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Table S1. Summary of methods  
 

Criteria for considering studies  

Research question  For each condition, the clinical question was “Should any specific probiotic vs. 
placebo or no probiotic be used for children with [GI disease]?”  

Type of document  ESPGHAN Position Paper  

Type of studies Systematic reviews and/or meta-analyses, as well as subsequently published 
peer-reviewed RCTs. 
 
Previously published ESPGHAN/Working Group/Committee on Nutrition 
documents related to probiotics.  
 
Search date: from [date of the last search to December 2021. Not more than 15 
years back - or update from a previous systematic review.  

Type of participants Children up to age 18 years, preferably living in geographic Europe. 

Type of 
interventions  

Active (e.g., live or viable) forms of probiotics (single or in combination) in all 
delivery vehicles (and formulations).  

Type of outcomes  The following diseases were included: acute gastroenteritis (AGE); antibiotic-
associated diarrhea (AAD); nosocomial diarrhea; necrotizing enterocolitis 
(NEC); H pylori infection; inflammatory bowel disease (IBD); functional GI 
disorders, particularly infantile colic, functional abdominal pain disorders 
(FAPD), functional constipation; celiac disease; small intestinal bacterial 
overgrowth (SIBO); pancreatitis. 
 
Some of the conditions were previously evaluated by the ESPGHAN Working 
Group on Probiotics and Prebiotics (e.g., acute gastroenteritis, AAD, NEC). If 
so, the document provides updated recommendations. 
 
The final list of the conditions to be included is the result of voting by the 
members of the ESPGHAN Working Group prior to the start of the project.  

Search methods 
of identification of 
studies 

 

Electronic searches For systematic reviews/meta-analyses:  

 The Cochrane Database of Systematic Reviews  

 The DARE (Database of Abstracts of Reviews of Effects) 
For systematic reviews/meta-analyses and subsequently published trials 
(starting from the date of the most recent search in the included reviews).  

 CENTRAL (Cochrane Central Register of Controlled Trials). 

 PubMed (National Library of Medicine, includes MEDLINE®). 

 EMBASE (Biomedical and pharmacological bibliographic database). 
 
The search was carried out independently by at least two reviewers.  
Language: English. 

Searching other 
resources  

The reference lists from identified studies and key review articles, including 
previously published meta-analyses.  

Search terms Depends on the topic. For updates, the same search terms as used earlier.  

Data collection 
and analysis  

 

Selection of studies  An initial screening of the title, abstract, and keywords of every record identified 
was performed. The next step was the retrieval of the full text of potentially 
relevant publications. At least two reviewers independently assessed the 
eligibility of each potentially relevant trial with the use of inclusion criteria. If they 
were different opinions, these were resolved by discussion with at least one 
other member of the Working Group. 

Data extraction  The data extracted included baseline characteristics, inclusion criteria, 
experimental and control treatments, setting, dose, outcomes of interest (with 
definitions, if available), and funding.  
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Assessment of risk 
of bias in included 
trials 

RCT: The Cochrane Collaboration’s tool for assessing risk of bias was used, 
which includes the following criteria: adequacy of sequence generation; 
allocation concealment; blinding of participants, personnel and outcome 
assessors; and incomplete outcome data were addressed.  
 
RCTs included in published systematic reviews/meta-analyses: the reviewers’ 
assessment was considered.  

Measures of 
treatment effect  

If feasible, for dichotomous outcomes, the results for individual studies, and 
pooled statistics were reported as the risk ratio (RR) between the experimental 
and control groups with 95% confidence intervals (CI). For continuous 
outcomes, the results were reported as the mean difference (MD) with 95% CI.  

Certainty of 
evidence  

The certainty of evidence (also called quality of the evidence) was categorized 
as high, moderate, low, or very low based on consideration of the risk of bias, 
the directness of evidence, consistency, and precision of the estimates. Low 
and very low-certainty of evidence indicates that the estimated effects of 
interventions are very uncertain, and further research is very likely to influence 
the resulting recommendations.  

Strength of 
recommendations  

The strength of each recommendation is expressed as either 

 strong [when the evidence showed that the benefit of the intervention 
clearly outweighs the undesirable effects] or  

 weak (conditional) [when the trade-offs were less certain (either because of 
the low quality of evidence or because the evidence suggests that desirable 
and undesirable effects are closely balanced)]. 

Wording of 
statements 

Strong recommendation for: Healthcare professionals should recommend X to 
Y.  
Weak recommendation for: Healthcare professionals may recommend X to Y.  
No recommendation: There is no recommendation for or against X to Y. 
Weak recommendation against: Healthcare professionals may not recommend 
X to Y. 
Strong recommendation against (i.e., Healthcare professionals should not 
recommend X to Y”) 
[X is the probiotic intervention and Y is the population]  

Formulation of the 
statements 
 
The modified Delphi 
process to establish 
consensus on the 
statements  
 

The modified Delphi process was used to establish consensus on the 
statements. 
 
Round 1 

 The draft document containing the list of statements formulated by the core 
group was circulated by email to all group members. 

 Each member was asked to vote by marking “agree” or “disagree” beside 
each statement.  

 Each member was given the opportunity to provide comments and suggest 
different wording.  

 Anonymity was retained.  

 Eighty percent agreement from the group was required in order to accept or 
omit a statement during development of the final document.  

 Statements not meeting 80% agreement were modified according to 
feedback provided by the group members and sent to the group for round 
2. 

Round 2 

 The list of statements that did not meet consensus from round 1 was 
emailed to all the members.  

 In round 2, the group used the same voting method as described for round 
1, but with the knowledge of the group scores and comments. 

 Thus, everyone could reflect upon the group results and change their mind, 
while preserving the anonymity of their responses.  

 Final responses were analyzed as described for round 1, and statements 
not meeting agreement were retained for discussion in round 3. 

Round 3 

 Round 3 was a [virtual] face-to-face meeting.  
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 Eighty percent agreement was used to determine acceptance or rejection 
of a statement.  

 Anonymity was not retained.  

 The discussion continued until agreement was reached to retain, modify, or 
eliminate the statement from the final document.  

Once full consensus was reached, the statements were included in the final 
document.  

Public consultation  The prefinal draft of this document was submitted for public consultation on X 
via the ESPGHAN website. ESPGHAN members and all interested parties were 
invited to submit written comments within 10 days. 
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Table S2.  
The list of probiotics used in studies on H pylori infection and 
functional gastrointestinal disorders (infant colic and functional 
constipation).  
 
 

Note: The genus of Lactobacillus has been recently reclassified into 
25 genera, which include 23 novel genera (1). For example, the 
new name for Lactobacillus rhamnosus is Lacticaseibacillus 
rhamnosus. However, the abbreviations of microorganisms 
remained the same (i.e., L rhamnosus). Species names and strain 
designations did not change (1). Throughout the manuscript and in 
the supplementary materials, the strain names were used as in the 
original publications. However, when formulating the 
recommendation, the new strain names were used.  
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Helicobacter pylori Infection 

The following probiotics (in alphabetical order) were included in the 
reviews (2-5). 
 

 Bacillus cereus, Bifidobacterium infantis, Enterococcus faecalis 
and Lactobacillus acidophilus (6) 

 Bacillus mesentericus, Clostridium butyricum and Streptococcus 
faecalis (7) 

 Bifidobacterium animalis and Lactobacillus casei (in yoghurt)(8) 

 Bifidobacterium bifidum, Bifidobacterium infantis, Lactobacillus 
acidophilus, Lactobacillus bulgaricus, Lactobacillus casei, 
Lactobacillus reuteri and Streptococcus (9) 

 Bifidobacterium infantis and Clostridium butyricum (10) (11) 

 Bifidobacterium longum, Enterococcus faecalis and 
Lactobacillus acidophilus (12) (13) 

 Bifidobacterium longum, Lactobacillus bulgaricus and 
Streptococcus thermophilus (no strain specification) (14, 15) 

 Bifidobacterium longum, Lactobacillus bulgaricus and 
Streptococcus thermophilus (16) (17) 

 Lactobacillus (14)  

 Lactobacillus acidophilus (15, 18-20) 

 Lactobacillus acidophilus & B bifidum (21) 

 Lactobacillus acidophilus R0052 & L rhamnosus R0011 (22) 

 Lactobacillus acidophilus, L rhamnosus, L bulgaricus, L casei, 
Streptococcus thermophilus, B infantis and B breve](23)  

 Lactobacillus casei 2401, L. acidophilus 2027, and B. 
lactis 2211 (24) 

 Lactobacillus casei DN 114 001 (25) 

 Lactobacillus delbrueckii, Lactobacillus acidophilus and 
Lactococcus lactis (26) 

 Lactobacillus plantarum, L reuteri, L casei subsp. rhamnosus, B 
infantis, B longum, L salivarius, L acidophilus, Streptococcus 
thermophilus, L sporogenes (27) 

 Lactobacillus reuteri ATCC 55730 (currently replaced by L 
reuteri DSM 17938) (28) 

 Lactobacillus reuteri DSM 17938 (29) 

 Lactobacillus rhamnosus GG (30) 

 Saccharomyces boulardii (31, 32) (33), (34), including one trial 
clearly stating the strain S boulardii CNCM I-745 (35)  
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For this document, four systematic reviews with meta-analyses, 
some additionally with network meta-analyses, were identified (2-
5). Information about the single probiotic strain (S boulardii) for 
which recommendations were made is presented in the main text. 
While additional probiotics were evaluated in these reviews, none 
of the probiotics was evaluated in more than one trial, thus, none 
met our inclusion criteria. Information about use of these various 
probiotic stains for H pylori eradication and treatment of therapy-
related adverse effects is presented below. 
 

Eradication  
A 2017 traditional and network meta-analysis evaluated the effects 
of probiotics (17 various regimens: strains not always well defined) 
on H pylori eradication rates in children (2)(Feng et al., 2017). A 
traditional meta-analysis found that, compared with placebo, 
probiotics (as a group) increased the eradication rate of triple 
therapy (29 trials, n=3122, RR 1.19, 95% 1.13-1.25). A network 
meta-analysis found L casei [DN-114 001] as the best probiotic to 
increase H pylori eradication rates in children (P score = 0.84; P-
scores with a higher value indicate greater effect)(2)(Feng et al., 
2017). However, this was based on a single trial only.  
 
A 2019 meta-analysis by Fang et al. focused on the efficacy of 
Lactobacillus-supplementation given along with triple H pylori 
therapy in children (36). The strains were L acidophilus and L 
rhamnosus, L reuteri, L casei, Lactobacillus GG, or not specified. 
Overall, in the Lactobacillus-supplemented groups compared to the 
control groups, the eradication rate was significantly higher (84% 
vs. 71.4%, respectively, RR 1.19, 95% CI 1.07 to 1.33, I2=0%). The 
eradication rate was increased significantly in the high-dose 
Lactobacillus group (2 RCTs, n=146, 91.3% vs. 64.9%, 
respectively, RR 1.36, 95% CI 1.15 to 1.60, I2=0%) and in the long-
term (>4 weeks) supplementation group (2 RCTs, n=110, RR 1.24, 
95% CI 1.06 to 1.46, I2=0%). However, in all subgroup analyses, 
various lactobacilli strains were pooled together. None of the strains 
was evaluated in more than one trial.  
 
For use of S boulardii for eradication, see main text.  
 
Treatment of therapy-related adverse effects 
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In the 2017 meta-analysis, Feng et al. (2) found that, compared 
with placebo or no intervention, probiotics (as a group) reduced the 
risk of overall H-pylori therapy-related adverse effects (18 RCTs, 
n=2154, RR 0.49, 95% CI 0.38 to 0.65, I2=61.7%). A difference was 
observed regarding which probiotic and which side effect was 
evaluated. A subgroup analysis based on strains found a reduced 
risk of total side (adverse) effects when S boulardii was used (3 
trials, n=366, RR 0.37, 95% CI 0.24 to 0.60). Regarding the type of 
adverse effects, probiotics given along with triple therapy 
particularly reduced the risk of diarrhea (20 RCTs, n= 2360, RR 
0.46 [0.37 to 0.58] and nausea/vomiting (20 RCTs, n=2199, RR 60 
[0.48 to 0.75]). There was no effect of probiotic supplementation on 
headache (3 RCTs, n=510. RR 0.47 [0.16-1.39]) and abdominal 
pain (6 RCTs, n= 601, RR 0.65 [0.38–1.11]).  
 
The 2019 meta-analysis by Fang et al. (36) also investigated the 
effect of the probiotic Lactobacillus strains on H pylori therapy-
related adverse effects. Overall, lactobacilli compared with controls 
decreased adverse effects; however, the difference between 
groups was not significant (17.9% vs. 35.6%, respectively, RR 0.47, 
95% CI 0.19–1.17, I2 = 83%). For specific side effects, 
Lactobacillus strains reduced significantly the incidence of diarrhea 
(3 RCTs, n = 348, 2.2% vs. 9.5%, respectively, RR 0.30, 95% CI 
0.10–0.85, I2 = 0%), but not abdominal distention (2 RCTs, n = 288, 
4.0% vs. 3.6%, RR 1.07, 95% CI 0.31 – 3.64, I2 = 0%) or taste 
disturbance (3 RCTs, n = 348, 3.9% vs. 9.5%, RR 0.46, 95% CI 
0.19–1.14, I2 = 0%) (Fang, Zhang, Cheng, & Li, 2019).  
 
In adults and children evaluated jointly, Zhou et al. (4) reported 
overall reduced risk of total side effects (11 RCTs, n=2464, RR 
0.47, 95% CI 0.36 to 0.61), specifically diarrhea (14 RCTs, n=3002, 
RR 0.33, 95% CI 0.23 to 0.47), nausea (10 RCTs, n=2115, RR 
0.67, 95% CI 0.53 to 0.84), constipation (4 RCTs, n=763, RR 0.37, 
95% CI 0.23 to 0.57), abdominal distention (5 RCTs, n=807, RR 
0.48, 95% CI 0.29 to 0.81), and improved stomatitis (2 RCTs, 
n=629, RR 0.24, 95% CI 0.09 to 0.66). It also reduced vomiting (5 
RCTs, n=863, RR 0.69, 95% CI 0.48 to 1.00); however, the latter 
finding was of borderline significance.  
 
For use of S boulardii for treatment of therapy-related adverse 
effects, see main text.  



 

 5 

Functional Gastrointestinal Disorders 

Infantile colic 
For this document, 10 systematic reviews and/or meta-analyses 
(37-46) focusing on infant colic were identified. The following 
probiotics (in alphabetical order) were investigated:  
 

 B breve BR03 (DSM 16604) and B breve B632 (DSM 24706) 
(47, 48) – PREVENTION  

 Bifidobacterium animalis subsp. lactis BB-12 (49, 50) 

 L reuteri (not clear: breastfed but received infant formula) 
(Ashraf, MW, Ayaz, SB)  

 L reuteri DSM 17938  
o treatment (51-59) 
o prevention (60) 

 L rhamnosus 19070-2, L reuteri 12246 (61) 

 L rhamnosus GG (62) 

 L rhamnosus GG, L rhamnosus LC705, B breve Bbi99, P 
freudenreichii ssp. shermanii JS (63) 

 L paracasei DSM 24733, L plantarum DSM 24730, L 
acidophilus DSM 24735, L delbrueckii subsp. bulgaricus DSM 
24734), three strains of bifidobacteria (B longum DSM 24736, B 
breve DSM 24732, and B infantis DSM 24737), and one strain 
of Streptococcus thermophilus DSM 24731 (64) 
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Functional constipation 
For this document, three systematic reviews were analyzed (65-
67), which evaluated the following probiotics (in alphabetical order):  

 

 B lactis DN-173 010 (and yogurt starter cultures: L 
delbrueckii ssp. bulgaricus [CNCM I-1632 and I-1519], Str 
thermophilus CNCM I-1630, and Lactococcus cremoris [CNCM 
I-1631]) (68) 

 B longum (plus yogurt starters L delbrueckii 
subsp. bulgaricus and Str thermophilus) (69) 

 Bifidobacteria breve M-16 V®, infantis M-63®, and longum 
BB536® (70) 

 Bifidobacterium, Bifidobacterium infantis  Bifidobacterium 
bifidum, Lactobacillus, Bifidobacterium longum, Lactobacillus 
plantarum, Lactobacillus casei, Lactobacillus rhamnosus (71). 

 L casei PXN 37, L rhamnosus PXN 54, Str thermophilus PXN 
66, B breve PXN 25, L acidophilus PXN 35, B infantis PXN 27, 
and L bulgaricus PXN 39)(72) 

 L reuteri DSM 17938 (5 RCTs) (73-77) 

 L rhamnosus GG (78) 

 L casei rhamnosus Lcr35 (79, 80) 
The only probiotics which were evaluated in more than 2 RCTs 
were L casei rhamnosus Lcr35 and L reuteri DSM 17938.  
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Acute Gastroenteritis  

 Healthcare professionals (HCPs) may recommend Lacticaseibacillus rhamnosus (L rhamnosus) GG [at a dose of 1010 CFU/day, 
typically 5–7 days] for the management of acute gastroenteritis in children, since there is evidence of reduced duration of diarrhea, 
length of hospitalization, and stool output (certainty of evidence: low; grade of recommendation: weak). 

 HCPs may recommend Saccharomyces (S) boulardii* (at a dose of 250–750 mg/day, for 5–7 days) for the management of acute 
gastroenteritis in children, since there is evidence of reduced duration of diarrhea (certainty of evidence: low; grade of 
recommendation: weak). 

 HCPs may recommend Limosilactobacillus reuteri (L reuteri) DSM 17938 (at daily doses 1x108 to 4x108 CFU, for 5 days) for the 
management of acute gastroenteritis in children, since there is evidence of reduced duration of diarrhea (certainty of evidence: very 
low; grade of recommendation: weak).  

 HCPs may recommend the combination of L rhamnosus 19070-2 and L reuteri DSM 12246 (at a dose of 2x1010 CFU for each strain, 
for 5 days) for the management of acute gastroenteritis in children, since there is evidence of reduced duration of diarrhea (certainty of 
evidence: very low; grade of recommendation: weak).  

 HCPs should not recommend the combination of Lactobacillus helveticus R0052 and L rhamnosus R0011 for the management of 
acute gastroenteritis due to the lack of efficacy (certainty of evidence: moderate; grade of recommendation: strong).  

 HCPs may not recommend Bacillus clausii strains O/C, SIN, N/R, and T for the management of acute gastroenteritis in children due to 
the lack of efficacy (certainty of evidence: very low; grade of recommendation: weak). 

Prevention of Antibiotic-Associated Diarrhea (AAD) 

 If the use of probiotics for preventing AAD is considered because of the existence of risk factors such as class of antibiotic(s), duration 
of antibiotic treatment, age, need for hospitalization, comorbidities, or previous episodes of AAD, HCPs may recommend high doses 
(≥5 billion CFU per day) of S boulardii* or L rhamnosus GG started simultaneously with antibiotic treatment to prevent AAD in 
outpatients and hospitalized children (certainty of evidence: moderate; grade of recommendation: moderate).  

Prevention of Nosocomial Diarrhea 

 HCPs may recommend L rhamnosus GG (at least 109 CFU/day) for the duration of the hospital stay for the prevention of nosocomial 
diarrhea in children (certainty of evidence: moderate; grade of recommendation: weak).  

 HCPs should not recommend L reuteri DSM 17938 for the prevention of nosocomial diarrhea in children due to the lack of efficacy 
(certainty of evidence: high; grade of recommendation: strong).  

Prevention of Necrotizing Enterocolitis (NEC) 

 For reducing the risk of NEC in preterm infants, provided all safety issues are met, HCPs may recommend L rhamnosus GG (at a 
dose ranging from 1x109 CFU to 6x109 CFU) (certainty of evidence: low; grade of recommendation: weak) or the combination of 
Bifidobacterium (B) infantis BB-02, B lactis BB-12, and Streptococcus thermophilus TH-4 at 3.0 to 3.5×108 CFU (of each strain) 
(certainty of evidence: low; grade of recommendation: weak).  

 Due to insufficient evidence, no recommendation can be made for or against L reuteri DSM 17938 or the combination of B bifidum 
NCDO 1453 & Lactobacillus acidophilus NCDO 1748 (certainty of evidence: for both, very low to moderate).  

 Due to the lack of efficacy, HCPs may not recommend B breve BBG-001 (certainty of evidence: low to moderate; grade of 
recommendation: weak) or S boulardii (certainty of evidence: very low to moderate; grade of recommendation: weak).  

Helicobacter pylori (H pylori) infection  

 In children with H pylori infection, HCPs may recommend, along with H pylori therapy, S boulardii* for increasing the eradication rates 
and decreasing gastrointestinal adverse effects (certainty of evidence: very low; grade of recommendation: weak).  

Inflammatory Bowel Disease  

 No recommendation can be made for or against the use of probiotics studied so far in the management of children with ulcerative 
colitis due to insufficient evidence.  

 No recommendation can be made for or against the use of probiotics studied so far in the treatment of children with Crohn’s disease 
due to insufficient evidence.  

Infant Colic  

 HCPs may recommend L reuteri DSM 17938 (at least 108 CFU/day for at least 21 days) for the management of infant colic in 
breastfed infants (certainty of evidence: moderate; grade of recommendation: weak).  

 No recommendation can be made for or against the use of L reuteri DSM 17938 in formula-fed infants due to insufficient evidence. 

 HCPs may recommend B lactis BB-12 (at least 108 CFU/day, for 21-28 days) for the management of infant colic in breastfed infants 
(certainty of evidence: moderate; grade of recommendation: weak).  

 No recommendation can be made for or against the use of any of the probiotics studied so far for preventing infant colic due to 
insufficient evidence.  

Functional Abdominal Pain Disorders (FAPD)  

 HCPs may recommend L reuteri DSM 17938 (at a dose of 108 CFU to 2 x 108 CFU/day) for pain intensity reduction in children with 
FAPD (certainty of evidence: moderate; grade of recommendation: weak).  

 HCPs may recommend L rhamnosus GG (at a dose of 109
 CFU to 3×109

 CFU twice daily) for the reduction of pain frequency and 
intensity in children with irritable bowel syndrome (certainty of evidence: moderate; grade of recommendation: weak). 

Functional Constipation  

 HCPs may not recommend the use of probiotics as a single or adjuvant therapy for treatment of functional constipation in children due 
to the lack of efficacy (certainty of evidence: moderate; grade of recommendation: weak).  

Celiac Disease  

 No recommendation can be made for or against the use of probiotics in children with celiac disease due to insufficient evidence.  
Small Intestinal Bacterial Overgrowth (SIBO) 

 No recommendation can be made for or against the use of probiotics in the treatment or prevention of SIBO due to insufficient 
evidence.  

Pancreatitis  

 As no randomized controlled trial on the use of probiotics for pancreatitis in children was identified, no recommendation can be made 
for or against the use of probiotics for the management of pancreatitis.  
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 RECOMMENDED NOT RECOMMENDED 

NO 

RECOMMENDATION 

FOR or AGAINST 

Acute Gastroenteritis  

 S oulardii*  

 L rhamnosus GG  

 L reuteri DSM 17938 

 L rhamnosus 19070-2 & 

L reuteri DSM 12246  

 L helveticus R0052 

& L rhamnosus 

R0011 

 B clausii strains 

O/C, SIN, N/R & T 

 

Prevention of AAD  
 L rhamnosus GG  

 S boulardii*  
  

Prevention of Nosocomial 

Diarrhea  
 L rhamnosus GG  

 L reuteri DSM 

17938 
 

Crohn Disease    Insufficient evidence 

Ulcerative Colitis    Insufficient evidence 

Management Infant Colic  

 L reuteri DSM 17938 

(BF) 

 B lactis BB-12 (BF) 

 
 L reuteri DSM 

17938 (FF)  

Functional Abdominal Pain 

Disorders  

 L reuteri DSM 17938 

 L rhamnosus GG 
  

Functional Constipation   Not effective   

H pylori Eradication   S boulardii*   

Prevention of NEC 

 L rhamnosus GG  

 B infantis BB-02, B 

lactis BB-12 & Str 

thermophilus TH-4 

 B breve BBG-001;  

 S boulardii 

 L reuteri DSM 

17938;  

 B bifidum NCDO 

1453 &L 

acidophilus 

NCDO 1748 

Celiac Disease    Insufficient evidence 

Small Intestinal Bacterial 

Overgrowth  
  Insufficient evidence 

Pancreatitis   No RCT data  

* Note: In many of the trials, the strain designation of S boulardii was not available. However, if available, or assessed retrospectively, 
most used was that recently designated as S boulardii CNCM I-745.  
BF, breastfed; FF, formula-fed; RCT, randomized controlled trial. 
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