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Abstract: Helicobacter pylori remains a crucial factor in the development of gastrointestinal (GI) dis-
eases including chronic gastritis, peptic ulcer disease (PUD) and gastric cancer, even decades after its dis-
covery. This review summarizes the advances in the field of H. pylori and non-malignant diseases of the
upper GI tract and includes the most relevant studies on this topic published between April 2020 and March
2021. Here we include the published data on associations between H. pylori infection and diseases, such as
gastroesophageal reflux disease (GERD), Barrett’s esophagus, eosinophilic esophagitis (EoE), PUD, gastri-
tis, gastric polyps and celiac disease. Observations over the past 25 years highlight the trends in decreasing
prevalence of gastric and duodenal ulcer while the rate of reflux esophagitis increased. A meta-analysis
links the prevalence of GERD with H. pylori eradication. Other studies support the inverse correlation of H.
pylori infection with Barrett’s esophagus. Large cohort studies highlight the negative association between
H. pylori infection and the prevalence of fundic gland polyps. On the contrary, successful eradication of H.
pylori resulted in a significant increase in the clearance rate of hyperplastic polyps. Novel data on H. pylori
infection, microbiome, and immune-triggered diseases highlight the potential role of the microbiome in
disease development, its impact on mucosal injury in patients with H. pylori infection and even its potential
value in H. pylori management. An inverse association of H. pylori infection and several immune diseases,
including asthma and EoE remains a scientific focus.

Keywords: Polyps, Eosinophilic esophagitis, Gastroesophageal reflux disease, Peptic ulcer disease,
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INTRODUCTION

Helicobacter pylori is an infectious disease that is linked with a broad variety of diseases,
including peptic ulcer disease (PUD), preneoplastic changes of gastric mucosa, gastric cancer
etc. Over the past years, H. pylori has been shown to have a negative association with several
immune-triggered diseases or gastroesophageal reflux disease (GERD). Therefore, it is crucial
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to review the published clinically relevant knowledge and recent advances in the field of H.
pylori. This review summarizes selected articles published during the period of April 2020 and
March 2021 with a focus on non-malignant upper gastrointestinal (Gl) diseases.

EOSINOPHILIC ESOPHAGITIS

H. pylori infection has been associated with a lower risk of several immune diseases, including asth-
ma, GERD and eosinophilic esophagitis (EoE). In a recent study from Japan the authors aimed to
assess the frequency of EoE and clinical features associated with the disease'. For this purpose, they
evaluated the endoscopic data from 9 institutes, in total 130,013 examinations. The overall incidence
was 0.051% (66 cases) with a mean age of 45.2 (range 7-79 years). As expected, the EoE patients
had more symptoms and more allergies compared to controls, while the prevalence of atrophic gas-
tritis was found in the EoE group in 20.0% cases compared to 33.3% in the control group. H. pylori
infection was evaluated by serology, urea breath test, or histologically and was found in seven of
the 66 EoE cases (10.6%). Twelve percent of the EoE subjects had a history of H. pylori-eradication?.

Knowing that EoE is a disease triggered by environmental factors, it is likely that the interac-
tion between H. pylori and the disease may be more complex and is likely to involve the entire
microbial community. In one study? the authors compared the oral and esophageal microbiome
of 20 patients undergoing upper Gl endoscopy. There was a high similarity in the microbiome of
oral and esophageal specimens within individuals, suggesting that the oral microbiome may be
co-involved in the pathogenesis of esophageal disease. Interestingly, the data from two other
clinical studies provided discordant results. First, a microbiome analysis of the esophagus in 24
EoE patients in comparison to 25 controls revealed no significant differences®. In the second
study, the authors demonstrated that microbiome alterations were linked to EoE and concomi-
tant therapy with differential abundance of Filifactor, Parvimonas and Porphyromans genera®.
Interestingly, all studies did not report on H. pylori infection in studied specimens.

Nevetheless, the hypothesis of a “protective” role of H. pylori in EOE remains mainly supported
by data of association. An in-depth view will be necessary to delineate the interplay between
Gl mucosa, potential allergens and immune response in the background of H. pylori infection.
Although several potential molecular mechanisms have been proposed such as an immune shift
from Th1 (H. pylori triggered response) to Th2 (EoE-like response), this view is most likely an over-
simplification, with the need for longitudinal observational and mechanistic models®.

Over the past years, EOE has been increasingly recognized, while little is still known con-
cerning another group of diseases, such as eosinophilic gastritis, duodenitis and colitis. Using
a large database of histopathologic records, Sonnenberg et al” aimed to examine the prev-
alence and occurrence of Gl eosinophilia. The highest prevalence rate (PR) was observed
for EoE (PR 9.96), while gastric eosinophilia (1.21), duodenal eosinophilia (0.03) and colonic
eosinophilia (0.41) were relatively rare. EOE was associated with gastric eosinophilia and was
more common in the pediatric population. The H. pylori prevalence in those analyses was low,
with 3.9% in patients with EoE and up to 12.9% in colonic eosinophilia patients.

GASTROESOPHAGAL REFLUX DISEASE

The role of H. pylori infection in esophageal diseases is controversial. H. pylori infection has
been suggested to exert a protective effect against GERD, Barrett’s esophagus (BE), and
esophageal adenocarcinoma (EAC). H. pylori associated gastritis can lead to both an increase
or a decrease in acidic secretion, depending on the disease phenotype. H. pylori-associated
antral gastritis is associated with hyperacidity, which may aggravate GERD, while corpus gas-
tritis may be associated with hypoacidity and plays a protective role against that disease. Epi-
demiologic data demonstrate that erosive reflux esophagitis (ERD), BE, and EAC are inversely
related to H. pylori infection. Eradication therapy is considered to increase the risk of GERD
and reflux esophagitis (RE) and the development of reflux-related symptoms.

Over the past years, 3 meta-analyses were published on the topic®'°. The first® was a large
meta-analysis including 27 studies, in which the authors analyzed an association between reflux
esophagitis and H. pylori eradication therapy. The incidence rate of endoscopic RE after eradica-
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tion was 16.8% compared to 6.6% in controls and de novo esophagitis was 15.3% compared to
6.2%, respectively. The significant effect was demonstrated for the development of endoscopic
reflux esophagitis (RR: 1.46, 95%Cl: 1.16-1.840) and de novo esophagitis (RR: 1.42, 95%Cl: 1.01-
2.00), while no significant difference in reflux-related symptoms was observed between the case
and control groups®. In a successful vs. failed eradication model, however, the effect of eradica-
tion on RE development or de novo RE did not reach statistical significance, suggesting that more
original studies with an assessment of covariates will be needed in the future.

The second meta-analysis® including 19 studies reported the data of 3,221 patients in the
H. pylori eradication group and 3,970 in the control group with regard to the prevalence of
GERD. The prevalence of gastroesophageal reflux was significantly higher in patients with H.
pylori eradication compared with patients without eradication (RR: 1.54, 95%Cl: 1.06-2.24;
p=0.02). The analysis did not identify any significant difference related to geographic regions
specifically outside of China (RR: 1.62, 95%Cl: 0.98-2.68) vs. in China (RR: 1.30, 95%Cl: 0.76-
2.22). Researchers concluded that eradication of H. pylori infection may be associated with
gastroesophageal reflux; however, regional differences in the prevalence may occur.

The third meta-analysis'® showed that H. pylori eradication may lead to the development
of new erosive GERD (OR 1.67, 95%Cl: 1.12-2.48; p=0.01); but not to the development of
GERD-related symptoms compared with control group without GERD at baseline (OR 1.04,
95%Cl 0.84-1.29; p=0.71).

BARRETT’S ESOPHAGUS

The suggestion that RE in subjects without H. pylori infection (non-H. pylori) is associated with
the progression of Barrett’s esophagus (BE) has been previously made. In a study in Japan,
11,493 asymptomatic subjects underwent a check-up and were diagnosed with short-segment
BE (SSBE)". According to their analysis, subjects with RE and negative for H. pylori infection
(current or past) had a higher risk of progression from SSBE to long-segment BE (LSBE) (Haz-
ard Ratio (HR)R: 7.17, 95%Cl: 2.48-20.73) compared to RE with H. pylori infection. Irrespective
of RE, subjects with H. pylori had a lower rate of progression to LSBE (HR: 0.48, 95%Cl: 0.22-
1.07) compared to the H. pylori negative group. Interestingly, the H. pylori-related protection
was detectable even a few years after H. pylori eradication suggesting that these factors may
need to be considered in the future for the risk assessment.

The same group investigated the link between H. pylori, SSBE and LSBE using a medical
survey of 41,065 asymptomatic Japanese individuals'?. H. pylori status was evaluated using
serological analysis. H. pylori-positivity was significantly associated with a lower rate of LSBE
(OR: 0.42; 95%Cl: 0.16-0.91) and a higher rate of SSBE (OR: 1.66; 95%CI: 1.56-1.78). Howev-
er, the H. pylori-related association with SSBE was only found in subjects without RE. In the
subgroup analysis, H. pylori-positivity was significantly associated with a high rate of SSBE in
subjects without RE (OR: 1.73; 95%CI: 1.61-1.85). Based on these analyses, an H. pylori pos-
itivity status may be considered as a potential risk of SSBE without RE, while it is protective
against LSBE, as reported in the study above'. Nevertheless, the associative evidence from
the above-mentioned studies from Japan need validation in Western cohorts, and molecular
plausibility of H. pylori-related protection to LSBE needs to be determined.

With the introduction of the next generation of chromoendoscopy, it is likely that the
prevalence of SSBE and its association with H. pylori infection may need to be re-evaluated. In
particular, the delineation of BE using palisade vessels may be consistently implemented with
the help of linked color imaging (LCI)®.

GASTRITIS AND PEPTIC ULCER DISEASE

A study investigated' the risk of upper Gl bleeding after a failed H. pylori eradication. The authors
performed a large retrospective analysis of 70,518 patients who received a clarithromycin-based
triple therapy in Hong Kong and required retreatment for H. pylori infection. Patients who re-
quired a second treatment had an increased risk of upper Gl bleeding (HR: 1.5), which increased
progressively with the time to retreatment, in comparison to the reference groups.
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The time trends of PUD and RE are associated with H. pylori infection. A recent study' from
Japan focused on the epidemiology of gastroduodenal ulcer and GERD using the records of
211,347 subjects from the general population. Over a 25-year period the author observed a
gradual decrease in prevalence of gastric (3.0% to 0.3%) and duodenal ulcer (2.0% to 0.3%),
while the rate of RE increased (2.0% to 22%). The multivariable logistic regression analysis
revealed a significant positive association between H. pylori and ulcers and a negative asso-
ciation with RE. Interestingly, despite the decreasing H. pylori infection in the United States,
the incidence of PUD showed a subsequent flattening of the decline over the past years'®.

Multiple factors contribute to the development of Gl pathologies, including host genetics,
environmental factors and H. pylori with its virulence factors. Genetic factors are considered
to play an important role in the susceptibility to develop Gl pathologies, in particular, PUD in
relation to H. pylori. Wu et al'” performed a genome-wide association study (GWAS) analysis
using data from the UK Biobank of 456,327 individuals. The authors identified 8 loci (MUC1,
MUCS6, FUT2, PSCA, ABO, CDX2, GAST and CCKBR) that are implicated in the development of
Gl pathologies. Among those, only two SNPs (PSCA rs2294008 and ABO rs505922) had been
previously reported as associated with PUD', while the 6 others were not linked with sus-
ceptibility to PUD but were known to be related to a major function in the stomach. MUCI,
MUC6, and FUT2 have been linked to H. pylori susceptibility. PSCA, ABO have been associated
with the response after H. pylori infection. CCKBR and GAST are involved in stomach physiol-
ogy with stimulation of hydrochloric acid secretion or gastric motility.

Development of Gl pathologies may be triggered by molecular alterations in an H. pylo-
ri-dependent and independent manner. MicroRNA (miRNAs) are thought to be involved in
the pathogenesis of gastritis. In a prospective interventional study, H. pylori-infection was
associated with increased expression of miR-223, which is enriched in neutrophil granulo-
cytes, and miR-155, which is highly expressed in lymphocytes'™. H. pylori eradication led to a
normalization of miR-223, while miR-155 only partially decreased. In correlation to histologi-
cal PMN-infiltration, PPl therapy revealed an association with lower miR-155 expression in the
independent case-control study, suggesting the functional and biomarker role of miRNA in
gastric inflammation™. To identify a potential biomarker, the trefoil-factor 3 (TFF3) has been
studied in H. pylori-associated gastric ulcer patients®. In the cohort of 40 patients each, with
and without gastric ulcer, the level of TFF3 which is involved in gastric mucosa repair was low-
er in H. pylori positive patients and patients with gastric ulcer compared to H. pylori negative
individuals. However, the receiver operating curve only showed a sensitivity of 67.5% and a
specificity of 42.5%, questioning the diagnostic value of TFF3 as potential biomarker.

El Khadir et al*' evaluated the predictive value of several H. pylori virulence factors to
predict Gl pathology. An analysis of H. pylori strains from 823 patients with gastritis, PUD,
and gastric cancer revealed that cagA+/cagE+ strains had up to a 1.97-fold higher risk of PUD
while cagE+/2EPIYA-C had up to 5.19-fold higher risk of gastric cancer, suggesting that bacte-
rial virulence factors may be used for prediction of H. pylori-associated diseases.

With an increasing awareness of the role of gastric microbiota in addition to H. pylori
infection, more knowledge is necessary to understand the role of gastric microbiota in PUD.
At present, no specific species have been identified to contribute to PUD. Devi et al?? studied
the gut microbiome of 375 residents from Trivandrum (Southwestern India), and the sub-
jects were characterized according to H. pylori genotype. In comparison to H. pylori negative
subjects, H. pylori positivity was associated with a lower abundance of the genera Bifidobac-
terium and Bacteroides, while Dialister and Prevotella were detected in higher abundance.
Most interestingly, patients with a severe form of H. pylori gastritis had a very low relative
abundance of Bifidobacterium species (Bifidobacterium adolescentis. Bifidobacterium long-
um). Although this association does not provide a causality and various factors could have
contributed to the alterations, further studies will be needed to define the functional role of
Bifidobacterium in upper Gl pathologies.

GASTRIC POLYPS

The most frequent type of polyps found in the stomach are the fundic gland polyps (FGP).
The prevalence of FGP has been linked to various factors and specifically a negative correla-
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tion has been observed with H. pylori infection. It has been suggested that patients with FGP
may have a natural lysozyme present in the gastric juice, which could inhibit the growth of
H. pylori to a certain extent. In a similar fashion, H. pylori infection has been suggested as a
protective factor for FGP.

To evaluate the relationship between FGP prevalence and H. pylori infection, Notsu et al*
analyzed 3,400 patients including H. pylori positive (n=239), H. pylori negative (n=1,617) and
patients who underwent H. pylori eradication therapy (n=1544). The highest prevalence of
FGP was found in H. pylori negative patients (51.9%) while only 1.7% of H. pylori positive pa-
tients had FGP. In comparison, 12% of those with previous H. pylori eradication had FGP, and
the duration following eradication correlated with the risk of FGP development. The risk of
FGP occurrence in individuals who had undergone H. pylori eradication treatment remained
lower compared to those who were never infected.

Contrary to FGP, hyperplastic polyps have been positively correlated with H. pylori infec-
tion. To study the direct effect of eradication on hyperplastic polyps, Nam et al. performed an
open-labeled, single-center, randomized controlled trial>*. Among 32 patients, 27 completed
the study including 14 in the eradication group and 13 in non-eradication group. All patients
in the eradication group showed polyp regression, and persistence of H. pylori infection was
related to progression of the hyperplastic polyps.

IMMUNE THROMBOCYTOPENIA

H. pylori infection has been previously linked to secondary immune thrombocytopenia (ITP).
Nevertheless, there is no consensus on a standardized procedure for H. pylori testing in pa-
tients with ITP. An international survey was performed to evaluate the patterns of practice
with respect to screening and treatment of H. pylori?>. The result from 186 responders repre-
senting 39 countries showed that only 29% of the responders routinely tested for H. pylori
in ITP patients while 53% did it inconsistently. Patients in Asia and those with Gl symptoms
were more likely to be tested. The testing was more common overall in Asia, highlighting the
variation in ITP management across different geographic regions.

The long-term effect of H. pylori in ITP subjects was studied in South Korea?. H. pylori
prevalence was 54.3% in this cohort. Patients with successful eradication using a first-line
treatment had a 2.78-fold increase in platelet count compared to the baseline, while a 1.36-
fold and 1.33-fold increase was documented in a group with failed eradication and an H.
pylori negative group, respectively. These results clearly suggest that all H. pylori positive
patients may benefit from eradication.

CELIAC DISEASE

The mechanistic data on possible interfering between H. pylori and celiac disease (CD) re-
mains lacking and existing evidence is largely supported by the association observed in cohort
studies. Bayrak et al?’ compared a cohort of 482 CD patients (mean 9.71 years) with 2,060
controls. The rate of H. pylori infection was high in this cohort from Turkey. Consistent with
previous reports, the positivity was significantly lower in the CD group (26.3%) compared to
the controls (50.1%). No correlation was observed between H. pylori infection and the mod-
ified Marsh scores in CD.

The results of a meta-analysis on 26 studies with a total of 6,001 cases and 135,512 con-
trols demonstrated the negative association between H. pylori colonization and CD (pooled
OR: 0.56; 95%Cl: 0.45-0.70; p<0.001)?. Gungor et al?® to evaluated the effect of H. pylori
eradication on serology and mucosal changes in children with CD. They analyzed anti-tis-
sue transglutaminase and endomysium antibody levels, histology before and after H. pylori
eradication in subjects with potential CD and histologically confirmed CD. The authors show
that the anti-tissue transglutaminase and endomysium antibody levels decreased significantly
after H. pylori eradication therapy in H. pylori positive potential CD but the change in the H.
pylori negative potential CD group was less prominent (n=8 in each group). Furthermore,
more severe mucosal injury including Marsh 2, 3 was present in H. pylori infected subjects.
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Based on those results the authors conclude that H. pylori eradication may be an important
primary step prior to further CD management, especially before the initiation of the glu-
ten-free diet. However, the last point has not been studied in cases of confirmed CD and it
remains rather speculative whether the H. pylori eradication might provide any additional
benefit with the focus on small bowel mucosa in histologically confirmed CD.
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