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Abstract: The gut microbiota inherits fundamental functions in the preservation of human health properties
as they are crucial for nutrient acquisition and digestive properties, energy metabolism, and training of host
immunity functions. Colonization of the human stomach by the gastric pathogen Helicobacter pylori and corre-
sponding antibiotic treatment regimens have a great impact on the number and composition of the gut microbiota.
Recently, treatment with probiotic bacteria come into focus as nutritional supplements for H. pylori suppression
and to boost the success rate of antibiotic treatment against the pathogen, to mitigate the gut dysbiosis and to
accelerate the restoration of the gut microbiota. The present article reviews the most recent literature between
April 2020 and March 2021 about the impact of H. pylori infection and its antimicrobial treatment on the gut
microbiota.

Keywords: Helicobacter pylori, Antibiotics, Antimicrobial therapy, Microbiota, Probiotics.

INTRODUCTION

Myriads of different microbes, called the gut microbiome, inhabit the human gastrointestinal
tract’. The most prominent microbes in the healthy gut comprise the phyla Proteobacteria,
Firmicutes, Actinobacteria, Bacteroidetes, and Fusobacteria?3. Humans are commonly colo-
nized by the microbiota during childhood, with the delivery mode, dietary styles, environ-
mental conditions, host genetics, and age influencing the detailed composition of the micro-
biota*. For a long time, the stomach has been assumed to represent a sterile habitat due to
the acidic pH. This view changed radically after the discovery of Helicobacter pylori by Barry
Marshall and Robin Warren®, and of other gastric microbiota that in part transiently colonize
the human stomach as reported several years later®. Today, we know that H. pylori colonizes
the stomach of approximately half of the world population, with different incidence rates be-
tween countries and regions’. Once colonized by H. pylori, humans can develop a chronic in-
fection that does not eliminate itself, and without active intervention, infected people usual-
ly carry the pathogen throughout their life. Most people remain clinically asymptomatic after
the initial inflammation step following the colonization event. However, H. pylori infection
is associated with the development of chronic gastritis, which in turn promotes the progres-
sion to peptic ulcers, dyspepsia, gastric cancer and MALT (mucosa-associated lymphoid tissue)
lymphoma in a subset of patients®®. Therefore, early effective treatments are recommended
to prevent the manifestation of gastric diseases'.

In recent years, the focus on studying gut microbiota increased due to their health impor-
tance, including host metabolism and immunity'. Gut bacteria aid greatly in digestion, pro-
duce essential biomolecules, such as vitamins that cannot be synthesised by the host himself,
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and exhibit immunomodulatory activity". Altering the composition of gut microbiota, for
example by treatment with antibiotics, can cause severe inflammation. Reduction or loss of
microbiota can even lead to the development of metabolic syndromes. By removing the gut
microbiota, antibiotic treatment can lower the resistance of the host against colonization
by pathogenic bacteria through opening up ecological space for (opportunistic) pathogens,
which can pave the way for serious infections. On the other hand, infection with a variety of
pathogens can disturb the microbial community and lead to long-term changes in the com-
position of the microbiota, particularly infection with pathogens that cause chronic infections
such as H. pylori. In the present overview article, we review the literature between April 2020
and March 2021 on the complex relation of H. pylori and gut microbiota, including the effects
of H. pylori infection on gut microbiota composition and diversity, the consequences of H.
pylori eradication therapy on the microbiota, and the possible role of probiotics in anti-H.
pylori treatment regimens.

IMPACT OF H. PYLORI PRESENCE IN THE STOMACH ON THE MICROBIOTA IN THE GUT

Most identified bacteria in the microbiome of stomach mucosa from H. pylori-negative in-
dividuals in Sweden, a country with low H. pylori incidence’, were assigned to the predomi-
nant five phyla Firmicutes (42% of all sequencing reads), Bacteroidetes (24%), Proteobacteria
(17%), Actinobacteria (7%), and Fusobacteria with 6% of the reads?. The samples were domi-
nated by bacteria from the genera Streptococcus (phylum Firmicutes, 24% of the total reads),
Prevotella (Bacteroidetes, 23%), Veillonella (Firmicutes, 6%), Fusobacterium (Fusobacteria,
5%), Haemophilus (Proteobacteria, 4%), Neisseria (Proteobacteria, 4%), and Gemella (Firmic-
utes, 4%). These data are in agreement with previous analyses that were summarized in 2020
by Ozbey et al® and by Rajilic-Stojanovic et al>. These recent reviews showed that Proteobac-
teria, Firmicutes, Actinobacteria and Bacteroidetes are the predominant taxa in the stomach
mucosa, but their proportion differed among various studies and geographical regions, with
any of the first three taxa being the predominant group, comprising up to 54% of the total
reads. While Prevotella, Streptococcus, Veillonella, Neisseria, Fusobacterium and Haemoph-
ilus were the most frequently reported genera, data on the diversity of gastric microbiota
were not uniform, indicating regional differences in the abundance of the microbial groups?.
An extreme predominance of Proteobacteria (83.1% of the total reads, mostly from genera
Pseudomonas, Serratia, and Acinetobacter), was recently detected in the gastric mucosa of
H. pylori-negative children from China™. Given that the probands in almost all other studies
were adults, this brings into question to what extent age influences the stomach microbiome
in addition to environment, culture, and diet.

Based on a study' about gastric microbiota and H. pylori in eight ethnicities in Indonesia
from Sumatra, Java, Bali, Sulawesi, Kalimantan, New Guinea, and Timor, the mucosal micro-
biome in the stomach can also be expected to differ on a local scale. While the a-diversities
of samples from H. pylori-negative individuals were comparable among the ethnic groups,
the B-diversity was significantly associated with the ethnicities, suggesting the presence of
unique or predominant taxa. A linear discriminant analysis effect size (LEfSe) revealed specific
association of taxa with ethnicities, for example Streptococcus and Micrococcus luteus with
Timorese, Sphingomonas yabuuchiae with Papuans, Bulledia and Atopobium with Javanese.
Overall, the relative abundances of Bulledia, Prevotella nanciensis, and Prevotella intermedia
were significantly different among the various ethnic groups™.

Interestingly, the microbial diversity was also affected by the anatomical location in the
stomach. A study by Deng et al'®> on the mucosa-associated microbiota, showed vast differences
in the microbial composition at the antrum, corpus, and cardia in H. pylori-negative patients
with chronic gastritis. Among the three anatomical sites the relative abundance of Proteobac-
teria and Firmicutes were significantly different. While mucosal samples from the corpus were
dominated by Proteobacteria (80%, mostly genus Acinetobacter) and Bacteroidetes (7%), sam-
ples from the cardia carried Proteobacteria (49%, mostly Klebsiella and Escherichia), Firmicutes
(29%, predominantly Streptococcus), and Actinobacteria (6%), while antrum mucosal samples
showed a much more even distribution of Proteobacteria (38%, mostly Citrobacter), Firmicutes
(37%, mostly Streptococcus), and Actinobacteria (15%, mostly Rothia)™.
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In agreement with previous reports, several recent studies*3®' showed that H. pylori in-
fection significantly affects the gastric microbial diversity and composition. In general, in-
fection with H. pylori lowered the overall a-diversity, affecting both richness and evenness
of the operational taxonomic units (OTUs) in the stomach compared to samples from H. py-
lori-negative and asymptomatic control patients. Interestingly, not only H. pylori but also
non-helicobacter gastritis affected the microbial diversity, although less pronounced. A study
by Ndegwa et al® on the gastric microbiota in patients with and without gastrointestinal
symptoms showed that the a-diversity was highest in normal healthy stomachs, followed by
stomachs of patients with antral non-helicobacter gastritis, whereas the a-diversity in those
with atrophic gastritis and chronic H. pylori gastritis was significantly lower. Disease progres-
sion appeared to decrease the mucosal microbial diversity further, with the a-diversity being
highest in patients with a normal healthy stomach mucosa, lower in patients with gastritis,
and lowest in patients with intestinal metaplasia, precancerous lesions, and gastric cancer
(GC)*™. There was an increasing abundance of pathogenic bacteria along the progression
from normal mucosa to the potential early pre-cancerous state, indicating that non-H. pylori
microbiota appear to contribute to and exacerbate dysbiosis.

Which taxa of the gastric microbiota are associated with the development of gastric can-
cer? Similar to the diverse composition of the gastric microbiota across the studies, the indi-
vidual analyses revealed different results. A case control study in Mongolian patients'® that
showed decreased microbial diversity in gastric mucosa from patients with intestinal meta-
plasia and with GC compared to normal gastric mucosa, revealed an association of the genera
Lactobacillus, Paeniglutamicibacter, Glutamicibacter, Helicobacter, Enterococcus, and Carno-
bacterium with GC. Deng et al”® analyzed samples sequentially taken from patients in whom
gastritis had progressed into gastric cancer. The authors observed a considerable but not
significant increase (from 38% to 60%) in Proteobacteria (mostly of the order Pseudomo-
nadales) in samples from antrum gastric cancer compared to samples from antrum gastritis,
which was accompanied by a significant decrease in Actinobacteria from 15% to less than 1%
of the total sequencing reads. In patients with H. pylori-negative antrum GC Pseudomonad-
ales and Erysipelotrichales were enriched, while samples from patients with H. pylori-positive
antrum GC revealed enrichment of Neisseriales®™. A further study' observed enrichment of
Capnocytophaga, Bacillus, and Prevotella after disease progression to dysplasia and GC, while
the relative abundance of Helicobacter declined.

Gastric adenocarcinoma associated with H. pylori infection not only result in dysbiosis of
the gastric microbiota, but also affect the intestinal microbiota. A Finnish study' analyzed
differences in stool microbiota among patients with different histological subtypes of gas-
tric adenocarcinoma, gastric gastrointestinal stromal tumors (GIST), and healthy controls. 16S
rRNA sequencing of fecal samples showed the highest microbial diversity in healthy controls,
followed by intestinal type adenocarcinoma patients and GIST patients, and the a-diversity
was lowest in patients with diffuse adenocarcinoma. All types of gastric tumors were associ-
ated with higher abundance of Enterobacteriaceae and lower abundance of Lactobacillaceae
and Oscillibacter, which led the authors to suggest that the observed association of higher
Enterobacteriaceae abundance of with gastric malignancies could potentially be developed
into a marker of GC'®. However, this conclusion was not supported by another study' that
analyzed bacteria in dyspeptic and GC patients from Denmark and Lithuania. Instead, the
proportion of genera Streptococcus, Lactobacillus, Gemella, and Enterococcus (all Firmicutes)
was increased in GC patients compared to dyspeptic patients, while the relative proportion
of the genera Actinomyces, Staphylococcus, and Corynebacterium was decreased. A further
paper? reported a statistically significant association of Fusobacterium nucleatum with the
survival changes of GC patients with significantly worse overall survival changes of F. nuclea-
tum-positive patients compared to F. nucleatum-negative patients. In contrast, there was no
association of the F. nucleatum status with chronic gastritis or intestinal metaplasia.

In contrast to gastric samples, in which H. pylori infection decreased the microbial diversity,
the a-diversity in the duodenum was increased'2'-23. A 2020 research paper from Ecuador?' on
the duodenal microbiome in dyspeptic patients showed significantly higher a-diversity in pa-
tients with H. pylori infection compared to uninfected patients, results that are in agreement
with recent data from Korea??* and Japan?2. The p-diversity showed significant differences in
the microbiota of H. pylori-positive and negative groups, with a higher relative abundance
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of Ralstonia bacteria in mucosa samples from non-infected subjects, and increased co-oc-
currence of genera Haemophilus, Neisseria, Prevotella (all Proteobacteria) and Streptococcus
(Firmicutes) in samples with H. pylori?'. There was a general predominance of genera, such as
Ralstonia, Pseudomonas, Streptococcus, Haemophilus, Neisseria and Veillonella?', the latter
four of which were also among the ten most abundant genera in the duodenal microbiome
in a Japanese study by Kashiwagi et al?2.

A Chinese study™ showed a decreased a-diversity in the stomach mucosa of school chil-
dren upon infection with H. pylori, with on average 30% of the sequencing reads originat-
ing from H. pylori. In the duodenum, however, in which H. pylori made up on average less
than 3% of the total microbial abundance, the o-diversity between H. pylori-positive and H.
pylori-negative samples was similar, with largely similar proportions of the major phyla of
duodenal microbiota. As a result, the p-diversity of gastric microbiota with and without H.
pylori infection was significantly different, while a Principal coordinate analysis plot of the
duodenal microbiota showed no effect of H. pylori'3. Again, as several other studies showed
an increased a-diversity in the duodenum of patients carrying H. pylori, this analysis on sam-
ples from school-aged children in China raises the question on the importance of age on the
dynamics of the microbiome composition.

It is puzzling that H. pylori infection decreased the microbial diversity in the stomach but
increased the diversity in the duodenum, tempting us to speculate why. In the stomach, H.
pylori bacteria are highly abundant during infection, which lowers the relative proportion
of other bacteria to the point that numerous minor taxa are no longer detected, and thus
results in a decreased o-diversity. In contrast, most studies on the effect of H. pylori infection
on the duodenal microbial diversity reported a relatively low abundance of H. pylori among
the microbial taxa. Additionally, we hypothesize that manipulation of the pH in the duodenal
mucosa by H. pylori urease might promote colonization by intestinal bacteria that are nor-
mally not found in this relatively acid environment. Future studies are required to address this
intriguing question.

Bacteria normally associated with the oral cavity were occasionally found in the gastric
mucosa. To assess whether oral bacteria could differentially colonize the gastric mucosa in
gastric cancer patients vs. patients with superficial gastritis, a study from China analysed
bacteria present in paired gastric mucosa and tongue coating samples?*. The composition of
the microbiomes of the gastric mucosa and tongue coating differed significantly; while Neis-
seria, Prevotella and Veillonella were the most abundant taxa in the tongue coating samples,
Sphingomonas, Helicobacter, and Caulobacteraceae genera were dominant in the gastric mu-
cosa. Tongue coating samples and gastric mucosa samples were more similar to one another
in gastritis patients relative to GC patients. Many genera were present in both oral and gastric
samples, but at different abundance. Of the 15 most abundant tongue coating bacterial gen-
era, six were enriched and nine were depleted in the gastric mucosa. Relative to gastritis pa-
tients, three genera of those 15 were enriched in the gastric mucosa of GC patients whereas
12 occurred at lower abundance, showing that co-occurrence of bacteria between the tongue
coating and gastric mucosa samples differed between the groups?.

ANTI-H. PYLORI TREATMENT AFFECTS THE GUT MICROBIOTA

Previously, the standard treatment procedure for H. pylori was the two-week triple therapy,
prescribed for 2 weeks, which involves two antibiotics (clarithromycin, amoxicillin or metro-
nidazole) combined with a proton pump inhibitor (PPl). However, at present this protocol
is only recommended in those regions where clarithromycin resistance is low, but unfortu-
nately the prevalence of resistant isolates is rising. Therefore, quadruple therapies are the
treatments of choice in most countries with the goal to increase the treatment success rate.
Thus, H. pylori eradication regimens usually include two antibiotics (most often metronida-
zole and tetracycline), bismuth and a PPl (bismuth-quadruple therapy), or even three an-
tibiotics (amoxicillin, clarithromycin and metronidazole) and a PPl (non-bismuth quadruple
therapy)®. Yet, the success rate of antibiotic therapy is almost never 100%, failing in some
patients for a number of reasons, that foremost include increasing H. pylori resistance to the
various antibiotics, but also high bacterial loads, high gastric acidity, and compliance during
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treatment. A recent study?® on refractory H. pylori after two and three eradication failures
revealed an extremely high antimicrobial resistance of the persistent strains, which showed a
resistance rate of 65.9% for metronidazole, 85.4% for levofloxacin, and 92.7% for clarithro-
mycin. In addition to double resistance for both levofloxacin and clarithromycin in 73.2% of
the analysed isolates, 34.1% were resistant to amoxicillin, and 29.3% to rifabutin. This study
highlighted the challenges of multidrug resistant H. pylori in clinical practise and suggested
that a tailored eradication strategy based on the results of antibiotics susceptibility analysis
may be the optimum treatment for refractory H. pylori infection®.

The effects of bismuth quadruple therapy on the gut microbiome of children were anal-
ysed in another recent study?” by 16S rRNA sequence analysis of faecal samples collected at
two, six, and 52 weeks post antibiotics therapy. The microbial diversity at baseline at the be-
ginning of the study showed no significant differences between the gastritis group, the duo-
denal ulcer (DU) group and the control group. At week two, compared to baseline, a-diversity
was reduced significantly in the gastritis patients, and was reduced, but not significantly,
in the DU group. The a-diversity was recovering at week six, and fully returned to baseline
level at week 52. The p-diversity displayed significant changes at two weeks post treatment
in both groups, mostly owing to a decreased mean relative abundance of Bacteroidetes and
Firmicutes, and increased relative abundance of Proteobacteria, and all changes were large-
ly restored by week six. These alterations transiently decreased the relative abundance of
supposedly beneficial bacteria such as Bacteroides, Faecalibacterium, Bifidobacterium, Phas-
colarctobacterium, Roseburia, and Blautia, while permitting increased growth of potential
pathogens such as Escherichia/Shigella, Klebsiella and Streptococcus. All changes returned to
the baseline level by one year after the treatment showing that the antibiotic therapy caused
short-term dysbiosis of the gut microbiota?’.

Another study?® assessed the long-term changes after successful or failed H. pylori eradi-
cation therapy. 16S rRNA sequences of gastric biopsies samples from patients with successful
and failed anti-H. pylori treatment revealed a significantly increase in relative abundance of
17 gastric genera after eradication, but only one genus decreased in abundance, Helicobacter.
In contrast, in gastric biopsies of patients where eradication of H. pylori failed, no differen-
tially distributed taxa were found. Likewise, the paired faecal samples from subjects with
failed treatment showed no changes, while paired stool samples from successful eradication
revealed changes in abundance of 21 taxa, 13 of which increased, including several Clostridia
and Bifidobacterium, and eight decreased, mainly of the order Bacteroidales. The estimated
Microbial Dysbiosis Index (MDI) significantly decreased after successful H. pylori eradication
therapy but remained higher than that of H. pylori-negative controls. In contrast, there was
no statistical difference between MDIs from before and after failed treatment?.

ROLE OF PROBIOTICS IN ERADICATION THERAPY
AND THEIR EFFECT ON GUT MICROBIOTA

The above studies emphasized a major problem: frequent failure of H. pylori eradication ther-
apy. The use of probiotics, i.e., live microorganisms that confer a beneficial health effect to
the host, as supplements during antibiotic therapy against H. pylori could increase the success
rate, particularly in cases of multidrug resistant H. pylori strains?®. Supplementing antibiotic
treatment with probiotics can exert double benefits: a direct antagonistic effect on H. pylori
and a balancing effect on dysbiosis of the microbiome. The most commonly used probiotic
taxa belong to lactic acid bacteria of the genera Lactobacillus, Lactococcus, Leuconostoc, Pe-
diococcus, Streptococcus, and Enterococcus, as well as Bifidobacterium?3°3',

Saracino et al*® evaluated the direct bacteriostatic and bactericidal activity of five pro-
biotic strains against H. pylori: the lactobacilli L. casei, L. paracasei, and L. acidophilus, Bi-
fidobacterium lactis and Streptococcus thermophilus. Agar well diffusion and experimental
time-kill curves showed both bacteriostatic and bactericidal activity of all probiotic strains,
but the lactobacilli were the most effective in both tests, including against multidrug resis-
tant H. pylori strains. Based on these encouraging data, the authors plan in vivo studies?
to assess the effect of probiotics on eradication rates, and potentially also the mitigation
of adverse events.
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Cardenas et al*? explored clinical characteristics and faecal microbiota changes in patients
in response to conventional H. pylori eradication therapy and to antibiotic therapy supple-
mented with the probiotic yeast Saccharomyces boulardii. This study reported significantly
less frequent occurrence of associated gastrointestinal symptoms and showed increased bac-
terial a-diversity in the patients group that received S. boulardii. The authors concluded that
the addition of S. boulardii to anti-H. pylori therapy decreased the frequency of side effects
that could be related to accompanying changes in the gastrointestinal microbiota3?.

Supplementation of bismuth quadruple therapy with probiotics (Medilac-S, Bacillus subtilis
and Enterococcus faecium) resulted in approximately 5% higher eradication efficacy, but the
difference was not statistically significant®3. Similar to a study discussed above?, antibiotic
therapy resulted in decreased o-diversity and a lower number of total OTUs by two weeks
after treatment, which were restored to almost pre-treatment levels at six weeks*3. Howev-
er, the addition of Medilac-S did not affect the microbial diversity; there was no significant
difference in a-diversity and total OTUs between the probiotic and the control group, even
though supplementation with probiotics helped slightly to balance the gut microbiota af-
ter eradication therapy?:. These data contradicted another study** in which addition of E.
faecium as an adjuvant to triple therapy with vonoprazan as acid-inhibitory drug prevented
the decrease in o-diversity after eradication therapy that was observed in the patient group
without the supplement. The adjuvant also helped to mitigate side effects, although the ob-
served trend was not statistically significant. A further study showed that supplementation
with E. faecium and Bifidobacterium animalis lactis enhanced the H. pylori eradication rate in
triple and quadruple therapies and significantly reduced adverse side effects®®, potentially by
increasing the abundance of the probiotic taxa Bifidobacterium, Enterococcus, Lactobacillus,
Lactococcus, and Streptococcus, in comparison to the group that received the conventional
therapy.

A recent review*® on the health promoting effects of lactic acid bacteria consumption
summarized the effect of several lactobacilli on colonization, symptoms, clinical outcome,
and eradication of various pathogens, including H. pylori. The reviewed clinical data as well
as experiments in mice showed a moderately beneficial effect of the probiotic bacteria which
belonged to the seven Lactobacillus species L. salivarius, L. gasseri, L. johnsonii, L. casei, L.
acidophilus, L. rhamnosus, and L. reuteri. Overall, H. pylori colonization of the stomach was
reduced, and gastric inflammation was alleviated. In addition, some of the reviewed papers
showed an increased H. pylori eradication rate during antibiotic therapy when lactic acid bac-
teria were supplemented3®.

However, as another review?” pointed out, published data on the effect of several probiot-
ic strains are contradicting between studies, and there is no consensus as to which probiotic
strains or formulations would be the most effective for different gastrointestinal problems.
Despite some studies suggesting a positive effect of probiotics on the effectiveness of H.
pylori eradication therapy, including those mentioned above, multiple other clinical studies
produced negative results in that supplementation with probiotic showed no effect on the
eradication rate®%, or even decreased the success rate of the antibiotic therapy?®. Interest-
ingly, even studies in which the same probiotics preparation was used yielded different re-
sults, either showing an increase in the eradication rate or no effect at all**.

CONCLUDING REMARKS

In summary, at present, the potential benefit of supplementing triple and quadruple H. py-
lori antibiotics therapy with probiotics is still controversial. While some studies suggested
potential benefits of probiotics on the eradication rate, many others found no effect. Even
considering the potential effect in terms of reducing adverse events, the (very conservative)
Maastricht V consensus stated that: “Only certain probiotics have been shown to be effective
in reducing Gl side effects caused by H. pylori eradication therapies. Specific strains should be
chosen only upon the basis of a demonstrated clinical efficacy”, and that “Certain probiotics
may have a beneficial effect on H. pylori eradication”?. While supplementation with certain
probiotics helped mitigating the adverse effects by lowering the frequency of gastrointes-
tinal symptoms and by accelerating restoration of the microbiome, we are far from under-
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standing the mechanisms involved. Further in-depth studies are required to explore the role
of gut microbiota and their relation to H. pylori, and the mechanisms of the interaction of
H. pylori and other bacteria of the stomach and duodenal mucosa, and probiotics. This may
allow the prospective development of new approaches to improve the efficacy of H. pylori
eradication therapy and to mitigate adverse effects associated with the disturbance of the
gut microbiome. In future, it would be also of great interest to study the impact of infection
with gastric non-pylori Helicobacter species on the gut microbiome. In this regard a novel
detection method and database of multiple gastric Helicobacter species using MALDI-TOF has
been recently developed, which is ready for application®®.
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