Stéphane Sadrin 
email: stephane.sadrin@gmail.com
  
Souad Sennoune 
  
Bernard Gout 
  
Sébastien Marque 
  
Jacques Moreau 
  
Karim Zinoune 
  
Joël-Paul Grillasca 
  
Olivier Pons 
  
Jean-Michel Maixent 
  
  
  
A 2-strain mixture of Lactobacillus acidophilus in the treatment of irritable bowel syndrome: A placebo-controlled randomized clinical trial

Keywords: EudraCT N°2008 A00844-51 Functional gastrointestinal disorders, Microbiota, Probiotics, Lactic acid bacteria

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder with a worldwide global prevalence estimated at 6% in the general adult population [START_REF] Palsson | Rome IV Diagnostic Questionnaires and Tables for Investigators and Clinicians[END_REF]. IBS consists of abdominal pain or discomfort and altered bowel habits, especially constipation and/or diarrhea, criteria which have not been directly linked to structural or biochemical abnormalities [START_REF] Longstreth | Functional bowel disorders[END_REF]. The current consensus is that the pathophysiology of IBS is multifactorial and involves a dysfunction of the gut-brain axis linked to gut microbiota or "microbiome", visceral hypersensitivity, abnormal gastrointestinal motility and secretion as well as a low-grade intestinal inflammation [START_REF] Simrén | Intestinal microbiota in functional bowel disorders: a Rome foundation report[END_REF]. Dysbiosis is highly associated with the disruption of gut-brain axis in IBS patients, suggesting that microbiota influences these different pathophysiological targets [START_REF] Simrén | Intestinal microbiota in functional bowel disorders: a Rome foundation report[END_REF]. In the absence of a well-established therapeutic approach, IBS patients seek alternative strategies such as probiotics [START_REF] Simrén | Intestinal microbiota in functional bowel disorders: a Rome foundation report[END_REF]. Several food-associated Lactobacillus species have an excellent safety profile and have a "generally-regarded-as-safe" (GRAS) status, such as Lactobacillus acidophilus (L. acidophilus) [START_REF] Bull | The life history of Lactobacillus acidophilus as a probiotic: a tale of revisionary taxonomy, misidentification and commercial success[END_REF]. While L. acidophilus is one of the most commonly dietary used bacteria, only 2 RCT performed with L. acidophilus strains and conducted with a high-quality method have been reported in the symptomatic treatment of IBS [START_REF] Didari | Effectiveness of probiotics in irritable bowel syndrome: Updated systematic review with meta-analysis[END_REF][START_REF] Ford | Systematic review with meta-analysis: the efficacy of prebiotics, probiotics, synbiotics and antibiotics in irritable bowel syndrome[END_REF][START_REF] Sinn | Therapeutic effect of Lactobacillus acidophilus-SDC 2012, 2013 in patients with irritable bowel syndrome[END_REF][START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF]. After 4 weeks of treatment, L. acidophilus-SDC 2012, 2013 significantly reduced abdominal pain compared with placebo in a pilot RCT including 40 patients [START_REF] Sinn | Therapeutic effect of Lactobacillus acidophilus-SDC 2012, 2013 in patients with irritable bowel syndrome[END_REF]. Recently, a 12-week RCT performed with L. acidophilus NCFM showed significant improvement of abdominal pain in the subgroup of patients suffering from moderate to severe pain [START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF].

Although modest, this latter result is consistent with preclinical data demonstrating the strainspecific property of L. acidophilus NCFM to modulate and restore a normal perception of visceral pain [START_REF] Rousseaux | Lactobacillus acidophilus modulates intestinal pain and induces opioid and cannabinoid receptors[END_REF]. Based on the higher magnitude of positive results observed with L. acidophilus-SDC 2012, 2013 strains, we have suggested an additional benefice of a combined treatment with two strains of the same species without known antagonist effects, and designed a tightly-controlled protocol to test this hypothesis [START_REF] Sinn | Therapeutic effect of Lactobacillus acidophilus-SDC 2012, 2013 in patients with irritable bowel syndrome[END_REF][START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF]. This design was published as Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome (LAPIBSS study) and used to obtain the results of the present RCT [START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF]. The use of a second available L. acidophilus strain, i.e. L. acidophilus subsp. helveticus LAFTI L10, was based on preclinical and clinical evidence for its strain-specific gut immune-enhancing properties [START_REF] Paturi | Immune enhancing effects of Lactobacillus acidophilus LAFTI L10 and Lactobacillus paracasei LAFTI L26 in mice[END_REF][START_REF] Clancy | Reversal in fatigued athletes of a defect in interferon gamma secretion after administration of Lactobacillus acidophilus[END_REF][START_REF] Van Baarlen | Human mucosal in vivo transcriptome responses to three lactobacilli indicate how probiotics may modulate human cellular pathways[END_REF]. Both strains are also probiotics with approved safety and fermentative properties [START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF][START_REF] Rousseaux | Lactobacillus acidophilus modulates intestinal pain and induces opioid and cannabinoid receptors[END_REF][START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF][START_REF] Paturi | Immune enhancing effects of Lactobacillus acidophilus LAFTI L10 and Lactobacillus paracasei LAFTI L26 in mice[END_REF][START_REF] Clancy | Reversal in fatigued athletes of a defect in interferon gamma secretion after administration of Lactobacillus acidophilus[END_REF][START_REF] Van Baarlen | Human mucosal in vivo transcriptome responses to three lactobacilli indicate how probiotics may modulate human cellular pathways[END_REF][START_REF]Licensed Natural Health Products Database[END_REF]. The aim of the LAPIBSS study was to test the assumption that the consumption of a 2-strain mixture of probiotic L. acidophilus species for 8 weeks could improve abdominal pain/discomfort as primary outcome and the others IBS symptoms such as bloating, flatus, rumbling and bowel habits, including stool frequency and consistency/appearance as secondary outcomes [START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF].

METHODS

Study design

The study protocol refers to a multicentre, double-blind, placebo-controlled, two-armed, parallel design, individually randomized trial, comparing probiotics with placebo in patients with IBS. The current trial was performed for a maximum of 9 weeks with 4 visits planned (at points corresponding to screening, baseline, 2 control visits after 4 and 8 weeks of treatment).

During the screening visit, investigators checked the eligibility of participants and obtained their informed consent. If the eligibility was confirmed within a maximum of 7 days from the date of the first visit, they were randomized to receive probiotics or placebo for 8 weeks, stratified by care centre. Regulatory approval was obtained September 11, 2008 

Patients

Patients who fulfilled the screening criteria were recruited by 10 office-based physicians located in France, and by a gastroenterologist of the Rangueil University Hospital of Toulouse, France. Eligible participants were screened among French patients already diagnosed with IBS and a total of 80 patients male and female were enrolled between January 2009 and April 2012.

The trial was completed on May 19, 2012. Patients were eligible for the trial if they provided written informed consent and if they met all of the following criteria: aged between 30 and 60 years old; diagnosed for IBS according to Rome III criteria; presented with a negative coprological and inflammatory balance (negative CRP blood test) for over 6 months. Subjects were excluded from the trial if they presented with an organic intestinal disease, a severe or active disease with multiple treatments, intestinal parasitic infection in the last 6 months, inflammatory bowel disease or a history of previous abdominal surgery (except appendectomy, caesarean birth, tubal ligation, hernia). In addition, subjects were excluded if they changed their medication in the last 2 months, took probiotics in the last 2 months or antibiotic therapy in the last 30 days, received current antidepressant or antipsychotic treatment, and received antimycotic and antiseptic treatment or treatment affecting gastrointestinal transit as well as chronic use of antalgic and antispasmodic medications. Additional exclusion criteria are detailed in the LAPIBSS protocol [START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF].

Randomization and interventions

The study was a double-blind trial. Neither investigators nor patients were aware of product allocation until the end of the trial. The type of randomization was the block randomization method and it was stratified by care centres with participants randomly allocated (1:1 basis) to either probiotics or placebo. An 88-case randomisation arrangement was performed by an independent statistician according to the sequence generated with SAS ® software (SAS ® 8.2 software (SAS ® , Cary, NC, USA)). The study product was provided in the form of vegetable capsule containing a blend of two viable lyophilized L. acidophilus strains: L. acidophilus NCFM (FDA GRAS Notice 000357, strain number ATCC SD5221, Danisco Inc. Madison, Wisconsin, United States) and L. acidophilus subsp. helveticus LAFTI L10 (strain number CBS 116.411, Lallemand Health Solutions, Blagnac, France). This mixture of two probiotic strains provides for each 2.5 x 10 9 colony-forming unit (cfu) for a total of 5 x 10 9 cfu per capsule.

Formulations of the indistinguishable investigational products are detailed in the supplementary material (Table S-1). These products were specially manufactured for the study by Laboratoire Denel-Codifra (Le Chesnay, France). The trial dose was 2 capsules/day taken orally; one in the morning and the other one in the evening with a full glass of water half an hour before eating.

At the baseline visit, investigators provided a box containing 120 capsules to each included participant to ensure 8 weeks of consecutive supplementation (56 ± 2 days). Eligible participants also received a diary to report their bowel habits daily and their IBS symptoms weekly for 8 weeks. Compliance was evaluated by counting the return of unused capsules.

Outcomes and safety assessment

IBS symptoms of abdominal pain or discomfort, bloating, flatus and rumbling were recorded by the clinical investigator on the case report forms for each patient at the baseline visit and at both visits (weeks 4 and 8). Each IBS symptom score was assessed with a 100-mm visual analogue scale (VAS; 0: none; 100: very severe) [START_REF] Irvine | Design of treatment trials for functional gastrointestinal disorders[END_REF]. The composite score was the sum of 4 VAS scores (abdominal pain / discomfort, bloating, flatus and rumbling) calculated for each patient. Stool frequency and consistency were recorded by each patient on the daily diary delivered at baseline visit and theirs scores were averaged over consecutive 7-day periods.

Baseline scores were calculated over the 7 days before product consumption.

Consistency/appearance of any bowel movement was assessed in accordance with the 7-point Bristol Stool Form Scale using the absolute difference from normal (score 4) [START_REF] Lewis | Stool form scale as a useful guide to intestinal transit time[END_REF].

The difference in score of abdominal pain/discomfort between groups at week 8 was defined as primary outcome. Secondary outcomes included differences in scores of bloating, flatus, rumbling, composite score and stool characteristics between groups at week 8. A medical history, including the presence of chronic diseases and regular medication were recorded before inclusion. Physical examinations were performed at each visit and vital signs were also monitored during the screening visit and at week 8.

Sample size calculation

According to the data from a previous trial performed by [START_REF] Nobaek | Alteration of intestinal microflora is associated with reduction in abdominal bloating and pain in patients with irritable bowel syndrome[END_REF] using a probiotic strain of the genus Lactobacillus to improve IBS symptoms, a difference of 10 points for the primary outcome of abdominal pain between the two groups of the trial was expected [START_REF] Nobaek | Alteration of intestinal microflora is associated with reduction in abdominal bloating and pain in patients with irritable bowel syndrome[END_REF].

Assuming a standard deviation (s.d.) of 10 points, the sample size required was 23 patients in each group to observe these differences with α error of 0.05 and at a statistical power of 90%.

By considering the risk that 40% of the patients included could not be assessed at the end of the study, it was necessary to include 40 patients per group [START_REF] Niv | The efficacy of Lactobacillus reuteri ATCC 55730 in the treatment of patients with irritable bowel syndrome -a double-blind, placebocontrolled, randomized study[END_REF]. Given the risk of failure at the selection, it was planned to include an additional 10% of subjects. Consequently, a maximum of 88 subjects was necessary to obtain 80 assessable subjects were recruited. This statistical sample size calculation was consistent with the EMA (European Medicines Agency) guidelines [START_REF]ICH Topic E9: Statistical Principles for Clinical Trials[END_REF].

Statistical analysis

Statistical analysis was conducted based on the intention to-treat (ITT) population, which includes every subject who is randomized according to randomized treatment assignment. All treated subjects without any major protocol deviations comprised the per-protocol set (PPS).

Statistical analysis was performed using the SAS ® 8.2 software (SAS ® , Cary, NC, USA) and the statistical significance was defined as a two-sided P-value < 0.05. The Shapiro-Wilk test as well as measures of Skewness and Kurtosis indicators were performed in order to check the normal distribution of raw data and residuals. Demographics and baseline clinical outcomes data were compared between groups using χ2 test or Fisher's exact and Student's t-test or Mann-Whitney-Wilcoxon test, when appropriate. Primary and secondary outcomes were analysed using a mixed linear model including the fixed, categorical effects of group, investigative center, visit, and treatment-by-visit interaction as well as the fixed, continuous covariates of baseline score and baseline score-by-visit interaction. Baseline score was included in the analysis according to the statistical methods from previous trials conducted in patients with IBS as recommended by the EMA guidelines [START_REF] Kajander | A probiotic mixture alleviates symptoms in irritable bowel syndrome patients a controlled 6-month intervention[END_REF][START_REF] Guyonnet | Effect of a fermented milk containing Bifidobacterium animalis DN-173 010 on the health-related quality of life and symptoms in irritable bowel syndrome in adults in primary care a multicentre, randomized, double-blind, controlled trial[END_REF][22]. The primary comparison was the contrast, i.e. the difference in least-squares means (LS Means) ± standard error of mean (SEM), between groups at week 8. An autoregressive covariance structure was used to model the within-patient errors and the Kenward-Roger approximation was used to estimate denominator degrees of freedom and adjust standard errors. The primary comparison was also performed on PPS. As required by the protocol, analysis of tolerability was conducted on the ITT population and missing data were not replaced.

RESULTS

Subjects

In accordance with the CONSORT statement, the flowchart of patients through the protocol study is described in the Figure 1 [START_REF] Moher | CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group randomised trials[END_REF]. Of the 127 participants screened by investigators to check their eligibility, 80 patients were randomized, 1 patient from probiotics group discontinued and 79 completed the study leading to an ITT population of 80 patients and a PPS of 79.

Demographics and baseline characteristics

As shown in Table 1, no significant differences (from P=0.49 to P=0.93) between probiotics and placebo groups were seen in terms of age, weight, gender, severity scores of abdominal pain, bloating, flatus, rumbling and composite scores as well as stool frequency and consistency/appearance.

Primary Outcome

Abdominal pain/discomfort scores shown in Table 2 improved significantly in both probiotics and placebo groups (P<0.0001) after 8 weeks of treatment compared with baseline. No significant differences were found between groups at week 8 (19.0 ± 2.5 vs 25.1 ± 2.6, in probiotics and placebo groups respectively; LS Means differences=6.0 ± 3.2; P=0.06). As shown in Figure 2A, a greater reduction in abdominal pain/discomfort severity was observed for probiotics group compared with placebo group throughout the intervention period.

Compared with the ITT population, the analysis on PPS did not show any significant difference.

Secondary outcomes

Symptom scores of bloating, flatus, rumbling and composite scores are shown in Table 2.

Bloating scores improved significantly in both groups (P<0.0001) after 8 weeks of treatment compared with baseline, but no significant differences between groups were found at week 8 (20.7 ± 2.8 vs 26.3 ± 2.8, in probiotics and placebo groups respectively; LS Means differences=5.6 ± 3.5; P=0.10) (Table 2). A greater reduction of bloating scores was observed in probiotics group in comparison with placebo group throughout the intervention period as shown in Figure 3A. Compared with baseline, flatus, rumbling and composite scores were reduced significantly in both probiotics and placebo groups (P<0.0001) at week 8 (Table 2).

Figures 3B, 3C and 3D

show respectively a greater reduction of flatus, rumbling and composite scores in probiotics group compared with placebo group throughout the trial. Significant differences between groups were found for flatus scores at week 4 (28.3 ± 3.0 vs 36.0 ± 3.1, in probiotics and placebo groups respectively; LS Means differences=7.7 ± 3.7; P=0.04) and week 8 (21.3 ± 3.0 vs 29.6 ± 3.1, in probiotics and placebo groups respectively; LS Means differences=8.2 ± 3.8; P=0.03), while no significant differences between groups were found for symptoms scores of rumbling at the end of the study (P=0.21) (Table 2). Significant differences between groups were found for composite scores at week 8 (79.2 ± 9.6 vs 103.7 ± 9.8, in probiotics and placebo groups respectively; LS Means differences=24.54 ± 11.84; P=0.04) (Table 2). No significant differences between groups were observed for stool frequency (P=0.73) and consistency (P=0.89) at the end of the trial (Table 3).

Compliance

Apart from one patient from the placebo group who discontinued the trial due to a voluntary withdrawal after the 4 th week, all patients complied with the protocol. According to the returned capsules, compliance with investigational product was high in both groups with no significant differences between probiotics and placebo groups (38/40 vs 39/40, respectively; P=1.0).

Adverse events

One subject from the probiotics group reported transient adverse events (AE) including abdominal pain, bloating and diarrhea occurring at the first week of the trial, but he did not withdraw from the trial and complied with the protocol until the end of the study without any other AE. No serious AE were reported in this trial.

Use of rescue medication

The use of rescue medication was comparable in both groups with no significant differences between probiotics and placebo groups (12/40 vs 14/40, respectively; P=0.63).

DISCUSSION

The current trial has failed to demonstrate a significant improvement of the primary outcome of abdominal/pain discomfort and the secondary outcome of bloating although the reduction of the severity of these symptoms was greater in the probiotics group compared to the placebo group. Significant differences between groups were observed for secondary outcomes of flatus score at weeks 4 and 8 and composite score at week 8.

According to the FDA IBS clinical guidelines published after the start of the present trial, responders were defined as patients reporting a decrease ≥ 50% of abdominal pain [START_REF]Irritable Bowel Syndrome -Clinical Evaluation of Products for Treatment[END_REF]. The placebo response rate (PRR) found in our study was 52.5%. Using the same response threshold, the PRR in IBS composite score was 40% which is consistent with results of a meta-analysis performed by [START_REF] Ford | Meta-analysis: factors affecting placebo response rate in the irritable bowel syndrome[END_REF] investigating the magnitude of PRR in treatment trials for IBS and reporting a pooled PRR across all RCT of 37.2% (95% CI 34.4 -40.6%) [START_REF] Ford | Meta-analysis: factors affecting placebo response rate in the irritable bowel syndrome[END_REF].

Interestingly, results of this meta-analysis showed a higher PRR in RCT performed in Europe, with physician-reported outcomes, and using shorter duration of treatment [START_REF] Ford | Meta-analysis: factors affecting placebo response rate in the irritable bowel syndrome[END_REF]. This important information could be an explanation of the weakness of our results, in particular for the clinical criteria of abdominal pain/discomfort and bloating.

According to the protocol that we have previously published, we expected a synergistic effect on abdominal pain of 2 strains of the same species without antagonist effects known regarding to positive results of a previous pilot RCT conducted with the 2-strain mixture of L. acidophilus SDC-2012, 2013 [START_REF] Sinn | Therapeutic effect of Lactobacillus acidophilus-SDC 2012, 2013 in patients with irritable bowel syndrome[END_REF][START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF]. Modes of action such as strain-specific antinociceptive and immunoregulatory properties have been demonstrated for each strain of L. acidophilus used in our study [START_REF] Rousseaux | Lactobacillus acidophilus modulates intestinal pain and induces opioid and cannabinoid receptors[END_REF][START_REF] Sadrin | Lactobacillus acidophilus versus placebo in the symptomatic treatment of irritable bowel syndrome: the LAPIBSS randomized trial[END_REF][START_REF] Paturi | Immune enhancing effects of Lactobacillus acidophilus LAFTI L10 and Lactobacillus paracasei LAFTI L26 in mice[END_REF][START_REF] Clancy | Reversal in fatigued athletes of a defect in interferon gamma secretion after administration of Lactobacillus acidophilus[END_REF]. Our results do not support this assumption that could be explained by an insufficient dosage and/or duration of the trial. Indeed, the consumption over 3 weeks of L.

acidophilus NCFM alone at a daily dosage of 2 x 10 10 cfu can induce the expression of μ1opioid receptor that has a well-established physiological role in gut nociception, motility, and secretion [START_REF] Rousseaux | Lactobacillus acidophilus modulates intestinal pain and induces opioid and cannabinoid receptors[END_REF][START_REF] Ringel-Kulka | Lactobacillus acidophilus NCFM affects colonic mucosal opioid receptor expression in patients with functional abdominal pain -a randomised clinical study[END_REF]. However, this physiological effect was not observed with half of this dosage when combined at a ratio of 1:1 with Bifidobacterium lactis Bi-07 [START_REF] Ringel-Kulka | Lactobacillus acidophilus NCFM affects colonic mucosal opioid receptor expression in patients with functional abdominal pain -a randomised clinical study[END_REF]. Moreover, the involvement of the gut-brain axis dysregulation in the pathogenesis of IBS could also explain the limited effect on abdominal pain observed in our trial based on probiotic properties targeting the intestinal system [START_REF] Simrén | Intestinal microbiota in functional bowel disorders: a Rome foundation report[END_REF][START_REF] Rousseaux | Lactobacillus acidophilus modulates intestinal pain and induces opioid and cannabinoid receptors[END_REF][START_REF] Paturi | Immune enhancing effects of Lactobacillus acidophilus LAFTI L10 and Lactobacillus paracasei LAFTI L26 in mice[END_REF]. A more relevant comparison could be done with results from the high-quality RCT investigating the dose response relationship with L. acidophilus NCFM alone on patients with IBS [START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF]. At two daily dosage of 10 9 and 10 10 x cfu over 12 weeks, a significant improvement of abdominal pain severity at the end of intervention in active groups combined compared with placebo has been demonstrated [START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF]. However, this significant result was obtained by a post-hoc analysis performed among the subgroup of patients suffering from moderate to severe pain (n=99; P=0.046) thus limiting the weight of evidence [START_REF] Lyra | Irritable bowel syndrome symptom severity improves equally with probiotic and placebo[END_REF]. Regarding to our results, it could be speculated that a study period of 12 weeks or more would result in a plateau effect for placebo response and an emphasis of probiotic response. Nevertheless, a longer study period above of 12 weeks, i.e. 6 months, corresponding to a long-term efficacy assessment would increase significantly the patient withdrawal rate according to the results of the unique 6-month RCT using a probiotic strain of the genus Lactobacillus in symptomatic treatment of IBS [START_REF] Niv | The efficacy of Lactobacillus reuteri ATCC 55730 in the treatment of patients with irritable bowel syndrome -a double-blind, placebocontrolled, randomized study[END_REF].

The current RCT was designed to enroll participants without distinction of IBS subtypes or threshold for baseline symptom severity. However, this heterogeneity of included participants would have contributed to the large variability of treatment responses observed in our trial which may have underestimated when choosing the standard deviation for the sample size calculation.

The significant effect on flatus could result from the species-specific homofermentative properties of L. acidophilus strains able to produce lactic acid without gas production [START_REF] Bull | The life history of Lactobacillus acidophilus as a probiotic: a tale of revisionary taxonomy, misidentification and commercial success[END_REF]. This shared mechanism among L. acidophilus species could result in an additional effect in view of our results and its potential implications for general probiotic claims [START_REF] Sanders | Shared mechanisms among probiotic taxa: implications for general probiotic claims[END_REF]. Although the survival of strains in the gastrointestinal tract is not considered as an evaluation criterion by the European Food Safety Authority (EFSA) in the scientific demonstration of the probiotic health claim, one of the main limitation of the current trial is the lack of a stool microbiome analysis that would have helped to ascertain compliance and a potential change in microbial composition to clarify this hypothesis [START_REF] Efsa Panel On Dietetic | Guidance on the scientific requirements for health claims related to the immune system, the gastrointestinal tract and defence against pathogenic microorganisms[END_REF]. The lack of significant effect of probiotics on stool characteristics changes is consistent with results of previous RCT performed with probiotics among general patient population and would confirm that bowel-related symptoms should be studied in RCT selecting participants according to IBS subtypes [START_REF] Didari | Effectiveness of probiotics in irritable bowel syndrome: Updated systematic review with meta-analysis[END_REF][START_REF] Ford | Systematic review with meta-analysis: the efficacy of prebiotics, probiotics, synbiotics and antibiotics in irritable bowel syndrome[END_REF][START_REF] Ducrotté | Clinical trial: Lactobacillus plantarum 299v (DSM 9843) improves symptoms of irritable bowel syndrome[END_REF][START_REF] De Chambrun | A randomized clinical trial of Saccharomyces cerevisiae versus placebo in the irritable bowel syndrome[END_REF]. Probiotics were well tolerated and free from significant or serious AE confirming the GRAS status of Lactobacilli, in particular of probiotic species L. acidophilus [START_REF] Bull | The life history of Lactobacillus acidophilus as a probiotic: a tale of revisionary taxonomy, misidentification and commercial success[END_REF].

Future trials in this area are required to investigate whether microencapsulation of L. acidophilus NCFM using polymerized whey proteins as wall material and / or cellobiose which ensures a prebiotic effect on this strain would increase the efficacy of the probiotic response [START_REF] Jiang | Microencapsulation of Lactobacillus acidophilus NCFM using polymerized whey proteins as wall material[END_REF][START_REF] Van Zanten | The Differential Proteome of the Probiotic Lactobacillus acidophilus NCFM Grown on the Potential Prebiotic Cellobiose Shows Upregulation of Two β -Glycoside Hydrolases[END_REF]. The pathogenesis of IBS appears multifactorial without a well-established biomarker for its diagnosis, but nevertheless could be achieved with the introduction of the Rome IV criteria for improving the accuracy of diagnosis criteria [START_REF] Simrén | Intestinal microbiota in functional bowel disorders: a Rome foundation report[END_REF][START_REF] Kim | Biomarkers of Irritable Bowel Syndrome[END_REF][START_REF] Mearin | Bowel Disorders[END_REF]. Although our study reflects the methodology of years during which it was performed, the abdominal pain as the primary outcome for the current trial remains an essential component of the diagnosis criteria [START_REF] Mearin | Bowel Disorders[END_REF].

In conclusion, the consumption of the 2-strain mixture of L. acidophilus over 8 weeks is safe and decreases significantly flatus and composite scores compared with placebo at the end of the trial. The beneficial and significant effect on flatus could result from the species-specific homofermentative properties of L. acidophilus strains able to produce lactic acid without gas production. The strong placebo effect and the potential heterogeneity of global population of Symptoms scores in each group and differences between groups at baseline, week 4 and week 8 are expressed as least-square mean (LS Means) ± SEM using a mixed linear model (*P < 0.05).

Ɣ: Assessed with a 100-mm visual analogue scale (VAS; 0: none; 100: very severe). §: Comprised of the sum of 4 VAS scores calculated for each patient. 

  from the ANSM (French National Agency for Medicines and Health Products Safety -Number B80623-40) and ethics approval of all procedures of the present study was obtained September 15, 2008 from the Ethics Committee in France (French Consultative Committee for the Protection of Persons in Biomedical Research of the South West with the number: CPP08-014a). Written informed consent was obtained from each participant. The present trial was registered in July 2008 under EudraCT number 2008-A00844-51 (European Union Drug Regulating Authorities Clinical Trial) in accordance with the European Union Clinical Trials Directive 2001/20/EC.
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 12 Fig. 1. Flowchart of patients through the study protocol in accordance with the CONSORT statement.
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 3 Fig. 3. Evolution of bloating (A), flatus (B), rumbling (C) and composite (D) scores in probiotics and placebo groups throughout the trial. Bloating, flatus, rumbling scores assessed with a 100-mm visual analogue scale (VAS; 0: none; 100: very severe) and composite scores comprised of the sum of 4 VAS scores at baseline, week 4 and week 8 are expressed as least-square means (LSmeans) ± SEM. Within groups changes from baseline to week 8 ( †P<0.0001) and between groups differences at each time point were done using a mixed linear model (*P < 0.05).

  

Table 1 Patient demographic and clinical characteristics at baseline (n=80).

 1 Assessed with a 100-mm visual analogue scale (VAS). §: Comprised of the sum of 4 VAS scores calculated for each patient. ‡: Assessed with the 7-point Bristol Stool Form Scale using the absolute difference from normal, i.e. score 4.

	Outcomes	Probiotics (n=40)	Placebo (n=40)	P-value
	Age (years)	48.9 ± 8.4	48.9 ± 8.0	0.77
	Range (years)	26 -64	34 -66	
	Weight (kg)	64.8 ± 12.3	65.2 ± 13.9	0.98
	Range (kg)	47 -92	42 -100.4	
	Sex ratio (female/male)	29/11	28/12	0.80
	Abdominal pain Ɣ	52.0 ± 23.5	48.4 ± 27.0	0.49
	Bloating Ɣ	58.4 ± 21.8	54.3 ± 25.1	0.63
	Flatus Ɣ	50.4 ± 24.6	53.5 ± 21.7	0.50
	Rumbling Ɣ	45.6 ± 24.9	48.0 ± 22.9	0.60
	Composite score §	206.5 ± 76.5	204.2 ± 71.5	0.71
	Stool frequency (per week)	7.6 ± 4.4	8.05 ± 4.5	0.78
	Stool consistency ‡	1.8 ± 0.8	1.9 ± 0.8	0.93

Data are expressed as mean ± s.d. P values indicates comparison between groups (*P < 0.05).

Ɣ:

Table 2 Symptoms scores of irritable bowel syndrome and composite score at baseline, week 4 and week 8 of the study period (n=80).

 2 

	Outcomes	Probiotics	Placebo	LS Means differences	P-value
	Abdominal pain Ɣ				
	Baseline	48.5 ± 2.5	48.4 ± 2.6	0.05 ± 3.2	0.98
	Week 4	27.5 ± 2.5	30.1 ± 2.6	2.6 ± 3.2	0.42
	Week 8	19.0 ± 2.5	25.1 ± 2.6	6.0 ± 3.2	0.06
	Bloating Ɣ				
	Baseline	52.6 ± 2.8	52.3 ± 2.8	0.3 ± 3.4	0.91
	Week 4	29.4 ± 2.8	32.6 ± 2.8	3.1 ± 3.4	0.36
	Week 8	20.7 ± 2.8	26.3 ± 2.8	5.6 ± 3.5	0.10
	Flatus Ɣ				
	Baseline	49.6 ± 3.0	48.7 ± 3.1	0.9 ± 3.7	0.80
	Week 4	28.3 ± 3.0	36.0 ± 3.1	7.7 ± 3.7	0.04*
	Week 8	21.3 ± 3.0	29.6 ± 3.1	8.2 ± 3.8	0.03*
	Rumbling Ɣ				
	Baseline	44.1 ± 3.0	43.3 ± 3.0	0.8 ± 3.6	0.82
	Week 4	24.8 ± 3.0	31.3 ± 3.0	6.5 ± 3.6	0.08
	Week 8	17.8 ± 3.0	22.4 ± 3.1	4.6 ± 3.7	0.21
	Composite score §				
	Baseline	195.2 ± 9.6	192.8 ± 9.8	2.4 ± 11.7	0.84
	Week 4	110.3 ± 9.6	130.1 ± 9.8	19.8 ± 11.7	0.09
	Week 8	79.2 ± 9.6	103.7 ± 9.8	24.5 ± 11.8	0.04*

Table 3 Stool characteristics at baseline, week 4 and week 8 of the study period (n=80).

 3 Stool characteristics in each group and differences between groups at baseline, week 4 and week 8 are expressed as least-square means (LS Means) ± SEM using a linear mixed model. ‡: Assessed with Bristol Stool Form Scale.

	Outcomes	Probiotics	Placebo	LS Means differences	P-value
	Stool frequency (per week)				
	Baseline	7.9 ± 0.3	7.8 ± 0.3	0.005 ± 0.3	0.98
	Week 4	7.5 ± 0.3	7.7 ± 0.3	0.2 ± 0.3	0.61
	Week 8	6.4 ± 0.3	6.3 ± 0.3	0.1 ± 0.3	0.73
	Stool consistency ‡				
	Baseline	1.9 ± 0.1	1.9 ± 0.1	0.04 ± 0.1	0.83
	Week 4	1.7 ± 0.1	1.7 ± 0.1	0.03 ± 0.1	0.86
	Week 8	1.6 ± 0.1	1.6 ± 0.1	0.02 ± 0.1	0.89
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