Journal of S
% Clinical Medicine ﬂVI\D\Py

Review

Extra-Gastric Manifestations of
Helicobacter pylori Infection

Antonietta G. Gravina *'¥/, Kateryna Priadko”, Paola Ciamarra, Lucia Granata‘”,
Angela Facchiano, Agnese Miranda, Marcello Dallio'”, Alessandro Federico
and Marco Romano *

Hepatogastroenterology Division, Department of Precision Medicine, University of Campania Luigi Vanvitelli,

via Pansini 5, 80131 Naples, Italy; kateryna.priadko@unicampania.it (K.P.); pciamarra@hotmail.com (P.C.);

luciagranata91@gmail.com (L.G.); angela.facchiano@gmail.com (A.F.); mirandaagnese@gmail.com (A.M.);

marcello.dallio@gmail.com (M.D.); alessandro.federico@unicampania.it (A.F.)

* Correspondence: antoniettagerarda.gravina@unicampania.it (A.G.G.); marco.romano@unicampania.it (M.R.);
Tel.: +39-3382465767 (A.G.G.)

Received: 14 October 2020; Accepted: 26 November 2020; Published: 30 November 2020 f‘r:,e(fgtz);

Abstract: Helicobacter Pylori (H. pylori) is a Gram-negative flagellated microorganism that has been
extensively studied since its first isolation due to its widespread diffusion and association with numerous
diseases. While the bacterium is proved to be a causative factor for a number of gastric diseases such
as gastritis, gastric adenocarcinoma, and MALT-lymphoma, its role at other gastrointestinal levels
and in other systems is being thoroughly studied. In this article, we reviewed the latest published
clinical and laboratory studies that investigated associations of H. pylori with hematologic diseases
such as Vitamin B12- and iron-deficiency anemia, primary immune thrombocytopenia, and with a
number of dermatologic and ophthalmic diseases. In addition, the putative role of the bacterium
in inflammatory bowel diseases, esophageal disorders, metabolic, diseases, neurologic diseases and
allergy were outlined.

Keywords: extra-gastric manifestations; H. pylori; vitamin B12 deficiency anemia; iron deficiency
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1. Introduction

Helicobacter pylori (H. pylori) is a spiral-shaped flagellated Gram-negative bacillus discovered
in 1982. The route of transmission is fecal-oral or oral-oral. H. pylori infection is of a great social
significance, since its prevalence is estimated to be a half of the world’s population, the highest in
developing countries [1-4]. The colonization of the stomach in most cases happens in early childhood
and spreads within families. Current evidence does not support massive transmission in adulthood
or among sexual partners. However, a recent study raised the possibility that transmission of the
infection may take place between sexual partners, in particular if the couple has been living together
for a long period of time and if one of the partners has frequent episodes of gastric regurgitation [5].

The pathogenic activity of H. pylori is contributed to by bacterial virulence factors such as CagA,
VacA, BabA2, and urease [6]. H. pylori infection may undertake different pathogenic and clinical
course and is associated with chronic gastritis, peptic ulcer disease, distal gastric adenocarcinoma,
and MALT-lymphoma [6,7]. In the vast majority of patients (i.e., approximately 85%), H. pylori infection
causes a mild mixed gastritis with no alterations of gastric acid homeostasis and is asymptomatic with no
relevant clinical outcomes. The variety of clinical conditions, phenotypes, and complications associated
with H. pylori infection largely depends on the set of socioeconomic factors, bacterial virulence factors,
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and genetic predisposition of the host (e.g., IL1B gene cluster and tumor necrosis factor-oc (TNFa)
gene polymorphism) [8]. While the majority of infected individuals suffer from mild antrum/corpus
gastritis, 1-2% of infected subjects will develop multifocal atrophic gastritis and, at some point,
gastric adenocarcinoma [8]. Inhibition of apoptosis, DNA mutations, cell proliferation, and increased
growth factor or cyclooxygenase-2 expression are the carcinogenic pathways possibly involved in
the development of gastric cancer following H. pylori infection [9,10]. Based on this, H. pylori must
be eradicated when found [11]. The first-line eradication regimens, especially in areas of high
clarithromycin resistance, are bismuth quadruple or non-bismuth quadruple (i.e., concomitant) therapy
for 14 days [12,13].

While the association of the H. pylori infection with gastric pathologic conditions is well established,
the effects of the bacterium on the whole host organism are still being questioned, as it is generally
known that certain pathogens, remaining local, may exert systemic pathological effects [13]. The greatest
concern about H. pyloriis notjust about its causal role in extra-gastric diseases but also about its capability
of disease phenotype modification. Current review focuses on hematologic, ocular, and dermatologic
manifestations of H. pylori infection. Additionally, its putative role in inflammatory bowel diseases
(IBD) is evaluated (Figure 1).
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Figure 1. Helicobacter pylori and extra-gastric diseases association.

2. Hematological Diseases

2.1. Vitamin B12 Deficiency Anemia

Vitamin B12 (Vit. B12) deficiency anemia is a pathological condition due to the lack of intake or
absorption of vitamin B12, which serves as a coenzyme in many metabolic reactions, contributing to
DNA synthesis. In a chronic course of Vit. B12 deficiency, a megaloblastic anemia, neuropathy;
and other pathological conditions (i.e., pernicious anemia) may occur [14,15]. Lahner et al., in a
systematic review including 2454 subjects, demonstrated a relationship between low serum levels of
Vit. B12 and H. pylori infection [16]. Additionally, low serum levels of Vit. B12 and increased serum
levels of homocysteine, a metabolic product of Vit. B12, have been described in H. pylori-infected
subjects. In further support of a relationship between H. pylori infection and Vit. B12 deficiency,
the serum levels of Vit. B12 and of homocysteine returned to normal following successful H. pylori
eradication [13]. Decreased absorption of Vit. B12 in case of H. pylori infection might be due to
intrinsic factor deficiency, normally produced by gastric parietal cells, that are damaged in case of
H. pylori-related corpus-predominant gastritis [17]. Moreover, H. pylori infection may also be associated
with autoimmune atrophic gastritis, which is characterized by a diffuse corpus atrophic gastritis
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and presence of antibodies toward intrinsic factor. Because of this scientific evidence, all patients of
unexplained megaloblastic anemia associated with Vit. B12 deficiency should undergo a diagnostic
test for H. pylori infection and, if positive, should be eradicated of the infection.

2.2. Iron-Deficiency Anemia

Iron-deficiency anemia (IDA) is one of a few extra-gastric conditions in which H. pylori eradication
is strongly recommended by Maastricht V/Florence guidelines as well as by guidelines on IDA [13].
In fact, several metanalyses clearly showed a strong association between H. pylori infection and
IDA [18,19]. One of the major causes of IDA during H. pylori infection is blood loss due to bleeding
(i.e., ulcer bleeding) in infected patients. However, H. pylori-associated IDA may also occur in patients
with intact mucosa, thus leading to further investigations in order to better define the pathophysiological
mechanisms underlying such association. One of the pathways through which H. pylori infection may
lead to iron deficiency is by affecting iron absorption by enterocytes and its release from macrophages
via hepcidin level upregulation [20]. Yokota et al. demonstrated more frequent gene polymorphisms
within the neutrophil-activating protein of H. pylori strains in patients with H. pylori-associated IDA
than in those without IDA [21]. Senkovich et al. demonstrated that H. pylori is able to acquire iron from
host glycoproteins such as transferrin and lactoferrin and that this contributes to the persistence of the
infection. Furthermore, an increased intragastric pH due to H. pylori-associated corpus-predominant
chronic gastritis may impair the transformation of dietary Fe®* to Fe?", thus decreasing the duodenal
absorption of iron [22]. Additionally, H. pylori may up-regulate the expression of TNF«, which is a
pro-inflammatory cytokine that may cause IDA. In support of a role for H. pylori in inducing IDA,
it has been demonstrated that eradication of the infection leads to a reversal of IDA in up to 75% of
patients [18]. The relationship between H. pylori and IDA is also relevant as to H. pylori-related gastric
carcinogenesis [23]. It has in fact been shown that iron deficiency may favor further colonization of the
stomach by the bacterium and also facilitates the assembly of the Type 4 Secretion System through which
H. pylori injects CagA into gastric epithelial cells [24]. CagA is well known to exert proinflammatory
effects and to stimulate, following its phosphorylation, intracellular pathways, which stimulates
proliferation and decrease apoptosis, thus favoring the development of gastric cancer [25].

2.3. Primary Immune Thrombocytopenia (Formerly Known as Idiopathic Thrombocytopenic Purpura)

Primary immune thrombocytopenia (PIT) is an autoimmune disorder, which has been shown to
be linked to H. pylori infection. The potential pathogenic role of H. pylori is suggested by many studies
showing that successful eradication of H. pylori infection leads to a raise of platelet count ranging from
26 to 100% depending on ethnic and racial identities/origins [26,27]. The pathogenic link between
H. pylori infection and PIT might be the molecular mimicry between platelet surface glycoproteins
and amino acid sequences of H. pylori virulence factors, in particular the H. pylori lipopolysaccharide
(LPS). Additionally, H. pylori up-regulates Fcy receptor expression thus increasing the phagocytic
capacity and down-regulates inhibitory receptors FcyRIIB that in turn enhances monocyte activity and
autoreactivity with B and T lymphocytes [28-31]. As a result, B-lymphocytes produce autoantibodies
to circulating platelets. Some studies have indicated that polymorphism in IL-$, the IL-g (-511) T allele,
represents a predisposing factor to PIT development in H. pylori positive subjects [30,31]. In partial
support of this hypothesis, eradication of H. pylori in PIT patients results in an upregulation of FcyRIIB
expression in monocytes and disorganization of antigen presentation that leads to unrecognition of
platelet antigens [28-31]. Maastricht V/Florence guidelines and guidelines on management of PIT
suggest considering testing for and eradication of H. pylori in subjects with PIT [13].
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3. Ophthalmic Diseases

3.1. Open-Angle Glaucoma

Open-angle glaucoma (OAG), a condition that may lead to optic nerve damage, has been evaluated
as a putative H. pylori extra gastric feature. Even though studies evaluating the prevalence of H. pylori in
patients with OAG present controversial results, in a meta-analysis evaluating 10 studies, performed by
Zeng et al., a statistically significant correlation was found. On average, the prevalence of infection was
twice as high than in control group. In further support of a causative role of H. pylori in this condition,
patients with OAG showed a normalization of intraocular pressure and mean visual field parameters
after H. pylori eradication [32].

3.2. Central Serous Chorioretinopathy

Central serous chorioretinopathy (CRSC) is a condition characterized by the detachment of serous
layer of sensory retina on its posterior side due to the liquid leakage and its accumulation under
the macula. Diagnosis is through the use of fluorescein and indocyanine green angiography [33].
Main clinically relevant complaints of affected patients include insufficient vision acuity, micropsia,
metamorphopsia and dyschromatopsia [33]. Possible outcomes of CSRC include photoreceptor loss,
atrophy, and shortening of the photoreceptor outer segment [33]. Even though the spontaneous
resolution is noted relatively often within 4 months after the initiation of the disease, not all the patients
become asymptomatic. Even after fluid reabsorption, patients can present such symptoms as blurred
and/or distorted vision. [34]. The possible role of H. pylori in the pathogenesis of CSRC has been
evaluated in a number of studies. In a retrospective observational case series study, the prevalence of
H. pylori has been assessed in patients with CSRC and in a control group, represented by subjects with
ophthalmic disease other than CSRC. The H. pylori positive status was confirmed only in case of both
HpSA and serology IgG positive results. The study demonstrated an approximately two-fold higher
prevalence of H. pylori infection in patients with CSRC over control subjects. The odds ratio for CSRC
associated with H. pylori infection was 4.6 (95% CI 1.28-16.9) [33]. Other studies demonstrated that
eradication of the infection leads to a considerable improvement of CSRC and a decrease in recurrence
rate of 45% [35,36].

4. Dermatologic Diseases

4.1. Rosacea

Rosacea is a persistent facial dermatosis with recurrent inflammatory skin elements such as
papules, pustulas, oedema, and telangiectasia. Some studies suggest the role of immune disorders,
microbial agents, vascular pathology, and UV radiation. Whether H. pylori infection plays a role in
rosacea is the object of controversy. A study by Gravina et al. reported a significantly increased
prevalence of H. pylori infection among patients with rosacea compared to controls [37]. Additionally,
eradication of the infection was associated to a significant improvement in rosacea cutaneous
manifestations [37]. This has not been confirmed in other studies. The possible explanation for
this discrepancy could be the difference in methods used to diagnose H. pylori infection (i.e., serum IgG
anti-H. pylori vs. C13 UBT accordingly). The mechanism by which H. pylori may cause rosacea could be
through an increased tissue and serum level of NO contributing to vasodilation and immunomodulation,
which may facilitate erythema and flushing [37].

4.2. Psoriasis

Psoriasis is an inflammatory skin and/or joint disease with chronic recurrent course. The prevalence
of the disease is 2-3% across the globe and the etiology is multifactorial. Defining a possible pathogenic
role of a bacterial agent as H. pylori could be of a great significance. Following some studies, the incidence
of H. pylori in patients with psoriasis showed dramatic superiority (79% with severe psoriasis and
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46% with mild) over the incidence in the general population (approximately 30% depending on the
region) [38,39]. Furthermore, H. pylori infected patients with psoriasis had a statistically significant
increase in a Psoriasis Area and Severity Index (PASI) score. The eradication of the infection has been
shown to improve the symptoms [40].

4.3. Chronic Urticaria

Chronic urticaria (CU) is a skin condition characterized by specific itchy patches defined as wheals.
CU is considered to have an autoimmune background in its pathogenesis with the production of
autoantibodies inducing histamine release via IgE epitopes or FceRI receptors binding [41]. No increased
H. pylori prevalence in the CU group was found [42]. A clear correlation between CU and H. pylori
infection is lacking, and evidence is contradictory. A study found a specific chain of metamorphoses
in gastric juice of H. pylori-infected subjects, connected with eosinophil cationic protein, being noted
exclusively in CU patients [41]. From this perspective, investigations assessing clinical improvement
of skin condition after H. pylori eradication are crucial. In this respect, Campanati et al. as well as
Youshimasu et al. showed a positive outcome of skin lesions after anti-H. pylori therapy [42,43].

4.4. Alopecia Aerata

Alopecia aerata (AA) is a condition pathogenically related to the production of autoantibodies,
which attack hair follicles, thus leading to partial or total hair loss. The prevalence of the disease is 1.7%
in the general population [41]. Case reports were published stating an association between H. pylori
and AA, confirming a stable remission after eradication treatment. At the same time, there are many
contradictory data that underline the need to perform new large cohort randomized-controlled studies.

4.5. Autoimmune Bullous Disease

Autoimmune bullous disease (AIBD) is a group of autoimmune diseases such as pemphigus,
pemphigoid, dermatitis herpetiformis, epidermolysis bullosa acquisita, and linear Ig A disease [41,44]
in which autoantibodies attack certain elements of epidermal desmosome and hemidesmosome [41].
Sagi L et al. and Mortazavi H et al. showed an approximately 79% H. pylori seropositivity prevalence
in an AIBD group vs. healthy controls [45,46], thus suggesting a possible pathogenic role of H. pylori in
this condition.

5. Inflammatory Bowel Diseases

Inflammatory bowel diseases (IBD) form a group of chronic relapsing-remittent diseases
affecting gastrointestinal tract (GI). The etiology is complex and includes genetic, immunological,
and environmental factors [47,48]. Many studies were performed to assess either the protective or
causative role of H. pylori in patients with IBD with results showing contradictory data [47,48].

Dozens of Enterohepatic Helicobacter (EHH) species have been found to spread within GI tract and
induce or sustain intestinal inflammation in rodents. The valuable correlation between H. pullorum
and H. canadensis and Crohn’s disease (CD) in humans was defined by Laharie et al. [49]. In a study by
Kaakoush et al., fecal samples and colon biopsies of children with CD and controls were examined to
assess prevalence of Helicobactericae, and the CD group had approximately a two-fold increase in the
prevalence over controls [50]. On the contrary, Ruuska T et al. evaluated the prevalence of H. pylori
infection in pediatric population with IBD and found 4.8% prevalence in CD and 10.6% prevalence
in ulcerative colitis (UC) [51]. This apparent discrepancy between studies might be accounted for by
remarkable strain differences observed in clinical isolates.

The majority of studies support the protective potential of the bacterium in IBD. The incidence
of IBD in H. pylori positive subjects was defined as 32% in UC and 17.7% in CD vs. 52.5% in healthy
controls by Song et al. [52]. In a study conducted by Iranian colleagues, evaluating the protective
role of H. pylori against IBD, a significantly lower prevalence of IBD was found in H. pylori positive
subjects vs. control group, supporting the data from previous studies [53]. Moreover, the severity of
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IBD, UC in particular, increased after H. pylori eradication [54]. The same information was provided by
Shinzaki S et al., who found an improvement of IBD condition only in subjects who did not undergo
eradication therapy [55]. The IBD phenotype-modifying capabilities of H. pylori were shown in studies
demonstrating that fibro-stenotic and fistulizing CD as well as risk of bowel resections and number of
relapses were significantly lower in H. pylori-infected subjects [48].

The pathophysiologic involvement of H. pylori in the setting of IBD might be related to the fact
that the bacterial infection triggers a systemic Th1 mediated immunological response, thus stimulating
both specific and non-specific immune reactions, which may initiate a chain of immunologic reactions,
contributing to IBD. Another possible altering pathway is a direct exposure of intestinal mucosa to
urease and cytotoxins [48]. On the other side, a protective role of the bacterium might be contributed
to by the influence on a tolerogenic phenotype of dendritic cells and T-regulatory cells bearing
immunosuppressive features [47]. H. pylori also produces peptides, which exert a protective effect on
the inflamed intestinal mucosa. In particular, Hp(2-20) is a 19 amino acid peptide derived from the
N-terminal region of H. pylori ribosomal protein L1 whose biological effects are mediated through
the interaction with N-formyl peptide receptors (FPRs), which are seven transmembrane G protein
coupled receptors [56-58]. Human FPRs are expressed on the cell membranes of the host immune cells
(e.g., neutrophils, monocytes) but also on nonimmune cells such as intestinal adenocarcinoma cells and
on the baso-lateralmembrane of human crypt epithelial cells [59,60]. Gravina et al. demonstrated that
Hp(2-20) significantly accelerates colonic mucosal healing both at the macroscopic and histological
levels in 2 4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis in rat model and that this effect is
associated with a significant reduction in colonic tissue levels of inflammatory mediators (i.e., COX-2 and
TNF-«) and a significant upregulation of mediators of damage repair (i.e., TGF-, t-TG, and HB-EGF) [61].

6. Esophageal Diseases

H. pylori infection has been suggested to exert a protective effect against esophageal diseases.
In particular, a lower prevalence of H. pylori infection has been demonstrated in patients with
gastro-esophageal reflux disease (GERD), Barrett’s esophagus, and esophageal adenocarcinoma
compared to controls [62,63]. This has been hypothesized to be contributed to by a decreased acid
secretion in H. pylori-infected subjects with corpus-predominant gastritis. Whether H. pylori eradication
leads to an increased prevalence of GERD is controversial [64,65]. H. pylori eradication does not
seem to exacerbate GERD symptoms, nor does it decrease the efficacy of proton pump inhibitors
(PPI) [66]. However, H. pylori infection should be eradicated in GERD patients under PPI therapy,
because PPI-induced inhibition of gastric secretion increases the risk of development or the severity of
atrophic gastritis of the body, which is a premalignant condition [67,68].

Eosinophilic esophagitis (EoE) is a chronic, immune- and allergen-mediated condition
characterized by eosinophils infiltration of the esophagus associated to symptoms of esophageal
dysfunction (i.e., dysphagia and food impaction). There is no direct evidence linking H. pylori
infection to EoE, however indirect evidence suggests an inverse relationship between H. pylori and EoE
(i.e., H. pylori is protective against development of EoE). In fact, a recent comprehensive metanalysis
by Shah et al. demonstrated that H. pylori exposure was associated to a 37% decrease in the odds
of EoE [69]. The mechanism whereby H. pylori infection might confer a protective effect against the
development of EoE may rely in a protective immunoregulatory phenotype of H. pylori leading to an
attenuation of signaling pathways also involved in allergy with a shifting of the immune response
toward cytokines of the Th1 type and a decrease in Th2 polarization [70,71]. A prospective, case-control
study by Molina-Infante et al. has, however, reached the conclusion that there is no association
whatsoever between H. pylori and EoE [72]. Robust prospective trials are needed to properly address
this issue, and mechanistic studies are needed to demonstrate whether H. pylori itself biologically
protects against EoE.
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7. Metabolic Diseases

H. pylori infection has been described to be associated to a number of metabolic disorders,
in particular to diabetes mellitus (DM) and metabolic syndrome (MetS). The evidence regarding an
association between H. pylori and DM is controversial. Hsieh et al. demonstrated that an elevated
level of glycated hemoglobin was associated to H. pylori in an elderly population [73]. Additionally,
Begue et al. showed that eradication of H. pylori led to a better control of glycemia through the
assessment of glycated hemoglobin [74]. However, Demir et al. showed that blood glucose levels or
glycated hemoglobin levels were not significantly different between H. pylori-infected subjects and
controls [75]. The putative mechanism whereby H. pylori might interfere with glucose metabolism
could be through an increase in circulating cytokines, which might interfere with a number of
metabolic processes [76]. In partial support of this hypothesis, Wang et al. have demonstrated that
patients with DM have higher levels of circulating markers of inflammation compared to controls [77].
Additionally, H. pylori may contribute to a disturbance of glucose homeostasis by inducing insulin
resistance interfering with the c-Jun/miR-203/SOCS3 pathway [78]. In this context, several studies
have demonstrated a higher prevalence of MetS in H. pylori-infected subjects than in controls [79].
In particular an increased serum levels of cholesterol and triglycerides has been shown in a Finnish
population [80].

8. Neurological Diseases

H. pylori infection has been reported to be associated to a number of neurological disorders,
even though most of the studies addressing this issue resulted in controversial results.

In a prospective cohort study in patients with stroke, Chen et al. showed no increased mortality
in H. pylori-infected subjects compared to controls [81]. On the other hand, a metanalysis by Wang et al.
showed that H. pylori infection mainly with CagA positive strains represented a risk factor for ischemic
stroke [82]. The putative pathogenic mechanism is an increase in mediators of inflammation induced by
the infection, which might activate platelets and coagulation [83]. The apparent discrepancy between
studies might at least in part be contributed to by differences in the study population.

H. pylori infection has also been found associated to Alzheimer’s disease (AD) [84,85]. Additionally,
eradication of the infection has led to an improvement of AD-related symptoms [86,87]. The pathogenic
link could be an increased prevalence in H. pylori-infected subjects of apolipoprotein E (ApoE)
polymorphism, which is a risk factor for AD [88]. Additionally, in the cerebrospinal fluid (CSF) of AD
patients” high levels of IgG anti-H. pylori have been described [89]. It has been hypothesized that H. pylori
may access the brain through an oro-nasal pathway, thus leading to neurodegeneration. Alternatively,
H. pylori-infected monocytes might access the brain through a pro-inflammatory cytokine-mediated
disruption of the blood-brain barrier (BBB) [90]. Finally, H. pylori might access the brain from the
gastrointestinal tract through the enteric nervous system [90].

Parkinson’s disease (PD) has been found to be significantly associated to H. pylori infection
in a metanalysis involving over 30,000 patients [91]. Additionally, H. pylori seems to decrease the
bioavailability of L-dopa, the main therapeutic agent for PD, through a damage to the duodenal mucosa
where the absorption of L-dopa takes place [92]. A recent metanalysis by Dardiotis et al. demonstrated
a higher prevalence of H. pylori infection in patients with PD [93]. Moreover, non-infected PD patients
and PD patients after H. pylori eradication showed lower unified PD rating scores, thus suggesting that
the infection may negatively affect the severity of the disease [93]. A number of pathogenic mechanisms
have been hypothesized to explain this association. It has been postulated that H. pylori-induced
production of pro-inflammatory cytokines may cause disruption of the BBB and death of dopaminergic
neurons, thus contributing to the development of PD [94]. Moreover, molecular mimicry from H. pylori
may cause the formation of auto-antibodies against dopaminergic neurons, or H. pylori may induce
the formation of noxious chemicals in the stomach, which may then be transmitted through the vagal
axonal afferent pathway and affect neurons located in the brainstem [93].
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Guillain-Barré syndrome (GBS) is an autoimmune, acute neuropathy, which causes paralysis
of limbs with a distal pattern. This disease is often triggered by an infectious disease, and H. pylori
infection has been described to be associated to GBS [95]. The pathogenic link has been supposed to
be a molecular mimicry between H. pylori LPS and peripheral nerve gangliosides [95]. Additionally,
Chiba et al. demonstrated that the CSF from GBS patients has high levels of IgG anti H. pylori VacA [96].
Interestingly, the same authors described a sequence homology between VacA and the human ATPase
A subunit, thus implying that anti-VacA antibodies might interact with ion channels of Schwann cells,
thus causing a demyelination of motor neurons [96].

9. Allergic Diseases

H. pylori infection has been shown to be associated with a number of allergic diseases,
including asthma. In particular, an inverse relationship between H. pylori and allergic disorders,
particularly in children and young people, has been described [70,97]. It has been hypothesized
that H. pylori has evolved so as to shift the adaptive immune response toward tolerance rather than
immunity, thus promoting persistence of the infection on the one side and inhibiting auto-aggressive
and allergic T-cell responses on the other. VacA toxin seems the most important factor involved in the
protective effect exerted by H. pylori against allergies by disrupting the Th cell response to regulatory
T (Treg) cells [98]. Treg cells are considered the most crucial cellular players in the defense against
allergies either in interventional studies in humans or in experimental studies in animals. H. pylori
CagA positive strains, which express active VacA, not only modulate Treg cell expression but also
seem to affect Treg cell migration [99]. The function of Treg cells depends on the production of IL-18
by dendritic cells following exposure to H. pylori [100]. Tolerogenic dendritic cells and Treg cells
induced by H. pylori orchestrate so to prevent adaptive Th1/Th17 driven immune response to the
infection and to inhibit allergen specific Th2 responses, thus inducing tolerance and protection against
allergies [70]. In the analysis of the association between H. pylori and allergy, one should also consider
the hygiene hypothesis. H. pylori infection is generally associated to poor hygiene conditions and low
socio-economic status, which both increase the risk of exposure to other bacteria or antigens, which,
in turn, may reduce the risk of allergies. Therefore, epidemiological studies showing a relationship
between H. pylori and allergies should be interpreted taking into account all possible confounding
factors before a firm cause—effect relationship can be drawn.

10. Conclusions and Future Directions

H. pylori is most commonly associated with gastroduodenal diseases, including peptic ulcer
disease and gastric adenocarcinoma, which are the results of an interaction between bacterial virulence
factors and host and environmental factors. H. pylori infection has also been reported to be linked
to several extra-gastric diseases, most of which have been object of this review (Table 1). In many
cases the association is based on epidemiological studies, and a cause—effect relationship cannot be
established. As a result of this, to date, according to the last Consensus Report on the management of
H. pylori infection (i.e., Maastricht V/Florence Guidelines [13]) H. pylori infection should be sought and,
if present, eradicated only in patients with IDA, PIT, and vitamin B12 deficiency. Interventional studies
are necessary to establish in a definite manner whether the eradication of H. pylori is beneficial to the
pleiotropic conditions, which are associated to the infection. Moreover, mechanistic studies are needed
to better define whether the association between H. pylori infection and extra-gastric manifestations
have a well-defined pathogenic pathway so as to possibly identify potential targets of intervention.
In particular, it would be of interest to ascertain if it is the inflammatory response generated by the
infection or the bacterium itself through its virulence factors to play a role in the development of
extra-gastric diseases. Finally, further research is warranted in order to define whether H. pylori
products, such as Hp(2-20) peptide, might be considered as potential therapeutic agents in specific
clinical settings, such as inflammatory bowel diseases.
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Table 1. Association between H. pylori infection and extra-gastric diseases.

Diseases

Evidence of Association with H. pylori Infection

Key Evidence of Support

References Associated with the Evidence

Hematological diseases

Vitamin B12 deficiency anemia

Moderate evidence for association with H. pylori

Decreased absorption of Vit. B12 in case of H. pylori
infection might be due to intrinsic factor deficiency,
normally produced by gastric parietal cells that are
damaged in case of H. pylori-related
corpus-predominant gastritis

Lahner, E. et al. [17]
Valdes-Socin, H. et al. [17]

Iron-deficiency anemia

Strong evidence for association with H. pylori

- Blood loss due to bleeding (i.e., ulcer bleeding)
- Low iron absorption by enterocytes and impaired

release from macrophages due to hepcidin upregulation

- Increased intragastric pH due to H. pylori-associated

corpus-predominant chronic gastritis may impair

the transformation of dietary Fe3* to Fe?*,

thus decreasing the duodenal absorption of iron

Malfertheiner, P. et al. [13]
Hudak, L. et al. [18]
Goddard, A.F. et al. [19]
Mendza, E. et al. [20]
Yokota, S.I. et al. [21]
Senkovich, O. et al. [22]
El-Omar, E.M. et al. [23]
Noto, ].M.v. et al. [24]
Sokolova, O. et al. [25]

Primary immune thrombocytopenia
(formerly known as idiopathic
thrombocytopenic purpura)

Strong evidence for association with H. pylori

Molecular mimicry between platelet surface
glycoproteins and amino acid sequences of H. pylori
virulence factors

Malfertheiner, P. et al. [13]
Suvajdzic, N. et al. [26]
Jackson, S.C. et al. [27]

Campuzano-Maya, G. et al. [28]
Asahi, A. et al. [29]
Testerman, T.L. et al. [30]
Satoh, T. et al. [31]

Ophthalmic diseases

Open-angle glaucoma

Weak evidence for association with H. pylori

Unknown

Zeng, J. etal. [32]

Central serous chorioretinopathy

Moderate evidence for association with H. pylori

Unknown

Cotticelli, L. et al. [33]
Zavoloka, O. et al. [35]
Dang, Y. et al. [36]

Dermatologic diseases

Rosacea

Weak evidence for association with H. pylori

Increased tissue and serum level of nitric oxide
contributing to vasodilation and immune-modulation,
which may facilitate erythema and flushing

Gravina, A.G. et al. [37]

Psoriasis

Moderate evidence for association with H. pylori

Unknown

Mesquita, PM. et al. [38]
Mesquita, PM. et al. [39]
Onsun, N. et al. [40]

Chronic urticaria

Weak evidence for association with H. pylori

Unknown

Campanati, A. et al. [42]
Yoshimasu, T. et al. [43]
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Diseases

Table 1. Cont.

10 of 17

Alopecia aerata

Evidence of Association with H. pylori Infection

Key Evidence of Support

References Associated with the Evidence

Weak evidence for association with H. pylori

Unknown

Magen, E. et al. [41]

Autoimmune bullous disease

Weak evidence for association with H. pylori

Unknown

Sagi, L. et al. [45]
Mortazavi, H. et al. [46]

Inflammatory bowel diseases

Ulcerative colitis and Crohn’s disease

Esophageal diseases

Moderate evidence against association with
H. pylori

Tolerogenic phenotype of dendritic cells and Treg cells
with immune-suppressive features

Yang, Y. et al. [47]
Papamichael, K. et al. [48]
Kaakoush, N.O. et al. [50]

Ruuska, T. et al. [51]
Song, M ]. et al. [52]
Sayar, R. et al. [53]
Jin, X. et al. [54]
Shinzaki, S. et al. [55]

Gastro-esophageal reflux disease (GERD)

Moderate evidence for inverse relationship with
H. pylori

Decreased acid secretion in H. pylori-infected subjects
with corpus-predominant gastritis

Fischbach, L.A. et al. [62]
Lee, Y.C. et al. [64]
Yaghoobi, M. et al. [65]

Eosinophilic esophagitis (EoE)

Metabolic diseases

Moderate evidence for inverse relationship with
H. pylori

Protective immune-regulatory phenotype of H. pylori
leading to an attenuation of signaling pathways also
involved in allergy with a shifting of the immune
response toward cytokines of the Thl type and a
decrease in Th2 polarization

Arnold, I.C. et al. [70]
Arnold, I.C. et al. [71]
Molina-Infante, J. et al. [72]

Diabetes mellitus and increased serum
levels of cholesterol and triglycerides

Neurological diseases

Weak evidence for association with H. pylori

Increase in circulating cytokines, which might interfere
with a number of metabolic processes

Hsieh, M.C. et al. [73]
Begue, R.E. etal. [74]
Demir, M. et al. [75]
Calle, M.C. et al. [76]
Wang, X. etal. [77]
Zhou, X. et al. [78]
Chen, T.P. et al. [79]
Niemela, S. et al. [80]

Ischemic stroke

Weak evidence for association with H. pylori

Increase in mediators of inflammation induced by the
infection, which might activate platelets and
coagulation

Chen, Y. et al. [81]
Wang, Z.W. et al. [82]
Alvarez-Arellano, L. et al. [83]
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Diseases

Evidence of Association with H. pylori Infection

Key Evidence of Support

References Associated with the Evidence

Alzheimer’s disease

Weak evidence for association with H. pylori

Increased prevalence in H. pylori-infected subjects of
apolipoprotein E (ApoE) polymorphism, which is a risk
factor for Alzheimer’s disease

Huang, W.S. et al. [84]
Roubaud, B.C. et al. [85]
Kountouras, J. et al. [86]
Kountouras, J. et al. [87]
Kountouras, J. et al. [88]
Kountouras, J. et al. [89]

Parkinson’s disease

Moderate evidence for association with H. pylori

Production of pro-inflammatory cytokines may cause
disruption of the blood-brain barrier and death of
dopaminergic neurons

Shen, X. et al. [91]
Dardiotis, E. et al. [83]
Dobbs, R.J. et al. [94]

Guillain-Barre syndrome

Moderate evidence for association with H. pylori

Molecular mimicry between H. pylori Lipopolysaccharide
(LPS) and peripheral nerve gangliosides

Kountouras, J. et al. [95]
Chiba, S. et al. [96]

Allergic Diseases

Moderate evidence against association with
H. pylori

Shifting of the adaptive immune response toward
tolerance rather than immunity, thus promoting
persistence of the infection on the one side and

inhibiting auto-aggressive and allergic T-cell responses
on the other

Blaser, M.J. et al. [97]
Qertli, M. et al. [98]
Cook, K.W. etal. [99]
Oertli, M. et al [100]




J. Clin. Med. 2020, 9, 3887 12 of 17

Author Contributions: Conceptualization, M.R. and A.G.G.; methodology, M.R., A.G.G., A.E. (Alessandro Federico)
and P.C;; literature review, K.P, L.G., A.F. (Angela Facchiano), M.D., A.M. and P.C,; original draft writing, A.G.G.;
draft supervision, review, and editing, M.R. and A.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Meégraud, F; Brassens-Rabbé, M.P; Denis, F.; Belbouri, A.; Hoa, D.Q. Seroepidemiology of Campylobacter
pylori infection in various populations. J. Clin. Microbiol. 1989, 27, 1870-1873. [CrossRef] [PubMed]

2. Go,M.E Review article: Natural history and epidemiology of Helicobacter pyloriinfection. Aliment. Pharmacol. Ther.
2002, 16, 3-15. [CrossRef] [PubMed]

3. Leclerc, H. Epidemiological aspects of Helicobacter pylori infection. Bull. Acad. Natl. Med. 2006, 190, 949-962.
[PubMed]

4. Mandeville, K.L.; Krabshuis, J.; Ladep, N.G.; Mulder, C.J.; Quigley, E.M.; Khan, S.A. Gastroenterology in
developing countries: Issues and advances. World |. Gastroenterol. 2009, 15, 2839-2854. [CrossRef] [PubMed]

5. Sgambato, D.; Visciola, G.; Ferrante, E.; Miranda, A.; Romano, L.; Tuccillo, C.; Manguso, F.; Romano, M.
Prevalence of Helicobacter pylori infection in sexual partners of H. pylori-infected subjects: Role of
gastroesophageal reflux. United Eur. Gastroenterol. J. 2018, 6, 1470-1476. [CrossRef] [PubMed]

6.  Wirth, H.P; Yang, M. Different pathophysiology of gastritis in East and West? A Western Perspective.
Inflamm. Intest. Dis. 2016, 1, 113-122. [CrossRef]

7. Zarrilli, R.; Ricci, V.; Romano, M. Molecular response of gastric epithelial cells to Helicobacter pylori-induced
cell damage. Cell. Microbiol. 1999, 1, 93-99. [CrossRef]

8. El-Omar, E.M.; Carrington, M.; Chow, W.H.; McColl, K.E.; Bream, ].H.; Young, H.A.; Herrera, J.; Lissowska, J.;
Yuan, C.C.; Rothman, N.; et al. Interleukin-1 polymorphisms associated with increased risk of gastric cancer.
Nature 2000, 404, 398-402. [CrossRef]

9.  Nardone, G.; Rocco, A.; Vaira, D.; Staibano, S.; Budillon, A.; Tatangelo, F,; Sciulli, M.G.; Perna, F.; Salvatore, G.
Expression of COX-2, mPGE-synthasel, MDR-1 (P-gp), and Bcl-xL: A molecular pathway of H pylori-related
gastric carcinogenesis. J. Pathol. 2004, 202, 305-312. [CrossRef]

10. Konturek, P.C,; Kania, J.; Konturek, J.W.; Nikiforuk, A.; Konturek, S.J.; Hahn, E.G. H. pylori infection,
atrophic gastritis, cytokines, gastrin, COX-2, PPAR gamma and impaired apoptosis in gastric carcinogenesis.
Med. Sci. Monit. 2003, 9, 53-66.

11.  Kim, N.J. Chemoprevention of gastric cancer by Helicobacter pylori eradication and its underlying mechanism.
Gastroenterol. Hepatol. 2019, 34, 1287-1295.

12.  Federico, A.; Gravina, A.G.; Miranda, A.; Loguercio, C.; Romano, M. Eradication of Helicobacter pylori
infection: Which regimen first? World ]. Gastroenterol. 2014, 20, 665-672.

13. Malfertheiner, P.; Megraud, F.; O'Morain, C.A.; Gisbert, ].P.; Kuipers, E.]J.; Axon, A.T.; Bazzoli, F.; Gasbarrini, A.;
Atherton, J.; Graham, D.Y.; et al. Management of Helicobacter pylori infection-the Maastricht V/Florence
Consensus Report. European Helicobacter and Microbiota Study Group and Consensus panel. Gut 2017,
66, 6-30. [CrossRef] [PubMed]

14. Kumar, N. Neurologic aspects of cobalamin (B12) deficiency. Handb. Clin. Neurol. 2014, 120, 915-926.
[PubMed]

15.  Green, R. Vitamin B(12) deficiency from the perspective of a practicing hematologist. Blood 2017, 11,2603-2611.
[CrossRef]

16. Lahner, E.; Persechino, S.; Annibale, B. Micronutrients (other than iron) and Helicobacter pylori infection:
A systematic review. Helicobacter 2012, 17, 1-15. [CrossRef] [PubMed]

17.  Valdes-Socin, H.; Leclercq, P; Polus, M.; Rohmer, V.; Beckers, A.; Louis, E. Chronic autoimmune gastritis:
A multidisciplinary management. Rev. Med. Liege 2019, 74, 598-605. [PubMed]

18. Hudak, L; Jaraisy, A.; Haj, S.; Muhsen, K. An updated systematic review and meta-analysis on the association

between Helicobacter pylori infection and iron deficiency anemia. Helicobacter 2017, 22, 1-16. [CrossRef]
[PubMed]


http://dx.doi.org/10.1128/JCM.27.8.1870-1873.1989
http://www.ncbi.nlm.nih.gov/pubmed/2549098
http://dx.doi.org/10.1046/j.1365-2036.2002.0160s1003.x
http://www.ncbi.nlm.nih.gov/pubmed/11849122
http://www.ncbi.nlm.nih.gov/pubmed/17195619
http://dx.doi.org/10.3748/wjg.15.2839
http://www.ncbi.nlm.nih.gov/pubmed/19533805
http://dx.doi.org/10.1177/2050640618800628
http://www.ncbi.nlm.nih.gov/pubmed/30574317
http://dx.doi.org/10.1159/000446300
http://dx.doi.org/10.1046/j.1462-5822.1999.00018.x
http://dx.doi.org/10.1038/35006081
http://dx.doi.org/10.1002/path.1512
http://dx.doi.org/10.1136/gutjnl-2016-312288
http://www.ncbi.nlm.nih.gov/pubmed/27707777
http://www.ncbi.nlm.nih.gov/pubmed/24365360
http://dx.doi.org/10.1182/blood-2016-10-569186
http://dx.doi.org/10.1111/j.1523-5378.2011.00892.x
http://www.ncbi.nlm.nih.gov/pubmed/22221610
http://www.ncbi.nlm.nih.gov/pubmed/31729849
http://dx.doi.org/10.1111/hel.12330
http://www.ncbi.nlm.nih.gov/pubmed/27411077

J. Clin. Med. 2020, 9, 3887 13 of 17

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Goddard, A.F; James, M.W.; McIntyre, A.S.; Scott, B.B. Guidelines for the management of iron deficiency
anaemia. Gut 2011, 60, 1309-1316. [CrossRef]

Mendoza, E.; Duque, X.; Hernandez Franco, J.I.; Reyes Maldonado, E.; Moran, S.; Martinez, G.; Salinas
Rodriguez, A.; Martinez, H. Association between Active H. pylori Infection and Iron Deficiency Assessed by
Serum Hepcidin Levels in School-Age Children. Nutrients 2019, 11, 2141. [CrossRef]

Yokota, S.I; Toita, N.; Yamamoto, S.; Fujii, N.; Konno, M. Positive relationship between a polymorphism
in Helicobacter pylori neutrophil-activating protein a gene and iron-deficiency anemia. Helicobacter 2013,
18, 112-116. [CrossRef] [PubMed]

Senkovich, O.; Ceaser, S.; McGee, D.].; Testerman, T.L. Unique host iron utilization mechanisms of Helicobacter
pylori revealed with iron-deficient chemically defined media. Infect. Immun. 2010, 78, 1841-1849. [CrossRef]
[PubMed]

El-Omar, E.M. Iron deficiency and Helicobacter pylori-induced gastric cancer: Too little, too bad. J. Clin. Investig.
2013, 123, 113-114. [CrossRef] [PubMed]

Noto, ].M.; Gaddy, J.A.; Lee, ].Y.; Piazuelo, M.B.; Friedman, D.B.; Colvin, D.C.; Romero-Gallo, J.; Suarez, G.;
Loh, J.; Slaughter, J.C.; et al. Iron deficiency accelerates Helicobacter pylori-induced carcinogenesis in rodents
and humans. J. Clin. Investig. 2013, 123, 479-492. [CrossRef] [PubMed]

Sokolova, O.; Borgmann, M.; Rieke, C.; Schweitzer, K.; Rothkotter, H.].; Naumann, M. Helicobacter pylori
induces type 4 secretion system-dependent, but CagA-independent activation of IkBs and NF-«B/RelA at
early time points. Int. ]. Med. Microbiol. 2013, 303, 548-552. [CrossRef]

Suvajdzi¢, N.; Stankovi¢, B.; Artiko, V,; Cveji¢, T.; Bulat, V.; Bakrac, M.; Colovi¢, M.; Obradovi¢, V.; Atkinson, H.D.
Helicobacter pylori eradication can induce platelet recovery in chronic idiopathic thrombocytopenic purpura.
Platelets 2006, 17, 227-230. [CrossRef]

Jackson, S.C.; Beck, P.; Buret, A.G.; O’Connor, PM.; Meddings, J.; Pineo, G.; Poon, M.C. Long term platelet
responses to Helicobacter pylori eradication in Canadian patients with immune thrombocytopenic purpura.
Int. J. Hematol. 2008, 88, 212-218. [CrossRef]

Campuzano-Maya, G. Hematologic manifestations of Helicobacter pylori infection. World J. Gastroenterol. 2014,
20, 12818-12838. [CrossRef]

Asahi, A.; Nishimoto, T.; Okazaki, Y.; Suzuki, H.; Masaoka, T.; Kawakami, Y.; Ikeda, Y.; Kuwana, M.
Helicobacter pylori eradication shifts monocyte Fcgamma receptor balance toward inhibitory FegammaRIIB in
immune thrombocytopenic purpura patients. J. Clin. Investig. 2008, 118, 2939-2949.

Testerman, T.L.; Morris, J. Beyond the stomach: An updated view of Helicobacter pylori pathogenesis,
diagnosis, and treatment. World ]. Gastroenterol. 2014, 20, 12781-12808. [CrossRef]

Satoh, T.; Pandey, ]J.P.; Okazaki, Y.; Asahi, A.; Kawakami, Y.; Ikeda, Y.; Kuwana, M. Single nucleotide
polymorphism of interleukinlbeta associated with Helicobacter pylori infection in immune thrombocytopenic
purpura. Tissue Antigens 2009, 73, 353-357. [CrossRef] [PubMed]

Zeng, J.; Hanhan, L.; Xiao, L.; Chung, D. The relationship between Helicobacter pylori infection and open-angle
glaucoma: A Meta-Analysis. Invest. Ophthalmol. Vis. Sci. 2015, 56, 5238-5245. [CrossRef] [PubMed]
Cotticelli, L.; Borrelli, M.; D’ Alessio, A.C.; Menzione, M.; Villani, A.; Piccolo, G.; Montella, F.,; Iovene, M.R.;
Romano, M. Central serous chorioretinopathy and Helicobacter pylori. Eur. ]. Ophthalmol. 2006, 6, 274-278.
[CrossRef] [PubMed]

Gemenetzi, M.; De Salvo, G.; Lotery, A.]. Central serous chorioretinopathy: An update on pathogenesis and
treatment. Eye 2010, 24, 1743-1756. [CrossRef] [PubMed]

Zavoloka, O.; Bezditko, P.; Lahorzhevska, I.; Zubkova, D.; Ilyina, Y. Clinical efficiency of Helicobacter pylori
eradication in the treatment of patients with acute central serous chorioretinopathy. Graefe’s Arch. Clin.
Exp. Ophthalmol. 2016, 254, 1737-1742. [CrossRef] [PubMed]

Dang, Y.; Mu, Y.; Zhao, M.; Li, L.; Guo, Y.; Zhu, Y. The effect of of eradicating Helicobacter pylori on idiopathic
central serous chorioretinopathy patients. Ther. Clin. Risk Manag. 2013, 9, 355-360. [CrossRef]

Gravina, A.G.; Federico, A.; Ruocco, E.; Lo Schiavo, A.; Masarone, M.; Tuccillo, C.; Peccerillo, F.; Miranda, A.;
Romano, L.; de Sio, C.; et al. Helicobacter pylori infection but not small intestinal bacterial overgrowth may
play a pathogenic role in rosacea. United Eur. Gastroenterol. J. 2015, 3, 17-24. [CrossRef]

Mesquita, PM.; Diogo, A.E; Jorge, M.T.; Berbert, A.L.; Mantese, S.A.; Rodrigues, J.J. Relationship of
Helicobacter pylori seroprevalence with the occurrence and severity of psoriasis. An. Bras. Dermatol. 2017,
92, 52-57. [CrossRef]


http://dx.doi.org/10.1136/gut.2010.228874
http://dx.doi.org/10.3390/nu11092141
http://dx.doi.org/10.1111/hel.12011
http://www.ncbi.nlm.nih.gov/pubmed/23067298
http://dx.doi.org/10.1128/IAI.01258-09
http://www.ncbi.nlm.nih.gov/pubmed/20176792
http://dx.doi.org/10.1172/JCI67200
http://www.ncbi.nlm.nih.gov/pubmed/23257355
http://dx.doi.org/10.1172/JCI64373
http://www.ncbi.nlm.nih.gov/pubmed/23257361
http://dx.doi.org/10.1016/j.ijmm.2013.07.008
http://dx.doi.org/10.1080/09537100500462487
http://dx.doi.org/10.1007/s12185-008-0138-8
http://dx.doi.org/10.3748/wjg.v20.i36.12818
http://dx.doi.org/10.3748/wjg.v20.i36.12781
http://dx.doi.org/10.1111/j.1399-0039.2009.01214.x
http://www.ncbi.nlm.nih.gov/pubmed/19317746
http://dx.doi.org/10.1167/iovs.15-17059
http://www.ncbi.nlm.nih.gov/pubmed/26258610
http://dx.doi.org/10.1177/112067210601600213
http://www.ncbi.nlm.nih.gov/pubmed/16703546
http://dx.doi.org/10.1038/eye.2010.130
http://www.ncbi.nlm.nih.gov/pubmed/20930852
http://dx.doi.org/10.1007/s00417-016-3315-0
http://www.ncbi.nlm.nih.gov/pubmed/26979068
http://dx.doi.org/10.2147/TCRM.S50407
http://dx.doi.org/10.1177/2050640614559262
http://dx.doi.org/10.1590/abd1806-4841.20174880

J. Clin. Med. 2020, 9, 3887 14 of 17

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Mesquita, PM.; Diogo, A E; Jorge, M.T.; Berbert, A.L.; Mantese, S.A.; Rodrigues, J.J. Comment on Helicobacter
pylori seroprevalence and the occurrence and severity of psoriasis-Reply. An. Bras. Dermatol. 2017, 92, 585.
[CrossRef] [PubMed]

Onsun, N.; Arda Ulusal, H.; Su, O.; Beycan, L.; Biyik Ozkaya, D.; Senocak, M. Impact of Helicobacter pylori
infection on severity of psoriasis and response to treatment. Eur. . Dermatol. 2012, 22, 117-120. [CrossRef]
Magen, E.; Delgado, ]J.S. Helicobacter pylori and skin autoimmune diseases. World J. Gastroenterol. 2014,
20, 1510-1516. [CrossRef] [PubMed]

Campanati, A.; Gesuita, R.; Giannoni, M.; Piraccini, F.; Sandroni, L.; Martina, E.; Conocchiari, L.; Bendia, E.;
Di Sario, A.; Offidani, A. Role of small intestinal bacterial overgrowth and Helicobacter pylori infection in
chronic spontaneous urticaria: A prospective analysis. Acta Derm. Venereol. 2013, 93, 161-164. [CrossRef]
Yoshimasu, T.; Furukawa, F. Eradication therapy for urticaria with high titers of anti H. pylori IgG antibody.
Allergol. Int. 2014, 63, 37-40. [CrossRef] [PubMed]

Ljubojevic, S.; Lipozenci¢, ]. Autoimmune bullous diseases associations. Clin. Dermatol. 2012, 30, 17-33.
[CrossRef] [PubMed]

Sagi, L.; Baum, S.; Agmon-Levin, N.; Sherer, Y.; Katz, B.S.; Barzilai, O.; Ram, M.; Bizzaro, N.; SanMarco, M.;
Trau, H.; et al. Autoimmune bullous diseases the spectrum of infectious agent antibodies and review of the
literature. Autoimmun. Rev. 2011, 10, 527-535. [CrossRef] [PubMed]

Mortazavi, H.; Hejazi, P.; Khamesipour, A.; Mohebali, M.; Ehsani, A.H.; Mohammadi, Y.; Farahani, I.V,;
Amirzargar, A.A. Frequency of seropositivity against infectious agents amongst pemphigus vulgaris patients:
A case-control study on Strongyloides stercoralis, Helicobacter pylori, Toxoplasma gondii, Leishmania major,
and Epstein-Barr virus. Int. ]. Dermatol. 2015, 54, 458-465. [CrossRef] [PubMed]

Yang, Y.; Shengtao, Z.; Peng, L.; Li, M.; Shutin, Z. Helicobacter pylori infection and inflammatory bowel disease:
A crosstalk between upper and lower digestive tract. Cell Death Dis. 2018, 9, 961-973.

Papamichael, K.; Konstantopoulos, P.; Mantzaris, G.J. Helicobacter pylori infection and inflammatory bowel
disease: Is there a link? World ]. Gastroenterol. 2014, 20, 6374-6385. [CrossRef]

Laharie, D.; Asencio, C.; ] Asselineau, J.; Bulois, P.; Bourreille, A.; Moreau, J.; Bonjean, P.; Lamarque, D.;
Pariente, A.; Soulé, J.C.; et al. Association between entero-hepatic Helicobacter species and Crohn’s disease:
A prospective cross-sectional study. Aliment. Pharmacol. Ther. 2009, 30, 283-293. [CrossRef]

Kaakoush, N.O.; Holmes, J.; Octavia, S.; Man, S.M.; Zhang, L.; Castafio-Rodriguez, N.; Day, A.S.; Leach, S.T.;
Lemberg, D.A.; Dutt, S.; et al. Detection of Helicobacteraceae in intestinal biopsies of children with Crohn’s
disease. Helicobacter 2010, 15, 549-557. [CrossRef]

Ruuska, T.; Vaajalahti, P.; Arajarvi, P.; Mdki, M. Prospective evaluation of upper gastrointestinal mucosal
lesions in children with ulcerative colitis and Crohn’s disease. J. Pediatr. Gastroenterol. Nutr. 1994, 19, 181-186.
[CrossRef] [PubMed]

Song, M.].; Park, D.I; Hwang, S.J.; Kim, E.R.; Kim, Y.H.; Jang, B.I,; Lee, S.H.; Ji, ].S.; Shin, S.J. The prevalence
of Helicobacter pylori infection in Korean patients with inflammatory bowel disease, a multicenter study.
Korean |. Gastroenterol. 2009, 53, 341-347. [CrossRef] [PubMed]

Sayar, R.; Shokri Shirvani, ].; Hajian-Tilaki, K.; Vosough, Z.; Ranaei, M. The negative association between
inflammatory bowel disease and Helicobacter pylori seropositivity. Casp. . Intern. Med. 2019, 10, 217-222.
Jin, X.; Chen, Y.P,; Chen, S.H.; Xiang, Z. Association between Helicobacter pylori infection and ulcerative colitis
— A case control study from China. Int. ]. Med. Sci. 2013, 10, 1479-1484. [CrossRef]

Shinzaki, S.; Fujii, T.; Bamba, S.; Ogawa, M.; Kobayashi, T.; Oshita, M.; Tanaka, H.; Ozeki, K.; Takahashi, S.;
Kitamoto, H.; et al. Seven days triple therapy for eradication of Helicobacter pylori does not alter the disease
activity of patients with inflammatory bowel disease. Intest. Res. 2018, 16, 609-618. [CrossRef] [PubMed]
Prevete, N.; Liotti, F.; Marone, G.; Melillo, R M.; de Paulis, A. Formyl peptide receptors at the interface of
inflammation, angiogenesis and tumor growth. Pharmacol. Res. 2015, 102, 184-191. [CrossRef]

Ye, R.D.; Boulay, F.; Wang, ].M.; Dahlgren, C.; Gerard, C.; Parmentier, M.; Serhan, C.N.; Murphy, PM.
International Union of Basic and Clinical Pharmacology. LXXIII. Nomenclature for the formyl peptide
receptor (FPR) family. Pharmacol. Rev. 2009, 61, 119-161. [CrossRef]

de Paulis, A.; Prevete, N.; Rossi, EW.; Rivellese, F.; Salerno, F.; Delfino, G.; Liccardo, B.; Avilla, E.; Montuori, N.;
Mascolo, M.; et al. Helicobacter pylori Hp(2-20) promotes migration and proliferation of gastric epithelial
cells by interacting with formyl peptide receptors in vitro and accelerates gastric mucosal healing in vivo.
J. Immunol. 2009, 15, 3761-3769. [CrossRef]


http://dx.doi.org/10.1590/abd1806-4841.20177256
http://www.ncbi.nlm.nih.gov/pubmed/28954123
http://dx.doi.org/10.1684/ejd.2011.1579
http://dx.doi.org/10.3748/wjg.v20.i6.1510
http://www.ncbi.nlm.nih.gov/pubmed/24587626
http://dx.doi.org/10.2340/00015555-1373
http://dx.doi.org/10.2332/allergolint.13-OA-0580
http://www.ncbi.nlm.nih.gov/pubmed/24270226
http://dx.doi.org/10.1016/j.clindermatol.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22137223
http://dx.doi.org/10.1016/j.autrev.2011.04.003
http://www.ncbi.nlm.nih.gov/pubmed/21527361
http://dx.doi.org/10.1111/ijd.12869
http://www.ncbi.nlm.nih.gov/pubmed/26175264
http://dx.doi.org/10.3748/wjg.v20.i21.6374
http://dx.doi.org/10.1111/j.1365-2036.2009.04034.x
http://dx.doi.org/10.1111/j.1523-5378.2010.00792.x
http://dx.doi.org/10.1097/00005176-199408000-00007
http://www.ncbi.nlm.nih.gov/pubmed/7815240
http://dx.doi.org/10.4166/kjg.2009.53.6.341
http://www.ncbi.nlm.nih.gov/pubmed/19556840
http://dx.doi.org/10.7150/ijms.6934
http://dx.doi.org/10.5217/ir.2018.00044
http://www.ncbi.nlm.nih.gov/pubmed/30301329
http://dx.doi.org/10.1016/j.phrs.2015.09.017
http://dx.doi.org/10.1124/pr.109.001578
http://dx.doi.org/10.4049/jimmunol.0900863

J. Clin. Med. 2020, 9, 3887 15 of 17

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Babbin, B.A.; Jesaitis, A.J.; Ivanov, A.L; Kelly, D.; Laukoetter, M.; Nava, P,; Parkos, C.A.; Nusrat, A. Formyl
peptide receptor-1 activation enhances intestinal epithelial cell restitution through phosphatidylinositol
3-kinasedependent activation of Racl and Cdc42. J. Immunol. 2007, 179, 8112-8121. [CrossRef]

Babbin, B.A.; Lee, W.Y,; Parkos, C.A.; Winfree, L.M.; Akyildiz, A.; Perretti, M.; Nusrat, A. Annexin I regulates
SKCO-15 cell invasion by signaling through formyl peptide receptors. . Biol. Chem. 2006, 281, 19588-19599.
[CrossRef]

Gravina, A.G.; Prevete, N.; Tuccillo, C.; De Musis, C.; Romano, L.; Federico, A.; de Paulis, A.; D’Argenio, G.;
Romano, M. Peptide Hp(2-20) accelerates healing of TNBS-induced colitis in the rat. United Eur. Gastroenterol. ].
2018, 6, 1428-1436. [CrossRef] [PubMed]

Fischbach, L.A.; Nordenstedt, H.; Kramer, J.R.; Gandhi, S.; Onuoha, S.D.; Lewis, A.; E-Serag, H.B.
The association between Barrett’s esophagus and Helicobacter pylori infection: A meta-analysis. Helicobacter
2012, 17, 163-175. [CrossRef] [PubMed]

Zhuo, X.; Zhang, Y.; Wang, Y.; Zhuo, W.; Zhu, Y.; Zhang, X. Helicobacter pylori infection and oesophageal
cancer risk: Association studies via evidence-based meta-analyses. Clin. Oncol. 2008, 20, 757-762. [CrossRef]
[PubMed]

Lee, Y.C.; Chen, T.H.; Chiu, HM.; Shun, C.T.; Chiang, H.; Liu, T.Y.; Wu, M.S;; Lin, J.T. The benefit of mass
eradication of Helicobacter pylori infection: A community-based study of gastric cancer prevention. Gut 2013,
62, 676-682. [CrossRef] [PubMed]

Yaghoobi, M.; Farrokyar, F.; Yuan, Y.; Hunt, R.H. Is there an increased risk of GERD after Helicobacter pylori
eradication? A meta-analysis. Am. J. Gastroenterol. 2010, 105, 1007-1013. [CrossRef]

Qian, B.; Ma, S.; Shang, L.; Qian, J.; Zhang, G. Effect of HP eradication on gastroesophageal reflux disease.
Helicobacter 2011, 16, 255-265. [CrossRef]

Moayyedi, P.; Wason, C.; Peacock, R.; Walan, A.; Bardhan, K.; Axon, A.T.; Dixon, M.F. Changing patterns of
Helicobacter pylori gastritis in long-standing acid suppression. Helicobacter 2000, 5, 206-214. [CrossRef]

Fox, J.G.; Kuipers, E.J. Long-term proton pump inhibitor administration, HP and gastric cancer: Lessons from
the gerbil. Gut 2011, 60, 567-568. [CrossRef]

Shah, S.C.; Tepler, A.; Peek, R M., Jr.; Colombel, J.F.; Hirano, I.; Narula, N. Association between Helicobacter
pylori infection and decreased odds of eosinophilic esophagitis-a systematic review and meta-analysis.
Clin. Gastroenterol. Hepatol. 2019, 17, 2185-2198. [CrossRef]

Arnold, I.C.; Hitzler, I.; Miiller, A. The immunomodulatory properties of Helicobacter pylori confer protection
against allergic and chronic inflammatory disorders. Front. Cell. Infect. Microbiol. 2012, 2, 10. [CrossRef]
Arnold, I.C.; Dehzad, N.; Reuter, S.; Martin, H.; Becher, B.; Taube, C.; Muller, A. Helicobacter pylori infection
prevents allergic asthma in mouse models through the induction of regulatory T cells. J. Clin. Investig. 2011,
121, 3088-3093. [CrossRef]

Molina-Infante, J.; Gutierrez-Junquera, C.; Savarino, E.; Penagini, R.; Modolell, I; Bartolo, O.; Prieto-Garcia, A.;
Mauro, A.; Alcedo, J.; Perello, A. Helicobacter pylori infection does not protect against eosinophilic esophagitis:
Results from a large multicenter case-control study. Am. ]. Gastroenterol. 2018, 113, 972-979. [CrossRef]
[PubMed]

Hsieh, M.C.; Wang, S.S.; Hsieh, Y.T.; Kuo, EC.; Soon, M.S.; Wu, D.C. Helicobacter pylori infection associated
with high HbAlc and type 2 diabetes. Eur. |. Clin. Investig. 2013, 43, 949-956. [CrossRef]

Bégué, RE.; Gémez, R.; Compton, T.; Vargas, A. Effect of Helicobacter pylori eradication in the glycemia of
children with type 1 diabetes: A preliminary study. South Med. ]. 2002, 95, 842—-845. [CrossRef] [PubMed]
Demir, M.; Gokturk, H.S.; Ozturk, N.A.; Kulaksizoglu, M.; Serin, E.; Yilmaz, U. Helicobacter pylori prevalence
in diabetes mellitus patients with dyspeptic symptoms and its relationship to glycemic control and late
complications. Dig. Dis. Sci. 2008, 53, 2646-2649. [CrossRef] [PubMed]

Calle, M.C.; Fernandez, M.L. Inflammation and type 2 diabetes. Diabetes Metab. 2012, 38, 183-191. [CrossRef]
[PubMed]

Wang, X.; Bao, W,; Liu, J.; Ouyang, Y.Y.; Wang, D.; Rong, S.; Xiao, X.; Shan, Z.L.; Zhang, Y.; Yao, P; et al.
Inflammatory markers and risk of type 2 diabetes: A systematic review and meta-analysis. Diabetes Care
2013, 36, 166—-175. [CrossRef] [PubMed]

Zhou, X,; Liu, W.; Gu, M.; Zhou, H.; Zhang, G. Helicobacter pylori infection causes hepatic insulin resistance
by the c-Jun/miR-203/ SOCS3 signaling pathway. |. Gastroenterol. 2015, 50, 1027-1040. [CrossRef]


http://dx.doi.org/10.4049/jimmunol.179.12.8112
http://dx.doi.org/10.1074/jbc.M513025200
http://dx.doi.org/10.1177/2050640618793564
http://www.ncbi.nlm.nih.gov/pubmed/30386616
http://dx.doi.org/10.1111/j.1523-5378.2011.00931.x
http://www.ncbi.nlm.nih.gov/pubmed/22515353
http://dx.doi.org/10.1016/j.clon.2008.07.005
http://www.ncbi.nlm.nih.gov/pubmed/18793831
http://dx.doi.org/10.1136/gutjnl-2012-302240
http://www.ncbi.nlm.nih.gov/pubmed/22698649
http://dx.doi.org/10.1038/ajg.2009.734
http://dx.doi.org/10.1111/j.1523-5378.2011.00846.x
http://dx.doi.org/10.1046/j.1523-5378.2000.00032.x
http://dx.doi.org/10.1136/gut.2010.229286
http://dx.doi.org/10.1016/j.cgh.2019.01.013
http://dx.doi.org/10.3389/fcimb.2012.00010
http://dx.doi.org/10.1172/JCI45041
http://dx.doi.org/10.1038/s41395-018-0035-6
http://www.ncbi.nlm.nih.gov/pubmed/29545632
http://dx.doi.org/10.1111/eci.12124
http://dx.doi.org/10.1097/00007611-200295080-00012
http://www.ncbi.nlm.nih.gov/pubmed/12190218
http://dx.doi.org/10.1007/s10620-007-0185-7
http://www.ncbi.nlm.nih.gov/pubmed/18320319
http://dx.doi.org/10.1016/j.diabet.2011.11.006
http://www.ncbi.nlm.nih.gov/pubmed/22252015
http://dx.doi.org/10.2337/dc12-0702
http://www.ncbi.nlm.nih.gov/pubmed/23264288
http://dx.doi.org/10.1007/s00535-015-1051-6

J. Clin. Med. 2020, 9, 3887 16 of 17

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Chen, T.P; Hung, H.F,; Chen, M.K; Lai, HH.; Hsu, W.E; Huang, K.C.; Yang, K.C. Helicobacter Pylori Infection
is Positively Associated with Metabolic Syndrome in Taiwanese Adults: A Cross-Sectional Study. Helicobacter
2015, 20, 184-191. [CrossRef]

Niemels, S.; Karttunen, T.; Korhonen, T.; Liar4, E.; Karttunen, R.; Ikdheimo, M.; Kesdniemi, Y.A. Could
Helicobacter pyloriinfection increase the risk of coronary heart disease by modifying serum lipid concentrations?
Heart 1996, 75, 573-575. [CrossRef]

Chen, Y.; Segers, S.; Blaser, M.]. Association between Helicobacter pylori and mortality in the NHANES III
study. Gut 2013, 62, 1262-1269. [CrossRef] [PubMed]

Wang, Z.W.; Li, Y,; Huang, L.Y.; Guan, Q.K.; Xu, D.W.; Zhou, WK.; Zhang, X.Z. Helicobacter pylori infection
contributes to high risk of ischemic stroke: Evidence from a meta-analysis. |. Neurol. 2012, 259, 2527-2537.
[CrossRef] [PubMed]

Alvarez-Arellano, L.; Maldonado-Bernal, C. Helicobacter pylori and neurological diseases: Married by the
laws of inflammation. World |. Gastrointest. Pathophysiol. 2014, 5, 400-404. [CrossRef] [PubMed]

Huang, W.S,; Yang, T.Y.; Shen, W.C.; Lin, C.L.; Lin, M.C.; Kao, C.H. Association between Helicobacter pylori
infection and dementia. J. Clin. Neurosci. 2014, 21, 1355-1358. [CrossRef]

Roubaud, B.C.; Letenneur, L.; Langlais, A.; Buissonniere, A.; Mégraud, E; Dartigues, J.F; Salles, N.;
Personnes Agées QUID Study. Does Helicobacter pylori infection increase incidence of dementia? The
Personnes Agées QUID Study. J. Am. Geriatr. Soc. 2013, 61, 74-78. [CrossRef]

Kountouras, J.; Boziki, M.; Gavalas, E.; Zavos, C.; Deretzi, G.; Chatzigeorgiou, S.; Katsinelos, P.; Grigoriadis, N.;
Giartza-Taxidou, E.; Venizelos, I. Five-year survival after Helicobacter pylori eradication in Alzheimer disease
patients. Cogn. Behav. Neurol. 2010, 23, 199-204. [CrossRef]

Kountouras, J.; Boziki, M.; Gavalas, E.; Zavos, C.; Grigoriadis, N.; Deretzi, G.; Tzilves, D.; Katsinelos, P.;
Tsolaki, M.; Chatzopoulos, D.; et al. Eradication of Helicobacter pylori may be beneficial in the management of
Alzheimer’s disease. J. Neurol. 2009, 256, 758-767. [CrossRef]

Kountouras, J.; Tsolaki, E.; Tsolaki, M.; Gavalas, E.; Zavos, C.; Polyzos, S.A.; Boziki, M.; Katsinelos, P.;
Kountouras, C.; Vardaka, E.; et al. Helicobacter pylori-related ApoE 4 polymorphism may be associated with
dysphagic symptoms in older adults. Dis. Esophagus 2016, 29, 842. [CrossRef]

Kountouras, J.; Boziki, M.; Gavalas, E.; Zavos, C.; Deretzi, G.; Grigoriadis, N.; Tsolaki, M.; Chatzopoulos, D.;
Katsinelos, P.; Tzilves, D.; et al. Increased cerebrospinal fluid Helicobacter pylori antibody in Alzheimer’s
disease. Int. |. Neurosci. 2009, 119, 765-777. [CrossRef] [PubMed]

Doulberis, M.; Kotronis, G.; Thomann, R.; Polyzos, S.A.; Boziki, M.; Gialamprinou, D.; Deretzi, G.;
Katsinelos, P.; Kountouras, J. Review: Impact of Helicobacter pylori on Alzheimer’s disease: What do we
know so far? Helicobacter 2018, 23, €12454. [CrossRef] [PubMed]

Shen, X.; Yang, H.; Wu, Y,; Zhang, D.; Jiang, H. Meta-analysis: Association of Helicobacter pylori infection
with Parkinson’s diseases. Helicobacter 2017, 22, €12398. [CrossRef] [PubMed]

Fasano, A.; Bove, E; Gabrielli, M.; Petracca, M.; Zocco, M.A.; Ragazzoni, E.; Barbaro, F.; Piano, C.; Fortuna, S.;
Tortora, A.; et al. The role of small intestinal bacterial overgrowth in Parkinson’s disease. Mov. Disord. 2013,
28, 1241-1249. [CrossRef] [PubMed]

Dardiotis, E.; Tsouris, Z.; Mentis, A.F.A.; Siokas, V.; Michalopoulou, A.; Sokratous, M.; Dastamani, M.;
Bogdanos, D.P,; Deretzi, G.; Kountouras, J. H. pylori and Parkinson’s disease: Metanalyses including clinical
severity. Clin. Neurol. Neurosurg. 2018, 175, 16-24. [CrossRef]

Dobbs, R.J.; Charlett, A.; Purkiss, A.G.; Dobbs, S.M.; Weller, C.; Peterson, D.W. Association of circulating
TNF-alpha and IL-6 with ageing and parkinsonism. Acta Neurol. Scand. 1999, 100, 34—41. [CrossRef]
[PubMed]

Kountouras, J.; Deretzi, G.; Zavos, C.; Karatzoglou, P.; Touloumis, L.; Nicolaides, T.; Chatzopoulos, D.;
Venizelos, 1. Association between Helicobacter pylori infection and acute inflammatory demyelinating
polyradiculoneuropathy. Eur. J. Neurol. 2005, 12, 139-143. [CrossRef] [PubMed]

Chiba, S.; Sugiyama, T.; Yonekura, K.; Tanaka, S.; Matsumoto, H.; Fujii, N.; Ebisu, S.; Sekiguchi, K. An antibody
to VacA of Helicobacter pylori in cerebrospinal fluid from patients with Guillain-Barre syndrome. J. Neurol.
Neurosurg. Psychiatr. 2002, 73, 76-78. [CrossRef]

Blaser, ML].; Chen, Y.; Reibman, J. Does Helicobacter pylori protect against asthma and allergy? Gut 2008,
57,561-567. [CrossRef]


http://dx.doi.org/10.1111/hel.12190
http://dx.doi.org/10.1136/hrt.75.6.573
http://dx.doi.org/10.1136/gutjnl-2012-303018
http://www.ncbi.nlm.nih.gov/pubmed/23303440
http://dx.doi.org/10.1007/s00415-012-6558-7
http://www.ncbi.nlm.nih.gov/pubmed/22688569
http://dx.doi.org/10.4291/wjgp.v5.i4.400
http://www.ncbi.nlm.nih.gov/pubmed/25400983
http://dx.doi.org/10.1016/j.jocn.2013.11.018
http://dx.doi.org/10.1111/jgs.12065
http://dx.doi.org/10.1097/WNN.0b013e3181df3034
http://dx.doi.org/10.1007/s00415-009-5011-z
http://dx.doi.org/10.1111/dote.12364
http://dx.doi.org/10.1080/00207450902782083
http://www.ncbi.nlm.nih.gov/pubmed/19326283
http://dx.doi.org/10.1111/hel.12454
http://www.ncbi.nlm.nih.gov/pubmed/29181894
http://dx.doi.org/10.1111/hel.12398
http://www.ncbi.nlm.nih.gov/pubmed/28598012
http://dx.doi.org/10.1002/mds.25522
http://www.ncbi.nlm.nih.gov/pubmed/23712625
http://dx.doi.org/10.1016/j.clineuro.2018.09.039
http://dx.doi.org/10.1111/j.1600-0404.1999.tb00721.x
http://www.ncbi.nlm.nih.gov/pubmed/10416510
http://dx.doi.org/10.1111/j.1468-1331.2004.00977.x
http://www.ncbi.nlm.nih.gov/pubmed/15679702
http://dx.doi.org/10.1136/jnnp.73.1.76
http://dx.doi.org/10.1136/gut.2007.133462

J. Clin. Med. 2020, 9, 3887 17 of 17

98. Oertli, M.; Noben, M.; Engler, D.B.; Semper, R.P.; Reuter, S.; Maxeiner, J.; Gerhard, M.; Taube, C.; Miiller, A.
Helicobacter pylori y-glutamyl transpeptidase and vacuolating cytotoxin promote gastric persistence and
immune tolerance. Proc. Natl. Acad. Sci. USA 2013, 110, 3047-3052. [CrossRef]

99. Cook, KW.; Letley, D.P; Ingram, R]J.; Staples, E.; Skjoldmose, H.; Atherton, J.C.; Robinson, K.
CCL20/CCR6-mediated migration of regulatory T cells to the Helicobacter pylori-infected human gastric
mucosa. Gut 2014, 63, 1550-1559. [CrossRef]

100. Oertli, M.; Sundquist, M.; Hitzler, I.; Engler, D.B.; Arnold, 1.C.; Reuter, S.; Maxeiner, J.; Hansson, M.; Taube, C.;
Quiding-Jarbrink, M.; et al. DC-derived IL-18 drives Treg differentiation, murine Helicobacter pylori-specific
immune tolerance, and asthma protection. J. Clin. Investig. 2012, 122, 1082-1096. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1073/pnas.1211248110
http://dx.doi.org/10.1136/gutjnl-2013-306253
http://dx.doi.org/10.1172/JCI61029
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Hematological Diseases 
	Vitamin B12 Deficiency Anemia 
	Iron-Deficiency Anemia 
	Primary Immune Thrombocytopenia (Formerly Known as Idiopathic Thrombocytopenic Purpura) 

	Ophthalmic Diseases 
	Open-Angle Glaucoma 
	Central Serous Chorioretinopathy 

	Dermatologic Diseases 
	Rosacea 
	Psoriasis 
	Chronic Urticaria 
	Alopecia Aerata 
	Autoimmune Bullous Disease 

	Inflammatory Bowel Diseases 
	Esophageal Diseases 
	Metabolic Diseases 
	Neurological Diseases 
	Allergic Diseases 
	Conclusions and Future Directions 
	References

