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Background: Helicobacter pylori (H. pylori) infection remains a global public
health issue, closely linked to peptic ulcer disease, gastric cancer, and MALT
lymphoma. Although classic bismuth-containing quadruple therapy achieves
high eradication rates, recurrence after treatment is still a significant concern.
Recent evidence suggests that probiotics may support gastrointestinal
homeostasis, modulate immune responses, and help prevent H. pylori
reinfection. This study aimed to evaluate whether probiotic supplementation
reduces H. pylori recurrence following classic quadruple therapy.

Method: In this retrospective cohort study, we analyzed data from 305 adult
patients with confirmed H. pylori infection treated at Kunshan Hospital of
Traditional Chinese Medicine and Jinxi People’s Hospital of Kunshan between
January 2023 and December 2023. All patients received standard quadruple
therapy for 14 days. Among them, 127 patients additionally received probiotic
supplementation during and for 4 weeks following eradication therapy, while
178 did not. Propensity score matching (1:1) was performed to balance baseline
covariates, including age, sex, BMI, smoking status, dietary habits, and prior H.
pylori infection history. The primary outcome was H. pylori recurrence within
12 months post-treatment, confirmed by 13C-urea breath test. Secondary
outcomes included treatment-related gastrointestinal symptoms, medication
adherence, and adverse events.

Results: After PSM, 120 matched pairs were analyzed. The recurrence rate of H.
pylori was significantly lower in the probiotic group (9.2%) compared to the
control group (19.2%) (P = 0.021). Patients in the probiotic group also reported a
lower incidence of gastrointestinal discomfort, including bloating and antibiotic-
associated diarrhea (P < 0.05), and demonstrated higher treatment adherence
(91.7% vs. 83.3%, P = 0.038). No serious adverse events were reported in
either group.

Conclusion: Probiotic supplementation is associated with a reduced risk of H.
pylori recurrence after classic quadruple therapy. In addition to improving
gastrointestinal tolerance and adherence, probiotics may contribute to
maintaining gut microbial balance and enhancing eradication durability. These
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findings support the integration of probiotics as an adjunct to standard therapy.
Further randomized controlled trials are needed to confirm efficacy and identify
optimal probiotic formulations and duration.
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Introduction

Helicobacter pylori (H. pylori) is a spiral-shaped Gram-negative
bacterium that colonizes the gastric mucosa and affects more than
50% of the global population (Burucoa and Axon, 2017; Camilo et al.,
2017; Duan et al., 2025). It is strongly associated with a wide range of
gastrointestinal diseases, including chronic gastritis, peptic ulcer
disease, mucosa-associated lymphoid tissue (MALT) lymphoma,
and gastric cancer (Duan et al., 2025; Maleki Kakelar et al., 2019;
Mentis et al., 2019). Despite the widespread use of bismuth-containing
quadruple therapy as a first-line eradication regimen, recurrence
following treatment remains a substantial clinical challenge,
particularly in areas with high reinfection rates and increasing
antibiotic resistance (Ding et al., 2023; Zhou et al., 2024).

The recurrence ofH. pylori infection may result from either true
recrudescence or reinfection and is influenced by host immunity,
environmental factors, and disruption of the gut microbial
ecosystem caused by broad-spectrum antibiotics (Xue et al.,
2019). These microbiota disturbances can impair mucosal
defenses, increase gastric pH, and reduce colonization resistance,
thus creating a favorable niche for H. pylori to reestablish (Xu et al.,
2024). In recent years, probiotics—live microorganisms that confer
health benefits when administered in adequate amounts—have
gained attention for their role in restoring intestinal microbial
balance, modulating host immunity, and reducing gastrointestinal
side effects during and after antibiotic therapy (Xu et al., 2024).

Several randomized controlled trials and meta-analyses have
suggested that probiotic supplementation may enhance eradication
rates, improve patient tolerance, and reduce treatment-related adverse
effects such as bloating and diarrhea (Gupta et al., 2024; Kim et al.,
2021; Samara et al., 2022; Aragona et al., 2024). However, most studies
have focused on the role of probiotics during eradication therapy, with
limited data available on their potential in preventing recurrence after
successful treatment. Moreover, heterogeneity in probiotic strains,
dosage, treatment duration, and study designs has led to inconclusive
evidence regarding long-term benefits.

To address this knowledge gap, the present study investigates the
real-world effectiveness of probiotic supplementation in reducingH.
pylori recurrence following classic quadruple therapy. Using a
retrospective cohort design with propensity score matching
(PSM) to minimize baseline bias, we compared recurrence rates
and secondary outcomes—including gastrointestinal symptoms and
treatment adherence—between patients who received probiotics and
those who did not. We hypothesize that probiotic use may not only
reduce recurrence risk but also contribute to better treatment
tolerance and post-treatment gut health. By clarifying the role of
probiotics in recurrence prevention, this study aims to support the
development of evidence-based strategies for H. pylorimanagement
in clinical practice.

Materials and methods

Study design and patient selection

This retrospective cohort study was conducted at the
Department of Gastroenterology of Kunshan Hospital of
Traditional Chinese Medicine and Jinxi People’s Hospital of
Kunshan to evaluate the effect of probiotic supplementation on
the recurrence ofHelicobacter pylori (H. pylori) infection after classic
bismuth-based quadruple therapy. Patients were eligible for
inclusion if they were 18 years or older, had confirmed H. pylori
infection by urea breath test (UBT), and completed a 14-day course
of quadruple therapy between January 2023 and December 2023.
Exclusion criteria included incomplete clinical or follow-up records,
known immunodeficiency, prior gastric surgery, concurrent
probiotic use outside of protocol, or death during follow-up.

Of the 305 eligible patients, 127 received probiotic
supplementation (probiotic group), while 178 did not (control
group). Probiotic agents were administered alongside eradication
therapy and continued for an additional 4 weeks. To reduce bias
and improve comparability, propensity score matching (PSM) was
conducted at a 1:1 ratio, resulting in 120 matched pairs (n = 240) for
final analysis.

Probiotic supplementation protocol

Patients in the probiotic group received oral probiotic
supplements containing viable strains of Lactobacillus spp. and
Bifidobacterium spp., at a minimum dose of 1 × 109 CFU/day.
Supplementation began concurrently with quadruple therapy and
continued for 4 weeks following treatment completion. Patients
were instructed to take probiotics at least 2 h apart from antibiotics
to minimize antimicrobial interference. Adherence was monitored
through follow-up calls and medication return.

The control group received standard quadruple therapy without
probiotic support. Both groups were treated using a 14-day bismuth-
containing quadruple regimen composed of a proton pump
inhibitor (PPI), bismuth potassium citrate, tetracycline, and
metronidazole, administered as per national guidelines.

Propensity score matching (PSM)

To minimize selection bias, PSM was performed using logistic
regression to generate propensity scores, with probiotic use as the
dependent variable. Covariates included in the model were age, sex,
body mass index (BMI), smoking status, alcohol use, prior H. pylori
treatment, family history of gastric disease, baseline gastrointestinal
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symptoms, and dietary factors (e.g., spicy or pickled food
consumption). Nearest-neighbor matching without replacement
was applied using a caliper width of 0.2 of the standard deviation
of the logit of the propensity score. Balance was evaluated using
standardized mean differences (SMD), with SMD <0.1 considered
indicative of good matching.

Outcome measures and data collection

The primary outcome was H. pylori recurrence within
12 months after treatment, confirmed by 13C-UBT. Recurrence
was defined as a positive UBT following an initially negative result
post-eradication.

Secondary outcomes included gastrointestinal side effects (e.g.,
bloating, nausea, diarrhea), medication adherence (defined as
completion of >90% prescribed therapy), and self-reported
treatment tolerance.

Clinical data were extracted from electronic medical records and
telephone follow-ups. Adverse events were recorded and classified as
mild, moderate, or severe according to the Common Terminology
Criteria for Adverse Events (CTCAE v5.0).

Statistical analysis

Descriptive statistics were used to summarize patient demographics
and clinical characteristics. Categorical variables were compared using
the chi-square test or Fisher’s exact test, and continuous variables using
the independent-samples t-test or Mann–Whitney U test, as
appropriate. Binary logistic regression was employed to identify
independent predictors of H. pylori recurrence. Receiver operating
characteristic (ROC) curves were generated to evaluate the predictive
accuracy of probiotic supplementation for key outcomes. All statistical
analyses were performed using SPSS version 25.0 (IBMCorp., Armonk,
NY, United States) and R software version 4.0.5. A two-tailed P
value <0.05 was considered statistically significant. Sample size
estimation was performed using PASS version 11.0, with an alpha of
0.05% and 80% power to detect a 10% difference in recurrence rate.

All patients were consecutively enrolled from the participating
hospitals during the defined study period, ensuring an unbiased
representation of routine clinical practice. To determine an adequate
sample size, a power analysis was conducted using PASS software
(version 11.0), based on a two-sided alpha of 0.05% and 80% power
to detect a 10% absolute difference in H. pylori recurrence rates
(i.e., 20% in control vs. 10% in probiotic group), as supported by
prior literature and pilot observations. A chi-square test was used for
the group comparison. Given that over 95% of patients completed
follow-up, dropout adjustment was not applied in the calculation.

Results

Baseline characteristics of patients with and
without probiotic supplementation

The selection, exclusion, and matching process is shown in
Figure 1 to ensure transparent representation of patient flow

throughout the study. A total of 305 patients diagnosed with
Helicobacter pylori (H. pylori) infection who received standard
quadruple therapy were enrolled in this study. Of these,
127 patients received additional probiotic supplementation
(probiotic group), while 178 received standard treatment without
probiotics (control group). After 1:1 propensity score matching
based on age, sex, body mass index (BMI), lifestyle factors
(smoking, alcohol use), prior H. pylori treatment history,
gastrointestinal symptom burden, and dietary habits, a total of
120 matched pairs (n = 240) were included in the final analysis.

Before matching, patients in the probiotic group were slightly
younger, had a higher proportion of female patients, and fewer
prior treatment failures. After matching, no statistically significant
differences were found between the two groups in demographic or
clinical characteristics, including age, sex, BMI, smoking and drinking
status, gastrointestinal symptom prevalence, dietary intake patterns
(e.g., spicy or pickled food), or baseline H. pylori load. This balance in
baseline features ensured comparability of outcomes (Table 1). An
exploratory subgroup analysis comparing patients who received
probiotic Brand A versus Brand B revealed no significant differences
in recurrence rate, gastrointestinal adverse effects, or treatment
adherence. These findings are presented in Supplementary Table S1.

Recurrence and clinical outcomes
between groups

The primary outcome of this study was recurrence of H. pylori
infection within 12 months after eradication therapy. The recurrence
rate in the probiotic group was significantly lower than that in the
control group (9.2% vs. 19.2%, P = 0.021). These findings suggest that
adjunctive probiotic supplementation may contribute to more
sustained bacterial clearance after standard therapy.

In terms of treatment tolerability, patients in the probiotic group
experienced significantly fewer self-reported gastrointestinal adverse
effects during and after treatment. The incidence of bloating was
12.5% in the probiotic group compared to 22.5% in the control
group (P = 0.041), while antibiotic-associated diarrhea was reported
in 7.5% versus 18.3% of patients, respectively (P = 0.013). Other side
effects, such as nausea, abdominal pain, and taste disturbance, were
reported with similar frequencies between groups and did not reach
statistical significance.

Importantly, patients receiving probiotics exhibited significantly
better treatment adherence, with 91.7% of patients completing ≥90%
of their prescribed medications, compared to 83.3% in the control
group (P = 0.038). Adherence is a critical determinant of eradication
success, and this finding underscores the practical benefit of probiotic
use in real-world settings. No serious adverse events were reported in
either group. These outcome data are summarized in Table 2.

Logistic regression analysis of Helicobacter
pylori recurrence

To further identify risk factors associated with H. pylori
recurrence, univariate and multivariate logistic regression
analyses were conducted (Table 3). In the univariate analysis,
three variables were significantly associated with recurrence: prior
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H. pylori treatment failure (P = 0.023), occurrence of antibiotic-
associated diarrhea during treatment (P = 0.009), and absence of
probiotic use (P = 0.021).

In the multivariate model, probiotic supplementation emerged
as an independent protective factor, associated with a significantly
reduced risk of recurrence (OR = 0.49, 95% CI: 0.25–0.96, P = 0.037).
Conversely, antibiotic-associated diarrhea was identified as an
independent risk factor (OR = 2.04, 95% CI: 1.05–4.00, P =
0.035). These findings reinforce the potential mechanistic
relationship between probiotics, gut microbial balance, treatment
tolerability, and eradication durability.

Prognostic outcomes between groups

As shown in Table 4, the probiotic group had a lower rate of
unplanned hospital revisits (2.5% vs. 7.5%) and 30-day
reconsultations for symptoms (3.3% vs. 8.3%) compared to the
control group, though these differences were not statistically
significant. However, therapy discontinuation was significantly
less frequent in the probiotic group (1.7% vs. 6.7%, P = 0.040),
indicating better treatment adherence and tolerability.

Discussion

Helicobacter pylori remains one of the most prevalent and
persistent bacterial infections worldwide, with well-established

links to peptic ulcer disease, gastric mucosa-associated lymphoid
tissue (MALT) lymphoma, and gastric cancer (Gong and Yuan,
2018; Hanafiah and Lopes, 2020; Matsuo et al., 2017; Sabbagh et al.,
2019). While standard quadruple therapy is effective for initial
eradication, recurrence remains a significant concern, particularly
in regions with high reinfection rates, poor treatment adherence,
and widespread antibiotic resistance. This study assessed the impact
of probiotic supplementation on recurrence rates and treatment-
related outcomes, and our findings suggest that probiotics are
associated with reduced recurrence and improved
treatment tolerance.

Our results demonstrated that patients who received probiotic
supplementation during and after quadruple therapy had a
significantly lower recurrence rate of H. pylori infection within
12 months compared to those receiving standard care alone.
These findings are consistent with prior research indicating that
probiotics help restore gut microbiota balance, prevent
recolonization by pathogenic organisms, and modulate mucosal
immunity (Guo et al., 2023; Luo et al., 2024; Quigley, 2019; Bock
et al., 2024). In particular, strains of Lactobacillus and
Bifidobacterium have shown the ability to inhibit H. pylori
adherence, reduce inflammation, and promote gastric mucosal
healing (Messaoudi et al., 2011).

Furthermore, probiotic use was associated with a reduction in
gastrointestinal side effects such as bloating and antibiotic-
associated diarrhea—two of the most common reasons for poor
adherence and premature treatment discontinuation. Our data also
showed that patients in the probiotic group had significantly higher

FIGURE 1
Flowchart of patient selection, exclusion, and 1:1 propensity score matching process in the Helicobacter pylori eradication cohort.
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TABLE 1 Baseline characteristics of patients with and without probiotic supplementation after propensity score matching (n = 240).

Variable Probiotic group (n = 120) Control group (n = 120) P-valuea

Age, years 43 (37–51) 44 (38–52) 0.472

Sex, male 66 (55.0%) 64 (53.3%) 0.784

BMI (kg/m2) 22.4 ± 2.9 22.6 ± 3.1 0.623

Smoking history 38 (31.7%) 36 (30.0%) 0.779

Alcohol consumption 29 (24.2%) 31 (25.8%) 0.772

Prior H. pylori treatment failure 15 (12.5%) 16 (13.3%) 0.849

Family history of gastric cancer 8 (6.7%) 9 (7.5%) 0.801

Chronic gastritis 96 (80.0%) 92 (76.7%) 0.541

Peptic ulcer history 32 (26.7%) 36 (30.0%) 0.589

Gastrointestinal symptoms (any) 51 (42.5%) 53 (44.2%) 0.781

Bloating 24 (20.0%) 26 (21.7%) 0.736

Diarrhea 9 (7.5%) 11 (9.2%) 0.641

Spicy food intake (frequent) 46 (38.3%) 49 (40.8%) 0.708

Pickled food intake (≥3x/week) 28 (23.3%) 30 (25.0%) 0.759

Probiotic brand A/B (%) 58/62 — —

Treatment adherence (≥90%) 110 (91.7%) 100 (83.3%) 0.038b

Baseline UBT delta (‰) 19.2 ± 4.6 18.9 ± 4.8 0.651

Duration of therapy (days) 14 (standardized) 14 —

Adverse effect during treatment 15 (12.5%) 32 (26.7%) 0.006b

Antibiotic type (standard quadruple) Yes Yes —

Values are presented as mean ± SD, median (IQR), or n (%) unless otherwise stated.
aP-values calculated using Student’s t-test, Mann–Whitney U test, or χ2 test as appropriate.
bStatistically significant (P < 0.05).

UBT: urea breath test; BMI: body mass index.

TABLE 2 Comparison of clinical outcomes between probiotic group and control group after matching (n = 240).

Variable Probiotic group (n = 120) Control group (n = 120) P-valuea

H. pylori recurrence (within 12 months) 11 (9.2%) 23 (19.2%) 0.021

Gastrointestinal adverse effects (any) 18 (15.0%) 36 (30.0%) 0.006

Bloating 12 (10.0%) 24 (20.0%) 0.041

Antibiotic-associated diarrhea 6 (5.0%) 22 (18.3%) 0.003

Nausea 8 (6.7%) 11 (9.2%) 0.478

Medication adherence (≥90%) 110 (91.7%) 100 (83.3%) 0.038

Incomplete therapy (<90%) 10 (8.3%) 20 (16.7%) 0.038

Patient-reported tolerance (score 1–10) 8.6 ± 1.1 7.4 ± 1.5 <0.001

Time to symptom relief (days) 4.3 ± 1.7 5.1 ± 2.1 0.014

30-day readmission for dyspepsia 2 (1.7%) 7 (5.8%) 0.088

Values are presented as n (%) for categorical variables and mean ± SD, for continuous variables.
aP-values were calculated using χ2 test or Fisher’s exact test for categorical variables, and Student’s t-test for continuous variables.

Abbreviations: Helicobacter pylori, Helicobacter pylori.

Frontiers in Pharmacology frontiersin.org05

Zhao et al. 10.3389/fphar.2025.1621090

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1621090


medication adherence rates, which is critical for ensuring successful
eradication and preventing antibiotic resistance. These findings are
in agreement with meta-analyses by Paoluzi et al. and Kingkaew
et al., which concluded that probiotics enhance tolerance and
adherence to H. pylori eradication regimens (Kingkaew et al.,
2023; Paoluzi et al., 2015).

In addition to their immunomodulatory and microbiota-
restoring properties, probiotics may also exert indirect benefits by
improving patient-reported quality of life during and after
eradication therapy. Several studies have shown that
gastrointestinal discomfort—particularly bloating, abdominal
distension, and altered bowel habits—can significantly impair
daily functioning and reduce willingness to complete therapy
(Neyrinck et al., 2021; Wood, 2007). By alleviating these

symptoms, probiotics not only promote treatment adherence but
may also enhance patient satisfaction and long-term health
behavior. These patient-centered benefits are increasingly
recognized as important indicators of therapeutic value, especially
in the context of outpatient care and self-administered regimens.
Given the growing interest in microbiome-based interventions, our
findings support the integration of probiotics into standardH. pylori
management protocols as part of a broader, personalized
care model.

Importantly, logistic regression analysis confirmed probiotic
supplementation as an independent protective factor against H.
pylori recurrence. Additionally, receiver operating characteristic
(ROC) analysis indicated that probiotic use is moderately
associated with lower recurrence risk, improved adherence, and

TABLE 3 Univariate and multivariate logistic regression analysis of risk factors associated with Helicobacter pylori recurrence.

Variable Univariate OR (95% CI) P-value Multivariate OR (95% CI) P-value

Age ≥50 years 1.28 (0.71–2.32) 0.408 – –

Male sex 1.14 (0.64–2.04) 0.657 – –

BMI ≥25 kg/m2 0.93 (0.48–1.79) 0.826 – –

Smoking history 1.32 (0.73–2.41) 0.355 – –

Alcohol consumption 1.19 (0.65–2.19) 0.572 – –

Pickled food intake ≥3×/week 1.33 (0.73–2.45) 0.347 – –

Spicy food intake ≥3×/week 1.24 (0.68–2.27) 0.485 – –

Family history of gastric cancer 1.66 (0.58–4.70) 0.349 – –

Chronic gastritis (endoscopic confirmed) 1.17 (0.66–2.06) 0.593 – –

Peptic ulcer history 1.41 (0.78–2.54) 0.252 – –

Prior H. pylori treatment failure 1.89 (1.06–3.39) 0.031* 1.74 (0.97–3.11) 0.064

Antibiotic-associated diarrhea 2.16 (1.12–4.19) 0.022* 2.04 (1.05–4.00) 0.035*

Bloating during therapy 1.78 (0.91–3.50) 0.092 1.64 (0.83–3.26) 0.154

Incomplete therapy (<90% adherence) 2.37 (1.21–4.61) 0.012* 2.09 (1.06–4.13) 0.033*

Gastrointestinal symptoms at baseline 1.41 (0.77–2.58) 0.261 – –

High baseline UBT delta (≥20‰) 1.06 (0.60–1.88) 0.839 – –

Self-reported stress (Likert >7/10) 1.58 (0.88–2.83) 0.123 1.44 (0.77–2.70) 0.252

Family support perceived inadequate 1.31 (0.73–2.37) 0.365 – –

Probiotic supplementation (yes) 0.47 (0.24–0.91) 0.026* 0.49 (0.25–0.96) 0.037*

Abbreviations: OR: odds ratio; Helicobacter pylori, Helicobacter pylori.

TABLE 4 Comparison of prognostic outcomes between probiotic and control groups after treatment.

Outcome Probiotic group (n = 120) Control group (n = 120) P-valuea

H. pylori recurrence 11 (9.2%) 23 (19.2%) 0.021

30-day reconsultation for symptoms 4 (3.3%) 10 (8.3%) 0.084

Unplanned hospital revisit 3 (2.5%) 9 (7.5%) 0.069

Therapy discontinuation 2 (1.7%) 8 (6.7%) 0.0

Values are presented as n (%) unless otherwise specified.
aP-values were calculated using χ2 or Fisher’s exact test as appropriate.
bStatistically significant (P < 0.05).
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reduced adverse events—further supporting its clinical utility as an
adjunct therapy.

Despite these encouraging results, several limitations must be
acknowledged. First, the retrospective design inherently limits the
ability to infer causality. Although propensity score matching was
used to balance observed baseline characteristics, the potential for
unmeasured or residual confounding cannot be excluded. Therefore,
the findings of this study should be interpreted as observational and
exploratory in nature. Future prospective, multicenter randomized
controlled trials are necessary to validate the causal role of probiotic
supplementation in reducingH. pylori recurrence. Second, probiotic
strains and dosages were not standardized across all patients, which
may introduce heterogeneity in treatment effects. Third, recurrence
was only monitored for 12 months, and long-term reinfection rates
or resistance patterns were not evaluated. Additionally, the study
was conducted at a single center, which may limit generalizability.

Future multicenter, prospective randomized controlled trials with
longer follow-up durations are warranted to validate our findings,
determine optimal probiotic formulations, and explore cost-
effectiveness. Investigating the role of specific probiotic strains and
duration of administration in different populations could further
inform precision-based adjunctive strategies for H. pylori eradication.

Conclusion

In conclusion, this study provides real-world evidence that
probiotic supplementation during and after standard quadruple
therapy is associated with lower Helicobacter pylori recurrence
rates, fewer gastrointestinal side effects, and higher treatment
adherence. These findings support the incorporation of probiotics
as a complementary strategy to enhance eradication durability and
improve patient tolerance. Structured probiotic use may represent a
simple, safe, and effective intervention to optimize H. pylori
management in clinical practice. Further high-quality prospective
studies are needed to confirm these results and define best-practice
guidelines for probiotic integration into eradication protocols.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Written
informed consent was obtained from all participants. This research
was performed in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of Kunshan Hospital of
Traditional Chinese Medicine and Jinxi People’s Hospital of
Kunshan. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants provided
their written informed consent to participate in this study.

Author contributions

JZ: Data curation, Formal Analysis, Methodology,
Writing – original draft. JC: Conceptualization, Software,
Validation, Writing – original draft. YW: Formal Analysis,
Resources, Validation, Writing – original draft. CZ: Writing –

review and editing, Methodology. CX: Conceptualization,
Data curation, Methodology, Software, Writing – original draft.
WY: Methodology, Project administration, Software,
Writing – original draft, Writing – review and editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by Kunshan City Social Development Science and Technology
Special Program Project (KSZ2351).

Acknowledgments

Thanks to the nurses in the department for their help with
the project.

Conflict of interest

The authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1621090/
full#supplementary-material

Frontiers in Pharmacology frontiersin.org07

Zhao et al. 10.3389/fphar.2025.1621090

https://www.frontiersin.org/articles/10.3389/fphar.2025.1621090/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1621090/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1621090


References

Aragona, S. E., Fabbri, C., Cammarota, G., Ciprandi, G., and HERADY Study Group
(2024). Probiotic mixture in patients after Helicobacter pylori eradication: a real-life
experience. Minerva Gastroenterol. 70 (2), 197–207. doi:10.23736/S2724-5985.24.
03634-9

Bock, P. M., Martins, A. F., and Schaan, B. D. (2024). Understanding how pre- and
probiotics affect the gut microbiome andmetabolic health.Am. J. physiology Endocrinol.
metabolism 327 (1), E89–e102. doi:10.1152/ajpendo.00054.2024

Burucoa, C., and Axon, A. (2017). Epidemiology of Helicobacter pylori infection.
Helicobacter 22 (Suppl. 1). doi:10.1111/hel.12403

Camilo, V., Sugiyama, T., and Touati, E. (2017). Pathogenesis of Helicobacter pylori
infection. Helicobacter 22 (Suppl. 1). doi:10.1111/hel.12405

Ding, Y. M., Li, Y. Y., Liu, J., Wang, J., Wan, M., Lin, M. J., et al. (2023). The cure rate
of 10-day bismuth-containing quadruple therapy for Helicobacter pylori eradication is
equivalent to 14-day: a systematic review and meta-analysis. Clin. Exp. Med. 23 (4),
1033–1043. doi:10.1007/s10238-022-00953-7

Duan, Y., Xu, Y., Dou, Y., and Xu, D. (2025). Helicobacter pylori and gastric cancer:
mechanisms and new perspectives. J. Hematol. and Oncol. 18 (1), 10. doi:10.1186/
s13045-024-01654-2

Gong, Y., and Yuan, Y. (2018). Resistance mechanisms of Helicobacter pylori and its
dual target precise therapy. Crit. Rev. Microbiol. 44 (3), 371–392. doi:10.1080/1040841X.
2017.1418285

Guo, M., Liu, H., Yu, Y., Zhu, X., Xie, H., Wei, C., et al. (2023). Lactobacillus
rhamnosus GG ameliorates osteoporosis in ovariectomized rats by regulating the Th17/
Treg balance and gut microbiota structure. Gut microbes 15 (1), 2190304. doi:10.1080/
19490976.2023.2190304

Gupta, V., Mastromarino, P., and Garg, R. (2024). Effectiveness of prophylactic oral
and/or vaginal probiotic supplementation in the prevention of recurrent urinary tract
infections: a randomized, double-blind, placebo-controlled trial. Clin. Infect. Dis. official
Publ. Infect. Dis. Soc. Am. 78 (5), 1154–1161. doi:10.1093/cid/ciad766

Hanafiah, A., and Lopes, B. S. (2020). Genetic diversity and virulence characteristics
of Helicobacter pylori isolates in different human ethnic groups. Infect. Genet. Evol.
J. Mol. Epidemiol. Evol. Genet. Infect. Dis. 78, 104135. doi:10.1016/j.meegid.2019.104135

Kim, C. S., Cha, L., Sim, M., Jung, S., Chun, W. Y., Baik, H. W., et al. (2021). Probiotic
supplementation improves cognitive function and mood with changes in gut microbiota
in community-dwelling older adults: a randomized, double-blind, placebo-controlled,
multicenter trial. journals gerontology Ser. A, Biol. Sci. Med. Sci. 76 (1), 32–40. doi:10.
1093/gerona/glaa090

Kingkaew, E., Woraprayote, W., Booncharoen, A., Niwasabutra, K., Janyaphisan, T.,
Vilaichone, R. K., et al. (2023). Functional genome analysis and anti-helicobacter pylori
activity of a novel bacteriocinogenic lactococcus sp. NH2-7C from Thai fermented pork
(nham). Sci. Rep. 13 (1), 20362. doi:10.1038/s41598-023-47687-4

Luo, S. C., Wei, S. M., Luo, X. T., Yang, Q. Q., Wong, K. H., Cheung, P. C. K., et al.
(2024). How probiotics, prebiotics, synbiotics, and postbiotics prevent dental caries: an
oral microbiota perspective. NPJ biofilms microbiomes 10 (1), 14. doi:10.1038/s41522-
024-00488-7

Maleki Kakelar, H., Barzegari, A., Dehghani, J., Hanifian, S., Saeedi, N., Barar, J., et al.
(2019). Pathogenicity of Helicobacter pylori in cancer development and impacts of
vaccination.Gastric cancer official J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc.
22 (1), 23–36. doi:10.1007/s10120-018-0867-1

Matsuo, Y., Kido, Y., and Yamaoka, Y. (2017). Helicobacter pylori outer membrane
protein-related pathogenesis. Toxins 9 (3), 101. doi:10.3390/toxins9030101

Mentis, A. A., Boziki, M., Grigoriadis, N., and Papavassiliou, A. G. (2019).
Helicobacter pylori infection and gastric cancer biology: tempering a double-edged
sword. Cell. Mol. life Sci. CMLS 76 (13), 2477–2486. doi:10.1007/s00018-019-03044-1

Messaoudi, M., Violle, N., Bisson, J. F., Desor, D., Javelot, H., and Rougeot, C. (2011).
Beneficial psychological effects of a probiotic formulation (Lactobacillus helveticus
R0052 and Bifidobacterium longum R0175) in healthy human volunteers. Gut microbes
2 (4), 256–261. doi:10.4161/gmic.2.4.16108

Neyrinck, A. M., Rodriguez, J., Taminiau, B., Amadieu, C., Herpin, F., Allaert, F. A.,
et al. (2021). Improvement of gastrointestinal discomfort and inflammatory status by a
synbiotic in middle-aged adults: a double-blind randomized placebo-controlled trial.
Sci. Rep. 11 (1), 2627. doi:10.1038/s41598-020-80947-1

Paoluzi, O. A., Del Vecchio Blanco, G., Visconti, E., Coppola, M., Fontana, C., Favaro,
M., et al. (2015). Low efficacy of levofloxacin-doxycycline-based third-line triple therapy
forHelicobacter pylori eradication in Italy.World J. gastroenterology 21 (21), 6698–6705.
doi:10.3748/wjg.v21.i21.6698

Quigley, E. M. M. (2019). Prebiotics and probiotics in digestive health. Clin.
gastroenterology hepatology official Clin. Pract. J. Am. Gastroenterological Assoc. 17
(2), 333–344. doi:10.1016/j.cgh.2018.09.028

Sabbagh, P., Javanian, M., Koppolu, V., Vasigala, V. R., and Ebrahimpour, S. (2019).
Helicobacter pylori infection in children: an overview of diagnostic methods. Eur. J. Clin.
Microbiol. and Infect. Dis. official Publ. Eur. Soc. Clin. Microbiol. 38 (6), 1035–1045.
doi:10.1007/s10096-019-03502-5

Samara, J., Moossavi, S., Alshaikh, B., Ortega, V. A., Pettersen, V. K., Ferdous, T., et al.
(2022). Supplementation with a probiotic mixture accelerates gut microbiome
maturation and reduces intestinal inflammation in extremely preterm infants. Cell
host and microbe 30 (5), 696–711.e5. doi:10.1016/j.chom.2022.04.005

Wood, J. D. (2007). Neuropathophysiology of functional gastrointestinal disorders.
World J. gastroenterology 13 (9), 1313–1332. doi:10.3748/wjg.v13.i9.1313

Xu, L., Li, X. T., Ur-Rahman, I., Zhang, C., Qi, Y. B., Hu, R. B., et al. (2024). Global H.
pylori recurrence, recrudescence, and re-infection status after successful eradication in
pediatric patients: a systematic review and meta-analysis. J. gastroenterology 59 (8),
668–681. doi:10.1007/s00535-024-02114-x

Xue, Y., Zhou, L. Y., Lu, H. P., and Liu, J. Z. (2019). Recurrence of Helicobacter pylori
infection: incidence and influential factors. Chin. Med. J. 132 (7), 765–771. doi:10.1097/
CM9.0000000000000146

Zhou, B. G., Jiang, X., Ding, Y. B., She, Q., and Li, Y. Y. (2024). Vonoprazan-
amoxicillin dual therapy versus bismuth-containing quadruple therapy forHelicobacter
pylori eradication: a systematic review and meta-analysis. Helicobacter 29 (1), e13040.
doi:10.1111/hel.13040

Frontiers in Pharmacology frontiersin.org08

Zhao et al. 10.3389/fphar.2025.1621090

https://doi.org/10.23736/S2724-5985.24.03634-9
https://doi.org/10.23736/S2724-5985.24.03634-9
https://doi.org/10.1152/ajpendo.00054.2024
https://doi.org/10.1111/hel.12403
https://doi.org/10.1111/hel.12405
https://doi.org/10.1007/s10238-022-00953-7
https://doi.org/10.1186/s13045-024-01654-2
https://doi.org/10.1186/s13045-024-01654-2
https://doi.org/10.1080/1040841X.2017.1418285
https://doi.org/10.1080/1040841X.2017.1418285
https://doi.org/10.1080/19490976.2023.2190304
https://doi.org/10.1080/19490976.2023.2190304
https://doi.org/10.1093/cid/ciad766
https://doi.org/10.1016/j.meegid.2019.104135
https://doi.org/10.1093/gerona/glaa090
https://doi.org/10.1093/gerona/glaa090
https://doi.org/10.1038/s41598-023-47687-4
https://doi.org/10.1038/s41522-024-00488-7
https://doi.org/10.1038/s41522-024-00488-7
https://doi.org/10.1007/s10120-018-0867-1
https://doi.org/10.3390/toxins9030101
https://doi.org/10.1007/s00018-019-03044-1
https://doi.org/10.4161/gmic.2.4.16108
https://doi.org/10.1038/s41598-020-80947-1
https://doi.org/10.3748/wjg.v21.i21.6698
https://doi.org/10.1016/j.cgh.2018.09.028
https://doi.org/10.1007/s10096-019-03502-5
https://doi.org/10.1016/j.chom.2022.04.005
https://doi.org/10.3748/wjg.v13.i9.1313
https://doi.org/10.1007/s00535-024-02114-x
https://doi.org/10.1097/CM9.0000000000000146
https://doi.org/10.1097/CM9.0000000000000146
https://doi.org/10.1111/hel.13040
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1621090

	The role of probiotic supplementation in reducing Helicobacter pylori recurrence after classic quadruple therapy
	Introduction
	Materials and methods
	Study design and patient selection

	Probiotic supplementation protocol
	Propensity score matching (PSM)
	Outcome measures and data collection
	Statistical analysis

	Results
	Baseline characteristics of patients with and without probiotic supplementation

	Recurrence and clinical outcomes between groups
	Logistic regression analysis of Helicobacter pylori recurrence

	Prognostic outcomes between groups
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


