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Abstract

Our aim was to evaluate diagnostic accuracy of rapid immunochromatographic stool antigen test (Rapid HpSA; LİNEAR Chemical,
Barcelona, Spain) and a practical low-dose 14C urea breath test (UBT) (Heliprobe™) test before and after eradication therapy. One hundred
nine children with abdominal symptoms (age range, 5–17 years; mean, 12.1) underwent endoscopy, 14C-UBT, and Rapid HpSA. Patients
were defined as Hp infected when histology was positive for Hp. Forty children (36.6%) were Hp infected. The sensitivity of Rapid HpSA
and 14C-UBT was 65% and 92.5% (P = 0.0003), respectively; the specificity of Rapid HpSA and 14C-UBT was 92.3% and 85.5% (P =
0.180), respectively. After eradication therapy endoscopy, 14C-UBT and Rapid HpSA were repeated. The eradication rate was 70.5%. After
eradication, the sensitivity of Rapid HpSA and 14C-UBTwas 60% and 100%, respectively; the specificity of Rapid HpSA and 14C-UBT was
100%. 14C-UBT was more reliable than the Rapid HpSA test for the diagnosis and for confirming eradication of Hp infection.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Several invasive and noninvasive diagnostic tests are
used for the detection of Helicobacter pylori infection.
Histologic examination is the most accurate method for
diagnosis of H. pylori infection in children (Gold et al.,
2000; Sherman et al., 2002). However, the test needs an
upper gastrointestinal endoscopy associated with major
disadvantages such as anesthesia and discomfort. Among
the noninvasive methods, serologic tests cannot be applied
to young children because of low sensitivity (Malfertheiner
et al., 2007). Another noninvasive test, the urea breath test
is based on the detection of gastric urease produced by
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H. pylori. The test can be performed by using 14C-urea or
13C urea (Graham et al., 1987; Ormand et al., 1990). It
is reported that the 13C urea breath test (UBT) has
excellent sensitivity and specificity in the diagnosis of
H. pylori infection in children (Bazzoli et al., 2000; de
Carvalho Costa Cardinali et al., 2003; Kato et al., 2002,
2004a; Ni et al., 2000; Vandenplas et al., 1992), but
specificity decreases in very young children, and collection
of exhaled air is difficult in this age group (Imrie et al.,
2001; Kindermann et al., 2000). 13C-labeled urea is
preferable to 14C because of nonradioactive isotope, but
high cost of 13C and requirement for mass spectrometric
analysis preclude its use in developing countries. It usually
requires the administration of a test meal and cold urea to
the patient. This is not necessary with 14C-UBT, and thus,
the test is simpler, faster, and more likely to achieve
clinical acceptance. The 14C-labeled urea is better from an
analytical, practical, and economic point of view (Kao

mailto:zarifekuloglu@yahoo.com
http://dx.doi.org/10.1016/j.diagmicrobio.2008.07.006


352 Z. Kuloğlu et al. / Diagnostic Microbiology and Infectious Disease 62 (2008) 351–356
et al., 1993). Its major disadvantage is radiation exposure;
however, radiation exposure secondary to this test is lower
than exposure from environmental radiation for a 24-h
period (Leide-Svegborn et al., 1999; Stubbs and Marshall,
1993). In adults, 14C-UBT has been proposed as a simple,
fast, sensitive, and reliable method for detection of
H. pylori infection in clinical practice (Chey et al., 2000;
Ormand et al., 1990; Öztürk et al., 2003; Sharma et al.,
1999). To the best of our knowledge, there is no report on
the utility of 14C-UBT in the diagnosis and conforming
eradication of H. pylori infection in children. The routine
test protocol of 14C-UBT requires ingestion of 14C-labeled
urea, collection of breath samples at frequent intervals
using a liquid CO2 trapping medium, addition of a liquid
scintillation cocktail, and counting with a β-scintillation
counter (Ormand et al., 1990; Sharma et al., 1999).
Recently, a new, practical dry breath collection cartridge
(Heliprobe BreathCard™) and counting system (Heliprobe
analyser™) have been developed.

Stool antigen tests provide a noninvasive method for the
detection of H. pylori. Recently, a novel rapid stool antigen
test (ImmunoCard STAT HpSA; Meridian Bioscience,
Cincinnati, OH) based on lateral flow immunoassay was
developed. This test is inexpensive and easy to perform
without specialized laboratory equipment, and it provides
results in only 5 min. These characteristics make it a
potential patient test to be used easily in the doctor's daily
practice. Several studies are reported with this new test both
in adults an in children, with a widely variable performance
(Antos et al., 2005; Gatta et al., 2004; Hauser et al., 2006;
Kalach et al., 2005; Kato et al., 2004b; Kolho et al., 2006;
Nares-Cisneros et al., 2007; Veijola et al., 2005).

The Rapid HpSA test (LİNEAR Chemical, Barcelona,
Spain) is a rapid 10-min immunoassay based on a lateral
flow chromatography technique that detects H. pylori
antigens present in human stool, and no evaluative studies
of its performance have yet been reported. The aim of this
study was to evaluate the usefulness of Rapid HpSA test
(LİNEAR Chemical) and the novel 14C-UBT (Heliprobe
BreathCard™) for diagnosing and conforming eradication of
H. pylori infection in children.
2. Materials and methods

2.1. Patients

We carried out a cross-sectional study in a group of
children and adolescents with abdominal symptoms sugges-
tive of H. pylori infection who were prospectively recruited
to the study. Children who had received antimicrobial agents,
H2 receptor blockers, or proton pump inhibitors because of
any reason within 6 weeks before undergoing endoscopic
examination were excluded from the study. Upper gastro-
intestinal system endoscopy, 14C-UBT, and Rapid HpSA test
were performed to all children. Sample collections for the
14C-UBT and Rapid HpSA test were done within a few days
before or after endoscopy. During endoscopy, 3 biopsy
specimens were collected from the antrum of stomach.
Histologic biopsies were stained with hematoxylin and eosin
plus Giemsa stains, and gastritis was scored according to the
updated Sydney System (Dixon et al., 1996) by a single
pathologist. The pathologist who performed histologic
examination was blinded to the results of all other tests.

The H. pylori status (reference method) was defined as
positive when histology was positive. H. pylori-infected
patients were offered a triple therapy regimen that included
clarithromycin (15 mg/kg per day; maximum, 1 g) and
amoxicillin (50 mg/kg per day; maximum, 2 g) for 15 days
plus omeprazole (1 mg/kg per day; maximum, 40 mg/day)
for 30 days.

Simple questions for symptoms were asked, and endo-
scopy, 14C-UBT, and Rapid HpSA tests were repeated 4 to
6 weeks after stopping the treatment. During these weeks,
patients were not allowed to take antibiotics, H2 antagonist,
or proton pomp inhibitors. Patients were classified as
eradicated if histology was negative.

2.2. 14C urea breath test

Antacids were stopped at least 24 h before the test,
sucralfate and H2 receptor antagonists were discontinued for
1 week before the test, and proton pump inhibitors, bismuth
compounds, and antibiotics were stopped for 1 month before-
hand. After overnight fasting, patients swallowed 37 kBq
(1 μCi) of an encapsulated form of 14C-urea/citric acid com-
position (Helicap; Noster System, Stockholm, Sweden) with
25mLwater. Breath samples of patients were collected with a
special dry cartridge system (Heliprobe BreathCard™;
Noster System) at 10 min. Patients exhaled gently into the
cartridge mouthpiece until the indicator membrane changed
color from orange to yellow. The BreathCard was inserted
into a special small desktop, Geiger–Muller counter (Helip-
robe analyser™; Noster System), and activity counted for
250 s. Results were expressed both as counts per minute
(CPM) and as grade (0: not infected, CPM b25; 1: equivocal,
CPM 25–50; 2: infected, CPM N50), as suggested by the
producer according to the counts obtained from the
cartridges.

2.3. Rapid HpSA test (LİNEAR Chemical)

Rapid HPSA test was performed in fresh stool according
to the manufacturer's recommendations without knowledge
of the H. pylori status by a single biologist. This test is a
rapid 10-min test, qualitative via a lateral flow chromato-
graphy technique. The test was considered negative if only
blue colored band (control line) appeared across the white
central area of the reaction strip, and positive when, in
addition to the control line, a distinguishable pinkish red
band (test line) also appeared across the central zone of the
reaction strip. Any line or color appearing after 10 min has
no diagnostic value. Tests were also considered invalid if the
control band was absent.



Table 1
Performance of Rapid HpSA test and 14C urea breath test compared with histology in diagnosing of H. pylori infection by age group

Group Method True
positive
(n)

False
positive
(n)

True
negative
(n)

False
negative
(n)

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

All
(n = 109)

Rapid HpSA 26 5 64 14 65 (45.9–77.8) 92.3 (84.1–96.8) 84 (75.3–89.9) 82 (73.2–88.5) 83
14C-UBT 37 10 59 3 92.5 (80.2–97.4) 85.5 (73.3–91.9) 79.3 (69.6–85.7) 95 (88.7–98.1) 88

b10 years
(n = 25)

Rapid HpSA 6 2 14 3 67 (35.4–87.9) 88 (63.9–96.5) 75.4 (53.4–93.8) 82.2 (61.2–938) 80
14C-UBT 9 1 15 0 100 (70–100) 94 (71.6–98.8) 90 (70–97.8) 100 (83.4–99.6) 96

≥10 years
(n = 84)

Rapid HpSA 20 3 50 11 65 (46.9–78.8) 94 (84.6–98.1) 87 (77.4–93.1) 82 (71.7–89.2) 83
14C-UBT 28 9 44 3 90 (75.1–96.6) 83 (70.7–90.8) 76 (64.8–84.1) 94 (85.4–97.5) 86

PPV = positive predictive value; NPV = negative predictive value.
Data in parentheses represent 95% CI.
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2.4. Statistical analysis

The statistical analysis was performed using SPSS 11.5.
Statistical analyses were performed (χ2 test). Sensitivity,
specificity, positive and negative predictive values with
confidence intervals (CIs), and accuracy of the Rapid HpSA
and 14C-UBT were calculated against the defined H. pylori
status as reference test. Differences between 14C-UBT and
Rapid HpSA test was analyzed by the McNemar test.
A P value b0.05 was regarded as statistically significant.

2.5. Ethics

The purpose of the study was explained to all parents and
children, and signed consent was received before participa-
tion. The study protocol was approved by the ethics
committee of Ankara University, Ankara, Turkey.
3. Results

A total of 125 patients are enrolled in the study. Sixteen
patients were subsequently excluded. Three children failed
to submit a stool (1 child) or breath (2 children) sample;
further 13 children refused to perform endoscopy. A total of
109 patients remained in the study (n = 109; 58 girls,
51 boys; mean age, 12.1 ± 3.1 years; range, 5–17 year;
b10 years, n = 25; ≥10 years, n = 84). Three children had
peptic ulcer on endoscopy. Antral nodularity and erythema
were observed in 22 children (20.1%).

According to the predefined criteria, 40 of 109 patients
(36.6%) were H. pylori infected and 69 were noninfected.
H. pylori was documented in 31 of 109 stool samples
and in 45 of 109 14C-UBT test. In the H. pylori-infected
Table 2
Performance for Rapid HpSA test and 14C urea breath test tests compared with hi

Group Method True
positive
(n)

False
positive
(n)

True
negative
(n)

False
negative
(n)

Sensitivity

All (n = 17) Rapid HpSA 3 0 12 2 60 (23.1–8
14C-UBT 5 0 12 0 100 (56.5–1

PPV = positive predictive value; NPV = negative predictive value.
Data in parentheses represent 95% CI.
patients, the Rapid HpSA test was positive in 26 (65%,
sensitivity) and negative in 14 (35%, false negative). In the
H. pylori-negative patients, the Rapid HpSA test was
positive in 5 (7%, false positive) and negative in 64 (93%,
specificity). In the H. pylori-infected patients, the 14C-UBT
was positive in 37 (92.5%, sensitivity) and negative in 3
(7.5%, false negative). In the H. pylori-negative patients,
the 14C-UBT was positive in 10 (14.4%, false positive) and
negative in 59 (85.5%, specificity). Our results suggest that
the Rapid HpSA test was less sensitive than 14C-UBT (P =
0.003); the specificity of Rapid HpSA test as compared
with 14C-UBT was not statistically different (P = 0.180).
The sensitivity, specificity, positive and negative predictive
values, and test accuracy, according to different age groups,
are presented in Table 1.

3.1. Posteradication evaluation

All the infected patients received therapy. Seventeen of 40
treated patients returned after 6 weeks for a follow-up visit
and for evaluation of H. pylori eradication by histology,
14C-UBT, and Rapid HpSA test. Symptoms disappeared in
10 children (58.8%). Based on the results of histology, 5 of 17
children were H. pylori infected, indicating an eradication
rate of 70.5% after 1 triple therapy course. In the H. pylori-
infected patients, the Rapid HpSA test was positive in 3
(60%, sensitivity) and negative in 2 (40%, false negative)
patients, whereas 14C-UBT was positive in all of them
(100%, sensitivity). In the H. pylori-negative patients, Rapid
HpSA and 14C-UBT were not positive in none of patients,
and these tests were negative in all of them (100%,
specificity). Performance for Rapid HpSA test and
14C-UBT tests compared with histology after H. pylori
eradication therapy is shown in Table 2.
stology post H. pylori eradication therapy

(%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

8.2) 100 (75.5–100) 100 (77.1–99.4) 86 (59.4–96.9) 88
00) 100 (75.5–100) 100 (77.1–99.4) 100 (77.1–99.4) 100
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4. Discussion

The use of stool antigen tests in detection of H. pylori
infection has recently evoked special interest (Gisbert and
Pajares, 2004). Compared with the UBT, stool tests are
obviously more convenient, particularly in pediatric
patients. Stool samples can be obtained from children
without their active collaboration. Several commercial stool
antigen tests are available: enzyme immunoassays (EIAs)
and rapid lateral flow stool antigen immunoassay. The
conventional EIAs to detect H. pylori antigens in stool is
cost-effective (Vaira and Vakil, 2001), but it is a laboratory
procedure, justified when multiple specimens are tested in
batch. Rapid lateral flow stool antigen immunoassay allows
inexpensive 5- or 10-min testing of single stool sample and
can be easily performed without the need for costly
equipment or instrumentation, also overcoming the delays
of batch testing. Therefore, it is attractive for physicians
who care for children.

To the best of our knowledge, this is the 1st prospective
study comparing Rapid HpSA test, 14C-UBT, and histology
for the diagnosis and evaluation of eradication therapy of
H. pylori in children. Evaluative studies of rapid immuno-
chromatographic test (ImmunoCard STAT HpSA; Meridian
Bioscience) have been reported in both adult and pediatric
population. ImmunoCard STAT HpSA (Meridian Bio-
science) is a unique used commercial kit in these studies.
Evidence to date in adults suggests that this kit has a very
variable sensitivity and specificity, ranging from 60% to
94.5% and from 88.5% to 100%, respectively (Calvet et al.,
2003; Chisholm et al., 2004; Gatta et al., 2004; Gisbert et al.,
2004; Hooton et al., 2006; Kato et al., 2004b; Leodolter
et al., 2004; Li et al., 2004; Wu et al., 2003). Performance of
ImmunoCard STAT HpSA (Meridian Bioscience) in children
is also variable; in some studies, lower sensitivity levels have
been shown, ranging from 86.2% to 88.1%, respectively
(Antos et al., 2005; Kalach et al., 2005), contrasting with
other studies with higher sensitivity levels, ranging from
90.6% to 100%, respectively (Hauser et al., 2006; Kato et al.,
2004b; Nares-Cisneros et al., 2007). Lower sensitivities and/
or specificities of the stool antigen test have been reported
when stools were not immediately stored at −20 °C
(Rothenbacher et al., 2000; Shepherd et al., 2000). Although
we tested fresh stool, our results demonstrate a sensitivity of
65%, lower than previous reports. The reason for the low
sensitivity of Rapid HpSA test is not well known, but it
might be explained by a low concentration of H. pylori in the
stools of the studied children. Specificity was 92.3% in our
study, similar to previous reports (a specificity ranging from
76% to 96%) (Antos et al., 2005; Hauser et al., 2006; Kalach
et al., 2005; Kato et al., 2004b; Kolho et al., 2006; Nares-
Cisneros et al., 2007).

It has been suggested that the sensitivity and specificity
of H. pylori stool antigen test can be very low in children
younger than 5 years. The reasons for these findings are not
well known, but some factors mentioned, such as the
amount of antigens eliminated in feces, can be less in small
children because of low-grade bacterial colonization (Elitsur
et al., 2004). A lower sensitivity of the ImmunoCard STAT
HpSA tests has also been reported in children younger than
5 years with 75% sensitivity, in contrast with children older
than 10 years, in which sensitivity reached to 100% (Kalach
et al., 2005), but this has also been contradicted (Gatta
et al., 2004; Kato et al., 2004b; Nares-Cisneros et al., 2007)
by other reports. In our study, there were only 2 children
who were younger than 6 years. Because of the small
number, we cannot draw any conclusion for the perfor-
mance of the test in toddler and preschool children.
However, we found similar test performance in children
younger or older than 10 years.

The role of stool antigen tests in posteradication setting is
controversial (Saltik et al., 2003).The performance of
ImmunoCard STAT HpSA after eradication therapy is
available in only 2 pediatric studies (Antos et al., 2005;
Kato et al., 2004b). In these studies, after eradication therapy,
the sensitivity of ImmunoCard STAT HpSA compared with
the reference test (13C-UBT) was low with 75% (Kato et al.,
2004b) and 88% (Antos et al., 2005). In our study, histology
was accepted as the reference test because it is considered to
be the most objective criterion; our results showed that Rapid
HpSA test has low diagnostic accuracy after eradication
therapy as well as in diagnosis.

13C-UBT is currently the gold standard noninvasive test
for the detection of H. pylori infection in children pre- and
posttreatment, with reported sensitivities and specificities in
excess of 90% when compared with invasive method for
diagnosis (Devlin et al., 1999; Kindermann et al., 2000;
Koletzko et al., 1995; Malfertheiner et al., 2007; Saltik et al.,
2003; Vincent et al., 1994) 13C-UBT requires expensive
substrate and trained staff and expensive instruments such as
a mass spectrometer. These are not necessary for 14C-labeled
UBT (Kao et al., 1993; Peura et al., 1996). Breath samples
are analyzed with a β-scintillation counter in 14C-UBT
(Ormand et al., 1990; Sharma et al., 1999). Recently, a
simplified 14C-UBT system (Heliprobe™; Noster System)
has been developed. This system is fully automatic, which
can be operated by the nurse or physician in the clinic.
Further advantages of the Heliprobe system are quick
performance, simplicity, and cheapness of the system.
Because of the stability of the chemical binding of CO2 to
the LiOH in the Breath Card, later reanalysis is possible.
Therefore, the novel 14C-UBT is more feasible in developing
countries than in the 13C-UBT. The only major drawback
using 14C-UBT is exposure to radioisotope; however, a very
small amount of radioisotope is used in 14C-labeled UBT; the
test actually entails low radiation exposure (0.9–3 μSv). In
fact, the dose is less than the 1 day of natural radiation from
the environment (Leide-Svegborn et al., 1999; Stubbs and
Marshall, 1993). It is also reported that there is no reason for
restriction on performing 14C-UBT, even in very young
children (Gunnarsson et al., 2002). To date, there is no report
on the utility of 14C-UBT in diagnosis and conforming
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eradication of H. pylori infection in children. Our study
demonstrated that, compared with histology, 14C-UBT
showed excellent performance for both diagnosis and
conforming the eradication of H. pylori infection. Our
results are consistent with the results of the 13C-UBT in
children (Devlin et al., 1999; Kindermann et al., 2000;
Koletzko et al., 1995; Peura et al., 1996; Saltik et al., 2003;
Vincent et al., 1994). Moreover, 14C-UBT was found to be
more reliable than Rapid HpSA test for diagnosis and
conforming eradication evaluation of H. pylori infection.
The influence of age on test performance was not evaluated
because there were only 2 children who were younger than
6 years. However, to our clinical experience, this test is
technically difficult in small children because children
younger than 5 years cannot swallow an encapsulated form
of 14C urea/citric acid composition (Helicap; Noster
System). Finally, the false-positive results of this test could
be explained by uneven distribution of H. pylori in the
stomach (i.e., biopsy specimens could have been taken from
bacteria-free locations).

We conclude that the new Heliprobe 14C-UBT is more
reliable than the Rapid HpSA test UBT for diagnosing and
confirming eradication of H .pylori infection in children. It
is simple, rapid, inexpensive, and highly accurate, and its
radiation burden is negligible, therefore, suitable for
clinical practice.
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