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1 Introduction
One of the most common modern infectious diseases is Helicobacter pylori infection

(helicobacteriosis). The prevalence of infection varies depending on the geographical region, the
age of the patient, his ethnicity and socio-economic status. Helicobacteriosis is a term that was
introduced by Russian scientists to denote all processes in the human body after the pathogen
enters it. Helicobacteriosis occurs as a result of ingestion of the spiral gram-negative bacterium
Helicobacter pylori and damage to the mucous membrane of the stomach and duodenum [1-3].

Helicobacter pylori can cause diseases of the digestive system (atrophic gastritis, peptic ulcer
of the stomach and duodenum, cancer), worsen the course of many chronic diseases, due to the
negative effect on the organs and systems of the body [4-6].

The main ways of transmission of the pathogenic microorganism are fecal-oral, contact-
household [7-9].

2 Literary Review

Invasive (endoscopic) and non-invasive (non-endoscopic) methods of examination are used
to diagnose Helicobacter pylori. As an invasive method of investigation, gastroscopy is performed
with a biopsy of the gastric mucosa and duodenum for subsequent histological analysis [10]. Such a
study is the most informative.

Non-invasive methods of investigation include: urease breath test and determination of
antigen in feces. Urease breath test is absolutely harmless, its reliability is 80-85%. Determining the
concentration of ammonia in the exhaled air allows to determine the presence of bacteria in the
body, because it is known that Helicobacter pylori decomposes urea into ammonia and carbon
dioxide [11]. This method is used for primary diagnosis, as well as for monitoring the course of anti-
helicobacter therapy and checking the effectiveness of treatment already carried out.

For the prevention and treatment of Helicobacter pylori-associated diseases, eradication
therapy is used aimed at the complete destruction of the pathogenic microorganism in the mucous
membrane of the stomach and duodenum, thus creating favorable conditions for the healing of
ulcers and other mucosal damage [12].

In 2011, the so-called hybrid scheme of eradication therapy became widely known among
the gastroenterological community. Numerous clinical trials have confirmed the high efficacy and
optimal safety of the drugs used [13-16]. In the study, the hybrid scheme of eradication therapy is
represented by a complex two-stage ten-day four-component protocol of antihelicobacteric
treatment in a standard single dosage [17]. In the first 5 days, a proton pump inhibitor (PPIs) is
taken in combination with amoxicillin, in the next 5 days, PPIs are taken (lansoprazole 30 mg,
omeprazole 20 mg, pantoprazole 40 mg, rabeprazole 20 mg, esomeprazole 20 mg), amoxicillin 1000
mg, clarithromycin 500 mg and metronidazole (tinidazole) 500 mg. All medications are taken 2

times a day.
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The mechanism of action of these drugs has a complex antihelicobacteric efficacy, by
reducing the bacterial load and reducing the formation of transmembrane channels in the bacterial
cell for the excretion of antibiotics, thereby increasing the effectiveness of subsequent use of
clarithromycin and metronidazole (tinidazole) [18]. Amoxicillin slows down the synthesis processes
in the bacterial cell membrane of penicillin-binding proteins - enzymes that carry out the final
stages of biosynthesis of the main component of the cell wall of the microorganism -
peptidoglycan, which leads to impaired growth and death of the bacterium [19]. Clarithromycin
inhibits bacterial ribosome protein synthesis, which leads to the formation of defective protein
molecules and the death of the microorganism [20]. Metronidazole (tinidazole) damages the DNA
of a bacterial cell, penetrates into the cell and causes the death of a microorganism [21].

Thus, at the first stage of application of the protocol, clarithromycin-resistant strains of
Helicobacter pylori and most bacteria on the surface of the mucous membrane are destroyed. At the
second stage, the remaining bacteria are destroyed, including those in the depth of the gastric pits,
and those adhered to the epithelium (taking into account the effect of clarithromycin on biofilms
and the high ability to penetrate into tissues) [22].

Evaluation of the effectiveness of the hybrid scheme of eradication therapy is carried out 4-6
weeks after the end of therapy. To avoid false negative results, antibacterial drugs and bismuth-
containing drugs are discontinued 4 weeks before testing, and PPIs 1-2 weeks before testing [23].

Eradication therapy is considered successful with a negative result of a respiratory urease
test, the absence of the pathogenic microorganism Helicobacter pylori in the examined biopsy
during histology. Serological examination to assess the result is not effective, since antibody levels
often persist for many years after therapy. Other combinations of tests are possible, but they are
expensive methods [24-27].

The decrease in the effectiveness of eradication therapy regimens in the treatment of
Helicobacter pylori contributes to the further search, study and development of alternative
treatment options for infection. This review systematizes the literature data on the hybrid scheme
of eradication therapy, considers the effectiveness and safety of this method in the prevention and
treatment of helicobacteriosis.

3 Method

Three groups of 60 people participated in a randomized controlled clinical trial to evaluate
the efficacy and safety of a hybrid scheme of eradication therapy for helicobacteriosis. The course
of treatment with antihelicobacteric drugs lasted 10 days. All patients kept self-monitoring diaries
in which they recorded side effects of therapy.

Upon admission to the medical institution, all patients underwent examinations: physical
examination, clinical and biochemical blood tests, ultrasound examination of abdominal organs.
Special tests were wused for the primary diagnosis of Helicobacter pylori. If

esophagogastroduodenoscopy (EGDS) was performed at the hospital stage, then a rapid urease test
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with biopsy sampling for morphological examination was used. In cases of EGDS at the prehospital
stage, a urease breath test was used.

Omeprazole was the drug of choice in order to unify the results obtained.

The first group consisted of patients who received standard triple eradication therapy:
omeprazole (20 mg 2 times a day), clarithromycin (500 mg 2 times a day) and amoxicillin (1000 mg
2 times a day) (Table 1).

Table 1: Scheme of standard triple eradication therapy for Helicobacter pylori

Treatment days The first component The second component The third component
1-10 days Omeprazole 20 mg Clarithromycin 500 mg Amoxicillin 1000 mg
2 times a day 2 times a day 2 times a day

The second group consisted of patients who received standard four-component bismuth-
containing eradication therapy: omeprazole (20 mg 2 times a day), tetracycline (500 mg 4 times a
day), metronidazole (500 mg 3 times a day), bismuth tricalium dicitrate (120 mg 4 times a day)
(Table 2).

Table 2: Scheme of four-component bismuth-containing eradication therapy in Helicobacter pylori

Treatment days The first The second The third component The fourth component
component component
1-10 days Omeprazole 20 mg | Tetracycline 500 mg 4 Metronidazole Bismuth tricalium dicitrate 120
2 times a day times a day 500 mg 3 times a day mg 4 times a day

The third group consisted of patients who received a hybrid scheme of eradication therapy:
omeprazole (20 mg 2 times a day) and amoxicillin (1000 mg 2 times a day) were taken for the first 5
days, followed by omeprazole (20 mg 2 times a day), amoxicillin (1000 mg 2 times a day),
clarithromycin (500 mg mg 2 times a day) and metronidazole (500 mg 2 times a day) for the next 5
days (Table 3).

Table 3: Scheme of hybrid eradication therapy in Helicobacter pylori

Treatment days The first component The second component The third component The fourth component
1-5 days Omeprazole 20 mg Amoxicillin 1000 mg 2 - -
2 times a day times a day
6-10 days Omeprazole 20 mg Amoxicillin 1000 mg 2 Clarithromycin Metronidazole
2 times a day times a day 500 mg 2 times a day 500 mg 3 times a day

In the presented work, research methods were used: statistical, descriptive, comparative,
analytical. Statistical data analysis was carried out using special software MedCalc (Belgium).
4 Results and discussion

After completing the course of treatment, an analysis of the efficacy and safety of
Helicobacter pylori eradication therapy was carried out.

The analysis of efficacy in the studied groups of patients was carried out by the methods of

intention-to-treat (ITT) and per-protocol (PP). The final sample of PP consisted of: 58 patients in
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the first group, 57 patients in the second group, 56 patients in the third group. 9 people were
excluded from the sample due to absence from the control examination or self-cancellation of the
course of treatment due to pronounced side effects.

As a result of this study, the hybrid scheme of eradication therapy turned out to be the most
effective: ITT 85%, PP 91.1%. In second place is bismuth containing a four-component scheme of
eradication therapy: ITT 78.3%, p= 0.3587; PP 82.4%, p=0.2674. This is followed by the classical
triple scheme of eradication therapy: AT 73.3%, p = 0.1237; PP 75.9%, p=0.043. Comparative data

are given in Table 4.

Table 4: Comparative efficacy of eradication therapy in Helicobacter pylori

Eradication therapy Effectiveness, ITT Effectiveness, PP
Triple therapy 73,3% 75,9%
Four - component therapy 78,3% 82,4%
Hybrid therapy 85% 91,1%

The data obtained correspond to the results of a number of works by foreign authors. Studies
from various countries of the world have confirmed the effectiveness of the hybrid scheme of
eradication therapy: ITT 77.6-97.4% and PP 82.6-99.1%.

In 29 patients (18 men, 11 women), eradication was not achieved: of them in the first group -
14 people, in the second - 10 people, in the third - 5 people.

Within the framework of this work, the analysis of possible reasons for the decrease in the
effectiveness of the hybrid scheme of eradication therapy revealed the following features in the
studied group of patients:

1) The presence of risk factors: age over 60 years, smoking, obesity, diseases of the
respiratory system, diseases of the cardiovascular system, diabetes mellitus. The lowest odds ratio
(0.41) and at the same time the p value closest to the target level (p = 0.059692) was found for a BMI
of > 30 kg/m2, which indicates a possible trend of the negative impact of obesity on the success of
eradication. As for the criterion %2, which characterizes the probability of a non-random nature of
the revealed patterns, y2 = 2.49 was determined with respect to smoking, but with a value of p-level
= 0.114572, which does not allow considering this factor as influencing the result. And the largest
value of y2 = 4.47, with a reliable value of p-level = 0.034495, was again set for a BMI of > 30 kg/m2.

2) Insufficient antisecretory activity of the prescribed PPI. This criterion is detected by 48-
hour pH-metry, with the performance of a pharmacological test with omeprazole in a standard
dosage. The analyzed data of 48-hour pH-metry before and after taking the drug showed: complete
resistance to omeprazole was not recorded, in some patients a period of time with a pH > 4 lasting
less than 16 hours per day was recorded, which indicates insufficient suppression of acid formation
in the stomach due to insufficient antisecretory activity of the prescribed PPIs, which may be due to
the pharmacokinetic features of omeprazole.

3) High level of antibiotic resistance. According to the consensus of Maastricht-V (2015),

double resistance to clarithromycin and metronidazole reduces the effectiveness of standard triple
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and hybrid eradication therapy regimens. The effectiveness of therapy in the absence of resistance
to clarithromycin and metronidazole is 98.5%, in the presence of isolated resistance to
metronidazole or clarithromycin - 92.9-97.6%, and with double resistance to clarithromycin and
metronidazole - 80.0%.

4) Duration of the treatment protocol. In Iran, a study showed that reducing the course of
therapy to 10 days reduces the effectiveness by about 10%. Studies conducted in Taiwan and China,
which evaluated the effectiveness of ten-day, twelve-day and fourteen-day courses of treatment,
showed approximately the same 90% effectiveness. Similarly, studies conducted in South Korea and
Spain showed acceptable levels of eradication when using a ten-day hybrid scheme exceeding 85%.
Thus, the identified regional differences may be related to the difference in antibiotic resistance in
the studied regions.

When assessing the safety of the hybrid scheme of eradication therapy, special attention was
paid to the side effects of drugs and subjective complaints of patients. The main complaints were
nausea, dizziness, general weakness, decreased appetite, dysgeusia, abdominal pain, diarrhea. Side
effects had varying degrees of severity, and did not have a significant impact on daily activities. The
frequency of side effects when using the hybrid scheme was 28.3%. Most of the patients received a
full course of drug therapy. Therefore, we can conclude about the optimal safety of the hybrid

scheme of eradication therapy, which is due to the use of three antibacterial drugs.

5 Conclusion

The results of our study showed high efficiency and optimal safety of the hybrid scheme of
eradication therapy in the treatment of Helicobacter pylori, in comparison with the standard triple
scheme and the four-component bismuth-containing scheme. The effectiveness of this method
directly depends on the individual characteristics of the patient, the severity of clinical
manifestations of helicobacteriosis, the level of resistance to antibacterial therapy. Important for
the optimization of eradication therapy is the study of the acid-forming function of the stomach for
the selection of a proton pump inhibitor in the optimal dosage and a pronounced antisecretory
effect. In general, the effectiveness of the hybrid scheme requires further study and clinical trials
on a larger number of patients.

6 Availability of Data and Material

Data can be made available by contacting the corresponding author.
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