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Summary
Background: There is still controversy with regard to the efficacy of individual probi-
otic strains for the management of acute gastroenteritis.
Aim: To update evidence on use of Saccharomyces boulardii for treating acute gastro-
enteritis in children.
Methods: The Cochrane Library, MEDLINE and EMBASE databases were searched 
from inception to December 2019 for randomised controlled trials (RCTs) that com-
pared use of S boulardii with no S boulardii (defined as placebo or no treatment). The 
grey literature was searched through Google search. Authors of the original papers 
and S boulardii manufacturers were contacted for additional data.
Results: Twenty-nine RCTs (among them, 20 newly identified trials) were included. 
Only 38% of trials adequately generated their randomisation sequence, only 17% 
adequately concealed allocation and only one trial adequately blinded participants, 
study personnel and outcome assessors. However, 83% provided complete outcome 
data. None of the trials evaluated the effect of S boulardii on stool volume. Compared 
with placebo or no treatment, S boulardii use reduced the duration of diarrhoea (23 
RCTs, n = 3450, mean difference −1.06 day, 95% CI −1.32 to −0.79; high heterogene-
ity [I2 = 90%]) (very low quality of evidence). S boulardii use was also associated with a 
reduced duration of hospitalisation (8 RCTs, n = 999, mean difference −0.85 day, 95% 
CI −1.35 to −0.34; I2 = 91%) (very low quality of evidence). S boulardii reduced the risk 
of diarrhoea on day 2 to day 7 (low quality of evidence).
Conclusions: In children with acute gastroenteritis, low- to very low-quality evidence 
suggests that S boulardii confers a benefit for several diarrhoeal outcomes.
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1  | INTRODUC TION

Worldwide, acute gastroenteritis, often referred to as ‘acute infec-
tious diarrhoea,’ is a significant cause of morbidity and mortality in 
children. It also accounts for a substantial number of out-patient or 
emergency department visits and hospitalisations. Oral rehydration 
therapy is the mainstay of treatment for acute gastroenteritis and 
should be applied promptly.1,2 However, despite proven efficacy, 
oral rehydration remains underused. Several guidelines recommend 
using probiotics with proven efficacy and safety for the manage-
ment of children with acute gastroenteritis as an adjunct to rehy-
dration therapy.1-3 Two strains most commonly recommended are 
Lactobacillus rhamnosus GG (L rhamnosus GG)4,5 and Saccharomyces 
boulardii (S boulardii).5 However, there is still controversy with re-
gard to the efficacy of individual strains, even those included in 
the recommendations. This is because data to support using indi-
vidual strains are often limited or had methodological limitations. 
Moreover, at least with regard to some probiotics, high-quality null 
studies were recently published.6-8

Saccharomyces boulardii is a widely available probiotic yeast.9 
Our previous meta-analysis (originally published in 200710 and up-
dated in 200911) of data from nine randomised controlled trials 
(RCTs) involving 1117 participants showed that S boulardii is moder-
ately effective in treating children with acute gastroenteritis, mainly 
by shortening the duration of diarrhoea. The exact mechanisms 
by which S boulardii might exert its actions are unclear. However, 
possible mechanisms include interference with pathogen attach-
ment, interaction with normal microbiota, inactivation of toxins (eg 
Clostridioides (Clostridium) difficile toxins), antisecretory effects via 
normalisation of the transcellular transport of chloride and reduced 
loss of sodium and water, and immunomodulatory effects, both 
within the lumen and systemically.9 In the last few years, a number 
of new relevant studies have been published not included in pub-
lished systematic reviews. Here, our aim was to systematically up-
date evidence on the effects of S boulardii compared with placebo 
or no intervention for treating acute gastroenteritis in children. The 
intention is that this updated meta-analysis will serve as a basis for 
revising the guidelines for the management of acute gastroenteritis 
in children.

2  | METHODS

The methodology was similar to one followed in our earlier system-
atic review on a similar topic.12 The protocol was submitted for reg-
istration with the International Prospective Register of Systematic 
Reviews (PROSPERO) on 30 September 2019 (ID: 152 832); how-
ever, formal registration was still pending at the time of the writing 
of this manuscript. The guidelines from the Cochrane Collaboration 
for undertaking and reporting the results of a systematic review 
and meta-analysis13 and the PRISMA statement14 were followed for 
this systematic review and meta-analysis. Ethical approval was not 
needed.

2.1 | Criteria for considering studies for this review

All relevant RCTs that compared use of S boulardii (as a single ingredi-
ent, in all delivery vehicles and formulations, at any dose, regardless 
of the strain manufacturer and designation) with no S boulardii (de-
fined as placebo or no treatment) were eligible for inclusion. The pri-
mary outcome measures of interest were the duration of diarrhoea 
and stool volume. The secondary outcome measures were the effects 
of S boulardii on the course of diarrhoea, including the percentages 
of children with diarrhoea at various times intervals (as specified by 
the investigators), the percentage of children with diarrhoea last-
ing longer than 7 days, the duration of hospitalisation and adverse 
events. Other outcomes evaluated by the authors of the original tri-
als were also considered if clinically relevant to this review.

2.2 | Search methods for identification of studies

To identify relevant evidence, the Cochrane Central Register of 
Controlled Trials (CENTRAL, the Cochrane Library), MEDLINE and 
EMBASE databases were searched from their inception to December 
2019. The principal search text word terms and MESH headings 
used were as follows: diarrhea/diarrhoea, diarrh*, gastroenteritis, 
probiotic*, Saccharomyces boulardii (for details, see Table S1). No 
language restrictions were imposed. Additionally, the grey literature 
was searched through Google. The reference lists from identified 
studies and key review articles, including previously published sys-
tematic reviews with or without a meta-analysis, were also searched 
to identify any other relevant studies. If needed, the authors of the 
original papers and the manufacturers of S boulardii were contacted 
for additional data. Letters to the editor, abstracts and proceedings 
from scientific meetings were excluded, unless data needed for this 
review were obtained from the authors. The ClinicalTrials.gov and 
ClinicalTrialsRegister.eu websites were also searched for RCTs that 
were registered but not yet published.

2.3 | Data collection and analysis

Using a standardised form, two reviewers (BMZ & MK) undertook 
the literature search, data extraction and quality assessment. The 
data (extracted by one reviewer and checked by the second re-
viewer) included baseline characteristics, inclusion criteria, experi-
mental and control treatments, setting, dose and funding.

2.4 | Assessment of risk of bias in included studies

The Cochrane Collaboration's tool for assessing risk of bias was used. 
The risk of bias parameters included the type of randomisation method 
(selection bias), allocation concealment (selection bias), blinding of par-
ticipants and personnel (performance bias), blinding of outcome as-
sessment (detection bias) and incomplete outcome data (attrition bias). 
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Additionally, selective reporting (reporting bias) and other types of 
bias were considered. If an item could not be evaluated due to missing 
information, it was rated as having an unclear risk of bias.13

The GRADE (Grading of Recommendations, Assessment 
Development and Evaluations) approach was used to assess the quality 
of the supporting evidence for selected outcomes (ie the primary out-
come measures, duration of hospitalisation and the risk of diarrhoea 
on specific days) using the GRADEpro software (https ://gdt.grade pro.
org).15 The quality of the evidence (also called certainty of evidence) is 
categorised as high, moderate, low or very low based on consideration 
of the risk of bias, the directness of evidence, consistency and preci-
sion of the estimates. Low and very low-quality evidence indicates that 
the estimated effects of interventions are very uncertain, and further 
research is very likely to influence resulting recommendations.

2.5 | Measures of treatment effect

The 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 (95% 
CI). The continuous outcomes were reported as the mean difference 
(MD) between the treatment and control groups with 95% CI.

2.6 | Dealing with missing data

We assessed pooled data using available case analysis, ie an analysis in 
which data are analysed for every participant for whom the outcome 
was obtained, rather than intention-to-treat analysis with imputation.

2.7 | Assessment of heterogeneity

Heterogeneity was quantified by χ2 and I2, which can be interpreted 
as the percentage of the total variation between studies that is at-
tributable to heterogeneity rather than to chance. A value of 0% indi-
cates no observed heterogeneity, and larger values show increasing 
heterogeneity. For χ2 test, the level of significance was P < 0.10. All 
analyses were based on the random-effects model.

2.8 | Assessment of reporting biases

For the primary outcomes, when at least 10 RCTs were available, 
publication bias was assessed using the funnel plot proposed by 
Egger et al 16 A P < .05 implicates publication bias.

2.9 | Data synthesis (statistical methods)

The data were analysed using Review Manager (RevMan [Computer 
program]. Version 5.3. Copenhagen: The Nordic Cochrane Centre, 

The Cochrane Collaboration, 2014). In cases when the standard de-
viations were not presented, efforts were made to obtain missing 
data from the authors of the original studies. As only some of the au-
thors responded, in case of failure, missing data were estimated from 
standard errors, confidence intervals or p-values using the calculator 
function in the RevMan software. The same RevMan calculator was 
used in the case of trials with more than one experimental arm which 
could have been combined into one arm.

2.10 | Subgroup analyses

For the primary outcomes, subgroup analyses based on factors that 
could potentially influence the magnitude of the treatment response 
were planned for the following: (a) Dose of S boulardii; (b) Countries by 
the Human Development Index status [Very High/High vs Medium/
Low]); (c) Setting (out-patient vs in-patient); (d) Strain designation (S 
boulardii CNCM I-745 [also known as S cerevisiae Hansen CBS 5926]9 
vs any other strains). The rationale for the latter was based on the po-
sition of the European Food Safety Authority (EFSA) which, at least 
on one occasion, concluded that there was no sufficient evidence 
that S boulardii CNCM I-745 (S cerevisiae Hansen CBS 5926) strain 
was identical with another S boulardii strain (ie S cerevisiae var. boular-
dii CNCM I-3799).17 Additionally, at least one study18 demonstrated 
that the differences in the in vitro properties of probiotics may de-
pend on the product source (matrix) and production processes and 
conditions. Whether or not these manufacturing differences trans-
late into the differences in vivo and into clinical outcomes is a matter 
of discussion; however, manufacturing standards may be relevant.

In case of significant statistically significant heterogeneity in the 
primary outcome across studies, additional analyses were performed 
to determine the impact of allocation concealment (adequate vs in-
adequate and/or unclear), blinding (open trial vs double-blind trials) 
and completeness of outcome data.

We also planned an analysis based on the duration of diarrhoea 
to assess whether the findings were affected by including only tri-
als at low risk of bias (defined as those with adequate randomisa-
tion, allocation concealment, blinding and at least 80% follow-up). 
However, only one RCT fulfilled these criteria.

3  | RESULTS

For a flow diagram documenting the identification process for eli-
gible trials, see Figure S1. Detailed characteristics of the included 
RCTs are presented in Table S2, and characteristics of the excluded 
trials are presented in Table S3.

Ultimately, 29 RCTs that randomised 4217 participants (2152 
in the experimental group and 2065 in the control group) were in-
cluded.19-47.Among the included trials, there were 20 RCTs identified 
since our previous systematic review. In addition, one registered trial 
was identified as still recruiting at the time of the writing of this man-
uscript (ClinicalTrials.gov Identifier NCT03684538).

https://gdt.gradepro.org
https://gdt.gradepro.org
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The age of the participants in the included trials ranged from 
1 month to 15 years. However, the majority, ie 21 trials, enrolled chil-
dren aged 60 months or less. The sample size in all included trials ranged 
from 27 to 420 participants. The power calculation was performed 
in 11 trials only. Included trials were carried out in countries such as 
Argentina (1 trial), Bolivia (1 trial), Brazil (1 trial), Burma (1 trial), India (8 
trials), Indonesia/India (1 trial), Iran (1 trial), Italy (1 trial), Mexico (1 trial), 
Pakistan (6 trials) and Turkey (7 trials). The included studies were mostly 
single-centre trials. Twenty-eight trials reported study setting, of which 
21 RCTs were carried out in in-patients only; 5, in out-patients only; 
and 2, in in- and out-patients. One RCT reported data on a small subset 
of patients treated in the emergency department. The latter group was 
not predefined by us, and it was reported separately due to the differ-
ences in health care organisations between the countries.

The most commonly administered daily dose of S boulardii was 
500 mg (18 RCTs). However, the daily doses ranged from <300 mg 
(6 RCTs) to 400 mg (1 RCT) to 600 mg (1 RCT) to 4000 mg (1 RCT). 
In two trials, the doses were mixed or unknown. The duration of the 
intervention typically lasted 5 days (20 trials); however, occasionally, 
it lasted 3 days (1 trial), 6 days (3 trials), 7 days (2 trials), 10 days (1 
trial) or was unspecified (2 trials).

The comparator treatment was placebo in 11 trials and no S bou-
lardii (oral rehydration solution or no intervention) in the remaining 
trials. In all studies, S boulardii was used in addition to rehydration 
therapy consisting of an oral rehydration solution and/or intrave-
nous rehydration.

3.1 | Risk of bias in included studies

Most trials were at risk of bias for at least one of the domains (see 
Figure S2). Only 11 (38%) of trials adequately generated their ran-
domisation sequence, only 5 (17%) adequately concealed allocation 
and only 1 trial blinded all involved parties (ie participants, study 
personnel and outcome assessors). However, most of the trials [24 
(83%)] provided complete outcome data defined as at least 80% fol-
low-up. Only one trial was considered to be at low risk of bias with 
regard to adequate randomisation, allocation concealment, blinding 
and follow-up.26

GRADE analysis for selected outcomes is presented in Table S4.

3.2 | Heterogeneity and publication bias

Significant heterogeneity (I2 = 90%) was found for the duration of 
diarrhoea (the only primary outcome which was assessed). There 
was also evidence of publication bias for this outcome (P = .0008) 
(Figure S3).

3.3 | Effects

A summary of all of the results is presented in Table 1.

3.3.1 | Stool volume

None of the included trials assessed the effect of S boulardii on stool 
volume.

3.3.2 | Duration of diarrhoea

A meta-analysis of 23 RCTs (3450 participants) showed a reduction 
in the duration of diarrhoea for those treated with S boulardii com-
pared with placebo or no treatment (MD –1.06 days [−1.32, −0.79]; 
high heterogeneity [I2 = 90%]; very low quality of evidence) (Figure 1 
and Table S4).

As intended, a number of pre-planned subgroup analyses related 
to the primary outcome were performed.

• Dose. S boulardii was effective when used at a daily dose 
<300 mg/d (5 RCTs, n = 873, MD −0.84 d [−1.50 to −0.18]; high 
heterogeneity [I2 = 91%]); or 500 mg/d (15 RCTs, n = 2248, MD 
−0.86 d [−1.05 to −0.66]; I2 = 58%); or >500 mg/d (1 RCT, n = 41, 
MD −2.76 d [−3.69 to −1.83]). In two remaining trials (n = 288), the 
dose was unclear (MD – 2.15 d [−3.26 to −1.05]; I2 = 72%) (Figure 
S4). The test for subgroup differences suggests that there is a sig-
nificant difference (P = .0002), meaning that dose does modify the 
treatment effect. However, when the only RCT evaluating a daily 
dose of 4000 mg with a small number of participants (n = 41) was 
excluded, subgroup differences were not detected (P = .96).

• Countries by the Human Development Index status. S boulardii was 
effective when used in very high/high Human Development Index 
countries (8 RCTs, n = 1347, MD −0.96 [−1.40, −0.52]; high het-
erogeneity [I2 = 90%]) and in medium/low Human Development 
Index countries (15 RCTs, n = 2076, MD −1.12 [−1.49, −0.76]; high 
heterogeneity [I2 = 87%]) (Figure S5). The test for subgroup differ-
ences suggests that there is no significant difference (P = .57).

• In-patients/out-patients. There was reduction in the duration of 
diarrhoea in studies carried out in in-patients (18 RCTs, n = 2697, 
MD −1.19 d [−1.52, −0.85]; high heterogeneity [I2 = 87%]) and in 
out-patients (6 RCTs, n = 702, MD −0.79 d [−1.20, −0.37]; high 
heterogeneity [I2 = 84%]), as well as in those treated in the emer-
gency department (1 RCT, n = 51, MD −0.75 d [−1.26, −0.24]) 
(Figure S6). The test for subgroup differences suggests that there 
is no significant difference (P = .21). However, a smaller number of 
trials and participants contributed to the out-patient group than 
to the in-patient group, indicating that the analysis may not be 
able to detect subgroup differences.

• Strain designation. In 13 trials (1599 participants), the S boulardii 
CNCM I-745 strain was used. In the remaining 10 trials (1851 
participants), there was no information on the strain designa-
tion. Regardless of the strain designation, the duration of diar-
rhoea was reduced (MD −0.99 d [−1.27, −0.70], I2 = 85% vs −1.12 
d [−1.68, −0.57], I2 = 91%, respectively). The test for subgroup dif-
ferences suggests that there is no significant difference (P = .66) 
(Figure S7).
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• Aetiology. Only four RCTs included children with a priori di-
agnosed rotavirus acute gastroenteritis. Compared with the 
control group, S boulardii reduced the duration of diarrhoea (4 
RCTs, n = 389, MD −1.07 d [−1.79, −0.34]; high heterogeneity 
[I2 = 85%]) (Figure S8).

Additionally, pre-planned subgroup analyses based on trial method-
ological quality were performed. Statistically significant between-study 
heterogeneity persisted in subgroup analyses, suggesting that the dif-
ferences in outcomes between studies were caused by factors other 
than differences in methodological quality (see Figures S9-S13).

TA B L E  1   Overview of the results

Outcome or subgroup RCT (n)
Participants 
(n)

Statistical method, random 
effect model

Effect estimate 
(95% CI)

Heterogeneity, 
I2 (%)

Stool output — — — — —

Duration of diarrhoea (days) 23 3450 MD −1.06 [−1.32, −0.79] 90%

Dose of S boulardii

<300 mg 5 873 MD −0.84 [−1.50, −0.18] 91%

500 mg 15 2248 MD −0.86 [−1.05, −0.66] 58%

>500 mg 1 41 MD −2.76 [−3.69, −1.83] N/A

Unknown 2 288 MD −2.15 [−3.26, −1.05] 72%

Countries by the HDI status (Very High/High- vs Medium/Low HDI)

Very High/High HDI 8 1374 MD −0.96 [−1.40, −0.52 90%

Medium/Low HDI 15 2076 MD −1.12 [−1.49, −0.76] 87%

Setting

In-patients 18 2697 MD −1.19 [−1.52, −0.85] 87%

Out-patients 6 702 MD −0.79 [−1.20, −0.37] 84%

Emergency department 1 51 MD −0.75 [−1.26, −0.24] N/A

Strain designation

S boulardii CNCM I-745 13 1599 MD −0.99 [−1.27, −0.70] 85%

Not specified 10 1851 MD −1.12 [−1.68, −0.57] 91%

Duration of rotavirus diarrhoea 4 389 MD −1.07 [−1.79, −0.34] 85%

Duration of hospital stay (days) 8 999 MD −0.85 [−1.35, −0.34] 91%

Presence of diarrhoea on specific days

On day 1 3 513 RR 1.00 [0.97, 1.03] 0%

On day 2 2 463 RR 0.75 [0.67, 0.84] 0%

On day 3 6 849 RR 0.61 [0.51, 0.74] 30%

On day 4 3 551 RR 0.61 [0.40, 0.93] 47%

On day 5 5 693 RR 0.32 [0.17, 0.62] 34%

On day 6 1 100 RR 0.48 [0.24, 0.96] N/A

On day 7 1 88 RR 0.39 [0.20, 0.75] N/A

>7 days 3 346 RR 0.25 [0.10, 0.63] 0%

Number of days with vomiting 6 792 MD −0.42 [−0.72, −0.12] 95%

Frequency of stools

Day 1 8 919 MD −0.09 [−0.47, 0.28] 82%

Day 2 7 797 MD −0.71 [−1.46, 0.05] 95%

Day 3 9 950 MD −1.30 [−2.16, −0.44] 97%

Day 4 7 798 MD −1.35 [−2.33, −0.38] 99%

Day 5 4 553 MD −0.85 [−2.51, 0.82] 99%

Day 6 3 384 MD −0.05 [−0.30, 0.19] 85%

Day 7 2 271 MD −0.42 [−1.30, 0.46] 93%

Abbreviations: HDI, Human Development Index; RCT, randomised controlled trial; 95% CI, 95% confidence interval; MD, mean difference; RR, 
relative risk; N/A, Not applicable.
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3.3.3 | Duration of hospitalisation

A meta-analysis of eight RCTs (n = 999) showed a reduction in the 
duration of hospitalisation for those treated with S boulardii com-
pared with the control group (MD −0.85 d [−1.35 to −0.34]; high 
heterogeneity [I2 = 91%]; very low quality of evidence) (Figure 2 and 
Table S4).

3.3.4 | Presence of diarrhoea

Limited data showed that compared with placebo, S boulardii did 
not reduce the risk of diarrhoea on day 1 (3 RCTs, n = 513, RR 1.00 
[0.97, 1.03]). However, S boulardii reduced the risk of diarrhoea on 
day 2 (2 RCTs, n = 463, RR 0.75 [0.67, 0.84]), on day 3 (6 RCTs, 
n = 849, RR 0.61 [0.51, 0.74]), on day 4 (3 RCTs, n = 551, RR 0.61 
[0.40, 0.93]) and on day 5 (5 RCTs, n = 693, RR 0.32 [0.17, 0.62]). 
Three RCTs (n = 346) reported reduced risk of diarrhoea lasting 
>7 days (RR 0.25 [0.10, 0.63]). For all days, low quality of evidence 
(Figure 3 and Table S4).

3.3.5 | Stool frequency

Stool frequency was often reported in the included RCTs. A meta-
analysis of the studies reporting stool frequency did show a reduc-
tion in the frequency of stools for those treated with S boulardii 
compared with controls at all time intervals; however, it was statisti-
cally significant at day 3 and day 4 (Figure S14).

3.3.6 | Vomiting

Six RCTs (n = 792) provided data on vomiting. A meta-analysis 
of these studies showed a reduction in the number of days with 
vomiting for those treated with S boulardii compared with controls 
(MD −0.42 d [−0.72, −0.12]; high heterogeneity [I2 = 95%]) (Figure 
S15).

3.3.7 | Low risk of bias studies

Only one RCT (Correa et al26) was considered to be at low risk of 
bias with regard to adequate randomisation, allocation concealment, 
blinding and follow-up. This RCT conducted in Brazil assessed 186 
children aged 6-48 months with acute gastroenteritis (mainly caused 
by rotavirus). The primary outcome was clinical cure of the diar-
rhoea. Compared with placebo, the addition of S boulardii (at a daily 
dose of 400 mg given within 72 hours after the onset of acute diar-
rhoea) reduced the frequency of diarrhoea at day 3 after the start of 
the intervention (29/95 vs 51/91; RR 0.54 [0.38; 0.66]), including in 
a subgroup of rotavirus-positive patients (14/48 vs 29/45; RR 0.45 
[0.28; 0.74]).

3.3.8 | Adverse events

Data regarding therapy-related adverse events were collected in 
nine studies.22,26-29,31,39-41 In eight of these trials, adverse events 
were not observed, and in one trial, a single patient in the S boulardii 

F I G U R E  1   Forest plot of randomised controlled trials of S boulardii vs control in acute gastroenteritis. Effect on duration of diarrhoea 
(days)

Study or Subgroup

Bhat 2018 (500 mg/6 d) (H) 1.74 0.45 40 2.4 1.1 40 5.2% –0.66 [–1.03, –0.29]
–1.20 [–1.89, –0.51]
–2.10 [–2.94, –1.26]
–2.61 [–3.05, –2.17]
–0.43 [–0.48, –0.38]
–0.43 [–0.90, 0.04]

–0.95 [–1.22, –0.68]
–0.93 [–1.63, –0.23]
–1.16 [–1.77, –0.55]
–1.01 [–1.30, –0.72]
–0.40 [–1.32, 0.52]

–2.76 [–3.69, –1.83]
–0.90 [–1.48, –0.32]
–1.60 [–3.18, –0.02]
–0.22 [–0.54, 0.10]

–1.07 [–2.14, –0.00]
–0.80 [–1.20, –0.40]
–0.80 [–1.60, –0.00]
–0.50 [–0.93, –0.07]
–2.10 [–2.58, –1.62]
–0.53 [–1.08, 0.02]

–0.94 [–1.39, –0.49]
–1.46 [–2.57, –0.35]

4.1%
3.6%
5.0%
5.7%
4.9%
5.4%
4.1%
4.4%
5.4%
3.4%
3.3%
4.5%
1.9%
5.3%
2.9%
5.1%
3.8%
5.0%
4.8%
4.6%
4.9%
2.8%

50
35

100
92

120
28
62
25

143
25
20
50
50

157
210
50

100
54

100
95
35
44

1.77
2.1

1.81
0.22
1.87
0.62

2
1.35
1.36
1.6

1.76
1.49
4.03
1.5

5.58
1.05
3.2

1.27
2.1

2.19
1.02
3.2

4.8
5.5

5.84
4.81
4.38
3.4

2.03
3.08
4.15

7
5.68
4.5

4.68
4.59
4.5

3.98
5.5

2.67
5.5

2.77
4.47
6.16

16851765

50
35

100
91

120
30
64
25

220
25
21
51
50

157
210
50

100
54

100
93
35
44

1.77
1.4

1.31
0.1

1.84
0.37

2
0.76
1.39
1.7

1.21
1.49
4.03
1.38
5.58
1.01
2.5

1.02
1.3

1.61
0.9

1.94

3.6
3.4

3.23
4.38
3.95
2.45
1.1

1.92
3.14
6.6

2.92
3.6

3.08
4.37
3.43
3.18
4.7

2.17
3.4

2.24
3.53
4.7

Billoo 2006 (500 mg/5 d) (H)
Burande 2013 (500 mg/5 d) (H)
Burki 2017 (?) (H)
Canani 2007 (250 mg/5 d) (O)
Dalgic 2011 (250 mg/5 d) (H)
Das 2016 (500 mg/5 d) (H)
Dash 2016 (500 mg/5 d) (H)
Dinleyici 2009 (500 mg/7 d) (H)
Dinleyici 2015 (500 mg/5 d) (H+O)
Erdogan 2012 (282.5 mg/?d) (O)
Grandy 2010 4000 mg/5 d) (H)
Hafeez 2002 (500 mg/6 d) (O)
Htwe 2008 (500 mg/5 d) (H)
Javeed 2018 (500 mg/5 d) (H)
Khan 2012 (500 mg/5 d) (H)
Kumar 2018 (500 mg/3 d) (H)
Kurugol 2005 (250 mg/5 d) (H)
Riaz 2012 (500 mg/5 d) (H)
Sharif 2016 (250 mg/5 d) (H)
Vandenplas 2007 (500 mg/5 d) (O)
Vidjeadevan 2017/2018 (500 mg/5 d) (H)
Villarruel 2007 (250-500 mg/6 d) (O)

Total (95% Cl)

Heterogeneity: Tau2 = 0.31; Chi2 = 224.44, df = 22 (P < 0.00001); I2 = 90%
Test for overall effect: Z = 7.91 (P < 0.00001)

Risk of bias legend
(A) Random sequence generation (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

(B) Allocation concealment (selection bias)

Experimental
Mean (Days) Mean (Days)SD (Days) SD (Days)Total WeightTotal

Control Mean Difference
IV, Random, 95% Cl (Days) IV, Random, 95% Cl (Days)

Mean Difference Risk of Bias
A B C D E

?
? ?

?
?

?
?

?
?
?
??

?
? ?

? ?

?

?

?

? ?
? ? ?

??
? ?
? ? ?

?
??

?
?
?
?

??
?

??
?

?
?
?

?
? ?

?

?

? ? ?

??

?
?

?
?

?
?
?
? ? ?

?
?
? ?

?
+

+
+
+

+

+
+
+
+

++
+

++ +
+

+ +
+

+

+
+

+
+ + +

+
+
+

+
+

+ + +
++

+
+

+

+
+
+

+

+
+

+

+

+
+
+

– –
–
–

– – –
––

–

– –
–

–
–

–
–
–

–

–
–

–

– –

– –
–

– –
–

–
–
–
–

–
– –

–

F G

100.0% –1.06 [–1.32, –0.79]

Favours Favours controlS boulardii
–2–4 0 2 4



     |  7SZAJEWSKA Et Al.

group reported a meteorism.39 In the remaining 20 trials, data on 
adverse events were not collected.

4  | DISCUSSION

4.1 | Principle findings

This systematic review identified 29 trials that randomised more 
than 4200 children with acute gastroenteritis. While the number 
of RCTs and participants is impressive, the quality of evidence sup-
porting key findings was low to very low. Less than a half of the 
trials adequately generated their randomisation sequence, only a 
minority adequately concealed allocation, and only one of the tri-
als blinded all the parties involved, ie, participants, study personnel 
and outcome assessors. Just one included trial was considered to be 
at low risk of bias. This study confirmed the efficacy of S boulardii 
(retrospectively identified as S boulardii CMCM I-745) in reducing 
the duration of diarrhoea if administered within 72 hours after the 
onset of the disease.

Overall, the addition of S boulardii to standard rehydration ther-
apy compared with placebo or no treatment was associated with a 
reduced duration of diarrhoea by approximately 24 hours. While 
the effect was evident regardless of S boulardii dose, the most com-
monly used daily dose of at least 500 mg provided more benefit 
than a dose of <300 mg. S boulardii was effective when used in 
both very high/high and medium/low Human Development Index 
countries. However, there is more evidence from medium- to 
low-Human Development Index countries. Considering that strain 
specificity matters, and that a probiotic product used in clinical 
trials should specify the genus, species and strain designation, we 
assessed separately S boulardii CNCM I-745 (historically, this was 
the first S boulardii strain available) compared with other S boulardii 
strains. As data on the strain specification were not always avail-
able, attempts were made to identify the strain through contacting 
the author or the manufacturer. Regardless of the strain specifi-
cation, the effect of S boulardii on the duration of diarrhoea was 
similar.

Stool volume was another primary outcome measure for this re-
view. However, none of the trials evaluated the effect of S boulardii 
on stool volume. Such quantitative objective assessment of thera-
peutic agents in the management of acute gastroenteritis would be 
highly desirable, although it is challenging in clinical practice, hence, 
rarely assessed.

Only some of the studies evaluated the effect of S boulardii ad-
ministration on the presence of diarrhoea. However, generally, S 
boulardii reduced the risk of diarrhoea with the highest effect on 
days 2, 3 and 4. For example, on day 3, the number needed to treat 
(NNT) was 4, which is clinically relevant. There was also reduced 
risk of diarrhoea lasting more than 7 days in the S boulardii group 
(NNT 12). Stool frequency was generally reduced; however, it was 
statistically and clinically important on day 3 and day 4 only. This is 
not surprising, as it corresponds with the usual time course of acute 
gastroenteritis.

Only 1/3 of the included trials collected data on adverse events. 
In these studies, adverse events were similar in both study groups.

4.1.1 | Limitations

While the methodology of this systematic review was robust, the 
findings are primarily limited by the available studies. The overall 
quality of studies was low to very low, largely due to missing infor-
mation regarding randomisation procedures, allocation concealment 
and blinding, all of which affect internal validity. Unexplainable het-
erogeneity between individual trials is another important limita-
tion. A number of subgroup analyses were conducted to investigate 
whether factors such as dose, country's Human Development Index, 
setting or aetiology modify the treatment effect. Overall, while some 
of the analyses revealed a significant subgroup effect,48 high hetero-
geneity between findings within each group and/or the small num-
ber of trials and participants contributing to each subgroup resulted 
in uncertainty as to whether these subgroup differences matter.

Finally, the definition of acute gastroenteritis/diarrhoea and the 
inclusion criteria varied among included trials. Similarly, the outcomes 
(and their definitions) varied among included trials. Most of included 

F I G U R E  2   Forest plot of randomised controlled trials of S boulardii vs control in acute gastroenteritis. Effect on duration of 
hospitalisation (days)
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F I G U R E  3   Forest plot of randomised controlled trials of S boulardii vs control in acute gastroenteritis. Presence of diarrhoea on any 
specific day of the intervention
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trials involved children treated as in-patients. When interpreting the 
results, one should consider that the characteristics of the included 
patients and the severity of disease may differ between countries 
and settings. The criteria for hospital discharge, which are important 
when the duration of hospitalisation is assessed, were not reported 
in the included studies, and they are likely to differ between centres. 
Some outcomes were evaluated in only a subset of trials with a lim-
ited number of participants; thus, the findings, whether positive or 
negative, might be (non)significant by chance only.

4.1.2 | Agreements and disagreements with other 
studies or reviews

The findings are in line with the results of previously published meta-
analyses evaluating the effects of S boulardii for the management of 
acute gastroenteritis.49-51 These meta-analyses differed concerning 
the search dates and inclusion/exclusion criteria. However, similar to 
our original meta-analyses,10,11 they consistently reported that com-
pared with the placebo or no intervention groups, the use of S boular-
dii significantly reduced the duration of diarrhoea (11 RCTs, n = 1306, 
MD −0.99 d [−1.40 to −0.58]; high heterogeneity, I2 = 83%; 17 RCTs, 
n = 2102, MD −0.82 d [−1.1 to −0.56], high heterogeneity, I2 = 64.5%; 
and 5 RCTs, n = 548, MD −0.57 d [−0.83 to −0.3], no heterogene-
ity, I2 = 0%, respectively). Compared with any previously published 
reviews, the current review included more trials involving more pa-
tients. Thus, the current meta-analysis more precisely defines the 
role of S boulardii in the management of acute gastroenteritis.

In our review, we focused on the administration of S boulardii 
alone. However, a 2018 network meta-analysis by Florez et al52 con-
cluded that the administration of S boulardii with zinc was one of the 
best-ranked interventions. Oral zinc administration is recommended 
in countries where zinc deficiency is common and/or in populations 
who have signs of malnutrition.1-3

The timing of the initiation of probiotic administration is likely to 
contribute to the overall effect. At least this has been documented 
with regard to L rhamnosus GG, which was more effective when used 
in children enrolled with diarrhoea lasting ≤5 days than when used 
in children with diarrhoea lasting >7 days.12 For the purposes of this 
review, we performed a post hoc analysis based on the duration of 
diarrhoea prior to randomisation (≤72 h vs >72 h (or not specified). 
This post hoc analysis found that S boulardii was effective when used 
in children enrolled with diarrhoea lasting ≤72 h (6 RCTs, n = 854, 
MD −0.77 d [−1.12, −0.42]) and when used in children with diarrhoea 
lasting >72 h (or not specified) (17 RCTs, n = 2596, MD −1.17 d [−1.52, 
−0.81]. Further studies are needed to assess the effect of the timing 
of the initiation of S boulardii administration.

Our review did not indicate any safety issues with the use of 
S boulardii. While rare adverse events are unlikely to be observed 
in RCTs, in the literature, they have been reported as case reports. 
With regard to S boulardii, the European Medicines Agency (EMA)53 
recently warned about potential risk of fungaemia caused by S bou-
lardii in seriously ill or immunocompromised patients [‘There have 

been very rare cases of fungaemia (and blood cultures positive for 
Saccharomyces strains) reported mostly in patients with central ve-
nous catheter, critically ill or immunocompromised patients, most often 
resulting in pyrexia. In most cases, the outcome has been satisfactory 
after cessation of treatment by Saccharomyces boulardii, administra-
tion of antifungal treatment and removal of the catheter when neces-
sary. However, the outcome was fatal in some critically ill patients.’]. 
The summary of product characteristics and the package leaflet for 
medicinal products containing S boulardii have been updated by the 
EMA to include a new warning and contraindication [‘Due to a risk 
of airborne contamination, sachets or capsules should not be opened in 
patient rooms. Healthcare providers should wear gloves during handling 
of probiotics for administration, then promptly discard the gloves and 
properly wash their hands’].

5  | CONCLUSIONS AND FUTURE 
RESE ARCH

This review builds on our previous systematic review and meta-anal-
ysis through the inclusion of new RCTs. It focuses on a single probi-
otic only; thus, it provides an answer to the question as to whether 
current evidence on S boulardii should change clinical practice. Based 
on very low quality evidence, S boulardii reduced the durations of 
diarrhoea and hospitalisation of in-patients. The small effect sizes 
of limited clinical relevance and methodological limitations of the in-
cluded trials should be noted when interpreting these findings. Cost-
effectiveness analyses are needed. The findings are most applicable 
to the populations studied. Considering safety issues, the decision 
whether or not to use S boulardii should take into account individual 
patient characteristics (eg presence of the critical illness, immuno-
competence) and individual values and preferences (eg effect size 
with regard to shortening duration of diarrhoea or hospitalisation). 
High-quality RCTs are still needed, particularly in geographical lo-
cations where data are limited (eg European countries) with known 
rotavirus vaccination status. The findings of this review may inform 
guideline development groups about the efficacy of S boulardii for 
treating children with acute gastroenteritis.
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