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Abstract
This review considers the data on Helicobacter pylori (H. pylori), which have been accumulated over 40 years since its description as an etiological factor in gastrointestinal diseases. The majority of modern publications are devoted to the study of the pathogenic properties of the microorganism in the development of chronic gastritis, peptic ulcer disease, and gastric cancer, as well as methods for its eradication. However, in recent years, there have been more and more studies which have suggested that H. pylori has a beneficial, or potentially positive, effect on the human body. The authors have attempted to objectively analyze the information accumulated in the literature on H. pylori. Some studies consider it as one of the recently identified human bacterial pathogens, and special attention is paid to the evidence suggesting that it is probably part of the composition of the human microbiome as a commensal (commensal from French to English is a table companion) or even a symbiont. The presented data discussing the presence or absence of the effect of H. pylori on human health suggest that there is an apparent ambiguity of the problem. The re-assessment of the data available on H. pylori infection is important in order to answer the question of whether it is necessary to create a program of mass H. pylori eradication or to apply a more personalized approach to treating patients with H. pylori-associated gastrointestinal diseases and to perform eradication therapy.
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Core Tip: This review provides data on Helicobacter pylori (H. pylori) as one of the recently identified human bacterial pathogens. On the one hand, its role as a human pathogenic bacterium that is commonly found in patients with chronic gastritis, peptic ulcer disease, and gastric cancer is discussed. On the other hand, the high prevalence of H. pylori in the population and its asymptomatic coexistence with humans in most of the world’s population indicates its persistence in the body as a representative of the microbiome and as a nonpathogenic microorganism. The presented data suggest that there is an apparent ambiguity of the problem and a need for an analytically developed, comprehensive approach to study the effect of H. pylori infection on human health and to perform eradication therapy.


INTRODUCTION
Over four decades, the problem of studying Helicobacter pylori (H. pylori) has occupied the minds of many scientists around the world. H. pylori is a bacterium that is commonly found in patients with chronic gastritis, peptic ulcer disease (PUD) and gastric cancer (GC), as well as among the healthy population. H. pylori was first reported in 1875, when Bottcher and Letulle observed it on the margins of peptic ulcers[1]. Despite the high prevalence of the microorganism demonstrated later, its discovery occurred only at the beginning of the 1980s[2]. It is obvious that since 1983 H. pylori has been colonizing more than half of the world population[3]. This event has produced a major multidisciplinary interest including gastroenterologists, microbiologists, and infectious disease specialists among others. The role of H. pylori as a true pathogen has been the center of major discussions for many years. H. pylori infection has been linked to gastric and duodenal ulcers (in 1%-10% of infected patients), gastric carcinoma (0.1%-3%), and gastric mucosa-associated lymphoid tissue (MALT) lymphoma (less than 0.01%)[4,5]. However, the vast majority of the infected population will never develop symptoms related to H. pylori infection. 
H. pylori colonization of the human stomach occurs early in life and persists indefinitely unless treated[3]. At the same time, transmission of H. pylori is mainly in a family setting[6].
The decline in H. pylori prevalence with time was first reported in 1997[7], and later confirmed in two large population-based studies in the United States[8]. As a result of H. pylori’s gradual decline, a series of negative consequences have been described[2]. There has been an alarming increase in asthma[9,10], as well as a potential increase in the susceptibility to diarrheal diseases[11]. However, a more serious consequence related to the decline of H. pylori is the escalation of esophageal diseases, such as gastroesophageal reflux disease (GERD), Barrett’s esophagus, and adenocarcinoma of the esophagus[12,13]. We do not know if the decline in H. pylori infections is the cause of these emerging diseases or if it is just an indicator of the hygiene hypothesis[2]. Due to its low virulence and the fact that disease is observed mostly in elderly infected individuals, H. pylori could be considered a commensal organism and only an opportunistic pathogen.

GENERAL CHARACTERISTICS OF H. PYLORI
Basic facts
H. pylori is a gram-negative, S-shaped, or helical microaerophilic bacterium belonging to the genus Helicobacteraceae[14,15]. In 1979, R. Warren identified Campylobacter pylori and suggested that this microorganism was an etiological agent of gastritis. In 1982, B.J. Marshall isolated a culture of H. pylori and showed the relationship between its persistence and PUD development[16].
According to the modern concepts, the predominant habitat (life, growth, and reproduction) of H. pylori is the supraepithelial mucus layer in the region of the gastric pits and in the first parts of the duodenum[16]. H. pylori is generally not detected neither in the subepithelial space of the stomach nor in the epithelium of gastric glands[13]. The motility of the microorganism through the mucus layer occurs due to the presence of several mobile flagella, which contributes to the migration of the bacterium to areas with suitable conditions for existence[17].
The most favorable conditions for bacterial life have been found to be the optimum temperature of 37oC, pH 4.0-6.0, microaerophilic conditions, the presence of water and nutrients[15]. H. pylori does not contain enzymes that metabolize carbohydrates. The metabolism of a bacterial cell is provided by the energy released during the utilization of amino acids obtained from the host[18]. The microorganism is characterized by its possible persistence in the human body as S-shaped, C(U)-shaped, and coccoid forms[2,15,16]. The similar mechanism of transition from one form to another is an adaptation to survival during adverse environmental conditions (temperature or pH shifts, long intervals between meals, and antibiotic therapy)[15].

Epidemiology and routes of transmission
The data currently available suggest that there is a high prevalence of H. pylori in the population: The detection rates of H. pylori vary from 35% to 90% in representatives of the population in different regions[15,19-22]. A large variation of the indicator depends on a number of factors, including the socio-economic state of the country, age, the method of detecting H. pylori and other factors[20]. Thus, in their article, Mentis et al[19] reported the detection of H. pylori in 71.6% of the population in Italy and in 84.2% of those surveyed in Poland. Luzza et al[20] reported that in Italy among 518 subjects who were evaluated by both the 13C-urea breath test (UBT) and serology, 310 (59.8%) were UBT positive, 479 (92.4%) vacA-positive, and 369 (71.2%) cagA-positive. Similar indicators for Africa and Asia were distributed in the following order: Ethiopia (72.2%) and Rwanda (75.3%), China 83.4%, Japan (39.9%), and Taiwan (72.1%)[19]. Burucoa et al[21] established the largest proportion of H. pylori-positive patients in Africa (70.1%) [95% confidence interval (CI): 62.6%-77.6%], South America (69.4%) (95%CI: 63.9%-74.9%), and West Asia (66.6%) (95%CI: 56.1%-77.0%). The regions with least occurrence were Oceania (24.4%) (95%CI: 18.5%-30.4%), Western Europe (34.3%) (95%CI: 31.3%-37.2%), and North America (37.1%) (95%CI: 32.3%-41.9%). In Russia, the prevalence of H. pylori in children aged 5–10 and 11–14 years and in adults was 29%, 50%, and 70%-92%, respectively[13,23].
To date, the main route of transmission of H. pylori is not known. Infection most often occurs from person to person; in this case this generalized mechanism can be divided into vertical (that is, transmission of the pathogen within one family), and horizontal (contact with people outside the family or infection with environmental objects-environmental contamination)[19]. Possible transmission routes, such as fecal-oral, oral-oral, and gastro-oral, have been comprehensively studied in recent years[21,24,25]. H. pylori can be isolated from different body fluids. The pathogen was detected in the dental plaque, saliva, tonsil tissue, root canals, and on the oral mucosa (including on the surface of the tongue), using a polymerase chain reaction assay[21]. Particular attention is paid to the environmental contamination associated with the consumption of H. pylori-containing water and food[26].
The majority of authors consider the intrafamilial transmission of the pathogen to be the predominant and most significant route. This opinion is confirmed by factors, such as close interpersonal contacts in the family, the single socioeconomic status of family members, and genetic predisposition to H. pylori persistence[24,27].

PATHOGENIC PROPERTIES OF H. PYLORI
H. pylori virulence factors and its role in systemic diseases
To survive the unfavorable, hyperacid conditions of the stomach, H. pylori synthesizes a number of virulence factors that both improve conditions for vital activity in an acidic environment and have a damaging effect on the gastric mucosa.
In their work, Kao et al[28] noted that on entry into the host stomach, H. pylori uses urease activity to neutralize hydrochloric acid that is one of the protective factors and has a pronounced antimicrobial effect. Regulation of urease synthesis is encoded by a number of genes called the urease gene cluster. This set of genes includes catalytic units (urea A/B), an acid-gated urea channel (ureI), and accessory assembly proteins (ure E-H)[29].
Of interest is the fact that urease synthesis depends on the pH surrounding the bacterium: the ureI-channels are tightly closed at pH 7.0 and are completely open at pH 5.0[28,30]. That is, when the external conditions change, namely, when stomach lumen acidity increases, H. pylori releases urease that hydrolyzes urea into CO2 and ammonia (NH3) that in turn binds to water and forms unstable ammonium hydroxide. This sequence of biochemical reactions leads to medium alkalization[28]. This mechanism of overcoming the acid barrier is extremely important for the survival of the bacterium along with a spiral shape, a smooth cell wall, and helicoidal movements. Schoep et al[31] demonstrated that urease-negative bacteria were unable to colonize the gastric mucosa of gnotobiotic piglets.
Another important virulence factor promoting the spread of the bacterium to the gastric epithelium is its motility due to the presence of 4-7 mobile sheathed flagella. The flagellum is a complex organ that is composed of several types of protein subunits and consists of the basal body, hook, and filament[32,33]. There are several types of flagella-driven motility: “Swimming motility”, “spreading motility’’, and ‘‘swarming motility”[33]. Along with urease activity, flagellar motility has been shown to be an essential factor for colonization of the gastric mucosa[34]. There are also studies which demonstrate the utmost importance of flagella in the formation of microbial biofilms on the surface of the gastric mucosa[35,36].
Bacterial adhesion is the key stage of colonization, which determines a whole set of processes of gastric H. pylori persistence. The literature describes adhesion molecules (outer membrane proteins), such as blood-antigen-binding protein A, sialic acid-binding adhesin, neutrophil-activating protein, heat shock protein (Hsp) 60, adherence-associated proteins (AlpA and AlpB), H. pylori outer membrane protein, and LacDiNAc binding adhesin[28,37-40]. Among the key factors of colonization, virulence factors that have a direct damaging effect on the gastric mucosal epithelium can be separated out; these are cagA, γ-glutamine transferase, high-temperature requirement A, and vacuolating cytoxin A (vacA)[38,39].
CagA is a highly antigenic protein with a molecular weight of 120-145 kDa[41,42]. The locus of a gene responsible for the synthesis of cagA and a type IV secretion system (T4SS) is named the cag pathogenicity island[38]. CagA acts intracellularly through the epithelial cells via the T4SS: The latter forms a syringe-like pilus structure, through which the cagA molecule enters the host epithelial cell[40]. After translocation into the cell, cagA undergoes phosphorylation on the inner side of the cytoplasmic membrane of an epithelial cell and thus acquires biochemical activity[43]. It was found experimentally that cagA phosphorylation-competent mice developed cancers, such as gastrointestinal adenocarcinoma, myeloid leukemia, and B-cell lymphoma. Moreover, these pathogenic processes were not observed in phosphorylation-resistant forms[44]. The main pathogenetic effect of cagA is to enhance the mitotic activity of gastric epithelial cells, which contributes to malignancy if the microbe persists long-term[43,45].
VacA is a protein with a molecular weight of 88 kDa, which consists of two subunits (p33 and p55) and has multiple pathogenetic effects[43]. After protein internalization, large pores are formed in the cytoplasmic membrane of gastric epithelial cells, which makes the cells more susceptible to the effects of bacterial urease[46]. Beyond that point, the launch of a cascade of biochemical reactions promotes the accumulation of large vacuoles inside the cells, which leads to the functional inferiority of epithelial cells. Through the intracellular transporter system, vacA is able to enter the mitochondria, where it disrupts the integrity of the inner mitochondrial membrane. This induces a drop in the mitochondrial transmembrane potential (∆Ψm) with the subsequent release of cytochrome C and the activation of the proapoptotic factor Bcl-2 associated X protein[47]. There are data showing that vacA is involved in avoiding a pronounced immune response to the entry of an infectious agent. This is achieved by both the reduction in the activation of T lymphocytes in the lamina propria and disruption of the autophagy process[48].

Immune response to H. pylori invasion
When entering the human body, H. pylori is constantly controlled by the immune system. The inflammatory response is well-known to be a marker for a developing immune response. In H. pylori persistence, the focus of inflammation primarily affects gastric epithelial cells; in this case the inflammatory reaction involves neutrophils, lymphocytes, macrophages, and dendritic cells (DCs), which migrate to the site of infection through the systemic circulation[49,50].
The contact of DCs with H. pylori antigenic determinants results in autocrine activation of the pool of immature CD4+ T cells, followed by their differentiation into T-helper (Th) 1 lymphocytes through interleukin (IL)-12 production[51]. There are Th1 lymphocytes that are the major inflammatory effector cells for H. pylori invasion[52]. In addition, proinflammatory cytokines, such as IL-1, IL-6, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ, are involved in the immune response[53].
The initial Th1 cell immune response is aimed at completely eradicating the infectious agent. However, it has been shown experimentally that vacA is able to exert an immunosuppressive effect on the cells of the immune system, by inhibiting the production of IL-23 by DCs[54]. Furthermore, H. pylori HspB is capable of inhibiting the proliferation of mitogen-stimulated T cells, by enhancing the suppressive effects of regulatory T (Treg) cells in both innate and adaptive immune responses[55,56].
The interaction of H. pylori with Th2 lymphocytes is not obvious. Due to the activation of the Th1 cellular component of the immune system, the Th2 cellular pathway for differentiation of immature lymphocytes is not believed to play a considerable role in the immune response[52]. At the same time, it has been proven that the level of immunoglobulin G (IgG) is a reliable indicator of H. pylori persistence. In infected individuals, a Th2 response induces IgG1 production while a Th1 response contributes to a significant increase in the overall levels of IgG2 through IL-2 and IFN-γ production. IgG2 titers are higher than IgG1 titers in H. pylori-infected patients, particularly in those with ulcer disease[57]. 
Thus, the persistence of H. pylori in the human body is accompanied by the pronounced immune response to bacterial invasion, which is subsequently replaced by immune tolerance. This fact may suggest that the relationship between H. pylori and the host is symbiotic.

H. pylori-associated diseases
The currently available data may suggest that H. pylori persistence in the stomach is associated with the development of gastroduodenal diseases, such as chronic gastritis, PUD, gastric adenocarcinoma, and gastric MALT lymphoma[3,28,58,59]. Recent data show a statistically significant relationship between H. pylori detection and pancreatic cancer development[60,61].
The risk of developing symptoms of a gastrointestinal disease depends on the degree of pathogenic properties in a persistent strain, the genetic characteristics of the host, environmental factors, and the pattern of diet[62,63]. The researchers emphasize the fact that the persistence of H. pylori in the gastric mucosa is constantly controlled by the immune system, as a result of which the pathogenic properties of H. pylori and, as a consequence, the symptoms of the disease manifest in the presence of favorable factors. Beyond that point, more and more attention is paid to the implication of H. pylori in the pathogenesis of extragastric diseases. Thus, the role of the microorganism in developing a number of neurological, cardiovascular, hematological, skin, and metabolic diseases is being actively investigated[62-66]. The results of the available studies are undoubtedly quite contradictory and require a more thorough study.
The meta-analysis by Wang et al[67] demonstrated that chronic H. pylori infection is a predictor for the possible development of ischemic brain injury. Reports suggesting a relationship between H. pylori detection and Alzheimer’s disease development have been published[68,69]. Huang et al[70] were able to establish that the risk of Parkinson’s disease was significantly higher in the H. pylori-positive group than in the H. pylori-negative (HPN) group (adjusted hazard ratio: 2.29, 95%CI: 1.44–3.66; P < 0.001).
Little experience has been accumulated in studying the effects of H. pylori on the development of cardiovascular diseases. Some studies confirm a significant relationship between the detection of H. pylori, the development of atherosclerotic vascular lesions, and, as a consequence, a higher risk of coronary heart disease[71-74]. Jukic et al[73] found that H. pylori-positive patients more often suffered from hypertension (P = 0.014), had higher systolic (P = 0.043) and diastolic (P = 0.005) blood pressure, as well as elevated plasma triglyceride levels (P = 0.013) and a low antiatherogenic high-density lipoprotein level (P = 0.01). At the same time, there was no significant difference in the severity of the disease between the two groups.
Vijayvergiya et al[75] described the considered hypotheses on the mechanisms of endothelial dysfunction in H. pylori infection. Some hypotheses state that pathophysiological changes in the microvascular bed result from a secondary increase in homocysteine levels: H. pylori induces vitamin B12 and folic acid malabsorption, by elevating the homocysteine level that negatively affects the endothelium[76,77]. The theory of cytokine-induced vascular wall injury, which in turn is the first stage of atherosclerotic changes, should also be actively studied. The work by Rasmi et al[78] confirmed that H. pylori cagA-positive patients with cardiac syndrome X were found to have increased IL-1 and TNF-α levels. The experimental data obtained by de Jesus Souza et al[79] showed that urease is a potent stimulus for endothelial cell production of reactive oxygen species and NO, which also leads to the enhanced production of nuclear factor kappa B, activation and upregulated expression of cyclooxygenase-2, heme oxygenase-1, IL-1β, and intercellular adhesion molecule-1. Such experimentally established changes in the pro-inflammatory molecule profile can indirectly indicate the possible pathogenetic features of H. pylori-induced injury to the vascular bed.
An association between H. pylori infection and skin diseases is being actively studied. Yu et al[80] provided evidence that the detection rate of H. pylori was 49.5% among 1038 representatives in a study group (patients diagnosed with psoriasis), while the rate was 38.8% in a control group (n = 703) (the pooled OR was 1.70; 95%CI: 1.15-2.52; P = 0.008). Onsun et al[81] concluded that H. pylori was detected in 184 (61.3%) individuals among 300 patients with psoriasis and in 89 (59.3%) representatives in a control group (among 150 healthy people). At the same time, it was noted that the disease severity, as assessed by the Psoriasis area and severity index scores, was noted to be significantly higher in H. pylori-positive patients. The literature provides a large number of reports on H. pylori detection in patients who, in addition to psoriasis, have lichen ruber planus, scabies, rosacea, Sweet’s syndrome, Behcet’s disease, and Schönlein-Henoch purpura[82]. 
It should be noted that antibacterial drug manufacturers have an impact on more attention to the pathogenic properties of H. pylori and mass (program) eradication therapy[3].

IS EVERYTHING SO CLEAR?
Rare development of symptoms with high prevalence in the population 
Following the discoveries by R. Warren and B.J. Marshall, the concept of pathogenesis and treatment regimens for PUD implied mainly the identification and eradication of H. pylori. It is currently known that the occurrence of H. pylori is high in the healthy population (about 50% of the population worldwide and more than 70% of that in developing countries)[2]. H. pylori infection is usually acquired in childhood and generally persists lifelong. Thus H. pylori has infected the majority of the world’s population for the majority of their lifetime and in most cases causes no symptoms[3,83]. The infectious process in H. pylori is chronic and only one in ten colonized individuals; most commonly the elderly, develop clinical manifestations years later[2]. Tsimmerman[13] reported that less than 1% of individuals infected with H. pylori develop various diseases and about 70% of people who are found to have the bacterium are healthy bacterial carriers. The available data show that only 5%-10% of those infected develop symptoms of gastritis or PUD[84-87]. Moreover, the review data (Araújo et al[88]) indicate that the detection rate of H. pylori infection in patients diagnosed with PUD does not differ from that of H. pylori in the general population. The authors also noted that in 20%-50% of cases of PUD, they are unable to identify the overarching etiological factor of an ulcerative lesion, that is to say, an idiopathic ulcer (H. pylori negative, non-steroidal anti-inflammatory drug-negative peptic ulcer/NSAIDs). Sidorenko[89] stated that the given facts provide a strong argument that refutes the leading role of H. pylori in the development of gastroduodenal diseases. The wide spread of H. pylori infection among individuals without signs of pathology and the low incidence rate during chronic colonization of the gastric mucosa clearly indicate that H. pylori is more likely to be an opportunistic or latent pathogen than a truly pathogenic bacterium. 
The presented data suggest that the infectious theory of chronic gastritis, PUD, and GC seems to be rather an exception to the rule. In addition, the severity of chronic gastritis and/or PUD appears to be directly related to other etiological factors, along with the density of H. pylori contamination.

H. pylori and PUD 
PUD is a chronic multifactorial disease characterized by an imbalance between the aggressive components of the gastroduodenal contents and the protective mechanisms of the gastric mucosa. A significant role in the pathophysiological changes characteristic of PUD is played by important components, such as hereditary predisposition, psychoemotional and psychosocial stress effects, autonomic dysfunction, local pathogenetic effects (acidity of the stomach contents), immunodeficiency state, oxidative stress, smoking, excessive alcohol consumption, and the use of steroid drugs and nonsteroidal anti-inflammatory drugs[87,90]. In their review, Malfertheiner et al[87] focused on the fact that the development of PUD depends on the complex influence and/or a combination of both exo- and endogenous factors. In addition to the above described exogenous factors, the most important endogenous components of ulcerogenesis are the level and adequate function of enteric hormones (gastrin, somatostatin), genetic predisposing factors (the number of parietal cells, the basal level of gastric hydrochloric acid secretion, and defects in bicarbonate secretion). Such observations show that the presence of H. pylori infection may be only one (but far short of being single) component in the genesis of ulcerative disorders.
It is essential to also recall the fact that in the case of Helicobacter etiology, the risk of developing the disease depends on the genotype of H. pylori: The patients with a confirmed diagnosis of PUD were found to have vacA-positive and cagA-positive genotypes[91,92]. At the same time, the genotypes containing the vacA gene are known to account for about 60% of all detected forms of Helicobacter[93]. 
In addition to H. pylori-associated ulcers, the current classification identifies tumor ulcers, ulcerative lesions in Zollinger-Ellison syndrome, Crohn’s disease, eosinophilic gastroduodenitis, radiation damage, and viral infections (cytomegalovirus or herpesvirus infection in immunocompromised patients). The idiopathic form occupies a separate place[87].
Interestingly, epidemiological studies in recent years demonstrate a progressive increase in the idiopathic forms of PUD with a decrease in the global prevalence of H. pylori infection[94,95]. Thus, Indian researchers have shown that 45.9% of cases of peptic ulcers of the stomach and 29.6% of those of the duodenum are idiopathic (they are unassociated with either H. pylori detection or a history of steroid/NSAID intake[96].
Reshetnyak et al[97] presented data on the role of H. pylori and drugs in the development of gastric mucosal (GM) lesions in patients with systemic lupus erythematosus (SLE) and antiphospholipid syndrome (APS). Endoscopic examinations of patients with SLE and APS revealed the following GM changes: antral gastritis (82.4%), erosion (24.7%), hemorrhages (8.2%), and pangastritis (8.2%). The rate of H. pylori infection in patients with SLE and APS corresponded to that in the general population. The authors’ data showed that there was no direct correlation between the observed GM changes and H. pylori infection. However, therapy with glucocorticoid, low-dose acetylsalicylic acid, NSAIDs, and anticoagulants was in this case responsible for GM damage in patients with SLE and APS.
There is evidence suggesting the most favorable course of H. pylori-associated ulcers compared with other diagnosed types. Kanno et al[98] established that among 382 examinees diagnosed with PUD, the patients with a confirmed diagnosis of H. pylori-positive ulcer had a statistically significant increase in healing rates. In the study, the patients were divided into 4 groups: A simple H. pylori group; a H. pylori (+)/NSAIDs (+) group; a simple NSAIDs group; and an idiopathic ulcer (IPU) group. Indicators, such as healing rates at 3 mo, treatment course, and recurrence rates, were estimated. According to the data presented, the healing rates in these groups were distributed as follows: 95.0%, 94.9%, 73.3%, and 77.4%, respectively. This indicator for idiopathic forms was statistically significantly different (P < 0.01). The recurrence rate in the IPU group was also much higher: 13.9% in the IPU group and 2.1% in the simple H. pylori group (P < 0.01). The cumulative recurrence rates estimated by the Kaplan-Meier method were also significantly higher in the IPU group than those in the simple H. pylori group (P = 0.015).
Rasane et al[99] demonstrated that patients with HPN PUD had a more pronounced severe course of the disease and a more negative prognosis than those with H. pylori-associated forms. Thus, albumin levels in the HPN group were higher than those in the H. pylori-positive group: 2.97-0.96 vs 3.86-0.91, P = 0.0001. The same pattern was observed when evaluating the patients’ state on admission to hospital: In the HPN group, the scores of scales, such as the American Society of Anesthesiologists scoring system and the Charlson comorbidity index, were much higher: 3.11-0.85 vs 2.60-0.73 (P = 0.005) and 4.81-2.74 vs 2.98-2.71 (P = 0.004), respectively. There were also significant differences in indicators, such as hospital length of stay: 20.20-13.82 vs 8.48-7.24; P = 0.0001) and 30 d readmission rate (11; 29.73% vs 5; 11.91%; P = 0.049).
The diversity of causes that lead to the ulcerative process allows PUD to be considered as a polyetiological and polypathogenetic disease. When H. pylori was discovered, there were many theories of PUD development: vascular, stomach inflammatory, allergic, hormonal, motor-primacy, corticovisceral, neurogenic, psychosomatic, and acidopeptic theories. Each of them deserves attention, as it reflects one of the facets of this complex problem. The above data suggest that for people who are predisposed to this pathology, the emergence of an infectious theory has become an important and significant addition to the already existing etiological factors. Also, not in all cases, but only in a certain state of the macroorganism, H. pylori becomes a pathogen and is an additional cause of chronic gastritis, PUD, and even GC.

H. pylori and GC
GC occupies one of the leading places in the pattern of cancers. Epidemiological studies have demonstrated that GC develops in H. pylori-infected people 1.4-4.2 times more often than in the general population[100-102]. At the same time it should be noted that GC develops only in 1%-2% of cases with a 50% or more frequency of gastric colonization with Helicobacter worldwide[13,103]. Among the population of India and Africa, where the H. pylori infection rates reach 90%-95%, GC is diagnosed much less frequently than in Western Europe and the United States, where the prevalence of H. pylori does not exceed 35%-50%[104]. The carcinogenic potential of H. pylori is rather ambiguous: It has been found that H. pylori toxins do not exert a direct mutagenic effect on gastric epithelial cells[105]. Virulence factors have been described in H. pylori, but the presence or absence of these factors is not critical in disease development[2]. In addition, there is evidence that H. pylori persistence increases the risk of developing only distal (pyloroantral) GC, whereas proximal (cardiac) GC is unassociated with H. pylori. Moreover, antral colonization with H. pylori, especially with its cagA-positive strains, somehow prevents the development of cardiac GC and carcinoma of the lower third of the esophagus, performing a protective function[106]. Rokkas et al[107] called the relationship between H. pylori infection and subsequent GC development an unclear epidemiological paradox.
Blaser[108] has stated his belief that there is a certain balance between the negative and positive effects of H. pylori on humans. Some authors consider that H. pylori shows its pathogenicity, by regulating the expression of different genes to the extent that is dictated by the response of a macroorganism[109,110]. Thus, the microorganism and the macroorganism create a finely tuned balance system, the resulting impairment of which develops a specific disease with certain clinical signs and prognosis[111]. In the vast majority of cases, long-lasting H. pylori infection induces chronic gastritis, while only some patients develop PUD and GC. For this reason, the bacterium is considered to be a risk factor for the development and recurrence of PUD and GC[112,113]. Therefore, H. pylori is assigned to the group of pathogenic bacteria. However, it would be more correct to treat only those individuals at high risk for GC or to establish programs for early detection of GC without implementing massive eradication programs for this bacterium that may be important to colonize the gastric stomach of young humans[2].

BENEFICIAL “PROTECTIVE ROLE“ OF H. PYLORI
H. pylori and asthma
The literature in recent years has enough works, the results of which suggest that there is an inverse correlation between the persistence of H. pylori and the detection of asthma cases[8,114-117].
Chen et al[8] reported that the detection of H. pylori in young and middle-aged patients (mean age 25 years) is inversely correlated not only with asthma, but also with other atopic diseases (dermatitis, atopic rash, and eczema). These researchers found a strong inverse relationship between the detection of H. pylori and the early onset of asthma (≤ 5 years old): OR = 0.58; 95%CI: 0.38-0.88. The difference in the patients’ current status was also statistically significant: asthma was observed less frequently in patients with detected H. pylori infection (P = 0.03). Elias et al[115] showed that 25% and 40% of children were seropositive for IgG in the study and control groups, respectively (P = 0.03) (the children’s age ranged from 4.8 to 17.3 years). Interestingly, cagA IgG seropositivity was associated with a low risk of asthma [adjusted OR 0.30 (95%CI: 0.10-0.87)]. However, this pattern was not found for cagA-negative serology [adjusted OR = 0.64 (95%CI: 0.30-1.37)]. As in a previous study, H. pylori seropositive children had a lower likelihood of asthma than seronegative children [adjusted OR = 0.29 (95%CI: 0.10- 0.82)].
Greek colleagues found that the detection rate of H. pylori was 11.1% in children aged 8.6 ± 4.5 years with asthma symptoms, while it was 29.6% in the control group of the same age without bronchial obstruction symptoms (OR = 0.1; 95%CI: 0.039-0.305; P = 0.026)[109]. This correlation has been confirmed by a number of other earlier studies[118,119].
Oertli et al[120] investigated in detail and described the mechanism of anti-atopic action of Helicobacter. Their study indicated that immune tolerance could be acquired due to the immune system’s constant response to bacterial γ-glutamyl transpeptidase (GGT) and vacA. At the same time, there was a gradual maturation of DCs and their more targeted interaction with Treg cells, which contributed to the more targeted autoactivation of the lymphocyte pool to various antigens. Such mechanisms ultimately result in immune tolerance to benign antigens (allergens). Special attention should also be paid to the fact that isogenic H. pylori mutants lacking either GGT or vacA are incapable of preventing DC maturation and fail to drive DC tolerization as assessed by induction of Treg properties in cocultured naive T cells.
Pachathundikandi et al[121] associated the phenomenon of tolerance with the ability of H. pylori antigens to activate inflammasomes and to stimulate the production of cytokines, such as IL-1b and IL-18. The authors argue that such cytokine regulation assists in reducing the hyper-reactivation of the immune system and, as a consequence, prevents the development of both asthma and inflammatory bowel diseases.

H. pylori and inflammatory bowel diseases
The negative association between H. pylori persistence and inflammatory bowel diseases (IBD) development has also been studied for a long time. H. pylori persistence may be supposed to be a potentially beneficial factor against the development of IBD. Several large meta-analyses have concluded that the risk of IBD is higher in HPN patients[122]. Wu et al[123] showed that 24.9% of IBD patients had H. pylori infection vs 48.3% of the controls. The pooled risk ratio for H. pylori infection in IBD patients compared with the controls was 0.48 (95%CI: 0.43-0.54; P < 0.001). Rokkas et al[124] obtained similar results: 26.5% (95%CI: 25.2-27.8) of IBD patients were positive for H. pylori infection, compared to 44.7% (43.3%-46.1%) of individuals in the control group. In the literature, there are also studies proving that H. pylori eradication leads to the development of intestinal lesions[125]. However, there is also a contradiction in the accumulated data, since existing studies link H. pylori infection with the development of colorectal cancer[126].

H. pylori and GERD
In addition to the impact of H. pylori infection on the development of atopic reactions, considerable attention has been paid to the detection of H. pylori in patients with GERD. There remain a number of controversial points around the question of how eradication therapy affects the development or progression of GERD symptoms. The available data are rather contradictory and do not give a general insight into the problem. In their studies, a number of authors prove that there is no significant difference between H. pylori-positive and HPN patients and the development of GERD symptoms in these patients[127,128]. Thus, on the basis of their study, Bor et al[127] have come to the conclusion that the detection of H. pylori does not affect either the development of GERD symptoms or the severity of the disease course. The detection rate of H. pylori was 77.1% in asymptomatic patients vs 71.4% in GERD patients (χ2 = 2.6; P = 0.27). Xue et al[129] believe that eradication therapy fails to affect esophageal mucosal changes; therefore, there is no association with H. pylori. In their study, the investigators divided patients with endoscopically confirmed GERD into 2 groups (H. pylori-positive and HPN patients, respectively). The H. pylori-positive group received eradication therapy before treatment with proton pump inhibitors (10 d eradication, then esomeprazole 20 mg bid for 46 d). The other group was treated only with proton pump inhibitors (esomeprazole 20 mg bid therapy for 8 wk). As a result, there were 176 H. pylori-positive cases (with 92 eradication cases) and 180 negative cases. The healing rates in the H. pylori-positive eradicated group and the H. pylori-positive non-eradicated group reached 80.4% and 79.8%, respectively (P = 0.911), with reflux symptom scores of 0.22 and 0.14 (P = 0.588). The healing rates of esophagitis in the H. pylori-positive non-eradicated group and the H. pylori-negative group were 79.8 and 82.2%, respectively (P = 0.848); the reflux symptom scores were 0.14 and 0.21 (P = 0.546). 
At the same time, contrary cases have been also described. The meta-analysis by Zhao et al[130] demonstrated that eradication therapy can lead to erosive GERD: The OR for the development of erosive GERD after H. pylori eradication was 1.67 (95%CI: 1.12-2.48; P = 0.01. Chung et al[131] revealed a clear inverse relationship between the detection of H. pylori and GERD: The prevalence of H. pylori infection was lower in cases with reflux esophagitis than in the controls (38.4% vs 58.2%, P < 0.001). The severity of esophagitis was also found to be inversely correlated with the detection of H. pylori. It is anticipated that H. pylori urease activity contributes to the neutralization of gastric acidity and, therefore, reduces the risk of acid reflux disease[132].
There are studies indicating the possible positive effect of H. pylori on the human body. In this connection, H. pylori in the majority of bacteria carriers can probably be attributed to bacteria that colonize the human body and constitute a population of commensal bacteria that use the host for their vital activity, but do not exhibit their pathogenic properties (as their persistence is under strict control by the host immune system). Such relationships between commensal bacteria and humans are typified by co-evolution, co-adaptation, and interactions[133]. Taking into account immune tolerance to H. pylori in the presence of long-term persistence in the host, the microorganism can also be considered as a symbiont[13].

CONCLUSION
The presented data suggest that there is clear ambiguity related to the problem of studying the mechanisms of ulcerogenesis, and the role of H. pylori in the processes of ulceration and carcinogenesis. On this basis, the management strategies for these inpatients are extremely difficult for clinicians. It is evident that a complete understanding of the mechanisms of inflammatory gastroduodenal mucosal injuries requires a more thorough approach, by considering the infectious and noninfectious, exogenous and endogenous factors, and an evaluation of the pathogenic and positive effects of H. pylori on human vital processes. Given the discussions surrounding the active eradication of H. pylori from the human population[134], it is more important than ever to critically assess its role within the microbiome. There is no coordinated attempt to eradicate these organisms from the human population; Malnick et al[3] suggested that there should not be a similar effort to eradicate H. pylori. Considering the growing number of publications on the potentially positive effects of the microorganism on the human body, it is not improbable that H. pylori is one of the bacteria in the healthy microbiome for the majority of the human population. There is a complex biological relationship between humans and commensal bacteria that is only now beginning to be understood. To better understand the mutualistic (mutual from Latin) role of H. pylori in cohorts at low risk for H. pylori-associated diseases, more investigations are needed to qualitatively and quantitatively estimate its benefits in healthy humans[132]. 
The manifestation of the pathogenic properties of H. pylori, which is characteristic of a smaller proportion of the human population having a genetic predisposition to develop gastrointestinal diseases, requires a reassessment of the available data on H. pylori infection. The “test and treat” approach to H. pylori does not address this issue at all[3]. It may be that the more correct way is an individualized approach to the patient according to the H. pylori endemic region, the presence of gastrointestinal diseases among relatives, or the impossibility of excluding nonmodifiable risk factors. Therefore, the most correct approach will be used to consider H. pylori persistence in terms of the possible positive role of the bacterium in the body and, therefore, to perform more individualized eradication therapy in the context of assessment of additional risk factors. Answers to such considerations should be obtained during further research. 
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