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I. INTRODUCTION 

 

 The global task of modern gastroenterology is to solve the problem of diagnosis, 

treatment and prevention of complications of Helicobacter-associated digestive diseases [3]. 

There is currently unequivocal scientific evidence for the association of Helicobacter pylori 

(HP) infection with chronic gastritis, gastric and duodenal ulcers, malignant tumors of the 

stomach - adenocarcinoma and extranodal B-cell lymphoma, which makes it possible to 

diagnose HP infection and choose the optimal treatment regimens for this infection among 

the most important tasks of modern medicine [1, 2]. The Maastricht Consensus V explicitly 

states: Statement 1: HP is the most important risk factor for stomach cancer. HP eradication is 

the most promising strategy for reducing the incidence of gastric cancer (level of evidence: 
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1A, class of recommendations: A) [9]. The huge interest of practitioners in HP infection 

stimulated the emergence of many different methods for its diagnosis. These include both 

invasive methods for determining HP infection by histological, urease tests, and non-invasive 

breathing tests of great interest. The same consensus recommends a urease breath test labeled 

with C13 carbon as the “gold standard” for controlling eradication. For all the informational 

content, this technique has one limitation. This is the high cost of equipment, which severely 

limits its use in practical health care. An alternative to this technique is a breath test with 

labeled C14 carbon. C14 is a radioactive isotope that is a source of low-energy beta particles. 

Its use had a number of restrictions and was subject to strict control, so this option was less 

common. The main problem of using the C14-breath test was the complex organization of 

work on the storage and transportation of radioactive drugs. In recent years, due to the advent 

of new technologies, equipment has been created that use small doses of labeled C14 carbon 

and the above sanitary standards have been repealed. The use of microcapsules for packaging 

urea labeled with a radioactive isotope has made it possible to minimize the difficulties 

associated with the storage, disposal and safety of this isotope. For example, in a number of 

countries, including China, India and in a number of European countries, the use of this 

technique does not require radioactive control [8]. In the United States, the sale of 

microcapsules with urea labeled with carbon isotopes is authorized by the FDA along with 

conventional drugs through the pharmacy network. In addition, the cost of equipment and 

supplies is quite acceptable for the budget of practical health care. Currently, this equipment 

and C14 carbon preparations are registered with the Pharmacological Committee of the 

Republic of Uzbekistan. 

The aim of the research is a comparative assessment of the sensitivity and specificity 

of the respiratory C14 urease test in patients with HP-associated diseases of the upper 

gastrointestinal tract (peptic ulcer and chronic gastritis B) compared with the rapid urease test 

(BUT), fecal HP test and serological test for HP. 

 

II. MATERIALS AND METHODS 

 

Studies were conducted in 40 patients (22 men and 18 women, average age 45.5 ± 3.6 

years) with HP-associated diseases of the upper gastrointestinal tract (28 patients with HP-

associated chronic gastritis of type B and 12 with ulcerative duodenal disease). Verification 

of the diagnosis was carried out by esophagogastroduodenoscopy (EFGDS) with targeted 

biopsy followed by morphological studies. 
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Fig. 1. Apparatus for conducting respiratory C14 urease test

 
 

Diagnosis of HP was performed by a combination of invasive and non-invasive tests. 

From invasive tests, we used a quick urease test in biopsies obtained from the antrum of the 

stomach during endoscopic examination (ASAN Helicobacter Test, Republic of Korea). Of 

the non-invasive diagnostic methods, we used the determination of the HP antigen in the 

blood serum by the ELISA method, and the determination of the HP antigen by the fecal 

ELISA method. Patients were also evaluated for HP infection with a non-invasive respiratory 

C14 urease test. To record С14 in exhaled air, a scintillation counter (HUBT-20 P 

Helicobacter pylori detector) was used (Fig. 1). Patients underwent standard eradication 

therapy according to the recommendations of the V Maastricht consensus, including a proton 

pump inhibitor, amoxicillin, clarithromycin and bismuth tripotassium dicitrate for 14 days. 

Control studies were conducted 4 weeks after completion of eradication therapy, during 

which patients refrained from taking antisecretory and antibacterial drugs. The control study 

included the determination of HP by the above methods. Digital material processed by the 

method of variation statistics. 

 

III. RESULTS AND DISCUSSION 

 

 Studies conducted to evaluate the colonization of the gastric mucosa of patients with 

HP-associated diseases of the stomach and duodenum showed that none of the methods used 

had 100% diagnostic information content (Table 1). HP during a quick urease test in biopsies 

from the gastric mucosa was found in 97.5% of patients. With the serological ELISA 

diagnostic method in the blood serum, HP was found in 95% of patients, and with the fecal 

ELISA method in 87.5% of patients. During the C14 respiratory urease test, HP was detected 

in 97.5% of patients. 
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Another, no less important objective of the study was a comparative assessment of the 

effectiveness of eradication therapy in patients with HP associated diseases. Studies have 

shown that according to the results of a quick urease test, successful eradication was achieved 

in 90% of patients, and only 10% of patients showed persistent persistence of HP. The results 

of the serological study showed that this method did not have any diagnostic information 

content, and the antigen for HP continued to remain at baseline (95%). Indicators of fecal HP 

test were more informative. According to its results, it was found that the eradication rate of 

HP was 85%, and HP was detected in 15% of patients. The results of the respiratory C14 

urease test coincided with the results of the rapid urease test. The HP eradication rate for 

patients in this test was 90%, and HP was detected in 10% of patients. 

 

Table 1. The indicators of the infection of the mucous membrane of the stomach HP in 

patients with various diagnostic methods 

Method for the diagnosis of 

HP 

Before treatment,  

(HP +) 

After treatment (HP +) 

Qty % Qty % 

Quick urease test 39 97,5% 4 10% 

Serological method 38 95% 38 95% 

Fecal HP Test 35 87, 5% 6 15% 

Respiratory C14 test 39 97,5% 4 10% 

 

A comparative assessment of the diagnostic tests used allowed us to determine the 

sensitivity and specificity for HP infection during the initial examination of patients (Table 

2). As can be seen from the data presented using a quick urease test, the sensitivity of the 

technique is 95%, with the same specificity. When using the serological method, the 

sensitivity and specificity of the method were 90% and 85%, respectively. The fecal method 

for determining HP had a sensitivity of 85%, with a specificity of 80%. The C14 respiratory 

urease test technique showed a sensitivity and specificity level of 95%. 

 

Table 2. The sensitivity and specificity of various methods for the diagnosis of HP 

Method for the diagnosis of 

HP 

Sensitivity Specificity 

Quick urease test 95% 95% 

Serological method 90% 85% 

Fecal HP 85% 80% 

Respiratory C14 test 95% 95% 
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IV. DISCUSSION 

 

According to the results of the study, we can conclude that for the initial diagnosis of 

HP infection in patients with peptic ulcer and chronic gastritis, all of the above methods can 

be used. However, when monitoring the effectiveness of eradication therapy, it will be 

necessary to choose the most optimal diagnostic methods. 

The term “gold standard” is often used in modern literature, in particular when 

evaluating the diagnostic value of a particular method for diagnosing HP infection. However, 

analysis of the results of these methods shows that each method has its own unique values 

and disadvantages. The methods used in this study are based on various principles of HP 

detection. This is the content of the HP urease enzyme, the presence of HP bacilli on the 

epithelium of the stomach (histopathological examination) and the presence of HP bacillus 

DNA fragments on biopsy samples). Based on the assumption that no test should be 

considered the gold standard for diagnosing HP infection, we tested the comparative 

sensitivity and specificity of the three tests, defined as the positivity of any two of the three 

tests. It is well known that in everyday practice it is recommended to combine tests, and 

therefore the simultaneous positivity of at least two different tests can be considered 

diagnostic for the presence of HP and, therefore, the gold standard for detecting HP infection. 

According to the Maastricht protocols, the use of a quick urease test with a biopsy 

from the antrum and the body of the stomach (level of evidence: 4 and class of 

recommendations: C) is recommended as a primary diagnostic method for people who have 

indications for EFGDS, [10]. Indeed, in our studies, the rapid urease test method showed a 

high sensitivity of -95% and specificity also at 95%. The technique also proved itself in 

monitoring the effectiveness of eradication therapy, where the level of eradication of HP at 

the level of 90% is the best indicator. 

According to many researchers, in particular, Ferwana M. et al. (2015), a quick urease 

test is simple to perform, does not require special qualifications of medical personnel, is 

relatively inexpensive, and allows you to quickly get an answer [6]. Despite the simplicity 

and accessibility of the biochemical method for detecting HP in biopsy specimens from the 

gastric mucosa, it has a number of significant drawbacks. Urease tests give an idea of the 

presence of HP in only one section of the gastric mucosa, biopsy specimens are not suitable 

for subsequent histological examination. Significant disadvantages, according to Moon S.W. 

(2012) should include the possibility of obtaining false positive results. It has been shown 

that in patients with gastrointestinal tract pathology, its upper sections are colonized with 

gram-negative bacteria, of which many species are capable of producing urease, while 

Proteusvulgaris and Proteusmirabilis, which are most common in humans, are capable of 

cleaving urea at the same time as HP [11]. In addition, the technique is invasive and the key 

provisions of the V Maastricht consensus indicate: a suitable treatment strategy - test and 

strategy - the use of non-invasive diagnostic methods and subsequent treatment in case of 

positive results [10].  

With regard to the serological definition in world practice, there are different 

opinions. This is primarily due to the main disadvantages of the technique. Firstly, the 

technique does not allow to distinguish acute current HP infection from a previous infection. 
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Another, main disadvantage of the technique is the inability to control the conducted 

eradication therapy. Our studies have indeed shown the validity of this provision. According 

to the results of the study, it was seen that the sensitivity of the serological method in the 

initial diagnosis was 90%, and the specificity was 85%. For the initial diagnosis of HP, these 

are quite good results, although they were inferior to the quick urease test and the respiratory 

test. However, when monitoring the rate of HP eradication, they showed zero sensitivity, 

which was predicted. The Maastricht Consensus Report V recommends serological testing as 

a diagnostic test in cases where other tests may be false negative due to low bacterial density, 

such as in patients with bleeding ulcers, gastric atrophy and MALT lymphoma, as well as in 

patients with recent or ongoing diseases. [10]. Determination of HP by the fecal ELISA 

method was slightly inferior in sensitivity to 85% and specificity within 80% to other 

diagnostic methods. The main disadvantages of the method were associated with the 

collection of fecal material for the study and the relatively high cost of the study. Also, 

according to Mayev I.V. and Samsonova A.A. (2016) the results of the study may be affected 

by a low titer of antigen for HP in case of low colonization of the stomach with HP infection. 

For respiratory urease tests, according to the Maastricht and Kyoto protocols, the C13 

breathing test is preferred [9]. However, recent consensus reports do not exclude the use of 

the C14 breath test [10]. Indeed, our studies showed that the C14 test detected HP infection in 

97.5% of cases. In terms of sensitivity (95%) and specificity (95%), it was comparable to an 

invasive rapid urease test. According to a comparative analysis of the available world 

literature, in particular, Ferwana M. and Abdulmajeed I. (2015), the respiratory C13 test has 

similar indicators of sensitivity and specificity [6]. Radionuclide methods for diagnosing 

infection (non-invasive and indirect) are based on the urease activity of HP - these are urease 

breath tests with urea labeled with C13 and C14 isotopes [7]. In 1987, D. Graham et al. [5] 

published data on the first method, using C13-labeled urea, to determine HP in the coolant. 

   As is known, the classic C13 breathing test uses mass spectrophotometry and a 

liquid scintillator, which are expensive equipment and are available only in a few centers. 

The C14 test equipment, on the other hand, consists of two Geiger-Muller scintrographs, 

which is cheaper and more convenient, and the results are available in just 30 minutes, which 

makes it an attractive alternative for centers that cannot afford the classic C13 breathing test . 

Carbon-13 is a non-radioactive isotope, but the C13 breath test is more expensive 

because it requires mass spectrometry. C14 has a physical half-life of about 5,000 years, 

which raises the question of the risks of radiation exposure. Since almost all of the absorbed 

isotope is rapidly excreted in the urine or breath within the next 72 hours and only a small 

amount of the isotope is used, the test actually entails a low radiation load, and in fact the 

dose is less than the natural background radiation in one day. The security debate resumed 

only around the dose received from the C14 breath test. On the other hand, the C13 breath 

test contains more than 30,000 times more urea than the C14 breath test, and the safety of this 

amount of urea is also questionable. For this reason, in 1997, the Nuclear Regulatory 

Commission authorized in vivo diagnostic use of capsules containing 1 pCi of 14C urea. 

Accordingly, in the final V Maastricht consensus, it was stated that for a non-invasive 

diagnosis of HP, along with the C13 dough, the C14 breath test can also be used. 
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In conclusion, according to the results of the study, we can say that in terms of 

comparative sensitivity and specificity, the respiratory C14 urease test is superior to 

serological and fecal ELISA tests and is comparable to the invasive rapid urease test. Due to 

the advantages of simplicity, a very low level of radiation exposure, a short test time and low 

cost, we can recommend this test both for the initial diagnosis of HP infection and for 

monitoring eradication therapy. 

 

V. CONCLUSION 

 

1. The urease breath test using the C14 isotope has high sensitivity (95%) and specificity 

(95%) in the diagnosis of HP infection in patients with HP-associated digestive diseases. 

2. When controlling the eradication of HP infection from the gastric mucosa of patients with 

HP-associated gastrointestinal diseases, preference should be given to non-invasive 

diagnostics using the C14 respiratory test. 

3. The availability of licensed equipment and supplies at affordable prices compared to the 

C13 test, the simplicity of testing with the C14 breath test creates a real opportunity to use 

this technique in conditions of both specialized centers and at the level of regional 

multidisciplinary associations in accordance with clinical diagnostic protocols and the 

treatment of digestive diseases. 
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