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Background

The increasing rate of drug resistance often leads to Helicobacter pylori (H. pylori) eradication failure and needs the rescue therapy. Thus, the exploration of new rescue therapeutic regimens is important. The present study was designed to test the beneficial effects of Saccharomyces boulardii (S.boulardii) prior to H. pylori rescue therapy basing on bismuth quadruple.



Methods

One hundred H. pylori-infected patients were randomly divided into two groups: study group and control group. Patients in the study group (n=50) underwent two-stages therapy: patients started with S.boulardii monotherapy for 2 weeks, and then tested for H. pylori infection after resting for 4 weeks without any therapy, patients who were still positive for H. pylori continued with bismuth quadruple eradication therapy. For the control group (n=50), all patients were observed and were not treated with any gastric drugs or antibiotics for 6 weeks, then those who were still positive for H. pylori received the same eradication therapy as the study group. Eradication rate, adverse events and the cost-effectiveness of two regimens were analyzed in this study.



Results

The H.pylori eradication rate of ITT (intent-to-treat) analysis and PP (per-protocol) analysis in the first phase of treatment were significantly higher in the study group than the control groups respectively (28.0% vs 2.0%, p<0.001 and 30.4% vs 2.1% p<0.001). For the total treatment effect, there were no significant differences in the eradication rate of ITT analysis (78.0% vs 80.0%) or PP analysis (90.7% vs 88.9%) between the study group and the control group. The cost‐effectiveness ratio of the study group was slightly higher than that of the control group (8.95 vs 8.55). There were two patients in the study group and four patients in the control group with the adverse events, respectively. There was no significant difference on the incidence of adverse events between the two groups (p=0.68).



Conclusion

S.boulardii may serve as a beneficial treatment option before H. pylori rescue therapy since it callowed partial patients to avoid reusing bismuth quadruple.
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Introduction

Helicobacter pylori (H. pylori) infection is a common bacterial infection that causes chronic gastritis, peptic ulcers, gastric cancer, MALT lymphoma, and other gastrointestinal diseases (Warren, 2000; Moss and Malfertheiner, 2007; Wang et al., 2014). The prevalence of H. pylori is about 50% of the population in China and it has been classified as a class I biologic carcinogen (Ahn and Lee, 2015; Hooi et al., 2017). The bismuth quadruple therapy (proton pump inhibitor plus bismuth and two antibiotics) for two weeks is currently recommended as the main empirical treatment for H.pylori eradication (Fallone et al., 2016). However, the development of antibiotic-resistant bacteria and a gradual increase in refractory H. pylori infections have been more recently associated with the massive increase in the use of antibiotics, poor patient compliance, and irregular drug use, and the side effects associated with drugs have increased, leading to the development of antibiotic-resistant bacteria and a gradual increase in refractory H.pylori infections (Thung et al., 2016; Czerucka and Rampal, 2019). Thus, the exploration of new salvage therapy regimens is important.

To improve the eradication rate and reduce the side effects of drugs, many therapeutic strategies and new drugs have been investigated. High-dose dual therapy and novel acid suppressants blockers such as vonoprazan may contribute to the successful eradication of H. pylori through rescue therapy (Shirai et al., 2007; Yang et al., 2015; Hirata et al., 2020; Sue et al., 2021). In addition, several studies have demonstrated that therapeutic regimens are based on antibiotic sensitivity testing (Yahav et al., 2006) as well as drug resistance gene testing (Liou et al., 2013) can improve the effectiveness of salvage therapy, but they are limited by technical issues and the price. Furthermore, Supplementation with polaprezinc (Kashimura et al., 1999), the traditional Chinese medicine (Li et al., 2021), probiotics (Dang et al., 2014), and other drugs are also considered as optional options for the treatment of refractory H. pylori infection.

Saccharomyces boulardii (S. boulardii),as a probiotics, was first isolated from litchi fruit (Edwards-Ingram et al., 2007). S. boulardii is a non-bacterial microorganism that is resistant to antibiotics, and could partially viable at low pH values. Currently, S. boulardii is mainly used to treat antibiotic-associated diarrhea, Clostridium difficile infections, travelers’ diarrhea, inflammatory bowel diseases, and irritable bowel syndrome, etc (Edwards-Ingram et al., 2007; Szajewska and Kołodziej, 2015). Two meta-analyses have shown that the supplementation with S. boulardii in the standard triple therapy can increased the eradication rate of H. pylori and reduced the incidence of overall side effects (Szajewska et al., 2010; Szajewska et al., 2015). However, several studies have reported that treatment with S. boulardii combined with the bismuth quadruple can reduce side effects in patients, but fails to further improve eradication rates (Chen et al., 2018; Zhao et al., 2021; Naghibzadeh et al., 2022). In addition, treatment of H. pylori infection with probiotic monotherapy in children has an eradicate 29.3% of cases (Boonyaritichaikij et al., 2009), While treatment with S.boulardii alone has an eradication rate of 11.8% (Gotteland et al., 2005). However, in the previous studies, S.boulardii was limited to the first treatment of H. pylori infection or combined with triple therapy or quadruple therapy. In clinical practice, we found that S.boulardii monotherapy eliminated H. pylori infection in some patients after multiple treatment failures. Therefore, we designed a randomized controlled clinical trial with an expanded sample size to further evaluate the efficacy and safety of S.boulardii as a pre-treatment for H. pylori infection rescue therapy.



Materials and Methods


Patients

Patients were enrolled from the department of Gastroenterology at the Third Xiangya Hospital of Central South University. This study had already been approved by The Ethics committee of the Third Xiangya Hospital of Central South University(approval number 21151)and was registered in the national clinical registry NCT05191875. Written informed consent was obtained from all subjects prior to participation.



Inclusion and Exclusion Criteria

The inclusion criteria were as follows: Participants were aged 18 to 65 years, and both females and males were able to participate; Patients had to have a diagnosis of H. pylori infection and have failed treatment for H. pylori infection based on the results of the 13C or 14C-UBT; Patients could not have taken acid-suppressing medications (PPI or H2 blockers) within the last 2 weeks or used antibiotics and/or bismuth within the last 4 weeks; Participants had to understand and be willing to participate in this clinical trial and provide a signed informed consent form.

The Exclusion Criteria were as follows: Participants have a history of drug allergy; severe cardiac, hepatic, pulmonary,or renal insufficiency;a recent history of gastrointestinal hemorrhage, obstruction, perforation, tumors, or other serious organic diseases of the gastrointestinal tract, patients with mental illness, psychological disorders or inability to cooperate with the researchers; or be pregnant, lactating, or planning to have children during the study period.



Diagnosis for H. pylori Infection

A positive H. pylori infection was defined as: a positive 13C/14C urea breath test(13C/14C-UBT)

13C-UBT: The participants fasted for at least 4h, and a breath sample before taking the medicine was taken(pre-dose). The participants took one urea capsule (Beijing Haiderun Pharmaceutical Group Co., Ltd.). After 30 min, a breath sample was taken(post-dose), and then pre-dose and post-dose breath samples were measured using a 13C infrared spectrometer. The 13C-UBT is usually expressed as a DOB value,where values≥4.0 are taken as positive, and those <4.0 are negative.

14C-UBT: Participants were given one capsule of 14C-urea breath capsule (Shanghai Xinke Pharmaceutical Co., Ltd.) after fasting from food for at least 3h. The patient blew into the H. pylori test breath card (Anhui Yanghe Medical Equipment Co., Ltd.) for about 3~5 min, The cut off value for 14C-UBT was taken as 99, >99 dpm/mmol were determined to be positive, while those ≤99 dpm/mmol were determined to be negative.



Therapeutic Regimens

Therapeutic Regimens and study design are illustrated in (Figure 1). This was a single-center, randomized controlled study. Participants were allocated to either the study group or the control group according to a randomization table that was generated by a computerized online random number generator.




Figure 1 | Study design of two therapeutic regimens and flow diagram of the study.



The study group (n=50) underwent two stages of treatment. In the first stage, they were treated with S. boulardii (500mg b.i.d) for 14 days. After discontinuation of the drug for at least 4 weeks, H. pylori eradication status was confirmed by a positive 13C or 14C-UBT. patients who were still positive for H.pylori continued with the second stage of treatment with Ilaprazole(5mg b.i.d), Doxycycline(0.1g b.i.d). Furazolidone(0.1g b.i.d), and Colloidal Bismuth Tartrate (Figure 1) (220mg b.i.d) for 14-day therapy as the second stage of treatment.

As for the control study(n=50), patients were observed for 6 weeks without gastric drugs or antibiotics, and then those who were still positive for H. pylori received the same eradication therapy as the study group.13C or 14C-UBT was used to evaluate the H. pylori eradication rate after at least 4 weeks off drugs (Figure 1).

We analyzed the patients’ clinical data, including the characteristics of the patient, eradication rate, cost-effectiveness, and adverse effects to evaluate the efficacy of S. boulardii as a rescue treatment for H. pylori infection. Smoking was defined as at least 1 cigarette/d, continuous or cumulative for ≥6 months, Alcohol is consumed when ≥ 20 g pure alcohol per day. Medication compliance was assessed by the participants’ medication possession ratio (MPR). MPR is the ratio of the actual amount of medication taken by the patient to the amount of medication that should have been taken. MPR>80% was considered as good compliance, and MPR<80% was considered as poor compliance. Patients who did not test 13C/14C-UBT after treatment were considered to be poor compliance.



Sample Size Estimation

Pass.15.0 was used to perform the sample size estimation for our study. We used a sample size of 45 for the study group and 45 for the control group, achieving a power level of 90.473% to detect a difference in proportions between groups of 0.23. In our previous clinical observations, we found that S. boulardii alone could achieve an eradication rate of 20-30% during the resuce therapy for H. pylori. The proportion in the study group was assumed to be 0.020 under the null hypothesis and 0.25 under the alternative hypothesis. The proportion in the control group was 0.020. The test statistic used was the two-sided Z-Test with pooled variance. The significance level of the test was 0.05. Based on the assumed dropout rate of 10%, we decided to collect 50 patients in each group to verify the effect of the drug treatment.



Outcomes

The primary outcome of the trial was the eradication rate. All patients were included in the ITT (intent-to-treat) analysis regardless of whether they completed the trial or not. Patients not lost to follow-up and with good medication compliance (MPR>80%) were included in the PP (per-protocol) analysis. The cost of medication per patient only included direct drug costs and breath test cost, effectiveness is the eradication rate in the PP analysis. Patients were followed up by telephone or in the clinic to identify side effects and confirm medication compliance at two and four weeks after taking the medication.



Statistical Analysis

SPSS.26.0 software was used to analyze the collected data. The radical rate of H. pylori was measured by ITT and PP analysis. The measurement data are expressed as the mean ± standard deviation, and the enumeration data are displayed with as percentages. The Student’s t-test was used to compare measurement data between two groups. The Chi-squared or Fisher’s exact test was used for the enumeration data, as appropriate; p< 0.05 was considered statistically significant.




Results


Characteristics of the Patients

A total of 100 patients who met the inclusion criteria were recruited and were randomly allocated to the study group(n=50) and control groups(n=50). 43 and 45 patients in the two groups completed regimens respectively and attended the follow-up of 13C or 14C-UBT, respectively. There were no statistical differences in the demographic and clinical characteristics of patients between the two groups(p>0.05)(Table 1). For the patients in study group, there were no statistical differences in the demographic characteristics of patients between patients who succeeded and failed to eradicate H. pylori infection(p>0.05)(Table 2).


Table 1 | Demographic characteristics of patients in the first stage of rescue therapy.




Table 2 | Demographic characteristics of patients who succeeded and failed to achieve eradication in the study group.





H. pylori Eradication Rates

The eradication rate in the first phase of treatment was 28.0% and 2.0% in the ITT analysis and 30.4% and 2.1% in PP analysis for the study group and the control group, respectively(p<0.001). For the total treatment effect, the ITT analysis of the eradication rate produced values of 78.0% and 80.0% for the study group and the control group, respectively(p=0.81). Values of 90.7% and 88.9% were found for the study and control groups in the PP analysis, respectively (p=1.0). There was a significant difference on the eradication rate in the first phase of the two therapeutic regimens, but not for the total and the second phase eradication rates (Tables 3–5).


Table 3 | The eradication rate of the first stages of treatment.




Table 4 | The eradication rate of the second stages of treatment.




Table 5 | The total eradication rate of the two therapeutic regimens.





The Cost-Effectiveness Analysis

In this study, the average cost per patient is 811.4 yuan for the study group, and 759.9 yuan for the control group(Table 6). Cost‐effectiveness analysis also showed that the cost‐effectiveness ratio of the study group (8.95) is slightly higher than the control group (8.55)(Table 6).


Table 6 | The cost-effectiveness analysis of the two therapeutic regimens.





Adverse Events

There were 2 cases of acid reflux or retrosternal discomfort in the study group, while there were 4 cases of nausea, rash, or epigastric discomfort in the control group. There was no statistical difference on the incidence of adverse events between the two groups(p=0.68)(Table 7). The adverse events were relatively mild and patients recovered on their own after discontinuation of the drug.


Table 7 | Adverse events of two therapeutic regimens.






Discussion

Our study indicates that the two therapeutic regimens we adopted both achieved satisfactory H. pylori eradication rates and that S. boulardii can have an inhibitory effect on H. pylori to some extent. S.boulardii may be used as a pre-treatment of rescue therapy for H. pylori infection.

According to the AGA(American Gastroenterological Association) Expert Review on Clinical practice for refractory H. pylori Infection, one and more failures are enough to define refractory H. pylori infection (Shah et al., 2021). Thus, cases with one or more failed H. pylori treatments, we should use drugs with caution. The Maastricht V/Florence Consensus states that fluoroquinolone containing triple or quadruple therapy can be recommended for H. pylori-infected patients with failure by bismuth quadruple therapy (Malfertheiner et al., 2017). However, some patients still do not achieve successful eradication of their diseases due to antibiotic resistance and the lack of patient compliance.

After treatment failure, H. pylori sphericity and biofilm formation are in the dormant stage, and continuous intensive antibiotic treatment is not recommended (Tshibangu-Kabamba and Yamaoka, 2021). Bacteria are more sensitive to antibiotics when they are in a relatively active reproductive state (Camacho Mateu et al., 2021). Several studies have demonstrated that continuous treatment with long courses of antibiotics could not only lead to the selection of drug-resistant bacteria (Jakobsson et al., 2007) but could even lead to serious drug side effects such as severe diarrhea and Clostridium difficile infection (Nei et al., 2020). Recent studies have also shown that H. pylori treatment led to dysbiosis of Stomach microbiota, while probiotic supplementation could restore the disturbed stomach microbiota in some patients (Yuan et al., 2021). Therefore,we applied S. boulardii alone before the next treatment. The resistance rates of doxycycline and furazolidone in China are 9.2% and 1.49%, respectively (Shao et al., 2018). For rescue therapeutic drugs, a study shows that bismuth quadruple containing doxycycline and furazolidone had a cure rate of more than 90% (Zhou et al., 2020). Therefore, these two antibiotics were used as rescue treatments for H. pylori in our study. The result of our study showed no statistical difference in H. pylori eradication rates between the two treatment regimens,which may be explained by the already strong therapeutic effect of the bismuth quadruple containing doxycycline furazolidone, In addtion, small sample and the long intermittent period between first stage and second stage may also affect the anti-H. pylori treatment.

To the best of our knowledge, this is the first study to use S. boulardii alone to treat patients who have failed H. pylori treatment. Several studies have proposed mechanisms for the probiotic eradication of H.pylori infection including protection of the mucosal barrier, the secretion of antimicrobials, modulation of the immune response, and co-aggregation and aggregation (Qureshi et al., 2019). As for S. boulardii, the current research shows that S. boulardii can eradicate H. pylori infection through a variety of mechanisms in vitro and in vivo. Sakarya S et al. reported that S.boulardii prevented the binding of surface α(2-3)-linked sialic acid to the ligand of sialic acid-binding H. pylori adhesin, which in turn inhibited the adhesion of H. pylori to duodenal epithelial cells (Sakarya and Gunay, 2014). In addition, S. boulardii can exerted an immunoprotective effect by stimulating sIgA and immunoglobulin secretion in the gastrointestinal tract (Buts et al., 1990).

For clinical research, it has been reported that the eradication rate of H. pylori infection in children when S. boulardii alone is used for the first treatment is 11.8% (Gotteland et al., 2005). Our study found that S.boulardii was able to achieve an eradication rate of 28.0% during the resuce therapy. There are some reasons for this, as follows: Firstly, the dose and usage of S. boulardii we applied differed from those used in the previous study; Secondly, the rescue treatment was different from the first treatment, and we speculate that only some drug-resistant bacteria survived after the previous treatment, but S. boulardii has a different mechanism from antibiotics and can remove the antibiotic-resistant H. pylori. Thirdly, the sensitivity and specificity of the 13C or 14C-UBT instrument varies from company to company. Notably, 2% of controls were eradicated without any medication, which may be a false positive or false negative 13C/14C breath test.

S. boulardii is relatively safe and does not colonize the human gastrointestinal tract. It only results in a transient effect on the intestinal flora when taken and few people had side effects in our study. S.boulardii is a fungus that is partially viable at low pH levels and is highly tolerant to bile acids (Edwards-Ingram et al., 2007). The optimal growth temperature for S. boulardii is approximately 37 °C, which is similar to human body temperature (Graff et al., 2008). S. boulardii changes in the gut microbiota and thus reduces adverse gastrointestinal reactions in patients (Cárdenas et al., 2020). The most severe adverse effect of S. boulardii is fungemia, which has been reported mostly in preterm infants and critically ill patients, and has a low incidence rate (Roy et al., 2017; Rannikko et al., 2021). However, there was no statistical differences in adverse effects between the two therapeutic regimens tested in the present study, which may be related to our relatively small sample size. Salvage therapy options for treating H. pylori infection with amoxicillin allergy are relatively rare (Dutta and Phull, 2021). We may be able to improve the eradication rate of H. pylori by using S. boulardii as a pretreatment before the next treatment. Based on the safety of S. boulardii, it may also be more suitable for older people as well as children with H. pylori infection.

There are some limitations to this study. First, this study was a single-center controlled study that needs to be validated in different countries and regions. In addition, the small sample size and high dropout rate may have had some influence on the results. Furthermore, the use of blinded methods as well as placebo controls would further improve the accuracy of the findings.



Conclusion

The efficacy of both two regimens was satisfactory during rescue therapy for H. pylori eradication. S. boulardii monotherapy affects refractory H. pylori infection and partially cures H. pylori infection before the next bismuth quadruple therapy.Some patients who are successfully treated with S. boulardii will prevent patients from reusing bismuth quadruple. The precise mechanism of the treatment of H.pylori by S. boulardii, dosing schedule, and dosage remain to be further studied, and more studies are needed to explore new rescue therapy regimens.
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