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Abstract. Antibiotic-resistant Helicobacter pylori infection has emerged as a major global 

health concern, significantly reducing the effectiveness of conventional eradication therapies.  

Resistance to clarithromycin, metronidazole, and levofloxacin has led to persistent 

gastritis, recurrent peptic ulcers, and increased risk of gastric malignancies. Regional variations 

in resistance patterns complicate empirical treatment and necessitate tailored therapeutic 

approaches. Modern strategies, including bismuth-containing quadruple therapy, sequential and 

concomitant regimens, and molecular-guided personalized treatments, have improved eradication 

outcomes. Adjunctive measures such as probiotics and optimized acid suppression further enhance 

treatment efficacy. Ongoing research into novel antibiotics, vaccines, and alternative delivery 

systems offers promising solutions for the long-term management and prevention of resistant 

infections. This review emphasizes the importance of integrating clinical, molecular, and public 

health strategies to reduce the global burden of antibiotic-resistant H. pylori. 
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Introduction 

Helicobacter pylori is a Gram-negative bacterium that chronically infects the gastric 

mucosa of nearly half of the global population. Infection is strongly associated with chronic 

gastritis, peptic ulcer disease, and gastric malignancies. Traditionally, eradication has relied on 

standard triple therapy, combining a proton pump inhibitor with clarithromycin and either 

amoxicillin or metronidazole. However, the increasing prevalence of antibiotic-resistant H. pylori 

strains has significantly reduced treatment efficacy, leading to persistent infection, recurrent 

gastrointestinal disorders, and elevated risk of gastric cancer. The emergence of resistance, 

particularly to clarithromycin, metronidazole, and levofloxacin, presents a major challenge for 

clinicians worldwide. Variations in regional resistance patterns necessitate tailored therapeutic 

approaches and highlight the limitations of empirical treatment. Consequently, there is an urgent 

need to explore modern treatment strategies, including bismuth-containing quadruple therapies, 

molecular-based personalized regimens, and novel pharmacological interventions, to improve 

eradication rates and reduce the global burden of resistant H. pylori infections. 

Relevance 

Antibiotic-resistant Helicobacter pylori poses a significant global health challenge, 

reducing the effectiveness of standard therapies and increasing the risk of chronic gastritis, peptic 

ulcers, and gastric cancer. Regional differences in resistance make empirical treatment often 

ineffective, highlighting the need for updated therapeutic strategies, personalized regimens, and 

novel interventions to improve patient outcomes and reduce the public health burden. 
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Main part 

Helicobacter pylori remains a highly prevalent infection, affecting approximately 4.4 

billion people worldwide. Antibiotic resistance is increasing, driven by overuse of macrolides, 

nitroimidazoles, and fluoroquinolones. Clarithromycin resistance exceeds 30–50% in several 

Asian countries, while in North America, resistance is around 10–15%, reflecting differences in 

prescription practices. Metronidazole resistance remains high in Africa and South Asia due to 

widespread use for parasitic infections. Fluoroquinolone resistance is rising, linked to the global 

use of these agents for respiratory and urinary infections. Age, socioeconomic status, and previous 

antibiotic exposure influence resistance prevalence. Urban populations often have higher rates due 

to easy access to antibiotics. Hospital-based studies report more resistant strains compared to 

community-based studies. Long-term eradication failures increase the risk of peptic ulcers and 

gastric cancer. Population-based surveillance is critical for tracking regional resistance trends.  

Antimicrobial stewardship programs can reduce unnecessary exposure. Resistance 

emergence is also linked to poor adherence to therapy. Studies suggest that resistance genes can 

persist for years in bacterial populations. Co-infection with other pathogens may influence 

resistance patterns. Migration and travel contribute to the spread of resistant strains. Geographic 

information systems (GIS) are increasingly used to map resistance hotspots. Early detection and 

reporting of resistance inform guideline updates. Combining epidemiological and molecular data 

improves prediction of treatment outcomes. Education of healthcare providers on rational 

antibiotic use is essential to slow resistance development. Global collaborations, including WHO 

programs, aim to monitor and control H. pylori resistance trends. 

2. Molecular and Cellular Mechanisms of Resistance 

Antibiotic resistance in H. pylori is mediated by genetic mutations, biofilm formation, and 

adaptive responses. Clarithromycin resistance results from mutations in the 23S rRNA gene, 

decreasing ribosomal binding. Metronidazole resistance involves inactivation of nitroreductase 

enzymes encoded by rdxA and frxA genes. Levofloxacin resistance is associated with mutations in 

the gyrA and gyrB genes, affecting DNA gyrase activity. Biofilms protect bacteria from antibiotic 

exposure, enhance persistence, and promote chronic infection. Efflux pumps actively remove 

antibiotics from bacterial cells, reducing intracellular concentrations. Stress responses induced by 

gastric acidity and reactive oxygen species contribute to survival under antimicrobial pressure.  

Horizontal gene transfer allows sharing of resistance determinants between strains.  

Epigenetic modifications may influence expression of resistance-related genes. Phenotypic 

heterogeneity within bacterial populations enables survival of a subpopulation under treatment.  

Resistance can also emerge during therapy due to selective pressure. Laboratory studies 

demonstrate that exposure to sub-inhibitory antibiotic concentrations accelerates mutation rates.  

Co-adaptation with host microbiota can modify bacterial susceptibility. Resistant strains 

may show reduced growth rates but increased survivability. Understanding cellular mechanisms 

guides the development of novel therapeutic targets. Molecular diagnostics can detect resistance 

mutations before therapy initiation. Next-generation sequencing provides comprehensive insights 

into multi-drug resistance profiles. Targeting biofilm and efflux mechanisms is an emerging 

therapeutic strategy. Global research emphasizes combining molecular knowledge with clinical 

management for optimized outcomes. 
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3. Contemporary Therapeutic Strategies for Resistant H. pylori 

Treatment of antibiotic-resistant H. pylori requires a combination of optimized regimens 

and personalized approaches. Bismuth quadruple therapy, including a proton pump inhibitor, 

bismuth, tetracycline, and metronidazole, shows eradication rates above 85% even in resistant 

infections. Concomitant therapy, combining a proton pump inhibitor with three antibiotics 

simultaneously, improves outcomes by addressing multiple resistance mechanisms. Sequential 

therapy delivers antibiotics in phases to enhance bacterial susceptibility. Molecular-guided 

therapy, based on resistance mutation detection, allows selection of the most effective drugs.  

Extended-duration regimens (14 days) increase eradication success compared to shorter 

courses. High-dose proton pump inhibitors enhance intragastric pH, optimizing antibiotic activity.  

Adjunctive probiotics reduce side effects, improve patient adherence, and may 

synergistically enhance bacterial clearance. Emerging therapies include novel antibiotics, 

antimicrobial peptides, and nanoparticle-based delivery systems. Vaccine development against H. 

pylori remains a long-term preventive goal. Lifestyle factors, such as diet and smoking cessation, 

complement therapeutic strategies. Re-treatment of refractory cases often requires switching 

antibiotic classes. Combination therapy reduces the risk of developing further resistance.  

Treatment must consider regional resistance prevalence and prior therapy history. Patient 

education and adherence monitoring are essential for successful eradication. Integration of 

molecular diagnostics into routine clinical practice is increasing. Public health strategies, 

including stewardship programs, limit unnecessary antibiotic exposure. Telemedicine and mobile 

health applications support patient follow-up and adherence. Multicenter clinical trials are 

evaluating novel regimens for resistant strains. Continuous research into alternative therapies 

ensures future treatment options. 

Conclusion 

Antibiotic-resistant Helicobacter pylori represents a significant global health challenge, 

undermining the effectiveness of conventional eradication therapies. The increasing prevalence of 

resistance to clarithromycin, metronidazole, and levofloxacin has led to higher rates of treatment 

failure, persistent gastritis, recurrent peptic ulcers, and an elevated risk of gastric malignancies.  

Regional variations in resistance patterns highlight the necessity of tailored, evidence-

based therapeutic approaches. Modern strategies, including bismuth-containing quadruple therapy, 

sequential and concomitant regimens, and molecular-guided personalized treatments, have 

improved eradication outcomes and reduced the risk of further resistance. Adjunctive 

interventions, such as probiotics and enhanced acid suppression, complement standard therapies 

by improving patient adherence and treatment tolerance. Continued surveillance of resistance 

trends, combined with public health initiatives and antibiotic stewardship programs, is essential to 

prevent the emergence of new resistant strains. Research into novel pharmacological agents, 

vaccines, and alternative delivery systems holds promise for the long-term management and 

prevention of H. pylori infections. An integrated approach, combining clinical, molecular, and 

public health strategies, remains critical to improving patient outcomes, reducing the global 

burden of infection, and ensuring sustainable control of antibiotic-resistant H. pylori. 
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