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Abstract. Antibiotic-resistant Helicobacter pylori infection has emerged as a major
global public health concern, significantly compromising the efficacy of standard eradication
therapies. The increasing prevalence of resistance to clarithromycin, metronidazole, and
levofloxacin has been associated with higher rates of treatment failure, persistent gastritis,
recurrent peptic ulcer disease, and an elevated risk of gastric malignancies. Molecular
mechanisms driving resistance include point mutations in bacterial genes (23S rRNA, rdxA, frxA,
gyrA) and biofilm formation, which collectively reduce antibiotic susceptibility. Regional
variations in resistance prevalence highlight the importance of localized surveillance and
tailored therapeutic strategies. Advances in molecular diagnostics, personalized treatment
regimens, and bismuth-based quadruple therapies have improved eradication outcomes in
resistant infections. This review emphasizes the urgent need for integrated clinical, molecular,
and public health approaches to mitigate the spread of antibiotic-resistant H. pylori and improve
global infection control.
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Introduction

Helicobacter pylori infection remains one of the most significant global public health
challenges due to its strong association with chronic gastritis, peptic ulcer disease, gastric
adenocarcinoma, and mucosa-associated lymphoid tissue lymphoma. Despite the availability of
established eradication regimens, the effectiveness of standard therapies has steadily declined
worldwide over the past decade. This reduction in therapeutic success is primarily attributed to
the growing prevalence of antibiotic-resistant H. pylori strains, particularly against
clarithromycin, metronidazole, and levofloxacin. The emergence and rapid spread of antibiotic
resistance have led to substantial variability in eradication rates across different regions.

Numerous epidemiological studies indicate that clarithromycin resistance has reached
30-50% in several Asian countries, while resistance levels of 20-30% have been reported in
parts of Europe and the Americas. Such alarming trends highlight the urgent need to re-evaluate
existing treatment protocols, incorporate local resistance patterns into clinical decision-making,
and adopt more personalized therapeutic strategies to achieve optimal clinical outcomes. The
global rise in antibiotic resistance not only undermines the effectiveness of current eradication
regimens but also increases the risk of treatment failure, disease recurrence, and progression to
severe gastrointestinal malignancies. Consequently, understanding the mechanisms driving
resistance, assessing its worldwide distribution, and identifying effective management
approaches are critical priorities for modern gastroenterology. This article aims to analyze the
global trends of antibiotic-resistant H. pylori, assess its clinical significance, and discuss
contemporary strategies for improving eradication success in the context of rising antimicrobial
resistance.

Relevance

The growing prevalence of antibiotic-resistant Helicobacter pylori represents a major
global health concern, as it directly compromises the success of commonly used eradication
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therapies. The progressive decline in treatment efficacy has significant clinical implications,
including increased chronic gastritis rates, higher recurrence of peptic ulcer disease, and an
elevated risk of gastric cancer development. Moreover, regional variations in antimicrobial
resistance patterns further complicate the selection of effective treatment regimens, making
standardized therapeutic approaches increasingly unreliable. The worldwide rise in resistance to
key antibiotics such as clarithromycin, metronidazole, and fluoroquinolones underscores the
necessity for continuous surveillance, updated clinical guidelines, and region-specific treatment
strategies. These factors collectively highlight the urgent relevance of investigating antibiotic-
resistant H. pylori as a critical issue in modern gastroenterology and global public health.

Aim

The main aim of this study is to examine the global trends in antibiotic resistance among
Helicobacter pylori strains and to assess its impact on current eradication strategies. The research
seeks to analyze regional differences in resistance rates, identify the primary mechanisms
contributing to antimicrobial resistance, and evaluate the effectiveness of existing therapeutic
protocols in the context of rising resistance. Additionally, the study aims to provide evidence-
based insights that can support the development of improved, personalized treatment approaches
and inform future clinical guidelines for managing H. pylori infection in diverse populations.

Main part

The global epidemiology of antibiotic-resistant Helicobacter pylori demonstrates marked
regional heterogeneity, which significantly affects eradication success rates in different
populations. Numerous population-based studies report that resistance to clarithromycin,
levofloxacin, and metronidazole has expanded steadily across Asia, Europe, Africa, and the
Americas over the past two decades. In several East Asian regions, clarithromycin resistance has
exceeded 40-50%, largely due to high consumption of macrolide antibiotics in the treatment of
upper respiratory infections. European surveillance networks have documented resistance levels
between 20-30%, with some southern countries reporting even higher values. Developing
nations show particularly rapid growth in resistance, mainly due to uncontrolled antibiotic
availability, lack of standardized treatment protocols, and minimal laboratory-based
susceptibility testing. Such epidemiological patterns illustrate a global shift from easily treated
H. pylori infections to persistent and recurrent cases that demand more complex therapeutic
strategies. As antibiotic resistance continues to rise, it becomes increasingly important to
implement targeted monitoring programs to guide region-specific therapeutic decisions and
maintain acceptable eradication rates.

Antibiotic resistance in H. pylori is primarily driven by genetic mutations that reduce
drug binding efficiency, alter bacterial metabolic pathways, or enhance protective mechanisms
such as efflux pumps. Clarithromycin resistance is mainly associated with point mutations in the
23S rRNA gene, most commonly the A2142G and A2143G substitutions, which diminish the
affinity of the antibiotic for the ribosomal binding site. Metronidazole resistance often results
from inactivation of nitroreductase enzymes encoded by the rdxA and frxA genes, preventing the
drug from being converted into its active cytotoxic form. Levofloxacin resistance arises from
mutations in the gyrA gene, modifying the quinolone-binding region of DNA gyrase and
reducing drug susceptibility. Additionally, emerging evidence suggests that H. pylori biofilm
formation plays a significant role in protecting bacterial communities from antibiotic exposure,
leading to persistent infection and treatment failure.
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Horizontal gene transfer and selective pressure from inappropriate antibiotic usage
further accelerate the development and transmission of resistant strains.

Understanding these molecular mechanisms is essential for designing novel therapeutic
approaches and improving predictive diagnostics in clinical practice.

The increasing prevalence of antibiotic-resistant H. pylori has major clinical implications,
as it significantly raises the likelihood of treatment failure, prolonged infection, and a greater
burden of gastrointestinal disease. Patients with resistant strains frequently experience persistent
dyspeptic symptoms, recurrent peptic ulcer disease, and ongoing gastric mucosal inflammation
that may progress to more severe pathological outcomes. Chronic colonization by H. pylori is a
well-recognized risk factor for gastric adenocarcinoma, which remains one of the most lethal
malignancies worldwide. Treatment failure also increases the risk of complications such as
gastrointestinal bleeding, perforation, and iron-deficiency anemia. In addition to direct clinical
consequences, resistant infections require more complex therapy regimens, longer treatment
durations, and more expensive medications, thereby imposing a substantial economic burden on
both patients and healthcare systems. Furthermore, persistent infection increases the likelihood
of bacterial transmission within families and communities, perpetuating the cycle of resistance.

These consequences highlight the urgent need for improved diagnostic strategies,
personalized therapy, and continuous surveillance to minimize long-term health risks.

Differential antibiotic usage patterns across continents have resulted in distinct resistance
profiles to the antibiotics most commonly used in H. pylori therapy. Clarithromycin resistance is
highest in regions with widespread macrolide use, particularly East Asia, where resistance rates
often exceed 40-50%, making traditional triple therapy ineffective as a first-line treatment.

Metronidazole resistance shows significant global variability, with rates ranging from
20% in some European countries to over 70% in parts of Africa and South Asia. This wide range
reflects differences in antibiotic prescribing practices for gynecological infections, parasitic
diseases, and dental conditions. Levofloxacin resistance has risen rapidly due to broad
fluoroquinolone use for respiratory and urinary tract infections, with resistance levels surpassing
25-30% in both Europe and Asia. Collectively, these resistance patterns demonstrate that
empirical treatment is no longer uniformly effective, and that therapy selection must be guided
by regional surveillance data.

Failure to account for local resistance trends contributes to high eradication failure rates
and accelerates the spread of multidrug-resistant H. pylori strains.

Standard triple therapy traditionally consisting of a proton pump inhibitor,
clarithromycin, and amoxicillin or metronidazole has become increasingly ineffective in regions
with high clarithromycin resistance, often achieving success rates below 60%. The inability of
this regimen to overcome resistance mechanisms has prompted major clinical guidelines to
recommend alternative strategies. Even quadruple therapies, which incorporate bismuth or
additional antibiotics, show variable effectiveness when resistance is present. In many settings,
the absence of routine susceptibility testing leads clinicians to select regimens empirically,
thereby increasing the likelihood of treatment failure. The pharmacokinetic limitations of certain
antibiotics, combined with patient nonadherence and bacterial biofilm formation, further reduce
treatment efficacy. Furthermore, prior antibiotic exposure strongly predicts unsuccessful
eradication, complicating management in individuals who have undergone repeated therapy
attempts.
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These limitations underscore the urgent need for treatment strategies that integrate local
resistance patterns, diagnostic precision, and individualized therapeutic planning to optimize
outcomes.

Recent advancements in diagnostic technologies have improved the ability to identify
antibiotic-resistant H. pylori strains rapidly and accurately. Molecular methods such as
polymerase chain reaction (PCR)-based assays allow direct detection of resistance-associated
mutations in stool, biopsy, or gastric fluid samples, eliminating the need for culture in many
cases. Real-time PCR and next-generation sequencing techniques provide high sensitivity and
can identify multiple resistance markers simultaneously, enabling clinicians to tailor therapy
based on specific genetic profiles. Culture-based susceptibility testing remains the gold standard
but is limited by technical complexity, low bacterial recovery rates, and the need for specialized
laboratories. Noninvasive diagnostic approaches are increasingly important in regions where
endoscopy availability is limited. The development of rapid point-of-care molecular assays holds
significant promise for reducing diagnostic delays and improving eradication success. Integrating
these technologies into routine clinical practice is essential for evidence-based treatment and
more efficient antibiotic stewardship.

To combat rising resistance, treatment strategies have shifted toward more robust
regimens such as bismuth-containing quadruple therapy, concomitant therapy, sequential therapy;,
and hybrid therapy, all of which demonstrate higher success rates in resistant infections. These
regimens combine multiple antibiotics and acid suppression mechanisms to maximize bacterial
eradication even in the presence of partial resistance. Personalized treatment based on molecular
resistance testing is increasingly recognized as the most effective approach, ensuring that
patients receive antibiotics to which their bacterial strain is susceptible. Adjunctive therapies,
including probiotics and optimized acid suppression with potassium-competitive acid blockers,
have also shown potential to enhance eradication rates. Additionally, strict antibiotic stewardship
programs, improved prescribing practices, and public health policies aimed at reducing
unnecessary antibiotic use are essential for slowing the emergence of resistance. Research into
novel antimicrobial agents, antimicrobial peptides, and vaccine development represents another
promising avenue for overcoming current therapeutic limitations.

As antibiotic resistance continues to rise, future management of H. pylori infections will
require a more comprehensive, internationally coordinated approach. Strengthening global
surveillance networks is essential for providing real-time data on resistance patterns and guiding
evidence-based treatment strategies. Advancements in genomic research may soon enable
predictive modeling of resistance emergence and support the development of precision-medicine
approaches tailored to individual patients. Vaccine development, although still in early stages,
remains a long-term goal that could significantly reduce infection rates and prevent the
progression to gastric cancer. Public health initiatives must prioritize education on antibiotic
misuse, improved sanitation, and screening programs for high-risk populations. Ultimately,
addressing the public health implications of antibiotic-resistant H. pylori requires a
multidimensional strategy that connects clinical practice, molecular research, epidemiology, and
global policy. Only through sustained international cooperation can the growing burden of
resistant infections be effectively controlled.

Discussion

The observed global trends underscore that antibiotic resistance in H. pylori is a critical
factor limiting the effectiveness of standard eradication regimens.
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The high prevalence of clarithromycin and metronidazole resistance directly correlates
with the failure of traditional triple therapy, particularly in East Asia and developing countries.

Molecular studies confirm that point mutations in target bacterial genes are the primary
mechanism driving resistance, while biofilm formation and horizontal gene transfer further
complicate eradication efforts. Clinically, antibiotic resistance contributes to persistent gastritis,
recurrent peptic ulcers, and an elevated risk of gastric malignancies. Patients infected with
resistant strains often require multiple therapy courses, prolonged treatment duration, and more
complex antibiotic combinations, increasing the burden on healthcare systems. These findings
emphasize the need for region-specific surveillance programs to guide therapy and minimize
empirical treatment failure. Advances in molecular diagnostics, including PCR-based detection
of resistance mutations and next-generation sequencing, provide tools for personalized therapy,
improving eradication success. However, limited access to such technologies in low-resource
settings continues to impede optimal management. Consequently, global strategies should
integrate antibiotic stewardship, public health education, and surveillance systems to reduce the
emergence and spread of resistant H. pylori strains. Furthermore, therapeutic approaches must
evolve to counter resistance. Bismuth-containing quadruple therapy, concomitant and sequential
regimens, and adjunctive measures such as probiotics and enhanced acid suppression have
shown increased efficacy in resistant infections.

Ongoing research into novel antimicrobial agents and vaccine development offers
potential long-term solutions for global control of H. pylori infections.

Results

The analysis of global epidemiological data indicates a steady increase in antibiotic-
resistant Helicobacter pylori strains over the past two decades. Clarithromycin resistance is
particularly prevalent, with rates exceeding 40-50% in East Asia, 20-30% in parts of Europe,
and 25-35% in the Americas. Metronidazole resistance shows even greater variability, ranging
from 20% in certain European countries to over 70% in South Asia and Africa. Levofloxacin
resistance has also escalated worldwide, with prevalence estimates between 15% and 30%
depending on regional antibiotic usage. Molecular investigations revealed that clarithromycin
resistance is primarily linked to point mutations in the 23S rRNA gene (A2142G, A2143G),
while metronidazole resistance arises from mutations in rdxA and frxA genes that impair drug
activation.

Levofloxacin resistance is associated with mutations in the gyrA gene, altering DNA
gyrase binding. Additionally, biofilm formation was observed in resistant strains, contributing to
persistent infection and reduced antibiotic susceptibility. Clinical data demonstrate that patients
harboring resistant H. pylori strains experience higher rates of treatment failure. Standard triple
therapy achieves success rates below 60% in regions with high clarithromycin resistance,
whereas quadruple or sequential regimens show improved outcomes. Recurrent infection and
prolonged treatment courses increase both patient morbidity and healthcare costs.

Conclusion

Antibiotic-resistant Helicobacter pylori represents a significant global public health
challenge, undermining the effectiveness of standard eradication regimens and contributing to
persistent gastrointestinal disease. The widespread prevalence of resistance to clarithromycin,
metronidazole, and levofloxacin has led to increased rates of treatment failure, recurrent
infection, and higher risk of gastric malignancies.
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Molecular mechanisms, including point mutations in key bacterial genes and biofilm
formation, play a central role in the emergence and persistence of resistant strains. The findings
underscore the critical need for region-specific surveillance, rapid molecular diagnostics, and
personalized treatment strategies to improve eradication outcomes. Implementation of bismuth-
containing quadruple therapy, sequential and concomitant regimens, along with adjunctive
measures, has shown promise in overcoming resistance.

In addition, antibiotic stewardship, public health interventions, and ongoing research into
novel therapeutics and vaccines are essential to curb the global spread of resistant H. pylori. In
conclusion, a comprehensive, multidisciplinary approach integrating clinical management,
molecular diagnostics, and public health strategies is necessary to address the rising threat of
antibiotic-resistant H. pylori and ensure effective infection control worldwide.
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