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Abstract
Objective: The aim of this study is to determine the accuracy of a
novel laptop sized 13C-Urea breath test analyzer that continuously
measures expired breath and to use its advantages to decrease
testing time. Methods: One hundred and eighty-six subjects (mean
age of 47.8 years) were tested simultaneously by the BreathID
system (Oridion, Israel), and by the traditional IRMS. BreathID
continuously measured the expired breath for a ratio of 13CO2:12CO2.

This value was expressed as delta over baseline (DOB) and dis-
played graphically on a screen in real time. Results: One hundred
and one subjects were positive and 85 were negative for H. pylori
by isotope ratio mass spectrometry (IRMS). The correlation for the
BreathID system at 30 minutes was 100% for positive cases and
98% for negative cases. Analysis of the continuous curves gener-
ated by the BreathID for all patients permitted definition of dif-
ferent DOB thresholds for a positive or negative result at shorter
time intervals. Thus, after 6 minutes a conclusive test result could
be obtained for 64% of subjects, and after 10 minutes for 92% of
subjects. Conclusions: The 13C-Urea breath test utilizing the tech-
nology of molecular correlation spectrometry is an accurate
method for determining infection by H. pylori. The advantage of
continuous measurements can shorten testing time without com-
promising accuracy.
Key Words: Helicobacter pylori, 13C-urea breath test, on-line
breath test

Gastric infection by Helicobacter pylori is the main
cause of chronic gastritis, promotes peptic ulcer dis-

ease, and is a risk factor for gastric malignancy. It has been
recognized as a class I gastric carcinogen.1 H. pylori eradi-
cation can be established reliably by histology, rapid urease
testing, and urea breath test (UBT). Preliminary studies sug-
gest that stool antigen test may also be a useful means.2

UBT uses labeled urea (13C or 14C) that is metabolized by
the presence of H. pylori to yield CO2. The labeled gas is
absorbed across the gastric mucosa and is subsequently
measured in the patient’s expired breath. The UBT has be-
come the standard means of determining infection by H.

pylori in several clinical settings such as post H. pylori
eradication.3,4 The 13C-Urea breath test is a highly sensitive,
non-invasive and safe method for detecting H. pylori.5,6

Current 13C-Urea breath test devices, which use isotope
ratio mass spectrometry (IRMS), are expensive, cumber-
some, and are usually restricted to large laboratories. Due to
the remote analysis location, these methods were designed
to minimize the number of samples, and results are not
available on the spot.

We evaluated the use of a “laptop size” device for 13C-
analysis utilizing a novel technology of molecular correla-
tion spectrometry7 as compared with the traditional method
of single point IRMS.

PATIENTS AND METHODS
Patient Population

One hundred and eighty-six subjects (80 women and 106 men,
with a mean age of 47.8 years, range of 19 to 90 years) were tested
for H. pylori. They comprised 6 groups: healthy volunteer subjects
(n � 65); patients with a history of peptic disease and new onset
dyspepsia (n � 42); new onset symptoms of dyspepsia without a
history of peptic disease (n � 42), symptoms of gastroesophageal
reflux (n�10); post eradication of H. pylori (n � 17) and a group
consisting of miscellaneous gastrointestinal symptoms (n � 10).
Each subject was tested simultaneously by the standard 13C-UBT
IRMS method, and by The BreathID system as outlined below.
Informed consent was obtained from participating subjects. Preg-
nant women, and children under the age of 18 years were not
eligible. Subjects who had been taking antibiotics in the previous
6 weeks or Proton-pump inhibitors in the previous 7 days were
excluded. This study was approved by the Ethical Committee of
the Hadassah University Hospital, Jerusalem

13C-UBT Utilizing the Method of Molecular
Correlation Spectrometry

The BreathID system (Oridion, Israel) is composed of an ana-
lyzer designed to measure continuously the ratio of 13CO2:12CO2

in exhaled air by an optical method. It also includes a laptop
computer with a monitor that can be placed on the desktop. Results
are recorded graphically on the monitor online and are available on
the spot.

The system continuously sampled the subject’s breath via a
nasal cannula connected to the analyzer. First the baseline ratio of
exhaled 13CO2:12CO2 was measured. Then 75 mg of 13C-urea, and
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4 g of citric acid dissolved in 200 mL of water were given to the
subjects.

13CO2:12CO2 ratios were expressed as delta over baseline 13C
(DOB) and displayed on the Breath ID screen in real time. The
subjects were tested for 30 minutes for comparison to mass spec-
trometry. Eight samples were collected from each patient (includ-
ing baseline and 30 minutes). Each sample was collected twice to
assure concordance and the final result was averaged. Automati-
cally filled tubes were used and sent for analysis by IRMS. The
BreathID measured the same samples of expired gas simulta-
neously. The threshold for positive detection of H. pylori was 5
DOB for both methods as established previously for IRMS.8,9

Reference results were the traditional readings of the IRMS at
30 minutes. The operators of the BreathID or IRMS were unaware
of the H. pylori status or the results of other tests.

Analysis of Results

The accuracy of the BreathID system was determined by com-
paring the 30 minutes DOB results of the IRMS (considered as
gold-standard) to that of the BreathID system, thus determining the
sensitivity and specificity. By analyzing the data curves generated
for all of the subjects by the BreathID, criteria were defined that
enabled reduction of the test time. These criteria included different
DOB thresholds at earlier time intervals. Since these criteria were
applicable by definition to 100% of subjects tested (with a positive
or negative result), accuracy was not compromised.

RESULTS
One hundred and one subjects were positive and 85 were

negative for H. pylori by IRMS at 30 minutes. These results
were compared with the measurement of Breath ID at 30
minutes. The threshold of 5 DOB was used for both meth-
ods: for IRMS as well as for the breathID. The correlation
between both methods was 100% for positive cases and
98% for negative cases. There were only 2 discordant cases,
both of which were negative by IRMS and positive by
BreathID. One subject was a healthy volunteer; the second
was tested for H. pylori 6 weeks after eradication therapy.
The readings by the IRMS were 4.7 DOB for the first pa-
tient and 4.9 DOB for the second patient, thus defining both
patients as negative for H. pylori. The first patient had a
reading of 5.1 DOB and the second patient a reading of
5.2 DOB by the breathID, thus defining these subjects as
positive for H. pylori infection.

Since accuracy of the BreathID was determined to be
comparable to IRMS at 30 minutes, the next step included
analysis of the curves generated by the BreathID to reduce
the test time.

Figure 1a is a representative curve of a subject that was
positive for H. pylori. This curve shows a continuous rise of
DOB 13C values over time. The threshold of 5 DOB was
reached already after 2 minutes. At 30 minutes the DOB
reading was far above 5 DOB, thus defining this subject as
H. pylori positive by the traditional IRMS criteria.

Analysis of the breath test curves obtained from all sub-
jects permitted definition of different DOB thresholds at
periods shorter than 30 minutes, such that 100% of subjects
who exceeded these thresholds were also positive for H.

pylori at 30 minutes. Thus, we calculated a threshold of 8
DOB at 6 minutes: all subjects that surpassed this threshold
at 6 minutes were positive for H. pylori by the conventional
30-minute criterion of the IRMS. Subjects with a rising
curve who did not reach this threshold were reevaluated at
8 minutes with a threshold of 7 DOB, and again at 10
minutes and at 18 minutes with a threshold of 6 DOB.
Thereafter the traditional threshold of 5 DOB was used. It is
noteworthy that the curves of all H. pylori positive subjects
showed a similar trend of rising DOB values at the begin-
ning of testing with later stabilization (each subject with an
individual rate of elevation). This is opposed to the curves
of H. pylori negative subjects that had fluctuating DOB
values over time.

Figure 1b demonstrates a representative curve of a sub-
ject negative for H. pylori by breath test. This curve shows
fluctuating DOB values: after a preliminary elevation to 2
DOB the curve slowly declines to baseline values within 30
minutes. Similar analysis of all the curves of H. pylori nega-
tive subjects allowed definition of lower thresholds at
shorter time periods to conclude a negative H. pylori test
result earlier. A reading under 2 DOB was chosen for 6
minutes. Subjects not meeting this criterion were reevalu-
ated at 8 minutes for a value under the threshold 3 DOB, and
again at 10 minutes and 18 minutes for a value under 4
DOB, and thereafter for a value lower than the traditional
threshold of 5 DOB.

Table 1 summarizes the threshold DOB 13C values that
were used for concluding a positive or negative test result at

FIGURE 1. Delta over baseline (DOB) values of 13C in
breath samples. Representative curves of a single a: H. py-
lori positive subject; b: H. pylori negative subject. Values
above 5‰ at 30 minutes are considered as representative of
H. pylori- positivity.
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earlier time intervals from the beginning of testing. For each
time point the percentage of conclusive test results that were
achieved are demonstrated. Since this analysis included the
curves obtained from all subjects tested, the BreathID
reached 100% sensitivity and specificity by definition, in
reference to the test results at 30 minutes. Thus, after 6
minutes a conclusive test result can be obtained for 64% of
subjects, and after 10 minutes for 92% of subjects.

DISCUSSION
Since the discovery of the role of H. pylori as a gastro-

duodenal pathogen, diagnosis of H. pylori infection has be-
come a key step in the management of patients referred to
the gastroenterologist. The 13C-UBT has proven a reliable
and safe means for this purpose. It is highly accurate but is
expensive, as it requires cumbersome equipment and trained
personnel for operation. This restricts its use to large labo-
ratories. Mailing of breath samples to a central laboratory is
often used. Therefore, results are often not available imme-
diately, and a small number of samples per patient are ex-
amined. An ideal test for H. pylori would provide rapid
results at low cost, preferably at the physician’s office.

The present study confirms that 13C-Urea breath test uti-
lizing molecular correlation spectrometry is a reliable tool
for detection of H. pylori. Advantages are: ease of use (sam-

pling through a nasal cannula), low cost, and analysis of gas
samples that does not require an experienced operator.

Continuous measurement of the subject’s breath enables
not only receiving repeat DOB results but also seeing the
trend of the results over time. A conclusive positive test
result could be ascertained within minutes by using a lower
DOB threshold. This is based on the observation that all H.
pylori positive subjects had a rising trend of DOB values
over time, with later stabilization. In H. pylori negative
subjects these time-specific thresholds were not reached,
and the DOB readings over the same time intervals failed to
demonstrate a pattern of rising values. Thus, we could reach
a conclusive test result for over 90% of subjects within 10
minutes.

Breathing through a nasal cannula offers the possibility
of using this method for testing small children.10 Large
breath gas volumes are not required, and cooperation on part
of the subject is minimal. This on-line measurement of 13C
breath testing might also be of use for further applications
such as gastric emptying studies or liver function tests.
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TABLE 1. Percent of subjects with a conclusive test result
achieved at different time intervals from beginning of

testing. At every time interval different threshold values
were calculated based on analysis of all curves generated

by the BreathID analyzer

Time
interval
(min)

Threshold DOB for Percent of subjects
with conclusive

test results (positive
& negative for

H pylori infection)

H pylori
negative

result

H pylori
positive
result

6 <2 >8 64%
8 <3 >7 74%

10 <4 >6 92%
18 <4 >6 97%
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Abstract: The high prevalence of Helicobacter pylori and the variety of gastroduodenal diseases caused
by this pathogen necessitate the use of only accurate methods both for the primary diagnosis and for
monitoring the eradication effectiveness. There is a broad spectrum of diagnostic methods available
for detecting H. pylori. All methods can be classified as invasive or non-invasive. The need for upper
endoscopy, different clinical circumstances, sensitivity and specificity, and accessibility defines the
method chosen. This article reviews the advantages and disadvantages of the current options and
novel developments in diagnostic tests for H. pylori detection. The progress in endoscopic modalities
has made it possible not only to diagnose precancerous lesions and early gastric cancer but also to
predict H. pylori infection in real time. The contribution of novel endoscopic evaluation technologies
in the diagnosis of H. pylori such as visual endoscopy using blue laser imaging (BLI), linked color
imaging (LCI), and magnifying endoscopy is discussed. Recent studies have demonstrated the
capability of artificial intelligence to predict H. pylori status based on endoscopic images. Non-
invasive diagnostic tests such as the urea breathing test and stool antigen test are recommended for
primary diagnosis of H. pylori infection. Serology can be used for initial screening and epidemiological
studies. The histology showed its value in detecting H. pylori and provided more information about
the degree of gastric mucosa inflammation and precancerous lesions. Molecular methods are mainly
used in detecting antibiotic resistance of H. pylori. Cultures from gastric biopsies are the gold standard
and recommended for antibiotic susceptibility tests.

Keywords: Helicobacter pylori (H. pylori); diagnosis; endoscopy; artificial intelligence; histology;
molecular methods; serology; stool antigen test; urea breath test

1. Introduction

Helicobacter pylori (H. pylori) is one of the most common human pathogens and a
leading etiological factor for various gastroduodenal diseases, including chronic gastritis,
peptic ulcers, gastric adenocarcinoma, and MALT lymphoma [1,2]. According to the latest
systematic review with meta-analysis, 44.3% (95% CI: 40.9–47.7) of the global population
are infected with this microorganism [3]. Timely diagnosis and subsequent eradication
of H. pylori in adults allows one to resolve inflammatory changes in the gastric mucosa
and prevent the development of precancerous conditions (atrophic gastritis and intestinal
metaplasia) [4–6].

There are several diagnostic methods for detecting H. pylori infections. All methods can
be broadly classified as invasive or non-invasive (Table 1). Invasive methods require upper
endoscopy and analysis of the gastric biopsy. Preference should be given to non-invasive
diagnostic methods. If the patient requires upper endoscopy, a histological analysis, rapid
urease testing, molecular methods, or culture can be performed to diagnose the H. pylori
infection [7,8]. The main limitation of these methods is their invasiveness and the ability to
analyze only a small part of the gastric mucosa. Table 1 shows the general characteristics
of the diagnostic methods for H. pylori, their applications in clinical practices, as well as
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the choice of diagnostic tests in different clinical conditions. Non-invasive tests include
immunological methods (serology, stool antigen test), the 13 C-urea breath test (UBT), and
molecular methods, i.e., a PCR study with determination of H. pylori DNA in feces (PCR
from stool) [7].

Table 1. Overview of the diagnostic methods for H. pylori.

Initial
Diagnosis

Follow-up
after

Eradication

Requires
Excluding PPI,

Antibiotics, Bismuth
Before Testing

Gastroduodenal
Bleeding

Detection of
Antibiotic
Resistance

Sensitivity Specificity

Invasive (require upper endoscopy)

Histology + + + − − 91–93% 100%

RUT + − + − − 85–95% 95–100%

Culture + − + − + 76–90% 100%

Molecular
method (PCR) + + + + + 95% 95%

Non-Invasive

UBT + + + + − 96–100% 93–100%

SAT + + + − − 95.5% 97.6%

Serology + − − + − 76–84% 79–90%

Stool PCR test + − + + + 71% 96%

Any of the tests can be used for the primary diagnosis of H. pylori. The urease breath
test is a “gold standard” in the diagnosis of H. pylori infection [7–10].

Modern non-invasive tests provide high reliability in H. pylori detection due to their
high sensitivity and specificity. However, all of these methods have limitations. The
choice of a particular test will depend on its sensitivity, specificity, and the clinical circum-
stances [11].

2. Invasive Methods for H. pylori Diagnostics
2.1. Endoscopic Imaging

Upper endoscopy is of particular importance in the diagnosis of H. pylori gastritis
since H. pylori infection is strongly associated with gastric carcinogenesis. However, studies
have shown that conventional image-enhanced endoscopy (IEE) with white light imaging
(WLI) does not allow for the diagnosis of a wide range of inflammations of the gastric
mucosa [12].

There is growing interest in improving the visualization of pathological changes in the
gastric mucosa and in detecting H. pylori infections in real time during an upper endoscopy.
H. pylori imaging in real time could reduce the cost of diagnosis and treatment.

Narrow band imaging is a new method of visual endoscopy based on the use of a laser
light source and has opened up new possibilities for the diagnosis of not only precancerous
changes in the gastric mucous but also of H. pylori infection.

A new IEE system that has two laser light sources offers four observation modes of
white light imaging (WLI), blue laser imaging (BLI), BLI-bright, and linked color imaging
(LCI). This is a new method of visual endoscopy developed in Tokyo called LASEREO
(FUJIFILM Co., Tokyo, Japan) [13].

LCI and blue laser imaging (BLI) provide brighter endoscopic views and facilitate the
diagnosis of inflammation and atrophy of the mucosal surfaces, allowing for the diagnosis
of early gastric cancer. BLI improves the detection rate of early gastric cancer in comparison
with that of white light imaging (93% vs. 50%, respectively, p < 0.001).

One study evaluated diffuse redness of the fundic mucosa, an endoscopic feature that
could be correlated with H. pylori infection. The sensitivity and specificity for the diagnosis
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of H. pylori using LCI was higher (85.8; 93.3 and 78.3%, respectively) compared to that of
WLI (74.2; 81.7 and 66.7%, respectively) [12].

Magnifying endoscopy (ME) is another IEE tool that allows for the predicting of H. py-
lori by the microvascular architecture of the gastric mucosa. A meta-analysis was carried
out to assess the diagnostic performance of ME to predict H. pylori infection. One endo-
scopic diagnosis criterion of H. pylori was “pit plus vascular pattern”. The meta-analysis
showed a high level of diagnostic accuracy of ME in predicting H. pylori infection [12].
ME accurately predicted H. pylori infection in both the white-light and chromoendoscopy
modes [12]. However, ME requires specialized training in the interpretation of the images;
therefore, is not widely used in everyday practice.

Artificial Intelligence

With the progress in computer technologies, artificial intelligence (AI) technologies
have recently been applied in medicine to improve the quality of the diagnoses of dis-
eases, to make an accurate diagnosis, and to predict disease progression and treatment
planning [14]. Artificial intelligence, or neural networks known as “deep learning”, is
based on training computers on datasets containing a large number of images with their
corresponding labels. The neural network then uses these learned functions to classify a
given image [13].

Previous studies have demonstrated the capability of artificial intelligence in the
prediction of H. pylori infection status for diagnosing gastritis. AI was efficiently created
with IEE, BLI, and LCI. The studies evaluated the diagnostic accuracy of WLI and IEE for
H. pylori gastritis, which found it to be 83.8% for H. pylori infection using WLI with the
magnifying function. One pilot study showed that artificial intelligence based on BLI and
LCI demonstrated an excellent ability to diagnose H. pylori. Sensitivity for BLI-bright and
LCI was 96.7% and 10% superior to that using WLI [13].

A systematic review and meta-analysis were performed for assessing artificial intel-
ligence in the forecasting of H. pylori infection, presenting diagnostic performance. The
accuracy of the AI algorithm reached 82% for the discrimination between images of no
infection and post-eradication images [15].

Artificial intelligence offers promising diagnostic performance using endoscopic imag-
ing. It can help identify neoplastic or non-neoplastic lesions of the gastric mucosa and
gastric cancer at an early stage and detect H. pylori in real time [15]. Soon, AI-assisted
endoscopy will be feasible in clinical practice.

2.2. Histology

Histology is still one of the most commonly used diagnostic methods. This method
allows for direct visualization of H. pylori and can be recommended for primary diagnosis
if upper endoscopy is required. In addition to routine hematoxylin and eosin, various
selective stains are used to detect H. pylori such as Warthin–Starry, Hp silver stain, Dieterle,
Giemsa, Gimenez, acridine orange, McMullen, and immunostaining. Giemsa staining has
become the most used method worldwide for the detection of H. pylori due to its low cost,
ease of use, sensitivity, and reproducibility. It should be borne in mind that H. pylori can be
detected only on sufficiently thin and well-stained sections [16].

It is recommended to take at least two biopsies to identify H. pylori; the best option is
two biopsies from the antrum and one from the corpus. Biopsy from the corpus is especially
valuable for yielding positive results if the patient has been taking PPI for a long time
when H. pylori is translocated from the antrum to the corpus [16] and with a background of
atrophic gastritis.

Moreover, in the area of intestinal metaplasia, H. pylori in most cases is not detected ei-
ther with conventional or various selective stains. The disappearance of H. pylori correlates
with the development of intestinal metaplasia and a decrease in gastric secretion [17]. The
accuracy of the method can be affected by low bacterial density, for example, from taking
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PPIs for a long time or an uneven distribution of H. pylori on the surface of the gastric
mucosa [16].

The Maastricht V Consensus Report recommends patients to stop taking antibiotics
and bismuth 4 weeks before the test and PPIs 2 weeks before testing [10].

The specificity of the histological method can reach 100%, and the sensitivity can reach
91–93% [18]. Some studies show that the sensitivity of these tests’ ranges from 50% to 95%
and depends on the quality, location, size, and frequency of the biopsy and the applied
staining varieties [8]. Hematoxylin and eosin staining of biopsies has very poor sensitivity
(66%) and suboptimal specificity (88%). The histological sensitivity decreases to 70% in
patients with peptic ulcer bleeding; however, it remains a quite reliable test compared with
the rapid urease test or culture, regardless of the presence of the bleeding [16].

Additional staining in gastric biopsies was investigated, such as using cresyl violet or
immunohistochemistry for H. pylori detection [19–21]. Benoit A et al. [20] reported that it is
not necessary to use this method to detect a H. pylori infection since conventional selective
stains show good diagnostic accuracy. Immunohistochemistry can be used in cases of low
bacterial density, atrophic gastritis with extensive intestinal metaplasia, and chronic active
gastritis without H. pylori identification by standard staining. Immunohistochemistry is
more specific; however, it is more expensive and not available in all laboratories.

A novel method using a γ-glutamyl transpeptidase (GGT) activatable fluorescent
probe was proposed this year. The γ-glutamyl hydroxy methyl rhodamine green probe
reacts with GGT and immediately produces fluorescence. The method allows for the
quantification of the GGT activity of H. pylori on gastric biopsies within 15 min. However,
the sensitivity is still limited (75–82%) [22].

Despite the high specificity and sensitivity, the histology has a higher cost and longer
processing time, requires an upper endoscopy to obtain gastric biopsy samples, depends
on the skills of the operator, and is not suitable for assessing the effectiveness of eradication
since endoscopy is necessary.

The main advantage of histology is the ability to assess the condition of the gastric
mucosa and diagnose precancerous lesions. The degree and stage of chronic gastritis, risk
of carcinogenesis, and assessment according to the modern classification of chronic gastritis
(OLGA—Operative Link for Gastritis Assessment and OLGIM) allow for the assessment
of the prognosis of the disease [23]. The updated Sydney System recommends taking five
biopsy specimens from different sites for the assessment of the degree and stage of H. pylori
gastritis status. According to this system, two biopsies are taken from the antrum (from the
lesser and greater curvature, both within 2–3 cm from the pylorus), two from the corpus
(the lesser curvature about 4 cm proximal to the angulus; the middle portion of the greater
curvature, approximately 8 cm from the cardia), and one from the incisura angularis [24].

Atrophic gastritis (AG) and intestinal metaplasia (IM) are considered precancerous
lesions of the stomach. Studies have shown that with AG and IM, the sensitivity of histology
for detecting H. pylori infection decreases to 30–55%, while the corpus lesser curvature side
showed 80% sensitivity, and the corpus greater curvature side showed 95–100% sensitivity.
Thus, the appropriate biopsy site for detecting H. pylori infection in AG and IM patients as
well as in patients with gastric cancer is the corpus, especially the corpus greater curvature
side [16].

2.3. The Rapid Urease Test

The rapid urease test (RUT) is based on detecting the activity of the H. pylori urease
enzyme, which splits the urea test reagent to form ammonia. Ammonia increases pH,
which is detected by the phenol red indicator [7,25,26].

The RUT is a low cost, rapid, and generally highly specific assay.
The Maastricht V Consensus Report allows for the use of RUT for primary diagnosis,

and a positive test result allows for the prescription of eradication, but it does not recom-
mend a rapid urease test to assess eradication after treatment due to its lack of sensitivity
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and high false-negative rate [10]. Therefore, a negative rapid urease test should not be used
to exclude H. pylori, which should also be taken into account in the initial diagnosis.

Commercially available RUTs (e.g., HpFast, GI-supply, Camp Hill, Pennsylvania;
CLOTest, Delta West, Bentley, Western Australia; HpOne, GI Supply, Camp Hill, PA) have
reported specificities from 95% to 100%, but their sensitivity is moderate (85% to 95%) [7,26].
However, the sensitivity of the test increases if we take biopsies from both the corpus and
antrum [19].

RUT has limited sensitivity and can give false-negative results, for example, if less
than 104 bacterial cells are present in the gastric biopsy or if a biopsy is taken from areas
of atrophy and metaplasia of the gastric mucosa. It is necessary to exclude the use of
antibiotics and bismuth for 4 weeks and PPIs for 2 weeks before the test [7,8].

In some instances, RUT may lead to false-positive test results due to the presence of
other urease-producing bacteria such as Staphylococcus capitis subsp. ureolyticus, Strepto-
coccus salivarius, and Proteus mirabilis in the stomach [8]. Bleeding peptic ulcers reduce the
sensitivity of RUT by up to 70%.

False-negative test results are more common than false-positive test results, so a
negative result cannot be used to exclude a diagnosis of H. pylori. Thus, a positive RUT
result indicates the presence of H. pylori and makes it possible to prescribe treatment, but a
negative result does not allow excluding H. pylori; therefore, it is recommended to confirm
the diagnosis with an additional method [10].

2.4. Culture

The greatest information about H. pylori can be obtained in isolation cultivations of
H. pylori from gastric biopsy specimens. The cultivations allows not only for the isolation
of a pure culture of H. pylori and its identification, but also the study of the morphological,
biochemical, and biological properties of the pathogen and the pathogenicity factors of
H. pylori. The bacteriological method of research makes it possible to the determine
antibiotic resistance in H. pylori and carry out dynamic monitoring of it [7].

Bacteriological examination is a very laborious method; it requires taking at least two
biopsies from the stomach. It is necessary to strictly follow the rules of transporting biopsy
material for culture in order to keep this microorganism in a viable state. It is advisable
to sow the material on the day it arrives at the laboratory. The incubation of crops is
carried out under microaerophilic conditions with an oxygen content of ≤5%. Later, the
cultures are identified, and their morphological and tinctorial properties and sensitivity to
antibiotics (e.g., amoxicillin, clarithromycin, and metronidazole) are determined [7].

The specificity of the method is 100% when performed under optimal conditions; the
sensitivity is 76–90% [16], and according to other data it is 50–90% [17].

As with any diagnostic method, the bacteriological research method not only has
advantages, but also has disadvantages, which often limit the widespread use of this
method in clinical practice. Most importantly, the shortcomings include the need for special
laboratory equipment and reagents, special nutrient media, and trained specialists. This is
all associated with high material costs.

False-negative results arise from non-adherence or inaccurate adherence to the test
method, such as poor sample quality, delayed transport, exposure to an aerobic environ-
ment, or an inexperienced microbiologist [7].

Patient factors such as low bacterial load; bleeding from the upper gastrointestinal
tract; alcohol consumption; or taking PPIs, bismuth preparations, H2RA, and antibiotics
have an adverse effect on obtaining a culture of H. pylori [7].

PPIs, H2RA, bismuth, and antibiotics should be stopped 4 weeks before the culture
method. To avoid negative results due to the uneven distribution of H. pylori in the stomach
and to increase the sensitivity and specificity of the method in the diagnosis of H. pylori, it
is necessary to take several biopsies from the gastric mucosa: two from the antrum and two
from the body of the stomach. Some authors believe that in order to increase the sensitivity
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and specificity of the bacteriological method, taking biopsies for cultivation should be
carried out 3 months after patients cease taking PPIs, antibiotics, and bismuth [27].

Although the culture is very laborious and requires special conditions for imple-
mentation, it is very valuable in clinical practice. The Maastricht V Consensus Report
recommends culture and antibiotic-susceptibility testing in geographical areas where pri-
mary resistance to clarithromycin is higher than 20%. This method is recommended after
failure of second-line treatments, when the further choice of antibiotics is determined by
the sensitivity of H. pylori to them [10].

3. Non-Invasive Methods for H. pylori Diagnostics
3.1. Urea Breath Test

13C-UBT is a non-invasive method for the diagnosis of H. pylori based on a simple
principle: patients ingest urea labeled with 13C or 14C, and H. pylori produces urease—an
enzyme that splits urea into ammonia and 13C-labeled carbon dioxide; then, 13C carbon
dioxide is absorbed into the bloodstream, enters the lungs, and is excreted with the exhaled
air [7].

Urea is usually given to the patient with a citrus juice (lemon, orange) to delay gastric
emptying and increase contact time with the mucosa.

Before taking the test solution, the exhaled air is collected in a sealed bag 30 min after
the solution has been drunk. The collected air samples are analyzed on a mass spectrometer
or by infrared spectroscopy, which is technically simpler and also cheaper than using a mass
spectrometer. Infrared spectroscopy determines the 13C/12C isotopic ratio. The increase
in labeled CO2 is expressed as delta over baseline (DOB). The DOB value is positively
correlated with the H. pylori bacterial load.

Thus, from the appearance of 13C in the exhaled air, we can determine with high
accuracy whether the patient is infected with H. pylori, and from the value of the 13C/12C
ratio, we can estimate the degree of infection. The 13C urea breath test is similar to the 14C
urea breath test except that 13C is a non-radioactive isotope.

The standard urea breath test uses 75 mg of 13C. The sensitivity of 13C-UBT is 96–100%;
the specificity is 93–100% [7,28].

One study found that testing time could be shortened to 15 min (the BREATH QUAL-
ITY UBT) without affecting the accuracy of the method [29].

The conducted meta-analysis showed the high accuracy of the test in children of any
age. In children >6 years, sensitivity and specificity were 96.6% and 97.7%, respectively; in
children ≤6 years, they were 95% and 93.5%, respectively [30].

Recently, a new UBT technique has been proposed, which uses a 13C-urea tablet
formulation. This technique allows for air sampling with high accuracy within 10 min after
taking the pill. In addition, the tablet form has the advantage of preventing the formulation
from interacting with the urease-producing bacteria in the oropharynx, which can cause
false-positive results [8,31].

False-positive results are rare, but they can be observed after endoscopy with a biopsy
immediately before the test in patients who underwent gastric resection and also those with
a significant decrease in gastric secretion. False-positive tests most often cause hydrolysis
of urea by bacteria in the mouth or bacteria containing urease in the stomach [31]. This
is especially likely in the presence of achlorhydria or hypochlorhydria. A small number
of false-negative results may be associated with a violation of the method of taking and
storing samples of exhaled air or physical activity on the eve of and during the test. As
with most other tests, a reliable UBT result can be obtained after a 2-week discontinuation
of PPIs and no earlier than 4 weeks after stopping antibiotics and bismuth [7,10].

3.2. Stool Antigen Test

The stool antigen test (SAT) is based on the direct identification of the bacterium
antigen in stools. There are two types of SATs used for H. pylori detection: enzyme
immunoassay (EIA) and speedy in-office tests—immunochromatography assay (ICA)-
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based methods, using either polyclonal antibodies or monoclonal antibodies. EIA provides
more reliable results than does ICA. Monoclonal antibodies-based tests are more accurate
than are polyclonal antibodies and give useful reports [32].

SAT is recommended both for the primary diagnosis of H. pylori infection and for
the monitoring of therapy effectiveness. This test is noninvasive, quick, low cost, and
easy to use. The test has a good sensitivity of 95.5% and a specificity of 97.6% (LIAISON®

Meridian) [7,22].
The test requires a small amount of feces, and it is possible to collect a sample at home

and send it to a laboratory at a suitable time. Stool samples can be frozen at −20 ◦C and
stored for a long time. It is important to remember that the sensitivity of the test drops
to 69% if the sample is kept at room temperature for 48–72 h. It is not recommended to
perform the test during diarrhea or on watery stools [33].

SAT must be performed not earlier than four weeks after last intake of antibiotics and
bismuth or two weeks after the last intake of PPI. To evaluate the eradication efficiency,
the test must be used 30 or more days after the completion of eradication [33]. Uneven
distribution of antigen in feces, destruction of antigen in constipation, ongoing bleeding
of the gastrointestinal tract, and low bacterial load in the stomach are the reasons for
false-negative results [33,34].

Stool monoclonal antigen is a convenient and effective test for the diagnosis of H. pylori
in children [35].

3.3. Serology

The colonization of H. pylori induces a systemic immune response. Antibodies to
H. pylori appear in the blood 3–4 weeks after infection. These antibodies can be determined
by one of three methods: the enzyme-linked immunosorbent assay (ELISA) test, latex
agglutination tests, and Western blotting. Of these, ELISA is the most commonly used
method [36]. This method is based on the detection of specific circulating antibodies: IgG,
IgA, and IgM. H. pylori is a chronic infection; therefore, only a validated IgG test should be
used [10].

Serologic tests are widely available to diagnose H. pylori; they are non-invasive, rapid,
do not require any special equipment, and can be used in screening populations.

However, serology may be positive due to the presence of an active infection at the time
of the test, a previous infection, or because of non-specific cross-reacting antibodies [7,8].

Immunoglobulins (antibodies) against antigens appear due to the presence of active
infection, previous infection, or because of non-specific cross-reacting antibodies [36].
Thus, a serological test can be used for primary diagnosis of H. pylori or another test
confirmation. Quantitative antibodies levels do not decline significantly for a long time
after successful eradication; therefore, serological testing should not be used for therapeutic
follow-up. Furthermore, false-positive serologic tests are common in a population with a
low prevalence (<40%) of H. pylori as the positive predictive value of serology depends on
the prevalence of H. pylori infection in the considered area [33]. In such populations, it is
not recommended to use serology, and in case of positivity of a serological test for H. pylori,
it is necessary to confirm the test with a more reliable test, e.g., histological tests, culture of
biopsy sample, the urea breath test, or the stool antigen test.

Serology is not affected by recent use of proton-pump inhibitors, antibiotics, or bis-
muth preparations, gastrointestinal bleeding, or atrophy of the gastric mucosa [10].

The specificity and sensitivity of serological testing varies. One meta-analysis showed
that the sensitivity and specificity of the test were 85% and 79%, respectively. Another
study demonstrated sensitivity ranging from 76% to 84% and specificities from 79% to
90% [33].

Several studies have shown that the levels of anti-H. pylori IgG were associated
positively with the grade of histological gastritis, mucosal bacterial density, and levels of
serum biomarkers for stomach function, including PGI, PGII, PGI/II ratio, and gastrin-17.
Other studies found no associations; thus, the results are conflicting [37].
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4. Molecular Invasive and Non-Invasive Methods for H. pylori

Molecular diagnostic methods are based on the amplification of nucleic acid using
a conventional polymerase chain reaction (PCR) or PCR in real time (RT-PCR). Genetic
material (DNA) of H. pylori can be detected in gastric biopsy, saliva, feces, or dental
samples. PCR can be considered as either an invasive or non-invasive method for detecting
H. pylori depending on the applied material. It demonstrates up to 95% sensitivity and
95% specificity [38]. Molecular methods are more expensive than other methods, and the
laboratory must have appropriate equipment and experience. PCR allows for the detection
of specific mutations leading to antibiotic resistance and bacterial virulence factors such as
CagA and VacA.

There are a number of molecular assays commercially available for H. pylori and
clarithromycin-resistance detection. Several studies have found different sensitivities
and specificities of the method depending on the DNA extraction method and the PCR
assay used. The H. pylori Taqman® real-time PCR assay in stool specimens shows a high
sensitivity of 93.8%. The ClariRes assay shows a low sensitivity (ranging from 63% to 84%)
for H. pylori detection in stool specimens when compared to those of the stool antigen test
and H. pylori culture from gastric biopsy specimens [26].

One of the new approaches to diagnosing H. pylori is next-generation sequencing
(NGS) by sequencing H. pylori DNA directly from formalin-fixed paraffin-embedded
(FFPE) gastric biopsy specimens. NGS reveals mutations in genes that lead to resistance
to antibiotics (clarithromycin, levofloxacin, and tetracycline) and their correlation with
phenotypic drug resistance. Using NGS, mutations in the gyrA, 23S rRNA, and 16S rRNA
genes were identified and analyzed [22]. The sensitivity of the method is 95%. The study
showed the possibility of using NGS to detect multidrug resistance in culture-negative
biopsies and on clinical specimens collected during the standard of care [39].

Studies show that clarithromycin resistance is based on point mutations at nucleotide
positions A2146 and A2147 in the 23S rRNA gene [22,39]. The rRNA 16S gene is a much
more sensitive method for detecting H. pylori in gastric biopsies compared to other meth-
ods [22].

Sequencing H. pylori DNA from gastric biopsy specimens is a laborious method. H. py-
lori must be cultured from multiple gastric biopsy specimens, then, multiple colonies must
be picked from agar plates for DNA extraction in order not to miss the drug-resistant
subpopulations; the strains should be sequenced with sufficient coverage to detect heterore-
sistance; usually, multiple susceptible and resistant strains of H. pylori are sequenced [26].

The detection of H. pylori DNA in stool samples is a very convenient, fast, sensitive,
and accurate method. Stool RT-PCR analysis can detect H. pylori DNA sequences and
antibiotic resistance point mutations. The conducted meta-analysis showed that most
diagnostic candidate genes identified in stool samples were 23S rRNA, 16S rRNA, and
glmM. Stool DNA PCR had a performance of 71% (95% CI: 68–73) sensitivity and 96% (95%
CI: 94–97) specificity in the diagnosis of H. pylori. Analysis showed that the 23S rRNA gene
has high sensitivity for the detection of H. pylori in clinical samples [40]. Three mutations
(A2142G, A2143G, and A2142C) in a gene in 23S rRNA were associated with H. pylori
resistance to clarithromycin, and these mutations have been associated with treatment
failure [22].

Undoubtedly, stool DNA PCR has its advantages: it gives faster results, fewer bacteria
are required in the sample for analysis, it does not need special processing supplies or
transportation of the material, and the result can be obtained in a fairly short time (<4 h).

Despite the high specificity of the test, a number of studies have revealed a high
percentage of false-positive results, especially when the test is carried out 4–6 weeks after
successful eradication therapy. False-positive results in treated patients can be explained by
persistence in the feces of coccoidal forms of H. pylori, which, over time, begin to decrease
and completely disappear at 8–12 weeks [41].

In geographic regions with high clarithromycin resistance, stool RT-PCR testing with
determination of clarithromycin resistance is a useful diagnostic option for young dys-
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peptic patients who do not require endoscopy and should preferably be treated with
clarithromycin-containing regimens [42].

5. Conclusions

The high prevalence and etiopathogenetic relationship of H. pylori with the most
significant diseases of the stomach highlights the need to optimize the diagnosis of this
infection, taking into account the sensitivity and specificity of the tests, as well as the
conditions for their use. The infection must be detected before therapy is prescribed, and
its success must be confirmed after treatment.

The developments of current diagnostic methods allow for a more accurate and
reliable diagnosis of H. pylori infection. The choice of method will depend on the accessibil-
ity, their advantages and disadvantages, sensitivity and specificity, and different clinical
circumstances of each patient.

Leading international experts dictate the rules for the diagnosis of H. pylori infection;
however, the majority of mistakes are still made when assessing the effectiveness of
eradication, namely, the use of inadequate methods or lack of control. According to the
European Registry on H. pylori management (Hp-EuReg), confirmation of the eradication
was performed in 94% of the cases [43].
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Carbon-labeled urea breath tests, which have high sensitivity and specificity, are the preferred
method used in epidemiological studies, screening dyspeptic patients and assessing
eradication or recurrence of Helicobacter pylori infection. The principle of the 13C-urea breath
test relies upon the ability of the H. pylori urease to hydrolyze the orally administered
13C-urea. The BreathID� (Exalenz Bioscience Inc., Union, NJ, USA) provides a competitive
solution for breath testing, including unique features such as automatic continuous breath
collection and analysis. This is an unattended convenient test, with no human error as the
correct part of the breath is collected and patients’ assistance is not required. The test results
are available in real time at the point of care and enable shortened breath testing procedures.
Additionally, several studies showing expanded utility of the BreathID in pediatrics, after
therapy and during proton pump inhibitors intake, further support the safety and
performance of the BreathID in the diagnosis of H. pylori.

KEYWORDS: BreathID� • gastric emptying • Helicobacter pylori • test substrate • urea breath test

Helicobacter pylori, the bacteria of the 20th
century led to a dramatic change in our under-
standing the pathogenesis and the therapy of
peptic ulcer. Moreover, it also clarified the
association between chronic bacterial infection
and gastric malignant diseases. The prevalence
of H. pylori infection is decreasing in Western
countries, but remains comparably high in
developing regions [1]. H. pylori colonizes the
human stomach during childhood and survives
in the human stomach for the lifetime of
the carrier. The exact mechanism whereby
H. pylori is acquired is not well defined [2]. It
has been hypothesized a human-to-human
transmission, by oral-oral or fecal-oral contact
or both. Human stomach is the only reservoir
of the bacteria, which typically does not cause
any clinical or endoscopic adverse effects.
However, it is still a major cause for chronic
gastritis, peptic ulcers and dyspepsia and
increases risk of gastric mucosa-associated
lymphoid tissue lymphoma and non-cardiac
gastric adenocarcinoma. Atrophic gastritis,
chronic use of anti-platelets agents or proton
pump inhibitors (PPI) and family history of
gastric cancer are also indications for testing
and eradication of the bacteria [3].

Considering the broad spectrum of diagnos-
tic methods, only highly accurate tests should
be used in clinical practice. Currently, the sen-
sitivity and specificity of an adequate test
should exceed 90%. Diagnostic testing for
H. pylori can be divided into invasive and
non-invasive techniques, based upon the need
for endoscopy which was the original gold
standard for detection of H. pylori infection.
Although the invasive, gastroscopic biopsy-
based tests such as the rapid urease test
(RUT), histological examination, culture and
molecular methods (PCR) have been widely
used to diagnose H. pylori infection, recently
many investigators have attempted to catego-
rize the endoscopic findings characteristic of a
H. pylori-infected stomach [4,5].

The non-invasive methods include the serol-
ogy, stool antigen test (SAT) and urea breath
test (UBT) [6,7]. Each method has its advan-
tages and disadvantages and each practitioner
should choose the best diagnostic method
according to the facilities available. Among the
non-endoscopic procedures used in diagnosing
H. pylori, serology remains the most
accepted [8]. It is the only test, which is not
affected by local changes in the stomach,
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widely available, inexpensive and has a high negative predictive
value [9]. However, the tests are not accurate enough and there-
fore not recommended by the US [10], European [3] and Asia-
Pacific Consensus Guidelines [11], as serology may not indicate
active or current infection but only previous exposure to
H. pylori. In addition, antibody titers may decrease up to
6 months after successful treatment, limiting the use of the test
for post-eradication confirmation.

The SATs are relatively inexpensive non-invasive tests with
high sensitivity and specificity. SATs using monoclonal anti-
bodies are useful for primary diagnosis of active infection as
well as for the assessment of eradication therapy [12]. SATs are
also useful in the management of H. pylori infection in children
and post-gastric surgery patients. However, test results may dif-
fer between kits and from one population to another with
unacceptable low effectiveness in some kits [13].

Carbon-labeled UBTs, which have a high sensitivity and
specificity, are commonly used as a non-invasive method in
detecting an active H. pylori infection. UBTs are the preferred
method used in epidemiological studies, screening dyspeptic
patients and assessing eradication or recurrence of the infection.
The UBT evaluates the presence of the bacteria in the whole
gastric mucosa. This increases the sensitivity of the test com-
pare with other diagnostic methods based on the analysis of
focal samples obtained by gastric biopsy. Focal gastric sampling
is susceptible to sampling error with higher rates of false nega-
tive results, probably due to the heterogeneous colonization of
the H. pylori in the gastric mucosa. TABLE 1 summarizes the char-
acteristics of the BreathID versus other methods of H. pylori
detection. If H. pylori infection was detected and treated, a
post-therapy follow-up breath test, no less than 1 month from
completion of therapy, is the recommended method to confirm
eradication after therapy [3].

Urea breath tests
Breath testing based on carbon-labeled substrates has been used
for over 40 years, for diagnostic applications. The 13/14C-UBT,
which has a high sensitivity and specificity, provides a ‘gold
standard’ in detecting an active H. pylori infection [7]. All 13C

breath analyzers use a similar principle for analyzing breath by
measuring different isotopes of carbon in CO2. In all analyzers,
13CO2 and 12CO2 from the exhaled breath of the patient is
collected and their ratio is calculated. The principle of the
13C-UBT relies upon the ability of the urease, produced by
H. pylori in the gastric mucosa, to hydrolyze the orally adminis-
tered 13C-urea. This enzyme breaks down the urea to ammonia
and CO2, which is absorbed into the bloodstream and then
released from the lungs. The labeled carbon dioxide, 13CO2 is
detected in breath samples [14]. UBT detects much lower levels
of H. pylori infection and by assessing the entire gastric
mucosa, it avoids the risks of local gastric sampling error due
to patchy distribution of the bacterium in the gastric mucosa.
False-positive results are extremely rare, whereas false-negative
results may occur in specific clinical settings. Several factors
are associated with UBT results in the diagnosis of H. pylori
including gastric emptying rate (GER) (may be delayed by a
test meal), gastric pH (affected by test meal, H2 blockers and
PPIs), the dose of the labeled substrate (13C-urea), bacterial
urease activity (which is pH dependent), the sampling time or
method and bacterial density (previous use of antibiotics or
PPIs, gastrectomy), Antimicrobials, for example, should be
avoided for 4 weeks prior to testing (UBT, SAT or endoscopy),
as these agents also suppress infection and reduce test
sensitivity [15].

13C-labeled UBTs are safe in children and pregnant women
and they are the preferred method used in epidemiological
studies, screening patients for the presence of H. pylori and
assessing eradication or recurrence of the infection [3].

The previous gold standard for performing UBTs for detec-
tion of H. pylori, used the mass spectrometry method for analy-
sis. The capacity of this device to sequentially process hundreds
of samples in an automated manner makes the system adequate
for referral central laboratory performing high volume of analy-
ses per day. These tests usually entail a two-point sampling
with a 20- to 30-min gap. In this cumbersome method, the
results of the test are not immediate and individual samples are
collected and analyzed in a special laboratory equipped with an
isotope ratio mass spectrometer (IRMS) device to determine

Table 1. BreathID� versus other methods of assessment of Helicobacter pylori.

Non-
invasive

>98%
sensitivity and
specificity

Immediate
results

Rapid test
10-min

Easy-to-do,
simple
training

Platform for
multiple
tests

BreathID� � � � � � �

Central lab breath test � ß ß ß � ß

Biopsy ß � ß ß ß NA

Rapid urease test ß ß ß ß ß NA

Serology � ß ß ß � NA

Stool � ß ß ß ß NA

NA: Not available.
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the 13C/12C ratio in each sample.
Although relatively accurate, IRMS is not
appropriate for a point of care (POC)
environment or small-to-medium labs,
requires patient cooperation, is subject to
human error, entails high capital costs,
specially trained personnel to operate the
device and is relatively time consuming.

Several alternative methods for the
detection of 13CO2 have been described,
including the use of laser or infrared
spectroscopy. One of the most reliable
tests for the diagnosis of H. pylori infec-
tion is 13C-UBT non-dispersive, isotope-
selective infrared spectroscope [16]. This
device has been shown to be as accurate
as IRMS but with the advantage of
being faster, smaller and cheaper [17–19].
However, an important disadvantage of
this equipment is that it can sequentially
process only a few breath samples. Non-
dispersive, isotope-selective infrared spectroscope also requires
relatively large breath bags to be connected directly to the spec-
trometer for measurement, which greatly limits the possibility
of storing and transporting breath samples to a measuring labo-
ratory [7]. Another device, the laser-associated ratio analysis sys-
tem, is based on laser spectroscopy that employs CO2 lasers to
excite a breath sample, producing an optogalvanic effect, which
on analysis provides a measure of the ratio of 13CO2–

12CO2.
Several studies using this equipment have confirmed encourag-
ing results [20,21]. The laser-associated ratio analysis system has
similar technical characteristics (the number of samples it can
sequentially process, the volume of breath sample required and
the cost of maintenance) as IRMS, but is limited in its
market. TABLE 2 summarizes the characteristics of the BreathID
versus other breath test methods of H. pylori detection.

One of the limitations of all the UBT is the lack of ability
to assess antibiotic resistance detection to H. pylori. The eco-
nomic benefits of tailoring first-line therapy are likely to
depend on the local antibiotic resistance levels [22]. Considering
the increasing failure rate of standard therapies, bacterial culture
or molecular methods may have important implications as rele-
vant alternatives for H. pylori diagnosis [23,24]. According to the
recent Maastricht guidelines, this is not the first-line diagnostic
recommendation. They suggest that culture and standard sus-
ceptibility testing should be considered in all regions before giv-
ing a second-line treatment after a first failure, if an endoscopy
is carried out. After a second failure, it should be performed in
all cases as already recommended at the previous Maastricht
conference.

The test substrate

Evaluation of different 13C-UBT protocols demonstrates that
there is no consensus regarding the dosage of the 13C-urea, the
time and interval of breath sample collection or the test meal

chosen to delay gastric emptying used in UBTs [19]. Each clini-
cal center uses its own test protocol and this makes the com-
parison of results almost impossible. The test meal delays
gastric emptying and enables better interaction between the
bacteria and the 13C-urea. These may decrease the doses of the
13C-urea and increase the sensitivity of the test. Citric acid
solution is currently one of the most widely used, and it has
been stated that it may increase the maximum concentrations
of 13CO2 in comparison with other semi-liquid test meals pre-
viously used. Although Dominguez-Munoz et al. reported iden-
tical sensitivity and 100% specificity of 13C-UBT for three
different test meals (0.1 N citric acid solution, semi-liquid fatty
meal and semi-liquid meal), the delta peak values of 13CO2

were much higher when citric acid solution was used as the test
drink [25]. Moreover, Graham et al., using 1, 2 and 4 g citric
acid, reported that the increase in urease activity is dose depen-
dent [26]. Orange juice was originally proposed as test meal and
is still utilized as alternative because of the unappealing taste of
citric acid, which can reduce compliance. The sensitivity of the
13C-UBT is lower with orange juice compared with 0.1M citric
acid, probably because orange juice has a smaller content of cit-
ric acid (less significant decrease in gastric pH) and gastric
emptying was significantly faster [27].

More than 90% of the bacterial urease, which generates
ammonia to buffer the bacteria from the acid milieu, is located
in the cytoplasm. Urease activity is low at neutral pH but as
the external pH decreases between 6.5 and 5.5 there is a 10- to
20-fold increase in activity, which remains high through
approximately pH 2.5 [28,29]. The transport of urea into the
bacteria is regulated by Urel-dependent specific H+-gated urea
channels that are also pH dependent [30]. To minimize these
pH-dependent effects, BreathID protocol uses a test drink
which includes a 75 mg 13C-labeled urea tablet, dissolved in
200 ml water with a high concentration (4.0 g) of citric acid,

Table 2. BreathID� compared with other breath tests.

Overall BreathID� Small NDIR Large NDIR IRMS

Continuous measurement and

visual display

� ß ß ß

Real-time results � � ß ß

Not sensitive to human errors � ß ß ß

Minimize test duration ~10 min 20 min NA NA

Unattended test � ß ß ß

Point of care � � ß ß

No special training needed for

operation

� � ß ß

Platform for multiple uses � ß � �

Device capital cost � � �� ���

No special training needed for

interpreting results

� � ß ß

IRMS: Isotope ratio mass spectrometer; NA: Not available; NDIR: Non-dispersive infrared.
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which delays gastric emptying and decreases gastric pH.
However, recently Graham et al. hypothesized that these two
factors per se appear unlikely to be the critical determinants in
the increased access of urea to the urease enzyme in vivo [31].

BreathID breath test system
The 13C-labeled substrate, in the case of H. pylori, is 13C-urea,
accompanied by citric acid powder. In the presence of urease
associated with gastric H. pylori, 13C-urea is decomposed into
13CO2 and NH3. The

13CO2 is absorbed into the blood and
exhaled. Delta is an expression of the change in the 13C–12C
ratio and is defined as:

δ (delta) = 
(13C(n) 12 C(n)) – (13C (PDB) / / 12C (PDB)) 

 × 1000 ‰ 
(13C (PDB)/ 12C (PDB) ) 

ð1Þ

where 13C(PDB)/12C(PDB) in this formula stands for the iso-
tope ratio (1.1273%) of international reference material
(Pee-Dee Belemnite standard) [32]. The formula shows carbon
isotope ratio in CO2 contained in exhaled breath. Delta over
baseline (DOB) indicates the deviation of delta value from the
standard delta value at a time point (i.e., before any substrate
was ingested). It is defined as:

DOB = 
(13C(n) 12 C(n)) – (13C (0)/ / 12C (0)) 

 × 1000 ‰ 
(13 C (PDB)/ 12C (PDB) ) 

ð2Þ

Excess 13CO2 in the breath compared with baseline translates
into a positive breath test result if the final test results reach a
value more than 5 DOB units, as can be seen in FIGURE 1.

The BreathID can also be used for other applications and
received a CE mark for liver function, gastric emptying testing
and other gastrointestinal-related applications. For these appli-
cations, a quantitative evaluation of the substrate metabolized is
required and therefore, the BreathID device plots (not relevant
in H. pylori mode) also the percentage dose recovery (PDR)
and cumulative percentage dose recovery on the device’s display
and provides the PDR peak value as seen in FIGURE 2. PDR refers
to the rate at which the 13C substrate is metabolized. In the
case of liver function testing, for example, the amount of
13C-methacetin metabolized reflects hepatic metabolic activity.
Its units are in %/h. PDR is similar to DOB in its expression
of change in 13C/12C ratio, but includes a normalization factor
based on specific test details such as weight, height, dose and
substrate type and purity, thereby in essence normalizing the
results independent of differences in external factors. Cumula-
tive percentage dose recovery is the numeric integral of PDR,
and indicates the total amount of substrate metabolized at any
given accumulated time. It is given in units of percent.

It has been shown in several analytical and clinical studies in
the H. pylori application as well as other breath test applica-
tions that the BreathID highly correlates to endoscopy pathol-
ogy results, endoscopy-based RUT and IRMS measurements
(considered the ‘gold standard’) [33,34]. Additionally, post-
therapy testing was performed on a portion of the subjects. All
results showed sensitivity and specificity 95% or more.

Principle of the BreathID technology
The BreathID System components include a test kit, contain-
ing a nasal cannula for collecting the breath output exhaled by
the patient (FIGURE 3). The diagnostic drug substrate depends
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Figure 1. Sample breath test results with BreathID� Helicobacter pylori system.
Blue line: breath test result; red line: cutoff value.
DOB: Delta over baseline.
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upon the application and is labeled with 13C-urea for H. pylori.
The BreathID device collects breath exhaled by the patient con-
tinuously for approximately 1 min into an internal bag, meas-
ures the average 13CO2 and 12CO2 concentrations of the
accumulated breath present in the bag and computes their ratio
and displays the results.

The BreathID uses a proprietary technology called Molecular
Correlation Spectroscopy to measure 13C and 12C isotopes of
CO2 from the exhaled breath of patients. Molecular Correla-
tion Spectroscopy is based on the optical absorption of specific
radiation of 13CO2 and 12CO2 gases. By using 13CO2 and
12CO2 charging lamps as two unique light sources, light
absorption will be due only to the existence of 13CO2 and
12CO2 in the gas mixture. Furthermore, by using this method
the background radiation will be much reduced, leading to
highly sensitive absorption curves. These allow the detection of
a small variation in 13CO2 and 12CO2 concentrations. By
modulating these different light sources with different frequen-
cies, they can be measured at the same detector, called the
main detector. In order to calculate the 13CO2 and 12CO2 gas
concentrations, an absorption cell is fixed between the light
source and the main detector (FIGURE 4). By measuring the light
intensity with a given gas concentration in the absorption cells,
specific absorption curves can be built. These absorption curves
allow the 13CO2 and 12CO2 concentrations in the absorption
cells to be calculated. The default test duration depends upon
the application, 1 h in the case of liver function testing and
4 h for gastric emptying test.

Approximately 99% of the carbon dioxide exhaled comprise
12CO2, but a small portion of 13CO2 is also exhaled in the
breath. 13Cs natural abundance is approximately 1% in the
environment and it is a stable isotope [35]. The baseline ratio
between 13CO2 and 12CO2 is measured at the beginning of
the test. After ingestion of a 13C-labeled substrate, the ratio
between the 13CO2 and 12CO2 is measured and compared

with the baseline ratio. When the substrate containing the
enriched levels of 13C is metabolized, one of the by-products
produced is carbon dioxide. The more metabolism that occurs,
the larger the changes in 13CO2/

12CO2 ratio, leading to
changes in the DOB. This in turn is translated into quantita-
tive assessment of the targeted organ’s ability to metabolize a
given substrate. The measuring process is repeated continually
throughout the test, enabling continual monitoring of the sub-
strate metabolism. It has been shown that the BreathID device
is a reliable device for measuring 13CO2/

12CO2 ratio, with
regard to linearity over the entire relevant range of measure-
ments and its results are reproducible in both healthy and non-
healthy patients. Furthermore, it has been shown that the
device remains stable over prolonged measurement durations.

Unique features of the BreathID system
The BreathID provides a competitive solution for breath testing
compared with other 13C breath analyzers and other methods
of testing, including several unique features. The automatic
breath collection and analysis makes the use convenient with
no human errors. Instead of collection and analysis of discrete
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Figure 2. Percentage dose recovery and cumulative percentage dose recovery graphs displayed on BreathID� device in real
time.

Figure 3. Components of the BreathID� system.
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samples, multiple samples are continually collected, providing
additional information. Due to continual measurement, this
simple and small device has excellent accuracy (>99% in com-
parison with gold standard in H. pylori detection in the US
FDA study). Test results are available in real time for decision-
making at the POC and enabling shortened breath testing pro-
cedures. Detailed explanations of these advantages are described
below.

Automatic versus non-automatic breath testing

The automatic breath collection and analysis makes the test
convenient unattended procedure that can be performed in
POC environment and accurate, even compared with IRMS,
with no human errors. The appropriate part of the breath sam-
ple is collected automatically (using a built-in ‘capnograph’).

FIGURE 5 illustrates the potential risk of sacrificed accuracy in
non-automatic breath testing in a liver function breath test.
This provides quantitative assessment of function at specific
time points (compared with normal values). Noise in discreet
points can lead to inaccurate readings at those specific time
points. The BreathID collects breath over a period of time
(~1 min) and analyzes the mixture, thereby enabling the device
to be insensitive to discreet changes. The BreathID device con-
tinuously collects and analyzes the breath automatically as
opposed to the IRMS. Therefore, the BreathID is less sensitive

to physiological fluctuations, enables to accurately detect the
peak and does not require patient cooperation. In cases where
the DOB is close to the threshold, physiological noise may
affect the accuracy of the test. In that case, the fact that there
are several points collected as opposed to a single point, the
result will be more reliable. Furthermore, the device is less sen-
sitive to the timing of the peak due to the multiple point col-
lection. Lastly, the device automatically lengthens the test time
when the results are close to the threshold.

Moreover, the patient is in a resting position during the test,
which prevents rapid changes in physiology and CO2 produc-
tion. Lastly, patient’s cooperation is not required. This provides
an especially suitable test for adult, pediatric and intubated
patients who may find it difficult to comply with breath
collection requirements.

Continuous breath testing

One of the major advantages of continuous versus discrete
breath testing is higher accuracy with approximately 2 min res-
olution that enables following of rapid physiological changes
that may be missed with discrete sampling. FIGURE 6 demonstrates
an example from a liver function utility test study with metha-
cetin, of cases where the peak is missed by IRMS, even with
the unusually high sampling rate of 10 min used in this study.
This turned out to be a crucial factor in the liver function util-
ity, where the peak has proven to be the most significant result
parameter [36]. This additional information on physiological
processes together with the online analysis enables the collec-
tion of useful clinical information and minimizing test dura-
tion. Continuous monitoring of the exhaled CO2 is associated
with lower sensitivity to physiological noise, since the trend can
be analyzed, rather than single points (i.e., the general trend
can be seen and parameters can be extracted, even in the case
of a noisy response). This can enable dealing with the inaccura-
cies related to changes in the overall CO2 production. In the
case of UBT for the detection of H. pylori, several studies have
shown that while performing the UBT, there is possibility of
false-positive results due to the other urease-producing bacteria
present in oropharynx. Usually, this DOB peak appears early
during the test (1–3 min) and declines subsequently to baseline
levels by 5–15 min (FIGURE 1) [37]. Pathak et al. showed that with-
out mouth cleansing, oral micro flora excreted more 14CO2 up
to 15 min after administration of non-capsulated 14C-urea.
They proposed that two breath samples may be obtained either
at 15 and 20 min without or at 10 and 15 min with mouth
cleansing protocols. Continuous sampling of the breath samples
identifies this oropharyngeal urease activity and terminates the
test shortly after this peak, reducing the time taken to perform
the test.

Real-time online analysis

BreathID provides immediate results with shorter test length
than laboratory breath testing (i.e., the test can be stopped as
soon as peak is detected which is unknown in off-line analy-
sis) [38]. Results are not sensitive to changes in reference values

Gas out

C12 lamp

C13 lamp

Gas in Main detector

Figure 4. Schematic illustration of the principles of the
BreathID� system.
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in external laboratories. They are reproducible and available in
real time for decision-making at the POC. TABLE 2 summarizes
the characteristics of BreathID compared with other breath
tests.

Specific clinical settings
Both invasive and non-invasive routine conventional methods
for H. pylori detection have been increasingly focused on spe-
cific clinical settings and patient groups (concomitant use of
PPIs or antibiotics, gastric atrophy and intestinal metaplasia,
bleeding peptic ulcer, post-gastrectomy patients, children).

Concomitant use of PPIs

False-negative results may occur when using histological, RUT
and UBT to detect H. pylori in biopsy specimens obtained dur-
ing PPI use [39]. PPI-induced false-negative UBTs may be
explained by a combination of marked gastric acid suppression
and antimicrobial activity of these compounds against
H. pylori. Consequently, all centers currently recommend cessa-
tion of PPIs 7–14 days before UBT [40]. This requirement
means that symptomatic patients have to defer therapy for a
significant period of time in order to be tested. Ideally, for
both clinical and quality-of-life concerns, patients and physi-
cians would prefer to start PPI treatment until the performance
of the UBT. The BreathID results show that PPI-associated
UBT masking can be kept to a minimum with judicious use of
high-dose citric acid as a test meal and an appropriate
PPI [41–43]. In our study, both pantoprazole and omeprazole
had very low false-negative rates (2–4%), whereas lansoprazole
and esomeprazole had unacceptably high false-negative rates
ranging from 13 to 16% (TABLE 3, data have been taken from
the citation). Concerning the use of anti-H2 drugs, there is a
general agreement that their effect on the UBT results is much
less important compared with that observed for PPI, whereas
the effect of antacids on false-negative results is negligible.

Partial gastrectomy

Partial gastrectomy and H. pylori infection are both considered
as risk factors for gastric cancer. False-negative UBT results
have been described in patients with gastric surgery, due to
rapid gastric emptying of urea solution from the stomach and
the small amount of the bacteria in the remnant stomach.
Among the three commonly used tests (histology, RUT and
UBT), histological examination performs the best, followed by
the RUT, for the diagnosis of H. pylori infection after partial
gastrectomy. Pooled sensitivity, specificity and diagnostic odds
ratio (DOR) for the different methods were: UBT: 0.77 (95%
CI: 0.72–0.82); 0.89 (95% CI: 0.85–0.93); and 27.86 (95%
CI: 13.27–58.49). RUT: 0.79 (95% CI: 0.72–0.84);
0.94 (95% CI: 0.90–0.97) and 49.02 (95% CI: 24.24–99.14).
Histology: 0.93 (95% CI: 0.88–0.97); 0.85 (95% CI:
0.73–0.93) and 97.28 (95% CI: 34.30–275.95) [44].
Kubota et al. reported that the use a specific protocol including
ingestion of 100 mg 13C-urea, use of mouthwash, horizontal
position of the body to the left side increased the sensitivity of

13C-UBT up to 95.7% [45]. Others improved the diagnostic
accuracy of 13C-UBT, over the standard UBT in patients with
gastric resection, by multiple sampling [46]. Recently,
Wardi et al. showed, when histology was considered as the
gold standard method, a high negative predictive value by both
BreathID and RUT, 0.92 and 0.95, respectively. The positive
predictive value of the BreathID and the RUT was 0.64 and
0.35, respectively, with no difference for H. pylori positivity
between patients with Billroth I or Billroth II operations [47].

UBT in pediatric population
The 13C-UBT has become the most convenient method for
use in children because it is a non-invasive method and uses a
stable and non-radioactive isotope. H. pylori infection is mainly
acquired in childhood, and studies on the epidemiology of this
infection depend on the availability of a non-invasive diagnostic
test for use in children. UBT has shown variable accuracy in
the pediatric population, especially in young children [48,49].
Most of the validation studies in children included only a few
infants and toddlers. Only when the children were separated
into subgroups by age it became apparent that the accuracy of
most tests is lower in young children if the same cutoff values
are used as established for older children or adults. In a recent
meta-analysis including 31 articles and 135 studies, Leal et al.
evaluated the diagnostic performance of the 13C-UBT in chil-
dren stratified in subgroups of <6 and ‡6 years of age. They
also analyzed the effect of variables such as type of meal, cutoff
value, tracer dose and delta time. The results showed good
accuracy in all ages combined (sensitivity 95.9%, specificity
95.7%, likelihood ratio [LR]+ 17.4, LR– 0.06, DOR 424.9),
with high accuracy in children >6 years (sensitivity 96.6%,
specificity 97.7%, LR+ 42.6, LR– 0.04, DOR 1042.7).
The 13C-UBT test was less accurate in young children, but
adjusting cutoff value, pretest meal and urea dose, this accuracy
could be improved [50]. Indeed, recently Queiroz et al.
evaluated a cohort of 414 infants (123 from Brazil and
291 from Peru) of ages 6–30 months living in impoverished
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regions of two developing countries in South America. They
showed excellent agreement between the results of the
13C-UBT and the SAT for infants and toddlers indicating that
UBT is a reliable method for the diagnosis of H. pylori infec-
tion in very young children [51]. Similar results were reported
by Pacheco et al. [52].

BreathID was prospectively evaluated in 72 consecutive chil-
dren and adolescents aged 5–18 years who were referred for
gastroscopy or for 13C-UBT. Results were obtained within
10 min in 96% of patients. The test was rapid and had 100%
concordance with conventional diagnostic methods [53]. Similar
results were reported by Hino et al. showing that the BreathID
was very effective in diagnosing and confirming eradication of
H. pylori infection in children (100% sensitivity and 96.9%
specificity [97.5% positive predictive value and 100% negative
predictive value]) [54]. Although there are no sufficient data
regarding the accuracy of the BreathID in young children, the
automatic, rapid and continuous sampling method with no
need of active cooperation makes the BreathID an optimal
breath test for the use in this population.

Additional potential applications of BreathID
The concept of using non-invasive 13C-labeled substrates in
conjunction with a breath analyzer as a diagnostic tool or as an
aid in management of patients with different gastrointestinal
disorders has been gaining more attention due to the lack of
reliable, easy-to-use function tests for gastric emptying, liver,
pancreas and other gastro intestinal organs. 13C-labeled sub-
strates are chosen to target a specific metabolization process of
the targeted organ. These breath tests, once validated, can
potentially, in many situations, accurately replace other expen-
sive, unpleasant and/or invasive procedures such as endoscopy,
biopsy, stool tests, scintigraphy and others. Non-invasive breath
tests may be repeated at high frequencies, allowing monitoring
of the organ functionality in patients with chronic/acute condi-
tions, in determining effectiveness of therapy and in optimizing
therapy dose.

Assessment of GER
GER serves as a marker of various functional gastrointestinal
disorders [55]. It is assessed by calculating the percentage of food
retained or eliminated by the stomach after a standard solid
meal at defined intervals of time. The gastric half-emptying
time (T½) is the most practical and common clinical parameter.
However, gastric retention above 10% after 4 h seems to be a
better marker for the diagnosis of delayed gastric emptying [56].
Gastric scintigraphy measures the change in radioactivity within
the stomach, which is directly proportional to its emptying rate,
whereas breath test measures the concentration of 13CO2 in the
exhaled breath, the end product of a sequence of events (e.g.,
13C-octanoic acid). Gastric scintigraphy with 99mTc exposes
patients and staff to low, but measurable doses of radiation. The
test is not always readily available because it requires specialized
and expensive equipment, trained personnel and licensure for
the medical use of radioactive materials.

Ghoos et al. [57] were the first to show the benefits of the
13C-enriched octanoic acid-based breath test for measuring
GER. 13C-octanoic acid is absorbed in the small intestine;
from there, it is transported to the liver, producing 13CO2,
which is eliminated by the lungs. This may limit the use of
the test in patients with lung and liver disease, malabsorbtion
or maldigestion. However, as in 13C-urea with H. pylori, the
quantity of 13CO2 in the patient’s exhaled breath is a func-
tion of the quantity of content leaving the stomach and
reaching the intestine. By measuring the 13C/12C ratio in the
expired air, clinicians can calculate the gastric emptying coef-
ficient, the gastric T½ and the lag phase (Tlag) [57]. The
long duration of the test and the need for multiple sampling
(up to 18 test tubes per patient at 15–30 min intervals)
renders the test cumbersome to both patients and by labora-
tory staff. Several studies using octanoic acid-based breath
test have provided reproducible results that were correlated
with gastric scintigraphy, with a reported sensitivity of
67–95% and specificity ranging from 78 to 94% [57,58]. Still,
the lack of standardization and normative values have raised

Table 3. False-negative results at day 14 after proton pump inhibitors treatment. Comparison between
omeprazole, pantoprazole, lansoprazole and esomeprazole.

Proton pump inhibitor OME 20 mg PAN 40 mg LAN 30 mg ESO 40 mg

Patients (N) 48 45 42 44

Male/Female 20/28 24/21 24/18 21/23

Age (years ± SD) 47.9 ± 16.7 45.9 ± 18.0 45.8 ± 16.8 49.0 ± 14.5

UBT results (DOB) Baseline 31.7 ± 31.6 27.5 ± 19.6 28.7 ± 23.7 23.8 ± 18.3

Day 14 33.8 ± 29.5 24.8 ± 21.4 27.1 ± 28.1 19.1 ± 17.5

False negative Day 14 2/48 (4.1%)† 1/45 (2.2%)‡ 7/42 (16.6%) 6/44 (13.6%)

True negative Day 14 0/48 1/45 0/42 3/44

†OME versus LAN p = 0.05.
‡PAN versus LAN p = 0.02; PAN versus ESO p = 0.05.
DOB: Delta over baseline; LAN: Lansoprazole; OME: Omeprazole; PAN: Pantoprazole.
Adapted from [43].
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concerns about the clinical application of the test and its
routine use [59].

The BreathID automatically calculates the change in the
12CO2/

13CO2 ratio at various points after ingestion of
13C-labeled octanoic acid compared with baseline (FIGURE 7).

The system calculates the gastric emptying coefficient, gastric
T½ and Tlag according to the non-linear model described by
Ghoos et al. [57]. In a recent prospective study conducted by

our group, simultaneous GER measurements in a small group
of dyspeptic patients using both the BreathID and gastric scin-
tigraphy provided comparable qualitative results (normal/
abnormal results) [60]. In this study, we recorded both gastric
T½ and retention during gastric scintigraphy; however, assess-
ment of retention by BreathID was not feasible. In a future
study, there is a need to validate a method that will accurately
calculate gastric retention by BreathID. TABLE 4 summarizes the
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Figure 7. Percentage dose recovery, cumulative percentage dose recovery, gastric emptying coefficient, gastric T½ and Tlag
graphs displayed on BreathID� device in real time.
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characteristics of the BreathID test in the assessment of
gastric emptying.

Assessment of pancreatic disorders
There is a need for a reliable and practical tool for evaluation
of pancreatic function. The rational for the use of breath test is
that the 13C-labeled substrate given with the meal reaches the
duodenum, where it is hydrolyzed by specific pancreatic
enzyme to 13C-labeled metabolites. These are absorbed through
the gut, metabolized in the liver while the 13CO2 released dur-
ing this process is absorbed in the bloodstream, reaches the
lungs and is eliminated with expired air. Thus, the measure-
ment of 13CO2 in the expired air is an indirect measure of
pancreatic digestion. Braden [61] reviewed the different methods
of testing for pancreatic function and observed that mixed tri-
glycerides (MTG) breath test is the most studied reliable
method of breath testing for this purpose. However, the
13C-dipeptide breath test has the potential to become as easy,
fast and practicable as the 13C-UBT for H. pylori detection.
While currently available clinical and laboratory parameters are
either not sensitive enough or cumbersome, these preliminary
data are promising. The breath tests can provide a novel alter-
native for management of patients with chronic (and acute)
pancreatic disorders. Dominguez has shown that a 13C-MTG
breath test is an accurate method to evaluate the effect of
enzyme therapy on fat digestion. This method is simpler than
the standard fecal fat test to assess therapy in patients with pan-
creatic exocrine insufficiency. It can be used to tailor the opti-
mal therapy in normalizing fat absorption and improving the
nutrition in these patients [62]. However, still the 13C-mixed

triglyceride breath test could only diagnose pancreatic insuffi-
ciency that typically occurs in advanced stages of pancreatic dis-
ease, which limits the use of the test [63].

A BreathID preliminary trial has been carried out to evaluate
exocrine pancreatic function and to differentiate between
patients with and without normal exocrine pancreatic function,
and the correlation between the breath test to standard func-
tion tests. Preliminary results seem promising (unpublished
data). The BreathID, in contrast to other techniques that
would require collection of many samples during 6 h when
MTG is used, can minimize test length.

Clinical use of the BreathID in patients with acute &
chronic liver disorders
Currently available blood-and-imaging tests or even liver histol-
ogy do not provide accurate measures of hepatic metabolic
function. The dream of every hepatologist is to develop a
non-invasive surrogate liver function marker/test just like the
glomerular filtration rate of the nephrologist or the ejection
fraction of the cardiologist. It is based on the principle that a
measurable metabolite of an ingested substrate is expelled by
the respiratory system. The ideal substrate would be metabo-
lized solely by the liver and therefore selectively reflect liver
metabolic function. The principle assumption is that an accu-
rate measurement of one metabolic pathway can reflect the sta-
tus of other hepatic metabolic pathways [64,65]. This aim has
been stalled by the complexity of the numerous metabolic
pathways of the liver and its diverse functions.

Clinically used probes of 13C-labeled substrates for liver
assessment include: aminopyrine, caffeine, diazepam, phenacetin
and erythromycin [66,67]. The safety displayed by methacetin in
non-clinical studies and the high hepatic clearance by
O-demethylation and subsequent exhalation of CO2 led to its
early use in exploratory clinical studies dating back to the
late 1970s [68]. Methacetin is considered a preferred substrate
because of its rapid metabolism in normal subjects, the apparent
minimal effect of smoking and anticonvulsants and the lack of
toxicity at over the 10-fold doses range tested. Other substrates
can be used to assess mitochondrial/beat oxidation, which may
be important in the context of specific etiologies. Examples of
such substrates include methionine and sodium octanoate.

Recently, multiple trials conducted using the BreathID sys-
tem, including populations with chronic viral liver disease (hepa-
titis C virus, hepatitis B virus), subjects with normal alanine
aminotransferase, non-alcoholic fatty liver disease/non-alcoholic
steatohepatitis, acute liver failure, bariatric surgery, hepatic
venous gradient pressure, subjects that underwent chemoemboli-
zation, pediatric use and animal testing (showing ability to mon-
itor functional liver mass) [69–74]. These studies show applications
of the BreathID test in a wide variety of etiologies, where there is
an unmet need for a simple routine monitoring test for those
with chronic liver disease and fatty liver disease, thereby enabling
early non-invasive prediction of decompensation. The BreathID
provides a novel measure, which may be complementary to the
currently used diagnostic liver function tests.

Table 4. BreathID� versus other methods of
assessment in gastric emptying.

BreathID� Scintigraphy Mass
spectrometer/
infrared

Radioactive No Yes No

Gastric

emptying rate

patterns

Yes No (unless

continuous

measurement

is used)

Partial

Point-of-care Yes No Partial

Results

comprehensive

Yes No (T1/2 only) Partial

Nurse/tech

involvement

Low High High

Immediate

results

Yes No No

Patient’s active
cooperation

Low High High

Operator

errors

No Yes (and

variability)

Yes
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Summary
The BreathID with its continuous breath test characteristic,
provides several advantages over IRMS breath testing, includ-
ing: higher accuracy (does not depend on operators, assured
collection of ‘end tidal’ exhaled waveform), immediate results
and convenience as an ‘unattended test’ that can be performed
in any environment. Furthermore, the continuous testing allows
shorter testing duration due to a propriety algorithm that
allows test shortening if result is conclusive. An observational
study involving approximately 13,000 subjects, indicated that
completion of the BreathID test required 10–13 min on aver-
age. Only eight subjects (0.1%) from the total population had
inconclusive results and needed further time to reach a conclu-
sive result. Additionally, several studies showing expanded util-
ity in pediatric, after therapy, during PPI intake, further
support the safety and performance of the BreathID in the
diagnosis of H. pylori.

Expert commentary
Data from recent studies show that the prevalence of H. pylori
infection is still high in most countries worldwide [75]. There
are continuous attempts to improve the existing serologic anti-
body tests that are still widely used regardless of the clear
guidelines that these serum tests are not accurate [76]. Because
serology is prone to inaccuracy, the choice that most of the
experts are clearly recommending is non-invasive ‘active’ diag-
nostic tests, namely SAT or UBT. Active H. pylori testing is
outlined as preferred by the American College of Gastroenterol-
ogy, the American Gastroenterological Association, the Euro-
pean and Japanese societies in their patient test and treat
approach to dyspepsia [3,10,77]. Additional support to this con-
cept came in those days when Cigna was the first large national
payer in the USA to decide that it will no longer reimburse
serology testing as of 15 August 2014. This provides a great
opportunity to further convert serology testing into active H.
pylori testing, with either the UBT or the SAT, for initial diag-
nosis or to confirm eradication.

Comparison between SAT and UBT reveals advantages and
disadvantages to each of them [12]. The cost of UBT is still rel-
atively high (because of the price of 13C-urea), while SATs are
less expensive. In addition, patients are required to fast before
UBT testing, but not before a SAT. False-negative results are
noted in patients who have been taking PPIs in both UBT and
SAT but some monoclonal antibody-based SATs, that are cur-
rently available, are not affected by PPIs [78]. Although both
tests are useful for the diagnosis of H. pylori infection in chil-
dren, the specificity of the UBT may be less than 90% in very
young children. Therefore, monoclonal antibody-based SATs
seem to be more effective in this population. In the setting of a
mass survey, compared with serology, both tests may have high
levels of false-negative results, mainly in patients with severe
atrophic gastritis and intestinal metaplasia. Finally, a potential
problem with the SATs appears to be patient reluctance about
stool handling and this could prove a significant obstacle to

patient compliance and the acceptability of the test in everyday
clinical practice [79].

In our experience, patients prefer to avoid stool testing so
that we anticipate that the UBT will be the dominant diagnos-
tic test for H. pylori in patients not requiring endoscopy. The
simplicity and the accuracy of the UBT will enable to replace
the serum-based tests. The BreathID can optimize the manage-
ment flow, as the patient will receive an answer immediately
and the physician will be able to provide appropriate treatment
in the same visit. Furthermore, the UBT is also a simple solu-
tion to provide post-eradication confirmation or lead physician
to other treatment options to confirm eradication.

Five-year view
Although the guidelines recommend to refrain from serology,
the majority of testing for H. pylori is still being done by
serology for the acute diagnosis and follow-up of treatment
(according to MediCare: 66% in 2012). It is expected that this
number will gradually decrease, once the guidelines are
adopted. Based on the current guidelines [9], the use of breath
testing is expected to increase in the near future, as these guide-
lines recommend the use of the UBT both for the diagnosis
and follow-up of eradication treatment. In addition, the current
recommendation to use the ‘test and treat’ pathway for patients
who have dyspepsia, without alarming symptoms, is also
expected to increase the number of breath testing [80–82]. As the
percentage of patients being successfully treated is decreasing
(due to resistance to antibiotics) [83,84], using a reliable non-
invasive test to assess H. pylori density and the activity and
degree of gastritis became significantly important. High pre-
treatment UBT results have been demonstrated to be an
independent predictor of eradication therapy [85–89]. Further
evaluation of this issue may potentially lead to more effectively
targeted therapies and more individualized treatments, targeting
the specific needs of a given patient.

It is likely that competitive pricing and ease of use of the real-
time methodology will initially determine whether physicians
and their practices will transition to this methodology. However,
the likelihood will be increased by the development of other 13C
real-time breath methods for other indications, such as liver
function testing, pancreatic function and gastric emptying esti-
mations. As these are rolled out over the next few years, we pre-
dict that the real-time device will be marketed successfully as
serving multiple purposes for gastroenterology practices and this
will accelerate the move from the conventional 13C-urea to the
real-time 13C-urea platform.
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Key issues

• The prevalence of Helicobacter pylori infection is decreasing in Western countries, but remains comparatively high in developing regions.

• The discovery of H. pylori led to a dramatic change in our understanding the pathogenesis of peptic ulcer and gastric

malignant diseases.

• H. pylori is a major contributory factor in the development of human gastric cancer and has been classified as a group 1 carcinogen

by WHO.

• Carbon-labeled urea breath tests, which have a high sensitivity and specificity, are the preferred non-invasive method used in

epidemiological studies, screening dyspeptic patients and assessing eradication or recurrence of H. pylori infection.

• The use of urea breath tests, allowing identification of bacterial density and grading of the gastritis may potentially lead to more

individualized effective therapies and increase the eradication rates.

• Technological advancements made over the past decade have not yet led to new diagnostic methods of clinically proven benefit in the

diagnosis of H. pylori infection.
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INTRODUCTION

Helicobacter pylori is recognized as the main etiologic agent 
of peptic ulcers, with a pathogenic role equally well established in 
gastric adenocarcinoma and MALT (mucosa-associated lymphoid 
tissue) lymphoma(1,2). First identified in 1983 by Marshall and War-
ren(3) from gastric tissue fragments, since then, different diagnostic 
methods have been developed for their detection, including invasive 
and non-invasive tests. Invasively, the bacterial presence can be iden-
tified through gastroscopy by the collection of gastric fragments 
for histology, culture, urease test or molecular tests. Non-invasive 
tests consist of serological tests, stool antigen detection, and the 
13C urea breath test (UBT)(4).

UBT is the gold-standard noninvasive method for H. pylori 
diagnosis, with a sensitivity and specificity greater than 95%(5-7). 
Due to its high accuracy, low cost and easy performance, it is 
considered the first option in the control of  H. pylori infection 
treatment or recurrence and it is a fundamental diagnostic tool 
in the “test and treat” strategy; it is also an excellent option in 
epidemiological studies(8-10). Such tests are based on the property 
of  H. pylori in producing high amounts of  urease enzyme. The 
principle of  the test is based on the ability of  H. pylori (if  pre-
sent in the gastric environment) to break down orally absorbed  

Prospective study for validation of a single 
protocol for the 13C-urea breath test using  
two different devices in the diagnosis  
of H. pylori infection
Luiz Gonzaga Vaz COELHO, Osmar Reni TRINDADE, Laiane Alves LEÃO, Henrique Gomes RIBEIRO,  
Izabella Silva FREITAS and Maria Clara Freitas COELHO

Received 8/4/2019
Accepted 4/6/2019

ABSTRACT – Background – 13C-urea breath test (UBT) is the gold-standard, noninvasive method for H. pylori diagnosis. However, there is no uniform 
standardization of the test. This situation can be unpractical for laboratories running with two or more devices. Objective – To perform a prospective 
comparison validation study of UBT employing one validated protocol for two different devices: BreathID Hp Lab System® (Exalenz Bioscience Ltd, 
Israel), here called device A and IRIS-Doc2® (Wagner Analysen-Technik, Germany, now Mayoly Spindler Group, France), here called device B, in 
the diagnosis of H. pylori infection. Methods – A total of 518 consecutive patients (365 females, 153 males, mean age 53 years) referred for UBT were 
included. All patients received device A protocol as follow: after at least one hour fasting, patients filled two bags prior to the test, then ingested an 
aqueous solution containing 75 mg of 13C-urea with a 4.0 g citric acid powder and filled another two bags 15 min after ingesting the test solution. One 
pair of breath sample bags (before and after ingestion) was analyzed by the two different devices. A delta over baseline (DOB) ≥5‰ indicated H. pylori 
infection. Statistics: Wilcoxon test, kappa coefficient with 95% CI, Wilson’s method. Results – Considering the device A protocol as the gold standard, 
its comparison with device B showed a sensitivity of 99.3% (95% CI: 96.3–99.9) and a specificity of 98.9% (95% CI: 97.3–99.6). Kappa coefficient 
was 0.976 (95% IC: 0.956–0.997). Conclusion – Correlation between the two devices was excellent and supports a uniform standardization of UBT.
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13C-labelled urea. 13CO2 diffuses into the blood and is excreted via 
the lungs and can be easily measured in the expired air using mass 
or non-dispersive, isotope-selective infrared spectroscopy(11). Thus, 
the analysis of samples of expired air collected before (control) and 
after substrate ingestion will indicate the change in the 13CO2/

12CO2 
ratio caused by the metabolic activity induced by the administra-
tion of the labelled urea.

Since its original description in 1987 by Graham et al.(12), UBT 
has undergone several modifications involving the need or not of 
fasting before the test(13), dose of 13C-urea employed(11), concomitant 
administration of 13C-urea in any citrus meal(14), ideal sample collec-
tion time for exhaled air after substrate ingestion, optimal cut-off  
point and performance of the device used to perform UBT(13,15). 
Thus, there is no single worldwide standardization for testing to 
date, although numerous individual validation studies confirm the 
high accuracy of the method for the diagnosis of active H. pylori 
in adults and children over 6 years of age(4-10,16-18).

Considering the current moment, where there are several de-
vices in the world market, including hospitals and clinics working 
with more than one device from different manufacturers in the 
daily routine, the search for a single UBT preparation and read-
ing protocol should be investigated to standardize processes and 
improve efficiency.

AG-2019-63
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The aim of this study is to perform a prospective comparison 
validation study of 13C-urea breath test for the diagnosis of H. pylori 
infection employing one validated protocol for two different devices.

METHODS

The study was performed at the Breath Tests Laboratory of the 
Alfa Institute of Gastroenterology at Clinics Hospital of Federal 
University of Minas Gerais, Belo Horizonte, MG, Brazil.

Patients
We recruited individuals consecutively referred for UBT for 

the purpose of the initial diagnosis or control of H. pylori infec-
tion treatment from November 2017 to September 2018. Informed 
consent was obtained from all patients to participate in the study 
after being duly informed about the purpose of the study. The study 
inclusion criterion was the non-use of proton pump inhibitors or 
antibiotics in the last 14 or 30 days, respectively, prior to UBT.

13C-urea Breath Test (UBT)
All study participants underwent UBT, which was processed 

and analysed simultaneously by two different devices. Our labo-
ratory has two devices: the BreathID HP Lab System® (Exalenz 
Bioscience Ltd, Israel), here called device A, and IRIS-Doc 2® 
(Wagner Analysen-Technik, Bremen, Germany, now Mayoly 
Spindler Group, France), here called device B. Although these 
two devices have independent protocols previously validated and 
recommended by the manufacturers(17,19), we chose a single protocol 
as recommended by the manufacturer of device A, cleared by FDA 
in November 2016, due its particularities and practicity(19).

The protocol employed can be summarized as follows: after at 
least 1h fasting, exhaled air samples were initially collected from 
the participants in two small collection bags (120 mL), which 
corresponded to time zero (sample-1, control). Next, the patients 
ingested, within 2 min, an aqueous solution (200 mL) containing 
75 mg of  13C-urea and 4.0 g of  citric acid powder, with added 
edulcorant. A second exhaled air collection was performed 15min 
after the ingestion of  the substrate in two new small collection 
bags, which corresponded to sample-2. Each pair of  collected 
material (sample-1 and sample-2) was analysed and processed by 
one of the two infrared analyser devices of the study. According to 
the manufacturer’s instructions, patients were considered positive 
for H. pylori when they had a delta over baseline (DOB) equal to 
or greater than 5‰(19). This parameter indicates the change in the 
13CO2/

12CO2 ratio in metabolic activity induced by the administra-
tion of the labelled urea. 

For statistical analysis, the data were expressed as percentages, 
means (standard deviation), median and minimum and maximum 
values. Continuous variables were compared using t-test or the 

Mann-Whitney test (non-parametric data) and Wilcoxon test for 
paired samples. The coefficient of  concordance (kappa) of  the 
tests between the two devices was calculated. Considering device 
A, whose protocol was used in the study as the gold standard, the 
sensitivity, specificity and 95% confidence interval were calculated 
for the results obtained with device B. Wilson’s method was used 
to calculate the confidence intervals(20). All statistical analyses were 
performed using the MINITAB statistical package (Minitab Inc., 
State College, PA, USA) version 16 and Excel (Office 10).

RESULTS

Five hundred eighteen patients were consecutively included 
in the study: 365 (70.5%) patients were women and 153 were men 
(29.5%), with a mean age of 53 years (10-89 years) and a standard 
deviation (SD) of 15.3 years. Among the 518 patients, 161 had never 
received anti-H. pylori treatment and 357 patients underwent the 
test to evaluate the anti-H. pylori treatment result.

TABLE 1 shows the observed values in DOB‰ in the UBT 
obtained using the single protocol (device A) in the two different 
devices. 

FIGURE 1 shows the absolute values of DOB‰ observed in all 
518 study participants. Considering the cut-off point of DOB ≥5‰ 
for the presence of H. pylori, only 5/518 participants (FIGURE 2) 
presented discordant results between the two devices, a positive 
participant on device A and a negative one on device B, while four 
subjects were negative on device A and positive on device B. Four in 
five participants with discordant results underwent the test for post-

TABLE 1. UBT results employing two different devices with a unique protocol (n=518).

DOB ‰
Device A Device B

All Negative Positive All Negative Positive

Mean value (SD) 13.1 (24.7) 0.4 (1.0) 44.8 (26.9) 12.9 (24.9) -0.1 (1.5) 44.6 (26.7)

Median value 0.9 0.4 39.4 0.7 -0.1 40.4

Min. value -1.0 -1.0 5.6 -7.0 -7.0 5.1

Max. value 119.1 4.9 119.1 123.8 3.9 123.8

UBT: 13C-urea breath test; DOB: delta over baseline; SD: standard deviation.

FIGURE 1. Absolute values of DOB‰ observed in device A and device 
B for all 518 study participants. DOB: delta over baseline.



Coelho LGV, Trindade OR, Leão LA, Ribeiro HG, Freitas IS, Coelho MCF. 
Prospective study for validation of a single protocol for the 13C-urea breath test using two different devices in the diagnosis of H. pylori infection

Arq Gastroenterol • 2019. v. 56 nº 2 abr/jun • 199

treatment infection control. The kappa coefficient of concordance 
between the two devices was 0.976 (95% CI: 0.956–0.997). Consid-
ering the device A protocol as the gold standard, its comparison 
with device B showed a sensitivity of 99.3% (95% CI: 96.3–99.9) 
and a specificity of 98.9% (95% CI: 97.3–99.6).

TABLE 2 shows the absolute values of  DOB‰ observed in 
patients with confirmed H. pylori in both devices (n=147); signifi-
cantly higher values are observed in both devices for the female 
population compared with the male population.

In its initial description, UBT was performed using isotope 
ratio mass spectrometry technology, which has a high cost and 
complexity regarding use and maintenance(12). More recently, 
UBT has been performed using non-dispersive, isotope-selective 
infrared spectroscopes, which has a lower cost, smaller size, easy 
maintenance and operation, and which results are available a 
few minutes after the procedure; this allows UBT to be carried 
out in doctors’ offices or small-to-medium sized laboratories. Its 
excellent performance has made this methodology attractive to 
the industry and physicians, since there are numerous devices 
being commercialized in the international market(11,23,24). Despite 
the existence of  small variations in the methods employed by 
each device, regarding fasting time before UBT, ideal test meal, 
best 13C-urea dose, optimal breath sampling after ingestion of 
the substrate and best cut-off  point to discriminate infected from 
non-infected individuals, several local validation studies have 
shown high diagnostic accuracy to detect H. pylori infection(6,8). 
However, the absence of  definitive standardization of  the test 
makes it impractical to manage different devices at the same place 
and to compare the results from different studies.

In our study, although the protocols for the two devices were 
previously validated, we chose to use the protocol suggested by 
device A for its practicity, especially in relation to fasting time 
(1h instead of  8h), use of  citric acid instead of  orange juice and 
15 min instead of  30 min for the optimal breath sampling after 
ingestion of  the substrate. The fasting time of  only one hour 
makes it more convenient to perform the test at different times, 
with several studies demonstrating that the differences between 
DOB‰ values fasting or not fasting are minimal or non-exist-
ent(25-28). The incorporation of  citric acid as a test meal instead of 
orange juice administered together with 13C-urea is currently well 
established(14,29). Its administration delays gastric emptying, allow-
ing the labelled substrate to distribute throughout the stomach 
and maximizes the reaction with the preformed bacterial urease. 
Additionally, it increases the hydrolysis of  urea, both by increas-
ing the availability of  intracytoplasmic urea and increasing the 
activity of  intragastric urease, providing higher 13CO2 recovery 
values(14,29). Its effect is dose dependent, and the 4.0 g dose used 
here seems to be palatable and efficient to maximally enhance 
urease activity(29,30). Recently, a new test meal using a high-dose 
mixture of  citric, malic and tartaric acid has been proposed to 
be used as a test meal in patients taking proton pump inhibitors 
with good accuracy, although 7.2% of  the patients complained 
of  dyspeptic symptoms with the test meal(31). The dose of  13C-
urea administered is between 50 mg and 100 mg, and 75 mg is 
the dose most commonly used currently(11). Studies have shown 
that doses above 125 mg are unnecessary(32), and a dose of  25 mg 
is inefficient to provide good accuracy(33). The interval of  15min 
instead of  30 min as optimal breath sampling after ingestion of 
the substrate has been considered sufficient to avoid interference 
of  the pharyngeal flora with the possible presence of  urease-
producing bacteria and sufficient to allow hydrolysis 13C-urea by 
contact with the preformed urease by H. pylori. The use of  citric 
acid, might also contribute to obtain greater accuracy of  UBT 
with the collection performed 15 min after substrate ingestion by 
increasing the saliva production and reducing possible interaction 
with the urease that might be present in the oral cavity(11,27,34).

Our study also demonstrated that mean UBT values, in both 
devices, were significantly higher in females (device A: 47.5‰, 
SD:27.8, P=0.036 and device B:47.4‰, SD:27.8, P=0.027) than 

FIGURE 2. Discordant absolute values of DOB ‰ between device A and 
device B in 518 cases. DOB: delta over baseline.

TABLE 2. DOB‰ absolute values in H. pylori-infected patients (n=147), 
regarding sex.

Variables
Device A Device B

Male Female Male Female

Mean (SD) 36.4 (21.9) 47.5 (27.8)* 35.8 (21.2) 47.4 (27.8)**

Median 33.5 41.4 30.3 43.1

Min 6.1 5.6 5.6 5.1

Max 87.4 119.1 84.4 123.8

DOB‰: delta over baseline; *P=0.036; **P=0.027.

DISCUSSION

Our study shows that the UBT employing the same protocol for 
two different devices from two different manufacturers presented 
very similar results. This allows their standardization in daily prac-
tice. Only 5/518 (0.97%) participants (four of them performed for 
treatment control) showed discordant results, and the DOB values 
were close to the cut-off  point in three of them. Characteristically, 
in the UBT, DOB‰ values in individuals infected or not infected 
by H. pylori are situated far from the established cut-off  point, and 
our study shows very similar absolute values, both positive and 
negative, between the two devices analysed. Typically, borderline 
cut-off UBT observed values (grey or indeterminate zone) should be 
interpreted with caution, and it is suggested that the test should be 
repeated or the diagnosis should be confirmed by another method. 
The prevalence of UBT results in the grey area has been estimated 
at 1% to 2%, similar to the one observed here(21,22).
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in males (device A:36.4‰, SD:1.9, and device B:35.8‰, SD:21.2). 
These results demonstrate that, for the first time, using two distinct 
devices simultaneously corroborate findings already described in 
studies using only one device. This demonstrates that UBT has 
absolute values significantly higher in adult females than in adult 
males, with a significant increase varying from 4.5‰ to 11‰ in 
the median UBT, and similar to our results from 11.1‰ in device 
A and 11.6‰ in device B(35-39). The reasons for these findings are 
still largely unknown. Variables such as higher bacterial density in 
women, hormonal changes, body surface area and sex differences 
in intragastric pH are being investigated, but further investigations 
are clearly needed(38,39).

In conclusion, our study showed that UBT performed by two 
different devices employing a single protocol presents excellent 
agreement between them. This harmonization, while improving 
and simplifying the operational procedures, represents an im-
portant contribution in the search for a single standardization 
for UBT.
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Coelho LGV, Trindade OR, Leão LA, Ribeiro HG, Freitas IS, Coelho MCF. Estudo prospectivo para validação de protocolo único para o teste respiratório 
com ureia marcada com carbono-13 empregando dois dispositivos diferentes, no diagnóstico da infecção por H. pylori. Arq Gastroenterol. 2019;56(2):197-201.
RESUMO – Contexto – O teste respiratório com ureia-marcada com carbono-13 (TR-13C) é o método padrão-ouro para o diagnóstico não invasivo 

da infecção por H. pylori. Apesar disto, não existe uma uniformização de protocolos para a sua realização, trazendo dificuldades operacionais para 
laboratórios ou clínicas que operam com equipamentos de fabricantes diferentes. Objetivo – Estudo prospectivo e comparativo para validação do 
TR-13C para o diagnóstico de infecção por H. pylori, com emprego de protocolo único para dois equipamentos diferentes, a saber: BreathID Hp Lab 
System® (Exalenz Bioscience Ltd, Israel), aqui denominado equipamento A e IRIS-Doc2® (Wagner Analysen-Technik, Alemanha, agora Mayoly 
Spindler Group, França), aqui denominado equipamento B. Métodos – Um total de 518 pacientes (365 mulheres e 153 homens, idade média de 53 
anos) consecutivamente encaminhados para a realização do TR-13C foram incluídos no estudo. Todos os participantes realizaram TR-13C, que foi 
processado e analisado simultaneamente pelos dois equipamentos. Embora os dois equipamentos possuam protocolos independentes previamente 
validados, foi optado, por sua maior praticidade, pela utilização de um único protocolo, conforme recomendado pelo fabricante do equipamento A, e 
assim resumido: após jejum mínimo de 1h, foram amostras de ar expirado coletadas em dois pequenos sacos coletores (120 mL), correspondendo ao 
tempo-zero (amostra-1, controle). Em seguida, os pacientes ingeriram, em até 2 min, uma solução aquosa (200 mL) contendo 75 mg de 13C-ureia e 4,0 
gramas de ácido cítrico em pó, adicionado com edulcorante. Uma segunda coleta de ar expirado era realizada 15 min após a ingestão do substrato em 
dois novos pequenos sacos coletores, correspondendo à amostra-2. Foram considerados positivos para a presença da infecção por H. pylori quando 
apresentavam um delta over baseline (DOB) igual ou maior que 5‰. Análise estatística foi realizada com o teste de Wilcoxon, coeficiente kappa com 
IC 95% e método de Wilson. Resultados – Considerando o protocolo do equipamento A como o padrão-ouro, sua comparação com o equipamento 
B mostrou sensibilidade de 99,3% (IC 95%: 96,3–99,9) e especificidade de 98,9% (IC 95%: 97,3–99,6). O coeficiente kappa observado foi de 0,976 (IC 
95%: 0,956–0,997). Conclusão – A correlação entre os dois equipamentos foi excelente e contribui para uma uniformização de protocolos para TR-13C.

DESCRITORES – Infecções por Helicobacter, diagnóstico. Testes respiratórios. Ureia, análise. Isótopos de carbono, análise. 
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Introduction
Biopsies taken via esophagogastroduodenoscopy 
(EGD) and the carbon-labeled urea breath test 
(UBT) are considered the ‘gold standard’ meth-
ods for the diagnosis of active Helicobacter pylori 
infection.1 The Maastricht V Consensus Report 
recommended 13C-UBT as the best approach for 

the diagnosis of H. pylori infection, due to its high 
sensitivity, specificity, and excellent performance, 
especially in patients in whom endoscopy is not 
indicated.2

The ¹³C-UBT is a noninvasive test for detecting 
the presence of H. pylori infection via changes in 

The validity of breath collection bags method 
in detecting Helicobacter pylori using the 
novel BreathID®Hp Lab System: a multicenter 
clinical study in 257 subjects
Vered Richter , Jeff O. Gonzalez, Sabine Hazan, Gary Gottlieb, Keith Friedenberg, 
David Gatof, Ravi Ganeshappa, Jorge-Shmuel Delgado, Dov Abramowitz, 
Robert Hardi, Allan Coates, Mahmudul Haq, Nilesh Mehta, Blake A. Jones, 
Steven F. Moss and Haim Shirin

Abstract
Background and Aim: The BreathID®Hp urea breath test provides several advantages 
over other 13C breath analyzers for the detection of Helicobacter pylori. We evaluated the 
sensitivity and specificity of a new BreathID®Hp Lab System (Exalenz Bioscience Ltd, Israel), a 
13C-urea breath test system using breath sampling bags that facilitates multiple testing in a 
multicenter international clinical study.
Methods: A total of 257 subjects with evaluable results for urea breath test, rapid urease test, 
and histology were enrolled into two study groups: 189 naïve subjects were included in the 
pre-therapy group, and 68 subjects comprised the post-eradication therapy group. Analytical 
studies were conducted to evaluate the stability, reproducibility, and repeatability of the 
13C-urea breath test results using a delta over baseline cut-off value of 5.
Results: Among the pre-therapy subjects evaluated with the composite results from the 
rapid urease test and histology/immunohistochemistry, 176 results matched those of the 
urea breath test, resulting in an overall agreement of 98.3% with a sensitivity of 100% and 
specificity of 97.9%. In the post-eradication therapy cohort, the overall agreement between 
the urea breath test and the biopsy diagnosis was 98.5%; the sensitivity of the urea breath 
test in this cohort was 92.3% and the specificity was 100%. There was uniformly high overall 
reproducibility (99.48%) of the test results over different batches of breath sample bags, when 
analyzed on different days and under different storage conditions, showing stability of the 
breath samples in the breath collection bags
Conclusion: The BreathID®Hp Lab System is a highly accurate and dependable method for the 
diagnosis of H. pylori infection.

Keywords: diagnostic tests, Helicobacter pylori, lab mode, safety, sensitivity, specificity,  
urea breath test
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the ratio of 13CO2/12CO2 in exhaled breath.3 In 
the presence of H. pylori, ingested ¹³C-urea is 
metabolized to 13CO2. The resulting 13CO2/12CO2 
ratio is compared with baseline values obtained 
before ingestion of the labeled urea. UBTs have 
high accuracy and reproducibility because they 
are functional tests that essentially sample the 
entire stomach. These tests are not prone to the 
same level of sampling error as biopsy-based tests, 
and false-positive results are uncommon.4 The 
sensitivity and specificity of the breath test range 
from 90% to 100% and, in most cases, it is above 
95%.5–7

UBTs are the preferred method for epidemiologi-
cal studies, screening dyspeptic patients, and 
assessing eradication or recurrence of the infec-
tion after treatment.3,8–10 A major disadvantage of 
the 13C-UBT is the inconvenience related to the 
13CO2 analysis. In most medical centers, there is a 
need for collecting, storing, and transporting the 
samples to a central laboratory that is equipped 
with an isotope ratio mass spectrometer. This 
makes UBTs inconvenient to both the patient 
and physician.

A Food and Drug Administration (FDA)-cleared 
continuous UBT (using a nasal cannula) using 
the BreathID®Hp (Exalenz Bioscience Ltd, 
Modiin, Israel) provides several unique advanta-
geous features. Instead of collecting and analyz-
ing discrete breath samples, breath samples are 
continually evaluated, providing excellent accu-
racy (>99%) and enabling shortened breath test-
ing procedures. Moreover, test results are 
available in real time for decision-making at the 
point of care.11,12 A user-friendly interface for 
operation and point-of-care testing is another 
advantage.

Although the BreathID®Hp Lab System has the 
advantage of real-time point-of-care analyses, 
using this system has its disadvantages: patients 
need to be present at the site where this system is 
located. In addition, only one patient’s breath 
can be measured at a time. This can limit the 
number of tests that can be done in a short time 
period. Using bags to collect breath samples 
allows accumulation of up to 10 sets of breath 
collection bags for up to 2 weeks. The 
BreathID®Hp Lab System performs automated 
analyses sequentially. This system may be located 
in a central laboratory or the system can be 
installed on-site. Its user-friendly interface, com-
pact design, maintenance-free use, compatibility 

to lab information management system (LIMS), 
low cost compared to mass spectrometer, and 
automated operation make it an ideal method for 
H.pylori testing. Testing of each set of bags takes 
approximately 5 min. This study was aimed at 
validating the breath sampling bag test method in 
comparison to a composite reference standard of 
H. pylori status, comprising a combination of a 
histological examination for H. pylori and a rapid 
urease test (RUT).

Methods

Subjects
We determined the diagnostic accuracy of the 
BreathID®Hp Lab System in two prospectively 
enrolled sets of patients: initial diagnosis and post-
eradication follow-up. This clinical study was con-
ducted at 13 clinical sites in the USA and in Israel. 
Study participants were men and women 18 years 
of age or older who had a clinical indication for H. 
pylori testing for either initial diagnosis or post-
eradication therapy verification (provided that 
their initial positive H. pylori diagnosis was con-
firmed through endoscopic biopsy). The study was 
approved by each clinical site’s Institutional 
Review Board or an Independent Ethics Committee 
(in the USA only) and was registered at clinicaltri-
als.gov. Each subject provided informed consent 
prior to participating in the study.

Subjects were included in the initial diagnosis 
cohort if they had not received H. pylori treat-
ments in the preceding 18 months and had not 
been tested for H. pylori within the 6 months prior 
to enrollment. Subjects were included in the post-
eradication therapy cohort if they had biopsy doc-
umentation of H. pylori infection prior to 
eradication therapy and had documentation of 
receiving H. pylori eradication therapy within 6 
months and completion of therapy at least 6 
weeks prior to the UBT.

Evaluation of H. pylori status
Each subject was evaluated for H. pylori status by 
three diagnostic methods: histology, RUT, and 
UBT. For histopathology and RUT, each subject 
underwent an EGD according to the standard 
clinical practice at each site. If the UBT was 
planned to be performed on the same day as the 
endoscopy, the subjects performed the UBT 
before the EGD. The American College of 
Gastroenterology guidelines1 recommend that a 
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minimum of three biopsies be obtained (one from 
the angularis, one from the greater curvature of 
the corpus, and one from the greater curvature of 
the antrum) in order to maximize the diagnostic 
yield.13 In this study, all biopsies were taken in 
duplicate (for histology and RUT) resulting in a 
minimum of six biopsies: two from the angularis, 
two from the greater curvature of the corpus, and 
two from the greater curvature of the antrum. 
Biopsies from each of the three sites within the 
stomach were analyzed by histology and RUT.

Histopathology: at least three biopsy specimens 
were fixed with formalin, sectioned at a thickness 
of 4–5 μm and then stained with hematoxylin and 
eosin and by an immunohistochemistry (IHC) 
assay (Novacastra lyophilized polyclonal, product 
code NCL-HPp, purchased from Leica). The 
stain was performed on a Ventana ULTRA slide 
staining system. All slides were examined and 
analyzed by an experienced pathologist at a cen-
tral laboratory.

RUT: at least three biopsy specimens, (similar to 
the ones taken by for histology) were analyzed on-
site for urease activity after 1 h, with an FDA-
cleared RUT (Pronto Dry®, Warsaw, Poland) 
according to the manufacturer’s instructions. The 
principle of the RUT test is as follows: if H. pylori 
is present in the gastric biopsy, it secretes the ure-
ase which results in breakdown of urea, which in 
turn causes the pH to increase, and the color of 
the pH indicator changes.

The UBT was performed within 1 week before or 
after the EGD. After fasting for at least 1 h, each 
participant filled two bags prior to the UBT test 
(baseline bags). Next, participants ingested a test 
solution containing the 13C-urea test solution 
(IDkitHp™ Two, Exalenz Bioscience Ltd) and 
filled two bags between 15 and 20 min after 

ingestion (test bags). The substrate of the drink 
contains 75 mg of 13C-urea and citric powder 
which are dissolved in a cup of tap water. 
Antibiotics and bismuth preparations were 
avoided by all participants for 4 weeks prior to the 
breath test for the pre-therapy cohort and for 6 
weeks for the post-therapy cohort. Proton pump 
inhibitors or H2 blockers were avoided by all par-
ticipants for 2 weeks prior to the breath test for 
both cohorts. Sample analysis using the 
BreathID®Hp Lab System (Figure 1) was per-
formed either on-site or at a remote location.

The BreathID®Hp Lab System collects CO2 from 
exhaled breath and analyzes its different isotopes 
in real time based on specific optical-radiation 
emission and absorption by 13CO2 and 12CO2. 
The system calculates the change in the 
13CO2/12CO2 ratio (R) from exhaled breath 
before and after ingestion of 13C-labeled urea 
and produces a delta over baseline (DOB) value. 
DOB is defined as [(13CO2(n)/12CO2[n]—
13CO2(0)/12CO2(0))*1000]/[13CO2(PDB)/ 
12CO2(PDB)], where PDB is the standard 
13C/12C isotope ratio (=1.1273%), (0) is the 
baseline measurement and (n) is the measure-
ment of interest. Normally, R remains constant 
in the expired breath of an individual patient. 
However, it can be changed via an external 
source of 13C. H. pylori bacteria decompose 
13C-urea to ammonia and 13CO2. Administering 
13C-enriched urea to a patient infected with 
H.pylori will cause an increase in the 13CO2/12CO2 
ratio in the patient’s breath. The system uses the 
Exalenz MCS™ technology, with 13CO2 and 
12CO2 discharge lamps as light sources. The light 
absorption will correlate directly to the presence 
of 13CO2 and 12CO2 in the gas samples. This 
approach results in highly sensitive and specific 
absorption curves which can detect minute (less 
than 1/1000) variations in 13CO2/12CO2 ratios.

Figure 1. The BreathID® Lab System.

http://journals.sagepub.com/home/cmg


Therapeutic Advances in Gastrointestinal Endoscopy 00(0)

4 journals.sagepub.com/home/cmg

A DOB ⩾ 5 indicates an H. pylori infection which 
was determined by preliminary studies (described 
in the Lab System’s publicly available package 
insert). The BreathID®Hp Lab System contains an 
autosampler unit and has an application to con-
trol the process that can measure up to 10 sets of 
bags consecutively and automatically within 
approximately 25 min. The bags are produced by 
Exalenz Bioscience Ltd. They are made of a 
printed flexible laminate LDPE 80 having a one-
way valve and their volume (capacity) is 240 ml.

Based on the test results, the subject’s status was 
classified as H. pylori positive, H. pylori negative, or 
non-evaluable. These results were compared to the 
classification results obtained by histopathology, 
RUT, and both combined (composite) according 
to FDA classification guidelines.14 RUT was con-
sidered positive if any of the samples showed a 
positive result. If all samples were negative, the 
patient was classified as RUT negative. All biopsy 
samples were assessed together to provide a con-
clusive histology outcome. A subject was consid-
ered histologically positive when at least one of the 
samples showed positive IHC. Only if all three 
biopsy samples were IHC negative, the patient was 
classified as histologically negative. Finally, to 
determine if a patient was positive or negative 
when combining the RUT and histology results, 
FDA guidelines were used.14 If a patient was in the 
initial diagnosis cohort, only if there were concord-
ant results between RUT and histology was the 
patient classified as positive or negative. Patients 
with discordant results were considered non-evalu-
able. For a patient in the post-eradication cohort, 
any positive outcome (RUT, histology or both) 
would render the subject’s classification as posi-
tive. Only if both RUT and histology were found 
to be negative would the post-eradication cohort 
patient be classified as negative.

The investigators remained blinded to the UBT 
results and the central pathology readings 
throughout the whole study to ensure that the 
patients would only be treated based on current 
clinical practice, without introducing bias from 
the UBT results or the central pathology labora-
tory assessments and to avoid any potential 
enrollment bias. Patient management decisions 
were made according to standard medical prac-
tice based on local testing results.

Stability of breath samples over time
To assess the stability of the breath samples in the 
breath sample bags, each pair of breath sample 

bags (before and after ingestion), obtained from 
the initial diagnosis cohort, was analyzed at a dif-
ferent time point up to 14 days after collection 
(on two different reading days). The stability was 
evaluated by the fact that the 13CO2/12CO2 ratio 
did not change between the different bag’s sam-
pling. The first evaluable set of bags was used for 
the primary analysis. The second set of bags was 
collected and measured in order to assess the sta-
bility of the breath samples over time.

Reproducibility and repeatability results
Analytical studies were conducted to evaluate the 
reproducibility and precision (repeatability) of 
the results of the 13C-UBT for measurements by 
different technicians and using different 
BreathID®Hp Lab System, or when testing was 
done on different days and at different sites, and 
on samples that were stored up to 14 days at dif-
ferent temperature and humidity conditions. 
Three different gas isotope pairs were used with 
DOB values of 3.3, 6.4, and 15.5, as determined 
via a bench study. Reproducibility was assessed 
by two operators who were asked to operate each 
of three BreathID®Hp Lab System at three differ-
ent sites for 5 days in order to measure the DOB 
values for samples from each of the three batches. 
Standard deviation (SD) was calculated. The 
package insert states that the SD is less than the 
natural variability of the DOB measurement, 
which is defined in the device specification as 1 
DOB for results under 5 DOB and 20% for results 
over 5 DOB.

Statistical analysis
All statistical analyses were performed after the 
study was completed, and the database was 
locked. Statistical programming and analyses 
were performed using SAS® version 9.4. The 
results are presented in two-way contingency 
tables. The exact binomial distribution was used 
to calculate the lower and upper limits of the 95% 
confidence intervals (CI) for the performance 
statistics.

Results
A total of 189 subjects (78 women and 111 men, 
mean age 48.4 ± 14.9 years) were included in the 
initial diagnosis cohort. The post-eradication 
therapy cohort included 68 subjects (43 women 
and 25 men, mean age 49.7 ± 15.3 years). The 
characteristics of the study participants are sum-
marized in Table 1. In both groups, the most 
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common indications for EGD were heartburn 
and abdominal pain. The most common endo-
scopic finding was antral erythema.

Comparison of 13C-UBT results to endoscopy 
biopsy results
Initial diagnosis cohort. Among the initial diagno-
sis subjects evaluated with the composite results 
from the two endoscopy biopsy based methods 
(RUT and histological exam), 176 results matched 
those of the first evaluable UBT resulting in an 
overall agreement between the breath test and the 
reference biopsy result of 98.3% (95% CI: 95.2%, 
99.7%) and the kappa (95% CI) was calculated to 
be 0.95; 37 results were positive, and 139 results 
were negative, showing a sensitivity of 100% (95% 
CI: 90.6%, 100.00%) and specificity of 97.9% 
(95% CI: 94.0%, 99.3%). Three subjects had 
false-positive results. However, 2 of the 3 false 
positives had a DOB result that was close to the 
predefined clinical cut-off value of 5 DOB. RUT 

and histology results alone were similar to those of 
the composite results (Table 2).

Comparing the breath test to RUT only showed a 
sensitivity of 88.1% (95% CI: 75.0%, 94.8%) 
and a specificity of 95.2% (95% CI: 90.5%, 
97.7%), and the kappa (95% CI) was 0.82 (Table 
3). These results are slightly lower than the other 
sensitivity and specificity results presented in this 
study. This is mainly due to the addition of the 
subjects that were classified as non-evaluable per 
the composite reference standard when the RUT 
and histology results were discordant. In the 
majority of those cases, the breath test agreed 
with the histology results and not with the RUT 
result. RUT results can sometimes be ambiguous 
due to the need to determine a clear change in 
color by visual inspection. Comparing the breath 
test to the histology classification showed a sensi-
tivity of 97.6% (95% CI: 87.7%, 99.6%) and a 
specificity of 98.0% (95% CI: 94.2%, 99.3%), 
and kappa (95% CI) was 0.94 (Table 3).

Table 1. Subject baseline characteristics.

Initial diagnosis 
cohort

Post eradication 
therapy cohort

 Per protocol set Per protocol set

Age (years)

N 189 68

Mean (SD) 48.4 (14.85) 49.7 (15.33)

Median [range] 48.3 [20.2; 82.8] 50.0 [18.5; 82.3]

Gender

Male % (n/N) 41.3% (78/189) 36.8% (25/68)

Female % (n/N) 58.7% (111/189) 63.2% (43/68)

Ethnic origin

Caucasian % (n/N) 52.9% (100/189) 23.5% (16/68)

African-American % (n/N) 5.3% (10/189) 5.9% (4/68)

Asian-Pacific % (n/N) 2.1% (4/189) 5.9% (4/68)

Hispanic % (n/N) 38.6% (73/189) 64.7% (44/68)

Other % (n/N) 1.1% (2/189) –

BMI (kg/m2)

Mean (SD) 28.9 (6.12) 30.6 (7.44)

Median [range] 28.1 [16.3; 50.3] 29.0 [19.7; 61.3]

BMI: body mass index; SD: standard deviation.
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Post-eradication therapy cohort. There were 68 
evaluable histology, RUT and composite refer-
ence assessments with corresponding breath test 
results. In 67 subjects, the first evaluable breath 
test results matched those of the composite refer-
ence standard biopsy results: 55 biopsy results 
were negative and 13 results were positive. In one 
subject, the first evaluable breath test results did 
not match the composite reference standard 
biopsy result as classified for post-eradication. 
This subject classified as a false negative had a 
breath test result that was close to the predefined 
clinical cut-off value of 5 DOB, but they were 
classified as positive per the composite reference 
standard based on a positive histology assessment 
despite the fact that all three RUT samples pro-
duced a negative result.

The overall agreement between the UBT diag-
nosis and the biopsy diagnosis in the post-eradi-
cation therapy cohort was 98.5% (95% CI: 
92.1%, 100.0%) and the kappa (95% CI) was 
0.95. The sensitivity of the breath test in this 
cohort was 92.3% (95% CI: 66.7%, 98.6%) and 
its specificity was 100.0% (95% CI: 93.5%, 
100.0%; Table 3).

Comparing the breath test to RUT only showed a 
sensitivity of 100.0% (95% CI: 74.1%, 100.0%) 
and a specificity of 98.3% (95% CI: 90.7%, 
99.7%), and kappa (95% CI) 0.95. Comparing 
the breath test to histology demonstrated a sensi-
tivity of 92.3% (95% CI: 66.7%, 98.6%) and a 
specificity of 100.0% (95% CI: 93.5%, 100.0%), 
and kappa (95% CI) 0.95; Table 3).

Table 2. Comparative results of UBT, histology, RUT and composite test results.

UBT Composite RUT Histology (IHC)

HP (+) HP (–) HP (+) HP (–) HP (+) HP (–)

Initial diagnosis

 HP (+) 37 3 37 7 41 3

 HP (–) 0 139 5 140 1 144

Post-eradication therapy

 HP (+) 12 0 11 1 12 0

 HP (–) 1 55 0 56 1 55

HP: H. pylori; IHC: immunohistochemistry; RUT: rapid urease test; UBT: urea breath test.

Table 3. Diagnostic performance of the tests.

Composite RUT Histology (IHC)

Initial diagnosis

 Sensitivity (%) 100 (90.6–100.0) 88.1 (75.0–94.8) 97.6 (87.7–99.6)

 Specificity (%) 97.9 (94.0–99.3) 95.2 (90.5–97.7) 98.0 (94.2–99.3)

 Kappa value 0.95 0.82 0.94

Post-eradication therapy

 Sensitivity (%) 92.3 (66.7–98.6) 100 (74.1–100.0) 92.3 (66.7–98.6)

 Specificity (%) 100 (93.5–100.0) 98.3 (90.7–99.7) 100 (93.5–100.0)

 Kappa value 0.95 0.95 0.95

IHC: immunohistochemistry; RUT: rapid urease test.
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Safety. Overall, there were a total of four adverse 
events in the initial diagnosis cohort and one 
adverse event in the post-eradication therapy 
cohort: one subject had a cyst found on the epi-
glottis, one had a gastric ulcer, two patients had 
nausea for approximately 2 min after drinking the 
breath test mixture and one felt lightheaded due to 
fasting for the EGD procedure. None of them 
were serious or severe, and none were related to 
the study device. Hence, the test procedure itself 
was found to be very safe and well-tolerated by all 
subjects.

Stability of breath samples over time. The stability 
of the breath samples over a period of 14 days was 
evaluated on samples from 191 subjects from the 
pre-therapy cohort who had two breath test bags 
per subject analyzed on two separate occasions. 
This analysis also included subjects who were not 
evaluable based on the biopsy results. Of 45 sam-
ples that were positive on the first measurement, 
44 of the samples in the same bags remained posi-
tive on the second measurement [percent-positive 

agreement: 97.8% (95% CI: 88.43, 99.61)]. Out 
of 146 samples negative on the first measurement, 
all 146 remained negative on the second measure-
ment [percent negative agreement: 100.0% (95% 
CI: 97.44, 100.0)].

Reproducibility and repeatability results. The 
results demonstrated that the SD and overall 
reproducibility of the results of the 13C-UBT were 
stable over different batches for both the operator, 
the devices, and between days. The reproducibility 
SD was 0.65 or less for all batches, and the between 
days, devices and operators SD was 0.66 or less in 
all cases; this is less than the natural variability of 
the DOB measurement (Table 4). Repeatability 
was assessed by measuring the DOB values for 
samples from each of the three batches twice a day 
for 12 days. The results demonstrated that the SD 
and overall repeatability were stable over different 
batches and different days. The repeatability SD 
was 0.64 or less and the overall between-days SD 
was 0.72 or less; this is less than the natural vari-
ability of the DOB measurement (Table 5).

Table 4. Results of the reproducibility analytical study.

Expected DOB Parameter SD value 95% CI CV (%)

DOB: 3.3‰

Reproducibility 0.53 [0.46–0.63] 14.8

Between days precision 0.54 [0.46–0.60] 14.9

Between devices precision 0.54 [0.45–0.59] 14.9

Between operators precision 0.53 [0.44–0.58] 14.8

DOB: 6.4‰

Reproducibility 0.60 [0.52–0.71] 9.7

Between days precision 0.62 [0.54–0.68] 10.0

Between devices precision 0.60 [0.51–0.65] 9.7

Between operators precision 0.60 [0.51–0.70] 9.7

DOB: 15.5‰

Reproducibility 0.65 [0.57–0.77] 4.3

Between days precision 0.65 [0.56–0.72] 4.3

Between devices precision 0.66 [0.56–0.73] 4.4

Between operators precision 0.65 [0.55–0.76] 4.3

DOB: delta over baseline; CI: confidence interval; CV: coefficient of variance; SD: standard deviation.
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Breath sample bags were stored at two different 
storage conditions representing the two extreme 
temperatures of the recommended storage range 
(15°C and 35°C) and at the high limit for the rec-
ommended relative humidity (70%). The DOB 
values for samples from each storage condition 
were measured on the BreathID®Hp Lab System 
seven times during 14 consecutive days for each 
storage condition, specifically on days 2, 4, 8, 9, 10, 
11, and 14. The results demonstrated that the SD 
and overall repeatability were stable over different 
batches, days, and storage conditions. The overall 
repeatability SD and the between days precision 
SD were 0.60 or less; this is less than the natural 
variability of the DOB measurement (Table 6).

Discussion
Active H. pylori testing is the preferred modality 
according to guidelines by the American College of 

Gastroenterology, the American Gastroenterological 
Association, and the European and Japanese socie-
ties in the test-and-treat approach to dyspepsia.1,2,15 
Additional support for this concept came when 
Cigna became the first large national payer in the 
United States to decide that it will no longer reim-
burse serology testing as of 15 August 2014. This 
provided a great opportunity to further convert 
serology testing into active H. pylori testing via 
either the UBT or stool antigen test for initial diag-
nosis or to confirm eradication.

The BreathID®Hp was launched in the United 
States in the second half of 2010, offering a can-
nula-based test kit that features continuous breath 
sampling and an expected 10 min total test time. It 
also offers a bag-based test kit for those practices 
that prefer this method. The cannula kit is simple 
for patients and staff and provides real-time results 
in 10–15 min. This improved convenience has 

Table 5. Results of the precision analytical study.

Expected DOB Parameter SD value 95% CI CV (%)

DOB: 3.3‰

Repeatability 0.56 [0.44–0.78] 16.9

Between days precision 0.63 [0.52–0.80] 17.4

DOB: 6.4‰

Repeatability 0.59 [0.46–0.82] 9.2

Between days precision 0.68 [0.56–0.87] 10.6

DOB: 15.5‰

Repeatability 0.64 [0.50–0.89] 4.3

Between days precision 0.72 [0.60–0.92] 4.8

DOB: delta over baseline; CI: confidence interval; CV: coefficient of variance; SD: standard deviation.

Table 6. Results of the bag storage analytical study per storage condition.

Expected DOB Storage condition Parameter SD value 95% CI CV (%)

DOB: 3.3‰

15°C Overall repeatability 0.57 [0.45–0.78] 15.0

Between days precision 0.57 [0.45–0.68] 15.0

35°C + 70% humidity Overall repeatability 0.60 [0.48–0.82] 16.9

Between days precision 0.60 [0.47–0.72] 16.9

DOB: delta over baseline; CI: confidence interval; CV: Coefficient of Variance; SD: standard deviation.
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enabled physicians to bring H. pylori breath testing 
in-house. An additional advantage of the device is 
that it is a relatively small and portable instrument 
that may be located at large-volume patients clinics 
such as a hospital outpatient gastroenterology 
clinic, preventing the requirement for the transpor-
tation of the bags for breath testing. However, as 
we discussed earlier, the BreathID®Hp may also 
have some negative aspects such as limitation of its 
use to only a single patient at a time and the inabil-
ity to evaluate mailed or transported samples. The 
BreathID®Hp and the cannula-based method of 
testing are differentiated from the BreathID®Hp 
Lab System, the subject of this article, which is a 
bag-based breath collection method and offer 
notable advantages. These include significantly 
larger sample size (approximately 50–75 times 
more breath samples for the same time period), 
shortening the testing time by approximately 50% 
and maximizing accuracy.

The aim of this article is to evaluate the 
BreathID®Hp Lab System, when breath is collected 
into bags that are then either tested on-site or 
delivered to a central laboratory, instead of using 
the original continuous collection system. The 
results show a high diagnostic accuracy for both 
pre- and post-eradication setting. Accuracy reaches 
100% sensitivity and 97.9% specificity for initial 
diagnosis of H.pylori than composite reference 
standard. UBT had a better sensitivity than biopsy 
urease test (approximately 90%).2 These could be 
attributed to sampling error associated with endo-
scopic biopsy, due to patchy distribution of H. 
pylori, a very low number of H. pylori in the tissue 
sample or sampling of gastric atrophy or intestinal 
metaplasia that associated with decreasing H. 
pylori colonization.16 Another reason for false-neg-
ative results is the recent use of proton pump 
inhibitors, bismuth, or antibiotics. Nonetheless, all 
of the tests for active infection including RUT, his-
tology, UBT, and culture may become false nega-
tive during the use of these drugs. In addition, the 
possible effect of the storage of the bags was evalu-
ated, and it was found that storage for up to 14 
days and under different conditions does not sig-
nificantly affect breath test results.

The BreathID®Hp Lab System has several advan-
tages compared to previous BreathID®Hp device: 
First, the BreathID®Hp Lab System can perform 
sequential diagnosis on 10 pairs of breath collec-
tion bags within approximately 25 min via a fully 
automated process, thereby minimizing potential 
human error, as opposed to the previous 
BreathID®Hp Lab System that measures only one 

subject at a time. Second, it allows performing 
the breath test in locations that do not have the 
device itself (due to cost or other reason), and the 
test cannot be performed on-site. Third, this test 
takes 15 min with high accuracy than composite 
reference standard (97%). Finally, this is a relia-
ble system, user-friendly with touch-screen oper-
ation, maintenance free, compact, and the system 
has availability to be connected to a laboratory 
Lab Information Management Software (LIMS) 
system.

The optimal 13C-UBT conditions for diagnosing 
H. pylori infection are still being perfected. The 
optimal diagnostic cut-off point discriminating 
between positive and negative 13C-UBT results is 
still a controversial issue. Therefore, the results for 
13C-UBT often affect the diagnostic accuracy when 
the results are very close to the cutoff as at the onset 
of the infection or when the level lies in a so-called 
gray zone.3 The BreathID®Hp Lab System shares 
with its predicate device the same underlying tech-
nology, test substrate, and diagnostic capabilities. 
Both the subject and predicate systems use molecu-
lar correlation spectroscopy (MCS) technology and 
measure the ratio of 13CO2/12CO2 in exhaled breath 
prior to and after administration of the test sub-
strate (13C-Urea). MCS technology measures the 
light absorbance of the sample by infrared spec-
trometry; this correlates to the CO2 concentrations 
of the different carbon isotpoes in the breath sam-
ple. The output results from both systems are the 
DOB, and a positive/negative determination is 
based on the same assay cutoff (⩾5 DOB). 
Indeed, this study has shown that the cutoff of 5 
DOB for the BreathID®Hp Lab System is precise 
and accurate when compared to the gold stand-
ard (EGD biopsy results). However, when assess-
ing gastric biopsies, it should be noted that RUT 
is considered to be less accurate than IHC assess-
ments.16 Indeed, comparison of the UBT results 
in our study, to RUT and histology, respectively, 
revealed higher agreement with IHC, a finding 
consistent with a recent publication.17

There are several limitations to this study. First, 
the breath test was not compared to culture which 
is one of the recommended reference standards, as 
the efforts needed to insure proper conditions for 
culture growing were very difficult logistically to 
arrange in a clinical study and prone to human 
error. The FDA accepts a reference composite 
score using RUT and histology alone. Furthermore, 
the RUT test, whose results are determined by 
change in color of the substrate, can be interpreted 
differently by different users in borderline cases 
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(pink is positive and yellow is negative), contribut-
ing to human error.

In conclusion, the BreathID®Hp Lab System 
(Exalenz Bioscience Ltd) has been demonstrated 
to be as safe and effective as its predicate device, 
that is, the FDA-cleared Exalenz Bioscience Ltd 
BreathID®Hp Lab System. It is substantially equiv-
alent to BreathID®Hp without raising new safety 
or efficacy issues. Based on this study, the 
BreathID®Hp Lab System also received marketing 
clearance from FDA for H. pylori detection in 
November 2016.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work was 
funded by Exalenz Bioscience Ltd.

Conflict of interest statement
The authors declared the following potential con-
flicts of interest with respect to the research, 
authorship, and/or publication of this article: 
H.S. has received grants and stock options from 
Exalenz Bioscience Ltd. None of other authors 
report conflicts.

Trial Registry
NCT02528721, for protocol titled:#DM2-
HP-0715 (https://clinicaltrials.gov/ct2/results?con
d=&term=NCT02528721&cntry=&state=&city=
&dist=)

ORCID iD
Vered Richter  https://orcid.org/0000-0001-6003 
-9220

References
 1. Chey WD and Wong BC. American College of 

Gastroenterology guideline on the management 
of Helicobacter pylori infection. Am J Gastroenterol 
2007; 102: 1808–1825.

 2. Malfertheiner P, Megraud F, O’Morain CA, et al. 
Management of Helicobacter pylori infection-the 
Maastricht V/Florence Consensus Report. Gut 
2017; 66: 6–30.

 3. Gisbert JP and Pajares JM. 13C-urea breath test 
in the diagnosis of Helicobacter pylori infection—a 
critical review. Aliment Pharmacol Ther 2004; 20: 
1001–1017.

 4. Howden CW and Hunt RH. Guidelines for the 
management of Helicobacter pylori infection. Am J 
Gastroenterol 1998; 93: 2330–2338.

 5. Chey WD. Accurate diagnosis of Helicobacter 
pylori. 14C-urea breath test. Gastroenterol Clin 
North Am 2000; 29: 895–902.

 6. Graham DY and Klein PD. Accurate diagnosis 
of Helicobacter pylori. 13C-urea breath test. 
Gastroenterol Clin North Am 2000; 29: 885–893.

 7. Perri F. Diagnosis of Helicobacter pylori infection: 
which is the best test? The urea breath test. Dig 
Liver Dis 2000; 32: S196–S198.

 8. Nocon M, Kuhlmann A, Leodolter A, et al. 
Efficacy and cost-effectiveness of the 13C-urea 
breath test as the primary diagnostic investigation 
for the detection of Helicobacter pylori infection 
compared to invasive and non-invasive diagnostic 
tests. GMS Health Technol Assess 2009; 5: Doc14.

 9. Gisbert JP and Calvet X. Helicobacter Pylori ‘test-
and-treat’ strategy for management of dyspepsia: 
a comprehensive review. Clin Transl Gastroenterol 
2013; 4: e32.

 10. Leodolter A, Dominguez-Munoz JE, von Arnim 
U, et al. Validity of a modified 13C-urea breath 
test for pre- and posttreatment diagnosis of 
Helicobacter pylori infection in the routine clinical 
setting. Am J Gastroenterol 1999; 94: 2100–2104.

 11. Schmilovitz-Weiss H, Sehayek-Shabat V, 
et al. Applicability of a short/rapid 13C-urea 
breath test for Helicobacter pylori: retrospective 
multicenter chart review study. BMC 
Gastroenterol 2012; 12: 8.

 12. Broide E and Shirin H. Evaluation of Exalenz 
Bioscience’s BreathID for Helicobacter pylori 
detection. Expert Rev Mol Diagn 2015; 15: 299–312.

 13. el-Zimaity HM. Accurate diagnosis of Helicobacter 
pylori with biopsy. Gastroenterol Clin North Am 
2000; 29: 863–869.

 14. Staff FDA. Characteristics of in vitro 
diagnostic devices for the detection of 
Helicobacter pylori, 2010, www.fda.gov/
MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm425025.htm

 15. Asaka M, Kato M, Takahashi S, et al. Guidelines 
for the management of Helicobacter pylori infection 
in Japan: 2009 revised edition. Helicobacter 2010; 
15: 1–20.

 16. Miftahussurur M and Yamaoka Y. Diagnostic 
methods of Helicobacter pylori infection for 
epidemiological studies: critical importance of 
indirect test validation. Biomed Res Int 2016; 
2016: 4819423.

 17. Kocsmar E, Szirtes I, Kramer Z, et al. Sensitivity 
of Helicobacter pylori detection by Giemsa staining 
is poor in comparison with immunohistochemistry 
and fluorescent in situ hybridization and strongly 
depends on inflammatory activity. Helicobacter 
2017; 22: 12387.

Visit SAGE journals online 
journals.sagepub.com/
home/cmg

SAGE journals

http://journals.sagepub.com/home/cmg
http://journals.sagepub.com/home/cmg
https://clinicaltrials.gov/ct2/results?cond=&term=NCT02528721&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=&term=NCT02528721&cntry=&state=&city=&dist=
https://clinicaltrials.gov/ct2/results?cond=&term=NCT02528721&cntry=&state=&city=&dist=
https://orcid.org/0000-0001-6003-9220
https://orcid.org/0000-0001-6003-9220
www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm425025.htm
www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm425025.htm
www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm425025.htm
http://journals.sagepub.com/home/cmg
http://journals.sagepub.com/home/cmg

	Introduction 
	Invasive Methods for H. pylori Diagnostics 
	Endoscopic Imaging 
	Histology 
	The Rapid Urease Test 
	Culture 

	Non-Invasive Methods for H. pylori Diagnostics 
	Urea Breath Test 
	Stool Antigen Test 
	Serology 

	Molecular Invasive and Non-Invasive Methods for H. pylori 
	Conclusions 
	References
	Urea breath tests
	The test substrate

	BreathID breath test system
	Principle of the BreathID technology
	Unique features of the BreathID system
	Automatic versus non-automatic breath testing
	Continuous breath testing
	Real-time online analysis

	Specific clinical settings
	Concomitant use of PPIs
	Partial gastrectomy

	UBT in pediatric population
	Additional potential applications of BreathID
	Assessment of GER
	Assessment of pancreatic disorders
	Clinical use of the BreathID in patients with acute & chronic liver disorders
	Summary
	Expert commentary
	Five-year view
	Financial & competing interests disclosure

