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ABSTRACT

Helicobacter pylori  infection remains a major clinical challenge due to its high global
prevalence, rising antibiotic resistance, and the increasingly limited effectiveness of traditional
treatment approaches. Although several diagnostic and therapeutic strategies are well
established, eradication rates continue to decline in many regions. Effective management now
requires careful selection of treatment based on local resistance patterns, adequate acid
suppression, and attention to treatment adherence. Current guidelines support the use of
bismuth-containing quadruple therapy, concomitant therapy, and susceptibility-guided
approaches where available. Emerging treatment options—including potassium-competitive
acid blockers, rifabutin-containing therapies, antimicrobial peptides, microbiome-modulating
interventions, and vaccine candidates—show promising potential to improve future outcomes.
Continued progress in diagnostics and access to newer therapies may enable more
individualized, effective, and preventive strategies in the management of H. pylori infection.
Materials and methods

The article is a result of the review of the scientific literature searched by keywords
“Helicobacter pylori ”, “eradication”, “antibiotic resistance”, “bismuth quadruple therapy”, and
“potassium-competitive acid blockers” available in the PubMed database. This overview
focuses on current standards, guidelines, and selected emerging therapies important for a
comprehensive strategy for managing H. pylori infection.

Aim of the study

The aim of the study is to review the current challenges and evidence-based strategies for
Helicobacter pylori eradication, with a particular focus on optimizing treatment in the era of
increasing antibiotic resistance and evaluating future therapeutic options.

Keywords: Helicobacter pylori, radication, antibiotic resistance, bismuth quadruple therapy,

potassium-competitive acid blockers, vaccine development



1. Introduction

Helicobacter pylori (H. pylori ) remains one of the most significant bacterial pathogens
worldwide, with an estimated global prevalence of nearly 50% [1], accompanied by substantial
regional variation shaped by socioeconomic conditions, hygiene standards, and early-life
exposure patterns [2]. Epidemiological data from Poland also indicate persistently high
infection rates among adults, with a considerable proportion of cases observed in pediatric
populations [3-5], underscoring the ongoing need for effective and accessible diagnostic and
therapeutic strategies [11,12].

Despite the long-standing availability of antibiotic-based eradication regimens, the clinical
management of H. pylori has become increasingly difficult. The reduced effectiveness of
traditional triple therapy is primarily driven by rising antimicrobial resistance to clarithromycin,
metronidazole, and fluoroquinolones [6-8]. Monitoring data from Europe and Asia consistently
show increasing antibiotic resistance, which reduces treatment success and requires updates to
standard therapeutic recommendations [6,7]. As a result, recent international guidelines now
favor bismuth-containing quadruple therapy, non-bismuth concomitant regimens, and
susceptibility-guided approaches as preferred first-line strategies [11]. These global trends have
also influenced current national recommendations in Poland [12].

At the same time, advances in pharmacotherapy have introduced new therapeutic
opportunities. Potassium-competitive acid blockers (PCABS), such as vonoprazan, offer more
stable and potent acid suppression than proton pump inhibitors and have demonstrated high
eradication rates across different clinical settings [14]. Additional antimicrobial options,
including rifabutin-based rescue therapies, show promise for patients with multidrug resistant
infections [15]. Beyond antibiotics, emerging research focuses on innovative modalities such
as antimicrobial peptides, microbiome-modulating interventions, nanotechnology-enhanced
drug delivery, and next-generation vaccine candidates [18-21,24,25]. Overall, these
developments are moving clinical practice toward individualized therapy based on resistance
data, patient factors, and local epidemiology [16,17].

Given the increasing complexity of therapeutic decision making and the ongoing risk posed
by rising antimicrobial resistance, an updated synthesis of current standards is essential. This
review provides an overview of current evidence based therapies, key clinical challenges, and

emerging treatment strategies for H. pylori.



2. Epidemiology

The prevalence of Helicobacter pylori varies widely across the world and is strongly
influenced by socioeconomic conditions, sanitation, and early-life living environments [2]. In
many low- and middle-income countries, infection rates may reach 70-80%, largely due to
early childhood exposure, crowded living conditions, and limited access to clean and safe water
[2].

In contrast, most high-income countries report prevalence below 30%, reflecting improvements
in hygiene, public health infrastructure, and overall living standards, with a continued decline
observed in Western Europe, North America, and East Asia [1,2].

Polish epidemiological data show a similar downward trend. Earlier studies reported adult
prevalence exceeding 70% [3], whereas more recent findings indicate lower infection rates,
although H. pylori remains present across all age groups, including children [4,5]. Despite
decreasing prevalence, the infection continues to be clinically relevant, especially given the

rising challenge of antibiotic resistance [6-8].

3. Pathogenesis and Mechanisms of Colonization
3.1 Virulence factors

1. Helicobacter pylori expresses several virulence factors that allow it to adapt to the
acidic gastric environment and establish long-term colonization [13]. One of the most important
IS urease, an enzyme that neutralizes gastric acid and creates conditions that support bacterial
survival. Flagella provide motility, enabling the bacterium to move through the gastric mucus
layer and reach the epithelial surface [13].

2. Adhesins such as BabA and SabA facilitate binding to gastric epithelial cells, supporting
stable colonization and promoting persistent infection [13]. Two additional virulence-
associated proteins, CagA and VacA, play major roles in gastric injury and disease progression
[13]. After translocation into host cells, CagA disrupts normal signaling pathways and triggers
inflammatory responses, while VacA induces epithelial vacuolization, mitochondrial
dysfunction, and immune evasion [13].

3. Together, these mechanisms support chronic gastric inflammation and increase the risk

of progressive mucosal damage and malignant transformation [22].



4. Diagnosis of Helicobacter pylori Infection

Accurate diagnosis of Helicobacter pylori infection is essential for selecting the appropriate
treatment, confirming eradication, and reducing the long-term risk of complications such as
peptic ulcer disease and gastric cancer [11]. Diagnostic tools include non-invasive tests, which
are generally preferred during initial evaluation, and invasive endoscopic methods, which offer
additional clinical information and allow assessment of antibiotic resistance [11,12].

4.1 Non-Invasive Diagnostic Methods

The urea breath test (UBT) is considered the most reliable non-invasive method due to its
high sensitivity and specificity [11]. When ~13C-labelled urea is used, UBT can accurately
detect active infection and is recommended for both initial diagnosis and post-treatment
confirmation [11].

Stool antigen testing using monoclonal antibodies provides diagnostic accuracy comparable
to UBT. It is a practical option when breath testing is not available. To reliably confirm
eradication, testing should be performed at least four weeks after completing therapy [11].

Serological assessment detects 1gG antibodies but cannot distinguish active from past
infection. Therefore, it is not recommended for confirming eradication. However, serology may
be useful in selected cases, such as in patients with gastric atrophy or in those taking proton
pump inhibitors, where other diagnostic methods may give false-negative results [11].

Although stool antigen testing is currently the main non-invasive alternative to UBT,
ongoing technological development may lead to more advanced stool-based diagnostic tools in
the future. These could offer improved detection accuracy and provide additional information
relevant for personalized treatment approaches [11].

4.2 Invasive Diagnostic Methods

Endoscopy with biopsy is indicated in patients presenting with alarm symptoms,
gastrointestinal bleeding, or an increased risk of gastric cancer [11]. Biopsy samples allow
several complementary diagnostic procedures:

e Rapid urease test (RUT) — provides quick and specific detection of urease activity
[11].
e Histology — essential for evaluating gastritis, intestinal metaplasia, dysplasia, and

neoplastic changes [11].



e Culture with antibiotic susceptibility testing (AST) — considered the reference
standard for assessing resistance, although its use is limited by technical challenges

and variable availability in many centers [6-8].

PCR-based genotyping of gastric tissue can identify mutations linked to clarithromycin
and fluoroquinolone resistance [7,8]. Although not routinely performed in all clinical settings,
this method is becoming increasingly relevant in regions with rising antimicrobial resistance
[6-8].

5. Current Treatment Strategies

Therapeutic strategies for Helicobacter pylori infection have evolved considerably in
recent years, mainly due to rising antibiotic resistance and the declining effectiveness of
clarithromycin-based triple therapy [6-8,11]. Current guidelines emphasize quadruple therapy,
effective acid suppression, and susceptibility-guided treatment when available [11]. Successful
eradication depends on choosing appropriate antibiotics, ensuring adequate treatment duration,
and maintaining stable gastric acid suppression [11,14,16].

5.1 First-Line Treatment Options

Current guidelines recommend the following first-line therapies for H. pylori infection [11]:

e Bismuth quadruple therapy (BQT):
PPl + bismuth + tetracycline + nitroimidazole; recommended for 14 days and
effective even where metronidazole resistance is common [11].

e Non-bismuth concomitant therapy:
PPI + amoxicillin + clarithromycin + nitroimidazole; suitable only in regions with
clarithromycin resistance <15% [11].

e PCAB-based triple therapy (vonoprazan regimens):
Vonoprazan + amoxicillin + clarithromycin; offers stronger acid suppression and
higher eradication rates compared with traditional PP1-based regimens, including in
settings with moderate clarithromycin resistance [14,26,27]. PCAB-based therapies
are currently available only in some countries and remain limited in many regions
[14].

These therapies represent the main evidence-based options currently recommended for

initial eradication [11,16].



5.2 Second-Line and Rescue Therapies

When first-line therapy fails, current guidelines recommend choosing regimens that contain
antibiotics not previously used [11,16].

e Levofloxacin-based triple therapy
A possible option when local fluoroquinolone resistance is low, although its
usefulness has declined due to increasing resistance worldwide [6-8].

e Rifabutin-based triple therapy
PPI + amoxicillin + rifabutin; an effective rescue regimen with high eradication
rates, including in multidrug-resistant infections [15].

e Susceptibility-guided therapy
Culture-based or molecular testing (e.g., PCR for clarithromycin or quinolone

resistance) improves eradication outcomes and is preferred when available [11].

These approaches provide alternatives after first-line treatment failure and support more
individualized therapy [11,16,17].

5.3 Optimizing acid suppression and treatment duration

Adequate acid suppression is essential for improving antibiotic effectiveness and overall
treatment outcomes [11,14]. PCABs provide more stable gastric pH control than PPIs and help
reduce variability related to CYP2C19 metabolism [14,26]. Most current guidelines
recommend 14-day regimens for both bismuth and non-bismuth therapies, as shorter treatment
durations are consistently associated with lower eradication rates [11].

5.4 Treatment Recommendations in Poland

Current treatment practice in Poland follows the Maastricht VI recommendations, adjusted
for local antimicrobial resistance patterns [11,12]. Because clarithromycin resistance in Poland
clearly exceeds 15%, clarithromycin-based triple therapy is no longer recommended as a first-
line option [6-8].

The preferred first-line treatment is:

e Bismuth quadruple therapy (14 days) — PPl + bismuth + tetracycline +
nitroimidazole [11].
e Non-bismuth concomitant therapy (14 days) — may be used when bismuth is not

available or not tolerated [11,12].

For patients who fail first-line treatment, treatment should include antibiotics not
previously used [11,16]. Levofloxacin-based therapy may be considered in selected cases,

8



although rising fluoroquinolone resistance limits its usefulness [6—8]. Rifabutin-based therapy

and susceptibility-guided approaches are recommended when available [11,15].

6. Challenges in Current Therapy

Several treatment options for Helicobacter pylori are well established, but achieving
successful eradication is still difficult in clinical practice. The effectiveness of treatment may
be reduced by factors such as increasing antibiotic resistance, variable acid suppression, and
challenges with adherence [6-8,11,16]. Resistance levels vary between regions, which can
make it challenging to apply one universal treatment approach [6-8]. New therapies are
emerging, but limited access and early evidence of resistance show that important challenges
remain [14,26,27].

6.1 Antibiotic resistance

Antibiotic resistance is widely recognized as the leading cause of treatment failure.
Clarithromycin resistance now exceeds the 15% threshold in most parts of the world, including
Europe, and metronidazole resistance is particularly common in low- and middle-income
countries [6-8]. Fluoroquinolone resistance has also increased due to widespread use of these
drugs in general medicine [7,8].

These patterns reduce overall eradication rates and often lead to repeated treatment attempts,
higher healthcare use, and a need for alternative therapeutic options [6-8,16].

6.2 Acid Suppression Variability and Treatment Adherence

Effective eradication depends on maintaining adequate gastric pH to support antibiotic
activity. Proton pump inhibitors can provide inconsistent acid suppression, partly because
CYP2C19 metabolism varies between individuals [11,14,16]. Potassium-competitive acid
blockers (PCABs) offer more stable pH control and have shown improved outcomes in clinical
studies, but access to these agents remains limited in many countries [14,26,27].

Treatment adherence is another important factor that affects eradication success. Standard
therapies often require multiple daily doses and may cause gastrointestinal side effects, which
can discourage patients from completing the full course of treatment [11,16]. Even small
deviations from dosing schedules can significantly reduce treatment effectiveness [16].

6.3 Regional differences in resistance

Resistance profiles vary markedly between countries and even between local populations.

Polish studies have demonstrated high rates of clarithromycin and metronidazole resistance,



which limit the usefulness of traditional triple therapy [9,10]. Limited access to culture or
molecular susceptibility testing in many clinical settings further complicates individualized

treatment decisions and often forces clinicians to rely on empirical choices [9,10].

7. Emerging and Future Therapies

Growing antibiotic resistance and the limited effectiveness of traditional treatment options
have encouraged the development of new approaches for Helicobacter pylori [20,21]. Current
research focuses on improved acid suppression, alternative antimicrobials, microbiome-based
strategies, vaccine candidates, and advanced drug-delivery systems [20,21]. Although many of
these methods remain under investigation, several show meaningful potential for future clinical
use [20,21].

7.1 Potassium-Competitive Acid Blockers (P-CABS)

Potassium-competitive acid blockers, such as vonoprazan, provide stronger and more stable
acid suppression than proton pump inhibitors [14,26,27]. Improved pH control enhances the
activity of antibiotics, particularly amoxicillin and clarithromycin. Clinical studies have
reported higher eradication rates with vonoprazan-based therapies compared with standard PPI-
based options, including in populations with elevated clarithromycin resistance [14].

These findings suggest that PCABs may become an important part of future treatment
strategies, although their use remains limited in many regions due to restricted availability
[14,26].

7.2 Alternative Antibiotics and Adjunctive Strategies
7.2.1 Rifabutin-based therapy

Rifabutin-containing therapy shows high effectiveness in patients with multidrug-
resistant infections, with eradication rates frequently above 80% [15]. Resistance to rifabutin
remains low, making it an important rescue option and a potential future alternative when
traditional antibiotics fail [15].

7.2.2 Sitafloxacin

Sitafloxacin, a fourth-generation fluoroquinolone, has demonstrated high efficacy
against H. pylori in studies from Asia, including against strains resistant to other
fluoroquinolones [20]. However, concerns regarding adverse effects and emerging resistance
currently limit its broader international application [20].

4,
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7.2.3 Probiotics and Microbiome Modulation

Probiotics such as Lactobacillus, Saccharomyces boulardii, and Bifidobacterium may
reduce treatment-related gastrointestinal symptoms and modestly improve eradication rates
when used alongside standard therapy [18,19]. While they are not recommended as independent
treatment, they may support adherence and tolerability [18]. Broader microbiome-targeted
approaches are also being explored to restore gastric microbial balance and potentially decrease
the risk of reinfection [18-21].

Antimicrobial peptides (AMPs) disrupt the bacterial membrane and have shown activity
against H. pylori in experimental models [20,21]. Although still far from clinical application,
they may offer future alternatives to conventional antibiotics with a potentially lower risk of
resistance development [20].

7.2.4 Vaccine Development

Vaccination is considered one of the most promising long-term strategies for preventing
H. pylori infection and reducing gastric cancer risk [24,25]. Several vaccine candidates have
shown good immunogenicity and acceptable safety in early clinical trials [24,25]. An oral
recombinant vaccine tested in children demonstrated reduced colonization and strong mucosal
immune responses, suggesting meaningful preventive potential [24]. Although no vaccine is
yet available for clinical use, continued progress may eventually shift management from
treatment toward prevention [24,25].
7.2.5 Host-Directed Therapies

A deeper understanding of host immune mechanisms has prompted interest in therapies
that modulate inflammatory pathways, enhance mucosal healing, or strengthen innate immunity
[20-22]. Early studies suggest that host-directed approaches may help limit disease progression,
especially in patients with chronic gastritis or precancerous lesions [22]. These strategies
remain investigational but represent an important direction beyond traditional antibacterial
therapy [20-22].

8. Conclusions

Helicobacter pylori infection remains an important clinical and public health challenge.
Despite the availability of several established therapeutic approaches, eradication rates continue

to decline due to increasing antibiotic resistance, variability in acid suppression, and difficulties
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with treatment adherence. These factors highlight the importance of evidence-based treatment
selection and the need to strengthen access to diagnostic tools, including susceptibility testing.

Bismuth-containing and concomitant therapies remain effective first-line options in many
regions, particularly where clarithromycin resistance is high. Although newer acid-suppressive
agents and alternative antimicrobials show promising results, their limited availability restricts
their wider use in routine care.

Emerging strategies—including PCAB-based approaches, rifabutin therapy, innovative
antimicrobials, microbiome-modulating interventions, and vaccine development—may help
address current limitations. Continued research, together with improved diagnostic capacity,
will support more individualized and effective treatment pathways.

Progress in these areas may ultimately lead to better eradication outcomes and contribute to
long-term reductions in complications associated with H. pylori, including peptic ulcer disease

and gastric cancer.
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