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Preface

The persistent presence of Helicobacter pylori (H. pylori) infection poses a significant
challenge to global public health. Despite decades of research and medical advance-
ments, eradication of the bacterium remains elusive in many cases. The urgency to
address this issue has led to a multidisciplinary approach, integrating rapid diagnosis
and precision treatment strategies. This book, Towards the Evadication of Helicobacter
pylori Infection — Rapid Diagnosis and Precision Treatment, serves as a comprehensive
guide to navigating through the complexities of diagnosing and treating H. pylori
infection.

The first part of this book delves into the various diagnostic modalities available for
identifying H. pylori infection. In particular, Chapter 1 provides insights into rapid,
noninvasive techniques for detecting antibiotic resistance, a crucial aspect in tailoring
effective treatment regimens. Chapter 2 elucidates the roles of key cytokines, interleu-
kin 17 and interferon-gamma, in inflammation and diagnosis of H. pylori and associ-
ated gastric malignancies. Chapter 3 offers a thorough review of invasive methods
employed in diagnosing H. pylori infection, highlighting current practices and their
clinical implications. Finally, Chapter 4 explores the utility of linked color imaging

in endoscopic diagnosis, offering advancements in visualizing H. pylori-associated
lesions.

Furthermore, the second part of this book shifts the focus toward treating H. pylori
infection, addressing the challenges posed by antibiotic resistance and the role of
stewardship in optimizing treatment outcomes. Chapter 5 navigates through antibiotic
resistance patterns, emphasizing the importance of susceptibility testing and steward-
ship programs in guiding therapeutic decisions. Chapter 6 expands the horizon by
examining the relationship between H. pylori infection and oral pathology, shedding
light on potential oral manifestations and implications for treatment. Chapter 7 delves
into the dynamic changes of host immune response during H. pylori-induced gastric
carcinogenesis, providing insights into novel immunotherapeutic approaches. Finally,
Chapter 8 explores complementary replacement therapy as a potential adjunctive treat-
ment for chronic gastritis, offering a holistic approach to managing H. pylori-related
gastric inflammation.

This book amalgamates cutting-edge research, clinical insights, and practical
applications, aiming to equip healthcare professionals, researchers, and students
with the knowledge and tools necessary to combat H. pylori infection effectively. As
we embark on this journey toward eradication, it is imperative to harness collective
expertise across various disciplines to achieve our ultimate goal of eliminating the
burden of H. pylori-associated diseases. May this comprehensive compendium stand
as a testament to the relentless pursuit of understanding and combating H. pylori
infection, offering a multifaceted exploration of diagnostic modalities, therapeutic
interventions, and emerging strategies aimed at its eradication. As we navigate the
intricate landscape of H. pylori-associated diseases, this scholarly tome endeavors to



illuminate the path toward effective management and mitigation of its deleterious
effects on human health. Through the meticulous elucidation of molecular mecha-
nisms, epidemiological trends, and clinical outcomes, this collective endeavor seeks
to arm clinicians, researchers, and public health practitioners with the requisite
knowledge and tools to confront this formidable pathogen. By fostering interdisci-
plinary collaboration and fostering the dissemination of cutting-edge research find-
ings, this volume endeavors to catalyze transformative advancements in the field,
ultimately envisioning a future liberated from the burdens of H. pylori infection.

Finally, we are honored to extend my deepest gratitude to all the esteemed authors who
contributed their invaluable insights and expertise to this book. Their dedication and
scholarly contributions have truly enriched the content and advanced the discourse
within its pages. We would also like to express our heartfelt appreciation to Mr. Josip
Knapi¢, whose diligent efforts as the publishing process manager ensured the smooth
execution of this project. His guidance and support were instrumental in bringing this
endeavor to fruition. Additionally, we extend our sincere thanks to IntechOpen, the
world’s leading publisher of Open Access books, for their commitment to advancing
scientific knowledge and fostering collaboration within the academic community.
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Chapter 1

Rapid Non-Invasive Techniques for
Detecting Antibiotic Resistance in
Helicobacter pylori: An Update and
Clinical Applications

Xiao-Ying Zhou, Guo-Xin Zhang, Joy Qing-Jiao Liao
and Harry Hua-Xiang Xia

Abstract

The global prevalence of Helicobacter pylori infection remains high, posing a
significant health challenge worldwide. The efficacy of anti-H. pylori antibiotic-based
regimens is compromised by the increasing antibiotic resistance in H. pylori. Thus, it is
important to detect antibiotic resistance in H. pylori to ensure appropriate and effec-
tive treatment strategies. Currently, conventional culture-based methods are used for
detecting antibiotic resistance (so-called phenotypic resistance) in H. pylori, but these
methods are tedious and time-consuming (at least 72 h) and rely on the successful
culture of H. pylori. Over the past decade, emerging genotypic or molecular tech-
niques based on polymerase chain reaction or gene sequencing of DNA extracted from
cultured H. pylori cells or H. pylori-containing specimens, such as gastric biopsy, stool,
or saliva, have been developed to detect antibiotic resistance (so-called genotypic
resistance) in H. pylori. These methods are rapid (usually within 4 h), non- or
minimally invasive, cost-effective, and highly reproducible. Moreover, they can
detect heteroresistant strains, enabling tailored therapy. The development and
implementation of molecular techniques have significantly improved the accuracy
and speed of identifying antibiotic resistance in H. pylori, allowing for more effective
and personalized treatment strategies.

Keywords: Helicobacter pylori, antibiotic resistance, antibiotic susceptibility testing,
rapid non-invasive technique, tailored therapy

1. Introduction

Helicobacter pylori is a gram-negative bacterium that colonizes the human stomach,
affecting approximately half of the global population [1]. H. pylori infection is not
only a major cause of various gastrointestinal diseases, including gastritis, peptic
ulcers, mucosa-associated lymphoid tissue lymphoma, and gastric cancer but also
associated with various extra-gastrointestinal diseases, such as diabetes mellitus,
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idiopathic thrombocytopenic purpura, etc. [2]. It has been established that eradication
of H. pylori infection is crucial for the treatment and prevention of these diseases.
Currently recommended H. pylori eradication regimens include triple therapies
containing a proton pump inhibitor such as omeprazole/esomeprazole, lansoprazole
or pantoprazole, or vonoprazan and two of the following antibiotics including
metronidazole, amoxicillin, clarithromycin, tetracycline, levofloxacin, or quadruple
therapies containing a proton pump inhibitor, a bismuth salt, and two of the
above-mentioned antibiotics [3]. Clinically, these regimens usually initially achieved
eradication rates of over 85% [4]. However, the emergence and spread of antibiotic
resistance among H. pylori strains significantly affects the clinical efficacy of these
triple or quadruple regimens, thus becoming major challenges in achieving successful
eradication. Although vonoprazan appears to regain the efficacy of triple therapies,
vonoprazan-containing triple therapies are reported to contribute to antibiotic
resistance if treatment fails [5, 6]. Therefore, identifying antibiotic resistance in

H. pylori is important for specifically selecting antibiotics for the eradication of

H. pylori infection.

Currently, conventional culture-based microbiological methods are commonly
used to determine the susceptibility of H. pylori strains to various recommended
antibiotics [7-11]. However, these methods are tedious, time-consuming, costly, and,
more importantly, invasive. In addition, culture of H. pylori from gastric biopsies is
not always successful due to technical difficulty, and thus susceptibility testing results
may not be available for some patients with H. pylori infection. Therefore, a rapid,
non-invasive, and accurate technique for the determination of susceptibility of
H. pylori to antibiotics is required for specific targeting treatment of the infection.

At present, several rapid, mostly non-invasive, techniques for determining the
susceptibility of H. pylori to antibiotics have been explored [12-20]. This chapter aims
to emphasize the importance of detecting antibiotic resistance in H. pylori, describe
currently used conventional methods and particularly emerging rapid non-invasive
techniques for detecting antibiotic resistance in H. pylori and their clinical implica-
tions, and propose future research directions.

2. Importance of detecting antibiotic resistance in H. pylori

Antibiotic resistance refers to the ability of bacteria to survive and multiply in the
presence of antibiotics which would normally inhibit or kill them. The development of
antibiotic resistance in H. pylori is primarily attributed to the overuse and misuse of
antibiotics in clinical practice.

The clinical efficacy of currently recommended eradication treatment regimens
heavily relies on the susceptibility of H. pylori strains to antibiotics. Early studies have
demonstrated that primary or secondary (acquired) resistance leads to treatment failure
[21, 22] and the persistence or recrudescence of H. pylori infection is associated with
chronic or recurrent diseases associated with H. pylori infection [23]. The impact of
antibiotic resistance on the success rate of eradication therapies has been confirmed by
recent studies. For instance, Wong et al. showed that metronidazole resistance was
associated with a decreased response to metronidazole-containing regimens; the eradi-
cation rate was 87.2 and 67.6% (P = 0.001) for patients with metronidazole sensitive and
resistant isolates, respectively [24]. Similarly, Arenas et al. found that clarithromycin
resistance significantly reduced the eradication rate of H. pylori when using
clarithromycin-based regimens (OR: 0.13; 95% confidence interval, 0.04-0.49) [25].

4



Rapid Non-Invasive Techniques for Detecting Antibiotic Resistance in Helicobacter pylori...
DOI: http://dx.doi.org/10.5772 /intechopen.1005256

The effects of antibiotic resistance on the clinical efficacy of H. pylori eradication
regimens are not limited to these two antibiotics. Resistance to other commonly used
antibiotics, such as amoxicillin, levofloxacin, and tetracycline, has also been reported
to compromise the success of eradication therapies [26-28]. Thus, H. pylori eradica-
tion should be guided by antibiotic susceptibility testing (AST), preferably by geno-
typic methods. Indeed, a recent meta-analysis enrolled 12 qualified randomized
controlled trials containing 3940 patients clearly demonstrated that the pooled eradi-
cation rates of tailored therapy based on the detection of genotypic resistance were
consistently higher than those in the empirical treatment group [29].

Therefore, to ensure the efficacy of H. pylori eradication therapies, it is essential
to detect antibiotic resistance in H. pylori before initiating treatment. By identifying
the antibiotic susceptibility profile of H. pylori, clinicians can tailor the treatment
regimens to the individual patients.

3. Conventional phenotypic culture-based methods for detecting
antibiotic resistance in H. pylori and their limitations

The conventional microbiological methods are mainly based on the culture of the
gastric biopsies taken during upper endoscopy, subculture of H. pylori colonies, and
observation of the ability of the H. pylori isolates to grow on agar plates containing
various concentrations of antibiotics, and measurements of the minimal inhibitory
concentrations (MIC) or the minimal diameter of the inhibitory zone (MID) [7, 8];
the cut-off MICs and MIDs of commonly used antibiotics are listed in Table 1. Thus,
these methods directly determine the phenotypic pattern of antibiotic susceptibility of
H. pylori and are thus considered to be accurate in detecting antibiotic resistance (or
specifically phenotypic antibiotic resistance) in H. pylori.

Currently, four phenotypic methods including the agar dilution method, broth
microdilution method, disk diffusion test, and the Epsilometer test (or the E-test) are
commonly used in clinical practice [7-9].

Antibiotic The cut-off MIC (pg/mL) differentiating  The cut-off MID (cm) differentiating
susceptibility and resistance susceptibility and resistance

Metronidazole >8.0 [7, 30-34] <20 (5 pg/disk) [7]

Clarithromycin >0.5 [31-35] or 1.0 [19] or 2.0 [36] <30 (15 pg/disk) [36]

Tetracycline >1.0 [31-35]

Amoxicillin >0.125 [31, 33, 34], 0.25 [32] or 0.5 [35]

Levofloxacin >0.5 [35] or 1.0 [31-34]

Rifampicin >1.0 [31, 32, 34]

Rifabutin >1.0 [33]

Furazolidone >2.0 [32] <21 (100 pg/disk) [31, 37]

The cut-off criteria are mainly derived from EUCAST [34].
MIC, the minimal inhibitory concentration as detected by the agar dilution method, or the Epsilometer test (or the E-test);
MID, the minimal diameter of the inhibitory zone as detected by the disk diffusion test.

Table 1.
The cut-off minimal inhibitory concentrations and the minimal diameter of the inhibitory zones differentiating
susceptibility and resistance in Helicobacter pylori to various commonly used antibiotics.
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* Agar dilution method

The agar dilution method is considered the gold standard for detecting bacterial
susceptibility to antibiotics and is recommended by the Clinical and Laboratory
Standard Institute (CLSI). Briefly, bacterial suspension (2.0 McFarland) of each
of multiple H. pylori strains or isolates is spot-inoculated on Mueller-Hinton or
chocolate agar in a 150 mm plate; the agar medium is supplemented with 5 to
10% sheep or horse blood and contains one of 2-fold dilution concentrations of
an antibiotic. The agar plates are incubated at 35-37°C in a microaerophilic
environment and read for bacterial growth after 72 h of incubation. The lowest
antibiotic concentration at which there is no growth is defined as the MIC of
the antibiotic for the tested H. pylori strain or isolate [7, 8].

* Broth microdilution method

Similar to the agar dilution method, this method involves the preparation of
serial dilutions of antibiotics in a liquid growth medium. H. pylori suspension
is added to each well containing one of the antibiotic dilutions, and the MIC is
determined as the lowest concentration of the antibiotic that inhibits bacterial
growth. This method is now increasingly used in epidemiological studies and
clinical practice [9].

* Disk diffusion method

The disk diffusion method, or Kirby-Bauer test, is commonly used in
epidemiological studies. Briefly, a standardized inoculum is swabbed onto the
surface of Mueller-Hinton or chocolate agar in a 150 mm plate. Then, filter
paper disks impregnated with standardized concentrations of a few different
antibiotics are placed on the surface of predefined areas. The plates are
incubated as described for the agar dilution method, and the size of the zone
of inhibition around each of the disks is measured after 72 h [7, 10]. However,
this method has a labor-intensive nature stemming from manual
measurements and data documentation, and mainly relies on investigator
skill, leading to potential variations in results [38, 39].

o FE-test

This method is also known as the Epsilometer test. It employs a bacterial
solution calibrated to the McFarland standard of 3.0 on Muller-Hinton agar
supplemented with 5-10% sheep blood. Under microaerophilic circumstances,
an E-test strip impregnated with escalating quantities of antibiotics is placed
on inoculation plates and incubated for 72 hours at a temperature of 37°C. The
MIC is provided by an elliptical zone of inhibition. When compared to the agar
dilution or broth dilution procedures, the E-test is straightforward to execute,
and the results have been found to correlate closely with results obtained by
the gold standard (agar dilution), except for metronidazole, for which recent
studies have revealed inconsistency in the results [11]. The E-test possesses all
the disadvantages that the disk diffusion method does [7, 10, 11].

The above-described culture-based conventional phenotypic AST methods provide
valuable and accurate information on the susceptibility of H. pylori to antibiotics.
However, they have several limitations. First, the commonly used specimens for
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isolation and culture of H. pylori are gastric biopsies taken during the upper endos-
copy. Thus, upper endoscopic examination is a prerequisite for most cases. Notice-
ably, upper endoscopy is an invasive procedure that does not apply to the general
population. Second, isolation and subculture of H. pylori are difficult due to the
finicky nature of the bacterium and the high possibility of contamination with com-
mensals, and thus, AST of H. pylori can be carried out only in well-equipped labora-
tories with well-trained technicians. In addition, sufficient live H. pylori bacterial cells
in the specimen are required for successful isolation of the bacterium. Inadequate or
delayed specimen handling and processing and recent exposure to antibiotics or pro-
ton pump inhibitors (PPIs) would reduce the number of live H. pylori and thus
decrease the success rates [40, 41]. Indeed, the success rates for isolation of H. pylori
from gastric biopsies range from 67.9 to 96.0% in clinical practice [41, 42]. Finally, all
culture-based conventional phenotypic methods are tedious and time-consuming as
they all require a long (at least 72 h) cultural procedure and rely on the successful
isolation and subculture of the H. pylori isolate.

4. Genotypic or molecular-based methods for detecting antibiotic
resistance in H. pylori and their clinical applications

Given the limitations of conventional phenotypic methods, there is a pressing need
for rapid non-invasive techniques for detecting antibiotic resistance in H. pylori. It has
been revealed that antibiotic resistance in H. pylori is primarily attributed to point
mutations in specific genes; the point mutations rendering the resistance in H. pylori
to antibiotics commonly used in clinical practice are summarized in Table 2. There-
fore, genotypic or molecular methods that are based on polymerase chain reaction
(PCR) or gene sequencing of DNA extracted from purely cultured H. pylori cells or
H. pylori-containing specimens, such as gastric biopsy, stool, or saliva, have emerged
to detect antibiotic resistance (or specifically genotypic resistance) in H. pylori. These
methods are non- or minimally invasive, more rapid (usually within 4 h), cost-
effective, highly reproducible, and less affected by the modulation of bacterial burden
caused by the recent use of antibiotics and PPIs [12-20, 56-75]. Moreover, they can

Antibiotic Drug class Resistance mechanism Mutation position
Metronidazole Nitroimidazole Insertions/deletions,
[43, 44] frameshift mutations or

missense and premature
truncations in rdxA gene

Clarithromycin Macrolide The V domain of 23S rRNA A2142G, A2143G,

[43, 45, 46] A2142C

Tetracycline [47-49]  Tetracycline Triple base pair substitutions of =~ Positions 926-928
16S rRNA

Amoxicillin [50, 51] B-lactam Mutations in pbpIA gene

Levofloxacin [52, 53]  Fluoroquinolone The QRDR within gyrA gene Codons 87 and 91

Rifampicin [54, 55] Rifamycin Point mutations in the RRDR of Codons 525 to 545, 547,
rpoB gene and 586

Table 2.

The genetic mechanisms rendeving the vesistance in Helicobacter pylori to various antibiotics commonly used in
clinical practice.
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detect heteroresistant strains, which enables tailored therapy [41, 73, 74, 76, 77].
Therefore, genotypic methods can be used as an alternative to culture-based methods
for detecting the resistance in H. pylori to various antibiotics.

Several molecular-based methods, mainly based on PCR and sequencing, including
allele-specific PCR (AS-PCR), real-time quantitative PCR (RT-qPCR), multiplex PCR,
nested PCR, digital PCR (dPCR), and next-generation sequencing (NGS) have been
developed to detect genotypic resistance in H. pylori [12-20, 56-75]. The methods
detect mutations either by polymorphic or mutant allele-directed specific analysis
using specific primers or melting curve analysis [78]. In addition, the fluorescence in
situ hybridization (FISH) technique has also been applied to detect antibiotic
heteroresistant strains of H. pylori [73, 74].

4.1 PCR-based methods
4.1.1 Allele-specific PCR (AS-PCR)

This method involves designing specific primers that target known resistance-
associated mutations in genes responsible for antibiotic resistance. By amplifying the
target region, the presence or absence of specific mutations can be determined.
AS-PCR is applied by performing PCR using primers specific to the target mutation(s)
and analyzing the resulting PCR products to identify the presence of resistance-
associated mutations [12].

4.2 Real-time quantitative PCR (RT-qPCR)

This technique allows for the quantification of DNA in real-time during the ampli-
fication process. It can be used to detect the presence of specific antibiotic resistance
genes or mutations in H. pylori. RT-qPCR is applied by designing primers and a
fluorescent probe specific to the target gene or mutation. The amplification is moni-
tored in real-time using a fluorescent signal, and the presence or absence of the target
sequence is determined based on the amplification curve [13, 17-19]. Currently, a few
commercial RT-qPCR Kkits that detect clarithromycin resistance in H. pylori, namely,
ClariRes RT-PCR, Lightmix RT-PCR, and TagMan RT-PCR, are available [56-61].
These methods are reported to produce high concordance or accuracy rates (>90%),
compared with the E-test [44].

4.3 Multiplex PCR

This method enables the simultaneous amplification of multiple target genes or
regions in a single reaction. It can be used to detect multiple antibiotic-resistance
genes or mutations in H. pylori. Multiplex PCR is applied by designing primers specific
to each target gene or mutation and optimizing the reaction conditions to ensure
efficient amplification of all targets in a single reaction [14-16].

4.4 Nested PCR

This method involves two rounds of PCR amplification, with the second round
using primers that are specific to the product of the first round. It can be used to
increase the sensitivity and specificity of detecting antibiotic-resistance genes or
mutations in H. pylori. Nested PCR is applied by performing an initial PCR using outer
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primers that amplify the target region, followed by a second PCR using inner
primers that specifically amplify the product from the first round. The resulting PCR
products are then analyzed to detect the presence of resistance-associated genes or
mutations [20].

4.5 Digital PCR

Digital PCR partitions the PCR reaction into thousands of individual reactions,
allowing for the absolute quantification of target DNA molecules. This technique
has been explored to detect and quantify low-abundance antibiotic resistance
mutations in H. pylori [62]. Specifically, a droplet digital PCR assay was established
to detect H. pylori clarithromycin resistance-related 23S rRNA alleles in gastric
and stool samples. Of the gastric samples of 46 patients, 22 (48%) had only wild-type
(clarithromycin susceptible) alleles, and 24 (52%) had clarithromycin resistance
alleles. Of the 24 with clarithromycin resistance alleles, 11 had clarithromycin
resistance alleles only, and 13 had a mixed population of clarithromycin
resistance and wild-type alleles, suggesting heteroresistance. Of the stool samples of
45 patients, 17 (38%) had only wild-type (clarithromycin susceptible) alleles, and
28 (62%) had clarithromycin resistance alleles. Of the 28 with clarithromycin
resistance alleles, 11 had only clarithromyecin resistance alleles, and 17 had a mixed
population of clarithromycin resistance and wild-type alleles. The dPCR results were
highly concordant with that of culture E-test results [62].

4.5.1 Sequencing-based methods

Next-generation sequencing (NGS) techniques have evolved into potent, quick
(turnaround time of 24-72 h), and cost-effective methods for predicting antibiotic
resistance in H. pylori [63]. They can evaluate several genes at the same time. NGS
techniques are highly sensitive for detecting the presence of mutations and resistance
genes, compared with PCR-based techniques which only detect specific target genes,
and thus can lead to false negatives. The commonly used NGS technique is whole-
genome sequencing (WGS), which allows the determination of the entire DNA
sequence of an organism, and thus the presence or absence of certain genes and single-
nucleotide polymorphisms (SNPs) that are associated with or responsible for antibi-
otic resistance [64—67]. This method can be used to directly guide the treatment for
individual patients and to indirectly establish treatment guidelines according to the
local pattern of antibiotic resistance [64]. At present, the WGS technique has
already been applied directly to H. pylori resistance to antibiotics not only with
cultured H. pylori bacterial cells but also with clinical specimens, providing an
attractive option [68, 69].

Another NGS technique that has been explored to detect antibiotic resistance in
H. pylori is ChIP-sequencing, a gene chip technique. Based on the principle of
complementary pairing of bases, this technique is reported to have high sensitivity,
specificity, and high-throughput capacity for detecting antibiotic resistance of
H. pylori directly from gastric biopsies. Yin et al. used ChIP-sequencing to rapidly
diagnose H. pylori infection and detect antibiotic-resistant H. pylori in children. They
found that the sensitivity, specificity, and accuracy of the gene chip technology for
diagnosing H. pylori infection were 96.1, 85.0, and 93.6%, respectively. Moreover,
they identified several main H. pylori resistance gene loci using the gene chip; the
main mutation loci were 2143A/G for clarithromycin, GyrA 91 and GyrA 87 for
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levofloxacin, and PBP1 556ser for amoxicillin. Concordance rates between the gene
chip technique and DNA sequencing were greater than 95% for VacA-S/M, 16S rRNA,
23S rRNA, and GyrA, and greater than 82% for PBP1 [70].

Other NGS techniques, including whole exome sequencing, methyl sequencing,
targeted resequencing, de novo sequencing, and RNA sequencing [71, 72], may be also
applied in the detection of antibiotic resistance in H. pylori although their values have
not yet been explored.

4.5.2 FISH

This technique has also been applied to detect antibiotic heteroresistant strains of
H. pylori [73, 74]. Kocsmar et al. used an rRNA-targeted clarithromycin resistance
FISH test for the antral and corpus biopsy specimens of 305 H. pylori-infected
patients. They detected clarithromycin-resistant H. pylori in 73 (23.9%) cases, which
consisted of 35 (11.5%) homoresistant and 38 (12.5%) heteroresistant cases [73]. They
further used the same technique to investigate the proportion of resistant bacteria in
the bacterial population (R-fraction) and its predictive role for the use of
clarithromycin-based therapies in patients with clarithromycin-heteroresistant H.
pylori infection. They observed that the R-fraction was significantly increased in
patients with multiple previous eradication attempts, including at least one
clarithromycin-containing therapy than in those with only one previous eradication
attempt. In addition, multivariable regression analysis showed that the therapeutic
outcome using clarithromycin-based regimens depended on the bacterial density, not
a high R-fraction [74], suggesting the potential re-use of clarithromycin-containing
regimens in patients with clarithromycin-heteroresistant H. pylori infection. How-
ever, a high bacterial density is prone to the acquisition of antibiotic resistance during
the treatment, which is likely to be the actual cause of the treatment failure [75].

4.5.3 Clinical applications of genotypic or molecular-based methods

The use of molecular-based methods for detecting antibiotic resistance in H. pylori
has revolutionized the management approach for patients with H. pylori infection. By
providing rapid and accurate results, these methods enable clinicians to prescribe the
most effective antibiotic regimen, thereby increasing the chances of successful eradi-
cation and reducing the spread of resistant strains. In two large randomized controlled
trials of 880 patients (560 eligible treatment-naive and 320 with refractory H pylori
infection), Chen et al. demonstrated that clinical efficacy as represented by the erad-
ication rate was comparable between the molecular method-guided therapy and
culture-based method-guided therapy when used as the first-line therapy and rescue
treatment of H. pylori infection, hence supporting the use of molecular method-
guided therapy for H. pylori eradication [79]. More recently, Li et al. reported that
genotypic antibiotic resistance-tailored bismuth-containing quadruple therapy
resulted in eradication rates of 87.1 and 95.8% by intention-to-treat (ITT) analysis and
per-protocol (PP) analysis, respectively [80]. Lin et al. reported that, in a meta-
analysis of 4626 patients, the pooled eradication rates of the first-line and rescue
genotypic antibiotic resistance-tailored therapies were 86.6 and 85.1% by ITT analysis
and 92.0 and 87.9% by PP analysis, respectively. When tailored rescue therapy was
based on the genotypic resistance to at least four antibiotics, the pooled eradication
rates reached 89.4% by ITT analysis and 92.1% by PP analysis. For genotype-
susceptible strains, the pooled eradication rate with targeted antibiotics was 93.1%

10



Rapid Non-Invasive Techniques for Detecting Antibiotic Resistance in Helicobacter pylori...
DOI: http://dx.doi.org/10.5772 /intechopen.1005256

(95% CI:91.3-94.9%) [81]. Moreover, a recent meta-analysis demonstrated that
molecular method-guided therapy is more efficacious than empirical therapy when
used as triple therapy (not as quadruple therapy) [29].

Despite numerous advantages, molecular-based methods have limitations. PCR- or
NGS-based techniques are incapable of determining MIC, and the contribution of
each mutation to the MIC is not always obvious. Moreover, genomic prediction of
resistance and phenotypic culture-based susceptibility testing do not always corre-
spond. In addition, molecular-based methods can also underestimate resistance
caused by non-genetic mechanisms. Therefore, there is a need for additional
research to determine which genes or gene involvement patterns correlate most
strongly with phenotypic outcomes. To overcome the diminished predictive value
that could be the result of DNA fragmentation in formalin-fixed paraffin-embedded
tissue samples or associated contamination in stool samples, excellent DNA
extraction methods need to be developed. Consequently, studies with broader gene
coverages, larger sample sizes, or multicenter designs from various geographic
regions are necessary. Moreover, standardized and user-friendly computational
software and tools must be developed so that data obtained from molecular-based
methods, especially NGS, can be easily analyzed and implemented in routine
clinical settings.

Taken together, molecular-based methods have emerged as valuable tools for
detecting antibiotic resistance in H. pylori. They offer rapid and accurate results,
enabling effective patient management. However, continuous research is needed to
improve these methods and overcome their limitations.

4.5.4 Novel techniques for collecting specimens for genotypic-based methods for detecting
antibiotic vesistance in H. pylori

Specimens currently used for detecting genotypic resistance of H. pylori include
gastric biopsy, stool, or saliva [57, 61, 76]. Recently, Han et al. evaluated a string-test
kit for the collection of gastric material, on which RT-qPCR was performed for the
detection of H. pylori infection and genotypic resistance to clarithromycin and
levofloxacin. They demonstrated that there was a concordance rate of 95.9%
between such a string-qPCR and ">C-urea breath test, an accurate non-invasive
method widely used in clinical practice for diagnosis of H. pylori infection.

Moreover, they reported a high eradication rate of 91.8% with genotypic resistance-
tailored bismuth quadruple therapy [82]. The value of the string test coupled with
RT-qPCR for detecting H. pylori resistance to clarithromycin and levofloxacin has also
been validated in urban China in a recent multicenter, cross-sectional study [83].
Therefore, the string-qPCR test is a feasible method that can facilitate the detection of
genotypic antibiotic resistance in H. pylori, and thus further improve the clinical
practice in the treatment of H. pylori infection. The detailed procedures of the string-
gPCR test are presented as a video demonstration in a recent publication [84]. In
addition, Tang et al. evaluated surface-enhanced Raman spectroscopy (SERS) in
combination with machine learning algorithms for the detection of H. pylori

infection in human gastric fluid samples collected with the string test. They found
that this novel technique achieved a prediction accuracy of 82.2% in the detection of
H. pylori infection [85]; however, the value of SERS coupled with machine learning
algorithms in detecting genotypic antibiotic resistance in H. pylori needs to be further
investigated.
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5. Future research directions

The global prevalence of H. pylori infection remains high, posing a significant
health burden. However, current antibiotic treatment strategies are not entirely
effective due to increasing antibiotic resistance. Therefore, there is an urgent need to
optimize antibiotic-based therapies or to explore novel non-antibiotic therapeutic
approaches.

First, future research should focus on the optimization of antibiotic-based thera-
pies. On the one hand, antibiotic resistance-tailored therapy should be applied where
feasible. The recent Maastricht VI Consensus recommends that second-line and rescue
therapies be guided by local resistance patterns as determined by susceptibility testing
and monitoring eradication rates to maximize treatment success [86]. With the
advent of molecular techniques, rapid, non- or minimally invasive, accurate detection
of antibiotic resistance in H. pylori will be readily available soon. Well-designed
randomized controlled trials that include a large number of cases and compare AST-
guided rescue therapy with empirical rescue therapy should be carried out to achieve
optimized antibiotic-based therapies. On the other hand, further research is needed to
evaluate the efficacy of newly claimed promising empirical medicines, such as
vonoprazan-based therapies [4, 5, 87], with susceptibility-guided therapy.

Besides antibiotic therapeutic targets, future research should also focus on under-
standing the molecular mechanisms of H. pylori pathogenesis and host immune
response, which could lead to the development of targeted therapies and vaccines. For
example, a recent animal study by Liu et al. explored a nanoparticle-based
sonodynamic therapy, that effectively neutralizes vacuolating cytotoxin A, a key
virulence factor secreted by H. pylori, and generates reactive oxygen species. It was
observed that this non-antibiotic approach reduced H. pylori infection in mice without
disrupting gut microbiota, and thus could be an alternative to antibiotic-based thera-
pies for H. pylori infection [88]. However, its clinical relevance needs to be verified.
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Cytokines for Inflammation

and Diagnosis in Helicobacter pylori
and Gastric Malignancies
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Abstract

Helicobacter pylori infection is characterized by an inflammatory infiltrate that
might be an important antecedent of gastric cancer. Interferon-gamma (IFN-y) and
interleukin (IL)-17 are key cytokines produced by gastric T cells in Helicobacter pylori-
infected patients with gastric malignancies. We studied the levels of serum IL-17A in
subjects positive to Helicobacter pylori infection and diagnosed with gastric intestinal
metaplasia and dysplasia, as well as in patients with Helicobacter pylori infection and
non-atrophic gastritis, along with control subjects. Results showed that Helicobacter
pylori can cause inflammation in the stomach, specifically in cases of gastric intestinal
metaplasia and dysplasia in infected patients, leading to a significant rise in IL-17A
serum levels. Accordingly, we propose to consider measuring serum IL-17A for
managing Helicobacter pylori-infected patients, and potentially for predicting the risk
of developing gastric cancer.

Keywords: Helicobacter pylori, gastric cancer, gastric inflammation, interleukin 17,
interferon-gamma, serum cytokine, T cells

1. Introduction

Helicobacter pylori (H. pylori) is a spiral, microaerophilic, Gram-negative bacte-
rium. H. pylori infection is one of the most common bacterial infections that afflicts
over 50% of the world’s population and leads to persistent infections in the stomach
throughout a person’s life. The bacterium is the major contributor to several gastric
diseases, including gastric adenocarcinoma, autoimmune gastritis, gastric mucosa-
associated lymphoid tissue (MALT) lymphoma, gastric autoimmunity, and peptic
ulcer [1-11]. The World Health Organization classifies H. pylori as an IARC class I car-
cinogen that is the dominant risk factor for distal gastric cancer [12]. Eradicating H.
pylori has been shown to decline the incidence of gastric cancer [13-16]. The presence
of H. pylori infection in the stomach triggers a complex and multiform inflammation
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characterized by the infiltration of immune cells and the local production of vari-
ous inflammatory mediators, including cytokines and chemokines [17]. The host’s
immune system can either fight the H. pylori infection or the bacterium can evade

the host’s defense mechanisms; in the latter case, the chronic infection can lead to the
development of gastric cancer [18]. Certain factors of H. pylori, such as the cytotoxin
VacA and gamma-glutamyl transpeptidase GGT, can suppress the immune system
and impair both innate and acquired immunity. These factors exert their influence

on antigen-presenting cells and T cells [19-22]. Once in the stomach, H. pylori first
activates the innate immunity, recruiting macrophages and neutrophils which initiate
and sustain the inflammatory cascade. The gastric epithelium reacts to the bacterium;
the resident macrophages are activated by Toll-like receptors (TLR) with bacterial
products such as LPS, CagA, VacA, HP0175, heat shock proteins such as HP-NAP

[23, 24]. Furthermore, H. pylori peptidoglycan may result in activation of the NOD-1
receptors. These stimuli cause a massive release of chemokines such as IL-8, a strong
activator for neutrophils, and inflammatory cytokines such as IL-1, IL-6, TNF-a,
IFN-a, IL-12, and IL-23. In particular, IL-12 and IL-23 secreted by both macrophages
and neutrophils, play a key role in natural host defense and are decisive in driving the
subsequent adoptive cell response polarized as Thl. [25, 26].

Studies about host immune responses to H. pylori infection have mainly focused
on Thi, Th17, and Th2 cells. Some H. pylori strains may be more virulent than others,
and the involved immune responses may depend on the type of the host immune
response. A large body of clinical and experimental evidence has demonstrated that
H. pylori at any stage of the infection activates the production of high levels of IFN-y.
On the one hand, IFN-y is necessary for the control of infection; on the other hand,
whether its production is abnormally maintained for a very long period might lead
to gastric immunopathology and eventually to gastric cancer [27-30]. In H. pylori
infection, the adoptive immunity is predominantly mediated by Thl and Th17 cells.
In patients with gastric precancerous lesions and gastric adenocarcinoma, high gastric
IL-17 secretion is associated with IFN-y production [2, 23, 29, 31-33].

Mice with H. pylori infection may exhibit a dual Th17/Th1 response, with a first
Th17 action followed by the Thl response. Mice treated with anti-IL-17 antibody
showed a notable decrease in H. pylori burden and stomach inflammation, unlike
those treated with a control antibody. IL-17(—/—) mice exhibited decreased H. pylori
colonization and reduced gastric inflammation as well [34]. The precise mechanisms
underlying Th17 involvement in gastric tumorigenesis are yet to be established.
However, Kang JH et al. in their study suggest that IL-17A promotes gastric carcino-
genesis, in part, by regulating IL-17RC/NF-xB/NOX1 pathway [35]. Furthermore,

H. pylori CagY protein mainly induces the production of IFN-y and IL-17 by T helper
lymphocytes in the stomach, enhancing B cell growth and potentially causing gastric
MALT lymphoma. The increased production of IL-17 is associated with more severe
forms of H. pylori-associated diseases, especially with gastric premalignant and
malignant lesions [29, 36].

The severity of symptoms caused by H. pylori infection is related to the predomi-
nant subset of T cell-mediated immune response that subsequently occurs. It has been
shown that in the infected gastric mucosa, a specific pro-inflammatory response to H.
pylori, Thl polarization, correlates with more severe disease progression. Moreover, in
uncomplicated chronic gastritis (UCG), an H. pylori-specific T component Th1/Th2
mixed was found to prevail [27, 37-43].

In the gastric mucosa infected with H. pylori, the signaling pathway for Th1 is
stimulated by IL-12 [44]. A local ThO response, including interleukin-4 production by
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Th2 cells, represents an individual host factor that contributes to lowering the degree
of gastric inflammation and preventing ulcer complications. Thus, in uncomplicated
chronic gastritis, the Thl response is balanced by a concomitant Th2 response [27].
The immune profile in the reaction to H. pylori infection can be modulated by
co-infections (helminth parasitism and “African enigma”) or comorbidities. Some
population surveys have shown an inverse association between H. pylori infection
and Th2-related pathology like atopy, allergy, and asthma [45-48]. The pathogenic
potential of polarized Thl responses in H. pylori infection finds indirect support
in the phenomenon commonly known as “the African enigma” by which the high
prevalence of H. pylori infection in Africa is not supported by a correlated high
incidence of peptic ulcer disease and gastric cancer [49, 50]. One possible explana-
tion for this phenomenon is the simultaneous presence of an endemic high parasitic
burden, which is known to trigger a Th2-like immune response. The Th2 polarization
stimulated by helminth infections could attenuate the Thl-like immune response
induced by H. pylori infection and, consequently, the gastro-duodenal pathology
induced by the bacteria. This hypothesis has been supported by experimental studies
in which co-infection of mice with Helicobacter felis and a natural murine helminth
(Heligmosomoides polygyrus) led to a reduction in Thl-mediated gastric atrophy, which
is considered a pre-malignant lesion [51]. These Th2 responses may serve to protect
individuals with H. pylori infection from developing peptic ulcers and gastric cancer.
Inflammatory cytokines and chemokines can trigger several injurious effects on
gastric epithelial cells, including uncontrolled proliferation, resistance to apoptosis,
and DNA damage. These deleterious effects can eventually culminate in the cancer-
ous transformation of the gastric cells [52-54]. The carcinogenic pathway leading to
gastric cancer, which is closely associated with inflammation, is a multi-step process
that takes place in nearly 1% of individuals affected by chronic H. pylori infection. It
is important to note that while non-atrophic gastritis (NAG) develops in almost all
patients infected with H. pylori, in some cases the inflammation progresses to more
advanced stages of pre-malignancy, such as gastric intestinal metaplasia (IM) and
dysplasia (DYS) of the stomach [55, 56]. In the later stages of this inflammation-
induced carcinogenic process, various types of genetic instabilities occur, character-
ized by diverse and potentially harmful clonal assemblies [44, 57-60]. In this chapter,
we will review the different types of inflammation going on in the stomach of patients
with H. pylori infection and different clinical outcomes as gastric autoimmunity,
gastric MALT lymphoma and we will focus especially on gastric adenocarcinoma
and gastric premalignant lesions, such as gastric intestinal metaplasia and gastric
dysplasia, as well as on the potential usefulness of interleukin 17A (IL-17A) for the
management of patients with H. pylori infection and gastric adenocarcinoma or
gastric pre-malignancies.

2. Helicobacter pylori and gastric autoimmunity

H. pylori infection is closely linked to gastric autoimmunity. Numerous clini-
cal and epidemiological studies suggest that a significant majority of patients with
autoimmune gastritis (AIG) either currently have or have had H. pylori infection [10].
AIG is a chronic inflammatory disease characterized by autoimmune-mediated
destruction of parietal and zymogenic cells of the corpus and fundus of the stom-
ach which leads to atrophy of the gastric corpus mucosa. Pernicious anemia (PA)
may develop in advanced AIG, due to the lack of Intrinsic factor (IF) and related
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cobalamin decrease [61]. Remarkable resemblances can be highlighted between
classical AIG and H. pylori-induced corpus atrophic gastritis [62]; moreover, the AIG
preclinical stages can be effectively regressed by eradication of the bacteria [63-65].
H. pylori prompts the production of autoantibodies targeting gastric mucosal protein
epitopes in about half of infected individuals [56-70]. The process of molecular mim-
icry underlying the induction of autoimmunity in AIG takes place against the gastric
pump H'/K" ATPase antigen, the proton pump located in the secretory canaliculi of
the parietal cells [71]. The H'/K* ATPase is the primary autoantigen responsible for
the immunopathology in autoimmune gastritis (AIG) [72]. In mice, unlike what hap-
pens in humans, gastric autoantibody production due to H. pylori infection is caused
by a mimicry process with LPS Lewis blood-group antigens and Lewis antigens on the
glycosylated a-subunit [62, 63, 73].

In humans with AIG, H. pylori infection activates gastric T cells, a significant
proportion of which exhibit cross-reactivity against both H. pylori peptide antigens

Increased T cell cytotoxicity

Apoptosis Cell death

.\ Perforins

Gastric autoimmunity

AIG immunopathology
Figure 1.

Immunopathogenesis of autoimmune gastritis (AIG).
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and H*/K" ATPase through a mechanism involving molecular mimicry [10, 74].
The identification of these H. pylori/ATPase-specific T cells explains the correla-
tion between H. pylori infection and corpus atrophic gastritis. The research by
Bergman et al. aimed to determine the epitopes of the human gastric ATPase a and
p chains recognized by the autoreactive T cell clones infiltrating gastric biopsies of
AIG subjects. Their data identified a group of the H'/K* ATPase autoantigens that
resulted the same in all the enrolled AIG subjects, regardless of H. pylori infection
status [75, 76]. Interestingly, these bacterial crossreactive immunogenic antigens
were not constituent of the established immunodominant proteins of H. pylori
CagA, VacA and Urease, at the base of peptic ulcer [37] and chronic antral gastritis
etiopathogenesis [27]. Rather, these H. pylori cross-reactive epitopes mainly are
codified by the bacteria housekeeping genes and are HLA-DR-restricted [74].
When stimulated with their specific cross-reactive bacterial peptide, all the
ATPase/H. pylori-specific T cell clones obtained by gastric mucosa of AIG patients
exhibited a Thl phenotype, with a cytokine milieu composed of high amount

of IFN-y, without IL-4 and IL-5 secretion [74-76]. Following activation, all the
aforementioned ATPase/H. pylori-specific T cell clones showed cytotoxic activity
by Fas-Fas ligand (FasL)-mediated apoptosis or by perforin-mediated cytotoxic-
ity against gastric epithelial cells [55] which, following the action of IFN-y and
TNF-a, showed a heightened receptor Fas on their membrane [77], contributing
to their apoptosis induction (Figure 1) [78]. Consequently, in certain patients,
likely influenced by unknown genetic or environmental factors, H. pylori infection
causes an excessive cellular immune response at the gastric level, leading to gastric
autoimmunity through a mechanism of molecular mimicry.

3. Helicobacter pylori and gastric MALT lymphoma

Extranodal marginal zone B cell lymphoma of mucosa-associated lymphoid tissue
(MALT lymphoma) is the third most common type of non-Hodgkin lymphoma
[79, 80]. The stomach has the highest incidence of MALT lymphoma, with typical
clinical and histopathologic features [81]. The association between H. pylori infection
and gastric MALT lymphoma has been established through the finding of the bacteria
into a large number of MALT lymphoma biopsies [82]. H. pylori-related low-grade
gastric MALT lymphoma serves as a model for studying the interplay between chronic
infection, immune response, and lymphomagenesis. This tumor is notable as the first
neoplasia that could be totally cured in early stages, thanks to the removal of H. pylori
infection by antibiotic therapy [7]. The establishment of low-grade B cell gastric
MALT lymphoma is due to H. pylori infection in the presence of H. pylori-specific T
cells that provide an uncontrolled help function on tumor cell proliferation. Tumor
cells are memory B cells that remain responsive to differentiation signals, such as
CDA40 costimulation and cytokines produced by bacterial-specific Th cells. Thus, the
proliferation of B lymphocytes is strictly dependent on H. pylori-specific T helper
lymphocytes [83-85].

In the early phases, this tumor is responsive to the withdrawal of H. pylori-
induced T cell help, describing the tumor’s inclination to stay in its original
location and its clinical resolution following the antibiotic therapy to remove the
bacterium. Examining the helper function given by gastric H. pylori-specific T cell
clones to B cells has revealed in-depth knowledge on the molecular and cellular
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processes linked to the development of low-grade gastric MALToma. The T helper
cells isolated and amplified by cloning were tested for their antigen specificity

for H. pylori, achieving a positivity of 3-20%. The majority of the T cell clones
obtained was not specific for the well-known proteins CagA, VacA, Urease or HSP.
Each H. pylori-specific T helper clone obtained in vitro from gastric MALToma
infiltrate produced IL-2 and a milieu of B cell-activating cytokines, such as IL-4
and IL-13. These clones, after activation with the specific bacterial antigens
showed a potent help function for B cell activation and proliferation. B cells in
MALToma patients proliferate when exposed to H. pylori, but the B cell growth
stimulated by bacterial antigens requires T helper cells to occur [86].

Recently, we could demonstrate that CagY is an important H. pylori antigen and
is able to drive mucosal activation and B cell proliferation in gastric low-grade MALT
lymphoma [36]. In patients with chronic gastritis, whether with or without ulcers, the
helper function toward B cells exerted by H. pylori antigen-stimulated gastric T cell
clones was negatively regulated by the concurrent cytolytic killing of B cells [27, 37].
Conversely, gastric T cell clones from MALToma were incapable of downmodulating
their antigen-induced help for B cell proliferation. The perforine-mediated cytotoxic
function of these T cell clones against autologous B lymphocytes was absent. The
Fas-FasL mediated apoptosis toward tumor cells was founded in a small number of
H. pylori-specific T helper clones from MALT lymphoma in comparison to the ones
obtained from the mucosa of patients with uncomplicated chronic gastritis. The
dysfunction of perforin-mediated cytotoxicity and the restricted capacity to induce
Fas-FasL mediated apoptosis were unique to T cells that infiltrated MALTomas. T
helper lymphocytes specific for H. pylori antigens obtained from the peripheral
blood of the same subjects exhibited similar cytolytic potential and proapoptotic
activity as T helper cells from patients with chronic gastritis [86]. Mice with cyto-
toxic T cells deficient in perforin, develop lymphomas with age [87, 88] and, more
frequently and earlier, B cell lymphoma occurs in mice lacking both perforin and
beta-2 microglobulin (f2m). Furthermore, B cell lymphomas originating from mice
lacking both perforin and p2m are rejected by either NK cells or y8 T cells upon
transplantation into WT mice, rather than by ap T cells (as observed in tumors from
mice lacking only perforin), emphasizing that the tumor cell’s membrane expression
of MHC class I molecules is important in deciding which effector cell provide immune
protection [89].

Interestingly, subgroups of lymphoma patients have been found to have mutations
in the gene that codes for perforin [90], although, the involvement of this mutation in
etiogenesis remains unclear. Mice lacking in the pro-apoptotic cytokine TNF-related
apoptosis-inducing ligand (TRAIL) or with a mutate form of the death-inducing pro-
tein FasL have also been found to be vulnerable to developing late-onset spontaneous
lymphomas [75, 76]. These research unequivocally underscore the important function
of cytotoxic mechanisms in immune system regulation and/or suppression of natural
tumor growth in mice. It is not clear why gastric T cells of MALToma lack mechanisms
to control B cell growth despite providing potent support to B cells. VacA toxin has
been shown to block the processing of antigens in antigen-presenting cells (APCs)
and T cells, while it does not affect the release of perforin by NK cells [19, 21]. We can
hypothesize that in some H. pylori-infected subjects, certain bacterial components
can affect the regulatory cytotoxic mechanisms in gastric T cells that control B cell
proliferation, thereby allowing exhaustive and unbalanced B cell help and lympho-
magenesis to occur (Figure 2) [86, 91, 92].
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Figure 2.
Immunopathogenesis of gastric MALT lymphoma.

4. Helicobacter pylori and gastric pre-malignancies

A long-lasting gastric inflammation is considered risky for the development of
gastric adenocarcinoma [93]. TNF-« and IL-1p are key cytokines for the development
of a gastric niche that favors the onset of gastric cancer [94-96]. The continuous
secretion of cytokines in the stomach, characterized by a chronic pattern, has the
potential to influence the progression of gastric cancer [54, 97-101]. H. pylori is capa-
ble of triggering an innate immune response abundant in IL-1p, IL-6, transforming
growth factor (TGF)-f, and IL-23 which are able to steer a T cell response towards the
Th17 phenotype [96, 102]. Th17 inflammatory responses are orchestrated by T helper

27



Towards the Eradication of Helicobacter pylori Infection — Rapid Diagnosis and Precision Treatment

17 cells, which release IL-17 and play a pivotal role in initiating numerous inflamma-
tory pathways within the gastric environment [72]. Elevated levels of IL-17 have been
identified in gastric tissues of individuals with H. pylori infection [32, 34, 103].

We recently focused on the type of gastric T cell responses in H. pylori-infected
patients with gastric pre-malignant lesions, such as intestinal metaplasia/dysplasia
(IM/DYS), by defining the cytokine profile secreted by infiltrating gastric T cells [29].
ELISpot assay for IL-17 demonstrated that gastric-derived T helper cells from H. pylori-
infected IM/DYS patients significantly produced IL-17A in response to H. pylori antigen
compared to unstimulated conditions and non-H. pylori antigens (tetanus toxoid).

No significant IL-4 secretion from the same T cell lines was detected by ELISA. From
the T cell infiltrating the gastric mucosa of these H. pylori-infected IM/DYS patients,
242 T cell clones were obtained and characterized for their function and responsiveness
to H. pylori. No cytotoxic T cell clone was specific for H. pylori; 12% of CD4" T cell
clones proliferated in response to H. pylori antigens and all of them demonstrated IL-17
secretion by the entire population, with 11/29 clones producing both IFN-y and IL-17.
The sera from H. pylori-infected IM/DYS patients, H. pylori-infected patients without
IM/DYS and healthy controls were tested for IL-17A by Luminex technology. A signifi-
cant increase in serum IL-17A was detected in H. pylori-infected patients with gastric
premalignant lesions compared to healthy subjects. The serum IL-17A levels were
significantly higher in H. pylori-infected patients with gastric premalignant lesions
than in H. pylori-infected patients without gastric premalignant lesions.

The gastric precancerous cascade by Correa et al. [55, 56] highlights the progressive
changes in the gastric mucosa caused by H. pylori infection and leading to gastric adeno-
carcinoma. H. pylori infection induces both innate and adoptive immune responses.
The amount of IL-17 and the percentage of H. pylori-specific T helper 17 cells are in
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Figure 3.
IL-17A as a potential inflammatory marker for gastric cancer.
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patients with gastric premalignant lesions and gastric adenocarcinoma significantly
more elevated than the amount of IL-17 and Th17 cells found in patients with uncom-
plicated chronic gastritis. Thus, it is reasonable to hypothesize that the higher serum
levels of IL-17 found in patients with gastric premalignant lesions are due to decades of
higher activation of H. pylori-specific T helper 17 compartments in their gastric mucosa.
Therefore, IL-17A plays a crucial role in causing inflammation in the gastric mucosa of
patients with autoimmune atrophic gastritis without H. pylori infection [104], as well
as being a key cytokine in the immunopathogenesis of gastric intestinal metaplasia and
gastric dysplasia in H. pylori-infected patients, as shown in this study, both in the stom-
ach and in the blood (Figure 3). As this study is a preliminary single-center research,
itis crucial to conduct further multi-center inmvestigations on serum IL-17A levels in
gastric adenocarcinoma to better understand the proposed test.

5. Helicobacter pylori and gastric adenocarcinoma

Gastric cancer remains a significant global public health challenge, ranking as the
seventh most prevalent form of cancer worldwide and the fifth leading cause of cancer-
related death, according to data from GLOBOCAN 2020. Globally, approximately 1.9
million individuals are currently diagnosed with gastric cancer, accounting for 3.6% of
all cancer diagnoses. Furthermore, it stands as the fourth most common cause of cancer-
related deaths on a global scale. These statistics underscore the ongoing importance of
addressing gastric cancer as a major health concern [105]. It has been shown that there
isa predominant T helper 17 and T helper 1 response in H. pylori-infected patients with
gastric adenocarcinoma and in H. pylori-negative patients with autoimmune atrophic
gastritis [33, 104, 106]. There were no clues on which H. pylori antigen was able to drive
IL-17 production. It has been shown that the H. pylori HP0175 antigen can activate
the inflammation of T cells in the stomach. T cell lines were obtained from Tumor-
Infiltrating Lymphocyte (TIL) cells derived from the stomach of gastric adenocarcinoma
patients and were tested for their IL-17 secretion after HP0175, TT, or PPD stimulation in
ELISpot microplates. A significant proportion of all gastric-derived T cell lines specifi-
cally reacted to HP0175 by producing IL-17 in a dose-dependent manner, while non-H.
pylori antigens like TT and PPD were ineffective at any concentration used.

Gastric biopsies obtained by H. pylori-infected patients showed an inflammatory
infiltrate full of H. pylori-specific T cells actively producing IL-17. The IL-17 is pro-
duced by T cells following priming given by innate cells producing IL-23, TGF-f, etc.
[23, 29, 31-33, 107, 108]. TILs were also characterized at the clonal level [101] for their
HPO0175 specificity, obtaining no CD8" clone significantly proliferated. In contrast,

7% of the CD4" T cell clones showed significant proliferation to HP0175. It is of note
that H. pylori 0175 was able to induce the production by monocytes and neutrophils of
several cytokines (IL-23, IL-1p, TGF-B, IL-6) known to have the ability to induce the
production of IL-17 [23]. A similar study was carried out by testing the T cell response
toward HP1454 in the gastric mucosa of H. pylori-positive patients with chronic gastritis
and gastric adenocarcinoma [99]. T-cell blasts were recovered from gastric mucosa
samples and cloned through limiting dilution. All CD4* and CDS8" T cell clones obtained
from gastric biopsies of H. pylori-positive subjects underwent testing for prolifera-

tion response to HP1454 in the presence of irradiated APCs. In uncomplicated chronic
gastritis, 2.09% of the CD4" T cell clones were specific for HP1454, while in gastric
adenocarcinoma 7.78% of the CD4" T cell clones exhibited significant proliferation to
HP1454. Notably, none of the CD8" clones was specific for HP1454. Among the HP1454
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specific T helper clones from uncomplicated chronic gastritis, 1/3 produced IFN-y alone,
40% produced IL-17 alone, and 27% four produced both cytokines. Conversely, in
gastric adenocarcinoma, upon stimulation with HP1454, 30% of HP1454-specific T cell
clones produced IFN-y alone, 23% produced IL-17 alone and 47% produced both IFN-y
and IL-17. Remarkably, HP1454-specific clones from the gastric mucosa of patients with
gastric adenocarcinoma produced higher levels of tumor necrosis factor o and IL-17
compared to the HP1454-specific clones from patients with uncomplicated chronic
gastritis. These findings collectively suggest that the protein HP1454, released by H.
pylori-infected patients, plays a role in driving Th1 and Th17 inflammatory responses
during chronic H. pylori infection and in patients with distal adenocarcinoma.

Sun et al. in a recent elegant study characterized in patients with gastric cancer
the clonotype and trajectory analysis of gastric T cells by single-cell RNA-sequencing
(scRNA-seq) [109]. They found that also CD8" T cells from gastric cancer patients
produce IL-17 and promote tumor progression through IL-17, IL-22, and IL-26 signal-
ing. IL-17 can, in turn, activate the STAT3 signaling pathway and promote epithelial-
to-mesenchymal transition, migration, and invasiveness of gastric cancer cells [110].

H. pylori immunopathology in Gastric adenocarcinoma

J\i)

LONG LASTING
INFLAMMATION

Figure 4.
Thiy and Th1 immunopathology in gastric adenocarcinoma.
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Th17 immune response is directly driven by several H. pylori antigens such as the
above-mentioned HP0175, HP1454, CagY. T cells specific for HP0175, HP1454, Cagy,
and other H. pylori antigens, are activated in the stomach by H. pylori and secrete
IL-17. The number of H. pylori-specific Th17 cells present in the gastric mucosa is
significantly elevated in patients with gastric premalignant and malignant lesions
than in patients with uncomplicated chronic gastritis. Thus H. pylori drives abnormal
and long-lasting IL-17 production in some predisposed individuals leading to gastric
cancer [33, 36, 102, 110]. All these results point out that H. pylori is strongly able to
promote Th17 and Th1 inflammation in gastric cancer (Figure 4).

6. Conclusions

H. pylori infection is the primary reason for gastroduodenal issues, however, only
a small portion of H. pylori-positive individuals will experience long-term and serious
conditions like gastric cancer, B cell lymphoma, autoimmune gastritis, or peptic ulcer.
The type of host immune response against the bacterium is crucial for the outcome of
the infection. We investigated gastric immune responses in patients with gastric cancer,
gastric autoimmunity, peptic ulcer, and gastric lymphoma. A predominant immune-
pathological Th1 response, characterized by high IFN-y, TNF-«, and IL-12 production is
a hallmark of H. pylori infection, whereas combined secretion of both Thl and Th2 cyto-
kines are present in H. pylori infection with uncomplicated gastritis. We showed that a
polarized gastric Th1/Th17 response is built-up in H. pylori-positive subjects with gastric
adenocarcinoma, as well as in patients with gastric intestinal metaplasia and dysplasia
(IM, DYS). In H. pylori-infected patients, autoimmune gastritis occurs due to cytolytic T
cells that are activated following the cross-recognition of different epitopes of H. pylori
proteins and H*/K"-ATPase autoantigen via molecular mimicry. In H. pylori-related
low-grade gastric mucosa-associated lymphoid tissue (MALT) lymphoma, the neoplastic
B cells proliferate in response to H. pylori only in the presence of autologous T cells that
are essential for B cell proliferation. Different H. pylori antigens, such as Cag Y drive
gastric inflammation in low-grade MALT lymphoma. Gastric T cells infiltrating MALT
lymphoma mucosa have impaired ability to kill B cells through perforin and Fas-FasL
pathways, leading to excessive support for B cell growth. This indicates that uncontrolled
H. pylori-induced activation of T lymphocytes can contribute to the development and
progression of low-grade B cell lymphoma. The International Agency for Research on
Cancer has categorized H. pylori as a type I oncogenic factor for gastric adenocarcinoma.

The development of stomach cancer is a multi-step process that can take many
years and can progress to pre-cancerous stages like gastric intestinal metaplasia and
dysplasia (IM and DYS) before becoming a tumor. We recently analyzed the serum
IL-17A levels in individuals with gastric IM and DYS, and observed a significant rise
in IL-17A serum levels among these patients. Based on the results obtained so far, we
propose that testing serum IL-17A levels could help in handling H. pylori-infected
subjects and possibly even in predicting the onset of gastric cancer.
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Chapter 3

Invasive and Non-Invasive Methods
of Diagnosing H. pylori Infection:
A Review of Current Practice

Taylor Fontenot and Annabel E. Barber

Abstract

H. pylori infection can be diagnosed using both noninvasive and invasive methods.
There is no one gold standard test that is used for diagnosis. Invasive methods of
diagnosis involve endoscopy with biopsy, histologic examination, culture, and rapid
urease testing. There are certain clinical situations that are appropriate for noninva-
sive testing and invasive testing. Choosing the appropriate method of diagnosis is
dependent upon multiple factors including pretest probability of Infection as well as
cost-effectiveness and availability. The aim of this chapter is to discuss the current
options of diagnosis, when invasive testing is indicated, and the interpretation of the
results obtained.

Keywords: H. pylori, endoscopy, invasive testing, peptic ulcer disease, urease, culture,
histology

1. Introduction

H. pylori infection remains the most common chronic bacterial infection in
humans. It is estimated that half of the world’s population is infected with H. pylori,
making its clinical and global impact of great significance. It is the leading cause of
gastritis and peptic ulcer disease. Additionally, prolonged colonization and infection
can progress to development of gastric carcinoma. H. pylori infection is also associ-
ated with gastric lymphoma. Protective factors against H. pylori infection include
adequate nutritional status, especially enteral consumption of fruits, vegetables, and
foods with high vitamin C content. Higher prevalence of H. pylori infection has been
linked to poor sanitation practices, low socioeconomic class, and crowded or high-
density living conditions, facilitating intrafamilial and institutional transmission [1].
In general, the most plausible mode of transmission is via oral-oral (i.e., emesis or
saliva) or fecal-oral route. Oral-oral transmission between persons is supported by
higher incidence of infection among institutionalized individuals and clustering of
familial H. pylori infections [1]. Fecal contamination of water supply in developing
regions is a significant source of infection as well. The above modes of transmission
form the basis of detection of H. pylori through the various non-invasive methods of
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diagnosis. Treatment of H. pylori-related illness, especially ulcers and gastric cancers,
contributes significantly to the financial burden of healthcare globally. In some
regions with high prevalence rates, screening programs have been developed to target
at-risk populations to detect and treat H. pylori infections early, aiming to prevent
sequelae of disease. The aim of this chapter will be to discuss the salient points regard-
ing the history of H. pylori and its clinical relevance, indications for testing, methods
of diagnosis, and confirmation of bacterial eradication.

2. Historical background of H. pylori

The discovery of Helicobacter pylori stands as a testament to the transformative
power of scientific investigation and serves as a model for challenging established
beliefs in medicine. Prior to discovery, the pathology of peptic ulcer disease was
thought to be a result of excess acid production secondary to endogenous stress from
catecholamine induced acid production and exogenous exposure of gastric mucosa to
food with high acid content. Drs Marshall and Warren were credited with discover-
ing the link between H. pylori infection and peptic ulcers and gastric cancer in 1984
[2]. They suspected that a bacterium was the underlying cause, given observations
of a spiral-spaced bacteria present in gastric biopsy samples from patients suffering
from gastritis and peptic ulcers. Many prior studies attempting to prove the link in
animal models were unsuccessful in establishing the association between H. pylori
colonization and pathologic disease. In their Nobel Prize-winning landmark paper,
Marshall conducted the famous self-experiment in which he administered a solution
containing a suspension of cultured H. pylori organisms. He documented onset of
symptoms within 5 days of ingestion and further confirmed progression of pathology
with endoscopic evaluation. Their work revolutionized modern medicine, leading to a
paradigm shift in gastroenterology.

2.1 Bacteriology and pathophysiology of H. pylori

The bacteria that is responsible for infection of the stomach was originally noted as
an incidental finding on many gastric biopsies. Further speciation of bacteria found
that it was related to campylobacter. It was later further defined and speciated and
renamed to be Helicobacter pylori.

H. pylori is a spiral shaped, gram-negative bacterium that can be cultured on
blood agar or selective media (Skirrow’s) [3]. This bacterium is catalase, oxidase and
urease positive. Urease positivity is both vital to the organism’ survival and clinically
relevant as it is the basis of several diagnostic assays.

There are several inherent factors that ensure survival in a hostile environment
within the gastric mucosa including urease activity, motility, and the ability to adhere
to gastric epithelial lining [4].

Bacterial urease hydrolyzes gastric urea to form ammonia, which facilitates
invasion of the gastric mucus layer via neutralization of the acidic protective layer
of the stomach [5]. The unique morphology of the spiral shaped bacterium and
flagellated motility contribute to the ability to adhere to gastric mucosa. H. pylori
attaches to gastric epithelium via receptor-mediated adhesion. Susceptibility of the
host is multifactorial and dependent on cellular expression of surface receptors,
which renders some individuals more susceptible to penetration and colonization
leading to pathologic response. In summation, the four steps necessary for successful
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colonization described by Kao et al. are survival in the acidic environment, movement
toward epithelium via flagella motility, attachment to host cells by adhesin-receptor
interactions, and tissue damage by bacterial toxin release [6].

3. Indications for testing

The established indications for testing patients for H. pylori include gastric
marginal zone lymphoma of mucosa associated lymphoid tissue, active peptic ulcer
disease or history of peptic ulcer if the cure of H. pylori infection has not been docu-
mented, and early gastric cancer [7].

If any of the following are identified on endoscopic evaluation: actively bleeding
peptic ulcer, other endoscopic abnormality requiring gastric biopsy, or a clinical his-
tory of proton pumping inhibitor, bismuth, or antibiotic use warrant biopsy for
H. pylori testing. Endoscopy is not indicated for the sole purpose of establishing a diag-
nosis of H. pylori infection. Other indications for H. pylori that are more controversial
include uninvestigated dyspepsia and patients less than 60 years of age without alarm
features, chronic treatment with non-steroidal anti-inflammatory drugs or aspirin,
unexplained iron deficiency [8], and adults with immune thrombocytopenia [9].

Medications that should be discontinued prior to H. pylori testing include proton
pump inhibitors as well as bismuth and antibiotics. Proton pump inhibitors within
one to 2 weeks can decrease sensitivity of all endoscopic based testing as well as non-
invasive testing. Antibiotics and bismuth within 2-4 weeks of testing also decreases
sensitivity. Patients should be advised to stop proton pump inhibitors one to 2 weeks
prior to testing if feasible testing should be performed at least 4 weeks after comple-
tion of any bismuth and antibiotic treatment [7]. Stool antigen testing and urea
breath testing are appropriate for people who do not otherwise require endoscopy.

3.1 Methods of noninvasive diagnosis—Urea breath and stool antigen assay,
serology

Of the myriad diagnostic tests available, all with various ranges of sensitivity
and specificity, there is not one single test that can be considered a gold standard.
Typically, a combination of invasive and noninvasive tests can lead to an accurate
diagnosis. One of the notable disadvantages of invasive testing is the requirements
of tertiary laboratory equipment and staff. Thus, several noninvasive tests have been
developed.

3.1.1 Urea breath testing (UBT)

The basis of UBT involves the bacterium urease mechanism of action. Urease
enzyme hydrolyzes urea within the gastric lumen to produce carbon dioxide and
ammonia. The assay involves ingestion of urea with a carbon labeled isotope (typi-
cally, nonradioactive 13C or radioactive 14C). In afflicted individuals, H. pylori
releases the labeled CO2, which is detected in breath samples. The test can be per-
formed with relative ease and within 15-20 minutes. The sensitivity and specificity of
UBT are greater than 95% [10]. False-positive results are uncommon; however, false
negative results are seen in patients with recent PPI and antibiotic use. Additionally
special equipment is required for the test which can limit its clinical use in areas of
limited resources.
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3.1.2 Stool antigen testing

The presence of bacterial antigen within stool samples is indicative of an ongoing
age pylori infection. Thus, stool antigen testing can be used to diagnose and confirm
H. pylori infection as well as confirm eradication. The sensitivity and specificity of
stool antigen testing is comparable to that of urea breath testing at greater than 95%.
Additionally, stool antigen testing can be affected by recent PP, bismuth, and antibi-
otic use. A limitation of stool antigen testing not seen in UBT is a patient reluctance
to give stool samples. Of the available noninvasive testing, stool antigen testing is the
most cost effective in areas of limited resources as well as intermediate prevalence
H. pylori infection [11].

3.1.3 Serology

ELISA test to detect immunoglobulin G antibodies generated against H. pylori is
both inexpensive and noninvasive. This method requires reliable laboratory staffing
with appropriate controls and can be impractical in routine practice. In areas with
low prevalence populations and limited resources and limited resources can lead to
inaccurate serologic testing results. While the sensitivity is greater than 95, specificity
has been reported as low as 60% [12]. Another limitation of this method is the failure
of it to distinguish between active and past infection.

3.2 Invasive methods of diagnosis

Endoscopy is the basis for invasive methods of diagnosing H. pylori. Tissue
biopsies are used to perform several assays including urease testing, culture, and
histologic examination to determine presence of H. pylori organisms. The ideal
location of biopsy has been studied, both antral and fundal biopsies have been
determined to yield the most accurate diagnosis. Incisura angularis biopsies are
not recommended as they have been shown to have the lowest yield of positive
diagnosis [13-15].

3.2.1 Histology

Historically, histologic evaluation of gastric mucosa was the first method of
accurate diagnosis of H. pylori infection. The presence of the unique spiral shaped
bacteria along with inflammatory changes within the mucosa on microscopic
evaluation is considered a positive diagnosis [16]. A multitude of stains, including
Giemsa, Hp silver stain, and immunostaining have been used to detect H. pylori.
Hematoxylin and eosin stains help to evaluate the extent of inflammatory changes
as well as with the detection of the bacteria [17]. Since its discovery, more complex
histologic examination techniques have been employed in the microscopic evaluation
of H. pylori. Genta stain, a combination of three commonly available stains (Steiner,
hematoxylin-eosin, and alcian blue) is particularly advantageous as it visualizes both
inflammatory changes and H. pylori [18]. Typically, the routine use of Giemsa stain is
a simple, highly sensitive and cost-effective method of histologic diagnosis of
H. pylori infection.

The Sydney System of classification of gastritis was originally described in 1996
and has had multiple revisions since its inception. The Sydney system classifies the
severity of gastritis by the following histologic findings: the extent of lymphocyte and
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neutrophil invasion and the lamina propria, glandular atrophy within the corpus and
antrum, intestinal metaplasia of the mucosal epithelium, and the amount of H. pylori
organisms present (Figure1) [19].

3.2.2 Rapid urease test (RUT)

Rapid Urease test (RUT) is another invasive method of detection of H. pylori
infection. The basis of the test revolves around the ability of H. pylori bacteria to

Normal Mild Moderate Marked Normal Mild Moderate Marked

H. pylori Atrophy: antrum

Neutrophils Atrophy: corpus

Mononuclear cells

Intestinal metaplasia

Figure 1.
Grading of gastritis by Sydney system: acute inflammation, chronic inflammation, atrophic gastritis, intestinal
metaplasia, and Helicobacter pylori density.
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convert urea into carbon dioxide and ammonia. Once the biopsy is obtained, it is
placed within a test container. Once the H. pylori within the specimen splits the urea
to ammonia, the elevation of pH by ammonium hydroxide is detected by pH indicator
color change. Tests can be performed either in solution or a solid supporting medium
[20]. The Campylobacter-like organism (CLO) test is a commercially available kit that
contains solid media, and typically takes up to 24 hours to result. The Pyloritek kit
utilizes a reagent strip for the rapid urease test where a positive result can be obtained
within 1 hour. Both kits have similar sensitivity and specificity; however, the Pyloritek
kits are more convenient for use in endoscopy clinics given rapidity of results [21].

It is notable that while both kits have sensitivity and specificity greater than
90%, there are several factors that influence these measures. The bacterial density
of at least 10* organisms within the biopsy specimen is required for a positive result
[22]. Additional factors that influence the specificity and sensitivity of the RUT kits
include bacterial density post-treatment, patients with bleeding ulcers at the time
of biopsy, patients taking H2-receptor antagonists or PPIs [23, 24]. Urease testing
does have the advantage over culture and histology given the low cost, user ease, and
rapidity of results.

3.2.3 Culture

H. pylori can be isolated by culture from gastric biopsy samples. The microbe
requires a hypercapnic, microaerophilic environment and complex media for isola-
tion [3]. Following biopsy, samples must be placed in saline vials and not formalin
for successful culture and analysis. Typical media includes Agar base supplemented
with blood or serum. Various antibiotics such as vancomycin, bacitracin, polymyxin,
are often used in selective media for H. pylori [25]. Isolated bacteria grow best in a
humid atmosphere at a temperature of 37C and require five to 7 days of incubation.
For optimal growth, 5-10% carbon dioxide can be added to the culture atmosphere
[26]. Because of the patchy distribution of H. pylori within the stomach, it is recom-
mended to take biopsies 2 cm proximal to the pylorus and at least two biopsies from
the anterior and posterior corpus [27]. Culture is not considered first line testing for
establishing a diagnosis of H. pylori because it is time-consuming and often tedious;
however, culture data allows for testing of antibiotic sensitivity to choose appropriate
antibiotic regimen for eradication.

3.2.4 Polymerase chain reaction (PCR)

PCR is a molecular analysis method that involves rapid production of copies of
a specific segment of DNA. It uses short synthetic DNA fragments called primers to
select a segment of the genome to be amplified followed by multiple rounds of DNA
synthesis to amplify the segment of interest. PCR is useful in providing data involving
the presence of certain virulent factors as well as antibiotic resistance [26]. An advan-
tage of PCR is that a variety of clinical samples can be used to extract H. pylori DNA
including gastric biopsy, gastric secretions, saliva, dental plaque, and stool samples;
therefore, it can be utilized for both invasive and non-invasive diagnosis. When
utilizing stool samples for PCR assay, a separate extraction step must be performed
to separate the H. pylori DNA from the stool sample, as it typically contains a variety
of commensal bacteria and PCR-inhibiting chemicals that may lead to false-negative
and false-positive results [28]. PCR stool testing is advantageous as the patient needs
to provide only a small sample (usually 50-200 mg) of fresh stool sample, and results
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can be obtained within hours of sample submission, facilitating treatment decisions
in real time [28]. The overall cost of fecal PCR testing is lower than invasive methods,
negating the need for the expense of hospital admission and anesthesia.

Antibiotic resistance is one of the leading causes of failure of treatment of H.
pylori. Specific gene identification can be used for both bacterial detection and lend
information regarding antibiotic resistance, notably, the 23S rRNA gene. Specific
point mutations within this gene can lead to clarithromycin resistance [29]. Other
genes that have been identified that confer antibiotic resistance include rdxA/frxA
with metronidazole resistance [30, 31], 16S ribosomal DNA with tetracycline resis-
tance [32], and gyrA gene in fluoroquinolone resistance [33]. PCR based testing has
a significant role in both non-invasive and invasive methods of diagnosis of H. pylori
and can guide effective treatment.

4, Conclusions

There is no one gold standard test that is recommended for a diagnosis of H. pylori
infection. Of the non-invasive tests discussed, each has their distinct advantages and
disadvantages as well as varied sensitivity and specificity. Invasive testing across the
board has higher sensitivity and specificity, but requires biopsy, which may not be
indicated in certain patient populations for initial screening for H. pylori infection.

A combination of one non-invasive and invasive test tends to be the overall recom-
mended gold standard for accurate diagnosis of H. pylori.
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Chapter 4

Linked Color Imaging in Endoscopic
Diagnosis for Helicobacter pylori

Yu Chen and Weiguang Qiao

Abstract

Linked color imaging (LCI), distinct from the traditional red emphasis in
endoscopic imaging, utilizes narrow-band light and red signal processing to enhance
contrast in mucosal color. Redness and erosion triggered by inflammation are rec-
ognized as typical signs of Helicobacter pylori (HP) infection. Notably, these visual
cues are readily identifiable through the LCI mode. Leveraging the LCI observa-
tion mode significantly improves the accuracy of diagnosing gastritis associated
with HP, providing accurate diagnostic performance and precise localization. LCI
demonstrates superior diagnostic accuracy in detecting HP infections, including
their precise localization, when compared to traditional white light endoscopy. It
also holds promise for enhancing the precision of sampling for HP cultures and
determining antibiotic susceptibility. Integrating LCI with the Kyoto Classification
of Gastritis may enhance the endoscopic diagnosis and confirmation of HP infection
eradication, subsequently augmenting the capacity of gastrointestinal endoscopists
and general practitioners to identify HP infections through endoscopic imagery.

Keywords: linked color imaging, image-enhancing endoscopy, Helicobacter pylori,
accuracy, targeted biopsies, artificial intelligence, education

1. Introduction

In recent times, progress in image-enhancing endoscopy (IEE) has significantly
enhanced the capacity to identify and diagnose gastric cancer in its early stages.
Methods encompassed by IEE, such as narrow band imaging (NBI), blue laser imag-
ing (BLI), and linked color imaging (LCI) [1], are instrumental in advancing this
field. Particularly, LCI, as a distinct mode within the blue-laser endoscopy frame-
work, intensifies the contrast of red hues relative to the surrounding area by adjusting
the light components’ intensity and mix [2]. In LCI, post-processing boosts brightness
and color contrast, making it well-suited for distant views. This enhancement allows
red areas to appear more vividly red and white areas to appear whiter, facilitating the
identification of suspicious lesions by endoscopists. A key feature of LCI is its ability
to provide images with enhanced color differences (CD), aiding in the differentia-
tion of suspicious lesions from the surrounding mucosa based on color. Studies have
reported that the demarcation of lesions in LCI mode is clearer than that in white light
imaging (WLI) mode [3].
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LCI effectively distinguishes early gastric cancer (EGC) as orange-red and
intestinal metaplasia as purple, regardless of Helicobacter pylori (HP) eradication
history. It significantly aids in the detection of superficial EGC. Additionally, LCI is
pivotal in determining HP infection status, closely linked with gastric cancer risk.
Utilizing trans-nasal (ultra-thin) endoscopy with LCI proves beneficial in identify-
ing gastric neoplastic lesions. Recent prospective studies highlight LCI’s superior
detection rate for gastric cancer compared to WLI. We advocate for the integration
of LCI into standard upper gastrointestinal endoscopies to enhance early detection
and diagnosis [4].

Real-time endoscopy is crucial for diagnosing HP infection and facilitating
targeted biopsy [5]. In clinical practice, real-time endoscopy in conjunction with
conventional WLI and IEE techniques, such as NBI, LCI, and BLI, plays a significant
role in identifying HP-infected status [6]. Compared to conventional WLI, LCI has
been demonstrated to aid in determining HP infection status, a factor closely linked to
the risk of developing gastric cancer. Additionally, LCI offers enhanced detection of
gastric cancer, owing to its superior color differentiation when compared to adjacent
tissues. This improvement enhances lesion detection in distant views and facilitates
the more accurate diagnosis of gastric neoplasms.

2. LCI character of HP state

The presence of HP is commonly associated with increased susceptibility to gastric
cancer, a condition often preceded by chronic gastritis, marked atrophy of the gastric
mucosa, and intestinal metaplasia [7]. During endoscopic stomach screenings, it is
vital to categorize gastritis into three phases: never-infected, currently-infected, and
previously-infected, which also includes an after-eradication phase. Retrospective
studies conducted in Japan have shown that LCI is superior to WLI in accurately identi-
tying HP-positive mucosa, boasting a sensitivity of 93.3% and a specificity of 78.3% [8].
Therefore, LCI appears to play a crucial role in determining the status of HP infections.

2.1 HP-uninfected mucosa

HP-negative mucosa after eradication is distinctly observed as apricot in color
(Figure 1A and B). The adjacent mucosal tissue uniformly presented a pale orange
hue, reminiscent of a white-apricot blend, in all areas containing fundic glands. It’s
noteworthy that the color characteristics of gastric lesions may be affected by the
absorption of violet light at 410 nm within the superficial layer of the mucosa [8].

2.2 HP-infected mucosa

In LCI imaging, the widespread redness seen in the gastric mucosa of the gastric
body, a hallmark sign of present HP infection, appears distinctly as a deep crimson
color (Figure 1C-P) [9], while intestinal metaplasia appears clearly as lavender
(Figure 1I and J arrowheads). Regarding LCI visuals, the indication of HP infection is
identified by any of these criteria: (1) widespread reddening; (2) absence of a regular
arrangement of collecting venules (RAC); and (3) adherence of mucus [10].

A study conducted a correlation analysis to assess the indicators associated with
HP infection. Based on the findings of skilled endoscopists, there was a notable
association between HP infection and several indicators: WLI and LCI scores, the
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Figure 1.

Engdoscopic schematic diagram: (A) WLI of RAC (+) with HP uninfected, (B) LCI of RAC (+) with HP
uninfected, (C) WLI of diffuse redness, (D) LCI of diffuse redness, (E) WLI of map-like redness, (F) LCI of
map-like vedness, (G) WLI of nodular gastritis, (H) LCI of nodular gastritis, (I) WLI of atrophic gastritis (type
C) and intestinal metaplasia (arrowheads), (J) LCI of atrophic gastritis (type C) and intestinal metaplasia
(arrowheads), (K) WLI of atrophic gastritis (type O), (L) LCI of atrophic gastritis (type O), (M) WLI of rugal
hypertrophy and fundie gland polyps, (N) LCI of rugal hypertrophy and fundic gland polyps, (O) WLI of red
streak, (P) LCI of red streak.

reddening and purpleness of the fundic gland mucosa, and the cloudiness of the
mucus lake [11]. In contrast, granular erosion, erythema, and loss of collecting
venules were moderately correlated with HP. According to Dohi et al., LCI enhanced
the endoscopic diagnosis of active HP infections, demonstrating improvements of
10-15% in accuracy, sensitivity, and specificity compared to WLI [8]. The rate of
diagnosis using the LCI method for HP infection surpassed that of other methods.

LCI may serve as an effective preliminary diagnostic instrument for HP infections
in real-time applications, offering a notable level of diagnostic precision. Shida et al.
concluded that LED endoscopy is equivalent to laser endoscopy for assessing HP
infection status [12].

In a prospective study, the distinction in hue at the degenerated margins was
markedly more pronounced using LCI than WLI, irrespective of the HP infection
status. LCI exhibited a notable enhancement in diagnostic precision for subjects with
either a current or historical HP infection, as opposed to WLI. Conversely, in prospec-
tive diagnostic research focusing on HP infection, the diagnostic precision, sensitiv-
ity, and specificity metrics for WLI, LCI, and magnified endoscopy using WLI, when
evaluating the presence of RAC or general erythema, did not present considerable
variances [13].
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2.3 HP-eradicated mucosa

After eradication, HP-negative mucosa is distinctly observed as apricot in color.
However, a considerable amount of red depression is evident extensively through-
out the gastric mucosa, spanning from the gastric body to the antrum. It has been
observed that through the application of LCI technology, the mucosa of the fundic
gland exhibits widespread redness (resembling a deep shade of crimson) in cases of
active gastritis, whereas it manifests a pale orange hue (akin to the shade of white
apricots) in stomachs where HP has been successfully eradicated [14]. Majima
et al. found that LCI detects the positive risk indicator of map-like redness (MR)
(Figure 1E and F). The negative risk indicator of a regular arrangement of collecting
venules for early gastric cancer (EGC) detection after HP eradication is more frequent
than WLI [15]. LCI was more efficient for evaluating MR than WLI because LCI could
identify MR more frequently than WLI. Hence, it might be tentatively inferred that
the influence of external variables on the LCI mode was relatively minimal regarding
the diagnosis of HP. The study revealed that when reviewing recorded endoscopies,
both expert and trainee endoscopists had a notably reduced miss rate for EGC post-
eradication when using LCI compared to WLI. Concerning the objective analyses, it
evaluated the CD of each lesion on WLI and LCI images [16].

2.4 The meta-analysis and limitation

To thoroughly assess the diagnostic efficacy of LCI and WLI in detecting HP infec-
tion, we conducted a meta-analysis. It employs a meticulously crafted framework of
study inclusion criteria, ensuring a high standard of selection precision. In conduct-
ing this analysis, we rigorously adhered to a set of carefully pre-established criteria for
selecting relevant studies. Included studies were either randomized controlled trials
or observational studies, aimed at comparing the sensitivity and specificity of LCI
versus WLI in detecting HP infection. The investigation entailed systematic searches
within the PubMed and CNKI databases, utilizing key phrases including “((Linked
Color Imaging) AND (White Light Imaging)) AND (Helicobacter pylori Infection)”
among others. Studies were excluded if they were published in languages other than
English or Chinese, were case reports or review articles, or if they contained incom-
plete data. For each study included in the analysis, details such as the author’s name,
year of publication, design of the study, number of participants, and sensitivity and
specificity outcomes for both LCI and WLI were meticulously gathered. This data
extraction was performed independently by two researchers, with any discrepancies
resolved by a third.

We employed the QUADAS-2 framework for evaluating the quality of the studies
we included, focusing on the bias risk and relevance in aspects such as patient selec-
tion, index tests, reference standards, flow, and timing. Based on these parameters,
each study was classified as a “low;” “high,” or “unclear” risk. In our meta-analysis,
most studies were deemed low risk in patient selection and index tests, but some
showed moderate risk in flow and timing (Figure 2).

The meta-analysis results, synthesized through a random-effects model, demon-
strated LCIs superior sensitivity (91%) and specificity (88%) in detecting HP infec-
tion. This contrasts with WLIs sensitivity and specificity, which stood at 82% and
80%, respectively. Our heterogeneity assessment revealed I” values of 45% for sensitiv-
ity and 50% for specificity, indicating moderate variability across studies. Nonetheless,
the observed P-value of 0.07 from the chi-square test indicated that the existing
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Figure 2.

Assessment of study quality using QUADAS-2 tool presents bar graphs depicting the risk of bias and applicability
concerns in various studies. The majority of included randomized controlled trials (RCTs) demonstrated a low
risk in patient selection and index testing (axes: horizontal axis: proportion (%) ranging from 0% to 100%,
vertical axis: aspects of study quality assessment: patient selection, index tests, veference standards, flow and
timing, color legend: red: high risk, yellow: unclear risk, green: low risk).

heterogeneity was not of statistical significance, suggesting that the variations across
individual studies were not substantial enough to notably influence the aggregate
outcome. Further strengthening LCI’s diagnostic value, summary receiver operating
characteristic (SROC) analysis showed an area under the curve (AUC) of 0.94, under-
scoring LCI’s efficacy and accuracy in diagnosing HP infection. In contrast, WLI's AUC
was 0.88, slightly lagging in diagnostic performance (Figure 3).
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Figure 3.

SRgOC curve comparison: LCI vs. WLI. LCI demonstrates superior efficacy over WLI in HP detection. This figure
compares the veceiver operating characteristic (ROC) curves of LCI and WLI for detecting HP infection. The
x-axis is “1-specificity” (false-positive rate), and the y-axis is sensitivity (true-positive rate). LCI data points are
represented by hollow circles and WLI data points by hollow diamonds. The AUC reflects test accuracy, with higher
values indicating better sensitivity and specificity. LCI demonstrates superior efficacy over WLI in HP detection.
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In instances of pronounced atrophy, the hue alterations post-HP infection tend to be
inconspicuous, resulting in a lack of widespread redness when observed using LCI tech-
nology. The negative predictive value (NPV) of RAC exhibits optimal performance, in
contrast, the positive predictive value (PPV) is notably inadequate. Furthermore, the
morphological attributes exhibit variations throughout the different phases of atrophic
evolution [17]. Since various endoscopic characteristics must be comprehensively
assessed for an accurate endoscopic diagnosis, inter-observer bias exists in the studies.

In summary, LCI demonstrates a clear advantage in diagnosing HP infection. Its
high sensitivity and specificity, coupled with superior overall diagnostic efficacy,
render LCI a more valuable diagnostic tool. Despite some heterogeneity among stud-
ies, LCI’s overall performance stands out, offering robust technological support for
clinical diagnosis.

3. LCI for screening early gastric cancer

Moreover, the diverse coloration present in the surrounding mucosal tissue raises
debates regarding whether color intensification aids in identifying EGC. In the
context of WLI, the endoscopic visuals of these observations closely mimic cancer-
ous appearances, making the differentiation between non-malignant and malignant
growths challenging. In contrast, gastric cancer is recognized as orange or magenta,
while surrounding lesions are observed in lavender color in LCI, allowing for clearer
observation compared to WLI due to enhanced color contrast [16]. The presence of
intestinal metaplasia is characterized by a distinct lavender coloration. Because of
these prominent color disparities, research indicates that LCI has a markedly superior
detection rate for intestinal metaplasia compared to WLI [18]. Additionally, a study
conducted by Ono et al. further supported that the lavender hue observed in LCI
facilitates the non-invasive identification of gastrointestinal metaplasia [19]. MR was
identified more frequently using LCI than WLI, and the absence of RAC was associ-
ated with the detection of EGC after the eradication of HP [15]. LCI had the highest
visibility among findings of gastric mucosa and EGC after HP eradication. A recent
meta-analysis demonstrated that LCI exhibits strong diagnostic efficacy for gas-
trointestinal metaplasia [20]. Additionally, when examined using LCI, the vascular
permeation of the atrophic border and the atrophic region becomes more discernible
compared to observations made with WLI [21]. It has also been documented that
endoscopic procedures utilizing LED for LCI are proficient in the early identification
of EGC [22]. The color difference value with LCI was significantly higher, being more
than twice that of WLI, and this difference appeared to be similar in cases of accom-
panying HP infection or intestinal metaplasia. However, no statistically significant
finding was present in signet ring cell carcinoma or mixed-type histology [23].

3.1 EGC strategy
3.1.1 HP-velated gastritis

The LCI score has been shown to exhibit notable sensitivity and specificity in
distinguishing HP-associated gastritis. This underscores its efficacy as a method for
detecting HP presence in gastric mucosal tissue [24]. In an investigation, both erythema
and non-visible RAC were incorporated into the regression analysis, proving benefi-
cial for distinguishing HP-induced gastritis. Conversely, features like erosions and

58



Linked Color Imaging in Endoscopic Diagnosis for Helicobacter pylori
DOI: http://dx.doi.org/10.5772/intechopen.1005145

nodularity were excluded from this model [11]. Mizukami et al’s research indicated that
LCI enhanced the definition of the atrophic border through objective analysis [21]. Ina
multicenter prospective study conducted by Ono et al., which compared the accuracy
of WLI and LCI for the endoscopic diagnosis of HP gastritis, LCI exhibited notably
superior performance over WLI, particularly in patients with a history of past infec-
tions [25]. LED-LCI was found to be more effective than WLI for evaluating HP-related
gastritis. However, another study suggested no significant differences in accuracy, sen-
sitivity, or specificity for diagnosing metaplastic gastritis between LCI and WLI [26].

3.1.2 MESDA-G

The Magnifying Endoscopy Simple Diagnostic Algorithm for Early Gastric Cancer
(MESDA-G) provides an extensive framework for the early detection of gastric
cancer. It evaluates the boundary differentiation between abnormal lesions and
normal gastric tissue, as well as identifies anomalies in the microvascular structure
and surface patterns of the stomach lining [27]. Given that most gastric cancers are
enveloped by intestinal metaplasia, LCI proves valuable in depicting this metaplasia
in pale purple. The majority of the surrounding mucosa is also represented in purple,
creating a high color contrast. In the LCI view, early-stage gastric cancers typically
appear orange-red, orange, or orange-white [1]. It becomes crucial to identify gastric
cancer (depicted in orange) amidst intestinal epithelial metaplasia (depicted in
purple) using LCI. Subsequent clarification of the diagnosis can be achieved through
magnifying BLI. LCI has proven to be effective in the early detection of flat gastric
cancers, manifesting as distinct reddish lesions against the surrounding mucosa [28].
In the LCI view, undifferentiated gastric cancer exhibits a faded tone, characteristic of
mucosa in HP-uninfected cases, offering clear color differentiation [2]. When LCI is
followed by magnified BLI, it confidently identifies EGC in an MR post-successful HP
eradication, outperforming WLI in clinical practice [29].

Further research is essential to assess the effectiveness of LCI in the screening
of gastric cancer among the general populace, particularly emphasizing the need
for studies centered around EGC. Recent research conducted by Khurelbaatar et al.
revealed that LCI, when compared to conventional WLI, notably improves the vis-
ibility of early gastric cancer (EGC), regardless of variations in lesion morphology,
histology, location, depth of invasion, and HP status. This observation could poten-
tially lead to the reported enhancements in detection rates and reductions in miss
rates [30]. In contrast to BLI, LCI exhibits enhanced visibility of EGC, irrespective of
the endoscopist’s experience [31].

3.1.3 Kyoto classification

The Kyoto classification system for gastritis was formulated primarily to high-
light the endoscopic characteristics linked with HP-related gastritis. This system is
instrumental in the precise diagnosis of HP infections and in pinpointing the risk
factors for gastric carcinoma. In the process of gastroduodenoscopy, it’s advised to
assess various factors, including nodularity, mucosal atrophy, intestinal metaplasia,
enlarged folds, and widespread redness (Figure 1G-P). The cumulative score of
these elements is used as an index to gauge the risk of gastric cancer. According
to this classification, a score of 0 suggests gastritis that is not associated with HP,
whereas a score of 2 or higher is indicative of HP-induced gastritis, with a reported
diagnostic accuracy of 90% [32].
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Notably, LCI has demonstrated utility in evaluating gastritis based on the Kyoto
classification [33]. LCI excels in diagnosing mucosal atrophy, intestinal metaplasia,
diffuse redness, RAC, spotty redness, and MR from a distant view compared to WLIL.
Utilizing LCI significantly enhances the detectability of gastroscopic observations in
line with the Kyoto Gastritis Classification, presenting a marked improvement over
WLI [34]. Moreover, the diagnostic value of the LCI combined score surpasses that of
the WLI combined score and each observation index of WLI. These findings sug-
gest that LCI may offer distinct advantages in diagnosing the Kyoto classification of
gastritis compared to other IEEs, emphasizing the need for prospective assessments to
further validate these potential benefits.

3.1.4 Targeted biopsies

Numerous clinical studies have emphasized the potential of IEEs in identifying
mucosal changes, enabling precisely targeted biopsies [11]. In individuals never
infected with HP, it was observed that LCI exhibited a greater color difference at the
fundic and pyloric mucosal borders compared to WLI. The enhanced detection of
atrophic borders with LCI makes it a recommended choice for trans-nasal endoscopy
in health check-ups, particularly for identifying individuals at a high risk of gastric
carcinoma [5].

4, Mechanism

LCI emerges as an innovative technique in IEEs, utilizing a combination of short-
wavelength narrow-band and white-light laser illumination in tandem with tradi-
tional WLI. This integration of dual-light modalities enables LCI to gather detailed
insights into mucosal surface textures and vascular patterns [35]. In comparison to
white light imaging, LCI employs advanced post-processing steps to enhance subtle
differences in color tone, with a higher emission intensity of 410 nm influencing the
mucosal color of various lesions [34]. Functioning as a cutting-edge IEE technology,
LCI excels at highlighting even the slightest differences in mucosal color, making it a
powerful tool for the endoscopic diagnosis of gastrointestinal inflammation [1]. The
capability of LCI to enhance color differences is particularly beneficial in scenarios
of active mucosal inflammation, where hyperemia manifests as noticeable redness.
Conversely, mild or inactive inflammation may not exhibit obvious signs during
traditional endoscopic examination. LCI, being highly sensitive to color changes,
emerges as a convenient and effective tool for detecting these nuanced differences
and facilitating a more accurate and differential diagnosis [18].

LCI’s unique characteristic of heightened sensitivity to color differences is
employed to vividly depict mucosal surface blood vessels and illustrate distinctions in
mucosal surface tissue structure, including surface blood vessels [11]. The ELUXEO
system was developed with a specific focus on precisely regulating the emission inten-
sity ratio of LED illumination across four colors: blue-violet, blue, green, and red.
This setup enables the generation of both white light and short-wavelength narrow-
band light. The objective behind this design is to generate high-quality images akin to
those produced by LASEREO. With LED-LCI, it is anticipated to achieve diagnostic
performance comparable to conventional laser-induced LCI [1].

The enhanced brightness of LCI images is anticipated to increase their utility in
detecting subtle irregularities on the gastric surface in patients. Significantly, it has
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been observed that the orderly pattern of collecting venules, mainly notable in the
lesser curvature area, is linked with gastric mucosa not affected by HP and a decreased
likelihood of developing gastric cancer [12]. Bright LCI, by highlighting slight irregu-
larities in the surface epithelium even from middle to distant views, significantly
improves the ability to detect EGC post-eradication [32]. LCI exhibited the most
significant odds ratio compared to factors like elevated morphology and submucosal
invasion. Several studies have highlighted the substantial color contrast observed
between EGCs and the adjacent mucosa when utilizing LCI. This underscores the
crucial role of high color contrast in improving the detectability of EGCs [16, 18].
Fine-tuning color enhancement settings prove instrumental in enhancing the
visibility of malignant lesions within the stomach, fostering a clearer color contrast
between these lesions and the surrounding mucosa. It is significant to observe that the
average scores for visibility, when enhanced with C2 for LCI, were markedly superior
in comparison to the results obtained with C1 enhancement [30]. However, it’s worth
noting that this enhancement, to some extent, compromises the consistency between
examiners. To enhance diagnostic accuracy and align with clinical requirements for
consistency between examiners, it becomes imperative to improve the consistency of
individual observation indices and minimize subjectivity in the evaluation process
[36]. Striking the right balance in color enhancement settings is pivotal, ensuring opti-
mal visibility without sacrificing reliability and agreement among different examiners.

5. Artificial intelligence

The integration of artificial intelligence (AI) technology with IEEs is emerging
as a potent and innovative diagnostic approach in the evolving landscape of medical
imaging. In a pioneering research effort by Sun et al. in China, MATLAB software was
applied for the analysis of endoscopic imagery in the LCI mode, specifically targeting
the antral region. This research emphasized the extraction and utilization of specific
data pertaining to brightness and hue, applying these metrics to the identification and
diagnosis of a range of gastric ailments. These include HP infections, gastric atrophy,
intestinal metaplasia, and the early stages of gastric cancer [11]. The incorporation of
Al, notably through convolutional neural network-based computer-aided diagnosis
(CAD) systems, has made significant advancements in gastrointestinal endoscopy.
This technology is becoming more widely available and utilized for the detection of
HP infection status and gastric cancer [37].

Numerous studies highlight the remarkable capabilities of CAD when integrated
with LCI or BLI-bright in discerning the HP infection status [38]. In the study,
Nakashima and colleagues demonstrated the effective diagnostic performance of LCI-
CAD in categorizing the status of HP infection, effectively differentiating among cases
where HP was present, absent, or had been successfully eradicated [39]. The applica-
tion of Al in diagnostic imaging is expected to alleviate the burden of double-checking,
effectively identifying patients in need of follow-up endoscopy while providing crucial
support for non-expert endoscopists [40]. In comparison to experienced endoscopists,
the study’s results revealed that Al exhibits greater sensitivity in diagnosing HP infec-
tion, boasting a sensitivity and specificity of 81.9/83.4% and 79/83.2%, respectively.
The integration of Al in HP infection diagnosis aims to mitigate interobserver disagree-
ment and reduce time consumption in the diagnostic process. The evolving landscape
of Al in conjunction with IEE holds immense promise for advancing the accuracy,
efficiency, and accessibility of gastrointestinal diagnostics.
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Owing to its elevated rate of HP infections and the extensive need for gastric
carcinoma screenings, Japan has emerged as a leading nation in conducting research
into the integration of Al within the realm of endoscopic techniques [41]. A pro-
spective pilot study conducted in Japan compared Al-assisted BLI with bright light
(AI-BLI-bright), LCI, and WLI in diagnosing HP infection. The performance metrics,
specifically the AUC, for both AI-BLI-bright and AI-LCI were impressively elevated,
registering at 0.96 and 0.95, respectively. In contrast, AI-WLI demonstrated a lower
efficacy with an AUC score of 0.66 [42].

The challenge in the endoscopic diagnosis of HP infection lies in the lack of
objective indicators, leading to variations in diagnostic abilities among doctors.
Consequently, it becomes crucial to develop methods with universal interpretability,
like CAD systems, for the endoscopic assessment of HP infection. The goals of a recent
study were to (i) develop an interpretable automated diagnostic system utilizing a
support vector machine (SVM) for detecting HP infection, (ii) assess and contrast the
diagnostic performance of the Al system with that of endoscopists. The findings indi-
cated that the artificial intelligence system attained levels of accuracy, sensitivity, and
specificity, as well as positive and negative predictive values, which were recorded at
87.6%, 90.4%, 85.7%, 80.9%, and 93.1%, respectively. This signifies that the Al system
can diagnose HP infection with significant accuracy [39]. The integration of Al systems
in endoscopic practices holds great promise for enhancing diagnostic capabilities, stan-
dardizing assessments, and contributing to more effective and efficient medical care.

Numerous studies have delved into the CAD of HP infection through deep learn-
ing (DL) algorithms. The computer-aided diagnosis system, developed using the
GoogLeNet architecture of convolutional neural networks, has shown remarkable
efficiency in diagnosing HP infections, thereby illustrating the significant capabilities
of deep learning algorithms in the field of gastroenterology [43]. Another CAD, also
based on DL algorithms, exhibited significantly higher accuracy and shorter diagnos-
tic times compared to endoscopists in diagnosing HP infection [44].

Concurrently, CAD using IEE images has been actively explored. A computer-
aided diagnosis system, powered by deep learning algorithms, demonstrated sig-
nificantly enhanced precision in detecting anomalies using BLI-bright and LCI, in
contrast to the results obtained with traditional WLI [45]. Similarly, a CAD system
based on a conventional support vector machine, utilizing LCI, demonstrated diag-
nostic yields on part with those of expert endoscopists [39].

In broadening its application, CAD encompasses the use of the Kyoto criteria
for gastritis in the endoscopic identification of HP infections. A predictive model,
employing a machine learning approach and incorporating endoscopic features
derived from the Kyoto classification of gastritis, demonstrated a high level of
diagnostic accuracy for determining HP infection status. This accuracy was found to
be comparable to evaluations made by experienced endoscopists [43]. These findings
underscore the growing potential of CAD, both with DL algorithms and traditional
methods, in revolutionizing the accuracy, efficiency, and objectivity of diagnosing HP
infection and related gastric conditions.

6. Education

Fukuda et al. brought attention to a noteworthy challenge in lesion recognition,
reporting that malignant lesions appearing redder than the surrounding mucosa on
WLI may manifest as purple on LCI. This color shift could potentially lead to the
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oversight of malignant lesions, even in the presence of surface irregularities. Therefore,
it has become imperative to enhance educational efforts to heighten recognition of the
importance attached to the purple hue observed in LCI [46]. Despite the complexities
involved, assessing HP infection via indicators such as widespread erythema, loss of the
typical collecting venule pattern, and mucus adhesion when using LCI proves to be a
dependable method. These indicators are deemed attainable skills for gastrointestinal
endoscopists, covering a range of expertise from novices to seasoned professionals.
Nonetheless, it is underscored that additional research, particularly with a focus on
practitioners of varying experience levels, is crucial to fully comprehending the benefits
of LCI in the educational spectrum of endoscopy. Analyzing results before and after
systematic training will contribute to a comprehensive assessment of LCI’s efficacy [18].

In an extensive research project, clarity levels and interclass correlation coeffi-
cients (ICCs) were utilized to evaluate the visibility and consistency among different
raters for both LCI and BLI-bright, relative to traditional WLI. This assessment was
conducted based on the findings observed through endoscopy, which were in line
with the criteria outlined in the Kyoto Classification of Gastritis. Notably, statistically
significant differences in visibility scores for LCI were observed between trainees and
experts, particularly in categories such as spotty, patchy, and MR. Trainees exhibited
significantly higher visibility scores than experts for spotty redness observed through
LCI, suggesting that LCI may enhance diagnostic performance in the assessment of
spotty redness by non-experts [10].

Building on this insight, our team embarked on an initiative to integrate LCI with
the Kyoto Classification of Gastritis, forming a training model tailored for general
practitioners (GPs). Expert endoscopists’ analysis of the Kyoto Classification of
Gastritis revealed that gastroscopic mucosal manifestations such as mucosal atrophy,
hematin deposition, mucosal swelling, and the presence of sticky mucus influenced
their assessment of HP infection. Subsequent to the training program, there was
anotable enhancement in the overall scores achieved by GPs in the questionnaire.
Additionally, the time taken to complete the questionnaire was comparable between
the GPs and established gastroenterology specialists. Following training, general
practitioners’ questionnaire scores improved based on images observed in both
WLI and LCI modes. Notably, the score achieved with the LCI mode was superior
to that obtained with the WLI mode. The conclusion of the study is that the Kyoto
Classification of Gastritis combined with LCI improves the ability of GPs to diagnose
HP infection through endoscopic images.

7. Conclusion

LCI observation mode can enhance the diagnosis rate of HP infection-related
gastritis, providing accurate diagnostic performance and precise localization. LCI
demonstrates a high level of diagnostic accuracy in identifying HP infections, includ-
ing their precise locations, when contrasted with traditional white-light endoscopic
methods. Additionally, LCI shows promise in enhancing the precision of sample
collection for HP culture and its antibiotic sensitivity analysis. Integrating LCI with
the Kyoto Classification of Gastritis could potentially elevate the effectiveness of diag-
nosing HP infections or confirming their eradication during endoscopic procedures.
This advancement might significantly bolster the capabilities of gastrointestinal
endoscopists and general practitioners in diagnosing HP infections through endo-
scopic imaging.
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Chapter 5

Antibiotic Resistance,
Susceptibility Testing and
Stewardship in Helicobacter pylori
Infection

Lok Ka Lam and Ka Shing Cheung

Abstract

It is promising to observe a worldwide decrease in the prevalence of Helicobacter
pylori (H. pylori), yet consistent efforts are required to enhance treatment regimens
in accordance with antibiotic stewardship in the era of growing antibiotic resis-
tance. Various molecular mechanisms are responsible for antibiotic resistance, and
thanks to technological advancements, our understanding of these mechanisms has
improved, which facilitated the assessment of antibiotic susceptibility to H. pylori.
Progress made in next-generation sequencing technology could potentially herald a
new era, encouraging the routine use of non-invasive tests to gather data on antibi-
otic resistance. It is crucial that studies and clinical guidelines ensure the proposed
treatment can consistently meet an acceptable level of eradication rate, taking into
account the variations in antibiotic resistance across different populations. Future
investigations should strive to refine the duration and dosage and reduce side effects
of treatment regimens. Through personalized medicine, better treatment strategies
can be formulated. It is equally important to actively encourage patient adherence to
these treatments through all available strategies. Collaboration among local, regional,
and international bodies is necessary to reinforce antibiotic stewardship in H. pylori
treatment.

Keywords: H. pylori, vonoprazan, stewardship, NGS, WGS

1. Introduction

Helicobacter pylori (H. pylori) is a Gram-negative bacterium that preferentially col-
onizes the antrum, but may infect any part of the stomach to cause gastritis. Although
most patients infected with H. pylori are asymptomatic, approximately 10-15%
develop peptic ulcer disease [1], and 1-3% develop stomach cancer and lymphoma
[2, 3]. The carcinogenic evolution of H. pylori-induced chronic gastritis follows the
Correa’s cascade [4] via a stepwise process from active gastritis, to precursor lesions of
gastric cancer, and finally adenocarcinoma. Gastric cancer is the fifth most common
cancer and the fourth leading cause of cancer-related mortality across the globe [5].
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H. pylori infection usually lasts for life unless it is treated. The recognition of H. pylori
as an infectious disease and its associated complications by the Kyoto consensus [6] and
Maastricht/Florence Consensus [7], has led to a unanimous agreement on the necessity
of treating all individuals diagnosed with H. pylori infection, irrespective of symptoms.
Successful eradication of H. pylori aids not only in peptic ulcer healing [8, 9] but also
plays an important role in the prevention of gastric cancer both primarily and secondarily
[10], thus significantly reducing the incidence and mortality of gastric cancer [11-13].

Eradication of H. pylori requires a combination of gastric acid suppressants and
antibiotics. Various treatment regimens have been adopted based on local antibiotic
resistance patterns, drug availability, and patient acceptability. Standard triple
therapy consisting of amoxicillin or metronidazole, clarithromycin, and a proton
pump inhibitor (PPI) was the gold standard in the treatment of H. pylori infections
during the 90s [14, 15]. Given the emergence of clarithromycin resistance, a substan-
tial decline in its efficacy to levels below 80-85% has been observed [16, 17]. Bismuth-
based quadruple therapy consisting of bismuth, PPI, metronidazole, and tetracycline,
has been shown to achieve over 90% success rate [18, 19] and has been increasingly
recommended as first-line treatment [7, 20, 21]. Resistance in metronidazole varies
among different regions, with a resistance rate of 43.6% across the US [22] and 78% in
China [23]. Increasing the metronidazole dose and duration may overcome antibiotic
resistance [24]. While sequential regimen is discouraged [25], the marginal effect of
metronidazole resistance in affecting therapeutic outcome allows quadruple therapy
to remain as an effective eradication regimen [26].

Antibiotic stewardship, encompassing the judicious use of antibiotics, select-
ing optimal treatment regimens (including the appropriate antibiotics, dosing, and
duration of treatment), and ensuring sustainable access to antibiotics, is increasingly
advocated to put forward better clinical outcomes for patients and minimize subse-
quent resistance [27]. In order to provide information for designing optimal treat-
ment regimens, routine susceptibility testing has been recommended to be performed
even before first-line treatment in compliance with antibiotic stewardship [14, 15].
Recently, antibiotic susceptibility testing obtained via culture or molecular testing
for H. pylori eradication has been more readily available [7, 20, 21]. This shifts the
paradigm toward personalized medicine in which H. pylori treatment regimens can be
tailored according to local resistance patterns and individual profiles.

This review will provide an overview of the current resistance patterns and
mechanisms of H. pylori antibiotics, as well as different antibiotic susceptibility
testing methods. We will emphasize the importance of antibiotic stewardship, and
illustrate how susceptibility testing has become an integral part of this paradigm. We
will also highlight the new direction of H. pylori eradication and the emergence of
potential therapeutic options.

2. Antibiotic resistance in Helicobacter pylori

H. pylori treatment is challenged by high and continuously rising antibiotic
resistance. There are two types of resistance—primary and secondary. Primary
antibiotic resistance is identified in patients who are naive to H. pylori eradication
treatment, whereas secondary or acquired resistance emerges following one or
more failed attempts at eradication [28]. Eradication of H. pylori infection now
relies heavily on local antibiotic resistance patterns and patients’ prior antibiotic
exposure.
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A meta-analysis by Savoldi et al. in 2018 has reported a pooled prevalence of >15%
in both primary and secondary resistance of H. pylori to key antibiotics (clarithromy-
cin, metronidazole, and levofloxacin) in most World Health Organization (WHO)
regions [28], which exceed the common threshold for choosing alternative empiric H.
pylori eradication treatment [7, 21]. Resistance profile differs among regions. In the
Asia-Pacific region, a meta-analysis found an overall prevalence of primary antibiotic
resistance of H. pylori to clarithromycin, metronidazole, and levofloxacin between
1990 and 2022 to be 22%, 52%, and 25%, respectively [29]. Prevalence varied consid-
erably across study periods. From 1990-2000 to 2016-2022, the prevalence increased
from 7% to 30% for clarithromycin, 37% to 61% for metronidazole, and 9% to 35%
for levofloxacin, but remained consistently low for both amoxicillin and tetracycline
at less than 6% [29]. In the United States, the pooled resistance prevalence of clar-
ithromycin, levofloxacin, and metronidazole from 2011 to 2021 was 31.5%, 37.6%,
and 42.1%, respectively [30]. Similar trends have also been observed in Africa and
Latin America [31, 32]. Conversely, primary resistance to key antibiotics showed a
decreasing trend in Europe. From 2013-2016 to 2017-2020, the primary resistance of
clarithromycin, metronidazole, and levofloxacin decreased from 25% to 20%, 33% to
24.5%, and 20.5% to 18%, respectively [33].

The resistance mechanisms that H. pylori evolved are multifarious. The exact
nature of such genetic modifications varies depending on the specific class of
antibiotics involved. Most often, it is due to chromosomally encoded mutations
[34-36]. Clarithromycin resistance is frequently caused by 23S rRNA gene mutation
[37-40], while levofloxacin resistance is commonly due to gyrA mutations [37, 41].
For metronidazole resistance, the mutational changes display greater diversity, and
the genotype-phenotype correlation is more complex [37]. Mutations in RdxA and
FrxA gene, which encodes NADPH nitroreductase, are most frequently reported [42].
Levofloxacin resistance is primarily attributed to point mutations within the quino-
lones resistance-determining region (QRDR) of the gyrA gene, or, less often, the gyrB
gene [43]. Amoxicillin resistance is mainly attributed to mutations in the penicillin-
binding proteins (PBP), namely PBP1, PBP2, and PBP3 [44]. Beyond these genetic
adaptations, H. pylori can also resist antibiotics through physiological defenses such as
efflux pumps and biofilm formation, which can further complicate treatment [45].

Multidrug resistance (MDR) is defined as non-susceptibility to three or more
antibiotics of different classes. The prevalence of MDR is characterized by a regional
variation and appears to be changing over time. A significant concern is the concur-
rent resistance to both clarithromycin and metronidazole, with prevalence of approx-
imately 8-15% in Europe [28, 33, 46], 6-11% in Asia [28], and 3-11% in the Americas
[22, 28, 30]. In China, double, triple, quadruple, and quintuple resistance rates were
reported to be 23, 20, 6, and 4%, respectively between 1998 and 2007 [47]. A study
in the Tibet Autonomous Region of China has further demonstrated a high resistance
rate where only 3 (2.0%) out of the 153 H. pylori strains isolated were susceptible to
all the seven tested antibiotics [48]. In Spain, triple resistance decreased from 3.3% in
2013 to 1.8% in 2015, and then increased to 2.4% in 2017 [49]. The exact mechanism
of MDR is not well known, but various mutations that simultaneously induce resis-
tance to different classes of antibiotics are believed to confer a cumulative MDR pro-
file. Apart from biofilm formation and increased efflux pump commonly described in
single drug resistance, additional mechanisms include coccoid formation. The coccoid
form is an inactive form of H. pylori that slows metabolism to facilitate survival [50],
which substantially increases the minimum inhibitory concentrations (MIC) of dif-
ferent antibiotics. Subsequent ultrastructural modifications in the cell membrane and
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metabolic pathways contribute to the development of MDR by reducing drug target
exposure and drug penetration [51].

Heteroresistance is a term indicating the diverse responses to specific antibiotics
by bacterial subpopulations in the same patient, which do not respond to antibiotic
therapy in vitro or in vivo [52]. Currently, there are no recommendations for the treat-
ment of H. pylori infections caused by heteroresistant strains in the clinical setting.
Given the great interest in developing new strategies to enhance the eradication rate
of H. pylori eradication therapy, apart from strategies tackling the single- or multi-
drug resistance, future guidelines should include a personalized aspect in the protocol
to address heteroresistance to H. pylori.

3. Antimicrobial susceptibility testing for Helicobacter pylori

H. pylori treatment regimen is considered to be acceptable if it achieves at least
90% cure rate [17], while an optimized regimen should reliably achieve >95% cure
rates [53]. H. pylori’s resistance to key antibiotics like clarithromycin, levofloxacin,
or metronidazole is very common. The increasing resistance of H. pylori to antibiotic
therapy necessitates local availability of susceptibility tests for individuals, as well
as regional and national monitoring programs, to develop eradication strategies.
Antimicrobial susceptibility testing (AST) for H. pylori can be primarily categorized
into two types: culture-based techniques and molecular-based methods. The details of
each approach, including their application, performance, advantages, and disadvan-
tages, will be discussed below.

3.1 Culture-based techniques

Culture-based techniques are considered the gold standard for AST of H. pylori.
These techniques employ the phenotypic identification of susceptibility and resis-
tance based on the minimal inhibitory concentration (MIC) of the tested antibiotic
[54, 55]. Traditional culture-based techniques can be categorized into quantitative or
qualitative methods. Qualitative methods, for instance, the disc diffusion method,
allow broad categorization of antibiotic susceptibility or resistance without an exact
MIC value. Quantitative methods include agar dilution, gradient diffusion suscepti-
bility testing (also known as the E-test), and broth dilution method, which express
results numerically. Details of each method are outlined below.

3.1.1 Disk diffusion method

In the disc diffusion test, filter paper discs impregnated with various pre-defined
concentrations of antibiotics are placed on an agar plate that has been pre-swabbed
uniformly with pure bacterial culture. The agar plate is then incubated at a certain
temperature optimal for the growth of a microorganism. The incubation time is
dependent on the natural growth rate of the tested microorganism. During the
incubation, the antibiotic diffuses from the disk to the agar, with the concentration
decreasing as the distance to the disk increases. If the microorganism is susceptible
to an antibiotic in the disk, there is a clear inhibition zone around the disk. The size
of the inhibition zone indicates categorial results, for instance, susceptible, inter-
mediate, and resistant, and can be related to MIC. The disk diffusion method is the
simplest and most economical routine susceptibility testing. However, it is generally
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not recommended for H. pylori, a slow-growing bacterium. Disk diffusion has been
validated in France to detect macrolide resistance [56]. However, this method has not
been validated for the other antibiotics.

3.1.2 Agar dilution method

The agar dilution method, which is considered the reference method to compare
other techniques, was first proposed by the Clinical Laboratory Standard Institute
(CLSI) as the method to be used for H. pylori clarithromycin susceptibility testing,
which later extended to testing of other antibiotics such as amoxicillin, rifabutin, cip-
rofloxacin, etc. Maastricht VI Florence consensus report has affirmed the agar dilu-
tion method as the gold standard for AST. Metronidazole, however, is a special case in
which inter- and intra-laboratory reproducibility is lacking, and a correlation between
the susceptibility results and H. pylori eradication is not evident [57]. Therefore, since
the Maastricht III 2005 consensus report, routine metronidazole susceptibility testing
has been discouraged.

3.1.3 E-test

E-test is a method derived from the disk diffusion test that provides quantitative
MIC results. In the E-test, a commercially available thin plastic test strip with a con-
tinuous gradient of antibiotic is placed on an agar plate, which has been pre-swabbed
uniformly with pure bacterial culture. The agar plate is then incubated during which
a continuous gradient of concentrations of antibiotic is created at the intermediate
vicinity of the test strip. Since the concentration gradient remains stable for at least
18-24 hours, the long enough duration allows most fastidious and non-fastidious
microorganisms, including H. pylori, to be tested. After overnight incubation, a clear
ellipse-shaped inhibition zone appears along the test strip where the MIC value could
be read from the scale point, taken as the intersection between the edge of the ellipse
and the strip. The E-test method has the advantage of being a quantitative method
with a direct expression of MICs. Except for metronidazole, a good correlation has
been found between the E-test and the standard agar dilution method.

3.1.4 Broth dilution method

In the broth dilution test, a known number of microorganisms are inoculated into
tubes containing dilution of antibiotics where MIC will be measured. The broth dilu-
tion method has the advantage of being adaptable to automation. It is typically used
to test pure isolates of non-fastidious aerobic microorganisms, which are easily grown
by overnight incubation. However, it is not commonly used for H. pylori because of
the difficulty in growing this bacterium in broth. Supplementation of media such
as brucella broth or Mueller Hinton broth allows a good correlation with the E-test,
except for metronidazole.

Susceptibility testing is currently available from a number of diagnostic labora-
tories. Given the slow-growing nature of H. pylori, the broth dilution method is not
routinely used as previously mentioned [37, 58, 59]. For routine testing, the minimum
is to test a macrolide. The disk diffusion method, with an erythromycin disk, is the
simplest cost-effective strategy. To quantify the exact MIC, an E-test or agar dilution
method can be used. The agar dilution method has proven reliable and can be adapted
for simultaneous testing of multiple H. pylori strains [55, 60]. E-test quantifies the
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disc diffusion method and strongly correlates with the agar dilution method for most
antibiotics. The only exception is metronidazole due to the absence of anaerobic
preincubation of plates used [58, 59], lack of reproducibility, and low predictive value
for treatment efficacy. If necessary, the best method is agar dilution or its simplified
version, known as the break-point method. The breakpoint susceptibility test consists
of inoculating antibiotic concentration equal to the breakpoint concentration, which
defines resistance to classify the strains as susceptible, intermediary, or resistant.
Compared to the agar diffusion method for the metronidazole susceptibility test, a
correlation of 94% has been shown [61], although reproducibility was not studied.

Culture and susceptibility testing are performed using fresh or frozen gastric
biopsies obtained via endoscopy. Adequate tissue sampling and proper handling are
needed for accurate antimicrobial analysis. At least 2 biopsies (1 from the corpus and
1 from the antrum) should be taken, preferably using large cup forceps. Samples col-
lected have to be placed in a transport medium (e.g., Brucella broth with 20% glyc-
erol, Portagerm pylori, or an equivalent). Biopsy specimens should be transported
and processed for culture as soon as possible, ideally within six hours. If processing
is delayed, refrigeration is recommended. Biopsies frozen at —70°C in Brucella broth
with glycerol remain stable for months [62].

The efficacy of these methods greatly depends on the conditions under which
the tests are performed, and the quality of the samples provided. Factors such as the
biopsy site, the number of samples taken, the quality of the sample, the time inter-
val between sampling and culture, and even transport conditions like temperature
and air exposure can significantly affect the reliability of these methods [63, 64].
Consequently, the process becomes costly, labor-intensive, and time-consuming, often
taking up to two weeks to yield results [37, 63]. H. pylori culture, an integral part of
this process, is complex due to the bacterium’s requirement for a microaerophilic envi-
ronment and a specialized medium that doesn’t interfere with the AST. In specific to
metronidazole, redox variations in the medium can affect metronidazole susceptibil-
ity testing [35, 64]. Furthermore, the interpretation of results is subjective and highly
dependent on experimental conditions [65]. A recent systematic review underscored
these limitations by revealing a failure of bacterial growth in about 20% of the cases
studied [66]. The study also found that, although culture-tailored treatment achieved
an optimal eradication rate of over 90% when used before first- and second-line regi-
mens [7, 53], it was ineffective after two or more eradication failures [66]. To tackle the
time, cost, and intensive labor required for culture-based AST methods, molecular (or
genotypic AST) is recommended as an alternative for the detection of AST.

3.2 Molecular-based techniques

Molecular-based techniques employ the genotypic detection of resistance to the
tested antibiotics. These methods facilitate the identification of specific mutations
that lead to antibiotic resistance. Molecular-based tests can be categorized into poly-
merase chain reaction (PCR) assays and next-generation sequencing (NGS).

3.2.1 PCR-based assay

The PCR assay uses nucleic acid amplification to detect specific genes responsible
for antibiotic resistance. The microorganisms isolated from specimen samples are
lysed with their DNA extracted and fragmented. Targeted genes subject to antibiotic
resistance are identified from genomic analysis of the amplified DNA fragments.
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Common PCR-based assays include real-time polymerase chain reaction
(RT-PCR), hybridization with oligonucleotide probes, and analysis of restriction
fragment length polymorphism (RFLP). RT-PCR is a repetitive cycle of target DNA
synthesis that allows the determination of the presence of H. pylori and mutation
types, as well as its quantification. Fluorescence iz situ hybridization (FISH) is used
to detect H. pylori antibiotic resistance via histological preparations, where the result
is interpreted under a fluorescent microscope. The PCR-RFLP method is based on
the amplification of DNA gene regions and selective cleavage of PCR products using
restriction endonucleases that recognize mutation sites.

Most available PCR-based assays primarily focus on testing common point muta-
tions in 23S rRNA for clarithromycin resistance and in gyrA for levofloxacin resistance
[37, 63, 67]. However, the mechanism of metronidazole resistance is not well under-
stood, and thus, a definitive panel of point mutations accounting for metronidazole
resistance has not yet been described [68].

Recent advancements in assays for detecting clarithromycin resistance can be
applied to both biopsy and stool specimens, enabling simultaneous detection of the
presence of H. pylori and clarithromycin resistance. Some assays can even differenti-
ate between high and low resistance levels based on the point mutation [69, 70].
However, the sensitivity of molecular assays in detecting H. pylori using stool samples
varies—some studies have reported high sensitivity up to 93.8% [71], and others
have found lower sensitivity ranging from 63% to 84% compared to gastric biopsy
specimens [72-74]. This discrepancy may be explained by variable DNA extraction
methods and the molecular assays selected in the testing process. For instance, the use
of FFPE gastric biopsy samples may lead to false negatives, as the DNA can be broken
into smaller fragments by the fixative [75-77]. The accuracy of these assays can be
influenced by factors such as the sample’s quality and the condition and purity of the
DNA. Lately, quantitative PCR using gastric fluid collected via string-test has been
proposed for the detection of H. pylori and its resistance against clarithromycin and
levofloxacin [78].

Gastric fluid collection via string test was done by asking the patient to swal-
low and retain a gelatin capsule containing a cotton string absorbed with water for
one hour. Compared to conventional culturing techniques, string-qPCR test allows
resistance test to be done in a non-invasive, low-cost, simple, and rapid manner [79].
The high eradication rate greater than 90% indicates its feasibility and applicability in
clinical practice [80].

3.2.2 Next-generation sequencing

The Sanger sequencing method is the analysis of the nucleotide sequence of the
studied DNA section. Instead of requiring two primers from opposite strands, which
is required in PCR amplification, Sanger sequencing allows amplification using only
one primer. It has the advantage over PCR methods in reducing errors associated with
improper DNA amplification and subsequent interpretation. With Sanger sequencing,
sequences up to 1000 base pairs long could be read in one cycle with a high accuracy
of 98% [81]. The precision and robustness of Sanger sequencing contribute signifi-
cantly to the scientific basis of clinical investigations. However, the inability to detect
large deletions or duplications of the sequence has moved Sanger sequencing (also
known as first-generation sequencing) to next-generation sequencing.

Next-generation sequencing (NGS), a step beyond Sanger and Maxam-Gilbert
sequencing, is a potential substitute for culture-based methods and current
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PCR-based assays. These novel methods enable the identification of complex genetic
variants involved in antibiotic resistance, offering an advantage through their ability
to perform massively parallel sequencing of DNA and RNA at a relatively lower cost
[82]. Modern sequencers have a capacity of more than 15 billion base pairs per run, a
maximum read length of more than 600 base pairs, and the ability to analyze up to 96
samples per run [83]. One significant application of NGS technology is whole-genome
sequencing (WGS). This technique, which sequences an organism’s entire genome,
has revolutionized the prediction of antibiotic resistance merely based on point muta-
tions identified on target genes [35]. Furthermore, it enables the detection of novel
genetic mutations in clinical isolates, which addresses the limitations of conventional
PCR-based assays that can only detect well-known and prevalent mutations. The
applicability of WGS extends beyond detecting novel resistance-related mutations

in clarithromycin and levofloxacin [36, 84], reaching also to metronidazole [85] and
amoxicillin [36, 86]. A study conducted recently in Shenzhen, China, discovered a
novel GIn31Arg mutation in the fli] gene in both clarithromycin- and levofloxacin-
resistant H. pylori strains, and a Ser176Thr/Ala mutation in the cheA gene in levo-
floxacin-resistant strains [84]. Another study in China discovered new mutations in
metronidazole-resistant H. pylori strains, specifically N118K in Fur, Q24K in Ribf, and
K219Q/N and H705fs in Omp11 [85]. Two other studies revealed a total of seven novel
hypothetical genotypes in pbplA, potentially contributing to amoxicillin resistance
[36, 86]. The identification of new candidate genes might offer a better genotypic-
phenotypic correlation than currently known genes, enhancing our understanding
and management of resistance.

The accuracy of NGS in predicting antibiotic resistance has been found to be satis-
factory and largely equivalent to culture-based methodologies, which has been widely
accepted as the gold standard for AST. Hulten et al. have illustrated a strong concor-
dance between NGS and agar dilution methods with both clinical isolates and FFPE
gastric biopsies, in particular for clarithromycin (k = 0.900 and k = 0.812 respectively,
p < 0.01) and levofloxacin (k = 0.782 and k = 0.750 respectively, p < 0.01), albeit
less satisfactory for metronidazole and amoxicillin [87]. Building upon these find-
ings, Moss et al. have delved deeper into the accuracy of NGS in predicting antibiotic
resistance in stool samples. They found a 91.4% concordance rate between the results
from stool samples and those from FFPE gastric biopsies, and a 92.2% concordance
rate with fresh gastric specimens [88]. The agreement between stool and fresh gastric
samples was substantial for clarithromycin (k = 0.94), levofloxacin (k = 0.88) and
metronidazole (k = 0.89). These results highlight the advantage of NGS over con-
ventional PCR assays, which may not be sensitive enough when performed on stool
samples, thus positioning NGS as a potentially robust, non-invasive tool for AST.

However, NGS is not without its limitations. Concern about the potential inac-
curacy of WGS when applied to gastric biopsies was raised due to the predominance
of human DNA and the relatively low content of bacterial DNA [36, 89, 90]. Asa
result, careful selection and application of appropriate DNA extraction methods are
critical. Moreover, the genetic makeup of an organism and the actual observable traits
may not always correlate. This discrepancy necessitates further research to validate
the predictive accuracy of new genotypes identified by NGS. Such verification can
be done using phenotypic outcomes and clinical observations or by retrospectively
analyzing the sequencing data [37, 91, 92]. Moreover, current evidence on the accu-
racy of NGS or WGS in predicting antibiotic resistance mainly lies on clarithromycin,
levofloxacin, amoxicillin, and metronidazole. Studies on other antibiotics like
tetracycline and rifabutin are limited by small sample sizes due to the low prevalence
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of antibiotic resistance [35, 87]. Therefore, more comprehensive studies featuring
broader gene coverage, larger sample sizes, and multi-center designs spanning differ-
ent geographical regions are warranted. To facilitate the analysis and application of
NGS data in routine clinical practice, there is also a pressing need for the development
of standardized, user-friendly computational software and tools [36, 37].

Molecular-based methods provide several advantages over culture-based
approaches. They offer a higher degree of standardization and reproducibility, which
provides the opportunity for rapid analysis and enables same-day diagnosis. It is more
cost-effective as multiple samples can be tested together, and evaluation is simpler
without culture. Culture and susceptibility testing require fresh or frozen gastric
biopsies. Molecular testing can be performed on the same material and, in addition,
can utilize specimens that do not require immediate processing or that are obtained
non-invasively [63], including formalin-fixed paraffin-embedded (FFPE) gastric
biopsy samples, stool samples, or even gastric juice [37]. Furthermore, molecular
test has the advantage over culture-based tests in detecting heteroresistance, which
is particularly important in genetic clarithromycin resistance. De Francesco has
reported that H. pylori infection was cured less frequently in patients with pure
resistant strains (46%) than in those infected with hetero-resistant strains (78.5%) or
susceptible strains (94.5%) [93].

However, one shoe does not fit all. It must be noted that the majority of molecular
tests do not detect resistance based on uncommon genetic mechanisms. Rare muta-
tions within the 77/ and gyrA gene regions, resistances of H. pylori strains that lie
outside the 77/ and gyrA genes, or other possible mechanisms of clarithromycin and
quinolone resistance should also be considered. Also, molecular-based tests cannot
distinguish between live and dead cells [94]. Despite the fact that NGS may detect
uncommon mutations, the correlation and significance between genotypic resistance
and clinical outcomes are yet to be verified. Therefore, results from phenotypic AST
approaches are considered more reliable in general, and it was still the gold standard
in detecting antibiotic resistance in the current guidelines.

4. Antibiotic stewardship in the treatment of Helicobacter pylori infection

The emergence of antibiotic resistance to H. pylori is attributed to subtherapeutic
levels of an antibiotic, which promotes the survival and natural selection of resistant
strains [37]. Antibiotic stewardship is increasingly recognized as a solution to this
problem. A series of measures have been advocated to emphasize the judicious use of
antibiotics, to encourage the selection of optimal treatment regimens, and to guaran-
tee sustainable access to antibiotics for those who require them [53, 95, 96].

4.11Issues of the “better-than approach” in H. pylori treatment and research

Traditional methods for the treatment of H. pylori adopted a trial-and-error approach
in which treatment regimens are chosen based on their relative effectiveness compared
to conventional empirical regimens, rather than on the absolute cure rate [53, 96]. The
conventional “better-than” approach used in clinical trials poses a concern. In cases
where none of the treatment arms reach the optimal success rate as defined by antibiotic
stewardship, the value of the trial may be compromised [96]. Ethical issues might also
arise, as participants may not be informed of potentially suboptimal eradication
rates, which have been anticipated based on previous experience [16, 96-98].
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Furthermore, overemphasizing relative comparisons in meta-analyses may potentially
skew the results, given the inherent heterogeneity among the included clinical trials,
such as geographical variations in resistance patterns [96]. Antibiotic stewardship
encourages a shift toward therapies with reliably high cure rates [53].

4.2 Susceptibility-guided therapy vs. empirical therapy in achieving antibiotic
stewardship

The core principle of antibiotic stewardship is that antibiotics should only be
employed to which the bacteria show susceptibility. To achieve an optimal efficacy,
treatment regimen should either be guided directly based on AST or indirectly based
on test-of-cure results. Yet, the customary empirical therapies employed by physi-
cians in treating H. pylori often do not reflect the latest knowledge of local antibiotic
resistance patterns, likely due to the unavailability of such data or its delay in dissemi-
nation to clinicians. Five meta-analyses have demonstrated that susceptibility-guided
therapy (SGT) outperforms empirical regimens in first-line treatment [99-103].
However, it should be noted that these studies exhibited substantial heterogeneity.
The differences might not be statistically significant when each empirical regimen
is scrutinized independently. The most recent meta-analysis revealed that SGT, by
either culture- or PCR-based method, outperformed the empirical clarithromycin-
containing triple therapy as a first-line treatment. This was proven in areas with high
clarithromycin resistance (>20%) (RR:1.13, 95% CI: 1.03-1.25), as well as in regions
with low clarithromycin resistance (RR: 1.24, 95% CI: 1.15, 1.32) [100]. However, no
significant difference was noted in second- or third-line treatments, nor in first-line
quadruple therapy [100]. With regard to NGS, recent evidence shows that treatment
derived from the routine evaluation of mutations associated with antibiotic resistance
using NGS on gastric biopsies offered 4.4 times greater odds of eradication compared
to regimens adopted from recommendations provided by NGS-based susceptibility
testing reports [104]. However, comparative studies on NGS using other samples,
such as stool, are sparse.

The cost-effectiveness of a susceptibility-guided strategy is also an important
consideration in H. pylori eradication. Much like the cases with efficacy, studies evalu-
ating the cost-effectiveness of susceptibility-guided strategies to empirical treatments
have not reached a consensus [64]. Although the continuous refinement of molecular-
based methods holds promising results in reducing costs compared to culture-based
testing, further studies are necessary to substantiate this claim [7, 105]. Two Korean
studies reported that dual priming oligonucleotide (DPO)-PCR-based SGT would only
be more cost-effective than empirical triple therapy if the eradication rate of the latter
drops below 75-80% [106, 107]. Nonetheless, a study from Korea observed lower total
medical costs for SGT as compared to empirical treatments, including triple therapy,
sequential therapy, and BQT. The cost of implementing PCR-based SGT in these stud-
ies ranges between USD$90.3 [108] and USD$503.5 [109]. The integration of NGS in
the design of SGT for routine clinical practice is currently impeded by several factors,
including the need for specialized machinery, software, capability in managing exten-
sive genomic data, and personnel trained in the operation of such systems. These col-
lectively contribute to the high cost of NGS, which can reach up to USD$2000-3000
per sample merely for pathogen detection alone [110]. Therefore, routine NGS usage
may not be feasible in the short term due to these financial considerations.

It may be conceivable that empirical regimens given according to updated local
antibiotic susceptibility patterns are more cost-effective than SGT. Nevertheless,
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it is essential to continually monitor the performance of these empirical regimens,
ensuring the up-to-date adaptation to the ever-changing antibiotic susceptibility
patterns.

4.3 Measures to achieve antibiotic stewardship in H. pylori treatment

Routine analysis of clinical records comprising diagnosis, treatment, and tests in
confirmation of treatment success is an indirect way to evaluate antibiotic susceptibil-
ity [53, 96, 111]. Despite the economic advantage and simplicity, such measure is not
frequently utilized. The most recent Maastricht VI Florence consensus report has
recommended the routine use of susceptibility tests, even before prescribing first-line
treatment, with respect to antibiotic stewardship [7]. This recommendation sparks
a contrast to earlier guidelines, which suggested that AST was only necessary for
patients with failed eradication attempt [112]. Given that molecular methods for AST
are increasingly more accessible and affordable, the ultimate goal of shifting toward
personalized medicine is one step forward. This individualized strategy aims to maxi-
mize eradication rates and minimize the use of inappropriate antibiotics [53, 96, 113].

Implementing antibiotic stewardship in the treatment of H. pylori demands a
concerted effort from multiple stakeholders. The study showed that compliance
was the factor most associated with eradication rates across all evaluated treatment
regimens [17]. The importance of drug compliance must be emphasized to patients
by their physicians during consultations or by educational campaigns. Physicians
should also receive education on the latest trends in antibiotic resistance patterns and
relevant guidelines regarding antibiotic use. Local healthcare authorities should take
the initiative to establish antibiotic stewardship programs that incorporate routine
AST in clinical settings, monitor antibiotic prescriptions and resistance patterns, and
provide treatment guidelines tailored to their local resistance pattern. At the interna-
tional level, consensus reports and guidelines play a vital role in promoting antibiotic
stewardship measures and providing evidence-based treatment recommendations.
Existing antibiotic surveillance programs, both locally and internationally, should
include H. pylori if it is not already incorporated. The collective contributions from all
stakeholders are essential to ensure the successful application of antibiotic steward-
ship in the treatment of H. pylori infection.

5. Adjuncts and new agents in H. pylori eradication

The changing profile of H. pylori antibiotic resistance greatly affects the efficacy of
empirical therapies. Despite the appropriate eradication regimens, persistent infection
was found in around 10% of patients. Continuous development of better treatment
regimens and discovery of novel agents against H. pylori infection are required [114].

Recently, vonoprazan, a potassium-competitive acid blocker (P-CAB), which
demonstrates greater gastric acid-suppressive potency than PPIs, has been incorpo-
rated into eradication treatments. Stronger acid suppression by keeping the gastric
acidity at a pH greater than 6 is the key in H. pylori eradication. Such a microenviron-
ment promotes bacterial growth and renders antibiotics to be more efficient. Several
clinical trials conducted in Asia have highlighted the potential of vonoprazan in
achieving eradication rates of over 90% [115-122]. As such, Maastricht VI consensus
has recommended using P-CAB-antimicrobial combination treatments in patients
with evidence of antimicrobial-resistant infections.

81



Towards the Eradication of Helicobacter pylori Infection — Rapid Diagnosis and Precision Treatment

Probiotics also play a role as an add-on to eradication. It can enhance antibiotic
activity and inhibit resistance by altering gastric microenvironment pH, modulat-
ing immunity, producing antioxidants, and affecting H. pylori colonization [123].
Probiotics, mainly Lactobacillus, Saccharomyces boulardii, or Bacillus clausii, were
studied. A meta-analysis found that patients treated with probiotics had a higher
eradication rate than those not treated with probiotics (80.3% vs. 72.2%). A growing
number of systematic reviews and meta-analyses have also observed decreased side
effects, such as diarrhea caused by H. pylori eradication therapies [123].

Few novel drugs have been proposed to treat H. pylori infection. Finafloxacin,

a novel fluoroquinolone, was shown to have high antimicrobial efficacy against H.
pylori in an acidic environment at pH = 5 [124]. Flavodoxin inhibitor, an agent that
targets the unique flavodoxin component of an essential metabolic pathway of H.
pylori, was shown to have bactericidal activity against H. pylori cells [125]. Further
evaluation is needed to ensure the safety and adequate effectiveness of these agents.

Anti-H. pylori vaccine development may be a new strategy to reduce the preva-
lence of H. pylori infection. A phase Il randomized controlled trial reported a
satisfying result of vaccination success in 71.8% of Chinese children within the first
year [126]. However, more data is needed to support its use where epitope mapping,
determination of antigen choice, genomic approach, and safety assessment have to be
evaluated.

6. Conclusion
To combat the growing threat of H. pylori resistance, there is an imperative need

for a multifaceted approach, including the development of new antibiotics, the
implementation of stewardship programs to prevent overuse, the improvement of

Prevalence Resistance mechanisms

Clarithromycin Europe: 18% Point mutations in 23S rRNA gene

America: 10% [28]

I d antibiotic effl
Southeast Asia: 10% [28] niereased antiblotic etflux

African: 29.2% [31] Alteration of outer membrane proteins
Metronidazole Europe: 32%. Mutations in metronidazole-reducing enzymes coding
America: 23% genes, mainly RdxA coding gene, frxA or fdxB gene

China: 87.8%

Oceania: 50% [127] Increased antibiotic efflux

Levofloxacin Europe: 20% [33] Point mutations in quinolones resistance-determining
America: 14% [28] region (QRDR)
Asia: 18% [128]
Africa: 17.4% [31]

Amoxicillin Europe: 0.4% [33] Mutations in the penicillin-binding proteins

Asia: 3% [128]

Afirica: 72.6% [31] Increased antibiotic efflux

Production of B-lactamase

Tetracycline Europe: <1% [33] Point mutations in 16S ribosomal primary binding site

America: 0.87% [30]

China: 1.18% [129] Increased antibiotic efflux

Table1.
Resistance rate and resistance mechanism of antibiotics commonly used in Helicobacter pylori eradication therapies.
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Figure 1.

Comparison of culture-based and molecular-based antibiotic susceptibility testing (AST) methods.

diagnostic methods to tailor therapy to individual resistance profiles, and increased
funding for research in alternative therapies and the development of standardized,
user-friendly computational software and tools. The implementation of antibiotic
stewardship is crucial to maintaining the efficacy of current treatment protocols. A
key aspect of antibiotic stewardship involves carrying out antibiotic susceptibility
testing prior to the initiation of empirical treatment. The major technological strides
have paved the way for molecular-based sequencing techniques, enabling swift and
convenient detection of antibiotic resistance. In particular, stool-based molecular
tests may prove to be an integral part of routine clinical practice going forward due to
their ease of use and prompt results. Additionally, WGS holds the potential to uncover
novel genetic mutations related to antibiotic resistance. However, these findings must
be substantiated through rigorous validation studies to ensure their clinical relevance
and accuracy (Table1 and Figure1).
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Abstract

Helicobacter pylori (Hp) is one of the most common infections worldwide, with
important implications in gastric pathology. Early diagnosis and treatment are essen-
tial for the control and prevention of gastric diseases. The role of Hp in the oral cavity
has been investigated and studied for the past 30 years, with a growing interest because
oral-oral transmission is one of the main routes. In patients with burning, halitosis, and
lingual papillary hypertrophy (BHH) in the oral cavity, the dental plaque and lingual
dorsum have been identified as Hp reservoirs for colonization. BHH is suggested as an
effective marker for early diagnosis of Hp infection, which should be confirmed by
molecular techniques and correlated with gastric involvement.

Keywords: Helicobacter pylori, oral pathology, oral-oral transmission, dental plaque,
lingual dorsum, burning, halitosis, and lingual papillary hypertrophy (BHH)

1. Introduction

Helicobacter pylori (Hp) is a highly mobile gram-negative, distinctively twisted
helix bacterium responsible for the most common chronic bacterial infection in
humans, present in all populations and individuals of all ages. This bacterium was
discovered by Dr. Barry Marshall and Dr. Robin Warren in 1982, who demonstrated
that Hp can cause gastritis, receiving the Nobel Prize in 2005 due to the broad impli-
cations of their findings [1].

However, it was observed that the annual reoccurrence rate of Hp after eradication
of successful gastric infection was 13% due to oral Hp infection, even in patients with
negative urea breath test results, which indicates that the stomach Hp infection was
cured in these patients. Reinfection in these patients suggested that the oral cavity is
a secondary site for Hp colonization [2]. So, from these findings, three transmission
routes have been proposed: oral-oral, gastric-oral, and fecal-oral.

There has been increasing interest in Hp infection in the oral cavity since the
oral-oral route is one of the primary transmission ways. Early diagnosis is essential for
treating and controlling Hp infection worldwide.

Besides the role of Hp in the oral cavity has been investigated and studied for the
last 30 years, the results obtained to date are antagonistic, perhaps due to the various
researchers’ different diagnostic methods, the study designs, the inclusion/exclusion
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criteria, and the selected controls. On the one hand, in patients with BHH in the oral
cavity, the dental plaque and lingual dorsum have been identified as Hp reservoirs
for colonization. On the other hand, the mouth was also investigated in patients with
aphthous stomatitis, cancer, and Sjégren’s syndrome [3].

2. Dental plaque and saliva in periodontal disease

Dental plaque, or oral biofilm, is a translucent film that is a mixture of biotic
matrix (bacteria, fungi) and intra/extracellular matrix (organic and mineral com-
pounds), which was firmly adhered to tooth surfaces, gingival and oral epithelium,
prostheses, and restorations. It is not removable with a simple rinse, and its composi-
tion varies depending on the location and maturation time. It is the direct cause of
caries and periodontal disease on dental and periodontal surfaces. Dental plaque
hosts various bacteria, and in the absence of good oral hygiene, it forms quickly and
adheres to the surface of the teeth at the supragingival and subgingival levels.

In 1989, Kradjen and collaborators were the first to isolate Hp by culture from
dental plaque in patients with Hp-positive gastric pathology in Canada, but they
only found Hp in 1.4% (1/71) cases [4]. In 2001, 108 patients with gastric pathology
and Hp-positive dental plaque were identified in Turkey, whose patients with good
oral hygiene did not experience reoccurrences after being treated with antibiotic
therapy [5]. In Iran, similarities were found between Hp strains isolated from
saliva, feces, and gastric samples, indicating the possible role of saliva as a source
of Hp infection. However, the diversity of Hp genotypes among the stomach, feces,
and saliva in the same patient suggests that more than one Hp strain may exist in
the saliva and stomach of the same patient due to coinfection or genetic variation
[6]. In global studies, dental plaque has been identified as a reservoir of Hp in the
oral cavity and as the gateway for bacteria entering the gastrointestinal system
[7]. Proof of this was the clinical trial carried out in the gastroenterology unit of
the Sisli Hamidiye Etfal Hospital in Turkey, where Hp was detected in the dental
biofilm and saliva of children with gastric Hp, which allowed us to understand that
both gastric reinfection and treatment failure could be due to the presence of Hp
in the oral cavity [8]. In periodontal lesions, the number of bacteria increases with
the development of periodontitis. Along with Porphyromonas gingivalis strains,
Fusobacterium nucleatum, Fusobacterium periodontium, and different Hp strains have
been found to co-aggregate. The first studies reporting results about the presence of
Hp in subgingival plaque from patients with periodontitis were conducted in Finland
and Great Britain, with subgingival plaque samples from patients with periodontal
disease [9, 10]. The former reported negative results in 100% of patients, while the
latter described a Hp positivity of 38% (11/29). Neither researcher assessed gastric
conditions [9, 10]. In the third National Health and Nutritional Examination Survey
(NHANES III; 1988-1991), 4504 subjects who had undergone anti-Hp therapy and
had positive Hp serology were eligible and underwent periodontal evaluation. The
results showed that 2% of the population had periodontal disease, with a pocket
greater than or equal to 5 mm, with an OR of 1.46 (CI 1.11-1.92), suggesting that
periodontitis could be a risk factor for Hp infection [11]. Other researchers have
estimated a 60% prevalence of Hp subgingival plaque colonization in patients with
gastric involvement, identified by culture and polymerase chain reaction (PCR),
reporting a PCR sensitivity of 100% and a specificity of 70% [11]. Systematic
reviews and meta-analyses have evaluated the association between periodontal
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disease and Hp infection in the oral cavity in patients with gastric disease. A 63%
reduction in relative risk was observed, concluding that eradication therapy alone
does not effectively control gastric reinfection [12-14].

The high prevalence of Hp in dental plaque has shown that the oral cavity can be
an essential reservoir of Hp. Poor oral hygiene can lead to reinfection after eradication
treatment. Good oral hygiene could contribute positively to the treatment of gastritis.
Therefore, oral hygiene education should be provided to patients. More studies are
needed to clarify the importance of oral Hp and its relationship with salivary param-
eters and oral hygiene status [15].

3. Other associated oral pathologies
3.1 Aphthous stomatitis

Aphthous stomatitis is characterized by erosions/ulcerations with a necrotic
background, erythematous halo, and an oval shape involving mucous membranes.
Its most frequent locations include the labial mucosa, buccal mucosa, mouth floor,
tongue’s ventral surface, soft palate, tonsillar pillars, and alveolar gingiva [16]. Due to
histological similarities with gastric ulcers, an association between Hp and recurrent
aphthous stomatitis (RAS) is suggested. However, some studies using serological tests
and biopsies failed to show such an association [17, 18]. On the other hand, attempts
were also made to establish the role of Hp in the pathogenesis of RAS in patients
with HIV, but the results were negative [19]. In addition, the association could not be
demonstrated using molecular biology as a diagnostic method [20-25].

The impact of Hp eradication on the clinical course of RAS was investigated
in patients with Hp-positive gastric biopsies. It was observed that eradicating Hp
significantly increased vitamin B12 levels and reduced the number of lesions in these
patients. These facts could be explained by the hypothesis that Hp could potentially
multiply in macrophages, dendritic cells, and epithelial cells and then indirectly lead
to vitamin B deficiency, which would then cause changes in the epithelium of the
tongue and buccal mucosa that would lead to mucosal bleeding and glossitis, given its
essential role in DNA synthesis [26, 27].

3.2 Oral cancer
3.2.1 Oval squamous cell carcinoma

Oral squamous cell carcinoma (OSCC) constitutes 90% of oral cancer cases. Risk
factors for OSCC include tobacco use, alcohol consumption, and human papillomavi-
rus (HPV) infection, which may modify the oral cavity’s microbial composition. The
oral microbiota and known OSCC risk factors appear to drive oral carcinogenesis. For
instance, oral bacteria can transform alcohol into acetaldehyde, promoting mutagen-
esis in the oral mucosa [28].

The association between oral cancer and Hp action was hardly investigated in
biopsies, swabs, and serum samples searching the bacteria, using culture, serology,
histopathology, urease test, CLO test (Campylobacter-like organism test) rapid
urease test, and PCR methods [29, 30]. Recent pilot studies have suggested a possible
association between Hp and OSCC, but additional research in larger populations is
needed to confirm and precisely quantify this potential association [31, 32].
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3.2.2 Mucosa-associated lymphoid tissue (MALT) lymphoma

Isaacson and Wright, in 1983, introduced the term mucosa-associated lymphoid
tissue (MALT) lymphoma, defined by the WHO as extranodal B-cell lymphoma of
the marginal zone of mucosa-associated lymphoid tissue, that represented 10% of
all lymphomas and 3% of gastric neoplasms. MALT lymphoma is commonly located
at the gastrointestinal level [33, 34]. The causal relationship between Hp infection
and gastric MALT lymphoma is supported by its high remission rate after infection
resolution (>75%) [35]. Some studies have reported cases in major (parotid) and
minor (labial) salivary glands in patients with Sjégren’s syndrome associated with
Hp infection. Antibiotic therapy contributed to successful Hp eradication and MALT
lymphoma resolution [36-38].

3.3 Burning, halitosis, and lingual papillary hypertrophy (BHH)

Halitosis refers to the abnormal odor of exhaled air from the mouth. The term
derives from the Latin “halitus” (breath) and the Greek “osis” (disease) [39]. The
three main diagnostic methods for halitosis are gas chromatography, organoleptic
measurement, and sulfur monitoring [40]. Halitosis has been attributed to various
factors, with highlighted gastric imbalances [41].

After Hp eradication therapy in patients with gastric pathology, halitosis disappeared
with antibiotic treatment. It was associated with gastric-level Hp infection [42-45].
Researchers suggested that halitosis could be an effective biomarker for predicting
erosive changes beyond inflammation in the gastric mucosa of affected patients [46].

Oral halitosis is caused by volatile sulfur compounds (VSCs) generated by bacterial
metabolism degrading sulfur in amino acids [47]. Anaerobic and predominantly gram-
negative bacteria, found in the gingival sulcus, periodontal pockets, and posterior
lingual dorsum, play a crucial role [48]. Treponema denticola, Porphyromonas gingivalis,
Prevotella intermedia, Bacteroides forsythus, Fusobacterium periodonticum, Centipeda
periodontii, Porphyromonas endodontalis, Fusobacterium nucleatum, Veillonella parvula,
Actinomyces odontolyticus, Streptococcus intermedius, and Clostridium innocuum are com-
monly diagnosed on the dorsum of the tongue [49-51]. Candida, a yeast colonizing the
dorsum of the tongue, contains Hp-specific genes. This may explain Hp’s presence in
the oral cavity, where the environment is adverse. Hp resides within Candida’s vacu-
oles, providing protection [52]. Hp presence was reported in the posterior sector of the
lingual dorsum through biopsy with positive PCR results [53].

Patients with BHH may present with both tongue and gastric Hp infections.

These patients did not respond effectively to treatment and were diagnosed with
chronic candidiasis concerning lingual papillary hypertrophy. They were referred to
Periodontics services for Halitosis. A considerable percentage (60%) of these patients
had a history of chronic untreated gastric discomfort. Diagnosing Hp in the oral cav-
ity must be confirmed with molecular biology, and the patient’s gastric involvement
must be evaluated [54, 55].

4. Diagnosis of oral infection by Helicobacter pylori (Hp)

Some methods for diagnosing oral Hp infection analyze this bacteria’s structural
and functional characteristics. Other methods evaluate the immune response it
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provokes in the host. Not all methods used in the stomach work in the same way. The
reasons for choosing one or another diagnostic tool are based on the clinical case and
the availability of these methodologies. Any of the methods used to detect Hp in the
mouth requires that the patient is not under medication, both oral and general, in
the last 4 weeks with simethicone, proton pump inhibitors, histamine H2 blockers,
bismuth, antibiotics, antifungals, and mouthwashes. The methods can be invasive,
generally based on the study of the biopsy, and non-invasive by studying samples
obtained by swab, cytobrush, saliva, or blood.

4.1 Histology

The histological study of the biopsy allows us to identify the oral mucosa lesions
but does not detect Hp infection. In 2001, Adler and collaborators identified the Hp
genome for the first time in the biopsy of a 35-year-old male patient with halitosis
and burning mouth, accompanied by dyspepsia, who at the time of consultation
presented hyperplasia of posterior filiform papillae with negative mycological
culture and biopsy with active chronic gastritis due to Hp. A partial biopsy of the
affected lingual area was performed for histopathological study and determina-
tion of Hp by PCR (see Section 5.4). The histopathological study showed marked
epithelial hyperplasia, papillomatosis, acanthosis, and hyperparakeratosis. The
underlying chorion presented an inflammatory infiltrate composed predominantly
of lymphocytes and attached to the surface of the epithelium; there was a thick
bacterial plaque with abundant coccoid elements. With the Giemsa technique,
spiral bacteria adhered to the epithelial surface were identified, with morphol-
ogy similar to that of Hp classically described in gastric biopsies (Figure 1).
Identification of microorganisms by this method requires confirmatory genomic
evaluation (see Section 5.2) [56].

Figure 1.

(A) Epithelial hyperplasia, papillomatosis, acanthosis, and hyperparakeratosis are observed. In the underlying
chorion, an inflammatory infiltrate is composed predominantly of lymphocytes. Attached to the surface of the
epithelium was a bactevial plaque with abundant coccoid elements (hematoxylin-eosin - HE). (B) Spiral
bacteria adhering to the epithelial surface ave individualized. The movphology of these elements is similar to that
of the Hp described in gastric biopsies (Giemsa) [56].
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4.2 Culture

The culture of Hp is a specific method whose sensitivity depends on variables such as
sample collection, transportation, storage, culture media used, and incubation conditions
(percentage of CO, and humidity). Once the sample is obtained, it must be placed in a
carbonated Stuart transport medium. This method allows for determining sensitivity to
antimicrobials, characterizing virulence factors, and typing strains for epidemiological
purposes. This technique is inappropriate in dental plaque and the lingual dorsum due to
the presence of coccoid forms of Hp and abundant other accompanying pathogens [57].

4.3 Rapid urease test (RUT)

The rapid urease test is a qualitative test used to detect the presence of Hp by mea-
suring the activity of the bacteria’s urease enzyme. The sample is placed in a urea tube
containing a pH indicator. Despite being a rapid method for identifying Hp, it would
not be specific in the oral cavity because other bacteria have urease activity [58].

4.4 Serological tests

Hp provokes a local and systemic immune response. Serological tests are based
on detecting specific circulating antibodies in response to bacterial antigens in saliva
or serum. Several serological methods have been developed for detecting Hp, such as
bacterial agglutination, complement fixation, indirect immunofluorescence, and enzyme
immunoassay techniques. The most used approach is enzyme immunoassay (EIA)
and enzyme-linked immunosorbent assay (ELISA) because it is quantitative, allowing
treatment monitoring. However, its value in diagnosing Hp infection in the mouth must
be interpreted cautiously since a positive result does not determine the ubiquity of Hp.
Another local option is to study antibodies in saliva, which is an easy sample to obtain,
but the main disadvantage is the low concentration of antibodies in them [59].

4.5 Breath test (urea breath test—UBT)

The breath test or exhaled air test is a non-invasive indirect method. It is based on
detecting the presence of Hp urease by taking samples of the patient’s breath with C13
(non-radioactive), the first in a basal state and the second 30 minutes after ingesting
a solution with urea isotopically labeled or only one sample with C14 (radioactive).

If Hp is in the mouth and/or stomach, it hydrolyzes urea thanks to its urease, and
labeled CO, (C13 or C14) is released, absorbed, diffused into the blood, and released
with the breath. A non-radioactive method has similar sensitivity but requires a mass
spectrometer to measure. The breath test indicates an active infection because urease
is produced in the viable organism. However, its value in diagnosing Hp infection in
the mouth must be interpreted cautiously since a positive result does not determine
the ubiquity of Hp, and the breath test must not ever be used for oral HP diagnosis
due to the presence of other urease-positive microbes [59].

5. Molecular pathology of Helicobacter pylori (Hp)

Hp has a small 1.6-Mbp genome compared to many other pathogenic bacteria,
consisting of a single circular chromosome that encodes about 1600 proteins.
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The Hp core genome consists of approximately 1100 genes. The Hp genome is
different between strains and even within the bacteria present in an individual’s
stomach, resulting from the unusual combination of very high rates of mutation
and recombination. This high frequency of mutations can be explained by the
lack of proofreading function in the DNA polymerase in combination with the
pro-mutagenic properties of its DNA. The diversity of DNA sequences can spread
rapidly through Hp populations due to recombination between strains. Hp can be
updated extracellularly because its DNA can be recombined, allowing HP to adapt
its genome to new environments exceptionally efficiently [60].

5.1 Molecular technique
5.1.1 Polymerase chain reaction (PCR)

Kary B. Mullis obtained The Nobel Prize in Chemistry in 1993 for inventing the
PCR process, in which a small amount of DNA can be copied in large quantities over
ashort period. PCR is based on synthesizing new DNA strands complementary to the
template strand present using DNA polymerase that can add a nucleotide to a pre-
existing 3'-OH group that will be offered by a primer with complementary sequence
to the region of interest that will be mandatorily necessary to add the first nucleotide.
Two primers flanking the sequence of interest are needed so that at the end of the
PCR reaction, the particular sequence accumulates into billions of copies (ampli-
cons) since the PCR reaction generates copies of the target sequence exponentially
(Figure 2) [61, 62].

Helicobacter pylori

DNA isolation

/v\x Sampling

Positive

Threshold

Fluorescence

Negative

Burning, Halitosis, and
lingual papillary
Hypertrophy (BHH)

1?

Cycles
qPCR

Sanger
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Figure 2.
Halitosis is an effective sign for early diagnosis of Helicobacter pylori infection, which should be confirmed by
molecular techniques and correlated with gastric involvement (Created with BioRender.com).
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5.1.2 Real-time quantitative PCR (qPCR) assays

During the PCR reaction, if one wants to know the initial amount of the target
sequence contained in the sample, one must measure the amplification in the expo-
nential phase of the PCR because only in that phase is there a linear relationship
between reactive and product. Like any enzymatic reaction, the target sequence
ceases to amplify due to the product accumulation, and a “plateau effect” appears. At
this point, the endpoint PCR is measured because it is the maximum concentration
point of amplicons that the reaction can obtain. This attribute of PCR makes real-time
quantitative PCR (qPCR) necessary, which amplifies a targeted DNA molecule during
the PCR process (Figure 2). There exist at least two methods for detecting PCR
products: non-specific fluorescent dyes that bind double-stranded DNA molecules by
intercalating between the DNA bases and sequence-specific fluorescence resonance
energy transfer probes that only see the amplicon hybridized with its complementary
sequence (TagMan) [63].

5.1.3 Sanger capillary sequencing

Sanger sequencing was first developed by Frederick Sanger and colleagues in 1977
and has become the most widely used sequencing method for over 40 years. Itisa
DNA sequencing method based on the selective incorporation of chain-terminating
dideoxynucleotides (ddNTPs) by DNA polymerase during in vitro DNA replication
[63]. DNA polymerase enzyme adds a nucleotide to a pre-existing 3’-OH group of the
primer, either deoxynucleotide triphosphates (ANTPs: dATP, dGTP, dCTP, dTTP)
or chain-terminating dideoxynucleotide triphosphates (ddNTPs: ddATP, ddGTP,
ddCTP, ddTTP) in rate-limiting concentrations which stop the elongation reaction as
the ddNTPs are incorporated, resulting in distinguishable DNA fragments of various
lengths. A high-quality DNA template is mandatory for sequence analysis. Therefore,
storage duration, temperature, and fixatives have an essential impact on the recovery
[64]. Sequencing procedures require DNA or RNA amplicons that are longer than those
used for qPCR (150 bp) for optimal results (Figure 2). Sanger method remains widely
used for smaller-scale projects and validation of next-generation sequencing (NGS).

5.1.4 Next-generation sequencing (NGS)

Large-scale parallel sequencing (next-generation sequencing, NGS) is a DNA
sequencing technology revolutionizing genomic amplification. NGS can sequence the
whole human genome within a single day. Over the last few years, massively parallel
sequencing has rapidly evolved and transitioned into molecular pathology routine
laboratories. This is an exciting platform for simultaneously analyzing multiple
genes with low input material. The spectrum of DNA variation in a human genome
comprises small base changes (substitutions), insertions and deletions of DNA, large
genomic deletions of exons or whole genes, and rearrangements, such as inversions
and translocations [63]. This methodology could be used to analyze Hp resistance in
an automated way, as well as the classification of bacterial strains.

5.2 Tissue sampling

The central dogma of molecular biology explains the flow of genetic information
within a biological system: “DNA makes RNA, and RNA makes protein,” the analysis
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of each biomolecule is called genomics, transcriptomics, and proteomics, respectively.
This chapter focused on a Hp genomic approach, and it should be emphasized that
genomic research is an indirect viability measure because it does not imply an active
bacterial infection. Therefore, a genomic approach performed from fresh frozen tis-
sue (FFT) complements the clinical lesion observed, and served from formalin-fixed
paraffin-embedded tissue (FFPET) complements the histological characteristics.

5.2.1 Fresh frozen tissue (FFT)

Fresh frozen tissue (FFT) is the “gold standard” type of biosample for PCR and
especially for sequencing. However, frozen tissue collection is generally not feasible
because clinical workflows provide formalin-fixed material that, unfortunately,
allows less DNA to be obtained, which is usually more degraded than in fresh samples,
which produces sequencing artifacts associated with the fixation process [64].

5.2.2 Formalin-fixed paraffin-embedded tissue (FFPET)

Formalin-fixed, paraffin-embedded tissue (FFEPT) block is the “gold standard”
method of human tissue preservation for diagnosis. The fixation of tissue specimens
by formalin has been used for almost 120 years. A formalin concentration of 10%
was suggested, which is equivalent to a final formaldehyde concentration of 4% [65].
Processing samples in this manner has several advantages; on the one hand, it miti-
gates risks of infectious agents that may be present in the fresh material. On the other
hand, it ensures the preservation of the architectural components of the tissue, and it
allows, through thin sections, to examine the architecture of the tissue using simple
dyes, such as hematoxylin and eosin [66].

Fixation damages the structure of DNA and thus negatively affects subsequent
PCR. For example, tissues fixed for 8 days can amplify 536-bp fragments, and for
30 days, only 268-bp [67]. Due to this fragmentation, quantification before perform-
ing a molecular technique was mandatory. Quantification and purity evaluation of
nucleic acids are generally performed by spectrophotometric analysis or ultraviolet
fluorescence tagging. Ultraviolet wavelength light (260 nm) absorption is directly
related to the sample’s nucleic acid concentration. Purity assessments are employed
to detect (i) contaminating proteins with a peak absorption of 280 nm, particularly
from the aromatic amino acids, with a sample’s 260 nm/280 nm absorbance ratio > 1.8
ratio; (ii) other contaminants with a peak absorption on 230 nm, particularly from
carbohydrates, phenol, guanidine, and glycogen, with a sample’s 260 nm/230 nm
absorbance ratio of 2.0-2.2 [64].

5.3 PCR amplicon size

Ideal amplicon length/size depends on many variables and design preferences.
For standard PCR, scientists generally design amplicons between 200 and 1000 bp.
However, for quantitative PCR, expected amplicons range from 75 to 150 bp. But, as
mentioned above, fixation breaks the genetic material, and PCR performed in FFPET
needs a design of specific-sequence primers that flank targets with molecular weights
less than 300 bp.

There are different genetic targets of Hp. The most used target gene in the litera-
ture was the 16S rRNA, but they also used cagA, vacA genes, and urease A [3]. The
selection depends on the amplified fragment’ sensitivity and specificity according
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FFT FFPET
End point PCR 200-1000 <300 bp
Quantitative PCR <150 bp
Sanger sequencing >150 bp >150 bp

Table 1.
Amplicon size concerning sample type and molecular biology methods (FFT: fresh frozen tissue, FFPET: formalin-
fixed paraffin-embedded tissue).

to the primers’ design that defines a specific size, allowing different amplification
methods depending on the patient’s sample (Table1).

5.4 Helicobacter pylori molecular approach

Based on the test, laboratory equipment available, and the patient clinical charac-
teristics, the optimal diagnostic approach requires weighing several factors.

As mentioned above, Adler et al. described a case report in 2001 that, for the
first time, identified Hp in BHH. The FFPET biopsy was histologically analyzed
with HE and Giemsa staining, while Hp DNA was detected by PCR [56]. The prim-
ers used for gastric biopsies in FFPET were employed in this first oral case. The
Hp genome was studied with a semiquantitative molecular technique (PCR), with
primers homologous to a region that codes for the species-specific antigen. Their
nucleotide sequence was HP3: 5 -TGGCGTGTCTATTGACAGCGAGC-3’ and HP4:
5'-CCTGCTGGGCATACTTCACCATG-3', identified with 474-496 and 776-754
residue peptides, respectively, that flank a 298-bp amplicon [68]. Negative, positive,
and blank controls were used. On the other hand, a second PCR was carried out under
similar conditions for a 110 bp region of the human beta-globin gene, as amplification
control of a DNA patient using the oligonucleotide primers PC03 and PC04 [69]. All
these PCRs were analyzed with 9% polyacrylamide gel electrophoresis in TBE 1X buf-
fer (Tris-Boric-EDTA) and visualized with ethidium bromide under ultraviolet light.
As the fragment was more significant than 150 bp (Table 1), two-way Sanger sequenc-
ing could be performed and aligned by basic local alignment search tool (BLAST) with
the Hp genome. By 2005, Adler et al. increased the study population. They studied
extensively patients with BHH by molecular methods, intending to confirm the rela-
tionship between BHH and Hp reliably [54]. DNA was purified from 7-pm sections of
the lingual mucosa biopsies of the affected site, which were formalin-fixed paraffin-
embedded. The same protocol as in 2001 was followed. Still, the positive results of Hp
were confirmed with a second PCR, with sequence-specific primers that amplified a
109 bp region of the 16Sr RNA gene HP1: 5'-CTGGAGAGACTAAGCCCTCC-3' and
HP2: 5'-ATTACTGACGCTGATTGTGC-3' [70]. This study of two different genomic
targets confirmed the linkage of BHH with the presence of the Hp genome.

By 2014, Adler’s group decided to convert the method to a less invasive
test by sampling the lingual dorsum by scraping and performing PCR from
fresh tissue to increase sensitivity, specificity, and speed of results [3]. For
this purpose, primers were used to allow qualitative end-point PCR assays
but with the possibility of using the same design in a real-time PCR. The
primer that amplifies a 114-bp fragment corresponding to the 16S rRNA gene
of Hp was 16S2-F:5'-CGCTAAGAGATCAGCCTATGTCC-3' and 16SB2-R:
5'-CCGTGTTCTCAGTTCCAGTGTGT-3' (GenBank: U00679.1) [71]. Quantifying
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the bacterial inoculum allows clinical monitoring of patients and evaluation of the
response to local treatment. However, quantitative methods should be performed on
fresh samples.

6. Treatment with effectiveness in the oral cavity

Before the discovery of Hp in the 1980s, peptic ulcer was considered a chronic dis-
ease: “Once there is an ulcer, there is always an ulcer,” but once the bacterial infection
was described as the cause of the pathogen, it was transformed into a unique disease,
since healing Hp infection prevents ulcer recurrence and the development of new
peptic ulcers. Despite the recognition that Hp is the leading cause of atrophic gastritis,
the hypothesis that its eradication could prevent and reduce the incidence of gastric
cancer was slowly accepted. More than a decade passed after Hp was defined as a
human carcinogen for acceptance that curing the infection also reduces the incidence
and prevents the development of gastric cancer [72].

Effective Hp therapy may include an antisecretory drug, antimicrobials to reduce the
chances of survival of pre-existing resistant subpopulations, and bismuth. The most used
therapy is the 14-day triple therapy consisting of a combination of three drugs, a proton
pump inhibitor (PPI), and two antibiotics, which can be amoxicillin and clarithromycin,
one of which can be replaced in particular cases by metronidazole. Other options are qua-
druple therapy with bismuth, triple therapies with levofloxacin, or 7-day triple therapies
with vonoprazan. Resistance to these combinations has been described, resulting ina
lower effectiveness rate [73, 74]. After successful treatment, the oral cavity is a reservoir
for gastric re-infection [75]. In Korea, applying a general eradication regimen with red
ginseng supplementation at the local level showed eradication rates of 93% [76]. Adler’s
group, based on the case report of a male patient with Hp infection, both in the mouth
(BHH) and in the stomach, established triple therapy in their patients at a general level
and added oral hygiene teaching, periodontal treatment, cleaning the tongue with a gauze
soaked with mouthwash and topical application of metronidazole gel on the dorsum of
the tongue, with a decrease in the recurrence rate of Hp after eradication [56, 77, 78]. The
literature on clarithromycin’s effects on the lingual surface is old and scarce, and studies
that address this treatment in this organ are needed. Still, the use of systemic antibiotics,
such as clarithromycin, has been reported to be associated with adverse effects in the oral
cavity, such as glossitis that exacerbates BHH syndrome (Figure 3) [79].

The diagnosis of candidiasis should be made by mycological culture and fungi-
gram to confirm the species which co-infected the lesion (Candida albicans, dublini-
ensis, kefir, etc.) and indicate a precise treatment against the species found associated
with the information on its therapeutic sensitivity (Figure 4).

Infection control includes preventive environmental and oral hygiene measures
and regular dental and gastroenterological consultations. Good oral hygiene could
contribute positively to the treatment of gastritis. Therefore, oral hygiene education
should be provided to patients. More studies are needed to clarify the importance of
oral Hp and its relationship with salivary parameters and oral hygiene status [15]. It
has been shown that the prevalence of Hp is 20% in urban areas. Still, in rural areas,
it exceeds 60%, suggesting that sociocultural and economic factors could determine
these differences because they reflect different levels of hygiene, sanitation, living
density, and education [78]. However, BHH syndrome does not improve only with
good hygiene; it is necessary to administer additional local pharmacological therapy
and have periodic consultations with the specialist.
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Figure 3.
(A) Patient with BHH and Hp-positive gastritis, confirmed by PCR technique. (B) Post triple therapy and local
medication in the tongue. The evolution of BHH was observed after 7 days [56].
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Figure 4.
Diagnosis and treatment algorism of Helicobacter pylori (Hp) oral infection.

7. Helicobacter pylori challenges

Hp infection, which affects approximately half of the world’s population, remains
a severe public health problem. Li et al. identified a lower prevalence of Hp infection
in younger people, high-income countries, or countries with high levels of universal
health coverage. Studies based on serological diagnostic methods generally reported
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higher Hp prevalence than studies based on non-serological methods (53% vs. 41%)
[80]. Hp leads to several gastric pathologies, including inflammation, gastroduodenal
ulcers, and malignancies. Early detection and treatment are crucial to preventing the
spread of the infection [81].

Precision medicine is an innovative approach to disease prevention and treatment
that considers differences in people’s genes, injuries, environments, and lifestyles
to target the right therapies to the right patients at the right time [82]. In this new
approach to Hp infection medicine, the challenges could be:

* To identify germline pathogenic variants in homologous-recombination genes (ATM,
BRCA1, BRCA2, CDH1, MLH1, MSH2, MSH6, and PALB2) by NGS, considering that
individuals with Hp infection and this germline altered genes had a higher cumula-
tive risk of gastric cancer than non-carriers infected with Hp (45% vs. 14%) [83].

* To confirm if Hp reduces treatment efficacy with immune checkpoint inhibitors
in malignant diseases before developing a vaccine for preventive and therapeutic
purposes that might consider multiple epitopes to direct the immune response
toward essential Hp functions such as epithelial cell adherence, proliferation,
and survival in the specific gastric niche [60].

* To incorporate nanoparticles and microparticles in clinical trials to overcome the
barriers of the oral route, physicochemical inconveniences, and lack of selectiv-
ity of current therapy. Standard oral treatment fails in 20% of cases since the
obstacles of the oral route decrease the bioavailability of antibiotics, increasing
the rates of resistance [84].

* To develop a new treatment against the redox switch protein HP1021, which
controls the transcription of 497 genes, including 407 genes related to response
to oxidative stress, that allow Hp to combat stress factors, including reactive
oxygen species (ROS) [85].

8. Conclusions

Hp infection is one of the most common infections in the world, and early diagnosis
and treatment are essential for its control. One of the strategies for early diagnosis is to
detect Hp in BHH, especially in patients with gastric pathologies. The diagnostic method
of choice for Hp infection in the mouth is genome detection by PCR. Infection control
consists of preventive environmental and oral hygiene measures and regular dental and
gastroenterological consultations. Therapeutic measures should consider the joint treat-
ment of oral and gastric pathology, trying in the future to approach precision medicine
with massive genetic analysis of the resistance to treatments that the bacterium acquires
rapidly due to its high mutation rate, as well as the possible identification of germline
variants of the host that increase the risk of gastric cancer in patients already infected.
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Dynamic Changes of Host
Immune Response during
Helicobacter pylori-Induced Gastric
Carcinogenesis

Meiling Zhou, Jing Zhang, Weiwei Fu and Shigang Ding

Abstract

Helicobacter pylori infection is identified as a primary risk factor for gastric
cancer (GC). Chronic inflammation is usually induced by H. pylori infection and
accompanied by inherent immune disorders. According to Correa’s model, gastritis
could progress to premalignant lesions, such as intestinal metaplasia and dysplasia,
and ultimately GC. The interaction of H. pylori with the gastric mucosa leads to the
recruitment of immune cells, including dendritic (DC) cells, natural killer (NK) cells,
and T and B lymphocytes, and triggers inflammatory response with cytokine produc-
tion, which results in the pathogenesis of stomach. The balance between inflammation
and immunity is important to gastric cancer development. However, the dynamic
change of immune response during the transition from normal to metaplasia to
dysplasia and GC is largely undefined. In this review, we summarized the involvement
of key immune cells during GC progression, aiming to help identify inflection points
and associated biomarkers for early GC detection, diagnosis, and therapies.

Keywords: Helicobacter pylori, gastric cancer, immune response, diagnosis, therapy

1. Introduction

The lifetime risk of gastric cancer in patients with Helicobacter pylori infection is
1-5%, depending on ethnicity and environmental factors [1]. Some populations have
an increased risk of gastric cancer after H. pylori infection, which can be attributed
to genetics, housing status, and dietary habits, such as increased consumption of
salty or pickled foods in East Asian populations. According to the global burden of
cancer attributable to infections in 2018 [2], chronic tissue damage with necrosis and
regeneration carries an increased cancer risk, especially chronic gastritis caused by
H. pylori infection. Characteristics of multiple carcinomas suggest that immunologic
factors modulate susceptibility to gastric tumors. Nowadays, a significant number
of studies have found that H. pylori infection is closely related to the occurrence and
development of some gastrointestinal diseases, including chronic active gastritis,
peptic ulcer, gastric cancer, and gastric mucosa-associated lymphoid lymphoma
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(MALT). The pathogenic mechanism of H. pylori infection is very complex; in addi-
tion to the damage to the gastric mucosa caused by H. pylori’s own kinetic apparatus,
adhesion properties, and various virulence factors and host genetics, there are also
inflammatory and immune responses induced by H. pylori infection. During H. pylori
infection, several cytokines, such as interferon (IFN) and interleukins (IL), play

a crucial role in regulating immune and inflammatory responses. In this paper, we
reviewed the immunological mechanisms of immune cells and immune molecules in
the pathogenesis of gastric mucosa during H. pylori infections.

2. H. pylori infection associated with T cells
2.1 T helper (Th) cell-mediated gastric mucosal inflammation

CD4" T cells play a critical role in the immune response elicited during H. pylori
infection, and Th1 cells undergo the earliest polarized proliferation among them.
CD4' T cells have two primary functions: to promote the inflammatory response and
antibody production by B cells. Th1 cells secrete IFN-y and IL-2 to enhance antigen
presentation and to promote bactericidal action by macrophages. Th2 cells secrete
IL-4, IL-5, and IL-13. These can promote B-cell proliferation and the production of
antibodies. We elaborated on the change of immune cells and how these cells act as a
protective factor or cause damage to the gastric mucosa after H. pylori infection.

H. pylori can induce Th1 cell response early during acute infection [3].
Additionally, the Th1 cell response was activated by the gastric mucosa dendritic cells
in humans [4]. CagY, an H. pylori protein, can drive both B-cell proliferation and
T-cell activation in gastric MALT lymphomas [5]. They have upregulated the mRNA
expression of Notchl involved in the differentiation of Th1 cells during H. pylori
infection. H. pylori activates the Th1-Th2 response, activating B cells associated with
the Th1 response and the Th2-specific antibody IgG1 [6]. Although earlier studies
showed a protective factor for Th2 response in protection from H. pylori infection,
more new reports suggested that protection from H. pylori is related to the progres-
sion of Th1 responses, which are accompanied by the high expression of IFN-y and
IL-12 and elevated IgG2a/IgG1 ratio as well. Formulations containing rCagA promote
aThl response and induce Th1/Th2 balance through elevating IL-4, IL-10, and TGF-p
levels, which were in line with the proliferation of spleen cells [6].

Th17, a newly identified CD4" T-cell subtype expressing IL-17A, IL-17F, IL-21,
and the chemokine CCL20, as well as the transcription factor RORyt, is involved in
the gastric mucosal inflammatory response to H. pylori infection. Studies proved that
the Th17 response could effectively protect against H. pylori infection if mice were
immunized with inactive H. pylori [7]. In patients with peptic ulcers infected with
different bacterial types of H. pylori, CD4" T cells increased. Increased regulatory
T-cell activity can reduce the Th17/IL-17 mediated mucosal immune response in the
stomach, while Th17 cut can reduce neutrophil accumulation and decrease inflamma-
tion in H. pylori-infected children [8]. A series of cytokines and transcription factors
can regulate the differentiation and function of Th17. More detailed research can be
found in this influencing review [9].

Th22 cells and IL-22 play a proinflammatory role in infectious disease [10]. After
H. pylori infection, IL-22 can inhibit epithelial cell apoptosis and promote epithelial
proliferation and regeneration [11], exerting tissue-protective effects regulated by
IL-17A [12].
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Although H. pylori infection of the gastric mucosa can cause Th cells and the
inflammatory factors they secrete to accumulate in large numbers and cause disease,
the gastric mucosal tissues continue to be damaged after the eradication of H. pylori.

2.2 Regulatory T-cell mediated gastric mucosal tolerance

Regulatory T cells (Tregs) are characterized by high levels of CD25, low levels of
CD127, and inhibitory cytokines (e.g., IL-10 and the transcription factor Foxp3). They
are essential in regulating cellular immune response and maintaining autoimmune
tolerance. Tregs inhibit antigen-induced immune reactions, and disordered Treg acti-
vation induced by microbial antigens may be a mechanism by which H. pylori evades
host immune attack. CagA, y-glutamyl transpeptidase (yGT), vacuolar cytotoxin A
(VacA), etc., from H. pylori, triggered the differentiation of tolerogenic dendritic cells
(DCs), resulting in a bias of Treg cells toward a Th response. yGT, VacA, and arginase
inhibited the proliferation of CD4* and CD8" T cells [13].

Tregs, CD4"CD25Foxp3" T cells, are essential in regulating the cellular immune
response and maintaining autoimmune tolerance. Tregs negatively regulate the
immune response mainly in two ways: one is to inhibit the activation of the target
cells directly, and the other is to secrete cytokines, such as TGF-p and IL-10, to
inhibit the immune response. In addition, Tregs can hinder the immune response
induced by antigens and antibodies, and the abnormal activation of Tregs induced
by microbial antigens may be one of the mechanisms by which H. pylori evades host
immune attack [14]. The expression levels of CD4" T cells, Foxp3* Treg cells, and
TGF-p1 were higher in children infected with H. pylori, and the number of Foxp3*
Treg cells and the expression of TGF-p1 inflammatory factors were positively cor-
related with having H. pylori infection. The results suggest that Treg cells may
play an essential role in the persistent infection of gastric mucosa by H. pylori [15].
An increased number of Treg cells increases the chances of H. pylori infection in
children. The two immune cells, Treg and Th, are in equilibrium in the normal state
of the organism. In contrast, increased secretion of Treg inhibits the Th-mediated
inflammatory response when H. pylori infects the organism, which is an essential
reason for the involvement of Treg in the pathogenesis of H. pylori infection [16].
Among H. pylori-infected people, a large amount of Treg accumulates in their gastric
mucosa when Treg exerts an immunosuppressive function. Researchers found that
two conditions are required for this phenomenon to occur. First, chemokines attract
Treg to migrate from the bloodstream to the gastric mucosa; second, Treg can express
chemokine receptors and some adhesion molecules. It was further found that che-
mokine receptor 6 (CCR6) expressed by gastric mucosal epithelial cells can combine
with its ligand chemokine CCL20 to elicit immune responses, and the immunore-
activity of H. pylori can cause H. pylori to express a large amount of CCL20. At the
same time, the virulence factor cagPAI can make H. pylori express a large amount of
CCL20. H. pylori’s virulence factor, cagPAI, can cause H. pylori to express CCL20 in
large quantities [17].

Although H. pylori establishes an immune-tolerant environment to some degree,
proinflammatory signaling molecules can still initiate systemic and local T-cell
inflammatory immune responses to damage gastric mucosal tissues. In the research
of gastric cancers associated with H. pylori, it would be essential to emphasize the
crosstalk of EPHA2 with other RTKs and with different signaling pathways that are
well-known driving factors of carcinogenesis and tumor aggressiveness, such as
EGFR, MET, and the WNT/f-catenin pathway [18].
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2.3 Cytotoxic T-lymphocyte-mediated gastric mucosal inflammation

H. pylori can induce the host CD4" T-cell immune responses to provide protection,
but less is known of CD8" T-cell responses. CD8" T cells have long been considered
unrelated to the immune response to H. pylori. Still, some studies on the charac-
terization of H. pylori-associated CD4" T cells have also referred to the infiltration
of gastric mucosa by CD8" T cells [19]. In H. pylori infection, early mucosal T-cell
immune response is dominated by CD8" T cells to control pathogens at the cost of
increased tissue inflammation; CD8" T cells are later overtaken by CD4" T cells. H.
pylori-induced gastric CD8"T cells display a tissue-resident memory (Trm) phenotype
(T*rm phenotype) [20]. A research team infected C57BL/6 mice with the pathogenic
CagA-proficient H. pylori strain PMSS1 at different periods and analyzed single-cell
suspensions of the gastric mucosa via flow cytometry. Urease subunit B (UreB) is
a conserved and critical virulence factor of H. pylori. The peripheral blood mono-
nuclear cells (PBMCs) collected from H. pylori-infected individuals were stimulated
with recombinant UreB (rUreB) in vitro to detect specific CD8" T-cell responses after
coculturing with rUreB-pulsed autologous human monocyte-derived dendritic cells
(hMDCs) [21]. CD8" T cells could play an inflammatory scavenging role and kill
bacteria in the absence of CD4" T-cell immunoprotection in mice infected with H.
pylori, such as in the case of H. pylori-infected GK1.5 (anti-CD4)-treated mice. H.
pylori-infected MHC-II knockout mice (both lacked CD4" T cells) had significant
accumulation of CD8" T cells in the gastric mucosa and had severe gastric mucosal
injury, suggesting that CD8" T cells may mediate the gastric mucosal inflammatory
response [22]. Moreover, the researcher established an animal experimental model
of H. pylori-infected pigs by gavage. The histopathology of the gastric mucosa was
similar to that of H. pylori-infected humans. The expression of immune molecules
such as the marker protein T-bet, CD16, perforin, and granzyme of CD8" cytotoxic
T lymphocytes (CTL) was high, which suggests that CTL mediated gastric mucosal
inflammation when the body was subject to H. pylori invasion. Thus, CD8" T cells
might mediate gastric mucosal inflammation when H. pylori infects the body. CTL-
mediated gastric mucosal immune response was predominant when H. pylori invaded
the organism [23]. Helicobacter urease suppresses cytotoxic CD8" T-cell responses
through activating Myh9-dependent induction of PD-L1 [24].

3. H. pylori infection associated with B cells

The primary function of B cells is to produce antibodies to mediate the humoral
immune response. When H. pylori invades the gastric mucosa, B cells limit the inva-
sion and metastasis of H. pylori by secreting antibodies to confine H. pylori to a spe-
cific lesion. The proliferative effect of CD8" T cells in the blood of patients infected
with H. pylori by flow cytometry found that B cells could stimulate the increase of
CD8" T cells after the binding of H. pylori to the gastric mucosa. The results sug-
gested that this may be one of the mechanisms by which B cells are involved in the
fight against H. pylori infection and mediate the inflammatory response of gastric
mucosal tissues. Regulatory B cells, similar to Treg, can mediate the inflammatory
immune response to H. pylori infection of the gastric mucosa [25]. A research team
produced a C57BL/6 mouse model infected with H. pylori Sydney strain (HPSS1)
by gavage and found that Foxp3® Treg and IL-10-secreting regulatory B cells (IL-
10, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1, HPSS1,
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and IL-10-secreting regulatory B cells (IL-10) were the most critical factors in the
inflammatory response. The higher number of Foxp3’ Treg and IL-10" B cells (the
earlier increase of IL-10" B cells compared with Foxp3® Treg) suggested that IL-10"

B cells could allow H. pylori to escape from the attack at the early stage of infection
and persistently colonize the surface of the gastric mucosa, which could then release
inflammatory factors to cause gastric mucosal tissue damage. In addition, IL-10" B
cells and Foxp3" Treg content in the small intestine and colon mucosa were signifi-
cantly increased, suggesting that H. pylori infection may cause damage to the mucosa
of the small intestine and colon [26]. H. pylori deregulates T- and B-cell signaling to
trigger immune evasion [27].

4. H. pylori infection associated with NK cells

NK cells are a class of nonspecific immune lymphocytes different from T and B
cells and directly kill target cells. NK cells regulate the host’s immune function by
releasing inflammatory factors, such as IFN-y and TNF-a. Some cytokines, such
as IL-12 and TNF-q, can regulate NK cell function and induce NK cells to produce
IFN-y. NK cells are the primary effector cells exerting an intrinsic immune response
in the gastric mucosa against H. pylori infection. Recently, it was found that NK cells
could participate in the inflammatory response of H. pylori-infected gastric mucosal
tissues by releasing IL-12 and IFN-y, which can be mediated by natural killer group 2,
an activating receptor whose ligand (NKG2DL) expression is induced in conditions
of cell stress and carcinogenesis transformation [28]. NK cells can secrete IFN-y, and
chronic inflammation in the stomach of H. pylori-infected people is mainly character-
ized by increased IFN-y secretion, suggesting that NK cells mediate the inflammatory
immune response at the same time as clearing H. pylori infection. IL-12 can stimulate
the production of IFN-y by NK cells through H. pylori or toll-like receptor (TLR)2
ligands [29]. The expression of the costimulatory molecule CD86 and the prolifera-
tion of CD56" NK cells were associated with high-grade MALT at the early stage of H.
pylori infection, suggesting that CD56" NK cells may be involved in the pathogenesis
of high-grade gastric MALT lymphoma.

5. H. pylori infection associated with dendritic cells

In DCs infected with H. pylori, synergistic interactions regulate IL-1p secretion
between cagPAI and the TLR2, NOD2, and NLRP3 triad, modulating the inflam-
matory immune response [30]. DCs are predominantly known for their function
as a potent inductive agent of adaptive immunity. DCs exposed to H. pylori in vitro
or in vivo cannot induce T-cell effector functions. Instead, they efficiently induced
the expression of the forkhead transcription factor FoxP3, the master regulator of
Treg. DC depletion resulted in better infection control and aggravated T-cell-driven
immunopathology [31]. Mucosal CD11c dendritic cells are located near the surface
of normal gastric epithelium and increase after H. pylori infection. The depletion
of CD25 Tregs results in an early reduction of H. pylori density, correlated with
enhanced peripheral H. pylori-specific Th17, but not Thl response [32]. Th17, not Thi,
response during H. pylori infection is related to a lower level of H. pylori colonization
in HP-DC-transferred mice. All in all, the mechanism of immune escape of H. pylori
through the induction of Tregs impedes Th17 immunity [32].
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Figure 1.
The change of immune cells in the pathogenesis of gastric mucosa after H. pylori infections.

6. H. pylori infection associated with macrophages

Macrophages are critical immune cells in the defense of gastric mucosal tissues
against H. pylori infection, and they mainly work together with reactive oxygen spe-
cies and reactive nitrogen to clear H. pylori through secreted inflammatory cytokines
TNF-a, IL-1, IL-6, and IL-17 [33]. When H. pylori infects gastric mucosal tissues,
macrophages migrate large numbers from the peripheral blood to the infected gastric
mucosal tissues for immunomodulation. At the same time, macrophages secrete
inflammatory factors that damage the gastric mucosal tissues. BAFF is a pivotal cyto-
kine that impacts the activity of both innate and adaptive immune cells. The expres-
sion of IL-17 and BAFF was higher in chronic gastritis patients infected with H. pylori,
and BAFF cytokines released by macrophages not only altered immune cell activity
but also could promote Th17 proliferation, suggesting that macrophages could elicit
gastric mucosal inflammatory immune responses through the BAFF/Th17 signaling
pathway [34]. The correlation between the immune cells with H. pylori infection that
are referred to the above is summarized in the Figure 1.

7. H. pylori infection associated with immune molecules

We will elaborate on the membrane molecular, cytokine, and signal pathway
related to H. pylori infection which are summarized in the Table 1. Toll-like receptor
(TLR)-mediated sensing of microbial molecular patterns and corresponding signal-
ing is one of the primary innate immune mechanisms against intruding pathogens.
TLRs also play a significant role in innate and adaptive immune responses against
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H. pylori infection Gastric cancer
Cell types CD4'T cell, CDS8"T cell, NK cell, CD4'T cell, CD8'T cell, B cell,
B cell, Macrophage, DC Tumor-Associated Macrophages
Molecules TLR2, TLR, TLR10, B7H3, SOCS3, CCR2, PD-L1, FGFR4, MMPs, CTLA-4, CD44
CXCL2, MMP10, ITGB1
IL23, IL33, BAFF, T cell derived cytokines IL6, IL-10, IL-17A
STAT3, NF-«xB, NLRP3, MyD88 STAT1, STAT3, NF-xB

Table 1.
The dynamic change of immune and non-immune cells during H. pylori infection and gastric cancer.

H. pylori. The concentration of TLR2 and TLR4 is higher in H. pylori-positive par-
ticipants compared to the control group [35]. TLR2, TLR4, and TLR10 can shape the
cytokine and chemokine release of H. pylori-infected human DCs [36]. H. pylori
infection induces IL-10 secretion in DCs, which activates STAT3, thereby modulating
DC maturation and reducing IL-1 secretion [37]. H. pylori cytotoxin-associated gene
A (Cag A) impairs human dendritic cell maturation and function through IL-10-
mediated activation of STAT3 [38]. STAT3 links IL-22 signaling in intestinal epithelial
cells to modulate mucosal wound healing [39].

A search team found a new regulatory mechanism employed by H. pylori to
influence the type of the T-cell response. GEC cocultures and anti-B7-H3 blocking Ab
confirmed that the induction of Th2 is mediated by B7-H3 and associated exclusively
with an H. pylori gastritis strain, not cancer or ulcer strains [40]. High levels of SOCS3
in DCs dampen PD-L1 expression in DCs, which drives T-cell proliferation [41]. CagA
interacts with ITGB1, causing gastric mucosa cells to produce IL-8. ITGB1 deficiency
can inhibit phosphorylation and activation of p38 and ERK1/2 by CagA [42].

Helicobacter pylori-induced IL-33 modulates mast cell responses and favors bacte-
rial growth [43]. IL-33 can limit immunopathology by promoting T helper 2 immune
response. H. pylori activates NF-kB signaling via the pathogen recognition molecule
nucleotide-binding oligomerization domain-containing protein 1 (NOD1) and its
receptor to promote and process IL-33 [44]. Mice lacking expression of the CCL2
receptor CCR2 are incapable of responding to H. pylori infection [45]. One of the con-
sequences of NF-kB activation in gastric epithelial cells is the production of chemo-
kine CCL2, which serves as a central chemokine attracting myeloid cells to infectious
tissues [46]. After H. pylori infection, IL-23-induced Th22 cells are rapidly increased
in the gastric mucosa, and Th22 can secrete IL-22, which increases CXCL2 produc-
tion by the gastric mucosa. CXCL2 was combined with its corresponding receptors,
leading to migrating myeloid-derived suppressor cells (MDSCs) toward the gastric
epithelium. In response to IL-22 induction, MDSCs produce the proinflammatory
factors, calgranulin A (S100A8) and S100A9, and directly inhibit the development of
Th1 cells, leading to gastritis progression [10]. Moreover, through activation of the
signaling pathway of the ERK, H. pylori synergistically promotes the production of
matrix metalloproteinases (MMPs), especially MMP-10, in gastric epithelial cells.
According to former research, MMP-10 can stimulate bacterial colonization by inhib-
iting the production of antimicrobial peptides in gastric epithelial cells. In addition,
MMP-10 also induces gastric epithelial cells to secrete the chemokine CXCL16, which
recruits CD8" T cells to the gastric mucosa and exacerbates the inflammatory response
[47]. Also, NLRP3—/—mice cannot activate Treg responses to H. pylori and control
the infection more effectively than wild-type mice. The results demonstrate NLRP3
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is crucial to Treg development and suppression of Thl responses. Besides, they
emphasized the inflammasome-independent function of NLRP3 in DC evolution and
immune regulation [45]. H. pylori activates different TLR/MyD88 signaling pathways,
initiating immune responses that lead to different responses and resultant cascades.
This differential pathway activation may depend on the type of H. pylori ligand, host
TLR source, and species, recruited MyD88 and its downstream molecules, or other
host-related factors, even related to different models of TLR ectopic expression [48].

8. Dynamic changes in gastric cancer

Chronic H. pylori infection causes long-lasting inflammation in the stomach,
which can lead to several possible conditions, including atrophic gastritis (thinning of
the stomach lining caused by long-term inflammation) and certain types of stomach
(gastric) cancer, particularly gastric adenocarcinoma and gastric mucosa-associated
lymphoid tissue (MALT) lymphoma, which is a rare type of non-Hodgkin lymphoma.
After elaborating on the relative immune cells and molecules of H. pylori infection,
we will demonstrate how these immune cells and molecules influence gastric cancer
development.

Compared with the normal tissue, Treg cells in gastric cancer increased remark-
ably [49]. However, relevant transcriptional regulators still need more research to
identify [50].

Kynureninase (KYNU), a biomarker of tumor-associated macrophages, is related
to the immunosuppressive microenvironment in gastric cancer [51], suggesting
the involvement of macrophages in GC. Moreover, converting M2-type TAMs back
into M1-type (reprogramming of TAMs) is effective in antitumor therapy in tumor
microenvironment (TME) [52]. Cyclase-associated protein 2 (CAP2) promotes gastric
cancer metastasis by mediating the interaction between tumor cells and tumor-
associated macrophages. M2 macrophage-derived TGFp1 can influence the activation
of M2 macrophage by a TGF p1/JUN/CAP?2 positive-feedback loop [53].

H. pylori protein, CagY, can drive both B-cell proliferation and T-cell activation
in gastric MALT lymphomas [5]. As to the cytokine levels of gastric cancer, a meta-
analysis explored the association between proinflammatory cytokines and GC, of
which 61 studies investigating cytokine serum levels were included [54]. They found
that patients with GC were found to have significantly elevated levels of IL-6, IL-7,
IL-10, IL-12, and TNF-a. IL-6 is one of the most crucial inflammatory cytokines in
the action of H. pylori-accompanied gastric cancer. From the mechanism perspec-
tive, IL-6 activates gastric inflammation and stimulates a proliferative response
of the gastric cell. However, long-lasted gastric injury leads to the development of
chronic gastritis and inflammation-induced gastric cancer [55]. During atrophic
gastritis to dysplasia to gastric cancer, CD44 is significantly increased in individuals,
which is related to the IFN-y production [56]. STAT3 is a proinflammatory oncogenic
transcription factor that mediates tumor initiation and progression in several cancer
types, including gastric cancer [57]. In H. pylori-induced gastritis and gastric carci-
nogenesis, H. pylori-induced STAT3 activation is mediated, at least in part, through
ROS-induced upregulation of IL-6 expression [58]. Macrophages after H. pylori
infection can release cytokine BAFF. BAFF can drive Th17 responses both indirectly
by creating a pro-Th17 cytokine milieu through the involvement of innate immune
cells and directly via the differentiation of T cells toward the specific profile [34]. A
recent study shows that IL-17A promotes gastric carcinogenesis, in part, by regulating
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the IL-17RC/NF-kB/NOX1 pathway [59]. H. pylori-induced activation of STAT1 and
PD-L1 expression may prevent immune surveillance in the gastric mucosa, allowing
premalignant lesions to progress to gastric cancer [60]. Various pathogen-associated
molecular patterns (PAMPs) derived from bacteria can bind to different TLRS. After
H. pylori infection, pathogen-associated molecular patterns (PAMPs) derived from
bacteria can attach to different TLRs. When TLR recruits IRAK, TRAFS88, and TAK6
to activate the IKK complex and phosphorylate IkB, TLR mediates MYD1-dependent
pathways that induce downstream NF-kB programs to promote inflammation and
immune responses [48].

Fibroblast growth factor receptors (FGFRs) are a gene family of transmembrane
tyrosine kinase receptors that activate critical downstream signaling pathways [61].
FGFR4 overexpression is relevant to the biology of gastric cancer. Also, FGFR4
protects gastric cancer cells from apoptosis during H. pylori infection [62]. Moreover,
the migration and invasion of GC are mainly associated with MMP2, MMP9 [63],
IL-1p [64], and CXCL8 [65]. The Table 1 summarizes the molecules involved in the H.
pylori infection and gastric cancer process.

9. Conclusion

Recently, there has been prominent progress in accessing the pathogenesis, diag-
nosis, and treatment of H. pylori infection. This has led to a substantial decline in the
incidence of peptic ulcers and a distinct potential for preventing gastric cancer. TME
also featured a variety of inflammatory cytokines and chemokines, including CXCL2,
IL-1, IL-6, GM-CSF, and IFN-y. Intricate interactions between immune cells with
cytokines and cancer cells promote cancer progression [48]. In the gastric mucosa,

H. pylori promotes the differentiation of tolerogenic DCs, M2 macrophages, and Treg
cells; inhibits the Th1/Th17 response; and/or sequesters CD8" T cells [13]. H. pylori
and cytokine gene variants as predictors of premalignant gastric lesions have been
emphasized. An association between anti-H. pylori IgG titers and the TLR1/6/10 locus
with top SNP rs12233670 was demonstrated in the discovery phase using the fixed-
effect model [66]. Throughout some meta-analyses, IL-6 is one of the most critical
inflammatory cytokines in the action of H. pylori-associated gastric cancer. Maybe it
is too early to either confirm or rule out a role for TLR1 loci as genetic risk factors for
H. pylori infection. Inherited variation of the TLR1/6/10 locus confers immunologic
cellular consequences, but high heterogeneity, cohort differences, and antibody decay
likely prevent the replication of previous associations with anti-H. pylori IgG. In
gastric cancer, H. pylori infection increases the expression of tyrosine kinases, such

as FYN, AKT3, MAPK, YES, SRC, PDK1, and mTOR. H. pylori activates and secretes
proinflammatory cytokines via activated signaling pathways, causing gastric cancer
development. The inflammatory immune response induced by H. pylori cannot
completely clear H. pylori and, worse still, induce localized inflammatory damage to
the gastric mucosa. Relevant dynamic changes of host immune response during the H.
pylori-induced gastric carcinogenesis deserve more investigation.
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Chapter 8

Complementary Replacement
Therapy for Chronic Gastritis

Liu Mi, Liu Weiai, She Chang, Zhou Jingying, Xu Xuan
and He Haolong

Abstract

Gastritis, an inflammation of the stomach lining, arises from diverse causes and
ranks among the most frequent digestive ailments. It typically falls into two categories
based on the speed of onset: acute and chronic gastritis. Patients with acute gastritis
are generally managed symptomatically. Meanwhile, those with chronic gastritis
experience ongoing discomfort like epigastric pain, belching, and acid reflux, nega-
tively impacting their quality of life. They can benefit from presently approved medi-
cal treatments. To alleviate the physical and mental burden of chronic gastritis and
enhance life quality, many patients explore complementary and alternative therapies
(CAM). A wide array of CAM options exists, but their safety and effectiveness remain
uncertain. If supported by robust evidence, these therapies could potentially become
part of standard medical practice for treating chronic gastritis. Approaches like
Traditional Chinese Medicine, Acupuncture, Tuina, Diet, Exercise, and Psychological
Interventions have demonstrated the capacity to ameliorate symptoms and enhance
the well-being of chronic gastritis patients. Identifying high-quality evidence regard-
ing efficacy and safety through Randomized Controlled Trials (RCTs) can facilitate
the broader integration of CAM in chronic gastritis treatment. This section offers an
overview of the most recent clinical trial findings concerning complementary and
alternative therapies.

Keywords: gastritis, complementary replacement therapy, chronic gastritis, clinical
trials, traditional Chinese medicine

1. Introduction

Chronic gastritis is a prevalent digestive disorder worldwide, categorized mainly
as chronic non-atrophic gastritis and chronic atrophic gastritis. Its occurrence is
closely linked to factors such as Helicobacter pylori infection, unhealthy dietary habits,
irregular sleep patterns, and emotional instability. According to the World Health
Organization, China has witnessed a staggering 30% incidence rate of chronic gastri-
tis. With improving living standards and an aging population, this condition’s preva-
lence is projected to rise annually. Recurrent chronic gastritis significantly diminishes
patients’ quality of life and adds to their emotional burden. Furthermore, if left
untreated over extended periods, chronic gastritis can progress to gastric cancer,

135 IntechOpen



Towards the Eradication of Helicobacter pylori Infection — Rapid Diagnosis and Precision Treatment

heightening the risk of cancer among affected individuals. Therefore, the effective
prevention and treatment of chronic gastritis present a significant and challenging
issue in clinical medicine.

While drugs like gastric acid inhibitors, Helicobacter pylori eradicators, and
gastric mucosal protectors have made substantial contributions to managing com-
mon chronic gastritis symptoms, they cannot completely eradicate the condition.
Moreover, they may lead to adverse reactions and side effects, including reduced drug
tolerance, increased drug dependence, and drug interactions. Consequently, many
chronic gastritis patients turn to complementary and alternative therapies alongside
conventional medical treatments to alleviate discomfort and enhance their quality
of life. Complementary and alternative medicine encompasses a range of diagnostic,
therapeutic, and preventive methods outside mainstream medicine. It complements
mainstream medical practices and offers approaches that mainstream medicine can-
not provide. These categories include alternative medicine systems, spiritual intention
therapy, biological-based therapies, body adjustment therapy, and energy therapy.
Currently, complementary alternative medicine is widely utilized in the clinical
management of chronic gastritis, gaining the trust and favor of both patients and
healthcare professionals. Traditional Chinese medicine, with its centuries of develop-
ment, has amassed a wealth of knowledge and techniques for treating digestive system
disorders. It stands as a crucial representative of complementary alternative medicine,
incorporating Chinese herbal remedies, acupuncture, tuina massage, dietary therapy,
qigong exercises, emotional regulation, and other evidence-based treatments tailored
to individual patient conditions. These approaches offer several advantages, such as
fewer side effects. Over the past decades, extensive research has explored the potential
benefits of complementary alternative therapies in preventing and treating chronic
gastritis, laying a scientific foundation for their broader adoption. Many complemen-
tary alternative therapies, including qigong, moxibustion, and dietary adjustments,
are straightforward and easily integrated into people’s daily lives. A comprehensive
understanding of these methods enhances patient self-care awareness and provides a
valuable reference for patients seeking appropriate treatment options.

This chapter presents the most recent clinical evidence and offers a systematic
overview of the current utilization of various complementary alternative therapies
for treating chronic gastritis. These therapies encompass Chinese herbal medicine,
acupuncture, massage, dietary interventions, exercise, and psychological approaches.
The information presented here is not only enlightening but also holds substantial
importance for the recovery and enhancement of the quality of life in individuals
with chronic gastritis. Additionally, it carries significant implications for advancing
research and development in the integration of traditional Chinese medicine with
Western medicine. This book caters to a diverse audience, including chronic gastritis
patients and their families, healthcare practitioners, and professionals in related fields.

2. Chinese herbal medicine for chronic gastritis

In accordance with traditional Chinese medicine (TCM) principles, chronic
gastritis is attributed to imbalances in the Qi mechanism, along with a loss of stomach
function and descending. An increasing number of clinical trials have provided com-
pelling evidence for the efficacy of traditional Chinese medicine in the treatment of
chronic gastritis. Specifically, it has demonstrated effectiveness in alleviating discom-
forting symptoms associated with chronic gastritis, such as abdominal distension,
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abdominal pain, acid reflux, and fatigue. Consequently, it can be considered a
dependable complementary therapeutic option that widens the spectrum of treat-
ments available for chronic gastritis.

Tian Guihua, Wu Chuanhong [1], and their team conducted a study involving 20
patients diagnosed with chronic atrophic gastritis of spleen-qi deficiency type. These
patients received Sijunzi Decoction continuously for four weeks, leading to notewor-
thy improvements in clinical discomfort symptoms like abdominal distension and
fatigue. Electronic gastroscopy results illustrated that Sijunzi Decoction effectively
mitigated gastric mucosa erosion and atrophy in patients with chronic gastritis of
spleen-qi deficiency type. The outcomes of the Sijunzi Decoction TCM target network
analysis indicate that Radix Astragali can alleviate appetite loss due to spleen defi-
ciency and nourish the spleen and Qi. Rhizoma Atractylodis Macrocephalae, when
stir-fried with bran, helps alleviate abdominal distension and increases food intake.
Moreover, Poria and honey-fried Radix Glycyrrhizae can alleviate abdominal disten-
sion and dull abdominal pain. This study underscores the efficacy of the mentioned
traditional Chinese medicine in ameliorating clinical discomfort symptoms associated
with chronic gastritis through Qi tonification.

In a study led by Zhao Yushu [2], the clinical effectiveness of Banxia Xiexin
Decoction in treating chronic atrophic gastritis with mixed cold and heat syndrome
was analyzed. A total of 84 patients with this condition were chosen for the study.
After one month of continuous treatment, gastroscopy revealed substantial normal-
ization of the gastric mucosa in patients. The pale areas of the gastric mucosa signifi-
cantly decreased compared to the pre-treatment condition. The observation group
achieved an impressive total effective rate of 95.24%, significantly surpassing the con-
trol group. The researcher suggests that including Pinellia in Banxia Xiexin Decoction
aids in dampness reduction and minimizes adverse effects, while dried ginger warms
the stomach and dispels pathogenic cold. Additionally, Scutellaria baicalensis and
Coptis chinensis contribute to heat and dampness elimination, detoxification, and
Codonopsis pilosula strengthens the spleen and replenishes Qi. The combined effects
substantially enhance the clinical effectiveness of patients with chronic gastritis,
rendering it a recommended treatment.

Muo-luo-dan, a traditional Chinese medicine preparation comprising Lily,
Ophiopogon japonicus, Panax notoginseng, Poria cocos, and Atractylodes macrocephala,
was investigated for its clinical efficacy in treating chronic atrophic gastritis in a study
conducted by Ma Chunlei et al. [3]. This randomized controlled trial involved 128
patients diagnosed with gastric chronic atrophic gastritis confirmed through gastro-
scopic biopsy. After a 3-month treatment period, patients receiving Muo-luo-dan treat-
ment exhibited significant increases in Gastrin-17 (G-17) and Pepsinogen I (PG I) levels.
Furthermore, the degree of atrophy in the gastric intrinsic gland was notably improved
in the Muo-luo-dan treatment group compared to the control group. G-17 is a vital gas-
trointestinal hormone that regulates digestive tract function, while PG I is closely linked
to gastric acid secretion and digestive function, effectively reflecting the extent of gastric
mucosal damage. This clinical trial provides robust evidence that traditional Chinese
medicine Muo-luo-dan effectively reduces gastric mucosal injury and enhances gastric
function in chronic atrophic gastritis patients. These improvements are instrumental in
alleviating clinical discomfort symptoms and slowing the disease’s progression.

Numerous clinical trials have also explored the development of new traditional
Chinese medicine preparations for chronic gastritis treatment. Yu Bin et al. [4] con-
ducted an open multicenter clinical trial utilizing Liqi Warming Stomach Granules,
developed by Jiangxi Huiren Pharmaceutical, for treating chronic superficial gastritis,
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involving no fewer than 2000 cases. Liqi Nuanwei Granules, composed of Chinese
herbal medicines like Bupleurum Radix, Radix Paeoniae Alba, Galangal, and Rhizoma
Cyperi, aimed to observe the improvement in primary symptoms in chronic gastritis
patients before and after treatment. After a 4-week treatment period, the results indi-
cated an 89.51% total effective rate in alleviating epigastric pain and other symptoms.
Additionally, sub-symptoms such as belching, acid reflux, and appetite loss exhibited
significant increases in TCM curative effect scores. This trial provides substantial
evidence supporting the definite therapeutic efficacy of traditional Chinese medicine
in ameliorating the clinical symptoms of chronic gastritis.

Pingwei Decoction is a commonly used prescription for addressing spleen-stomach
disharmony and stomach-related ailments. In a study led by Hu Chunping, Cai
Yisheng, and their team, 60 patients with chronic gastritis atrophy and intestinal
metaplasia were enrolled to assess the clinical efficacy of Pingwei Decoction [5].

The prescription comprises traditional Chinese medicines such as Malt, Poria cocos,
Polygonatum sibiricum, Atractylodes rhizome, Pinellia ternata, among others, and was
administered once in the morning and once in the evening. Following three months of
continuous treatment, the evaluation of treatment outcomes indicated that the treat-
ment group exhibited a significantly higher effective rate of 96.67% compared to the
observation group. Gastroscopy findings revealed improvements in the gastric antrum
glands and intestinal metaplasia following Pingwei Decoction treatment. Additionally,
TCM symptom scores showcased a reduction in epigastric pain, belching, and acid
reflux after the intervention. Moreover, serum gastrin test results demonstrated a sig-
nificant increase in serum gastrin levels post-treatment. These findings robustly sup-
port the effectiveness of Pingwei Decoction in managing chronic gastritis, validating
its clinical utility. The researcher suggests that Malt in Pingwei Decoction promotes Qi
and aids digestion, while Poria cocos and Polygonatum sibiricum fortify the spleen and
replenish Qi. Atractylodes rhizome can eliminate dampness and strengthen the spleen,
while Pinellia ternata reduces adverse effects and alleviates vomiting. The combined
action of these components yields a favorable therapeutic effect for chronic gastritis.

In addition to Pingwei Decoction, Modified Sanren Decoction is another empirical
prescription for treating spleen and stomach ailments. Guo Xinyi, et al. conducted a
study involving 35 patients with chronic non-atrophic gastritis to assess the clinical
effectiveness of Modified Sanren Decoction [6]. The primary constituents of this
medicine include Almonds, Coix seed, Cardamom seed, Magnolia officinalis, Pinellia
ternata, and Radix bupleurum, administered once in the morning and once in the
evening. The therapeutic effects were evaluated after eight weeks of treatment. The
results revealed a clinically effective rate of 94.29% in the treatment group, signifi-
cantly surpassing that of the control group. Following treatment, the scores for TCM
symptoms such as epigastric distension and pain, chest and hypochondriac distension
and pain, emotional discomfort, epigastric noise, belching, acid reflux, dry mouth,
bitter taste, and sticky stool were notably reduced in both groups. Furthermore, the
scores and total scores of various traditional Chinese medicine symptoms in the treat-
ment group were lower than those in the control group after treatment. According to
these researchers, Almonds in Modified Sanren Decoction promote Qi movement and
dampness elimination; Cardamom seed regulates Qi and harmonizes the stomach;
Coix seed fosters water retention and strengthens the spleen. Modern pharmacologi-
cal studies have also indicated that Sanren Decoction can reduce the degree of gastric
mucosal inflammation in chronic gastritis by regulating the differential expression of
gastric mucosal proteins and lowering the levels of gastrin and gastric actin, resulting
in improved clinical symptoms and signs.

138



Complementary Replacement Therapy for Chronic Gastritis
DOI: http://dx.doi.org/10.5772/intechopen.1003057

Liu Chenping and Li Yiping [7] conducted a study involving 35 patients diagnosed
with chronic atrophic gastritis to assess the clinical effectiveness of Anwei Decoction
in treating the spleen deficiency and blood stasis type of chronic atrophic gastritis,
along with its impact on the hemorheological indicators of patients. The traditional
Chinese medicine composition of Anwei Decoction includes Codonopsis pilosula,
Atractylodes macrocephala, Poria, Scutellaria baicalensis, tangerine peel, Radix
Glycyrrhizae, and others. After three months of treatment, the researchers observed
the TCM syndrome scores and hemorheology indexes of both groups. The results
revealed that following treatment, the overall clinical effective rate in the treatment
group was 91.4%, surpassing that of the control group (80.6%). The TCM syndrome
score in the treatment group was lower than that in the control group, and the treat-
ment group exhibited better therapeutic effects in terms of enhancing whole blood
reductive viscosity, plasma viscosity, erythrocyte sedimentation rate, and erythropoi-
esis equality. This suggests that Anwei Decoction could enhance blood flow status in
patients, improve local blood supply, and facilitate the repair of gastric mucosa. The
researchers posit that Codonopsis pilosula in Anwei Decoction strengthens the spleen
and replenishes Qi. When combined with Atractylodes macrocephala, Poria cocos,
and Radix Glycyrrhizae, it forms Sijunzi Decoction, amplifying its spleen-tonifying
effects. A healthy spleen promotes adequate circulation of Qi and blood, ensuring
unobstructed Qi mechanisms.

Years of clinical research and pharmacological investigations have revealed that
Xiangsha Liujunzi Decoction, in the treatment of gastrointestinal diseases, can enhance
gastrointestinal motility, alleviate spasticity, reduce gastrointestinal mucosal inflamma-
tion, and exert a positive influence on gastric mucosa, flora, and small intestinal motil-
ity [8]. In a study conducted by Liu Xia [9], 47 patients with chronic atrophic gastritis
were enrolled to evaluate the clinical effectiveness of Xiangsha Liujunzi Decoction in
treating chronic gastritis. The control group received conventional Western medicine
treatment, while the treatment group was administered Xiangsha Liujunzi Decoction.
This prescription includes Atractylodes macrocephala, Poria cocos, Codonopsis pilosula,
Tangerine peel, Radix Glycyrrhizae Preparata, Amomum villosum, among other
ingredients. After two months of treatment, the results revealed that the treatment
group receiving Xiangsha Liujunzi Decoction had significantly lower scores for symp-
toms such as epigastric pain or flatulence, shortness of breath, lazy speech, and loose
stool compared to the control group. Moreover, the treatment group exhibited lower
scores for gastric mucosal atrophy and intestinal metaplasia compared to the control
group. Researchers believe that Amomum villosum in Xiangsha Liujunzi Decoction
plays a protective role in gastric mucosa by exerting anti-inflammatory effects and
inhibiting platelet aggregation. Pinellia ternata can alleviate cough, phlegm, vomiting,
inhibit inflammatory reactions, and impede the development of gastric cancer cells.
Tangerine peel offers antioxidant, antibacterial, and immune-regulatory properties,
while also reducing blood lipid levels and demonstrating anti-tumor effects. These
findings demonstrate the favorable therapeutic effect of Xiangsha Liujunzi Decoction
on chronic atrophic gastritis, effectively relieving clinical symptoms and signs while
reducing inflammatory damage to the gastric mucosa.

Collectively, the aforementioned clinical trials underscore the substantial advan-
tages of traditional Chinese medicine in the treatment of chronic gastritis. It offers
high safety and minimal side effects, effectively improving the clinical symptoms,
controlling and reversing gastric mucosal atrophy, reducing recurrence, and decreas-
ing the transformation rate to gastric cancer. As such, it stands as a reliable, safe, and
valuable complementary and alternative therapy.
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3. Acupuncture and moxibustion, massage for chronic gastritis
3.1 Acupuncture

In clinical practice, chronic gastritis patients are predominantly treated with phar-
maceuticals. However, these drugs often come with significant side effects and should
not be used over extended periods. Acupuncture, as a treatment for chronic gastritis,
offers notable improvements in patients’ clinical symptoms and is gaining increasing
attention in research.

Acupoints represent specialized locations along the meridians that carry the flow
of qi and blood within the body’s internal organs. They also serve as reaction points
for diseases and focal points for acupuncture and other therapeutic interventions.
Clinical experiments examining pain-sensitive points in patients with chronic non-
atrophic gastritis (CNAG) have revealed [10] that these patients commonly exhibit
sensitivity at various acupoints. The most frequently affected meridians are the ren
pulse, gastric meridian, spleen meridian, kidney meridian, bladder meridian, with
some instances occurring outside meridians and non-acupoint areas. Acupuncture at
these sensitivity points significantly alleviates the level of pain sensitivity experienced
by patients. This improvement in pain sensitivity helps alleviate clinical symptoms
such as stomach pain, abdominal fullness, heartburn, acid reflux, belching, and
more. Research has indicated that acupoint pain sensitivity is linked to the sensitiza-
tion of spinal cord dorsal horn neurons by internal organs. This sensitization leads
to a heightened response of neurons to signals originating from the body’s surface.
Each organ corresponds to a specific nerve segment, making pain-sensitive points
commonly located within the nerve segment innervating the organ or adjacent nerve
segment areas.

Acupuncture, a method involving the use of a red-hot needle, quickly punctures
the selected point or area with the aid of the dual stimulation of acupuncture and
heat. A clinical study conducted at the First Affiliated Hospital of Tianjin University
of Chinese Medicine [11] employed fire acupuncture (0.4 x 35 mm) for rapid
puncture in the treatment group. The results demonstrated that fire acupuncture
significantly improved symptoms like stomach fullness, stomach pain, chest and
hypochondrium pain, poor feeding, nausea, and vomiting in patients with chronic
gastritis (CG). Moreover, patients’ physiological and psychological well-being
saw significant improvement following fire acupuncture treatment. It effectively
alleviated anxiety and depression in CG patients and enhanced their overall quality
of life.

Zhou Wei et al. [12] conducted a comparative study to assess the effectiveness of
meridian diagnosis and acupuncture against conventional acupuncture in treating
CAG. The observation group employed a comprehensive approach, utilizing merid-
ian energy analyzers and hand inspection meridian methods to identify and select
meridian points. They also selected the plus Luo-connecting point and Back-Shu
point empirically and made adjustments to the points of eight extra meridians follow-
ing acupuncture principles. In contrast, the control group primarily used acupoints
including Zhongwan (RN12), Neiguan (PC6), Zusanli (ST36), and Gongsun (SP4)
based on dialectical considerations. The results indicated that meridian diagnosis
and acupuncture were superior to conventional acupuncture in treating CAG. This
approach produced more significant effects on the pathology of gastric mucosa and
maintained stable long-term efficacy.
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Acupuncture, when applied in the treatment of CG, has demonstrated positive
clinical outcomes by inhibiting inflammatory factors, protecting the gastric mucosa,
and enhancing patients’ quality of life. However, certain challenges exist, including
the limited scale of research that may affect its credibility. Moreover, different patho-
logical types and traditional Chinese medicine symptom types require distinct treat-
ment approaches, and the criteria for assessing efficacy lack uniformity, diminishing
the comparability of various studies. To address these issues, future studies should
focus on increasing sample sizes in experimental and clinical research to enhance the
credibility of their findings.

3.2 Moxibustion

Moxibustion, a traditional therapeutic technique in Chinese medicine, is
renowned for its ability to stimulate acupoints along the body’s meridians, warming
them, dispelling cold, alleviating pain, and reducing swelling [13]. It has shown sig-
nificant effectiveness in improving clinical symptoms of patients suffering from CG
and positively impacting abnormal pathological manifestations of the gastric mucosa.
Chinese medicine encompasses a variety of traditional moxibustion methods. This
section focuses on the current research related to commonly used moxibustion
techniques in the clinical treatment of CG.

Mild moxibustion falls within the category of suspended moxibustion, using moxa
sticks. In this method, the ignited end of the moxa stick is held approximately an inch
away from the skin at the moxibustion site, providing patients with a warm sensation
without causing burning pain. Xie Hua et al. observed the clinical effectiveness of
mild moxibustion in treating superficial gastritis with spleen and stomach deficiency-
cold syndrome. They found that mild moxibustion can improve clinical symptoms
in patients and regulate the levels of serum prostaglandin E2 (PGE2), somatostatin
(SS), and epidermal growth factor (EGF). Moreover, it has shown long-term efficacy.
The team also investigated the varying therapeutic effects of different moxibustion
durations for this condition and discovered that mild moxibustion for 20 minutes
significantly alleviates gastric pain, while mild moxibustion for 40 minutes has a
more pronounced effect on relieving upper abdominal distension symptoms [14, 15].

Grain-sized moxibustion involves applying moxibustion by placing small pieces
of moxa floss, approximately the size of a wheat grain, on the skin. The combustion
temperature is carefully controlled to ensure optimal efficacy. This method promotes
the flow of energy, activates the body’s defense mechanisms, and enhances immune
function. Cai Yumei and colleagues [16] observed that grain-sized moxibustion
significantly improves symptom scores in patients with chronic superficial gastritis
(CSG) and enhances their overall physiological and psychological quality of life
scores (PCS and MCS). This technique effectively improves the clinical symptoms
and quality of life of CSG patients, with better long-term efficacy compared to warm
needle moxibustion. Liu Xiaofeng [17] and others used modified painless grain-sized
septic moxibustion combined with traditional Chinese medicine to treat chronic non-
atrophic gastritis (CNAG). This approach not only effectively improved the clinical
symptoms of CNAG patients but also significantly enhanced their quality of life. The
long-term efficacy of this combined treatment surpassed that of traditional Chinese
medicine alone. Septic moxibustion, a distinctive therapy in traditional Chinese
medicine, stimulates the body’s immune response through the persistent local inflam-
matory reaction generated during the treatment process [18].
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Ginger partition moxibustion is a moxibustion method that involves placing thin
slices of ginger as a barrier on the moxibustion site. Ginger’ spicy flavor and mild
warming properties are harnessed to enhance the warmth generated during moxi-
bustion. This technique stimulates meridian points in the human body, enhancing
stomach motility, regulating gastric protease and gastric acid levels, and inhibiting
gastric inflammatory reactions. It can also improve gastric mucosal atrophy and
intestinal transformation [19]. Cao Wen [20] further improved the clinical effective-
ness of treating CAG by adding ginger partition moxibustion to conventional Western
medicine. This approach alleviated symptoms such as stomach distension and pain
while protecting the gastric mucosa and reducing atrophy. He Jing [21] compared the
clinical effectiveness of traditional moxibustion sticks and smokeless moxibustion
sticks with ginger partition moxibustion in CAG treatment. Both methods signifi-
cantly improved clinical symptoms and regulated serum indicators such as gastric
secretin CAS. Traditional moxibustion sticks provided better efficacy due to their
longer suitable temperature and stimulation time compared to smokeless moxibus-
tion sticks with ginger partition moxibustion. Additionally, Yi Zhan et al. investigated
the effects of different durations of ginger-separated moxibustion on the levels of
superoxide dismutase (SOD) and malondialdehyde (MDA) in the serum of patients
with chronic superficial gastritis and spleen and stomach deficiency-cold syndrome.
The results demonstrated that ginger-separated moxibustion increased the activity
of the antioxidant enzyme SOD while decreasing the levels of the free radical MDA
in the serum. Furthermore, compared to ginger-separated moxibustion lasting for
20 minutes, ginger-separated moxibustion for 40 minutes had a significantly greater
effect on increasing SOD levels. This suggests that the therapeutic effect of ginger-
separated moxibustion in treating chronic gastritis may be associated with its positive
regulation of the enzyme system involved in the production and clearance of oxygen
free radicals [22].

Medicinal cakes used in partition moxibustion are typically composed of warm
and pungent herbs such as Aconiti Radix and Cinnamomi Ramulus. When subjected
to the heat produced during moxibustion, the active ingredients in these medicinal
cakes are absorbed through the skin. This method avoids potential liver damage that
can occur with oral medication metabolism. Gu Muen [23] conducted a comparison
between the treatment of CAG patients using partition moxibustion with medicinal
cakes and ginger partition moxibustion. The results indicated that both methods
improved clinical symptoms in CAG patients and alleviated gastric mucosal atrophy
and intestinal transformation. The use of medicinal cakes in partition moxibustion
had advantages in improving symptoms like stomach pain and decreased appetite.

Moxa box moxibustion involves inserting moxa into a special moxa box placed in
corresponding parts for moxibustion. The use of moxa boxes concentrates the heat
generated by burning moxa sticks, maintaining a consistent moxibustion temperature
and fully leveraging the warming and tonifying effects on the body’s deficiencies and
qi and blood. Wang Xiaowen [24] employed box moxibustion combined with herbal
warm compress to treat chronic gastritis patients, resulting in significant alleviation
of epigastric pain and improved clinical efficacy.

In conclusion, moxibustion therapy has demonstrated significant effectiveness
and safety in treating chronic gastritis. In the future, further exploration of vari-
ous moxibustion techniques for gastritis treatment, including acupuncture point
selection, clinical procedures, and therapeutic effects, can be conducted to establish
standards. This will hold greater significance for guiding scientific research and
clinical practice.
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3.3 Massage therapy for chronic gastritis

The vibration method is a commonly employed massage technique in clinical prac-
tice, known for its positive therapeutic effects on spleen and stomach diseases along with
their accompanying symptoms and complications. In the vibration method, the entire
palm, base of the palm, or fingertip of the finger serves as the focal point. It generates
tremors through small and rapid alternating contractions and relaxations of the forearm
flexor and extensor muscles, transmitting force to the deeper parts of the body [25].

Abdominal vibration massage is a commonly used massage technique in the
clinical treatment of chronic gastritis [26]. This method focuses on the abdominal
Shenque acupoint and involves stimulating various meridians, including the Ren
meridian, kidney meridian, spleen, and stomach meridian. It induces stable and
continuous tremors, triggering biochemical reactions and neurohumoral changes
in the body. This approach helps regulate immune function, improve physiological
functioning, and contribute to disease treatment. When combined with abdominal
massage, it effectively regulates the middle energizer and the three energizer passage-
ways, which is essential for balancing spleen and stomach qi function in the treatment
of chronic gastritis. Effective treatment of chronic gastritis revolves around maintain-
ing the balance of spleen and stomach qi. This balance is achieved through mechanical
and warm stimulation that promotes the absorption of gastric mucosal inflammation,
ulcer repair, and disease control. The abdominal vibration massage method focuses on
the abdomen, using the Shenque acupoint at the palm’s root as the center. It gently and
continuously vibrates, stimulating the spleen and stomach meridians of the middle
energizer and both sides. During the procedure, practitioners can also apply pressure
to the Qjhai (RN6), Tianshu (ST25), and Zhongwan (RN12). Chronic gastritis often
has a connection to liver depression, and patients’ clinical symptoms are frequently
linked to emotional fluctuations. The abdominal vibration massage method targets
the Shenque acupoint as the center and stimulates the Belt Vessel and Tianshu acu-
points on both sides through gentle rhythmic vibrations. This helps unblock liver and
gallbladder qi, regulate the central nervous system, promote qi circulation, alleviate
depression, clear the intestines, and enhance gastrointestinal peristalsis. Additionally,
abdominal rubbing and kneading techniques generate heat and drive subcutaneous
tissue, benefiting individuals with severe Qi stagnation. Yi Liujuan [27] conducted
research on the effect of the palm vibration method as the primary massage technique
combined with stellate ganglion catgut embedding for improving clinical symptoms
in patients with chronic gastritis. The results indicated that single catgut embedding
treatment was slower in its effect. However, when combined with the palm vibration
method, it significantly improved traditional Chinese medicine symptoms, clinical
symptoms, and reduced oxidative stress reactions in patients with chronic gastritis.
This combination therapy demonstrated enhanced efficacy in alleviating chronic
gastritis symptoms.

The back massage method is often employed to treat chronic gastritis, especially in
cases where patients exhibit spleen and stomach deficiency, an inability to transform
their diet, or damage to the middle yang. Chronic gastritis of this nature may mani-
fest as endogenous deficiency and cold, bloating, pain, a gradual loss of spleen and
stomach transformation, a decline in spleen yang, and even involvement of kidney
yang. In such cases, all organs lack nourishment. Abdominal vibration massage, when
used in this context, targets the Shenque acupoint and stimulates the meridians, navel
circumference, and vital gate. It strengthens the central area while nourishing the fire
and soil, promoting warmth and nourishment in the body. Jiang Manjun [28] also
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suggested that massage therapy can be beneficial for individuals with chronic superfi-
cial gastritis of the spleen-stomach deficiency cold type. The treatment involves using
the thumb or middle finger’s abdominal force to massage specific parts or acupoints
on the abdomen and back, focusing on the Governor Vessel and back shu acupoints.
This approach follows the theory of acupoint matching between back-shu points

and front-mu points and interacts with abdominal and Conception Vessel acupoints,
which are related to corresponding organs. By infusing Yang Qi into each organ, it
stimulates Yang Qi distribution throughout the body via the meridians. This ensures
the normal operation and gasification function of organs like the spleen and stomach.
Li Nanxi [29] and others have also demonstrated that massaging along the meridians
on the abdomen and back can clear the meridians, regulate yin and yang, strengthen
the spleen and stomach, and promote qi regulation. This approach has shown promise
in treating chronic gastritis.

In summary, patients treated with the vibration massage as the primary method
have experienced significant improvements in clinical symptoms such as loss of appe-
tite, bloating, abdominal pain, belching, and pantothenic acid. In clinical practice,
SOD and MDA are commonly used oxidative stress indicators [30]. The massage
method, particularly the vibration method, changes the internal environment’s state
through stimulation. Techniques like pressing, pressing, and rubbing unblock the
meridians, enhance gastrointestinal motility, and significantly reduce oxidative stress
reactions. Overall, massage treatment for chronic gastritis has demonstrated favorable
therapeutic effects and promising applications.

4. Diet therapy for chronic gastritis

Diet therapy plays a significant role in the management of chronic gastritis. TCM
diet therapy utilizes the principles of TCM to strengthen the body’s resistance and
eliminate pathogenic factors. In Chinese culture, there has long been an understand-
ing that “medicine and food are homologous,” emphasizing the idea that food can
have therapeutic effects similar to medicine.

Chronic gastritis is a type of epigastric pain in traditional Chinese medicine
(TCM). As the saying goes, “Treating the stomach requires three parts treatment
and seven parts nourishment.” Treating chronic gastritis involves adopting sensible
dietary habits. Several studies have indicated that by understanding the causes
of chronic gastritis and combining medication with dietary control, patients can
alleviate symptoms and manage the disease’s progression [31-33]. In recent years, a
growing body of clinical data has affirmed that nourishing the spleen and stomach
through diet benefits gastrointestinal function and is a crucial approach for treating
and caring for chronic gastritis.

Wang Shurong et al. [34] adhere to TCM dietotherapy principles in clinical
practice, providing tailored treatments based on patients’ unique conditions. They
conducted a study involving 60 patients with CAG. The control group received a
regular diet, while the treatment group received a regular diet combined with dieto-
therapy based on syndrome differentiation. In TCM, CAG is categorized into various
syndromes, including Deficiency-cold syndrome of spleen and stomach, Stomach
Yin Deficiency Syndrome, Syndrome of stagnation of heat in the liver and stomach,
Syndrome of blood stasis blocking the stomach, and Syndrome of food stagnation.
Food materials are classified according to meridians for balanced compatibility,
with corresponding treatments such as dried ginger porridge with yam, Adenophora
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ginseng and lily porridge, Ophiopogon japonicus porridge, Hawthorn and Tremella
Soup, and Divine Comedy and Grain Sprout Porridge. The results revealed that the
treatment group achieved an overall response rate of 95.0%, significantly higher
than the control group’s 83.3%, demonstrating the effectiveness of dialectical dietary
therapy in improving chronic atrophic gastritis.

Wang Zhenzhen et al. [35] assert that, prior to commencing dietary nursing
interventions, it is crucial to comprehensively explain the significance of dietary
adjustments to patients. The research encompassed 110 patients suffering from
chronic gastritis. The control group received standard nursing care, while the obser-
vation group had tailored dietary nursing strategies devised based on their specific
syndrome types. For individuals with a Deficiency of spleen and stomach, the recom-
mendation included consuming more easily digestible foods such as porridge, which
nourishes the spleen and boosts qi, while also warming the stomach and dispelling
cold sensations. These foods encompass millet, carrots, yams, etc. Conversely, they
were advised to steer clear of cold and refrigerated fruits, as well as raw or chilled
beverages like watermelon and bitter gourd. Patients exhibiting disharmony between
the liver and stomach were directed to prioritize liquid and pasta-based meals,
emphasizing slow chewing and swallowing, in addition to adhering to regular meal
schedules. During their nursing period, abstaining from smoking or alcohol was
encouraged, along with the consumption of foods conducive to stomach comfort
and qi regulation, such as lotus root, lentils, and hawthorn, while avoiding fatty and
heavy fare such as greasy meats and seafood, etc. For those with damp-heat type
spleen and stomach conditions, an intake rich in heat-clearing, diuretic, yin-nour-
ishing, and fluid-promoting foods, like lotus seeds, red beans, cucumbers, etc., was
suggested. On the flip side, spicy and fiery foods, such as pepper and ginger, were to
be avoided. Patients exhibiting stomach yin deficiency were advised to include more
gi-replenishing, yin-nourishing, and moisture-enhancing foods in their diets, like
duck, milk, tremella, and lily, while steering clear of items known to generate heat
and harm yin, such as mutton, dog meat, strong tea, coffee, and garlic, etc. Those
with blood stasis in stomach collaterals were encouraged to consume foods promoting
qi and blood circulation, including eggplant, kelp, and mushrooms, while avoid-
ing astringent and cold items like dark plum, sweet potatoes, and persimmons, etc.
Furthermore, it was recommended to prompt patients to diligently record their daily
dietary choices, meal times, and meal frequency. Healthcare professionals should
maintain continuous monitoring of the patients’ adherence to their dietary plans and
offer timely, tailored guidance. The results demonstrated that, in comparison to the
control group, patients in the observation group experienced a shorter duration of
upper abdominal pain, abdominal distension, and other adverse symptoms. They also
reported greater satisfaction and exhibited improved nutritional status. This study
underscores that judicious application of dietary therapy as an adjunctive treatment
in patients with chronic atrophic gastritis serves not only as nutritional support but
also as a therapeutic measure. Additionally, it can enhance patients’ quality of life
and satisfaction with nursing care. Dietary therapy effectively merges prevention and
treatment, yielding satisfactory therapeutic outcomes and showcasing the distinctive
facets of TCM dietary practices.

Liu Jun [36] emphasizes the limitations of single-drug therapy and underscores
the importance of incorporating diet therapy into the treatment of chronic gastritis
alongside peptic ulcers. This study involved 82 patients with both chronic gastritis
and peptic ulcers. In this approach, physicians are advised not only to guide patients
in taking omeprazole capsules regularly and in appropriate doses but also to offer
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dietary recommendations tailored to the patient’s clinical symptoms and condition. A
scientifically sound dietary plan should be devised to encourage the consumption of
low-fat, high-protein, and easily digestible foods. It is recommended to include items
such as cucumber, cabbage, apples, pears, and to consume warm water before meals,
which can effectively safeguard the gastric mucosa.

Mao Yanping et al. [37, 38] have established a strong connection between dietary
cellulose intake and dietary habits with CAG (chronic atrophic gastritis). A high
dietary fiber diet has demonstrated the ability to delay or even reverse the progres-
sion of this disease. Zheng Jie, and others [39] contend that many high dietary fiber
sources exhibit excellent anti-inflammatory and antioxidant properties, with com-
mon sources being legumes, seaweed, mushrooms, fruits, vegetables, and rhizomes.
Notably, seaweed boasts the highest dietary fiber content, followed by grains,
mushrooms, roots, fruits, and vegetables. Building upon this, Zhu Chunhua and Feng
Yuke [40] conducted a group intervention and observation study involving 86 CAG
patients to investigate the application of a high-fiber diet. The results demonstrated
that after the intervention, both groups experienced improvements in mental health,
physiological function, emotional well-being, and social function, with the observa-
tion group showing greater improvements. This highlights the significant impact of
a high-fiber diet on CAG patients, enhancing their condition, nutritional status, and
overall quality of life.

Gao Fan [41] conducted a review of clinical data from 80 children with chronic gas-
tritis to assess the effectiveness of seamless nursing combined with diet intervention.
Nutritionists crafted personalized dietary plans based on the child’s age and condition.
These plans included foods rich in fiber, protein, vitamins, and zinc, such as eggs, lotus
root, carrots, and shrimp. Additionally, easily digestible and light foods like broccoli,
noodles, and bananas were recommended, while hard, overheated, excessively cold,
highly acidic, spicy, or greasy foods were discouraged. Guidance on developing healthy
eating habits, including chewing slowly, consuming smaller, more frequent meals,
and avoiding overeating, was provided. The results indicate that, alongside effective
chronic gastritis treatment, it is essential to create a scientifically rational dietary plan
tailored to the child’s condition. This approach helps alleviate clinical symptoms and
enhance compliance. Dietary intervention effectively assists children with chronic
gastritis in forming healthy eating habits, ensuring adequate nutrition during treat-
ment, promoting physical recovery, and bolstering overall health [42, 43].

Lu Meirong and Zheng Shufeng [44, 45] both stress the significance of dietary
intervention and dietary health education in caring for patients with chronic gastritis.
Zheng conducted a study with 56 chronic gastritis patients, dividing them into a
control group and an observation group. The control group received standard care,
while the observation group underwent specific dietary interventions, including the
following steps: Firstly, doctors should guide patients in adapting their diet plans,
emphasizing eating smaller, more frequent meals, and increasing the frequency of
chewing during meals to enhance digestion. Secondly, it is essential to establish a
rational dietary structure, encouraging patients to consume more vegetables and
foods rich in vitamins that are easily digestible and highly nutritious. Cooking meth-
ods should primarily involve steaming, boiling, stewing, and braising, while methods
such as frying and roasting should be avoided. Legumes and peanuts should be
cooked before consumption. Lastly, attention should be devoted to dietary hygiene,
avoiding overeating and refraining from consuming spicy, irritating, and cold foods
to prevent aggravation of the condition due to irritation of the gastric mucosa. For
patients experiencing symptoms like nausea, vomiting, and acute massive bleeding, it
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is advisable to abstain from eating. For patients with peptic ulcers, a diet consisting of
mild and liquid foods is recommended after 12-24 hours of bleeding cessation. In the
case of cirrhosis patients, they should opt for liquid foods rich in vitamins and high
in calories after 2-3 days of bleeding cessation, while strictly limiting sodium, salt,
and protein intake. These research findings indicate that dietary care serves a dual
purpose: on one hand, it helps mitigate the gastrointestinal burden resulting from
poor dietary habits, which can stimulate gastric mucosal function and exacerbate the
condition; on the other hand, it provides essential nutrients for recovery, facilitating
disease improvement. Effective management of chronic gastritis cannot be divorced
from sound dietary practices. The integration of dietary intervention with health
education not only prevents and treats chronic gastritis but also enhances patients’
psychological well-being, sleep quality, quality of life, and daily functioning, while
also reducing the risk of disease recurrence. It stands as a vital measure in the treat-
ment and care of chronic gastritis.

The clinical trial results mentioned above demonstrate the effectiveness of dietary
therapy in enhancing the well-being of chronic gastritis patients. It effectively
alleviates adverse symptoms like nausea and vomiting, boosts patients’ psychological
health, elevates nutritional levels, mitigates complications arising from nutritional
deficiencies during treatment, enhances patients’ quality of life, and improves their
overall physical condition. This underscores that dietary therapy is a dependable,
efficient, and secure complementary treatment option deserving of widespread clini-
cal adoption and utilization.

5. Chronic gastritis exercise alternative therapy

Chronic gastritis is primarily characterized by symptoms like epigastric pain,
abdominal bloating, and indigestion. Engaging in appropriate and moderate exercise
can have several positive effects on gastrointestinal health. It can enhance gastrointes-
tinal peristalsis, improve blood circulation to the gastric mucosa, facilitate the healing
of gastric mucosal inflammation, and consequently enhance digestive function and
stimulate appetite. Additionally, regular physical activity can alleviate symptoms of
anxiety, depression, and loneliness often experienced by chronic gastritis patients.
Moreover, it contributes to the maintenance of a balanced yin and yang within the
body. In traditional Chinese medicine, the practice of gongfu exercises is known to
boost yang qi, regulate the flow of gi and blood, strengthen the body, and enhance the
bodys ability to prevent diseases [46].

A survey conducted by Deng Tietao, a master of Traditional Chinese medicine,
examined 147 individuals. It found that 64 individuals “felt that their spleen and
stomach functions were normal,” of whom 60.94% (39/64) engaged in regular physi-
cal activity. In contrast, of the remaining 83 individuals who “felt that their spleen
and stomach functions were not normal,” 32.53% (27/83) engaged in regular physical
activity. This survey explored public attitudes toward Chinese medicine exercise
techniques, exercise habits, and gastrointestinal health. The findings suggest that
individuals with normal spleen and stomach functions are more likely to be frequent
physical exercisers, hinting at the potential benefits of exercise for spleen and stom-
ach health. Research has shown that exercise has a bidirectional stimulating effect on
gastrointestinal muscles, promoting gastrointestinal muscle peristalsis, enhancing the
secretion of digestive juices, regulating cerebral intestinal peptides, and improving
the body’s microenvironment [47].
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In a study by Wang Jing, 124 cases of bile reflux gastritis were randomly divided
into a treatment group and a control group. The results revealed that combining
exercise therapy with Western medicine for the treatment of bile reflux gastritis
can improve clinical outcomes, offering valuable insights for clinical practice [48].
Traditional Chinese Medicine Guidance, a branch of exercise therapy, incorporates
traditional techniques like the Eight-Section Brocade, Tai Chi, Five-Animal Exercise,
and more. It emphasizes the integration of physical movement, breathing, and
psychological regulation, focusing on regulating the body, breathing, and heart as
fundamental elements. This approach has demonstrated clinical efficacy and research
significance in preventing and treating diseases of the digestive system, cardiovascu-
lar system, and tumors [49]. Utilizing Traditional Chinese Medicine Guidance, such
as the Eight-Section Brocade and Five-Animal Exercise, often yields positive thera-
peutic outcomes in the treatment of chronic gastritis.

Huang Lingshan conducted research on the treatment of chronic gastritis
patients using Eight-Section Brocade Exercises. The treatment group exhibited
significantly quicker pain reduction compared to the control group. Eight-Section
Brocade Exercises, characterized as mild and safe aerobic exercise, play a role in
harmonizing internal organs and achieving the goal of “stabilizing the five organs
and stabilizing the blood vessels.” This exercise, with its “rigid and flexible” move-
ments, can effectively clear qi and blood meridians, regulate internal organ func-
tion, enhance physical fitness, improve the quality of life for patients with chronic
gastritis and liver-stomach disharmony, and enhance the effectiveness of treatment
[50]. Li Zhou and colleagues investigated the impact of Eight-Section Brocade on the
care outcomes of patients with chronic gastritis accompanied by anxiety and depres-
sion. In the study, the control group received routine treatment and care, while the
observation group incorporated the Eight-Section Brocade into their care regimen
alongside routine treatment. The results revealed that the observation group experi-
enced better therapeutic outcomes compared to the control group. The application
of Eight-Section Brocade in the care of patients with chronic gastritis and comorbid
anxiety and depression positively influenced their clinical symptoms and psycho-
logical well-being, thereby facilitating their recovery [51].

Zhang Ping researched the effects of Bear Exercise within the Five-Animal
Exercise regimen on patients with chronic atrophic gastritis. The findings dem-
onstrated that the addition of Bear Exercise to conventional treatment was more
effective in alleviating gastrointestinal discomfort symptoms, with improvements
becoming more pronounced over time [52].

Chronic gastritis, characterized by its enduring and recurrent nature due to
multiple factors, benefits from exercise in improving and regulating organ function
to establish a relative balance between yin and yang within the body. Experimental
studies have revealed that exercise induces the cerebral cortex to enter an inhibitory
state, facilitating the restoration of normal regulatory function in the central nervous
system. This adjustment influences the activity of the autonomic nervous system,
enhancing gastric peristalsis and diaphragmatic movement, which, in turn, promotes
gastric juice secretion and an increase in salivary amylase content, thus boosting
appetite and facilitating weight gain [53].

Consequently, regular exercise holds considerable benefits for patients with
chronic gastritis, aiding in their recovery and overall well-being. Exercise serves as a
pivotal component in the prevention and treatment of chronic gastritis and can serve
as a valuable reference for clinical practice.
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6. Psychological intervention therapy for chronic gastritis

Chronic gastritis, a prevalent gastrointestinal ailment, is chiefly characterized
by upper abdominal pain, feelings of fullness and burning sensations, which tend
to worsen after meals, significantly impacting the daily lives and work routines of
affected individuals. The protracted treatment course and unpredictable nature of
the condition can lead to persistent abdominal pain during the therapeutic process,
subsequently giving rise to negative emotions such as anxiety, depression, pessimism,
or tension among patients. Prolonged negative emotions can gradually precipitate
psychological disorders, manifesting not only as gastrointestinal lesions stemming
from gastritis but also encompassing symptoms like depression, irritability, and
insomnia, further exacerbating the condition and impeding treatment effectiveness.
In light of these challenges, it is recommended to complement the standard treatment
of chronic gastritis with essential psychological interventions aimed at mitigating
adverse psychological states and enhancing patient treatment compliance.

In a recent clinical study involving 77 patients grappling with chronic gastritis
[54], a noteworthy distinction became evident between two distinct groups. When
compared to the control cohort, which solely received fundamental care measures,
the experimental group underwent a comprehensive regimen encompassing indi-
vidualized dietary guidance and behavioral psychological interventions. The results
were remarkable: the experimental group exhibited significantly reduced levels of
anxiety, depression, and pain. Simultaneously, they experienced substantial enhance-
ments in social interactions, sleep quality, and emotional well-being. These findings
underscore the significant potential of individualized dietary care and behavioral
psychological interventions in augmenting the efficacy of chronic gastritis treatment,
ultimately elevating the overall quality of life for patients.

In another clinical study conducted at the Zhengzhou Hospital of Traditional
Chinese Medicine [55], 61 patients diagnosed with chronic gastritis were randomly
divided into two groups. The control group (n = 30) received standard care, while the
study group (n = 31) received standard care coupled with comprehensive psychologi-
cal support. This support encompassed mental health assessments, empathetic listen-
ing, health education, mindfulness-based silence therapy, cognitive and emotional
therapy, as well as verbal and non-verbal communication. Following the intervention,
it became evident that the study group, in comparison to the control group, exhibited
superior improvements in SAS and SDS scores. Additionally, the study group demon-
strated a notably higher treatment compliance rate (96.77%) when contrasted with
the control group (73.33%). This study underscores the potential advantages of inte-
grating comprehensive psychological care with standard treatment to assist patients
in managing their emotional well-being, rectifying misconceptions, and enhancing
treatment compliance.

The clinical study results mentioned above consistently highlight the significant
advantages of incorporating psychological interventions, which are inherently
safe. These interventions efficiently alleviate negative emotions in chronic gastritis
patients, improve treatment adherence, and notably alleviate the clinical symptoms
associated with this condition. As such, they represent a dependable, safe, and
complementary therapeutic approach that merits broader promotion and adoption.
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