated for 1 h at room temperature on a shaker.
Unbound material was removed by washing five times with a washing buffer.
After the washing, 100 �l of a substrate solution was added and incubated for 10
min. After the addition of 100 �l of a stopping solution, the results were read by
spectrophotometry (450/630-nm double wavelength). According to the manufac-

turer’s guidelines, an optical density (OD) of �0.150 was defined as a negative
and an OD of �0.150 as a positive test result.

Statistical analysis. Sensitivity and specificity with confidence intervals, accu-
racy, and the likelihood ratio for a positive and negative stool test result were
calculated against the defined H. pylori status as the reference standard (20).
Correlations between age and OD values were analyzed by the Spearman rho
test. Statistical analysis was performed using SPSS (Statistical Package for Social
Sciences version 9.1; SPSS, Inc., Chicago, IL).

RESULTS

H. pylori status. According to the predefined criteria, 62
(34%) of the 185 patients in the pretreatment group were H.
pylori infected. In all of them, the infection was proven by a
positive culture for H. pylori, a positive histology, and rapid
urease test. The H. pylori status was negative in 123 (66%)
children, with concordant negative results in all tests.

Of 58 patients tested 6 to 8 weeks posttreatment, 14 (24%)
showed a positive UBT result and were considered treatment
failures, while the remaining 44 children (76%) had clearly
negative UBT results. The number of children in each age
group in relation to their H. pylori status is given in Table 1.

Rapid stool test. One test was invalid (0.4%) due to techni-
cal reasons; the sample was retested and showed a negative
result. The two independent observers agreed on 29 positive or
strongly positive and 160 negative results. In nine cases, both
judged the reading to be equivocal (Table 2). Equivocal read-
ings were reported 16 times by reader 1 and 27 times by reader
2. On 45 occasions, the reading was controversial between the
two investigators, but 20 tests showed only grading differences
within positive test results (positive or strongly positive). Ac-
cordingly, 25 tests (10.2%) were not concordant between the
two readers.

In a second approach, all equivocal results (very weak,
hardly visible test lines) were considered to be positive. The
two observers now agreed on 56 positive and 160 negative
results (Table 3). On 27 occasions, the results varied, but again,
20 cases showed only different positive results (positive or
strongly positive). When equivocal results were considered to
be positive, only seven tests (2.9%) had discordant results
(reader 1, positive; reader 2, negative).

Table 4 gives the corresponding OD values measured in the
EIA of all samples which gave discrepant readings (assuming
all equivocal results to be positive test results). Surprisingly, in
all but four cases, the OD values were clearly above or below
the cutoff of 0.150. On 19 occasions (7.8%), both readers

TABLE 1. Proportion of children in different age groups
pre- or posttreatment

Age (yr)

% of children with indicated infection status
(no. with status/total no.)

Pretreatment Posttreatment

Positive Negative Positive Negative

�6 16.7 (8/48) 83.3 (40/48) 25.0 (2/8) 75.0 (6/8)
6–12 40.0 (28/70) 60.0 (42/70) 22.9 (8/35) 77.1 (27/35)
�12 38.8 (26/67) 61.2 (41/67) 26.7 (4/15) 73.3 (11/15)
All 33.5 (62/185) 66.5 (123/185) 24.1 (14/58) 75.9 (44/58)

TABLE 2. Interobserver agreement between the two independent
readers of the RAPID Hp StAR, with equivocal results

counted separately

Result by
reader 1

No. of samples with indicated result by
reader 2a

Total no.

� �/� � ��

� 160 0 0 0 160
�/� 7 9 0 0 16
� 0 18 24 0 42
�� 0 0 20 5 25

Total no. 167 27 44 5 243

a �, negative; �/�, equivocal; �, positive; ��, strongly positive.
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misclassified the H. pylori status, whereas in 7 cases (2.9%),
only one investigator had a reading that was discrepant from
the infection status. Discordant results occurred in both the
pre- and posttreatment group (12% and 10%, respectively).
Age, gender, or H. pylori status had no relation to the accuracy
of the results.

The results for sensitivity, specificity, and accuracy and like-
lihood ratios for the pre- and posttreatment groups against the
predefined gold standard are given in Table 5.

EIA stool test. Eight of 243 tests (3.3%) were misclassified
by the EIA. Three false-negative and four false-positive results
occurred in the pretreatment group, and one false positive
after therapy (Table 4). In four patients, the H. pylori status
was misclassified in both the rapid test and EIA. The OD
values clearly differentiated between H. pylori-infected (me-
dian, 3.180; all but seven patients had values of �0.500) and
noninfected children (median, 0.021; all but six had values of
�0.080). No significant correlation was seen between the age
of the patient and the OD value in the H. pylori-positive (r �
�0.124, P � 0.280) or negative (r � 0.003, P � 0.966) groups.
Results for sensitivity and specificity (with 95% confidence
intervals), accuracy, and likelihood ratios of the EIA are pre-
sented in Table 5.

DISCUSSION

To our knowledge, this is the first biopsy specimen-based
study applying the modified rapid one-step immunochromato-
graphic assay to establish the diagnosis of H. pylori infection in
comparison to the established biopsy specimen-based refer-
ence standard pretreatment and to monitor the success of
anti-H. pylori therapy against the UBT. The rapid stool test is
based on the same monoclonal antibody as the monoclonal
EIA which was used for comparison. Our results confirmed the
excellent performance of the monoclonal EIA both pre- and
posttreatment in pediatric patients (8, 9, 15). All published
trials with children using the monoclonal EIA consistently
showed values of �95% for sensitivity and specificity. There-
fore, in children, this monoclonal EIA (Amplified IDEIA Hp
STAR, formerly Femtolab H. pylori) seems to be as accurate as
the UBT (14). In particular, in younger or mentally disabled
children, the stool test has the advantage that it does not
require any cooperation of the patient. The antigen is stable at
room temperature for at least 3 to 5 days. Therefore, the stool
sample can be sent in by normal surface mail. This saves another
visit to the doctor’s office, which is needed for the UBT.

A major disadvantage of the rapid test is the interobserver
variability and equivocal results due to very weak test lines. In
our study, two observers interpreted the reading indepen-
dently. Forty-five times, the reading differed between the two
investigators, but in 20 cases, both saw positive results (positive
or strongly positive). In 25 cases (10.2%), the readers disagreed
due to equivocal results. The visual interpretation of rapid
stool tests has been reported to be a problem for both adult (4)
and pediatric patients (1, 22). When we considered all equiv-
ocal readings to be positive results, discordant results occurred
in only seven samples.

The preparation of the stool specimens and the test proce-
dure were improved compared to the procedures for using the
former test (22). Only one test was invalid for technical rea-
sons, with no control line appearing. In our previous study,
stool suspensions were stored at 4°C overnight before perfor-
mance of the rapid test, which could be a reason for the worse
performance. Therefore, we recommend that the stool samples
be prepared and the rapid test performed immediately.

In the present study, the improved office-based monoclonal
chromatographic test showed a better sensitivity pretreatment,
with results of 93.5% and 90.3% for the two readers, compared
to 85.7% and 71.4% posttreatment. So far, the sensitivity of the
modified test is higher than reported values in previous studies
applying the former version (2, 3, 18, 22). However, for the

TABLE 4. Discrepancies between readers in rapid stool test
readings and between results for both rapid stool test

and EIA versus the reference standarda

Treatment
group

H. pylori
status EIA OD

Result for sample by:

Reader 1 Reader 2

Pre � �b 0.660 � �
Pre � � 0.019 �b �b

Pre � � 0.020 ��b ��b

Pre � � 0.027 �b �
Pre � � 0.019 �b �b

Pre � � 0.020 �b �b

Pre � �b 0.329 � �
Pre � � 0.031 �b �b

Pre � � 0.027 �b �b

Pre � � 0.020 �b �b

Pre � � 0.037 �b �b

Pre � � 0.028 �b �b

Pre � � 0.038 �b �b

Pre � � 0.019 �b �
Pre � � 0.021 �b �b

Pre � �b 0.167 � �
Pre � �b 3.521 ��b ��b

Pre � �b 0.042 �b �b

Pre � �b 0.100 �b �b

Pre � � 0.590 � �b

Pre � � 0.292 � �b

Pre � � 0.266 �b �b

Pre � �b 0.030 �b �b

Post � � 0.039 �b �
Post � �b 0.667 � �
Post � � 0.244 �b �b

Post � � 0.774 �b �b

Post � � 0.879 � �b

Post � � 0.533 � �b

a OD values of monoclonal EIAs are given. Equivocal test results were con-
sidered to be positive. �, negative; �, positive; ��, strongly positive.

b Results were discordant from the reference H. pylori status.

TABLE 3. Interobserver agreement between the two independent
readers of the RAPID Hp StAR, with equivocal results counted

as positive

Result by
reader 1

No. of samples with indicated
result by reader 2a

Total no.

� � ��

� 160 0 0 160
� 7 51 0 58
�� 0 20 5 25

Total 167 71 5 243

a �, negative; �, positive; ��, strongly positive.
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posttreatment evaluation, only 14 patients with treatment fail-
ure could be studied, resulting in large confidence intervals
(Table 5). Another explanation for the lower sensitivity after
eradication therapy could be the reduced antigen load after
failed therapy. Krausse et al. reported a lower sensitivity of the
previous version of the rapid stool test for older patients com-
pared to its sensitivity with patients below 45 years of age and
speculated that the bacterial load in elderly people may de-
crease due to mucosal atrophy (18). In contrast to the rapid
stool test, the monoclonal EIA was not negatively affected with
respect to sensitivity in children with treatment failure. Our
results are in agreement with a recent meta-analysis, including
22 studies covering 2,499 patients prior to and 957 patients
following therapy, which showed comparable calculated pre-
versus posttreatment sensitivities (percent sensitivity and 95%
confidence interval, 0.94 [0.93 to 0.95] and 0.93 [0.89 to 0.96],
respectively) (8).

A major advantage of fecal tests is the independence of the
test accuracy from the child’s age. While both serology (6, 12)
and UBT (10, 11, 25) perform with lower accuracy in young
children, this is not the case for stool tests. Our study included
a larger proportion of very young patients than recent studies
of fecal antigen tests (16, 23). This age range is important to
study transmission and evaluate preventive measures for infec-
tion in high-risk populations, such as children from developing
countries. The results of this study confirm our previous find-
ings that the OD values in infected and noninfected children
do not correlate with age (15, 22).

In summary, the modified rapid monoclonal immunochro-
matographic stool antigen test was modified, which led to an
improved sensitivity and interobserver variability. Following
the improvement, the monoclonal office-based test is now a
good alternative to assess the H. pylori status of children in
settings where the UBT or EIA is not available, not feasible, or
too expensive. The EIA stool test, based on a monoclonal
antibody, is highly sensitive and specific in children of all age
groups, as described before. This test is an excellent alternative
to the UBT for assessing the H. pylori status of children and for
monitorings the success of anti-H. pylori therapy even in a
low-prevalence setting.
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