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Background: Helicobacter pylori is a globally prevalent bacterium associated
with several gastrointestinal diseases, including peptic ulcers and gastric cancer.
Growing interest has emerged in understanding how H. pylori affects gut
microbiota and whether eradication therapies impact microbial balance,
potentially influencing disease outcomes, including cancer progression.

Methods: A systematic review was conducted across PubMed, Scopus, and Web
of Science databases using predefined keywords and Medical Subject Headings
(MeSH) terms. Quality assessment was performed using the MINORS and
Jadad scales.

Results: A total of 45 studies met the inclusion criteria, which evaluated microbial
changes in H. pylori -infected individuals before and after eradication therapies.
H. pylori infection resulted in significant alterations in gut and gastric microbiota,
with a notable increase in inflammation-associated bacteria, such as
Proteobacteria and Streptococcus. In gastric cancer patients, microbial
diversity was reduced, with decreased levels of Bifidobacterium and
Actinobacteria, and increased levels of Prevotella and Dialister, both associated
with pro-inflammatory environments. Eradication therapies generally worsened
dysbiosis initially, but probiotic supplementation promoted faster recovery of
beneficial bacteria, improving microbial balance and reducing cancer-
related dysbiosis.

Conclusion: H. pylori infection disrupts the gut microbiota, with eradication
therapies further altering microbial composition. The restoration of microbial
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diversity is improved by probiotic supplementation. Understanding the long-
term impacts of these therapies on gut health is essential for refining treatment
strategies, particularly in preventing H. pylori -associated diseases like

gastric cancer.
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1 Introduction

Helicobacter pylori (H. pylori) is a small, spiral-shaped Gram-
negative bacterium that measures between 0.5 to 1 um in width and 2
to 4 um in length (Oztekin et al., 2021). Its discovery in the 1980s
transformed the understanding of gastrointestinal diseases, particularly
peptic ulcers, which were previously attributed to stress and diet
(Bornschein and Pritchard, 2022). The unique ability of H. pylori to
survive in the acidic environment of the human stomach allows it to
colonize over 50% of the global population, though many individuals
remain asymptomatic (Frost et al,, 2019; Fong, 2020; Charitos et al,,
2021). In others, however, the infection can lead to gastritis, peptic ulcer
disease, or even gastric cancer (Duan and Xu, 2025).

The bacterium survives the acidity of the stomach by producing
urease, an enzyme that neutralizes stomach acid by converting urea
into ammonia (Cunha et al., 2021). While this adaptation aids in its
colonization, it also damages the stomach lining, contributing to
ulcer formation in some people (Ali and AlHussaini, 2024). Testing
for H. pylori is essential in patients with peptic ulcer symptoms or a
family history of gastric cancer, though routine screening is not
advised unless there is a clinical need (Garman et al., 2024). Beyond
urease, other virulence factors, such as vacuolating cytotoxin A
(vacA) and cytotoxin-associated gene A (cagA protein), are linked
to varying disease outcomes (Baj et al., 2020). Notably, the cagA-
positive strain of H. pylori is associated with a higher risk of gastric
cancer (Peng et al., 2024).However, the reasons why some
individuals develop severe disease while others remain
asymptomatic remain unclear (Alexander et al.,, 2021).

Recent research has focused on the gut microbiota in patients
with H. pylori infections, particularly in light of growing evidence
linking gut microbiota dysbiosis with various health conditions
(Yadav and Chauhan, 2024). Dysbiosis, or the imbalance in gut
microbial communities, has been associated with gastrointestinal
diseases and systemic conditions such as metabolic syndrome and
cardiovascular disease (Yu et al., 2021). Importantly, dysbiosis is
also implicated in the development of gastric cancer, which is the
third leading cause of cancer-related deaths globally (Huang et al,
2023). H. pylori is believed to contribute to dysbiosis by inducing
chronic inflammation, altering immune responses, and disrupting
the natural microbial balance of the gut (Bakhti and Latifi-Navid,
2021). This disruption weakens the defenses of the stomach and
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facilitates the development of pre-cancerous lesions, which may
promote the growth of harmful bacteria that accelerate cancer
progression (Bakhti and Latifi-Navid, 2021).

This systematic review explores the relationship between gut
microbiota and H. pylori, focusing on the gastrointestinal changes
observed with and without therapeutic intervention. Additionally, it
examines the impact of H. pylori on gut microbiota in patients with
gastric cancer, highlighting the potential role of these microbial
shifts in cancer progression.

2 Methodology
2.1 Search method and databases

A comprehensive search strategy was performed by multiple
reviewers across PubMed, Scopus, and Web of Science using three
keyword and MeSH term lists. These keywords were linked with the
OR function, and lists were combined with the AND function, while
the NOT function excluded review articles (Supplementary Data 1).
No restrictions were placed on publication dates. Duplicates were
removed using Rayyan AI and verified manually (Supplementary
Data 2). The screening process included two stages: an initial
independent screening of titles and abstracts, followed by a full-
text review to confirm inclusion criteria. Data extraction involved
details such as title, publication year, patient numbers, country, age,
sample type, treatment regimen, microbial changes in H. pylori-
positive patients, and consensus was achieved through discussion.

2.2 Inclusion criteria

The systematic review included original articles (Randomized
Controlled Trials, Cohort Studies, Case-Control Studies, Cross-
Sectional Studies, and Longitudinal Studies). Studies examining
the impact of H. pylori infection without treatment on the
composition of the gut and gastric microbiota, the effects of
various H. pylori eradication antibiotic regimens on gut and
gastric microbiome composition, and research reporting
microbiota composition analyses in H. pylori-positive patients
with gastric cancer were also considered.
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2.3 Exclusion criteria

Studies that are not original articles (Reviews, Meta-analyses,
Editorials, Chapters, Reports), involving animal models, or
involving patients with recent antibiotic use were excluded.

2.4 Quality assessment

The quality of the included studies was assessed using the
MINORS and Jadad scales. The MINORS tool, commonly used in
systematic reviews and meta-analyses, was applied for non-
randomized studies, distinguishing between comparative and
non-comparative designs (Slim et al., 2003). Comparative studies
were scored out of 24, while non-comparative studies were scored
out of 16, with studies categorized into quartiles based on their
scores. The Jadad scale was used for randomized controlled trials
(RCTs), evaluating randomization, blinding, and withdrawals/
dropouts, with scores ranging from 0 to 5, where higher scores
indicated better quality (De Cassai et al., 2023).

3 Results

3.1 Search strategy outcomes and quality
evaluation

3.1.1 Databases search outcomes

Two search queries identified relevant studies. Query 1 initially
retrieved 1,640 articles, reduced to 808 after removing duplicates, while
Query 2 retrieved 371, reduced to 208. From these, 307 articles from
Query 1 and 192 from Query 2 were excluded as they were primarily
reviews or animal studies. Further, 460 articles from Query 1 were
removed, and 9 from Query 2 for being off topic based on title-abstract
review. Ultimately, after retrieving full texts one study from Query 1
was excluded due to recent antibiotic use, and two from Query 2 were
excluded for addressing gastric diseases unrelated to gastric cancer,
resulting in 45 studies included in the systematic review. A PRISMA
diagram summarizes this process (Supplementary Data 3).

3.1.2 Quiality assessment

All 37 non-randomized articles were evaluated using the MINORS
scale, which is suitable given the observational design of the included
studies. The overall average MINORS score is 16.13+ 3.47, with scores
ranging from 9 to 21. Comparative studies have an average score of
17.82+ 1.31 (range 16-21), while non-comparative studies have an
average of 10 + 0.53 (range 9-11). Among the comparative studies, 23
are in the third quartile and 6 in the fourth, while the 8 non-
comparative studies are in the third quartile (Supplementary Table
S1). For the randomized studies, all 8 studies were evaluated using the
Jadad scale. The overall average Jadad score is 3.5+ 0.74, with scores
ranging from 3-5 (Supplementary Table S2).
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3.2 Findings of studies evaluating the gut
microbiota of Hp+ patients without
treatment

In this section (Supplementary Table S3), 14 studies were
analyzed. In total, gastric microbiota signatures were evaluated in
207 children (Age range: <14 years), 159 adolescents (Age range:
14-17 years), and 1,148 adults (Age range: >18). Various sample
types were analyzed, including gastric biopsies, gastric fluid, and
stool samples. The methods employed for taxonomic analysis
included: 16S rRNA gene sequencing, shotgun metagenomic
sequencing, and whole-genome sequencing.

In studies focusing on children and adolescents, alpha diversity
was reported to increase in three studies (two stool samples, one
gastric fluid) and decrease in two studies (gastric biopsies). Beta
diversity remained unchanged in one study (gastric fluid),
decreased in one (gastric biopsy), and distinguished between H.
pylori-positive and -negative groups in two studies (gastric biopsy,
stool). In gastric biopsy samples, Actinobacteria, Bacteroidetes, and
Firmicutes levels decreased, while Proteobacteria levels increased in
two studies. In gastric fluid samples, Actinobacteria and
Lactobacillus levels decreased, whereas Streptococcus levels
increased. In stool samples, Actinobacteria, Bacteroidetes,
Clostridium, Eubacterium (in two studies), Firmicutes,
Lactobacillus, Prevotella (in two studies), and Proteobacteria levels
increased. Bifidobacterium levels showed mixed results, decreasing
in one study and increasing in another, while Streptococcus levels
increased in one study and remained unchanged in another
(Supplementary Table S3).

In adult populations, alpha diversity increased in four studies
(three stool, one gastric biopsy), decreased in three (two gastric
biopsy, one stool), and showed no significant change in one (stool).
Beta diversity differed between Hp+ and Hp- groups in five studies
(three stool, two gastric biopsy). Lactobacillus levels decreased in
one study (gastric biopsy) and showed no significant change in
another (stool). Proteobacteria increased in two studies (stool,
gastric biopsy) and decreased in one (gastric biopsy). Prevotella
levels increased in three studies (two stool, one gastric biopsy),
while Bifidobacterium decreased in one study (gastric biopsy) with
no significant change in another (stool). Haemophilus increased in
two studies (gastric biopsy, stool), and Verrucomicrobia phyla
decreased in two studies (stool, gastric biopsy), with one study
also reporting a decrease in Akkermansia muciniphila at the species
level (stool), although this specie showed no significant change in
another study (stool). The Acinetobacter genus decreased in one
study, while the species Acinetobacter baumannii increased in
another (both gastric biopsy). Bacteroides decreased in three
studies (two stool, one gastric biopsy), and E. coli decreased in
two studies (gastric biopsy, stool). One study found that the overall
composition of the gastric microbiota in H. pylori-infected adults
was like that of non-infected adults (gastric fluid) (Supplementary
Table S3).
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3.3 Findings of the studies evaluating the
gut microbiota of Hp+ patients after
different treatments

The population characteristics in the studies mainly focus on
adult subjects, with sample sizes ranging from 11 to 1,214
participants (Supplementary Table S4). The age range of
participants is typically between 3 and 80 years. The studies
primarily utilize stool samples to analyze gut microbiota changes,
after various therapeutic regimens for H. pylori. The methods used
for taxonomic analysis are as follows: 81% of the studies employed
16S rRNA gene sequencing, 11% applied quantitative
bacteriological culture techniques, 7% utilized shotgun
metagenomic sequencing, and 3% used whole genome sequencing.

A total of 18 studies evaluated eradication therapies without
probiotic supplementation, 9 of which employed triple therapy.
Within 1-2 weeks of treatment initiation, these studies
demonstrated variable effects on microbial diversity. Among those
using triple therapy, 33.33% reported a decrease in alpha diversity,
22.22% showed significant changes in beta diversity, and 11.11%
reported no significant change in beta diversity.

7 studies investigated the impact of bismuth quadruple therapy.
At 1-2 weeks post-treatment, alpha diversity was reduced in 71.4%
of studies, and beta diversity changes were significant in 57.1%. 3
studies assessed the effects of standard (non-bismuth) quadruple
therapy. Within 1-2 weeks, alpha diversity decreased in 33.33% of
studies, increased in another 33.33%, and beta diversity changes
were significant in 66.66%. Levofloxacin-based quadruple therapy
was evaluated in one study, which reported a reduction in alpha
diversity and significant beta diversity alterations at week 2. High-
dose dual therapy (HDDT) was investigated in a single study, where
both alpha diversity was reduced and beta diversity significantly
altered at week 2. Another study assessed vonoprazan—amoxicillin
dual therapy (VA-dual therapy), which showed no significant
changes in either alpha or beta diversity at 1 week. Polaprezinc-
containing therapy was reported in one study, with no significant
changes observed in alpha diversity at week 4.

At 2-3 months post-treatment, alpha diversity decreased in
11.1% of studies, showed no significant change in 16.6%, and had
mixed outcomes in 27.7%, with reductions noted in C10, BQT, and
EAML therapies at the genus level and VACT therapies. No
significant change was seen with T14, VA dual therapy, HDDT,

10.3389/fcimb.2025.1592977

EAML at the species level, and PQT. Additionally, 5.5% of studies
reported incomplete recovery, and another 5.5% showed
restoration. Beta diversity showed significant changes in 5.5% of
studies, recovery in 5.5%, no significant change in 11.1%, and mixed
results in 22.2%. Restoration of beta diversity was observed with
T14 therapy and EAML therapy at the species level, while
significant changes were reported with C10, BQT, EAML at the
genus level, and VAC TT therapies. In contrast, VA Dual therapy
showed no significant beta diversity change.

To facilitate clearer comparison and summary of the findings
across different time points, the results are organized into the
following tables. The impact of H. pylori eradication therapies on
gut microbiota composition was assessed at both mid-term (2-3
months) and long-term (1 year) follow-ups. At 2-3 months, notable
changes were observed across several phyla, with frequent decreases
in Actinobacteria and Firmicutes, and mixed responses in
Bacteroidetes and Proteobacteria (Table 1). One year post-
treatment, alpha and beta diversity showed partial restoration in
some studies, though changes persisted in others (Table 2). Phylum-
level analysis at the 1-year mark revealed improved recovery trends
in Firmicutes, Bacteroidetes, and Proteobacteria, while
Verrucomicrobiota and Actinobacteria remained variably affected
(Table 3). The impact of H. pylori eradication therapies on gut
microbiota composition was assessed at both mid-term (2-3
months) and long-term (1 year) follow-ups. At 2-3 months,
notable changes were observed across several phyla, with frequent
decreases in Actinobacteria and Firmicutes, and mixed responses in
Bacteroidetes and Proteobacteria (Table 1). One year post-
treatment, alpha and beta diversity showed partial restoration in
some studies, though changes persisted in others (Table 2). Phylum-
level analysis at the 1-year mark revealed improved recovery trends
in Firmicutes, Bacteroidetes, and Proteobacteria, while
Verrucomicrobiota and Actinobacteria remained variably
affected (Table 3).

Among the 18 included studies, 5 conducted comparative
analyses between different H. pylori eradication therapies. These
studies consistently showed that bismuth-based quadruple
therapies (BQ10 and BQT) were associated with greater
reductions in alpha diversity compared to other regimens such as
T14, EAML14, and PQT. Beta diversity significantly distinguished
treatment groups in all five studies, indicating distinct shifts in
microbial community structure. In particular, BQT was linked to

TABLE 1 Phylum-level gut microbiota changes observed 2—-3 months after H. pylori eradication therapy.

A Increase VW Decrease
Fusobacteria — _
Bacteroidetes 11.1% —
Firmicutes — 11.1%
Proteobacteria 5.5% 11.1%
Actinobacteria — 22.2%
Verrucomicrobiota — 5.5%

— No change </ Restored
11.1% 5.5%
5.5% 16.6%
11.1% 16.6%
5.5% 11.1%
_ 16.6%
— 5.5%

This table illustrates the mid-term impact of antibiotic and probiotic interventions on dominant gut microbial phyla, with percentages representing the proportion of studies reporting each

observed change.
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TABLE 2 Long-term (1-Year) changes in alpha and beta diversity
following H. pylori eradication therapy.

Type </ Restored — No change
Alpha 11.1% 5.5%
Beta 11.1% 5.5%

This table presents long-term (1-year) changes in gut microbiome diversity following
antibiotic and probiotic interventions, with percentages indicating the proportion of studies
reporting each observed outcome.

slower microbial recovery and greater dysbiosis compared to
HDDT and PQT. Taxonomic analyses revealed increased
Proteobacteria and decreased Firmicutes and Bacteroidetes shortly
after treatment, with partial restoration over time. Species-level
changes, such as elevated K.pneumoniae and Enterococcus spp.,
were more pronounced in the BQT group. Additionally, certain taxa
like Parasutterella, Ruminococcus, and Anaerostipes were
differentially abundant across treatment arms, highlighting
therapy-specific microbial impacts.

It is worth noting that while all the included studies assessed the
impact of H. pylori eradication therapies on gut microbiota
composition, only two studies focused on pediatric populations,
one involving children aged 3 to 14 and the other adolescents aged
15 to 16.

Among the studies evaluating H. pylori eradication regimens
supplemented with probiotics, a range of strains were employed,
including Clostridium butyricum (MIYA-BM®), Bacillus subtilis,
Enterococcus faecium, and Saccharomyces boulardii. These were
administered in various forms, tablets, enteric capsules, and
powders, at differing doses and durations. Despite this
heterogeneity, most studies reported favorable outcomes such as
reduced dysbiosis, improved gastrointestinal symptoms, and
enhanced eradication rates. Only one study involving pediatric
participants aged 7 to 8 years also observed symptom relief and
microbial stabilization with probiotic use.

To complement the narrative description above, the following
tables provide a structured summary of microbiome changes
observed at Week 2 and during long-term follow-up. At Week 2,
alpha diversity was reported to decrease in nearly half of the studies,
while beta diversity showed significant compositional shifts in a
subset of cases, reflecting the early impact of combined antibiotic
and probiotic therapy (Table 4). Phylum-level changes at this time

10.3389/fcimb.2025.1592977

point highlighted marked reductions in Firmicutes and
Bacteroidetes, alongside increased levels of Proteobacteria and
Fusobacteria, with certain taxa found to be more abundant in the
probiotic-treated groups (Table 5). At the genus level, notable
changes included decreases in Bacteroides, E. coli, and
Enterococcus, while beneficial genera such as Bifidobacterium,
Lactobacillus, and Clostridium butyricum were more frequently
preserved or increased in probiotic groups (Table 6). Long-term
follow-up (1, 2, and 12 months) showed that most bacterial groups
gradually returned to baseline, with transient fluctuations, such as
temporary elevations in Enterococcus and Bacillus, resolving by
Week 6 in almost all studies (Table 7).

100% of the studies that assessed different H. pylori eradication
therapies in combination with probiotics reported that probiotic
supplementation modulated gut microbiota composition in a
treatment-specific manner. Across these studies, probiotics
consistently attenuated the decline in alpha diversity and
contributed to distinct beta diversity profiles between treatment
groups. Several regimens, particularly those involving bismuth-
based quadruple therapy, initially reduced beneficial taxa such as
Bifidobacterium and Lactobacillus, while promoting opportunistic
pathogens like Klebsiella, Enterobacter, and Shigella; however, the
addition of probiotics helped suppress these shifts and facilitated
microbial recovery. Notably, co-administration of Clostridium
butyricum (CBM588) led to a dose-dependent decrease in C.
difficile toxin A detection. Probiotic-treated groups also showed
higher levels of beneficial genera (Faecalibacterium, Bacteroides)
and more stable microbial communities, with several studies
reporting near-complete restoration of baseline microbiota by week
22. Collectively, these findings underscore the consistent role of
probiotics in mitigating dysbiosis and promoting microbiome
resilience across all 9 studies evaluating combination therapies.

3.4 Findings of studies evaluating the gut
microbiota alterations in H. pylori positive
patients with gastric cancer

Five studies on microbiota changes in H. pylori-positive gastric
cancer patients included participants aged 45 to 71, with one study
focusing on patients under 18 (Supplementary Table S5). All studies
used 16S rRNA gene sequencing for taxonomic analysis, while one

TABLE 3 Phylum-level gut microbiota changes observed 1 year after H. pylori Eradication Therapy.

=— No Change

 Restored O Almost Restored

A Increase VW Decrease
Fusobacteria 5.5% —
Bacteroidetes — 5.5%
Firmicutes 5.5% —
Proteobacteria 5.5% —
Actinobacteria 5.5% —
Verrucomicrobiota — —

This table summarizes microbiome shifts at the phylum level observed over the course of one year.

particular type of change.
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5.5%

11.1%

11.1%

11.1%

5.5%

5.5% 5.5%

Each percentage represents the proportion of studies (not individual participants) reporting a
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TABLE 4 Microbiome diversity changes at week 2 following combined antibiotic and probiotic therapy.

v4 Decrease

r\ Increase

:No change

Bl Significant change

Alpha 44.4% —

Beta — 11.1%

22.2% —

This table summarizes the observed microbiome diversity changes at Week 2 in studies involving combined antibiotic and probiotic interventions. The percentages represent the proportion of

studies reporting each type of change in diversity.

also employed whole genome metagenomic analysis for a detailed
view of microbial communities. Sixty percent of the studies utilized
gastric biopsies, providing insights into bacterial populations in the
stomach lining, while 40% analyzed stool samples. One study
included both stool samples and gastric juice to enhance
understanding of gut microbiota alterations in H. pylori-positive
gastric cancer patients.

In terms of microbial findings, alpha diversity was reported to
decrease in one study in stool samples and increase in two (both
gastric biopsy). Beta diversity showed significant differences
between H. pylori-positive and H. pylori-negative groups in one
study involving stool samples. For specific bacterial groups,
Actinobacteria levels decreased in two studies (gastric biopsy,
gastric juice+stool) and increase in one (stool). Bifidobacterium
levels also decreased in two studies (gastric biopsy, gastric juice
+stool). Conversely, Proteobacteria levels in gastric juice and stool
samples, as well as Streptococcus in gastric juice, biopsy, and stool
samples, increased in two studies each. The Bacteroides genus
showed mixed results, with an increase in one study (stool) and a
decrease in another (gastric juice+stool). Firmicutes were dominant
in early gastric cancer (EGC) in one study (gastric biopsy) but
decreased in another (gastric juice+stool). Haemophilus was more
prevalent in EGC compared to intestinal metaplasia (IM) in one
gastric biopsy study, but its levels decreased in EGC in another
biopsy study. Additionally, Enterococcus was uniquely found in
EGC in one gastric biopsy study and increased in stool samples in
another study.

4 Discussion

This systematic review explores the relationship between gut
microbiota composition and H. pylori, focusing on gastrointestinal

changes with and without treatment. It also examines how H. pylori
alter the gut microbiota in gastric cancer patients, highlighting its
potential role in cancer progression (Figure 1).

As a component of the gastrointestinal ecosystem, H. pylori
infection and its effect on gastric acid secretion can influence the GI
microbiome and overall health of the host (Chen et al.,, 2021).

Results concerning the key measures of microbial richness and
composition, alpha and beta diversity respectively (Miao et al., 2020),
were mixed across all age groups. The mixed results concerning alpha
diversity suggest that microbial richness may be sample-type
dependent (Nearing et al., 2021). On the other hand, the findings
of the beta diversity were much more consistent. Almost all studies
reported that the beta diversity had distinguished between Hp+ and
Hp- individuals, with only one study reporting that the beta diversity
remained unchanged. As mentioned in this study that a significance
might be detected with a different analytical method or larger sample
size (Dewayani et al., 2023).

On the phyla level, notable changes in the microbial community
were observed in the young population. Gastric samples showed a
decrease in the levels of Actinobacteria, Firmicutes, and
Bacteroidetes but an increase in stool samples, highlighting a
compartmentalized shift in microbial populations which suggests
that H. pylori may potentially disrupt the gastric microbiota while
also providing protection against external intestinal pathogens that
lead to diarrhea (Kakiuchi et al., 2021; Martin-Nufez et al., 2021).
The observed decrease in gastric Firmicutes and Bacteroidetes could
also be tied to changes in lipid and carbohydrate metabolism
pathways, as these phyla play a crucial role in regulating lipid
metabolism and maintaining energy homeostasis (Jian et al., 2022;
Xiong, 2025). These metabolic and hormonal interactions may
contribute to the unclear and controversial impact of H. pylori on
growth and height in children as showed in 2 studies (Dharan and
Wozny, 2022; Hong et al., 2022).

TABLE 5 Phylum-level gut microbiota changes at week 2 following antibiotic and probiotic therapy.

A4 Increase ry Decrease : No Change u Higher in
Probiotics Group
Bacteroidetes — 44.4% — 11.1%
Firmicutes — 55.5% — —
Proteobacteria 44.4% 11.1% — —
Fusobacteria — 22.2% — —
Actinobacteria 11.1% 11.1% — —

This table displays phylum-level microbiome changes observed at Week 2 following combined antibiotic and probiotic treatment. Percentages reflect the proportion of studies reporting each type

of change in relative abundance for the specified phyla.
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TABLE 6 Genus-level gut microbiota changes at week 2 following antibiotic and probiotic therapy.

A Increase WV Decrease : No change u Higher in
probiotics group

Bacteroides — 11.1% — 11.1%

E. coli — — 22.2% Lower in probiotics group
Bifidobacterium 11.1% (gastric mucosa) 22.2% No change in B. bifidum 11.1%

Lactobacillus 11.1% (gastric mucosa) 11.1% No change in L. acidophilus 11.1%

Streptococcus 11.1% — — —

Enterococcus 11.1% — — Lower in probiotics group
Clostridium — — — 11.1%

C. butyricum 11.1% — — —

This table summarizes genus-level microbiome changes at Week 2 in response to combined antibiotic and probiotic treatment. The percentages represent the number of studies reporting each

type of change in genus abundance.

A consistent increase in Proteobacteria, a phylum often
associated with inflammation and dysbiosis (Ibrahim and
Belheouane, 2018), was observed across multiple studies in
children and adolescents, indicating a potential link between H.
pylori infection and the overgrowth of opportunistic pathogens
(Sitkin et al., 2022). The increase in this phylum was also observed
in adults; however, one study reported a decrease, indicating
variability in the microbial response. This variability may be
attributed to differences in ethnicity, genetic diversity, or diet
(Dwiyanto et al., 2021).

In adults, Bacteroidetes showed a more consistent decrease,
particularly in three studies. In contrast, Verrucomicrobia, a less
common phylum, decreased in two studies, with a corresponding
reduction in the genus Akkermansia, known for its role in
maintaining gut mucosal integrity (Hajimohammad et al., 2024).
This suggests that H. pylori infection may compromise the mucosal
health of adults by depleting these beneficial bacteria. These
findings underline an age-related microbial response to H. pylori,
with greater consistency in adult studies regarding the depletion of
certain beneficial bacterial groups (Walrath et al., 2021).

H. pylori infection elicits complex gut microbiota responses,
differing by age. In children, probiotic genera like Bifidobacterium
and Lactobacillus fluctuate, with some studies noting increases
while others report declines. These bacteria support gut health by
maturing the intestinal epithelium, maintaining its integrity, and
regulating pH, alongside antimicrobial effects. Variations may be
partly explained by regional hygiene practices (Gupta et al., 2020;

TABLE 7 Long-term recovery of gut microbiota at 1, 2, and 12 months
after antibiotic and probiotic therapy.

Group </ Restored ﬁ Temporary \’ﬁ
. v,
tobaseline  change (Week4) Resolved by
WEE )
All Almost all studies = Enterococcus, Bacillus Yes
bacterial
groups

This table summarizes findings on long-term microbiome recovery following antibiotic and
probiotic intervention, assessed at 1, 2, and 12 months post-treatment.
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Melit et al., 2022). Eubacterium, a major butyrate producer,
generally rises, particularly in children, benefiting gut health
through anti-inflammatory short-chain fatty acid production (Du
et al., 2024).

Prevotella levels consistently rise in infected individuals,
suggesting that H. pylori promotes its carbohydrate-metabolizing
capabilities across age groups (Prasoodanan et al, 2021). This
elevation is consistent with other studies (Kakiuchi, 2023).
Conversely, Bacteroides levels drop in adults, indicating disrupted
gut balance (Zhang et al., 2023).

These shifts highlight a complex relationship between microbial
changes and symptoms, with no single microbial group consistently
predicting symptoms due to interspecies interactions (Simren et al.,
20125 Yu et al, 2023). Elevated levels of Sphingomonas in
asymptomatic individuals suggest its potential as a distinguishing
marker (Yu et al., 2023). This reduced levels of the bacterium in
patients with persistent inflammation post-H. pylori eradication
underscore its clinical relevance (Sung et al., 2020; Niu et al., 2021).
Host immunity and environmental factors also shape microbial
shifts (Woodhams et al., 2020). Adults show consistent microbial
disruptions, particularly in beneficial bacteria, while children may
tolerate H. pylori better, potentially activating protective responses
against inflammation (Reyes, 2022; La Placa et al., 2025).

It has been shown that the colonization of the stomach and
intestines by H. pylori leads to microbial alterations, and the
treatment protocols used for its eradication also have a
considerable impact on the microbiota in both the gastric and gut
environments (Tohumcu et al., 2024).

Following H. pylori treatment without probiotic
supplementation, alpha diversity generally declined, except in one
study, likely due to variations in microbiome disruption caused by
different treatments (Ramirez et al., 2020). In contrast, beta diversity
findings were consistent, with nearly all studies reporting significant
changes. At the phylum level, most studies observed a decrease in
Actinobacteria, Firmicutes, and Bacteroidetes immediately after
treatment (1-2 weeks). However, two studies found no change in
Firmicutes, with Actinobacteria and Bacteroidetes levels even
increasing, potentially due to treatment duration differences (7-14
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days) (Lekang et al., 2022). Proteobacteria notably increased post-
treatment, indicating gut dysbiosis (Gao et al.,, 2024).

At the genus level, Lactobacilli, Bifidobacterium, and Prevotella
results varied, likely due to differing treatment regimens, while
Verrucomicrobia consistently declined, suggesting compromised
gut mucosal health (Fujio-Vejar et al, 2017; Mo et al, 2024).
Most bacterial communities returned to baseline within 1-2
months, though some required 6-12 months. Findings suggest
antibiotics rapidly decrease diversity and alter species abundance,
leading to dysbiosis, with recovery often incomplete post-treatment,
this underscores the importance of cautious antibiotic use to avoid
lasting impacts on gut flora (Elvers et al., 2020).

When probiotics were co-administered during H. pylori
eradication therapy, studies consistently reported beneficial
outcomes across diverse probiotic regimens suggests a general
protective effect of co-administration during H. pylori eradication
therapy. These benefits likely stem from a combination of
mechanisms, including modulation of host immune responses,
suppression of opportunistic pathogens, and support for
beneficial commensals (Raheem et al., 2021). However, substantial
variability in the strains used, dosing schedules, and formulations
complicates efforts to identify the most effective approach (Yang
et al, 2024). Additionally, none of the studies employed head-to-
head comparisons of different probiotic products, limiting the
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ability to draw conclusions about strain-specific efficacy.
Standardization in future clinical protocols, including controlled
comparisons of probiotic types and clearer reporting of microbiome
outcomes, is essential to establish evidence-based recommendations
for probiotic use in H. pylori treatment regimens (Wang
et al., 2023).

Although current evidence supports the beneficial effects of
probiotic supplementation during H. pylori eradication therapy,
the lack of standardization across studies limits clinical applicability
(Musazadeh et al., 2023). Nonetheless, several consistent
findings allow for provisional recommendations. Strains such as
Lactobacillus rhamnosus GG, Saccharomyces boulardii, Clostridium
butyricum (particularly CBM588), and Bifidobacterium lactis have
demonstrated efficacy in enhancing microbial recovery, reducing
gastrointestinal side effects, and improving eradication rates (Imase
et al, 2008). Most effective formulations delivered daily doses
ranging from 1 x 10° to 1 x 10"" CFU, with higher doses offering
greater microbiota protection, especially in patients receiving
bismuth-based quadruple therapy (Yao et al, 2023). Probiotic
administration was most beneficial when initiated concurrently
with antibiotic treatment and continued for at least 2 to 4 weeks
post-therapy to support microbiome stabilization and reduce
dysbiosis-related complications (Mullish et al., 2024). Enteric-
coated capsules and multi-strain powder formulations were
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associated with improved gastrointestinal survival and colonization
efficiency (Govaert et al., 2024). In light of these findings, probiotic
co-administration, particularly with microbiota-disruptive regimens,
should be considered a supportive adjunct to eradication therapy (di
Vito et al., 2022). Future clinical trials should prioritize head-to-head
comparisons of probiotic strains, define optimal dosing schedules,
and assess long-term microbiota recovery to inform standardized
probiotic protocols in H. pylori management.

At week 2 following antibiotic and probiotic intervention, a
decrease in alpha diversity was observed in 44.4% of the studies.
This reduction in microbial diversity underscores the early
disruptions to the gut microbiome caused by antibiotic therapy,
even with probiotic supplementation. This is likely because
probiotics can be inhibited by antibiotics, leading to a temporary
collapse in microbial diversity (Yang et al., 2023).

Significant shifts in beta diversity were noted in almost all
studies. These changes reflect alterations in community
composition and inter-individual variability post-treatment,
suggesting that probiotics may promote divergent microbiome
recovery pathways in certain individuals (Chandrasekaran
et al., 2024).

Probiotic supplementation during treatment is associated with
an enrichment of beneficial bacterial genera, including
Lactobacillus, Bifidobacterium, Bacteroidetes, and Clostridium,
while pathogenic bacteria such as Enterococcus are depleted
(Stojanov et al., 2020; Yan and Polk, 2020; Sabit et al., 2023).
These findings suggest that probiotics play a crucial role in restoring
and maintaining a healthier gut microbiota, potentially mitigating
antibiotic-induced disruptions (Dahiya and Nigam, 2023).
Furthermore, multiple studies demonstrate that treatment
regimens supplemented with probiotics yield higher H. pylori
eradication rates compared to standard therapies, while also
effectively reducing gastrointestinal side effects (Elghannam
et al., 2024).

These findings underscore the significant impact that H. pylori
eradication regimens can have on gut microbiota, especially in the
absence of probiotic supplementation. The observed persistent
dysbiosis following Bismuth-based Quadruple Therapy (BQT)
aligns with prior studies demonstrating its broad-spectrum
antimicrobial effect, which tends to disrupt not only H. pylori but
also commensal bacteria essential for maintaining gut homeostasis
(Hsu et al, 2018). The reduced alpha diversity and altered beta
diversity, along with increased prevalence of opportunistic
pathogens such as Klebsiella pneumoniae and Enterococcus spp.,
raise concerns about secondary infections and long-term gut health
following BQT, especially in vulnerable populations (Zhou
et al., 2020).

In contrast, the relatively minimal microbiota disruption seen
with Vonoprazan-Amoxicillin dual therapy (VA-dual therapy)
supports its growing reputation as a safer first-line treatment. The
stability in both alpha and beta diversity metrics during and after
therapy indicates a more targeted antimicrobial action and a lesser
ecological disturbance to the gut environment (Peng et al., 2023).

Importantly, the consistent protective effect of probiotics across
all nine studies reinforces their utility as adjunctive agents in H.
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pylori treatment protocols. Supplementation was associated with
the preservation of beneficial genera such as Bifidobacterium,
Lactobacillus, and Faecalibacterium, which are known to support
gut barrier integrity and modulate immune responses (Yao et al,
2023). This effect not only enhanced microbiota recovery but also
attenuated the bloom of opportunistic and potentially pathogenic
taxa. These observations suggest that probiotic co-administration is
particularly critical when using regimens known for high microbial
impact, such as BQT (Yao et al,, 2023).

Taken together, the data suggests a paradigm shift in H. pylori
treatment strategy may be warranted, prioritizing regimens like
VA-dual therapy for their microbiota-sparing properties, and
integrating probiotics as a standard co-treatment to mitigate the
collateral damage of antibiotics. Moreover, future research should
explore personalized approaches that balance eradication efficacy
with preservation of microbiome integrity (Keikha and
Karbalaei, 2021).

While all included studies examined the impact of H. pylori
eradication therapies, either with or without probiotic
supplementation, on gut microbiota composition, only three
specifically focused on pediatric populations: one involving
children aged 3 to 14 years, another adolescents aged 15 to 16
years, and a third with participants aged 7 to 8 years. The remainder
of the studies enrolled adult participants, thereby limiting the ability
to draw definitive conclusions about age-related differences in post-
treatment dysbiosis (Kang et al., 2025). The broad age range across
studies (3 to 80 years) further highlights a significant limitation in
assessing age-specific susceptibility to microbiota disruption
induced by antimicrobials or probiotics (Kang et al., 2025).
Evidence from the broader microbiome literature suggests that
children may demonstrate greater microbial resilience and more
rapid recovery due to developmental plasticity and distinct immune
regulatory profiles (Schoultz et al.,, 2025). However, the
underrepresentation of pediatric cohorts in the current dataset
prevented a thorough investigation of these age-dependent effects
(Mohammadkhah et al., 2018). Moreover, most studies failed to
stratify outcomes by age or control for key confounding variables
such as diet, immune status, comorbidities, and microbiome
developmental stage, all of which are known to influence the risk
and severity of dysbiosis (Vujkovic-Cvijin et al., 2020). These
limitations underscore the need for future studies to explicitly
consider age as a biological variable and to systematically evaluate
its role in shaping microbiota responses to H. pylori eradication
regimens. While this review acknowledges the limited availability of
pediatric data, this gap warrants stronger emphasis given the
potential for age-specific differences in microbiota composition,
immune maturation, and treatment response (Budzinski et al.,
2024). Without age-specific data, clinical recommendations risk
being disproportionately informed by adult-centric findings, which
may not generalize to younger cohorts (Budzinski et al., 2024).
Therefore, there is an urgent need for future studies to
systematically incorporate pediatric populations and conduct age-
stratified analyses (Gschwendtner et al., 2019). Such efforts are
essential not only to optimize eradication protocols for younger
individuals but also to understand how early-life microbiota
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disruptions might influence long-term gastrointestinal and
metabolic health (Gschwendtner et al., 2019).

The studies collectively highlight the pivotal role of the gut
microbiome, particularly in H. pylori-positive patients, in the
development and progression of gastric cancer. Several studies
demonstrate notable shifts in microbial diversity and
composition, closely associated with the severity of gastric
conditions and the presence of cancer.

For instance, two studies report a significant decline in
Bifidobacterium levels, especially in patients with severe gastric
cancer. These bacteria play a key role in anti-inflammatory
responses, and their depletion may contribute to worsening
gastric health (Virk et al.,, 2024). Simultaneously, elevated levels of
inflammation-associated genera like Dialister and Prevotella suggest
a pro-inflammatory environment, potentially accelerating tissue
damage and carcinogenesis (Smet et al., 2022; Anthamatten et al.,
2024). Similarly, early gastric cancer patients exhibited increased
levels of pathogenic bacteria, such as Proteobacteria, Enterococcus,
Streptococcus, and Escherichia-Shigella, further fostering a pro-
inflammatory state that could promote cancer progression (Wang
et al., 2020).

Interestingly, a 2023 study from Japan observed a reduction in
Haemophilus in early gastric cancer (EGC) patients who had
undergone successful H. pylori eradication. In contrast, a 2021
study from Portugal found higher levels of Haemophilus in EGC
patients. This discrepancy may be attributed to the successful
eradication of H. pylori in the former study, leading to a
significant shift in the gastric microbiota, while in the latter study,
the presence of early-stage cancer without prior eradication therapy
could explain the higher Haemophilus levels (Xu et al., 2020).

5 Limitations of the studies

This systematic review offers a comprehensive overview of gut
microbiota diversity and alterations in patients with H. pylori
infection. However, the study has several limitations.

Firstly, the lack of detailed dietary information across most
included studies is a significant limitation, as diet is crucial in
shaping gut microbiota composition and diversity. This absence
may have influenced the reported outcomes, introducing
confounding factors related to participants’ varying dietary habits.

Secondly, considerable heterogeneity exists among the
studies, particularly regarding the timing of taxonomic analysis
after H. pylori treatment cessation, which may affect result
comparability since gut microbiota can fluctuate over time post-
treatment. Beyond timing, this heterogeneity stems from multiple
methodological and contextual variables. These include differences
in sequencing techniques (e.g., 16S rRNA gene sequencing versus
shotgun metagenomics), which affect taxonomic depth and
functional profiling; variation in sample types (gastric biopsies,
gastric fluid, or stool); and disparities in patient demographics, such
as age, geography, diet, and disease stage. Additionally, treatment
regimens varied widely in antibiotic combinations, durations, and
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probiotic use, while follow-up intervals were inconsistent across
studies. The absence of standardized protocols and analytical
approaches further compounds this variability. Together, these
factors limit the comparability of findings and the strength of
generalizable conclusions. Future research should aim to
minimize heterogeneity through harmonized methodologies and
incorporate stratified analyses to account for population and
protocol differences.

Thirdly, there is a scarcity of studies focusing on pediatric
populations, with only two examining the impact of H. pylori
treatment on children and adolescents. This limits the
generalizability of findings to younger age groups, as gut
microbiota responses to treatment may differ due to
developmental variations in the microbiome and immune system.

Fourth, most of the studies used 16S rRNA sequencing as the
primary method for analysing the gut microbiota. Although this
technique is commonly employed, it has limitations in terms of
taxonomic resolution and does not provide detailed functional or
species-level information as effectively as other methods like
shotgun metagenomics (Muhamad Rizal et al., 2020). As a result,
this approach may lead to an incomplete understanding of the role
of the microbiome in the progression of gastric cancer.

Finally, many studies assessing H. pylori treatment effects on gut
microbiota lacked control groups of H. pylori-negative healthy
individuals or untreated H. pylori-positive individuals. The
absence of these controls hampers the ability to accurately
evaluate the specific effects of eradication therapy on gut
microbial composition, making it challenging to attribute
observed changes to treatment rather than natural variations in
the gut microbiome or H. pylori infection progression. This
significantly limits the strength of the conclusions drawn from
these studies.

6 Conclusion

The systematic review indicates that H. pylori significantly
modify gut microbiota, demonstrating distinct patterns between
age groups. Adults experience consistent microbial disruptions,
whereas children exhibit variability and potential protective
benefits. Antibiotic treatment temporarily decreases microbial
diversity, leading to an increase in pathogenic Proteobacteria.
Probiotic administration facilitates the restoration of beneficial
bacteria. In gastric cancer patients infected with H. pylori,
microbial shifts suggest a possible role of dysbiosis in cancer
progression, highlighting the necessity for further research to
elucidate these interactions and enhance therapeutic strategies.
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