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Interrelation: gastric microbiota - acid-dependent diseases, and more…
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Abstract
Introduction. The relationship between gastric microbiota and acid-dependent 
diseases is currently not fully studied. The study is based on a review of the literature 
to analyze and reflect the available data on the interaction of gastric microbiota and 
acid-dependent diseases, as well as brain-gut diseases.
Methods. The survey was performed by analyzing data from Medscape, PubMed, 
Elsevier. The articles  analyzed are in English, Romanian, Russian, published in the 
last 10 years. Data on the composition (landscape) of the gastric microbiota and 
their influence on acid-dependent diseases and digestive diseases in general were 
reflected.
Results. The research reflected that in addition to Helicobacter pylori infection, 
the landscape of the gastric microbiota in the acid stomach (with low pH) is not 
sterile and includes other types such as: Proteobacteria, Firmicutes, Actinobacteria, 
Bacteroidetes, Fusobacteria. At the same time, current methods document a bacterial 
load of 1010-1012 CFU/mL in the colon, which is much higher than in the stomach, 
where it reaches 102-104 CFU/mL. H. pylori influences the diversification of the 
non-H.pylori gastric microbiota; Decreased diversification increases the risk of 
carcinogenesis. The aspects of the role of H. pylori in functional dyspepsia, named 
after the Maastricht Consensus V - H. pylori dyspepsia, were also demonstrated.
The taxonomic profiles (Philum-level, Genus-level) of the gastric microbiota 
require the study of the interrelationships with acid-dependent diseases, as well as 
the feedback.
Conclusions. The study shows that the stomach is not a sterile organ and in addition 
to H. pylori there are 5 other types of gastric microbiota, which are interrelated with 
acid-dependent diseases and digestive disorders and vice versa. This issue requires 
a comprehensive approach.
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Introduction
It is known that the nosological 

structure of acid-dependent diseases 
(ADD) includes:

-	 GERD - Gastro-Esophageal 
Reflux Disease

-	 Functional dyspepsia (DF) / H. 
pylori-dyspepsia

-	 Chronic gastritis / duodenitis
-	 GU/DU - Gastric Ulcer / 

Duodenal Ulcer - Peptic Ulcer Disease 
(PUD)

-	 NSAID-Gastroenteropathy
-	 Erosive-ulcerative lesions of 

the stomach and duodenum, associated 

with hyperparathyroidism
-	 Zollinger-Ellison syndrome
-	 Chronic pancreatitis [1,2].
The microbiota is a collection 

of microorganisms from the microbial 
community in the gastrointestinal tract.

Today, many functions have 
made it possible to interpret it as a truly 
independent organ - the 4th organ of 
the digestive system. The complex and 
dynamic diversity of the microbiota 
includes up to 10-100 trillion microbial 
cells in different parts of the body. [3]

In the gastrointestinal tract, current 
methods have documented a bacterial load 
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of 1010 - 1012 (CFU)/mL in the colon, which is much larger 
than in the stomach, where it reaches 102-104 CFU / mL [4]. 

Is there a stomach microbiota?
The history of discoveries
In 1875, German scientists discovered a spiral-shaped 

bacterium in the mucous membrane of the human stomach. 
The bacterium did not grow in culture (on artificial culture 
media known at the time), and this accidental discovery was 
forgotten.

In 1886, professor Valery Javorski of the Jagiellonian 
University in Kraków described bacteria with a characteristic 
spiral shape (Vibrio rugula) - assuming an etiological role in 
the pathogenesis of stomach diseases. However, this paper 
did not have much of an impact on the rest of the medical and 
scientific world, as it was written in Polish [5]. 

However, is there a stomach microbiota?
The stomach, with its low pH, has been considered a 

sterile organ for many years. The discovery of H. pylori in 
1982 was revolutionary in many ways and challenged earlier 
concepts in digestive pathology [6].

“There is nothing more misleading than the obvious”  
(Robin Warren)

Barry Marshall and Robin Warren
The social impact of a Nobel Prize: Social impact of 

a Nobel Prize: The University of Western Australia
“This was not true, but it has become part of the 

folklore of the time. I’ve been told that bacteria are either 
contaminants or harmless diners“ (Barry Marshall)

Helicobacter pylori (1983)
Markers of pathogenicity: Cytotoxin-associated gene 

A (Cag A), Bab A adhesin and vacuolating cytotoxin (Vac 
A) [7]. 

Gram-negative bacterium, which has an S-shape, has 
4-6 flagella at one end, which allows it to move in the gastric 
contents and contact the mucosal epithelium.

The most favorable conditions for Hp in the lumen of 
the stomach (antrum): high content of CO2, urea CO(NH2)2 
and pH from 3.0 to 6.0.

Vibrios Нр produce a number of substances with a 
direct cytotoxic effect on the mucous membrane; causes its 
inflammation, with the further extension of the process in the 
deep layers of the mucous membrane, lead to atrophy of the 
glandular apparatus [7].

However, the paradigm has changed: ... from pH → 
to Hp.

Proof of the etiological significance of Hp for chronic 
gastritis:

1.	Experiments with self-infection.
2.	Animal experiments - models of Helicobacter 

pylori gastritis.
3.	Hp bacterium:

1. secretes a protein that activates neutrophils;
2. induces cytokine secretion.

4.	Hp eradication is accompanied by the reversibility 
of the morphological picture of gastritis [8,9].

Currently, the etiological role of Hp is considered to 
be demonstrated.

Нр infection occurs:  
-	 fecal-oral route;  
-	 oral-oral route;  
-	 iatrogenic pathway.
The higher the standard of living of the population, 

the less Hp is detected, therefore in developing countries, 
Hp contamination reaches almost 100%, and in European 
countries - 70-80% [10].

Results
Regarding the development of non-atrophic gastritis 

associated with Hp (Kyoto Consensus, 2015):
-	 the inflammatory process develops in the antrum, 

then passes into the body and stomach fundus;
-	 Hp, due to its microvilli, as well as the activity of 

urease, enters the submucosal layer; - ammonia (cleavage of 
urea by Hp-urease) damages the epithelium and causes an 
inflammatory reaction by suppressing the defense factors;

-	 Нр inhibits cell differentiation and proliferation, 
creates conditions for apoptosis and therefore supports the 
inflammatory process [11].

For today the infectious agent - H. pylori - carcinogenic 
№ 1 according to the IARC classification (Table I). 

Table I. International Agency for Research on Cancer (IARC).
Tumor location
Tumor type

Infectious agent - carcinogen 1
Groups by IARC classification

Stomach Helicobacter pylori

Liver HBV, HCV, Opisthorchis viverrini, 
Clonorchis, sinensis

Cervix uterine HPV+/-HIV
Anogenital region HPV+/-HIV
Nasopharynx EBV
Oropharynx HPV
Sarcoma Kaposi HSV tip 8 +/- HIV
Non-Hodgkin’s lymphoma Helicobacter pylori, EBV +/- HIV, 

HCV, Human lymphotropic virus 1
Hodgkin’s lymphoma EBV +/- HIV
Bladder Schistosoma haematobium 

The second stage of the revolution was verified by 
the Kyoto Consensus on Gastritis, which confirmed the 
possibility of vital activity and the association with the 
pathology of the stomach of various bacteria, viruses and 
fungi (Kyoto global consensus report on Hellicobacter pylori 
gastritis) [11].

Recently, molecular methods have been developed 
based on the determination of 16S rRNA genes:

-	 fluorescent hybridization,
-	 dot blot hybridization with rRNA target probes,
-	 rDNA cloning,
-	 rRNA sequencing, which contributed to the 

identification and classification of stomach bacteria [12].
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During sequencing, the nucleotide sequence of the 
16S rRNA gene, which is present in the genome of all 
bacteria, is determined.

These studies found more than 10,000 types of 
microbes and showed that the set of microbial genes is 100 
times larger than the set of genes in the human body, and 
their mass can reach almost 3% of the weight of the human 
body [13].

Non-Hp gastric microbiota
Regarding the non-Hp gastric microbiota, it is 

widely believed that H. pylori was the only microorganism 
capable of surviving in a hostile gastric environment - it 
has been assumed for the last 3 decades. [4] Studies of 
other cultures have been reported: Clostridium spp, 
Veillonella spp and Lactobacillus spp as the dominant 
species in a normal acid stomach. However, these methods 
underestimate the diversity of bacteria, as most of them 
could not be cultured [14].

Although some of the bacteria (Enterococcus, 
Streptococcus, Staphylococcus, Pseudomonas and 
Stomatococcus) live in the oral cavity and respiratory 
tract, documentation of Pseudomonas spp, other than 
P. aeruginosa, has led to the idea that there is a local 
microbiota in the gastric environment. Bik et al. analyzed 
stomach biopsy samples and identified 128 phylotypes, 
which are included in 5 different types of bacteria: 
- Proteobacteria, - Firmicutes, - Actinobacteria, - 
Bacteroidetes, - Fusobacteria [15]. The composition of 
the microbiota of the stomach 101-103 / 102-104 CFU / 
ml (compared to the small intestine1010-1012 CFU / ml): 

-healthy people
-	 Actinobacteria, Bacteroidetes, Firmicutes, 

Proteobacteria; Streptococcus- different from the oral and 
pharyngeal microbiota [16].

In 2013, Delgado et al. conducted the first 
study using a combination of classical cultivation and 
independent cultivation methods and found that the most 
common species belong to Streptococcus, Lactobacillus 
and Propionibacterium [4].

Japanese authors believe that stomach dysbiosis is 
a decrease in normal dominant strains and an increase in 
minor bacterial strains [18].

The relationship between Hp and another gastric 
microbiota

Studies on bacterial diversity in the stomach of 
H. pylori (+) versus H. pylori (-) remain controversial: 
H. pylori can change its own microclimate (produces 
NH3 and urea bicarbonate, which can serve as a substrate 
for other microbial communities). A decrease in gastric 
secretion and thus an increase in gastric pH creates 
favorable ecological niches for the colonization of other 
microorganisms. H. pylori also induces the production of 
cytokines and antimicrobial peptides that cause chronic 
inflammation of the stomach and can inhibit other local 
microorganisms! [19]. 

Interestingly, other reports have shown that some 
species, such as Lactobacillus, have strong antagonistic 
effects and may inhibit the growth of H. pylori [20]. 

Similarly, Streptococcus mitis, a commensal 
bacterium found in the gastric environment, can inhibit the 
growth and conversion of H. pylori into cocoids [21].

Figure 1. Adapted after Wroblewski et al. [17]. 
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Stomach microbiota in ... the development of 
BAD

The etiological relationship between H. pylori 
“long-term” and chronic gastritis is well documented. ... it 
is thought that different communities of gastric microbes, 
such as the overrepresentation of the genus Streptococcus 
in the type Firmicutes, can also lead to gastritis, even in the 
absence of H. pylori [22].

The composition of the microbiota of the stomach 
(H. pylori dominates other species)

Figure 2. Adapted after Andersson et al. [23]. 

Among the different population groups (African-
Americans, Latin Americans, Chinese and Europeans), the 
gastric microbiota had obvious similarities. At the same 
time, the total number of bacterial genera in the stomach 
reaches 85 [24].

Subsequent research has shown a significant 
correlation between the detection of streptococci 
(Streptococci) and PUD-peptic ulcer disease. Consequently, 
non-H.pylori microbiota may also play an important role 
in the pathogenesis of gastroduodenal diseases through 
complex mechanisms and interactions that remain to be 
fully elucidated … [25].

Stomach microbiota and carcinogenesis
Out of 100 people infected with H. pylori, stomach 

cancer develops in 2. Who are they? Those with a genotype 
that causes a high level of inflammatory response and its 
persistence.

H. pylori coevolved with humans for millennia and 
only 1-2% of persons infected with these bacteria actually 
develop severe complications, such as gastric cancer 
or MALT lymphoma. From this point of view, specific H. 
pylori strains, host genetic susceptibility, hyperglycemia, 
smoking, diet and other microbiota may also contribute to 
the outcome of infection [26].

Bacterial diversity decreases significantly from 
chronic gastritis to gastric cancer with an increase in the 
number of Pseudomonas (9 families represent 50% of the 
taxonomic units; an increase in Lactobacillus coleohominis 
and Lachnospiraceae) [27].

A possible link between autoimmune gastritis, 
hypochlorhydria and gastric cancer may be assumed 
(Figure 3).

Figure 3. Adapted after Conti et al. [28]. 

This altered intragastric “microenvironment” may 
allow bacteria other than Hp to survive, possibly playing a 
key role in gastric carcinogenesis [28].

The role of H. pylori and non-H. microbiota 
pylori in FD development (?)

According to some studies, acute gastrointestinal 
infection appears to be a trigger for post-infectious irritable 
bowel syndrome and post-infectious functional dyspepsia 
(FD) [29].

The Maastricht V/Florence Consensus Report
The Maastricht Consensus-V continued to address 

the relationship between H. pylori gastritis and functional 
dyspepsia. It was concluded that H. pylori-induced gastritis 
is a separate diagnosis (this is in line with the provisions of 
the Kyoto Consensus) and may cause dyspeptic symptoms 
in some patients. Helicobacter pylori gastritis is an organic 
disease, as opposed to functional dyspepsia, which is a 
functional disease.

The Maastricht V consensus stated that the 
diagnosis of true functional dyspepsia should be made only 
in the absence of H. pylori infection or after successful 
eradication [2].

Dyspepsia associated with H. pylori infection 
Does H. pylori gastritis cause dyspepsia? Gastritis 

associated with H. pylori is the cause of dyspepsia in a 
subgroup of patients (-recommendation rate: strong. -proof 
level: high. -concordance level: 100%). NNT * is 8. It takes 
at least 6 months (the time needed to cure gastritis) to see if 
the symptoms have resolved after eradication [11].

Eradication of Hp in most cases does not lead to the 
disappearance of dyspeptic symptoms in these patients.

In some patients with chronic Hp-associated 
gastritis, dyspeptic symptoms may disappear after 
successful eradication. But these patients should not be 
considered as patients suffering from FD, but as patients 
with dyspepsia associated with Hp-infection − H. pylori 
dyspepsia [11].
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Thus, Maastrcht V says: Statement 1: Gastric 
microbiota includes other microbes beyond H. pylori; 
Statement 2: The composition of a health gastric 
microbiota and how H. pylori affects this microbiota have 
not yet been fully defined.(lev. of evidence: 2c, gr. of 
recommendation: B) [2].

H. pylori - side effects of eradication
Increased severe esophageal diseases associated 

with a decrease in Hp infections (Figure 4) [30].

Figure 4. H. pylori prevalence and GERD (adapted after Blaser 
[30]). 

There is growing evidence of possible protective 
effects of H. pylori and other gastric bacteria. The loss of 
the local microbiota could lead to an increase in modern 
allergic and metabolic diseases, as reflected in the 
hypothesis of “endangered microbiota”. From this point 
of view, several studies have shown that the presence of 
H. pylori in the gastric environment is inversely associated 
with esophageal adenocarcinoma, asthma and obesity. 
Current lines of research are investigating the possible 
benefits of infecting people with benign H. pylori strains 
[30].

The treatment of acid-dependent diseases also 
influences the stomach microbiota: long-term use of PPI 
(which immobilizes and inhibits the growth of H. pylori) 
also changes the condition of the stomach microbiota 
(obviously depends on the secretory function); the 
importance of other microorganisms found in the stomach 
in relation to ADD has not been unequivocally proven [31].

Today we can confidently say that Hp as one of the 
representatives of “slow infections” is not a new threat or 
an old friend, and the eradication of an infectious disease is 
considered a fragment of the protocol for treating patients 
with Hp associated with pathology (comorbidity) [2].

Houston Consensus Conference on Testing for 
Helicobacter pylori Infection states: Statement 1: We 
recommend treating all patients with active H. pylori 
infection (100% agree / totally agree, grade 1A); Statement 
3: We recommend that all patients with uninvestigated 

dyspepsia be tested for H. pylori infection (100% agree / 
totally agree, grade 1A) [32].

Regarding the concretization of some moments, we 
are waiting for what the Consensus Report Maastricht VI 
Florence will say (Updated: (27-28 Sept. 2021) Malfertheiner 
et al. Manuscript in preparation) [33].

The interrelationships between H. pylori and 
COVID-19 infection should be noted: the new coronavirus 
(SARS CoV-2) is known to bind to ACE-2 receptors to enter 
the cell. These receptors are widely expressed in the gut, and 
the 2019 coronavirus can induce gastrointestinal symptoms 
through these receptors during the disease. Helicobacter 
pylori is known to increase the expression of ACE-2 receptors 
in the gastrointestinal tract. The results showed that the signs 
of abdominal pain and diarrhea were strongly correlated 
with the presence of Helicobacter pylori in patients with 
CoViD-19. We believe that this effect is mediated by ACE-
2 receptors [34]. This was the first study in the literature in 
which the relationship between H. pylori and COVID-19 is 
being explored. The results show that H. pylori exacerbates 
diarrhea and abdominal pain in COVID-19 infection due to 
overexpression of ACE-2 receptors, causing more viruses to 
enter the gastrointestinal tract.

PUD’s Non-Rhetorical Question Reflected by Peter 
Malfertheiner-Peptic Ulcer: Closed Chapter? ... however, 
new challenges have arisen with an increase in treatment 
failure due to increased antibiotic resistance of H. pylori. 
The treatment of bleeding caused by peptic ulcer remains 
an important clinical problem. The PUD section has shrunk 
and diversified - but not closed! [35]. 

H. pylori: what’s new in 2021? Helicobacter pylori 
infection - a pattern of dysbiosis [36]. Probiotics, when 
combined with antibiotics, reduce the risk of colonization 
by MDR bacteria in the gastrointestinal tract [37].

Noting the role of H. pylori in deseases and 
symptoms Colm O’Morain says “The only good bug is a 
dead one” (uegweek 2021).

“... doubt on the scientific understanding of the 
thinking activity of Homo Sapiens. A person has two eyes, 
two arms, two legs and two brains: one pulses in the head, 
the other is active in the stomach. “ − Michael Gershon 
[38].

Conclusion
Recent studies have shown that the stomach is not a 

sterile organ. In parallel with H. pylori there is also the non-
Hp gastric microbiota represented by 5 different types of 
bacteria: - Proteobacteria, - Firmicutes, - Actinobacteria, 
- Bacteroidetes, - Fusobacteria, which also influence the 
evolution of acid-dependent diseases. 

The question remains open… Non-H. pylori 
microbiota may also play an important role in the 
pathogenesis of gastroduodenal diseases through complex 
mechanisms and interactions that remain to be fully 
elucidated.
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