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Abstract
H. pylori can induce gastritis, peptic ulcer diseases, and cancer, including mucosa-associated lymphoid tissue lymphoma. It is also

associated with numerous comorbidities. Nevertheless, several purported positive impacts of the bacterium have been noted, such
as maintaining the stomach’s healthy environment. Non-pathogenic H. pylori strains may aid in normalizing excess stomach acids
and regulating appetite. Patients with H. pylori infection can experience acute gastritis symptoms with acute-onset abdominal pain,

nausea, and vomiting. Non-specific abdominal pain, a sense of bloating, belching, and appetite loss are signs of infection. However,

about 90% of individuals infected with H. pylori may never experience any symptoms during their lifetime, although 10–20% are at
risk for peptic ulcer disease. The precise routes of H. pylori transmission remain unclear, although contaminated food, water, or soil

are strongly suspected as well as person-to-person transmission through feco-oral and oral-oral routes. Treatment with antibacterial
and antisecretory agents is the standard of care for H. pylori management. Also, phytomedicines and probiotics have been reported
effective not only as a treatment but also in lessening the side effects of antimicrobial therapy, such as diarrhea. There are various

drug combinations for eradicating H. pylori as described in this paper. Although the recurrence rate of H. pylori infection after eradication is relatively low, it remains a cause for concern and antibiotic resistance. Poor socio-economic conditions and sanitary habits are
risk factors associated with the recurrence of H. pylori infection after successful eradication.
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Introduction

Helicobacter pylori (H. pylori), previously known as Campylobacter pylori, is a gram-negative, helical microaerophilic bacterium com-

monly found in the stomach [1–5]. The bacterium’s helical shape facilitates its way through the mucosal layer of the stomach, causing
infection [2,4]. H. pylori was first identified by Australian physicians, Barry Marshall and Robin Warren, in 1982 [6,7]. H. pylori can cause

several conditions, such as gastritis, peptic ulcer diseases of the stomach and the proximal small intestine, and cancer, including mucosalassociated lymphoid tissue (MALT) lymphoma, in about 20% of patients positive for H. pylori [4,6].

Research has pointed towards an association between H. pylori infection and comorbidities: idiopathic thrombocytic purpura (ITP),

iron deficiency anemia (IDA), atherosclerosis (ATS), Alzheimer’s disease (AD), Parkinson’s disease (PD), Guillain-Barré syndrome (GBS),

psoriasis, rosacea, Henoch-Schönlein purpura (HSP), coronary artery disease (CAD), vitamin B12 deficiency (VBD), diabetes mellitus
(DM), open-angle glaucoma (OAG), blepharitis, hepatic fibrosis (HF), and autoimmune diseases (AIDs), such as autoimmune neutropenia
(AIN) and various types of allergies [8].

Discussion

H. pylori variants as beneficial (non-pathogenic) bacteria
H. pylori’s negative impacts have been well established; however, there are several purported positive impacts. H. pylori may protect

the host from other pathogenic infections, asthma, obesity, celiac disease, inflammatory bowel disease (IBD), atopic dermatitis, rhinitis,
esophageal cancer, and gastroesophageal reflux disease (GERD) [9]. However, comprehensive studies confirming these purported benefits of H. pylori are lacking. Also, specific studies have contradicted any protective effects of H. pylori [8–11].

Certain studies have indicated H. pylori’s possible role in maintaining the stomach’s healthy environment, similar to the functioning of

the intestinal microflora colonizing the intestine and aiding digestion. The microflora supports digestion, assisting in the degradation of
indigestible carbohydrates, synthesis of vitamins (vitamin K, thiamine, folate, and biotin), and protection against infection from harmful
pathogens [8–11].

Other studies have suggested the possible contribution of non-pathogenic H. pylori strains in normalizing excess stomach acid and

regulating appetite, although these effects lack adequate experimental evidence [12].
Epidemiology

According to one estimate, H. pylori infection has a high incidence rate, affecting about half of the global population. Moreover, its

prevalence varies between developing and developed countries. Compared to developed countries, there are more cases of H. pylori infections in developing countries, with a prevalence rate of about 25% [13].

The age at which H. pylori infection has been acquired might influence the pathological outcome in patients. The earlier the age of H.

pylori infection, the higher the risk of severe inflammatory response, leading to atrophic gastritis, gastric ulcer (peptic ulcer disease), and
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In developing countries, children are more likely to acquire H. pylori infection than their counterparts from developed and industrial-

ized countries. This difference could be attributed to poor sanitary practices and infrequent use of antibiotics for other indications in
developing countries [4].

The prevalence of H. pylori infection increases with age. About 50% of infected individuals are ≥60 years; whereas, 10% belong to the

age group of 18–30 years [14]. However, despite H. pylori’s widespread infectivity, the overall infection rate has been decreasing [4,13,15].
Signs and symptoms

About 90% of individuals infected with H. pylori may never experience any symptoms during their lifetime, although 10–20% are at

risk for peptic ulcer disease. In lesser cases, acute H. pylori infection results in acute gastritis symptoms with acute-onset abdominal pain,
nausea, and vomiting [16].

In chronic gastritis, non-specific abdominal pain, a sense of bloating, belching, and appetite loss are the primary symptoms. Pain onset

typically occurs between meals when the stomach is empty, especially in the early morning [17]. In some cases, the stomach or duodenal

ulcers bleed, resulting in black (tarry) stools (melena) and anemia (when the bleeding is long-term). Heavily bleeding ulcers lead to hematemesis and hematochezia [18].

Peptic ulcer disease (PUD) caused by H. pylori infection is of two types: duodenal ulcer and gastric ulcer. Duodenal ulcer affects the

duodenum’s first part and or the pyloric antrum, connecting the stomach to the duodenum. Gastric ulcer affects the body of the stomach
[2,4,19–21].

H. pylori infection may lead to polyps in the stomach (gastric polyps) or colorectal region (colorectal polyps). These polyps are of-

ten asymptomatic. Nevertheless, gastric polyps induce dyspepsia, heartburn, bleeding, and gastric outlet obstruction (GOO) syndrome;
whereas, colorectal polyps result in bleeding, constipation, diarrhea, weight loss, and abdominal pain [2,4,10].
Transmission routes

The precise routes of H. pylori transmission remain unclear. Epidemiological studies implicate contaminated food, water, or soil as pos-

sible sources of H. pylori infection, in addition to the person-to-person transmission through feco-oral and oral-oral routes [2,4]. Improvements in sanitary practices, hygiene, and living standards reduce H. pylori infection prevalence [22].
Management

Treatment with antibacterial and antisecretory agents is the standard of care for H. pylori management. Also, phytomedicines and

probiotics have been reported effective. According to Peterson (1997), “The efficacy of antibiotics against Helicobacter pylori is enhanced
by the co-administration of antisecretory drugs [23]. An antisecretory agent increases the gastric pH, facilitating the action of an antibacterial agent [24].

Antibacterial agents
Amoxicillin, clarithromycin, levofloxacin, metronidazole, tetracycline, and rifabutin are the most commonly used antibiotics and pro-

ton pump inhibitors (PPIs); omeprazole and pantoprazole are the preferred antisecretory agents for managing H. pylori infection [25].
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Most antibacterial agents, like clarithromycin, levofloxacin, and metronidazole, act in a concentration-dependent manner [20]; whereas,
other antibacterial agents, like amoxicillin, act in a time-dependent manner [26,27].

Bismuth salts, being poorly soluble in water, are poorly absorbed in the gastrointestinal tract; thus, acting locally against H. pylori [28].

With levofloxacin and clarithromycin, an additional post-antibiotic effect against H. pylori has been documented [26–28].
Antisecretory agents

H2-receptor antagonists (H2RAs), such as ranitidine and famotidine, are classified as antisecretory agents, but PPIs are considerably

more effective than H2RAs in elevating gastric pH. PPIs act by inhibiting the H,K-ATPase proton pump (located on the canalicular mem-

brane, responsible for secreting hydrochloric acid). Moreover, PPIs have a direct antimicrobial effect against H. pylori. According to a study
by Kawakami., et al. (2000), the anti-H. pylori effects, measured in terms of the minimum inhibitory concentration (MIC90), of different
PPIs and the antimicrobial agents amoxicillin, clarithromycin, and metronidazole were comparable [29].
Alternative drug therapy for H. pylori eradication

The use of antibiotics alters gut microflora, leading to various complications, such as diarrhea. Also, resistance against antibiotics in

previously susceptible bacteria limits antimicrobial efficacy and use. Thus, alternative drug therapies, such as phytomedicines and probi-

otics, are being more widely utilized for H. pylori infection. According to Traditional Chinese Medicine (TCM), phytomedicines are benefi-

cial in different diseases, including the eradication of H. pylori. Probiotics are living microorganisms with distinct health benefits, typically
presented in oral formulations. Yang., et al. (2014) reported that although Saccharomyces boulardii and Lactobacillus strains, along with

triple-drug therapy, for H. pylori infection significantly reduced diarrheal episodes, their efficacy when used alone is debatable [26].
Regimens for H. pylori eradication

There are different drug combinations for eradicating H. pylori, including triple-drug therapy, quadruple-drug therapy (with bismuth),

sequential therapy, and concomitant therapy (quadruple-drug therapy without bismuth). According to the Maastricht IV Consensus Report, anti-H. pylori regimens should achieve an eradication rate of at least 80% [24].

There are several guidelines for managing H. pylori infection, mainly depending on the geographic location. However, first-line and

rescue drugs are similar in most areas [30].
First-line drugs

The standard triple-drug therapy for H. pylori infection includes a PPI and two antibiotics (clarithromycin and amoxicillin or metro-

nidazole) [31,32]. Triple-drug therapy’s recommended duration is 7 days in Europe and Asia and 14 days in the United States. However,

recent data have revealed that the standard triple-drug therapy’s efficacy has been decreasing, with the rate of eradication falling to less
than 80% of the desired level [33].

In a study based on pharmacogenomics (CYP2C19 genotype) and susceptibility to clarithromycin, Furuta., et al. (2007) found a 96%

intention-to-treat (ITT) eradication rate. However, the cost-effectiveness of the therapy needs to be established before its widespread
application [34].

According to the updated recommendations of Maastricht IV and Florence Consensus Reports, to overcome the concern of clarithro-

mycin resistance, quadruple-drug therapy with bismuth can be substituted for standard triple-drug therapy in areas with reported re-
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sistance >15–20% against clarithromycin [31]. In countries such as Japan, Australia, and Malaysia, where bismuth is unavailable because

of the associated adverse effects, quadruple-drug therapy without bismuth (concomitant treatment) has been approved as a first-line
therapy alternative to standard triple-drug therapy in areas with high clarithromycin resistance [35].

Sequential therapy (10 days) has shown an eradication rate of approximately 98% [26,36]. In this regimen, dual therapy with a PPI and

amoxicillin is administered for 5 days, followed by triple-drug therapy (PPI, clarithromycin, and metronidazole or tinidazole) for an addi-

tional 5 days. Compared to standard triple-drug therapy of 7 days, sequential therapy has demonstrated higher eradication rates [26,36].
Sequential therapy is recommended as an alternative to standard triple-drug therapy in many countries. However, a clinical trial con-

ducted in seven Latin America sites revealed that standard triple-drug therapy for 14 days is preferable to 10-day sequential therapy in
managing H. pylori infection in the Latin American population, with eradication rates of 82.2% and 76.5%, respectively [37]. Thus, the
choice of first-line drug therapy for eradication of H. pylori might depend, in part, on the geographic location.
Rescue therapy

Quadruple-drug therapy with bismuth and levofloxacin-containing triple-drug therapy is considered rescue therapy in the case of

first-line therapy [26].

Recurrence after successful eradication
Xue., et al. (2019) conducted a study exploring H. pylori infection recurrence rate following successful eradication and the factors

responsible for such [29]. Overall, the 1050 patients involved in the study were followed with the 13C-urea breath test (UBT) or WarthinStarry (WS) staining at 8–12 weeks and 1 and 3 years after successful completion of therapy. The researchers found that H. pylori infection’s recurrence rates were 1.75% and 4.61% after 1 and 3 years of successful infection eradication, respectively [38]. The researchers

further concluded that poor socio-economic conditions and sanitary habits are risk factors associated with the recurrence of H. pylori
infection after successful eradication [38].

Conclusion

Eradication of H. pylori infection is of utmost importance as the infection can lead to peptic ulcer disease, gastritis, and malignancy. H.

pylori infection should be treated appropriately to avoid associated diseases, sequelae, and recurrence. Combination therapy with anti-

microbial agents and PPIs are recommended for managing the infection. Several regimens have been approved for treating the infection,
but the standard 7-day triple-drug therapy and sequential 10-day therapy are typically considered first-line treatments. These regimens’
efficacy is influenced by various factors, such as geographic location, intragastric pH, and resistance of H. pylori to antibacterial drugs. In

addition to the approved pharmaceutical regimens, alternative therapies with purported benefits for managing H. pylori infection include
probiotics and phytomedicines.
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