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Aim

This study aims to evaluate the efficacy of Lacticaseibacillus rhamnosus LRa05 supplementation in enhancing Helicobacter pylori (H. pylori) eradication rate and alleviating the gastrointestinal side effects associated with bismuth quadruple therapy.





Methods

H. pylori-positive patients were randomized to receive levofloxacin-based bismuth quadruple therapy combined either probiotic LRa05 or a placebo for two weeks, followed by LRa05 (1 × 1010 CFU) or maltodextrin for the next two weeks. H. pylori infection was detected by 13C breath test pre- and post-treatment. Blood and stool samples were collected at week 0 and week 4 for routine and biochemical analysis, and serum inflammatory markers. Gastrointestinal symptoms were evaluated using the gastrointestinal symptom rating scale (GSRS). Intestinal microbiota was analyzed using 16S rRNA sequencing. The research was listed under the Chinese Clinical Trial Registry (ChiCTR2300072220), and written informed consent was obtained from all participants.





Results

The LRa05 group exhibited a trend toward higher H. pylori eradication rates (86.11%) compared to the placebo group (82.86%), though the difference was not statistically significant. Significant reductions in neutrophil count, alanine aminotransferase, aspartate aminotransferase, pepsinogen I, interleukin-6 (IL-6), tumor necrosis factor α (TNF-α) (p < 0.05) suggest that LRa05 supplementation may mitigate inflammation, enhance liver function, and potential aid in early cancer prevention. GSRS symptom scores showed that LRa05 alleviated abdominal pain, acid reflux, bloating, and diarrhea, enhancing patient compliance. Furthermore, 16S rRNA sequencing showed that LRa05 countered the antibiotic-induced disruption of gut microbiota diversity, primarily by increasing beneficial bacteria.





Conclusion

Although LRa05 did not significantly improve the success rate of H. pylori eradication therapy, it has the potential to improve liver function and reduced levels of inflammatory markers such as IL-6 and TNF-α in the body, regulating the inflammatory response. In addition, it played a positive role in alleviating the adverse symptoms and gut microbiota disturbances caused by eradication therapy, providing a possible way to improve the overall health of patients and demonstrating promising clinical potential.





Clinical Trial Registration

http://www.chictr.org.cn, identifier ChiCTR2300072220.
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Introduction

Helicobacter pylori (H. pylori) is widely recognized as a human pathogen (1). It has been linked to numerous gastrointestinal disorders including chronic active gastritis, peptic ulcers, mucosa-associated lymphoid tissue (MALT) lymphoma (2) and stomach cancer. Furthermore, research has indicated that H. pylori is not only associated with gastric diseases, but also with a series of extra-gastric conditions (3), such as vitamin B12 deficiency, iron deficiency anemia, non-alcoholic fatty liver disease, idiopathic thrombocytopenic purpura, coronary atherosclerosis, Alzheimer’s disease, etc. A meta-analysis report indicates that the estimated global prevalence of H. pylori infection has decreased from 58. 2% (95% CI 50.7 - 65.8) during the period from 1980 to 1990 to 43.1% (40.3 - 45.9) during the period of 2011-2022 (4). Although the prevalence of H. pylori infection has decreased in the past decade, it still remains at a relatively high level. Consequently, the prevention and treatment of H. pylori -related diseases continue a prominent topic in the field of gastroenterology, controlling H. pylori poses a significant public health and global societal challenge.

It is well known that intestinal microbiota stability is crucial for human health. However, several studies have demonstrated that eradicating H. pylori may alter the gastric and intestinal microbial milieu in the short term (5, 6). In patients who have been unsuccessful in eliminating H. pylori, there will inevitably be alterations in the intestinal microbiota following one or even multiple eradication treatments (7). The inclusion of probiotics on the basis of bismuth quadruple therapy represents a novel and effective therapy (8, 9). Investigations have demonstrated that probiotic-assisted therapy can construct a beneficial profile of gut microbiota (10, 11). Nevertheless, there exists a variety of probiotics, and there is no uniform consensus on the timing for combining them with H. pylori eradication drugs (whether before, after, or simultaneously). Additionally, while it is generally agreed upon that probiotics can mitigate gastrointestinal adverse effects associated with eradication therapy (12, 13), further investigation is warranted to validate this claim.

The bismuth quadruple regimen is currently the recommended primary empirical treatment plan against H. pylori infections by consensus (14, 15). While it is effective for most infections produced by this bacterium, there are a number of challenges that lead to an unsatisfactory eradication rate (16), including the emergence of antibiotic-resistant strains (17), increased adverse reactions, and decreased host CYP2C19 gene polymorphism. Furthermore, widespread and irregular use of antibiotics may result in various effects, such as antibiotic-associated diarrhea (AAD), toxic side effects, and the short-term selection and spread of drug-resistant bacteria. In the long term, it may also result in alterations to the mucosal immune response pattern, the induction of gastric and intestinal microbiota imbalance (18), and the potential contribution to the development of certain diseases. In conclusion, these issues present significant difficulties in clinical H. pylori treatment and highlight the urgent need for improved therapeutic strategies.

Some probiotics such as Bifidobacterium, Lactobacillus crispatus FSCDJY67L3 and Lactobacillus reuteri DSM 17648 have been used in clinical studies related to the eradication of H. pylori (13, 19–23). In these relevant clinical trials, there is controversy about whether probiotics supplementation can improve the eradication rate of H. pylori. Some studies believe that probiotics supplementation can improve the eradication rate, while others hold the opposite attitude. However, most articles believe that probiotics supplementation can effectively alleviate the adverse gastrointestinal symptoms caused by eradication therapy, which is also the view supported by our study.

Lacticaseibacillus rhamnosus LRa05, originating from the feces of healthy infants, has been extensively utilized in preclinical studies, in vitro tests, and animal models (24–28). Research indicates that LRa05 can effectively regulate the gut microbiota, improving glucose metabolism (29) and alleviating the lipid accumulation of high-fat diet mice (27), and its safety has been confirmed by studies. It is considered to be a potential probiotic for the food industry (28), but few articles have used LRa05 for H. pylori eradication therapy. Therefore, in this study, we employed LRa05 as a supplementary treatment for H. pylori eradication, comprehensively evaluating its impact on eradication rates, blood biochemistry parameters, inflammatory markers, adverse gastrointestinal symptoms (such as nausea, vomiting, diarrhea, dyspepsia, and other symptoms), and changes in the gut microbiome.





Materials and methods




Study design and ethical statement

This study utilized a double-blind, placebo-controlled design conformant with the Declaration of Helsinki principles. We enrolled 72 patients infected with H. pylori from the outpatient department of Jinshan Hospital. Subjects were randomly assigned in a 1:1 ratio to either the LRa05 group or the placebo group. The overview of the trial design and process is illustrated in Figures 1 , 2. This trial was conducted at Jinshan Hospital affiliated to Fudan University in China from June 2023 to April 2024.




Figure 1 | Flow diagram showing the study design. LRa05, Lacticaseibacillus rhamnosus.






Figure 2 | Study design details. Seventy-two subjects were recruited and 71 participants completed the trial. We collected stool and blood samples at baseline (W0) and 4 weeks after the intervention (W4), and conducted questionnaires. LRa05, Lacticaseibacillus rhamnosus.







Population recruitment

Only individuals who fulfill the following criteria were eligible for selection: (1) Written informed consent has been obtained, ensuring that patients have a comprehensive understanding of the experiment’s content, procedures, and potential adverse reactions; (2) Subjects (including males) must not have any family planning intentions and should voluntarily adopt effective contraceptive measures from 14 days prior to screening until 6 months after completion of the trial; (3) Patients aged between 18 and 65 years old are included; (4) Male volunteers must weigh not less than 50 kg, while female subjects should have a minimum weight of 45 kg with a BMI of ≥ 19.0 kg/m²; (5) H. pylori infections were diagnosed using either 13C/14C-UBT or gastric mucosal tissue immunohistochemical detection of Hp (IHC for Hp). The exclusion criteria were determined as follows: (1) Contraindication or allergy to any component of the study drugs; (2) Substance abuse (drug or alcohol, consuming more than 14 units of alcohol per week: 1 unit = 285 mL of beer, 25 mL of spirits, or 100 mL of wine); (3) A history of prior H. pylori eradication therapy; (4) Use of antibiotics or probiotics within the preceding 3 months; (5) Presence of severe concurrent organic disease such as gastrointestinal bleeding, obstruction, perforation or tumor; (6) Patients with liver disease indicated by an aminotransferase index exceeding 1.5 times the upper limit of normal and kidney disease indicated by a creatinine index surpassing the upper limit of normal; (7) Positive fecal occult blood test results; (8) Participants with a severe mental illness impeding collaboration and communication necessary to meet study requirements; (9) Pregnant or breastfeeding women; (10) Individuals deemed unsuitable by investigators.





Intervention and monitoring protocol

Participants were administered a standard antibiotic regimen comprising Rabeprazole (20 mg bid), Levofloxacin (250 mg bid), Metronidazole (400 mg bid), and Bismuth pectin (200 mg tid). Additionally, individuals in the LRa05 group received Lacticaseibacillus rhamnosus LRa05 (1 × 1010 CFU), whereas those in the placebo group were given a placebo consisting of maltodextrin, 1 packet of 3 g per day (Figure 2). Both the probiotic and placebo products were supplied by Wecare Probiotics Co., Ltd, ensuring consistency and quality control throughout the study. The intervention spanned four weeks, with the first two weeks involving combined treatment of antibiotics and probiotic/placebo, followed by a two-week period where only probiotic LRa05 or placebo were administered.





Outcomes

The primary outcome is the eradication rate. The secondary outcome measures of this study encompassed the impact of combined probiotic LRa05 on blood routine examination, serum biochemical index, the total Gastrointestinal Symptom Rating Scale (GSRS) score, the incidence of adverse reactions, to evaluate compliance and security levels. Additionally, we assessed alterations in intestinal microbiota, including short-term variations in microbiota diversity (at week 0 and week 4), modifications in gut microbiota.





H. pylori and hematology detection

We assisted patients with confirmed H. pylori infection and inclusion in the study by either of the following methods: gastric antrum mucosal tissue immunohistochemical detection of Hp (IHC for Hp) positive, 13C-UBT positive, or 14C-UBT positive. IHC for Hp were performed after gastric mucosal tissue was obtained by gastroscopy (30). And the 13C/14C-UBT test is simpler and more convenient, requiring the patient to take orally an isotopically labeled urea solution and blow at regular intervals (31). In addition, we collected blood samples from patients, sent the samples to the laboratory for blood routine (such as RBC: red blood cell, NEUT: neutrophil, PLT: platelet, HGB: hemoglobin) and blood biochemical tests (including AST: spartate aminotransferase, ALT: alanine aminotransferase, TBIL: total bilirubin, UREA: urea, CREA: creatinine) (Mindray BS-2800M, China). We also detected the level of blood inflammatory factors (IL-6: Interleukin-6, TNF-α: Tumor Necrosis Factor-alpha, IL-17: Interleukin-17, IL-8: Interleukin-8), gastrin-17 (GT17), and pepsinogen I (PGI) by ELISA method. All measurements were performed according to the manufacturer’s instructions (Jiangsu Meimian industrial Co., Ltd Yancheng).





Fecal sample collection

Fresh stool samples were collected from all patients at baseline week 0 (W0) and at week 4 (W4). Participants were instructed to promptly deliver the fecal specimen to the research assistant within the hospital on the day of collection. Subsequently, all stool samples were immediately frozen and stored at a temperature of -80°C for preservation.





The 16s RNA sequencing

The total genomic DNA of the fecal samples was isolated using the QIAamp Fast DNA Stool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The extracted DNA was kept in a refrigerator at a temperature of -80°C until processed. Polymerase chain reaction (PCR) was used to amplify the V3V4 16s rRNA bacterial gene. Upstream (5’-CCTACGGGNGGCWGCAG-3’) and downstream (5’-GACTACHVGGGTATCTAATCC-3’) primer, bacterial genomic template DNA and Premix Taq constitutes the PCR reaction system. The amplifications were carried out using the program: initial denaturation at 95°C for 3min, followed by 25 cycles of denaturation at 94°C for 15s, annealing at 55°C for 30s, and extension at 72°C for 45s, with a final elongation step at 72°C for 10min. The PCR products were combined in equal proportions and subsequently purified using the Qiagen Gel Extraction Kit (Qiagen, Germany) to ensure uniformity and quality for downstream applications. The amplified DNA fragments were subsequently subjected to sequencing using an Illumina MiSeq platform (Illumina, San Diego, USA). After the sequencing was completed, the software cutadapt v2.6 was used to filter the raw date according to the window to remove the low quality, and the clean date was obtained. The filtered high-quality clean data was used for subsequent analysis. Reads were spliced into tags according to the overlap between reads, and tags were grouped into OTU, compared with the database and annotated by species. Based on the OTU and annotated results, sample species complexity analysis, inter-group species difference analysis and association analysis were carried out.





Microbiota analysis

The Bray-Curtis distance analysis from the vegan package in R (4.2) was utilized to evaluate the ecological diversity between the placebo and LRa05 groups based on the relative abundance of bacterial genera. Chao1 and ACE, Shannon and Simpson indices were used to evaluate richness and diversity of gut microbiota in participants following the intervention with LRa05. β diversity was assessed using Bray-Curtis distance, and the results were visualized through principal coordinates analysis (PCoA) plot.





Statistical analysis

Statistical analyses were conducted using SPSS software, version 27.0. For this study, quantitative data that conformed to a normal distribution are expressed as mean ± standard deviation (SD). Results were analyzed using one-way analysis of variance (ANOVA), followed by Tukey’s multiple comparison test to determine statistical significance. Quantitative data not following a normal distribution are presented as median and interquartile range. Nonparametric tests were used for analysis, with between-group comparisons performed using the Mann-Whitney U test, and within-group comparisons using the Wilcoxon signed-rank test. Categorical data were compared using the chi-square test. Correlation between two variables was assessed using Fisher’s exact test. The level of significance was set at α = 0.05, with p < 0.05 indicating statistically significant differences.






Results




Baseline characteristics of the subjects

Of the 72 participants enrolled, 71 completed the trial. Unfortunately, one participant in the placebo group was withdrawn early due to sea-food allergy (Figure 1). Ultimately, we collected stool and blood samples from 71 patients (Figure 2). The baseline information of enrolled patients is shown in Table 1. There were no significant differences in gender composition, age, BMI, occupation, marital status, smoking habits and medical history between the two groups (p > 0.05). Therefore, we believe that the biochemical indicators, microbiota composition, the GSRS score and other test indicators of the two groups of patients are comparable.


Table 1 | Baseline characteristics of participants in the two groups.







H. pylori eradication rate and adverse events

The H. pylori eradication rates of the LRa05 and placebo group were 86.11% and 82.86% (Figure 3), respectively. This indicates that probiotics could improve the eradication rate to a certain extent and that probiotics would not have a negative impact on the eradication therapy. However, there was no statistically significant difference (χ2 = 0.144, p = 0.7048).




Figure 3 | Eradication rate of H. pylori in patients treated with probiotics or placebo. The number of people in both groups with or without H. pylori eradication after treatment (A). The LRa05 group had a higher eradication rate than the placebo group (B), but there was no significant difference in the eradication rate between the two groups (Chi square = 0.144, p = 0.7048). LRa05, Lacticaseibacillus rhamnosus.







Changes in biochemical indicators before and after intervention

NEUT showed a significant reduction in the LRa05 group before and after treatment (p = 0.0009), while there was no significant difference in the placebo group. Similarly, ALT and AST in the placebo group changed significantly before and after treatment (p = 0.0054, p = 0.0005, respectively), while the difference was not significant in the LRa05 group (Figure 4). Compared with the placebo group, the LRa05 group is more effective in regulating the level of PGI (p = 0.033, Figure 5).




Figure 4 | Results of statistical analysis of blood biochemical indexes of patients. (A) RBC, red blood cell, (B) NEUT, neutrophil, (C) PLT, platelet, (D) HGB, hemoglobin, (E) ALT, alanine aminotransferase, (F) AST, spartate aminotransferase, (G) TBIL, total bilirubin, (H) CREA, creatinine, (I) UREA, urea. LRa05, Lacticaseibacillus rhamnosus. _0: week 0, _4: week 4. **p<0.01, ***p<0.001.






Figure 5 | Changes of PGI levels in patients. The formula for calculating the effect rate of PGI level: (week0 number of abnormal PGI indicators - week4 number of abnormal PGI indicators)/week0 number of abnormal PGI indicators. GT17, gastrin-17; PGI, pepsinogen I; LRa05, Lacticaseibacillus rhamnosus.







Regulation of serum inflammatory factors

The comparison of inflammatory markers showed that the levels of IL-6 (p = 0.0012) and TNF-α (p = 0.0277) in the placebo group significantly increased after treatment, and the level of IL-8 also increased significantly, though not to a statistically significant level (p = 0.081) (Figure 6). However, there were no significant changes in the levels of these inflammatory factors in LRa05 group (p > 0.05).




Figure 6 | Serum inflammatory marker dynamics in patients. (A) Interleukin-6 (IL-6), (B) Tumor Necrosis Factor-α (TNF-α), (C) Interleukin-17 (IL-17), (D) Interleukin-8 (IL-8). LRa05, Lacticaseibacillus rhamnosus. Changes measured at Week 0 (_0) and Week 4 (_4) for both LRa05 and placebo groups. *p<0.05, **p<0.01.







Adverse gastrointestinal symptoms

The gastrointestinal adverse symptoms in the patients were assessed using the GSRS. Measurements were taken at baseline (W0) and four weeks post-intervention (W4). The analysis demonstrated a significant reduction in GSRS scores from baseline to follow-up in both the placebo and LRa05 group (Table 2). A more granular analysis indicated that, relative to the placebo, the LRa05 group was significantly more effective in alleviating gastrointestinal symptoms, including abdominal pain, acid reflux, abdominal distension, and loose stools (p < 0. 05, Table 3).


Table 2 | Efficacy of patients with improved GSRS scores.




Table 3 | Subcategorize gastrointestinal symptoms.







Effects of the intervention on gut microbiota diversity

The species accumulation curve (Figure 7A) shows a continuous increase in the number of species in each group, indicating that species accumulation has reached saturation. In addition, the Venn diagram in Figure 7A shows 140 common species between the placebo group and the LRa05 group, accounting for 67% of the 209 species found. Further analysis (Figure 7B) showed that both placebo and LRa05 intervention reduced the species richness of intestinal microbiota (Chao1 and ACE), and did not cause significant alterations in community diversity (Shannon and Simpson). Furthermore, for the Shannon index, the LRa05 intervention significantly decreased, while there was a decrease in the placebo group, but the change was small and not statistically significant. These findings are consistent with our species accumulation analysis and the results of the Venn Diagram.




Figure 7 | Changes in gut microbiota diversity pre- and post-intervention. (A) Species accumulation curve and Venn diagram depicting species distribution across placebo and LRa05 groups. (B) α diversity alterations measured pre- and post-intervention. (C) β diversity changes evaluated using principal component analysis based on the Bray–Curtis distance, with each point representing an individual subject’s gut microbiota composition. (D) Statistical comparison of β diversity differences between groups. LRa05, Lacticaseibacillus rhamnosus. _0: week 0, _4: week 4. All the averages are listed in order from largest to smallest, and then the largest average is marked with the letter a; This average is compared with the following averages, where the difference is not significant, marked with the letter a, until a certain average with a significant difference, marked with the letter b. Where there is an identical marking letter, the difference is not significant, and where there is a different marking letter, the difference is significant.



Although α diversity analysis did not reveal significant changes in gut microbiota resulting from placebo and LRa05 interventions, β diversity analysis showed (Figure 7C) that placebo and LRa05 interventions had significant effects on gut microbiota composition (p = 0. 003). The adonis assay was used to assess the effects of LRa05 and placebo interventions on gut microbiota composition. However, at the end of the study, the difference between the LRa05 and placebo groups was not significant (p = 0. 491) (Figure 7D).





Changes at the phylum and genus levels in intestinal microbiota

At the phylum level, Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteriota, and Actinobacteria are the five most dominant bacterial phyla (accounting 99.9%) in the intestinal microbiota of the subjects (Figure 8A). Our analysis of the gut microbiota data at time points W0 and W4 revealed that there were no significant differences in the intestinal microbiota at the phylum level between the Placebo and LRa05 groups at any given time point (Figure 8B), except for Bacteroidetes. At the W4 point, the level of Bacteroidetes significantly decreased in the placebo group. Regarding Proteobacteria, both groups showed an upward trend at the end of the intervention period after antibiotic treatment.




Figure 8 | Changes in gut microbiota composition in placebo and LRa05 groups pre- and post-intervention. (A) Distribution of microbiota abundance at the phylum level across placebo and LRa05 groups. (B) Changes in phylum-level abundance from baseline (W0) to post-intervention (W4). LRa05, Lacticaseibacillus rhamnosus, _0: week 0, _4: week 4. All the averages are listed in order from largest to smallest, and then the largest average is marked with the letter a; This average is compared with the following averages, where the difference is not significant, marked with the letter a, until a certain average with a significant difference, marked with the letter b. Where there is an identical marking letter, the difference is not significant, and where there is a different marking letter, the difference is significant.



In terms of genus classification, although most beneficial bacteria such as Faecalibacterium, Roseburia and Bifidobacterium have generally decreased in all patients after treatment, the reduction of these bacteria groups is less pronounced in patients receiving LRa05 intervention. For example, although the content of Faecalibacterium in the LRa05 group has decreased, the rate of decline in Faecalibacterium is significantly smaller than in the placebo group (p = 0.008). Bacteroides and Blautia genera in the LRa05 group also showed a decline, but to a similarly small extent compared to the placebo group, suggesting a protective effect of LRa05 intervention. The Lachnospira and Roseburia genera decreased significantly in the placebo group, whereas the decrease was more moderate in the LRa05 group. After antibiotic treatment, the abundance of both beneficial and harmful bacteria decreased, but the following bacteria groups increased in the LRa05 group compared to the placebo group: Faecalibacterium, Lachnospira, Parabacteroides, Subdoligranulum, Phascolarctobacterium, Agathobacter, Fusicatenibacter, Alistipes, Coprococcus, Oscillibacter, Parasutterella, Megamonas (Supplementary Table 1).





Correlation analysis between gut microbiota and inflammatory markers after LRa05 intervention

The Megamonas genus exhibits a positive correlation with PGI, GT17, and C13, while showing a negative correlation with inflammatory factors such as IL-6, IL-8, and TNF-α. Phascolarctobacterium has a positive correlation with indicators like CREA, UREA, TBIL, and C13, while displaying a negative correlation with inflammatory factors like IL-6 and IL-8. Faecalibacterium and Fusicatenibacter demonstrate a negative correlation with IL-8 and a positive correlation with C13. Therefore, LRa05 combination therapy adjusts the abundance of Megamonas, Phascolarctobacterium, Faecalibacterium, and Fusicatenibacter to reduce intestinal inflammation and promote intestinal health (Figure 9).




Figure 9 | Correlation between intestinal microbiota and serum biochemistry, inflammatory factors and 13C. 13C, 13C-urea breath test; TNF-α, tumor necrosis factor α; IL-6, interleukin-6; IL-8, interleukin-8; PLT, platelet; IL-17, interleukin-17; RBC, red blood cell; ALT, alanine aminotransferase; AST, spartate aminotransferase; GT17, gastrin-17; GSRS, gastrointestinal symptom rating scale; NEUT, neutrophil; PGI, pepsinogen I; HGB, hemoglobin; TBIL, total bilirubin; UREA, urea; CREA, creatinine. *p<0.05, **p<0.01, ***p<0.001.








Discussion

The results demonstrate that although LRa05 does not significantly enhance the H. pylori eradication rate, it effectively improves liver function, modulates inflammatory responses, and significantly optimizes gastrointestinal symptoms and dysbiosis caused by eradication treatment. This suggests that LRa05 can serve as a potent adjunct to conventional H. pylori eradication therapies, mitigating the discomfort caused by pharmacological treatments.

Several similar clinical studies have shown that probiotic supplementation has no significant effect on H. pylori eradication rates (22, 32). However, some scholars argue that probiotics offer a potential benefit in enhancing the eradication rate of H. pylori infection (33, 34). In this study, the eradication rate of the two groups changed numerically, and the eradication rate of LRa05 group was higher than that of the placebo group, but the difference was not significant. Therefore, we do not recommend probiotics as a separate drug to eradicate H. pylori, but adding probiotics as a supplement to the original eradication therapy may be a beneficial approach.

The results showed that LRa05 can regulate the blood neutrophil count, as well as ALT and AST levels, which indicates that as a probiotic supplement, it has a certain effect on regulating inflammation, reducing neutrophil count and improving liver function. Other studies on Lactobacillus rhamnose-treated liver disease also support our conclusion (35, 36). Although there were significant differences in CREA levels between the two groups before and after treatment, which may be related to antibiotic treatment, CREA values were within the normal reference range for creatinine in adults (44-133 μmol/L). There were no significant changes in other blood routine and blood biochemical indexes, indicating that the safety of LRa05 as a probiotic supplement is guaranteed. To our surprise, there was a significant difference in the frequency of Pepsinogen I (PGI) abnormalities between the two groups at week 4. Pepsinogen I is strongly associated with atrophic gastritis and can be used as an indicator to assess stomach cancer risk (37, 38). Those results indicate that probiotics may have the potential to improve gastric mucosa atrophy and preventing gastric cancer.

Many previous studies have shown that probiotics play an important role in human immune regulation and regulate the expression levels of inflammatory factors such as IL-6, IL-8, TNF-α, etc (39, 40). This coincides with the conclusion of this study. The regulation of the human immune microenvironment and enhancement of immune system function are among the mechanisms that probiotics can contribute to eradicating H. pylori infection (10). This may explain why probiotic supplementation in this study led to improvements in gastrointestinal adverse symptoms.

Previous research studies have shown that probiotic supplementation can improve the adverse gastrointestinal symptoms caused by H. pylori eradication (6, 23), it can effectively relieve diarrhea, abdominal pain, nausea, constipation and other symptoms. Contrary to some other studies (13), the total GSRS score did not differ significantly between the two groups in this study after treatment. However, through further statistics, we found that after treatment, patients in the LRa05 group had significant improvements in abdominal pain, abdominal distension, acid reflux and loose stool compared with the placebo group. The positive effect of probiotics on gastrointestinal symptoms can effectively enhance patient compliance and improve the safety of eradication therapy, which is of great significance for the eradication of H. pylori.

Overall, after antibiotic treatment, the abundance of both beneficial and harmful bacteria decreased while in the probiotic (LRa05) group, it increased compared to the placebo group. This is consistent with some previous clinical trials (9, 25, 32). The relatively increased beneficial bacteria in the probiotic group are Faecalibacterium, Lachnospira, Parabacteroides, Subdoligranulum, Phascolarctobacterium, Agathobacter, Fusicatenibacter, Alistipes, Coprococcus, Oscillibacter, Parasutterella, Megamonas, etc. Among them, Faecalibacterium, Parabacteroides, Phascolarctobacterium, Oscillibacter and Parasutterella are all related to immune regulation and can inhibit inflammatory response (41–45). In this study, the changes of IL-6 and TNF-α levels may be related to these microbial changes. The abundance of most beneficial bacteria genera generally decreased after treatment, but the decrease of these microorganisms was smaller in patients receiving probiotics, indicating that supplementation of probiotics has a protective effect on intestinal microbiota homeostasis. Antibiotic treatment resulted in a decrease in the abundance of most bacteria, but a few species showed an increasing trend at the end of treatment. In this study, it was observed that in both the probiotic-assisted antibiotic treatment and the control (placebo) group, Proteobacteria showed an increasing trend at the end of treatment. Proteobacteria is a genus of bacteria, including some important pathogenic bacteria such as Enterobacteriales and H. pylori (46). This upward trend may indicate that antibiotic treatment has affected the microbiota balance in the gut, reducing some of the competing beneficial bacteria and thus creating conditions for the growth of potentially pathogenic bacteria such as Proteobacteria. This is consistent with the conclusions of some previous studies (47–49). Therefore, it is reasonable to think that antibiotic treatment can affect the diversity of gut microbiota, including beneficial and harmful bacteria. Probiotic intervention can reverse the trend of antibiotic microbiota changes, mainly by increasing the abundance of beneficial bacteria. From this perspective, it is particularly important to supplement probiotics while eradicating H. pylori to increase the abundance of beneficial bacteria in the gut and reduce the increase of harmful bacteria.

In summary, while LRa05 intervention demonstrated some efficacy in adjunctive H. pylori eradication therapy, our study faces several limitations. Firstly, our sample size was insufficient. Secondly, this study lacked uniform requirements for diagnosing H. pylori infection during the enrollment and screening preventing scientific statistical analysis of H. pylori bacterial load before and after treatment. Further analysis of 13C breath test values may offer deeper insights into probiotics’ eradication effects on H. pylori. Additionally, although we supplemented probiotics for an additional 2 weeks post-therapy, this duration might have been insufficient, resulting in insignificant changes in some indicators. Hence, extending probiotic supplementation duration could potentially yield better therapeutic outcomes.





Conclusion

This study confirmed the effectiveness of LRa05 as a supplement for H. pylori eradication therapy. Although it does not improve the eradication rate, it can alleviate the adverse symptoms and intestinal microbiota disturbances caused by eradication treatment, and can also regulate the inflammatory response in the body and improve liver function.
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