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Abstract
AIM: To assess the efficacy and safety of single strain probiotics for the: (1) eradication of Helicobacter pylori (H. pylori); (2) prevention of adverse events; and (3) prevention of antibiotic-associated diarrhea associated with eradication therapy.

METHODS: We searched PubMed (1960-2014), EMBASE (1974-2014), Cochrane Database of Systematic Reviews (1990-2014), and ISI Web of Science (2000-2014). Additionally, we conducted a grey literature search including contact with National Institutes of Health Clinical Trials Registry, abstracts from annual infectious disease and gastroenterology meetings, experts in the field and correspondence with authors. Randomized controlled trials of H. pylori positive adults or children treated with eradication therapy and assessing the adjunctive therapy with a single strain of probiotics were included. The primary outcomes were the rates of eradication of H. pylori and frequency of patients with adverse events or antibiotic-associated diarrhea. Outcomes were pooled using fixed or random-effects models to calculate the relative risk and corresponding 95%CI and weighted on study size. To explore possible explanations for heterogeneity, a priori subgroup analyses were conducted on daily probiotic dose, study population, and quality of the study. The overall quality of the evidence for each probiotic strain was assessed using the GRADE criteria.

RESULTS: A total of 25 randomized controlled trials (28 treatment arms, with a total of 3769 participants) assessed one of six single probiotic strains as adjunctive treatments to standard eradication therapy. Only one probiotic strain significantly improved H. pylori eradication rates: Saccharomyces boulardii (S. boulardii) CNCM I-745 [pooled relative risks (pRR) = 1.11, 95%CI: 1.07-1.16]. Only one probiotic strain (S. boulardii CNCM I-745) significantly prevented any adverse events (pRR = 0.42, 95%CI: 0.28-0.62). Both S. boulardii CNCM I-745 and Lactobacillus rhamnosus GG sign​ificantly reduced antibiotic-associated diarrhea (pRR = 0.47, 95%CI: 0.37-0.60 and pRR = 0.29, 95%CI: 0.17-0.48, respectively) associated with H. pylori eradication therapy. Meta-regression of sub-groups did not detect significant differences by dose, adult vs pediatric, symptom status, or study quality, but did find significant differences by the strain of probiotic. Potential mild publication bias was found for antibiotic-associated diarrhea, but not for eradication or adverse event outcomes. Analysis of the study quality illuminated areas for improvement in future studies (use of placebos, study size calculations, attrition reasons and discussion of limitations and generalizability). 

CONCLUSION: The pooled evidence suggests that the adjunctive use of a few probiotic strains may improve H. pylori eradication rates and prevent the development of adverse events and antibiotic-associated diarrhea in those treated with standard eradication therapies. The type of probiotic strain was the most important factor in predicting efficacy. 
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INTRODUCTION

Helicobacter pylori (H. pylori) was first associated with chronic gastritis, duodenal and peptic ulcers by Marshall and Warren[1] in 1984. Surveillance studies since that time have found H. pylori colonization is a global concern with a prevalence ranging from 70%-90% in developing countries and 25%-50% in developed countries[2]. H. pylori is typically acquired during childhood from other humans and transmitted by the oral-oral or oral-fecal route or by ingestion of contaminated water. H. pylori infection in childhood may lead to chronic gastritis, but only 20% will develop clinical symptoms[2]. Prolonged carriage may result in an onset of symptoms in adults, which include dyspepsia, peptic or duodenal ulcers, gastric adenocarcinoma, B-cell lymphoma and rarely extragastric complications[3]. Current guidelines from the Maastricht Ⅳ consensus for the eradication of H. pylori include triple therapy [typically two antibiotics and a proton-pump inhibitor (PPI) for 7-14 d], with eradication rates ranging from 71% to 81%, sequential therapy (with slightly improved H. pylori eradication rates from 85% to 84%) and, more recently, bismuth-based quadruple therapy (with 90% efficacy)[4-7]. However, the common development of adverse events [such as antibiotic-associated diarrhea (AAD), nausea, etc.] from the eradication therapies cause many patients to prematurely discontinue their treatments, leading to plummeting eradication rates and the development of antibiotic resistance[8-10]. The development of antibiotic resistant strains of H. pylori varies by country and type of antibiotic exposure (ranging 11%-29% for clarithromycin, 17%-86% for metronidazole, levofloxacin 14%-24%)[11,12]. In addition, relapses of symptoms occur > 40% in patients within 32 wk after triple therapy eradication therapy[13]. Recently several alternative treatments, including probiotics, have been tested to improve eradication rates, prevent the development of antibiotic resistant strains and to prevent the development of adverse events[14]. 

Probiotics (defined as living microbes, given in adequate doses, with proven health effects) have been shown to be effective in many diseases and may be useful as an adjunct to eradication therapy. Probiotics are known to be effective for the prevention of side-effects of antibiotic use, typically antibiotic-associated diarrhea[15]. Several studies have also shown some probiotic strains [Saccharomyces boulardii (S. boulardii), Lactobacillus acidophilus (L. acidophilus) or mixtures of strains, etc.] have specific mechanisms of action against H. pylori, including inhibiting H. pylori attachment to mucosal cells[16-18], regulation of the immune response to H. pylori[19], or direct physiologic effects[20]. Probiotics may also restore the normal microbiota disrupted by antibiotic exposure (causing diarrhea or colitis) and thus prevent H. pylori-associated adverse events[21,22]. 
Choosing the appropriate probiotic can be challenging as the choice must be matched to both probiotic strain and the disease being treated (or prevented), based on the strength of evidence-based clinical trials. Different mechanisms of action are strain-specific, therefore it is necessary to analyze the efficacy by similar probiotic strains whenever possible[23-25]. Most meta-analyses of probiotics for H. pylori infections have not done this. Probiotics are also available as single strain products or in mixtures of two or more probiotic strains. This paper will focus only on single strains tested in at least two randomized, controlled trials.

The aims of this meta-analysis are to analyze the effectiveness of adjunctive single strain probiotics for the: (1) eradication of H. pylori; (2) reduction of adverse events; and (3) reduction of antibiotic-associated diarrhea commonly linked with eradication therapy.

MATERIALS AND METHODS
Study objectives

Primary aims: (1) To systematically assess whether single strain probiotics (given as an adjunct with H. pylori eradication therapy) could improve the eradication rate of H. pylori; and to systematically assess whether probiotics could reduce the frequency of: (2) any types of adverse events; or (3) antibiotic-associated diarrhea associated with H. pylori eradication therapy.

Secondary aims: To systematically assess if diff​erences in effect were associated with specific sub-groups, defined by: daily dose effect of probiotics, type of study population (adult versus pediatric, asymptomatic versus symptomatic), study quality and strain of probiotic used. 

Search strategy 

As shown in Table 1, this meta-analysis followed PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analysis) statement guidelines[26] and guidelines using clearly delineated parameters, a priori inclusion and exclusion criteria and stand​ardized data extraction tools[27,28]. We undertook systematic searches of PubMed (1960-2014), EMBASE (1974-2014), Cochrane Database of Systematic Reviews (1990-2014), ISI Web of Science (2000-2014) and three on-line clinical trial registries: Cochrane Central Register of Controlled trials (http://www.cochrane.org), MetaRegister of Controlled Trials (http:www.controlled-trials.com/mrct) and National Institutes of Health (http://www.clinicaltrials.gov). We used bibliographies of all relevant studies to do a recursive search. Additionally, we conducted an extensive grey literature search including abstracts from annual infectious disease and gastroenterology meetings, probiotic product websites, experts in the field and communication with published authors on H. pylori infections. Search terms included: H. pylori, randomized controlled trial and probiotics and specific probiotic strains. Search strategies were broad-based initially, then narrowed to the disease and population of interest. Abstracts of all citations and retrieved studies were reviewed and rated for inclusion. Full articles were retrieved if probiotics were given to treat H. pylori infections or carriage or to prevent adverse events associated with H. pylori eradication therapies.

Inclusion and exclusion criteria

Inclusion criteria included randomized (well described or partially) controlled trials (RCT), blinded or open trials, in pediatric or adult populations (inpatient or outpatients), published in peer-reviewed journals or on clinical trial websites, or as meeting abstracts. All participants were required to have received H. pylori eradication therapy (double, triple, quadruple or sequential therapy) that included at least one antibiotic and one PPI. Non-English language trials were translated and included whenever possible. Exclusion criteria included pre-clinical studies, safety, kinetic or formulation phase 2 studies, case reports or case series, duplicate reports, trials of unspecified types of probiotics, non-randomized trials, incomplete or no outcomes reported, or if translation could not be obtained. Trials which did not assess either H. pylori eradication rates or the incidence of adverse events were excluded. Probiotic strains with only one randomized controlled trial (lacking at least one other confirmatory trial) were also excluded. Randomized controlled trials testing probiotic products with a mixture of different probiotic strains were reviewed, but will be presented elsewhere.

Data extraction

Each article was reviewed and scored independently by at least two reviewers. One reviewer (LVM) screened all abstracts, extracted and scored all articles using pre-constructed and piloted, data extraction forms (see Figure 1). Each of three other reviewers (PM, YH, LW) independently extracted data and assessed risk of bias from one-third of the articles (each sent different articles). Any disagreements were resolved by a third reviewer. For articles published in abstract form only or for any missing significant data in full articles, further information was sought by contacting authors or by the company manufacturing the probiotic product. Using a standardized data extraction form, we systematically collected the following data: authors, year of publication and journal, population data (age range, setting, types of eradication therapy given), study aims and outcomes, study methods (study design, eligibility criteria, sample size calculations, interim analysis, statistical methods used, recruitment methods, subgroup analysis done), randomization (method of randomization allocation, randomization method), degree of blinding (open, single or double), intervention data (probiotic strains used, daily dose, duration of treatment, duration of follow-up, type of control used, treatment concealment), results (balanced randomization achieved, attrition rate and reasons, comparison of treatment groups by demographics, etc., CONSORT flow-chart provided), outcome data [by group, intent-to-treat (ITT) or as-per-protocol (APP) analysis], safety data (adverse events reported by group), discussion points (limitations, generalizability and comparison of study results to published papers), clinical trial registration, location of protocol, and source of funding.

Interventions

Included trials had participants who were randomized to either an adjunctive probiotic group or a control group. The type of control group may have included either a placebo (blinded study) or no treatment (open study) in addition to the eradication therapy currently used as standard practice. The type of probiotic intervention included probiotics in any form (e.g., capsule, sachet, tablets, drink, etc.) given in conjunction with the H. pylori eradication therapy. Trials investigating non-specific probiotics or yogurts [e.g., articles not providing the probiotic strain(s) used] were excluded. Trials combining probiotics with prebiotics were included if the prebiotic dose was less than 2.5 g/d, as this was judged to be of limited impact to alter the intestinal microflora[29,30]. The most recent probiotic strain designations are presented in this study for those strains whose names have changed over time (older articles may have reported a different strain designation). The taxonomy of the probiotic strain type was confirmed by correspondence with authors or the manufacturing companies. 

Outcomes and definitions

Three outcomes were assessed by this meta-analysis review: (1) eradication rates of H. pylori; (2) frequency of adverse events; and (3) frequency of AAD. The outcome for H. pylori eradication was defined by having a positive assay (pre-intervention) and a negative H. pylori assay done after the intervention was completed. H. pylori infection was diagnosed using at least one of the following assays: 14C urea breath test, histology, serology, rapid urease test, stool test or culture[7]. The outcome for adverse events (AE) included any symptoms associated with eradication therapy (nausea, bloating, vomiting, diarrhea, metallic taste) were grouped as “any AE”. The outcome for AAD was defined as reported diarrhea or colitis, which developed during the intervention or during the follow-up periods. 

Assessment of methodological quality

Quality components for each trial were assessed for selection, detection, performance, reporting and loss to follow-up bias. Each of the included studies was evaluated using 33 items collected with the standardized data extraction form. Each item was graded as: present, absent, or not applicable (for example studies done in countries not requiring clinical trial registration, CONSORT flow-chart not present if trial was published before this became a standard, etc.)[28]. The overall quality score for the trial was calculated as the percent of items present divided by the total items present and absent (not applicable items were excluded from the calculation). Each of the 33 quality items were analyzed within one of six categories of potential of bias: study design bias (trial title, setting, early stoppage, background, study aims, prospective design, eligibility criteria, sample size calculation, interim analysis, statistical methods, recruitment methods, subgroup methods, probiotic well described by strain, daily dose and duration), selection bias (randomization allocation method, balanced groups resulted), detection bias (double blinded, treatments concealment), attrition bias (rates provided and reasons by each group), reporting bias (baseline group comparison, CONSORT flow-chart, intent to treat analysis done for each outcome, incidence of each outcome provided, adverse event data provided and sub-group analysis provided, if applicable) and miscellaneous sources of bias (limitations, generalizability and comparison with other studies in discussion, trial registration, location of protocol for access and source of funding, if appropriate). Trials were classified as high quality if > 75% of the quality items were present, moderate quality if 50%-75% were present and low quality of < 50% were present. Each trial was scored for the 33 items of quality independently by at least two reviewers and a kappa statistic was applied to test for the degree of concordance. 

We also employed the Grading of Recomm​endations, Assessment, Development and Evaluation (GRADE) system for rating overall quality of evidence for each of the outcomes by probiotic strain or type[31,32]. Recommendation for use of each probiotic strain can be assessed by the overall strength of the evidence [“strong”, many randomized controlled trials show significant protection, more benefit than risk, cost-effective or “weak”, only case series or reports, limited number of small trials, etc.]. Quality of the evidence is graded as “high quality” (further research is unlikely to change our confidence in the estimate of the effect), or “moderate quality” (further research is likely to have an important impact on our confidence and may change the estimate of the effect), or “low quality” (further research is very likely to change our confidence in the estimate and may change the direction of the estimate of the effect). 

Statistical analysis

The statistical methods of this study were reviewed by Lynne McFarland from University of Washington, who holds a PhD in Epidemiology. Statistical analysis was performed using Stata software version 12 (Stata Corporation, College Station, Texas) to calculate pooled relative risks (pRR), bias estimates and number-needed-to-treat statistics. Univariate analysis results were analyzed using 2 test or Fisher’s exact test for small cell sizes (< 5) with a significance level of P < 0.05. Meta-analysis was conducted for primary outcomes (e.g., eradication frequency of H. pylori or the rate of adverse events or AAD) using models to calculate the pooled relative risk and corresponding 95%CI using the Der​Simonian Laird method. Heterogeneity across trials was evaluated using Cochran Q test based on pooled relative risks by the Mantel-Haenazel method[33]. If the studies were homogenous, a fixed effects model was used; if studies were heterogeneous, a random effect model was employed. A P-value < 0.05 is considered statistically significant and P-values between 0.05 and 0.1 had a significant trend. The models used in this analysis were weighted by sample size, as study quality did not improve the fit.

If significant heterogeneity was found, subgroup analyses were conducted to determine the potential sources of heterogeneity. To explore possible explanations for heterogeneity, a priori subgroup analyses were conducted on study population (adult vs pediatric and asymptomatic versus symptomatic), daily dose [≥ 1 × 109 colony-forming units (cfu) per day or < 1 × 109 cfu/d] and study quality. A meta-regression was done without the subgroup indicator and compared to a model with the subgroup indicator included. The difference in tau2 estimates from the two models indicates the proportion of study heterogeneity explained by the subgroup covariate (between study variance).

Publication bias

To assess for publication bias, a funnel plot, as well as a weighted regression (Egger’s test) and a rank correlation test (Begg’s test for small study effects) were conducted[27,34]. Funnel plots show graphically that as sample sizes of trials increase, the precision is estimating the underlying treatment effect increases, which results in the effect estimates (relative risks) from small trials scattering more widely at the bottom of the graph and narrower scattering among larger studies. In the absence of publication bias, the funnel plot resembles a symmetrical inverted funnel. Reporting bias (smaller studies showing no protective effect) often are not published, and are indicated by an asymmetrical appearance with a gap in the bottom left of a funnel plot[35,36]. 

RESULTS

Initial screening of data search 

The literature review yielded 301 abstracts relating to probiotics and H. pylori that were screened for inclusion. Of those, 225 were excluded after initial screening according to our exclusion criteria (Figure 2): reviews (n = 143), pre-clinical animal models or phase two studies for pharmacokinetics, formulation or safety (n = 67), no control group (n = 6), not randomized (n = 5) or other miscellaneous reasons (n = 4). The literature search for probiotics and H. pylori infections found the earliest randomized, controlled efficacy trial was published in 2000. Literature from 1994-1999 only included early investigative studies (mechanism of action, dose-ranging and safety studies) and no clinical trials were found published before 1994.

Secondary screening of full articles

Of the 76 full articles or meeting abstracts retrieved, an additional 35 were excluded: just one RCT found, i.e., no confirmatory RCTs for probiotic strain found (n = 18), no H. pylori eradication therapy given with probiotic (n = 11), undefined probiotic product with no species and strain identification (n = 3), no H. pylori assays done (n = 1) and two RCTs assessed the burden of H. pylori reduced by probiotics but did not document eradication rates nor the frequency of adverse events. Of these trials assessing probiotics and H. pylori eradication and/or side effects, 25 (61%) were testing a single strain of probiotic and were included in this analysis and 16 (39%) used multiple strains of probiotics and will be addressed elsewhere. Data extraction was performed independently by co-authors on the remaining 25 RCTs. Examples of RCTs included in prior published meta-analyses, but excluded in our analysis, are shown in Table 2. Reasons for excluding RCTs included: other types of outcomes were assessed[37-39], no concurrent H. pylori eradication therapy given[40-46], only one RCT for a specific strain was found[47-52]. 

Included trials

Of the 25 randomized controlled trials included[53-77], several had multiple treatment arms[53,57,65], resulting in 28 treatment arms, totaling 3769 participants. The sample sizes of the trials ranged from 12 to 991, with a mean number per trial of 68 ± 84 in probiotic arms and 66 ± 83 in control arms. Three articles were translated from their original languages into English: Chinese[62,63] or Spanish[69]. Only two articles were from published meeting abstracts[72,77] with no subsequent full article publications found, the remaining were peer-reviewed full articles.

Patient population

The characteristics of the enrolled study populations by trial arm are presented in Table 3. Of the 28 treatment arms, most enrolled adult participants (n = 24, 86%) and four (14%) enrolled children and all trials included both genders. Race or ethnicity was not reported in most clinical trials. The trials were carried out in a wide array of countries: Italy (40%), Turkey (12%), China (12%), Japan (8%), South Korea (8%) and one trial each (4%) for the following: Greece, Iran, Poland, Romania and Venezuela. All treatment arms enrolled H. pylori positive participants who were either symptomatic (n = 21, 75%), or asymptomatic carriers (n = 5, 18%), or had a mixed population (n = 1) but one RCT did not report symptom status at enrollment. 

Study design

Randomization: All 28 RCT were randomized, but only 12 (43%) provided the method used to randomize patients (e.g., computer random number generator, random block design). 

Degree of blinding: Of the 28 treatment arms, only seven arms (25%) were double-blinded (used placebos that were of identical appearance as the probiotic formulation)[53,55,67-69,73], four arms (14%) were single blinded (either participants were unaware of the other treatment arm[61] or outcome assessor was blinded)[56,57]. Most, 17 (61%) of the treatment arms were open trials (no placebos and participants were aware that there was another treatment arm), as shown in Table 3. 

H. pylori eradication therapy: All trials were required to use an H. pylori eradication therapy, which included at least one antibiotic and one PPI for both the probiotic and control group (Table 3). Of the 28 treatment arms, only 1 (4%) used double therapy (amoxicillin and omeprazole)[71]. Most used triple therapy (n = 25, 89%), which most commonly included two antibiotics (amoxicillin and clarithyromycin) combined with a PPI (omeprazole). Less commonly used were quadruple therapy (n = 1 arm, 4%) or sequential therapy (n = 1 arm, 4%). Overall, the duration of eradication therapy ranged from one week (61% of treatment arms), to 10 d (3%), to two weeks (29%) or varied from 1-4 wk (7%). 

Attrition: Attrition ranged from 0%-27% in the 28 treatment arms, usually due to drop-outs due to adverse events or loss to follow-up. Fourteen treatment arms (50%) reported no attrition, 10 (36%) had attrition frequencies from 1%-10% and only three (11%) reported higher attrition (11%-27%), while one trial did not document attrition rates. Of the 28 treatment arms, 24 (86%) used ITT analysis and four (14%) used APP analysis. However, only three of the trials reported how the ITT analysis incorporated the missing data (treated all missing outcomes as failures)[61,63,70]. 
Intervention

Details of the intervention for the 25 RCT (28 treatment arms) are given in Tables 4 and 5. 

Type of probiotic strain(s): In the 28 treatment arms, six different single strain probiotic types were assessed (Tables 3-5) by at least two RCTs that met our eligibility criteria. The most commonly tested strain is S. boulardii CNCM I-745, with 11 (39% of RCT arms). Lactobacillus rhamnosus (L. rhamnosus) GG was tested in five arms (18%), Clostridium butyricum 588 was tested in four arms (14%), L. reuteri ATCC 55730 and L. acidophilus Lb were each tested in two (7%) treatment arms and L. casei DG was tested in two treatment arms (7%), one strain of L. acidophilus could not be determined. 

Newer strain designations for several probiotics and the retrospective review of older studies may have used different strain designations, but were, in fact, the same strain. The most recent strain designations are used in this study. The most current strain designation for S. boulardii is CNCM I-745, the registration number at the Pasteur Institute[78], but older studies also refer to this strain as S. boulardii lyo, or S. boulardii, with no strain designation. Clostridium butyricum 588 was also known as C. butyricum MIYAIRI. The strain of L. acidophilus in one study was referred to only by the brand name (Antibio, China) in the meeting abstract and correspondence with authors and manufacturers were unproductive, but this strain was included in the analysis to illustrate the importance of providing strain designations[72]. 

Probiotic dose: The daily dose of probiotics varied widely from 1 × 106 to 2 × 1010 colony-forming units (cfu) per day. The a priori subgroup analyses on dose compared high dose probiotic (≥ 1 × 109 cfu/d) versus low dose (< 1 × 109 cfu/d). Nineteen (68%) of the treatment arms used the higher daily dose of probiotics and nine (32%) used lower doses (Table 4). The daily dose was reported in all trials, but in some cases the dose was reported as mg/d not cfu/d and required conversion.

Formulation used: Most of the 28 treatment arms used a capsule formulation (12 arms, 43%), while six (21%) used sachets, six (21%) used tablets, two (7%) used liquid and the formulation was not reported in two (7%) of the studies.

Probiotic duration: The probiotics were typically administered as an adjunct for the same duration as the standard eradication therapy, but some RCT continued the probiotic/control intervention for an additional week. The most frequent duration of probiotic was for 2 wk (16 arms, 57%), while five (18%) gave probiotics for only one week and four (14%) gave probiotics for three weeks. Two treatment arms gave probiotics for 10 d (7%) and one (4%) gave for 20 d. All trials reported duration of probiotic given (Table 4).

Length of follow-up: In most trials, participants were followed and tested for H. pylori presence 4-8 wk after the intervention treatments were discontinued. Of the 28 treatment arms, 21 (75%) had 1-7 wk of follow-up and four (14%) had longer follow-up times, while three (11%) did not report any follow-up times (Table 4).

Efficacy of adjunct probiotics for H. pylori eradication

Of the 28 treatment arms, 26 (93%) reported H. pylori eradication rates in their paper. A low amount of heterogeneity was found when all strains were pooled together (I2 =25%, P = 0.12), thus a fixed effects model was used for this outcome. The overall pooled RR indicated that probiotics, in general, were effective for H. pylori eradication (pRR = 1.10, 95%CI: 1.06-1.14) with a number-needed-to-treat (NNT) of 14. However, as recommended by the literature[24,79], the efficacy should be assessed separately by probiotic strain, as shown by the forest plot (Figure 3). This figure shows that only S. boulardii I-745 (n = 10 treatment arms, pRR = 1.11, 95%CI: 1.07-1.16) was significantly effective as an adjunct for H. pylori eradication. None of the pooled RR from the other five strains (C. butyricum 588, L. rhamnosus GG, L. acidophilus Lb, L. reuteri 55730 or L. casei DG significantly improved H. pylori eradiation rates with standard therapy. Deletion of the trial with the unknown strain of L. acidophilus did not significantly affect the pooled RR estimates.

Sub-group analysis: Results from the meta-regression analysis for the adjunctive use of probiotics for H. pylori eradication did not find significant differences in associations between the study population (adult versus pediatric, P = 0.76), baseline disease state (asymptomatic carriage versus symptoms, P = 0.17), daily dose of probiotic (above or below 109 cfu/d, P = 0.26), or study quality (P = 0.11). Only probiotic strain group showed significance, confirming the validity of analyzing efficacy by strain type. Sub-group analysis for duration probiotic given and by type of H. pylori eradication therapy was not possible, as most trials used similar durations and types of eradication therapy.

Efficacy of adjunct probiotics for prevention of any adverse events

Of the 28 treatment arms, 18 (64%) planned a priori to document any adverse events that might occur during the intervention and follow-up period (if done), while 10 (36%) did not document total adverse events during their trials (Table 5). Overall, the pooled RR showed a protective effect (pRR = 0.54, 95%CI: 0.42-0.70, NNT = 8), and as significant heterogeneity was found (I2 = 56%, P = 0.003), random effects models were used for this outcome. The forest plot (Figure 4) shows that only S. boulardii I-745 (n = 7 treatment arms, pRR = 0.42, 95%CI: 0.28-0.62) significantly reduced the incidence of adverse events associated with standard H. pylori eradication therapies. L. acidophilus Lb and L. rhamnosus GG had no significant protective effect for adverse events and the other three strains of probiotics only had a single treatment arm evaluating adverse events. 

Efficacy of adjunct probiotics for the prevention of antibiotic associated diarrhea
Of the 28 treatment arms, 20 (71%) planned a priori to document AAD during the intervention and follow-up period (if done), while eight (29%) did not document AAD outcomes (Table 5). Overall, the pooled RR showed a protective effect (pRR = 0.43, 95%CI: 0.35-0.53, NNT = 10), and as significant heterogeneity was not found (I2 = 0, P = 0.88), fixed effects models were used to summarize AAD trials. The forest plot (Figure 5) shows that only S. boulardii I-745 (n = 9 treatment arms, pRR = 0.47, 95%CI: 0.37-0.60) and L. rhamnosus GG (n = 5 treatment arms, pRR = 0.29, 95%CI: 0.17-0.48) significantly reduced the incidence of AAD associated with H. pylori eradication therapy. The pooled RR from C. butyricum 588 and L. reuteri 55730 did not find a significant protective effect on AAD. Two strains (L. acidophilus Lb and L. casei DG) could not be assessed with pooled RRs due to insufficient trials with AAD outcome data.

Publication bias

A funnel plot analysis (Figure 6) provides no compelling indication of publication bias for trials evaluating H. pylori eradication outcomes, showing general symmetry of the funnel for the relationship between risk ratio and standard error. The funnel plot shows a lack of published small sized trials with an improved eradication rate. However, Egger’s regression test for small study effects (P = 0.71) and Begg’s rank test (P = 0.37) fail to suggest significant publication bias. No significant publication bias was found for the RCT assessing the prevention of all adverse reactions (Egger’s regression P = 0.42 and Begg’s rank P = 0.74). Potential publication bias may be present in RCTs assessing AAD (Egger’s regression P = 0.003 and Begg’s rank P = 0.025), as there were few outliers noted for small study sizes (Figure 7). 

Quality of studies
Of the 25 RCTs, 3 (12%) were rated as high quality studies, 18 (72%) moderate quality and 4 (16%) were low quality trials. The concordance from the reviewers was acceptable (kappa = 0.62, P < 0.001) and any disagreements typically involved only 1-2 of the 33 items in the data extraction form. All disagreements were resolved. As shown in Figure 8, most trials had high quality study design (60%), but only 16% included sample size calculations, 76% failed to indicate “randomized controlled trial” in the title and only 48% described how participants were recruited. There were a low number of trials with selection bias, as all were randomized, but only 40% described the method of randomization used. There was a high degree of detection bias due to the frequent used of open study designs (only 40% were double-blinded) and only 24% described the method of treatment concealment. Most (80%) of the trials reported their attrition rates, but only 65% provided the reasons for attrition by treatment groups. Reporting bias of the outcomes was generally high-moderate quality, but only 44% provided a consort figure describing study flow and only 56% provided a comparison of the two treatment groups at baseline. Other sources of bias were typically of poor quality due to the lack of trial registration or funding source descriptions. In the discussion section of the papers, although 84% compared their results to other studies, only 36% discussed limitations and few (8%) discussed generalizability of their results. 

GRADE criteria 

For the H. pylori eradication, we recommend the following adjunct probiotic strains: S. boulardii CNCM I-745 (high quality and strong strength). For the prevention of adverse events associated with standard H. pylori eradication therapy, we recommend S. boulardii CNCM I-745 (high quality and strong strength). For the prevention of antibiotic-associated diarrhea associated with standard H. pylori eradication therapy, we recommend the following adjunct probiotic strains: S. boulardii CNCM I-745 (high quality and strong strength) and L. rhamnosus GG (strong quality and strong strength). All other strains require additional multiple randomized, controlled trials before a recommendation can be provided. 

DISCUSSION

Our meta-analyses found only one probiotic strain significantly improved H. pylori eradication rates: S. boulardii CNCM I-745 (pRR = 1.11, 95%CI: 1.07-1.15). Only one probiotic strain (S. boulardii CNCM I-745) significantly prevented any adverse events (pRR = 0.42, 95%CI: 0.28-0.62). Two probiotic strains significantly reduced antibiotic-associated diarrhea, S. boulardii CNCM I-745 and L. rhamnosus GG (pRR = 0.47, 95%CI: 0.37-0.60 and pRR = 0.29, 95%CI: 0.17-0.48, respectively). The most promising probiotics strains for H. pylori infections also have documented mechanisms of action directed against H. pylori. S. boulardii produces a neuraminidase that attacks sialic acid, an attachment receptor for H. pylori[18] and also induces a morphologic change from the spiral form to a coccoid form of H. pylori[80]. There is no direct evidence linking L. rhamnosus GG to specific anti-H. pylori actions. However, both S. boulardii CNCM I-745 and L rhamnosus GG have been shown to prevent AAD given for other infections[15,79,81-83]. 

Our findings are similar to other meta-analyses of probiotics for H. pylori infections, which differ by including fewer numbers of trials or did not examine all three outcomes (eradication, adverse reactions and AAD). Szajewska et al[84] pooled five randomized trials with S boulardii and found significantly better H. pylori eradication (pRR = 1.13, 95%CI: 1.05-1.21) and significantly less AAD (pRR = 0.47, 95%CI: 0.32-0.69). Our meta-analysis confirms the robustness of this efficacy from 10 RCTs showing a mild (9%) increase in mean H. pylori eradication rates from 73% in control arms to 82% in S. boulardii arms, and a reduced rate of AAD in S. boulardii arms compared to control arms (8.5% and 21%, respectively). We could not find any other meta-analyses that limited their review to one probiotic strain for H. pylori infections. 

Tactics for limiting heterogeneity due to the differences of strain-specific probiotic efficacies can be done at the beginning (inclusion criteria only allowing one strain to be included) or post-literature harvesting (by performing sub-group analysis by strain type). Tong et al[85] reviewed 14 randomized trials from various probiotic strains and did a sub-group analysis by the type of probiotic and reported only one strain, L. rhamnosus GG, showed better H. pylori eradication rates odds ratio (OR) from four trials (pOR = 2.09, 95%CI: 1.28-3.4), although one of those trials was actually L. casei, not L. rhamnosus[85]. Zou et al[86] pooled eight trials for H. pylori eradication, but incorrectly combined different strains in their subgroup analyses. When Zou et al[86] presented data for adverse event rates, they reported five RCT identified as “L. casei”, however the data presented was actually for eradication rates and three of the five studies used L. rhamnosus GG, while the two other studies used different L. casei strains (DN11400 and DG). One of the two pooled studies identified as “L. acidophilus” used a mixture of two different Lactobacilli strains[86]. Some meta-analyses did not separate out probiotic strains using sub-group analysis and only presented summary risk estimates combining many different probiotic strains[87-89]. Sachdeva et al[90] did not find an effect by probiotic strain in their meta-regression analysis. Wang et al[91] pooled 10 RCT using different mixtures containing Lactobacilli and/or Bifidobacterium and did a sub-group analysis on race, quality, symptoms, age and types of eradication therapy, but failed to analyze the strains of probiotics separately. 

Other reviews and meta-analysis have also analyzed the effect of probiotics for the prevention of adverse events and AAD related to H. pylori eradication therapy, but typically have pooled different strains together into one group[85,87,89,91]. Zou et al[86] reported no significant effect of Lactobacilli probiotics on adverse events, but pooled together studies using L. rhamnosus GG (3 studies), L. acidophilus, L. casei, and L. reuteri (one study each) into the same group. As our meta-analysis shows a distinct strain specificity to both the efficacy of eradicating H. pylori and the prevention of adverse events (including AAD), future studies need to be aware that pooling similar probiotics by species is no longer appropriate and their outcomes need to analyzed by the same type of probiotic strain. 

The quality of clinical trials in our analysis varied from a score of 0.32-0.89, which was not surprising as some of the trials were done before standardized randomized controlled trial guidelines were widely published and two trials with low quality scores were from meeting abstracts that never resulted in full article publications. The advantage of scoring trials on quality is the results allow an assessment of recommendations to improve future studies. Future trials would benefit from better study designs (use of placebos, study size calculations), more complete descriptions of their outcomes and discussion of limitations and generalizability.

A question that arises from discussions on how best to treat patients with H. pylori is whether probiotics alone are sufficient to treat these infections, or is adjunctive therapy with the standard antibiotic and PPI therapy more effective. The study by Gotteland et al[40] tested S. boulardii alone or heat-killed L. acidophilus Lb alone versus triple therapy H. pylori eradication therapies and found S. boulardii alone or L. acidophilus alone was significantly poorer (12% and 6% eradication, respectively) than triple therapy used alone (66%, P < 0.05), thus strengthening the position that probiotics are most effective when combined with antibiotic-PPI eradication therapy. Most other studies testing probiotics alone (without the standard eradication therapies) have failed to show a significant effect of the probiotic[41,42,44], while a few found significant improvement of eradication rates using just a probiotic[45,46], although one study treated patients with either only a PPI (omeprazole) or L. reuteri/PPI and did not use any antibiotics in the control group[46]. 
The results of the Maastricht IV/Florence Consensus, which involved 44 experts on H. pylori, reported the decreasing eradication rates of the triple therapy (only 70%) may be due to the development of resistance to clarithromycin and poor compliance due to adverse events associated with triple therapies[7]. This group found better eradication rates using either sequential treatments [5 d of PPI and amoxicillin followed by 5 d of PPI, clarithromycin and metronidazole (or tinidazole)] or quadruple therapy (PPI with two antibiotics and bismuth). This group also recommended extending the duration of therapy from 7 d to 10-14 d. While eradication rates may improve with these regimes, the incidence of adverse events remains high. At the time of the meeting (2010), they did not recommend the use of probiotics, citing the poor quality of the studies due to mixing different species and strains in published meta-analyses, but they did recommend further studies. In recent years, more probiotic trials have been done and this meta-analysis does present the outcomes separated by probiotic species and strain.

It was difficult to assess the most effective combination of probiotic strain and type of H. pylori eradication therapy, as most trials used a similar eradication therapy. In our review of 28 treatment arms, over 89% used triple therapy and the most common combination was amoxicillin, clarithromycin and omeprazole (36% of all triple therapies), followed by amoxicillin, clarithromycin and lansoprazole (18%). Eradication rates did not significantly differ by the type of eradication therapy and probiotic strain given, but the lack of variation and studies using the same eradication therapy and probiotic strain limited our analysis. It is also difficult to recommend the best daily dose and duration of a probiotic. Our subgroup analysis did not show a significant effect of daily dose, and doses used in trials with the same strain often had similar daily doses. Other meta-analyses that have investigated the effect of the dose and duration of the probiotic regime have not found a significant effect[88]. 

Most of the trials (89%) had sufficient follow-up times (4-8 wk) to allow adverse events to occur, but 11% did not have any follow-up post-treatment. As only one trial followed patients for a prolonged time (one year), it is uncertain if the H. pylori eradication rates reported in the trials are transient or more permanent.

This systematic review has several strengths. We had specific outcomes selected a priori and the search strategy for this review was comprehensive including any relevant trials irrespective of language or publication status (i.e., we included published data from meeting abstracts, obtained specific data from authors, and translated three non-English trials). Additional strengths of the review include its application of the GRADE criteria for each of the outcomes[31] and the rigorous evaluation of each of the subgroups (i.e., same probiotic strain, probiotic dose, study population, and risk of bias) using the 33 criteria for assessing subgroup credibility[92]. The results of this meta-analysis may be generalizable to the global population, because we included a wide range of ages, countries and settings (inpatients and outpatients, adults and children were included). It should be noted however, that ethnicity and race data were not reported, nor were immunocompromised patients included in most of the trials, so the applicability of our results to these types of these populations is not known.

This review also has several limitations. While we did a more comprehensive search of the grey literature, we did not search all conference proceedings or dissertation abstracts. One of the main limitations for doing meta-analysis on probiotics is the limited number of probiotic strains that have data from multiple trials. Probiotic strain has been cited as the key indicator of efficacy for several diseases[23-25], but the limited number of trials on the same strain limits our ability draw robust conclusions on most of the strains used for all cited studies. We had to exclude 18 studies that only had one randomized controlled trial for a specific probiotic strain and, as a consequence, not all probiotic strains were included in this analysis. Another limitation is the changing designation of the probiotic strain over time. Older trials may refer to the same strain, but under a different strain type or the strain designation may not be provided in the published article. Other meta-analyses have grouped several strains of L. casei into one group (DG or DN114001 or Shirota), perhaps due to the lack of a current consensus on the taxonomy of these strains[93]. We did include one L. acidophilus study into our analysis, but it should be noted that the strain designation could not be determined retrospectively. This makes a systematic review challenging, as the authors must retrospectively find the matching strain designations as they change over time to include or exclude studies from specific probiotic strain groups. 

Recommendations for future research include multiple randomized, controlled trials on the same probiotic strain, allowing confirmation of single clinical trial results. Improvements in the quality of study design should include complete description of the probiotic intervention (strain designation, daily dose, duration, source, etc.), use of treatment concealment (double blinding), calculating sample size a priori to power a sufficiently large study to detect significant results, use of intent-to-treat analysis to account for patient attrition effects, the collection of adverse event data and having sufficient follow-up time after the treatments are discontinued. In our meta-analysis, only four the trials had sufficient follow-up times (> 8 wk) to capture prolonged eradication of H. pylori. Future clinical trials need to incorporate sufficient follow-up times in their study protocols. None of the RCT in this meta-analysis reported any adverse events associated with probiotic use, which has been substantiated in other papers[94-96], but adverse event data should be collected and assessed for future studies.

In conclusion, our meta-analyses found only one strain of probiotic (S. boulardii, CNCM, I-745) is beneficial and safe in the eradication of H. pylori when combined with standard eradication therapy, and two strains of probiotics (S. boulardii or L. rhamnosus GG) decreased the adverse events of eradication therapy (including AAD), which may improve compliance in infected patients.

COMMENTS

Background

Helicobacter pylori (H. pylori) infections are a global problem and may lead to the development of a wide range of symptoms from dyspepsia to gastric cancer. The current therapy of multiple antibiotics and a proton pump inhibitor is associated with high frequencies of adverse events, which reduces compliance and increases treatment failure rates. The addition of probiotics to the standard treatments may assist in improving compliance, but the correct choice of probiotic strain is paramount. 

Research frontiers

Over the years, many randomized controlled trials have been done to evaluate the efficacy of probiotics as adjunctive therapy for the eradication of H. pylori and/or development of adverse events, but previous reviews have been flawed or incomplete and may have inappropriately combined different types of probiotics into one group and thus could not achieve a comprehensive conclusion. 

Innovations and breakthroughs

This comprehensive meta-analysis has used current guidelines for evaluating probiotic efficacy separately by the type of probiotic (only single strain probiotic trials grouped together) and evaluated each of three outcomes (H. pylori eradication, reducing any adverse events, reducing antibiotic-associated diarrhea) separately to determine which single probiotic strain may be efficious for each of the three outcomes. A total of 25 randomized controlled trials (with 28 treatment arms) of single strain probiotics were assessed. Of the six different probiotic strains evaluated, only two (Saccharomyces boulardii CNCM I-745 and Lactobacillus rhamnosus GG) were significantly associated with an improvement in at least one of the three outcomes. 

Applications

These two probiotic strains can be used as adjunctive therapy to antibiotics used to treat H. pylori infections and may both improve compliance and reduce the development of adverse events, leading to better cure rates.

Terminology

Probiotics are living microbes (either fungal or bacterial), which when given at appropriate doses, can affect the health status of the host.

Peer-review

The authors conducted a comprehensive literature review and data analysis on eradication of H. pylori by a single strain of probiotics. From literature collection to data analysis, it is all scientifically sound and the manuscript is well written.
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Figure 1  Standardized data extraction form. Scoring: For each of 33 items: +1 if numbered item is present, 0 if absent, or na (not applicable).
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Figure 2  Flow chart of included and excluded trials for Helicobacter pylori eradication/adverse events. RCT: Randomized controlled trials.
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Figure 3  Forest plot of Helicobacter pylori eradication by probiotic strain.
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Figure 4  Forest plot of any adverse events by probiotic strain.
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Figure 5  Forest plot of prevention of antibiotic-associated diarrhea by probiotic strain.
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Figure 6  Funnel plot for publication bias assessment from for Helicobacter pylori eradication and probiotics.
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Figure 7  Funnel plot for publication bias assessment from for prevention of antibiotic associated diarrhea and probiotics.
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Figure 8  Frequency of study quality based on six different types of potential bias. High quality, low bias (76%-100% quality items within category present), moderate quality and moderate bias (51%-75% items present), low quality, high bias (0%-50% items present).
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Table 3  Characteristics of enrolled populations in patients receiving eradication therapy by 28 treatment arms


Probiotic strain


�
Country


�
Population


�
Symptoms


�
Blinding


�
Eradication 


therapy �
Duration 


eradication (d)�
        Ref.


�
�
S. boulardii I-745


�
Italy


�
Adults


�
Asymptomatic


�
Placebo


�
CTR


�
  7


�
Cremonini et al[53]


�
�
S. boulardii I-745


�
Turkey


�
Adults


�
Symptomatic


�
None


�
ACO


�
14


�
Duman et al[54]


�
�
S. boulardii I-745


�
Turkey


�
Adults


�
Symptomatic


�
Placebo


�
ACL


�
14


�
Cindoruk et al[55]


�
�
S. boulardii I-745


�
Romania


�
Pediatric


�
Symptomatic


�
Single


�
AC + O/E


�
7-21


�
Hurduc et al[56]


�
�
S. boulardii I-745


�
South Korea


�
Adults


�
Symptomatic


�
Single


�
ACO


�
  7


�
Song et al[57]


�
�
S. boulardii I-745 + MPA


�
South Korea


�
Adults


�
Symptomatic


�
Single


�
ACO


�
  7


�
Song et al[57]


�
�
S. boulardii I-745


�
Turkey


�
Adults


�
Symptomatic


�
None


�
ACL


�
14


�
Ozdil et al[58]


�
�
S. boulardii I-745


�
China


�
Adults


�
Symptomatic


�
None


�
ACO


�
14


�
Chu et al[59]


�
�
S. boulardii I-745


�
Iran


�
Adults


�
Symptomatic


�
None


�
ACO


�
14


�
Zojaji et al[60]


�
�
S. boulardii I-745


�
Greece


�
Adults


�
Symptomatic


�
Single


�
ACO


�
14


�
Kyriakos et al[61] 


�
�
S. boulardii I-745


�
China


�
Pediatric


�
Symptomatic


�
None


�
ACO


�
14


�
Zhao et al[62] 


�
�
Clost. butyricum 588


�
China


�
Adults


�
Symptomatic


�
None


�
AFO


�
  7


�
Guo et al[63] 


�
�
Clost. butyricum 588


�
Japan


�
Adults


�
Symptomatic


�
None


�
ACL


�
  7


�
Shimbo et al[64] 


�
�
Clost. butyricum 588 (low dose)


�
Japan


�
Adults


�
Symptomatic


�
None


�
ACL


�
  7


�
Imase et al[65]


�
�
Clost. butyricum 588 (high dose)


�
Japan


�
Adults


�
Symptomatic


�
None


�
ACL


�
  7 


�
Imase et al[65]


�
�
L. rhamnosus GG


�
Italy


�
Adults


�
Asymptomatic


�
None


�
CPT


�
  7


�
Armuzzi et al[66]


�
�
L. rhamnosus GG


�
Italy


�
Adults


�
Asymptomatic


�
Placebo


�
CRT


�
  7


�
Armuzzi et al[67]


�
�
L. rhamnosus GG


�
Italy


�
Adults


�
Asymptomatic


�
Placebo


�
CRT


�
  7


�
Cremonini et al[53]


�
�
L. rhamnosus GG


�
Poland


�
Pediatric


�
Asymptomatic


�
Placebo


�
ACO


�
  7


�
Szajewska et al[68]


�
�
L. rhamnosus GG


�
Venezuela


�
Adults


�
Symptomatic


�
Placebo


�
ACO


�
  7


�
Padilla Ruiz et al[69] 


�
�
L. acidophilus Lb


�
Italy


�
Adults


�
Symptomatic


�
None


�
ACR


�
  7


�
Canducci et al[70] 


�
�
L. acidophilus Lb


�
Italy


�
Adults


�
Symptomatic


�
None


�
AO


�
7-30


�
De Francesco et al[71] 


�
�
L. acidophilus nr


�
South Korea


�
Adults


�
Mixed


�
None


�
ACO


�
  7


�
Yeom et al[72]


�
�
L. reuteri 55730


�
Italy


�
Pediatric


�
Symptomatic


�
Placebo


�
AO, COT


�
15


�
Lionetti et al[73]


�
�
L. reuteri 55730


�
Italy


�
Adults


�
Symptomatic


�
None


�
ACT


�
  7


�
Scaccianoce et al[74]


�
�
L. reuteri 55730


�
Italy


�
Adults


�
Symptomatic


�
None


�
AELe


�
  7


�
Ojetti et al[75]


�
�
L. casei DG


�
Italy


�
Adults


�
Symptomatic


�
None


�
ART (E/P)


�
10


�
Tursi et al[76]


�
�
L. casei DG


�
Italy


�
Adults


�
nr


�
None


�
ACE


�
  7


�
Giovannone et al[77] 


�
�
This strain is now designated: Saccharomyces boulardii CNCM I-745. Clostridium butyricum 588 (MIYAIRI). Placebo indicates double-blinded design, single indicates either just patient or outcome assessor was blinded and none indicates an open study. A: Amoxicillin; C: Clarithromycin; E: Esomeprazole; F: Furazolidone; L: Lansoprazole; Le: Levofloxacin; MPA: Mucoprotective agent; nr: Not reported in paper/abstract; O: Omeprazole; P: Pantoprazole; R: Randazole; T: Tindazole.








Table 2  Excluded randomized controlled trials


Probiotic Strain


�
Reason for exclusion


�
                 Ref.


�
�
L. gasseri OLL2716


�
Study quality poor for treatment arm


�
Boonyaritichaikij et al[37] 


�
�
L. rhamnosus GG


�
No H. pylori assay done


�
Gawrońska et al[38]


�
�
L. reuteri ATCC 55730


�
Outcome was H. pylori burden


�
Francavilla et al[39]


�
�
S. boulardii I-745 or L. acidophilus Lb


�
No eradication therapy given with probiotic


�
Gottleland et al[40] 


�
�
Bifido. bifidum YIT4007


�
No eradication therapy given with probiotic


�
Miki et al[41] 


�
�
L. casei Shirota


�
No eradication therapy given with probiotic


�
Cats et al[42]


�
�
L. gasseri OLL2716


�
No eradication therapy given with probiotic


�
Takagi et al[43]


�
�
L. johnsonii Lj1


�
No eradication therapy given with probiotic


�
Pantoflickova et al[44]


�
�
L. johnsonii Lj1


�
No eradication therapy given with probiotic


�
Gottleland et al[45] 


�
�
L. reuteri ATCC 55730


�
No eradication therapy given with probiotic


�
Saggioro et al[46]


�
�
Bacillus clausii nr


�
< 2 RCT with eradication therapy


�
Nista et al[47] 


�
�
Bifido. animalis DN173010


�
< 2 RCT with eradication therapy


�
Yaşar et al[48]


�
�
Bifido. infantis 2036


�
< 2 RCT with eradication therapy


�
Dajani et al[49]


�
�
L. johnsonii Lc-1


�
< 2 RCT with eradication therapy


�
Felley et al[50]


�
�
L. casei DN 114001


�
< 2 RCT with eradication therapy


�
Sýkora et al[51] 


�
�
L. casei Shirota


�
< 2 RCT with eradication therapy


�
Sahagún-Flores et al[52]


�
�
nr: Strain not reported; RCT: Randomized controlled trials.





Table 1  Preferred reporting items for systematic reviews and meta-analyses checklist 2009[26]


Item


�
                                                                       Topic


�
Reported on page


�
�
Title


�
�
�
�
1


�
Title includes systematic review or meta-analysis or both


�
97


�
�
Abstract


�
�
�
�
2


�
Structured abstract/summary background, objectives, data sources, eligibility criteria, participant, interventions, appraisal and synthesis methods, results, limitation, conclusions and implication of key findings, systematic review registration number


�
97


�
�
Introduction


�
�
�
�
3


�
Rationale for review, what is already known


�
98


�
�
4


�
Objectives: Specific questions addressed: (PICOS)-participants, interventions, comparisons, outcomes, study design


�
99


�
�
Methods


�
�
�
�
5


�
If review protocol (location and accessed URL, registration number)


�
NA


�
�
6


�
Eligibility criteria (study characteristics (PICOS, follow-up, etc.) and report characteristics (years searched, language, publication status), provide rationale


�
99


�
�
7


�
Information sources (databases with dates of coverage, contact with study authors to identify additional studies, date last searched)


�
99


�
�
8


�
Search strategy: Full search strategy for at least one database, including any limits used, such that it could be repeated


�
99


�
�
9


�
Study selection: (process for screening, eligibility)


�
99


�
�
10


�
Data collection process: Method of data extraction (piloted forms, independently, in duplicate) and any processes of obtaining and confirming data from investigators)


�
99


�
�
11


�
Data items: List and define all variables sought (e.g., PICOS, funding sources, etc.) and any assumptions


�
99-102


�
�
12


�
Risk of bias in individual studies: (Describe methods used for assessing risk of bias (at study or outcome level), how this info is to be used in any data synthesis)


�
102


�
�
13


�
Summary Measures: State principal summary outcome measures (RR or Difference in means) for pooled estimates of risk


�
103


�
�
14


�
Synthesis of results: Describe method of handling data and pooling data (measures of consistency with I2 for each meta-analysis)


�
103


�
�
15


�
Risk for bias across studies: (publication bias)


�
103


�
�
16


�
Additional analysis: Any subgroup or sensitivity analysis, meta-regression and if pre-specified


�
103


�
�
Results


�
�
�
�
17


�
Study selection: N of RCT screened, # assessed for eligibility, reasons for exclusions, with flow diagram


�
103-104, Figure 2


�
�
18


�
Study characteristics (for each study: study size, PICOS, follow-up with citations)


�
Table 4


�
�
19


�
Risk of bias within studies: Data on risk for bias and if there, any outcome level assessment (see #12, study quality)


�
107


�
�
20


�
Results of individual studies: Simple summary data for txt arm, effect estimates and confidence intervals for each study, with forest plot


�
Figures 3-5


Tables 4, 5�
�
21


�
Synthesis of results: Data on each meta-analysis, pooled data, 95%CI and measures of consistency


�
Figures 3-5


�
�
22


�
Risk of bias across studies: results of any assessment of risk across studies (see #15)


�
Figures 6-8


�
�
23


�
Additional analysis data: if done (see #16, sub-groups)


�
107


�
�
Discussion


�
�
�
�
24


�
Summary of evidence: Summarize main findings, strength of evidence for each main outcome. Relevance to key groups (providers, users, policy makers)


�
110


�
�
25


�
Limitations: Limitations at study level and outcome level (risk of bias), at review-level (incomplete retrieval of identified research, reporting bias)


�
113


�
�
26


�
Conclusions: General interpretation of results compared to other evidence, implications for future research.


�
113


�
�
Funding


�
�
�
�
27


�
Funding: describe funding sources 


�
Not found


�
�
The PRISMA Statement. Available from: URL: http://prisma-statement.org/statement.htm. Accessed 7/25/2014.








Table 4  Description of the interventions and Helicobacter pylori eradication rates n (%)


Probiotic strain


�
Daily dose (cfu/d)


�
Form


�
Duration treatment (wk)


�
Follow-up post-treatment (wk)


�
H. pylori eradication probiotic


�
H. pylori eradication in controls


�
                Ref.


�
�
S. boulardii I-745


�
1 × 1010


�
Sachet


�
2


�
5-7


�
  17 (81)


�
  16 (80)


�
Cremonini et al[53]


�
�
S. boulardii I-745


�
1 × 1010


�
Capsule


�
2


�
4


�
    nr


�
      nr


�
Duman et al[54]


�
�
S. boulardii I-745


�
2 × 1010


�
Sachet


�
2


�
6


�
  44 (71)


�
  37 (60)


�
Cindoruk et al[55]


�
�
S. boulardii I-745


�
1 × 1010


�
Capsule


�
4


�
4-6


�
  45 (93.3)


�
  34 (80.9)


�
Hurduc et al[56]


�
�
S. boulardii I-745


�
2 × 1010


�
Capsule


�
4


�
4


�
264 (80)a


�
237 (71.6)


�
Song et al[57]


�
�
S. boulardii I-745 + MPA


�
2 × 1010


�
Capsule


�
4


�
4


�
271 (82.1)b 


�
237 (71.6)


�
Song et al[57]


�
�
S. boulardii I-745


�
5 × 109


�
Capsule


�
2


�
5


�
  71 (72)


�
  82 (86)a


�
Ozdil et al[58]


�
�
S. boulardii I-745


�
5 × 109


�
Sachet


�
2


�
52


�
  42 (84)a


�
  32 (64)


�
Chu et al[59]


�
�
S. boulardii I-745


�
1 × 1010


�
Capsule


�
2


�
8


�
  70 (87.5)


�
  65 (81)


�
Zojaji et al[60]


�
�
S. boulardii I-745


�
6 × 106


�
Capsule


�
2


�
6


�
  30 (83.4)a


�
  20 (58.8)


�
Kyriakos et al[61]


�
�
S. boulardii I-745


�
1 × 1010


�
Capsule


�
2


�
4


�
102 (85)c


�
  91 (75.8)


�
Zhao et al[62]


�
�
Clost. butyricum 588


�
1 × 107


�
Tablet


�
1


�
4


�
  44 (94)


�
  44 (88)


�
Guo et al[63]


�
�
Clost. butyricum 588


�
3 × 107


�
Tablet


�
2


�
6


�
  17 (94)


�
  13 (76)


�
Shimbo et al[64]


�
�
Clost. butyricum 588 (low dose)


�
6 × 107


�
Tablet


�
1


�
0


�
    7 (100)


�
    6 (87)


�
Imase et al[65]


�
�
Clost. butyricum 588 (high dose)


�
1.2 × 108


�
Tablet


�
1


�
0


�
    4 (80)


�
    6 (87)


�
Imase et al[65]


�
�
L. rhamnosus GG


�
1.2 × 1010


�
Sachet


�
2


�
6


�
  48 (80)


�
  46 (76.6)


�
Armuzzi et al[66]


�
�
L. rhamnosus GG


�
1.2 × 1010


�
Sachet


�
2


�
6


�
  25 (83)


�
  24 (80)


�
Armuzzi et al[67]


�
�
L. rhamnosus GG


�
1.2 × 1010


�
Sachet


�
2


�
5-7


�
  16 (76)


�
  16 (80)


�
Cremonini et al[53]


�
�
L. rhamnosus GG


�
2 × 109


�
Capsule


�
1


�
6


�
  23 (69)


�
  22 (68)


�
Szajewska et al[68]


�
�
L. rhamnosus GG


�
1.2 × 1010


�
Liquid


�
2


�
0


�
    nr


�
    nr


�
Padilla Ruiz et al[69]


�
�
L. acidophilus Lb


�
1.5 × 1010


�
Capsule


�
1.4


�
6


�
  52 (87)a 


�
  42 (70)


�
Canducci et al[70]


�
�
L. acidophilus Lb


�
2 × 1010


�
Capsule


�
2


�
4-6


�
  30 (64)


�
  26 (70)


�
De Francesco et al[71] 


�
�
L. acidophilus nr


�
2 × 108


�
nr


�
2


�
4-8


�
  19 (83)


�
  21 (95.5)


�
Yeom et al[72]


�
�
L. reuteri 55730


�
1 × 108


�
Tablet


�
2.9


�
8


�
  17 (85)


�
  16 (80)


�
Lionetti et al[73]


�
�
L. reuteri 55730


�
2 × 108


�
Tablet


�
1


�
4-6


�
    9 (53)


�
  10 (62)


�
Scaccianoce et al[74]


�
�
L. reuteri 55730


�
3 × 108


�
Liquid


�
2


�
6


�
  36 (80)a 


�
  27 (60)


�
Ojetti et al[75]


�
�
L. casei DG


�
1.6 × 1010


�
Capsule


�
1.4


�
4


�
  33 (94.3)


�
  30 (85.7)


�
Tursi et al[76]


�
�
L. casei DG


�
2 × 1010


�
nr


�
4


�
6


�
  22 (73)


�
  21 (70)


�
Giovannone et al[77]


�
�
aP < 0.05, bP < 0.01, cTrend, 0.05 ≤ P < 1.0. This strain is now designated: Saccharomyces boulardii CNCM I-745, nr: Not reported; S. boulardii: Saccharomcyes boulardii; L. rhamnosus: Lactobacillus rhamnosus.








Table 5  Prevention of adverse events associated with Helicobacter pylori eradication therapy in 28 treatment arms with adjunct probiotics n (%)


Probiotic strain


�
Any adverse events in probiotic


�
Any adverse events in controls


�
Antibiotic associated diarrhea in probiotic


�
Antibiotic associated diarrhea in controls


�
Ref.


�
�
S. boulardii I-745


�
   3 (14)b


�
12 (60)


�
  1 (5)a 


�
    6 (30)


�
Cremonini et al[53] 


�
�
S. boulardii I-745


�
   3 (1.5)


�
   3 (1.7)


�
   14 (6.9)b


�
     28 (15.6)


�
Duman et al[54] 


�
�
S. boulardii I-745


�
 14 (23)b


�
37 (60)


�
       9 (14.5)a 


�
     19 (30.6)


�
Cindoruk et al[55] 


�
�
S. boulardii I-745


�
  4 (8)a 


�
13 (31)


�
nr


�
nr


�
Hurduc et al[56] 


�
�
S. boulardii I-745


�
48 (14)


�
63 (19)


�
     9 (3.3)a 


�
20 (6)


�
Song et al[57] 


�
�
S. boulardii I-745 + MPA


�
30 (9)b


�
63 (19)


�
11 (3)


�
20 (6)


�
Song et al[57] 


�
�
S. boulardii I-745


�
nr


�
nr


�
nr


�
nr


�
Ozdil et al[58] 


�
�
S. boulardii I-745


�
   8 (16)b


�
34 (68)


�
 3 (6)


�
    8 (16)


�
Chu et al[59] 


�
�
S. boulardii I-745


�
nr


�
nr


�
     10 (12.5)a 


�
  21 (26)


�
Zojaji et al[60] 


�
�
S. boulardii I-745


�
nr


�
nr


�
     1 (2.8)a 


�
       7 (20.6)


�
Kyriakos et al[61] 


�
�
S. boulardii I-745


�
nr


�
nr


�
     27 (22.5)b


�
     47 (39.1)


�
Zhao et al[62] 


�
�
Clost. butyricum 588


�
      6 (12.8)a 


�
15 (30)


�
nr


�
nr


�
Guo et al[63] 


�
�
Clost. butyricum 588


�
nr


�
nr


�
  1 ( 6)


�
       2 (11.8)


�
Shimbo et al[64] 


�
�
Clost. butyricum 588 (low dose)


�
nr


�
nr


�
   1 (14)


�
     3 (43)


�
Imase et al[65] 


�
�
Clost. butyricum 588 (high dose)


�
nr


�
nr


�
 0 (0)


�
    3 (43)


�
Imase et al[65] 


�
�
L. rhamnosus GG


�
 26 (43)a 


�
37 (62)


�
       8 (13.2)b


�
     29 (48.2)


�
Armuzzi et al[66]


�
�
L. rhamnosus GG


�
 12 (40)a 


�
   20 (66.6)


�
     1 (3.3)b


�
       8 (26.6)


�
Armuzzi et al[67] 


�
�
L. rhamnosus GG


�
   3 (15)b


�
12 (60)


�
 1 (5)


�
    6 (30)


�
Cremonini et al[53] 


�
�
L. rhamnosus GG


�
18 (51)


�
13 (41)


�
  2 ( 6)


�
    6 (20)


�
Szajewska et al[68] 


�
�
L. rhamnosus GG


�
10 (34)


�
10 (33)


�
      4 (13.8)


�
    6 (20)


�
Padilla Ruiz et al[69] 


�
�
L. acidophilus Lb


�
  6 (10)


�
  6 (10)


�
nr


�
nr


�
Canducci et al[70] 


�
�
L. acidophilus Lb


�
nr


�
nr


�
nr


�
nr


�
De Francesco et al[71] 


�
�
L. acidophilus nr


�
  4 (15)


�
  5 (19)


�
nr


�
nr


�
Yeom et al[72] 


�
�
L. reuteri 55730


�
0 (0)


�
0 (0)


�
nr


�
nr


�
Lionetti et al[73] 


�
�
L. reuteri 55730


�
    1 (5.9)c


�
     4 (26.7)


�
  0 (0)a 


�
    2 (13)


�
Scaccianoce et al[74] 


�
�
L. reuteri 55730


�
nr


�
nr


�
  10 (22)b


�
  26 (58)


�
Ojetti et al[75] 


�
�
L. casei DG


�
      5 (14.3)a 


�
13 (37)


�
 0 (0)


�
     3 (8.6)


�
Tursi et al[76] 


�
�
L. casei DG


�
nr


�
nr


�
nr


�
nr


�
Giovannone et al[77] 


�
�
aP < 0.05, bP < 0.01, cTrend, 0.05 ≤ P < 1.0. This strain is now designated: Saccharomyces boulardii CNCM I-745. nr: Not reported in paper/abstract. Numbers in table given as frequency and percent (%). S. boulardii: Saccharomcyes boulardii; L. rhamnosus: Lactobacillus rhamnosus.








