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AbstrAct:   background: Helicobacter pylori (Hp) is classified by the International Agency for Research on Cancer (IARC) as a Group 1 car-
cinogen. Its influence on the carcinogenesis of gastric cancer has been confirmed in many research studies. The conclusion is 
obvious - early detection and eradication of Hp can prevent the development of the disease. 

  Methods: The objective of the study was to analyze the clinical and practical value of Carbon-13 urea breath test (UBT) in pa-
tients hospitalized due to pain complaints in the upper abdomen and dyspeptic symptoms. Fifty patients were enrolled in the 
study. Each patient underwent urea breath test according to the instruction included by the producer. Thereafter, each patient 
included in the study group was subjected to endoscopy of the upper gastrointestinal tract with the biopsy of the mucosa to 
determine the urease activity with rapid urease test (RUT).

  results: In the study group, 14 patients (28%) achieved a positive urease test result which was confirmed in RUT. Four (8%) pa-
tients, despite a positive breath test, did not have a positive result in urease activity test from gastric mucosa. In 2 cases (4%) 
despite negative result of UBT, urease activity was confirmed in gastroscopic sections. The remaining 30 patients (60%) had a 
negative result in both studies. 

  conclusions: The limited availability of the gold standard for diagnostics of upper gastrointestinal tract diseases (gastrosco-
py) is the basis for the search for new methods of detection of Helicobacter pylori infections. The urea breath test is a method 
of high sensitivity and specificity. The positive result of urea breath test may be the basis for inclusion of eradication therapy.
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IntroductIon

Gastric cancer is the fourth most common cancer, and the second 
most frequent cause of cancer-related deaths worldwide. Every year, 
approximately 990,000 new cases are registered globally, and in 
2015 the mortality was 840,953 patients [1, 2]. In the management 
course, surgical and endoscopic treatment should be primarily con-
sidered, as well as neoadjuvant and adjuvant chemoradiotherapy 
and palliative chemotherapy. The procedures of gastric resection 
with curative intent provide the greatest possibilities for obtaining 
a good result of oncologic treatment. 

Despite considerable progress in the treatment of gastric cancer, mor-
tality still remains on a high level, with the exception of Japan, where 
the 5-year survival period is more than 50% [3]. The high survival rate 
results from the population screening program and early diagnosis. 
Therefore, one of the basic tasks of medicine is an early detection and 
elimination of the risk factors for the development of the disease, and 
consequently, the prevention of cancer development [4].

There is a constant need for finding a test which would be most 
helpful and simple, as an instrument for early diagnosis of gastric 
cancer and pre-cancerous conditions. Helicobacter pylori (Hp) 
is classified by the International Agency for Research on Cancer 
(IARC) as a Group 1 carcinogen [5]. The diagnostic methods in 
case of Hp infection are divided into two types: invasive, inclu-
ding endoscopic examination with the cultivation of bacteria on 
a medium, rapid urea test, histopathological examination or mo-
lecular diagnostics, and non-invasive methods, including breath 
tests, examination of stool for the presence of antigens, serologic 
biomarkers. We need to find out whether and to what degree the 
urea breath test is able to detect Helicobacter pylori infection.

objectIve

The objective of the study was to anlyze the clinical and practi-
cal value of Carbon-13 urea breath test (UBT) in patients hospi-
talized due to pain complaints in the upper abdomen and dys-
peptic symptoms. 

MAterIAls And Method

The study included 50 patients with complaints typical for the di-
seases of the upper part of the gastrointestinal tract: heartburn, 
empty belching, and epigastric pain. From the study were exclu-
ded patients who had:

•	 applied antibiotics for 4 weeks before the examination;
•	 applied proton pump inhibitors for 7 days before the 

examination;
•	 applied antacids or H2 antihistamines for 3 hours before 

the examination. 

The examination consisted of the following stages: 

•	 exhaling the air into the first collection bag; 
•	 swallowing C13 labelled urea dissolved in orange juice (200 mL);
•	 exhaling the air into a second collection bag 30 minutes 

after drinking urea.  

The samples collected in this way were subjected to analysis using 
a FANci2 - Fischer Analysen Instrumente GmbH Breath Analyzer. 

Helicobacter pylori produces urea, which causes decomposition 
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•	 negative result RUT and positive UBT - patients false 
positive (FP);

•	 negative result RUT and negative UBT - patients true 
negative (TN).  

The UBT test was evaluated from the aspect of the ‘gold standard’ 
adopted as a result of the RUT test. In the assessment of diagno-
stic properties of UBT test, sensitivity, specificity, predictive va-
lue of positive result and predictive value of negative result of the 
test were used.

The normality of variables was assessed using Shapiro-Wilk test. 
Differences between groups for quantitative variables were exa-
mined using Mann-Whitney U test, whereas the differences for 
2x2 tables were assessed using Fisher’s exact test.

The p values < 0.05 were considered statistically significant. All 
statistical calculations were performed using the software Stati-
stica (StatSoft, Inc. 2014, version 12).

results

We included 21 males and 29 females aged 18 - 78 (mean 43, stan-
dard deviation = 17.5 years) in the study. In endoscopic examina-
tion the intensity of changes of Grades 0, 1, 2 and 3 was observed 
in 30 (60%), 6 (12%), 4 (8%), and 9 (15%) patients, respectively, 
while in one patient (2% of the total number of patients) adeno-
carcinoma was diagnosed. 

Division of the total number of patients (n= 50) into groups was 
as follows:

•	 TP: 16
•	 FN: 2
•	 FP: 4
•	 TN: 28 

The precise division of patients is presented in the Tables (at the 
end of the article).

A positive result of RUT test was observed in 18 patients (36%).

Table VIII. presents the results of UBT test (cut-off level 4‰) and 
RUT test.

Conformity of the results of both tests was 88%.

Adopting the result of RUT test as a ‘gold standard’, Table IX. de-
monstrates an assessment of the diagnostic properties of UBT test. 

Conclusion: UBT shows a highly statistically significant capability 
for differentiation between the conditions ‘positive’ and ‘negative’ 
determined by the results of RUT test.

A change of cut-off value in UBT test at 9.5‰ improves the con-
formity of the results of UBT test and RUT test (table X).

Conformity of the results of both tests was 96%. The only non-confor-
mity concerned two women with Grade 1 changes in gastroscopy (in 
one of those women DOB = 1.5‰, while in the other DOB =  - 0.8‰).

of C13 labelled urea. Thus, the exhaled air contains 13CO2 produ-
ced according to the formula (Figure 1).

The principle of measurement is based on the specific absorption 
of infrared light in the middle of the infrared spectrum of the wa-
velength of 2 and 8 μm (NDIR: non-dispersive infrared spectro-
scopy). A high selectiveness of infrared detectors of the analyzer 
is obtained by filling it with proper components: 13CO2 and 12CO2. 
The 13CO2/

12CO2 ratio, and comparison with the first collection 
sample reflect the current state of metabolism of the examined 
person (DOB- delta over baseline). A DOB value above 4.0‰ evi-
dences an infection with Helicobacter pylori.

Subsequently, each patient had an endoscopic examination of the up-
per part of the gastrointestinal tract performed with full assessment 
of the endoscopic image and with the collection of specimens from 
the fundus, corpus, gastric antral region, and from the  duodenal 
bulb. The specimens were examined using the rapid urea test (RUT). 

The results of the breath test and rapid urea test from specimens collec-
ted during gastroscopy were compared. In addition, we determined the 
grade of the intensity of changes in the endoscopic appearance of the ga-
stric and duodenal mucosa in accordance with the following categories:

•	 Grade 0 - lack of changes in endoscopic assessment;
•	 Grade 1- gastritis;
•	 Grade 2 - gastritis and duodenitis; 
•	 Grade 3 - peptic ulcer. 

The patients (n) were divided into the following groups:

•	 positive result RUT and positive UBT - patients true 
positive (TP);

•	 positive result RUT and negative UBT - patients false 
negative (FN);

Fig. 2.  Distribution of DOB value according to the presence or absence of morphological 
changes in endoscopic examination.

ryc. 1.  Urea decomposition reaction.
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The DOB values in the analyzed group ranged from -4.3‰ -  42.7‰, 
while the first, second (=median) and the third quartiles were 
-0.2‰, 1.95‰ and 18.3‰, respectively. The distribution of DOB 
values differed statistically significantly (p<0.0001) between groups 
‘0’ (lack of morphological changes, n=30) and ‘not 0’ (presence of 
morphological changes [Grades 1, 2 or cancer], n=20) (see Fig. 2).

A positive result of UBT test (with cut-off value 4 ‰) was signifi-
cantly more frequently observed in the group with morphologi-
cal changes, compared to the group with no such changes (80% 
[16/20] vs. 13% [4/30], p<0.0001).

If the value 9.5‰ was adopted as the cut-off value in the UBT test, 
a positive result of this test would be significantly more often noted 
in the group with morphological changes than in the group witho-
ut such changes (80% [16/20] vs. 0% [0/30], p<0.0001).

dIscussIon

Helicobacter pylori was discovered in 1875 by German resear-

tab. I.  Males true positive (UBT positive; RUT positive).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

24 9,6 1

74 12,7 1

31 18,3 2

50 42,4 3

62 18,9 2

52 18,6 2

32 20,4 3

tab. II.  Males false positive (UBT positive; RUT negative).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

38 5,6 0

62 4,5 0

30 4 0

tab. vIII.  Results of UBT test and RUT test.

ubt test
rut test

totAl
posItIve neGAtIve

positive 16 4 20

negative 2 28 30

Total 18 32 50

tab. vI.  Females false positive (UBT positive; RUT negative).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

22 4,4 0

tab. v.  Females false negative (UBT negative; RUT positive).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

22 1,5 1

74 -0,8 1

tab. vII.  Females true negative (UBT negative; RUT negative).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

41 2,4 0

57 -1,4 0

63 2,1 0

18 1,5 0

24 1,8 0

73 -2,5 0

32 2,4 0

52 0,5 0

20 1,5 0

22 -0,7 0

32 -0,7 0

42 3,6 0

54 -0,1 0

26 -0,3 0

28 -2 0

20 0,9 0

31 -0,2 0

tab. III.  Males true negative (UBT negative; RUT negative).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

44 -4,3 1

60 0,6 gastric tumour (hist-
path: adenocarcinoma )

58 1,4 0

53 -1,9 0

28 3,9 0

41 1,8 0

58 1,2 0

58 0,7 0

78 -0,3 0

27 -1,4 0

21 -2,4 0

tab. Iv.  Females true positive (UBT positive; RUT positive).

AGe (yeArs) dob vAlue  
(per thousAnd)  

GrAde oF IntensIFIcAtIon 
oF chAnGes In GAstroscopy

51 20 3

44 42,7 3

60 29,5 3

21 21,2 3

56 18,5 2

28 23,9 3

37 9,5 1

73 39,1 3

21 -2,4 0
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enables detection of the pathogen, even if it occurs in a small amount.  

The advantage of non-invasive examinations is primarily the lack of 
necessity for undergoing endoscopy of the upper part of the gastro-
intestinal tract. One of these is the examination of stool for H. pylori 
antigens (SAT- stool antigen test). Antigens present in stool were exa-
mined and compared with the results of RUT test and breath test. The 
sensitivity of the method was 90.1%, and the specificity - 92.4% [9].

Despite insignificant recommendations, serologic tests are still 
being applied. While using this method, its limitations should be 
borne in mind, which are the differences in the H. pylori strains 
among populations, e.g. those used in western countries have low 
efficiency when applied in the countries of the Near East [10].

In the presented study, the urea breath test was applied with 13C 
labelled urea. In the diagnostics of infection with Helicobacter 
pylori, two types of urea are used - 13C and 14C - labelled. UBT 
is used both in the diagnostics of infection, and the control of 
the effectiveness of eradication of the bacteria. The sensitivity 
of urea breath tests is 76.2% - 97%, and specificity from 69.2% to 
97% [6, 11, 12, 13, 14]. The results depend on the method used 
for the control of effectiveness of UBT, and time elapsed betwe-
en collection of both test doses. In the presented study, it was 
confirmed that there is a relationship between the DOB values 
and changes in the endoscopic image of the gastric and duodenal 
mucosa. If the DOB was below 10‰, gastritis was confirmed in 
endoscopic examination. If DOB was between 10 and 20‰, ga-
stritis and duodenitis was confirmed by endoscopy. When DOB 
was over 20‰, peptic ulcer was diagnosed. According to the re-
commendations by the manufacturer, we considered DOB over 
4‰ as a positive result of UBT. Originally, DOB above 5‰ was 
considered as a positive result [15]. In the case of adopting the 
DOB 5‰ in our study, we would obtain the specificity of the test 
on the level of 96.86%. 

conclusIon

Urea breath test has a high sensitivity and specificity for the de-
tection of infections with Helicobacter pylori. Considering the 
fact that this is an examination which is non-invasive, simple and 
quick to perform, it constitutes a good alternative, compared to 
the invasive examinations which require the performance of en-
doscopy, and other non-invasive examinations, because the sen-
sitivity of the latter, to a high degree, depends on the strain of the 
bacteria with which a person is infected. However, it should be 
considered whether the sole positive result of the urea breath test 
should be a basis for the inclusion of eradication treatment, or a 
basis for performing endoscopic examination of the upper part of 
the gastrointestinal tract.  

chers; however, it is considered that it has accompanied mankind 
for more than 100,000 years, with a considerable genetic biodi-
versity according to the geographic region. The farther from the 
region of East Africa, the lower the genetic diversity [6]. From the 
time of discovery by Marshalla and Warren of the influence of H. 
pylori on the development of acute gastritis, its relation has been 
confirmed with the development of gastric and duodenal ulcer, 
atrophic gastritis, gastric cancer, MALT lymphoma and throm-
bocytopenia. Therefore, medicine focuses on an early detection 
of the infection and eradication of the bacteria.  

The usefulness of the method of diagnostics of the infection varies. 
Invasive examinations are based primarily on endoscopy of the 
upper part of the gastrointestinal tract. Apart from the standard 
viewing of the gastric and duodenal mucosa, the effectiveness of 
the NBI method (narrow band imaging) has also been confirmed 
in the diagnostics. In addition, NBI also facilitated the collection 
of specimens from the changed mucosa for further tests, which is 
more effective than biopsy under the control of ordinary gastroscopy 
[7]. Similar effects are also obtained with the use of confocal laser 
endomicroscopy [8]. When the specimens of mucosa have already 
been collected, there are several methods of further diagnostics. 

The most popular method is the rapid urea test (RUT), which was 
used in the presented study. This is a quick, simple, and cheap dia-
gnostic method, the sensitivity and specificity of which increases with 
the number of collected specimens. In this study, the specimens were 
collected from four sites during white light gastroscopy. While using 
RUT it should be remembered that proton pump inhibitors decre-
ase the sensitivity of the method, therefore, their application should 
be inhibited at least 12 days prior to performing the examination. 

Bacterial culture is the subsequent diagnostic method, which also 
enables determination of antibiogram. Determination of the sen-
sitivity to antibiotics is important considering the gradual incre-
ase in resistance. Nevertheless, this method is rarely used in ro-
utine clinical practice, and the treatment of first choice is often 
an empirical therapy. Determination of the antibiogram is indi-
spensable if eradication is not obtained by application of the two 
schemes of treatment. 

Histopathological examination, apart from the visualization of 
the bacteria in the preparation allows also a precise assessment of 
the mucosa, and consequently, an early detection of the disease.  

From among the molecular methods, the method of choice is rtPCR 
(real-time polymerase chain reaction) targeting 23S rDNA. This ena-
bles the detection of strains resistant to clarithromycin. This method 

tab. IX.  Diagnostic properties of UBT test evaluated in relation to the results of RUT test.

MeAsure vAlue

Sensitivity 88,9%

Specificity 87,5%

Positive predictive value (PPV) 80%

Negative predictive value (NPV) 93,3%

AUC (95%CI, p-value)* 0,94 (0,84–1, p < 0,0001)

AUC: Area under curve, 95%CI: 95% confidence interval

tab.X  Improvement of the conformity of the results after changing the cut- off value.

dob In ubt test
rut test

totAl
posItIve neGAtIve

9.5‰ or above 16 0 16

below 9.5‰ 2 32 34

Total 18 32 50
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