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(HP) and its subsequent recognition as a patho-
gen in various gastric diseases by Marshall and 
Warren, focused attention on the existence of a 
gastric microbiota 4 as “an ecological niche for 
bacteria.” indeed, each gastric microstructure 
implements mechanisms of defense to avoid 
harboring bacteria.

Gastric epithelium is characterized by sev-
eral cells (acid secreting parietal cells, mucus 
neck cells, pepsinogen-secreting zymogenic 
cells, gastrin-secreting G cells and gland cells) 
differently placed in corpus/fundus and an-
trum. in the stomach takes place the produc-
tion of a number of anti-microbial molecules. 
Beta-defensin 2 is expressed both in the rat 
and human gastric mucosa 5 and its release is 

Gut microbiota may be considered a hu-
man “organ” consisting of ten trillions of 

microorganisms and weighing up to 2 kg.1 it 
plays an important role both in physiological 
and pathological pathways; therefore, a gut 
microbiota imbalance may influence health as 
well as disease.

it is mainly located in the small bowel and 
colon, while, for many years, the stomach was 
thought to be sterile.2 low pH due to acid pro-
duction, gastric peristalsis with its migrating 
motor complex, high nitrate intraluminal level 
and mucus layer appeared to be strong and suf-
ficient features to establish that stomach could 
not be a place to live.3

The identification of Helicobacter pilory 
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ated by broad-range bacterial Pcr from 23 
human gastric biopsy samples identifying 128 
phylotypes. The five major phyla resulted to 
be Proteobacteria, Firmicutes, Bacteroidetes, 
Actinobacteria and Fusobacteria, while 10% 
of overall phylotypes were previously unchar-
acterized. among Helicobacter genus, HP was 
the only member identified and it appeared to 
be the most abundant over all phylotypes.

Finally, the stomach and its microbiota 
may be considered as two different “organs” 
that share the same place. they have a mutual 
impact with microscopic structures of gastric 
mucosa (mucus layer and luminal contents) in-
fluencing local microflora and vice versa.

in this article our attention is directed spe-
cifically to explain effects of this “cross-talk” 
on the onset of gastric diseases.

Gastric microbiota: HP and non-HP  
bacteria and their interaction

The gastric microflora can be differentiated 
into two main groups: HP and non-HP bacte-
ria. incidence, mechanisms of action, symp-
toms, association to diseases, complications 
and treatment of HP bacteria are well-known. 
However, much has yet to be discovered about 
non-HP microbiota. in particular, there is a 
question that still does not have a clear answer: 
may HP infection influence the nesting of non-
HP microflora in stomach?

in the study by Bik et al.,18 the authors com-
pared bacterial population between subjects 
with and without HP infection. interestingly, 
its presence did not influence gastric microor-
ganism composition, a non-significant relative 
lack of non-Proteobacteria phylotypes in HP-
positive patients was shown. in support of this, 
the analysis of the gastric flora, exclusively in 
non-HP subjects, described the same 5 major 
phyla 19 as above reported.18

on the other hand, andersson et al. showed 
a significantly gastric microflora diversity be-
tween two groups with a smaller number of 
phylotypes in HP-positive subjects than in HP-
negative subjects (33 vs. 262, respectively).20

Maldonado-contreras et al. showed a vari-
ance of about 30% in 12 subjects with dif-

increased in HP infected patients.6 Moreover, 
lysozyme plays a strong antibacterial effect 
against cell wall of Gram positive bacteria;7 
cathelicidin ll37,8 a host-defense peptides re-
leased from parietal and chief cells in fundic 
glands of the health gastric mucosa, inhibits 
macrophage stimulation by bacterial com-
ponents (lPs and lipoteichoic acid) altering 
macrophage expression of both cytokine and 
chemokine.9 schwarz et al. described that hep-
cidin, an important regulator of iron homeo-
stasis, is expressed in gastric epithelium 10 
and that it is up-regulated in the stomach of 
patients with HP infection.11 the relationship 
between iron metabolism and host response to 
infection 12 is well established.

a mucus layer covers the entire gastric mu-
cosa protecting and separating it from luminal 
contents. this cover consists of an inner and 
an outer mucus layer. The first plays a stronger 
role in the protection of the underlying epithe-
lium against bacterial infection.13 therefore, 
Dicksved et al. described a 10-fold increase in 
bacterial overcrowding in the outer layer.14

Mucin glycoproteins are the main constitu-
ents of the mucus layer and it has been demon-
strated to defend the epithelium against adhe-
sion of the pathogenic bacterium.15

Finally, various mechanisms contribute to 
this “special gastric environment” in healthy 
subjects.

several microorganisms reside in the stom-
ach, while, some are derived from dietary in-
take or from swallows (oral, nasopharyngeal 
and tracheal). Moreover, duodenal reflux also 
carries microbes to the stomach.

in the past, further obstacles to early recog-
nition of gastric microbiota have been the lack 
of efficient technologies. Through culture of 
gastric juice or mucosal biopsies, low levels 
of several gastric phylotypes were identified 
(Firmicutes, Proteobacteria, actinobacteria, 
and Fusobacteria phyla).16, 17 Efficient molecu-
lar methods to identify uncultured microflora 
were missing.

For the first time, in 2006 Bik et al.18 char-
acterized gastric microflora by using a small 
subunit 16s rDNa clone library approach. 
the authors analyzed 1833 sequences gener-
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and, actually, it is the strongest known risk 
factor for gastric adenocarcinoma.29 the prob-
ability of cancer for HP is about 1-3% of over-
all infected subjects.30

Initially, it causes active superficial chronic 
gastritis. With time, through both exogenous 
and endogenous determinants, this infec-
tion can lead to gastric premalignant lesions 
(chronic atrophic gastritis, intestinal metapla-
sia and dysplasia of the gastric mucosa) and 
increases the risk to development gastric can-
cer.31

While the gastric carcinogenic role of HP 
infection is clearly recognized, few studies has 
evaluated the weight of non-HP microflora in 
the gastric cancer pathway with and without 
HP infection.

to unravel this complex scenario, lee et al. 
described a delay in the onset of gastric cancer 
in transgenic mice when treated with antimi-
crobial therapy, irrespective of HP infection.32 
Feeding with an artificial intestinal microbiota 
in germ-free transgenic mice accelerated the 
onset of gastric cancer,33 while, HP eradication 
did not ensure the development of gastric can-
cer from premalignant lesions.34

Does gastric microbiota imbalance play a 
role in the development of gastric cancer or is 
it secondary to the change of gastric environ-
ment?

Dicksved et al. compared gastric microbio-
ma of 10 subjects affected by gastric cancer to 
microflora of 5 dyspeptic controls. The authors 
identified 102 phylotypes (from Firmicutes, 
Bacteroidetes, Proteobacteria, Actinobacte-
ria, and Fusobacteria phyla) in a sequence of 
104 clones; HP was isolated in only one sam-
ples. Finally, a significant difference in micro-
bial compositions between cancer subjects and 
controls was not found, while predominant 
phylum in patients with gastric cancer resulted 
Firmicutes and genera Streptococcus, Lacto-
bacillus, Veillonella, and Prevotella.35

several authors 36-38 focused their attention 
on the interaction between gastric microbiota 
and atrophy-metaplasia-dysplasia-carcinoma 
sequence in the stomach. aviles-Jimenez et al. 
evaluated shift of gastric microbiota in five pa-
tients affected each by non-atrophic gastritis, 

ferent H. pylori status, using a high-density 
16s rrNa gene microarray (Phylochip). HP 
infection was associated with higher relative 
increase of non-HP bacteria from the Proteo-
bacteria, Spirochetes and Acidobacteria, and 
with fewer abundance of Actinobacteria, Bac-
teroidetes and Firmicutes, than HP-negative 
subjects. It is important to underline that the 
authors did not report a variation in the abso-
lute number of non-HP population but only a 
difference in the relative abundance of several 
phyla.21

llorca et al. characterized the gastric mi-
crobiota in HP and non-HP infected children. 
the absence of infection was associated with 
greater bacterial diversity and microflora com-
position compared with infected subjects. The 
authors described a HP relative abundance in 
infected patients; a relative dominance of gam-
maproteobacteria, betaproteobacteria, bacte-
roidia and clostridia classes in non-infected 
subjects.22

In vivo, HP infection impacts on gastric mi-
croflora through different mechanisms.

First, it modifies acid secretion leading to 
a bacterial overgrowth with release of DNa-
damaging reactive oxygen species and reac-
tive nitrogen species. HP infection produces 
ammonia and bicarbonate by urea that serve 
as substrates for overgrowth of non-HP bac-
teria.23

Moreover, circulating leptin and ghrelin 
expression is reduced in HP infected patients 
compared to non-infected subjects.24-26 in the 
literature, several reports described leptin and 
ghrelin as potent anti-inflammatory mediators 
and immunoregulatory hormone/cytokine.27, 28

therefore, HP has an impact on the secre-
tion of gastric-related hormones modulating, 
indirectly, gastric acid secretion and immune 
response.

Gastric microbiota in the development 
of non-atrophic gastritis, intestinal 

metaplasia and gastric cancer

since 1994, it is clear the relationship be-
tween HP infection and gastric cancer: HP is 
recognized as a type i carcinogen by the WHo 
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tric diseases (non-ulcer dyspepsia, peptic ulcer 
disease and gastric cancer).39 No difference 
was found between the three groups with and 
without HP infection.

Discordant findings from human studies 
could be due to subject heterogeneity, differ-
ent sample origins, and differences in methods 
used to analyze gastric microorganism popu-
lation (terminal restriction fragment length 
polymorphism (t-rFlP);14 quantitative Pcr 
(q-Pcr);38 culture-based approach;39 DNa 
microarrays (Phylochip);36 454 Gs FlX tita-
nium).36

in conclusion, HP infection may create a fa-
vorable environment for growth of other bac-
teria. the onset of atrophic gastritis, second-
ary to HP infection, predisposes the stomach 
to a higher pH due to loss of parietal cells. a 
hypochlorhydric environment facilitates over-
growth of bacteria promoting the production 
of nitrite and accumulation of carcinogenic N-
nitroso compounds.40

in a recent study the load of nitrosating/ni-
trate-reducing bacteria other than HP resulted 
at least twice as much in the cancer patients 
compared to healthy subjects within the same 
HP status, but it did not reach statistical sig-
nificance. It increased over time and was pre-
vented by HP eradication in the HP-positive 
control group, but not in the HP-positive can-
cer group. the authors concluded that non-HP 
gastric microbiota has a weak role compared 
to HP in gastric carcinogenesis.41

Gastric microbiota and dyspepsia

in literature, the role of microbiota in the on-
set of intestinal function disorders, as irritable 
bowel syndrome, has been widely described. 
infectious gastroenteritis starts intestinal in-
flammation through mucosal infiltration of T 
cells, mast cells and enterochromaffin cell hy-
perplasia. this immune activation may induce 
persistent low-grade systemic and mucosal in-
flammation that characterizes post-infectious 
iBs population.42, 43 similarly, in the last de-
cade, some authors focused their attention on 
the relationship between microbiota and func-
tional dyspepsia (FD). Different pathophysi-

intestinal metaplasia and intestinal-type gas-
tric cancer. A significant difference was shown 
between non-atrophic gastritis and gastric can-
cer, while, there was no difference in bacterial 
diversity between intestinal metaplasia and the 
other two groups.36 This is the first study to 
suggest a gradual shift in microorganism pro-
file from chronic gastritis to pre-neoplastic le-
sion to stomach cancer.

another study compared composition, di-
versity, and richness of microbial communities 
between chronic gastritis, intestinal metapla-
sia, and gastric cancer. the authors reported a 
significant difference in the composition and 
diversity of gastric microbiota among the three 
different groups, especially in the HP-infected 
patients. In the gastric cancer group a signifi-
cant decrease of the epsilon proteobacteria 
class and Helicobacteriaceae family with an 
increase of the bacilli class and Streptococac-
ceae family 37 was found, in agreement with 
previous results.14

recently, Wang et al. calculated gastric 
bacterial load in 212 patients with chronic 
gastritis and 103 patients with gastric cancer, 
using quantitative Pcr (the prevalence of HP 
was 46.7% (147/315). Moreover, they ana-
lyzed the biodiversity, structure and composi-
tion of microbiota in 12 patients. the authors 
showed that: 1) there was no association be-
tween bacterial load and grade of chronic gas-
tritis (mild, moderate, and severe); 2) amount 
of microorganisms was higher in HP infected 
patients compared to HP-negative subjects; 
3) the bacterial load in gastric cancer was sig-
nificantly increased compared to chronic gas-
tritis. in the second part of study, the diversity 
index resulted similar between the two groups. 
therefore, HP infection is suggested to alter 
microbiota population, but does not influence 
the relative proportions of the non-HP micro-
biota. Moreover, this altered microbiota could 
potentially promote cancer activities through 
the production of N-nitroso compounds by 
these bacteria.38

in contrast, Khosravi evaluated the impact 
of HP on the diversity of the gastric microflora 
population in 131 HP-positive patients and 84 
HP-negative patients affected by different gas-
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neurons because of the release of nitric oxide 
synthase (Nos).52-54 Pharmacological studies 
of nitrergic gastric function was performed in 
400 consecutive dyspeptic patients to assess 
whether intestinal inflammation might induce 
nitrergic dysfunction and post-inflammatory 
dysmotility. the authors showed that impaired 
gastric accommodation was higher in patients 
with symptoms of post-infectious origin than 
in subjects without prior gastrointestinal infec-
tion.54 Probably, this is due to a gastric nitrer-
gic neurons dysfunction or diminished pres-
ence of nitrergic neurons.

the mechanisms underlying post-infectious 
FD are likely similar to those involved in iBs 
occurrence after gastroenteritis.42, 43 it has 
also been suggested that upper and lower Gi 
functional disorders may represent different 
manifestations of a single entity.55 Moreover, 
cytokines released by inflammatory cells pop-
ulation may stimulate sensory afferent path-
ways inducing visceral hyperalgesia.56

It is possible that duodenal inflammation 
plays a major role in the development of FD, 
respect to inflammation of gastric mucosa.57 
While increased duodenal eosinophilia has 
been associated to dyspeptic symptoms, no 
significant raise of gastric eosinophil counts 
has been described in non-ulcer dyspepsia ver-
sus controls.58

as to gastric alterations, li et al. described a 
higher number of enterochromaffin cells (ECs) 
in gastric mucosa, in post-infectious compared 
to non-specific FD and healthy controls. The 
same results have been shown regarding the 
release of histamine and 5-hydroxytrypta-
mine from gastric mucosa and tryptase pro-
tein expression. the authors suggested a role 
of chemicals derived from mast cells and ecs 
in the pathogenesis of post-infectious FD.59 
this effect may be secondary to histamine and 
tryptase activity on enteric muscle and nerve 
function through which gut motility, secretions 
and sensory perception are modulated.60, 61 in 
favor of this, several authors described sensory 
and motor dysfunction after gastrointestinal 
infection with evidence of enteric neuromus-
cular disorders.62, 63

ologic mechanisms contribute to FD onset: 
psychosocial upsets, altered motility, visceral 
hyperalgesia, genetic and environmental fac-
tors.44 What is the role of gastrointestinal mi-
crobiota in FD occurrence is not completely 
clear. in the past, development of the gastro-
paresis syndrome after viral infection has been 
reported.45 in a more recent prospective case-
control study, Parry et al.46 evaluated the pres-
ence of FD symptoms (using self-completed 
rome ii modular questionnaires) at 6 months 
after bacterial gastroenteritis.

a quarter of cases with proven bacterial 
gastroenteritis developed dyspepsia, respect to 
2.9% of the control group.

the evolution of gastroenteritis and devel-
opment of dyspepsia was assessed after an 
outbreak of Salmonella enteritidis in a span-
ish village, during a 1-year follow-up. in a 
total of 1243 subjects, dyspepsia appeared in 
about 17% of exposed participants vs. 3% of 
controls, with a relative risk of 5.2 at 1 year of 
follow-up. associated variables were vomit-
ing during salmonella infection (71% vs. 41%; 
P=0.003) and days with abdominal pain (9.3 
days vs. 5.1 days; P=0.001).47

in a recent meta-analysis, Futagami et al.48 
described a mean prevalence of post-infectious 
FD of 9.55% in adult populations with an or 
of 2.54 (95% ci: 1.76-3.65) at more than 6 
months after acute gastroenteritis. a limit of 
this study was significant statistical heteroge-
neity between studies with an I2 of 72.8%.

Moreover, different pathogens have been 
associated to post-infectious FD symptoms 
(Salmonella spp., Escherichia coli o157, 
Campylobacter jejuni, Giardia lamblia and 
Norovirus).48

otherwise, no difference in the prevalence 
of HP infection was found between post-infec-
tious FD and controls.49 indeed, the role of HP 
infection in FD is controversial because differ-
ent results have been shown about dyspeptic 
symptoms improvement after eradication.50, 51

as to the pathogenesis of post-infectious FD, 
tack et al. suggested a role of nitrergic gastric 
impairment in FD.49 Both in vivo (in guinea 
pig model and in rat) and in vitro, intestinal 
inflammation induces a decrease in myenteric 
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of PPi induced gastric microbial alterations in 
patients with dyspepsia or an inducer of this 
condition.69 This has been confirmed also in 
other studies.70

Due to its hostile environment, the stomach 
is considered a place where microorganisms 
swallowed through oral and nasopharyngeal 
cavity lose their viability and die. the concern 
is as to whether an increase of gastric pH allow 
may not only facilitate a contamination of the 
gastric juice but also favor the colonization of 
the gastric mucosa.

tsuda et al. showed that both the bacte-
rial count as assessed by qPcr and the bac-
terial composition were nearly identical be-
tween PPis users and PPis non-users. thus, 
the significant increase in the gastric bacteria 
demonstrated culture of the gastric content in 
PPi-users might be due to a lack of the antimi-
crobial effect of the gastric acid rather than to 
an increased proliferative activity of the bac-
teria in the stomach.71 recently, sanduleanu 
et al.70 described that both in the juice and in 
the mucosa of the stomach there was a count 
of non-HP bacteria higher in PPis user than in 
control group.

the growth of non-HP population in the 
gastric lumen was associated with intragastric 
pH level, whilst, in the mucosa, it correlated 
with duration of acid inhibition. in the gastric 
juice the most common species were of oro-
pharyngeal origin.

Unfortunately, this study did not evaluate 
bacterial composition in the gastric mucosa, 
so, it is difficult to clarify what species spe-
cifically grow there. Previously, Dolby et al. 
found a similar spectrum of bacteria in the 
juice and in tissue of the stomach.72 the au-
thors concluded that non-HP bacteria not only 
contaminate the gastric juice but also colonize 
the mucosa, particularly in patients on long-
term PPi treatment.70

in favor of this hypothesis, an italian study 
found that Bifidobacteriaceae species, when 
placed in the oral cavity, were able to colonize 
the gastric mucosa of subjects treated with 
omeprazole. it is not clear whether the effects 
of this atypical colonization are positive or 
negative to the host.73

Exogenous interference on 
the gastric microbiota: proton 

pump inhibitors and diet

Proton pump inhibitors

Proton pump inhibitors (PPis) are the most 
commonly prescribed medications in a gas-
troenterologist’s practice. For about 30 years, 
they have been available for commercial use to 
treat patients with acid-related disorders (gas-
troesophageal reflux disease and peptic ulcer). 
in the last years, there has been an increase 
of prescriptions because they are commonly 
thought to be safe and well tolerated.64

However, several side effects are emerging 
particularly following long term treatment. 
they range from intestinal absorption altera-
tion to organ damage, such as kidney or brain.65 
Prolonged use of, lowering the acidic barrier to 
infection, may also increase the likelihood of 
intestinal infection.66 therefore, inhibition of 
gastric acid secretion may lead to changes in 
intestinal microbiota thus possibly leading to 
the onset of gastric diseases.

the target of PPis is the gastric parietal cells 
where PPis irreversibly block the proton pump 
which is responsible for the secretion of Hcl. 
this cause an increase in gastric pH and, as 
a consequence, gastric environment becomes 
more susceptible to overgrowth of bacteria. in 
particular the use of PPis in the presence of HP 
infection induces both a higher increase of pH 
and a significantly greater number of intragas-
tric bacteria.67, 68

in a recent study 69 on a group of dyspep-
tic patients, including 9 subjects who were HP 
infected, 5 treated with PPis and 4 not treated 
with PPis, the authors showed different gas-
tric microbial communities in subjects treated 
with PPis vs. those not treated. Both HP infec-
tion and gastric acid inhibition did not influ-
ence species composition. instead, in PPi users 
there was an increase of Firmicutes, particular-
ly Streptococcaceae, compared with untreated 
patients. the difference in the composition of 
gastric microbiota mainly regarded the abun-
dances of specific taxa. The authors suggested 
that streptococcus could be either an indicator 
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Diet

in the last decades, the role of diet in the de-
velopment of disease has been widely studied. 
The diet plays a significant role in the onset 
of different chronic disorders and a change 
of lifestyle and alimentation may reduce the 
burden of diseases related to obesity, diabetes, 
cardiovascular disease, several forms of can-
cer, osteoporosis and dental disease.87

therefore, rather than “you are what you 
eat,” we should say “you suffer from what you 
eat.”

The first pass of food is through the gastro-
intestinal tract and it is likely that initial altera-
tions brought about by an incorrect diet occur 
right there. it all probably begins with a change 
in the gut microbiota.

in the literature, few studies have evaluated 
the relationship between diet and gastric mi-
crobiota changes.

sahasakul et al.88 compared gastric con-
centration of lactobacilli between who were 
administered non-purified and purified diets. 
they described a higher number of lactobacilli 
in gastric tissue of the mice on a non-purified 
diet compared to those on a purified diet. Prob-
ably, non-digestible compounds contained in 
non-purified food, allow lactobacilli to colo-
nize the stomach inducing a lower gastric 
emptying.

the authors also examined whether diet 
(purified or non-purified) modified the expres-
sion of Toll-like receptor 2 thus influencing 
the host innate immune response. indeed, toll-
like receptors are involved in the recognition 
of lactobacilli recognizing peptidoglycan and 
lipoteichoic acid. toll-like receptor 2 mrNa 
levels in the stomach resulted higher in the 
mice on a purified diet than in those on a non-
purified one. While there were no significant 
differences in tissue inflammation or cell infil-
tration in the stomach, it is possible to suggest 
that diet may influence host immune response.

Yamaguchi et al. hypothesized that diet 
might influence the colonization by C. albi-
cans. the authors showed a decrease of lac-
tobacilli and organic acids in in the stomach 
of rats on a purified diet. Moreover, mice on 

it has been suggested that PPis long term 
use may create similar pathological condi-
tions to those related to HP infection ranging 
from chronic atrophic gastritis to increase in 
the risk of development of gastric cancer be-
cause of the abundance of potentially carci-
nogenic N-nitroso compounds.74 Until now, 
there are no clear evidences to postulate that 
achlorhydria, induced by PPis use, increas-
es production of nitrosamines. in the 1984 
sharma et al. described a significant increase 
in the gastric nitrite and N-nitrosamine con-
centrations after omeprazole 30 mg daily for 
two weeks.75 in contrast, no differences were 
shown by subsequent studies.76-78 in patients 
treated with PPis compared to controls, Ver-
meer et al. did not find an increase of intra-
gastric volatile N-nitrosamines, while there 
was a higher urinary N-nitrosodimethylamine 
excretion, not changed significantly by HP 
status.79

a recent meta-analysis evaluated the risk for 
fundic gland polyps and gastric cancer in PPi 
users compared with PPi nonusers. it included 
12 studies, four of which 80-83 analyzed the 
risk of gastric adenocarcinoma. the authors 
concluded that long term PPi treatment might 
increase the risk of gastric cancer. the authors 
also confirmed that this association could be 
biased, linked to limited number of studies 
and possible confounding factors (indication 
to PPi treatment, status of HP infection, diet, 
inherited cancer syndromes and family history 
of gastric cancer).84

Moreover, Bateman et al., in a cohort of 
18,000 British PPi users, described a seven-
fold increased risk of death for cancer of stom-
ach. after four years of follow-up, the risk was 
reset. there likely was a causal relationship 
with PPi use but the indications to treatment 
were a confounder.85

likewise, Mccoll et al. described an asso-
ciation between excess risk of gastric cancer 
and patients with ulcer indications, among PPi 
users.86 only a study included the history of 
HP infection eradication as a covariate in the 
statistical model, but this, unfortunately, does 
not exclude the residual confounding role of 
untreated HP infection.80
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a purified diet showed histologic evidence of 
gastric mucosal invasion by C. albicans. they 
therefore concluded that a decrease of lactoba-
cilli population in gastric mucosa may lower 
mucosal defenses thus inducing a sustained 
gastric candidiasis.89

Conclusions

in the past decades, increasing evidence sug-
gests that intestinal microbiota may influence 
the homeostasis of a number of organs thus 
being a major determinant of health or disease 
status. exogenous agents (i.e., drugs or nutri-
ents) may alter qualitatively and quantitatively 
gastrointestinal microbiota thus influencing 
several functions of the gastrointestinal tract. 
recently, gastric microbiota has emerged as an 
important player in gastric health and disease 
and might therefore become a therapeutic tar-
get for gastric conditions, both functional or 
organic, which are not strictly related to HP in-
fection or for the prevention of non-HP-related 
gastric cancer.
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