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abstract
BACKGROUND AND OBJECTIVE: The efficacy of Saccharomyces boulardii
for treatment of childhood diarrhea remains unclear. Our objective
was to systematically review data on the effect of S. boulardii on
acute childhood diarrhea.

METHODS: Our data sources included Medline, Embase, CINAHL, Sco-
pus, and The Cochrane Library up to September 2013 without language
restrictions. Randomized controlled trials and non-randomized trials
that evaluated effectiveness of S. boulardii for treatment of acute
diarrhea in children were included. Two reviewers independently
evaluated studies for eligibility and quality and extracted the data.

RESULTS: In total, 1248 articles were identified, of which 22 met the
inclusion criteria. Pooling data from trials showed that S. boulardii
significantly reduced the duration of diarrhea (mean difference [MD],
219.7 hours; 95% confidence interval [CI], 226.05 to 213.34), stool
frequency on day 2 (MD, 20.74; 95% CI, 21.38 to 20.10) and day 3
(MD, 21.24; 95% CI, 22.13 to 20.35), the risk for diarrhea on day 3
(risk ratio [RR], 0.41; 95% CI, 0.27 to 0.60) and day 4 (RR, 0.38; 95% CI,
0.24 to 0.59) after intervention compared with control. The studies
included in this review were varied in the definition of diarrhea, the
termination of diarrhea, inclusion and exclusion criteria, and their
methodological quality.

CONCLUSIONS: This review and meta-analysis show that S. boulardii is
safe and has clear beneficial effects in children who have acute
diarrhea. However, additional studies using head-to-head
comparisons are needed to define the best dosage of S. boulardii
for diarrhea with different causes. Pediatrics 2014;134:e176–e191
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Diarrhea is defined by the World Health
Organization (WHO) as 3 or more pas-
sages of loose or watery stool and
increments in stool frequency in a 24-
hour period. Themost common cause of
diarrhea is a gut infection (viral, bac-
terial, and parasitic). Other causes in-
cludesideeffectsofmedicine(especially
antibiotics), infections not associated
with the gastrointestinal tract, food
poisoning, and allergy.1 Diarrhea is also
categorized into acute (lasts several
hours or days) and persistent (con-
tinues for 14 days or longer). Diarrhea
with any cause and any period of time
may lead to dehydration and even may
be lethal in infants, children, and the
elderly if not corrected immediately.2

Globally, ∼1.7 billion cases of diarrheal
disease occur every year, resulting in
nearly 760 000 deaths in children youn-
ger than age 5 years, especially in de-
veloping countries.3

The treatment of choice for dehydration
caused by diarrhea is the replacement
of the lost fluids and electrolytes by oral
rehydration solution (ORS). As rehydra-
tion therapy does not significantly de-
crease the frequency/lengthofdiarrhea,
scientists are interested in adjunctive
treatments.4 Probiotics as one of the
alternative approaches for prevention
and treatment of diarrhea are living
microorganisms that provide various
beneficial health effects in humans. It is
proposed that probiotics can modulate
the immune response,5 produce anti-
microbial agents,6 and compete in nu-
trient uptake and adhesion sites with
pathogens.7 Well-known probiotics with
claimed health-improving properties
are intestinal lactic acid bacteria like
Lactobacillus rhamnosus, Lactobacillus
casei, and Lactobacillus johnsonii, and
the yeast Saccharomyces.8

Saccharomyces boulardii is a benefi-
cial yeast that was first isolated from
lychee and mangosteen fruit. In many
clinical trials, S. boulardii has been
shown to be effective in prevention and

management of diarrhea, especially
antibiotic-associated diarrhea. S. boulardii
can be administered simultaneously to
prevent antibiotic-associated diarrhea
owing to its resistance to most anti-
biotics. However, a recent randomized
controlled trial reported S. boulardii
was not effective in preventing the de-
velopment of antibiotic-associated di-
arrhea in elderly hospitalized patients.9

According to our knowledge, there is 1
systematic review about the effective-
ness of S. boulardii in childhood acute
diarrhea.10 To provide an update, Sza-
jewska et al added data from 3 studies
to their previous review. They reported
a reduction in the duration of the di-
arrhea (1.08 days) in those treated with
S. boulardii compared with controls,
although there was significant hetero-
geneity (I2 = 89%) in results among the
studies.11 However, they proposed to
conduct more clinical trials to further
specify groups (by etiology of diarrhea
or hospitalization) driving better clinical
response to S. boulardii treatment and
to define the most effective dosage.10

The aim of the current study was to
systematically review published studies
that assessed the efficacy and safety of
S. boulardii on the treatment of child-
hood diarrhea, taking new publications
into account. To maximize use of avail-
able data, we also included open labeled
studies in our review. We further tried
to evaluate whether cause, severity of
diarrhea, and treatment dose can explain
the difference between study results.

METHODS

Protocol and Registration

PRISMA statement was followed for
reporting this systematic review and
meta-analysis.12 Search strategy and in-
clusion criteria were defined and docu-
mented in a protocol. The review
protocol has been registered in the In-
ternational Prospective Register of Sys-
tematic Reviews (PROSPERO) under
registration number CRD42013005869.

Information Sources and Search

We searched Medline, Embase, CINAHL,
Scopus, and The Cochrane Library up to
September2013. Theexact search terms
for each database are shown in Sup-
plemental Table 1. We checked the ref-
erence lists of all studies identified by
the above methods. We additionally
searched the following sources of gray
literature (defined here as reports that
are produced by all levels of govern-
ment, academics, business, and indus-
try in print and electronic formats but
that are not controlled by commercial
publishers): ProQuest Dissertations &
Theses Database and ClinicalTrials.gov
and Current Controlled Trial Register,
which houses the NHS Controlled Trials
Register, the National Institutes of
Health Register, the National Research
Register, and the International Standard
Randomized Controlled Trial Number
Register. We contacted organizations in-
cluding the International Scientific As-
sociation for Probiotics and Prebiotics
and individuals working in the field to
help identify unpublished and ongoing
trials.

Eligibility Criteria

All randomized controlled trials regard-
less of language or publication date or
state (published, unpublished, in press,
and in progress) were included. Par-
ticipantshadtobechildren(0 to18years
of age), male or female of any ethnic
group with acute diarrhea (#14 days).
We were flexible about definition of di-
arrhea. Patients in the experimental
groups had to receive S. boulardii at any
dose and in any form (eg, capsule, sa-
chet, yogurt). Trials investigating prod-
ucts that do not label S. boulardii dose
were not considered. Patients in the
control groups had to receive placebo
or no treatment control. Primary out-
comes were duration of diarrhea, di-
arrhea lasting $4 days, and stool
frequency on day 2 after intervention.
Secondary outcomes were diarrhea
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lasting$3 days, stool frequency on day
3 after intervention, and harms.

Study Selection

Title, keywords, and abstract of pub-
lications identified according to the
above described search strategy were
independently screened by 2 reviewers
(Dr Akbari and Dr Feizizadeh). Inclusion
criteria for title and abstract screening
were randomized controlled trials,
children who had diarrhea, and studies
that compare S. boulardii with placebo
or no therapy. The same reviewers in-
dependently assessed full-texts of rele-
vant studies for final inclusion. Excluded
publications and the reasons for their
exclusion were presented (Supplemen-
tal Table 2). Discrepancies between the
reviewers were resolved through dis-
cussion by the entire review team (Dr
Feizizadeh, Dr Salehi-Abargouei, and Dr
Akbari).

Data Collection Process and Data
Items

Tworeviewers(DrAkbariandDrFeizizadeh)
independently extracted details of in-
cluded studies. Information on authors,
publication year, study design, study
location, source of funding, duration of
study, inclusion criteria, exclusion cri-
teria, causes of diarrhea, nutritional
status, hydration status, the number of
patients who completed the study, in-
terventions, outcomes, adverse effects,
and results was extracted from each
study. We tried to contact the authors of
included studies for missing variable
and relevant information.13–20 Disagre-
ements were resolved by discussion.

Risk for Bias in Individual Studies

Risk for bias of each study was as-
sessed by 2 reviewers (Dr Akbari and
Dr Feizizadeh) based on the Cochrane
Collaboration’s risk for bias tool21 us-
ing generation of allocation sequence,
allocation concealment, blinding, and
loss to follow-up. We classified these

elements as Yes (low risk for bias), No
(high risk for bias), or Unclear.

Statistical Analysis

Mean 6 SD of diarrhea duration and
number of stools on 2 and 3 days after
intervention was used to calculate the
mean difference (MD) and its SE as ef-
fect size to be used in meta-analysis. We
also used relative risk (RR) of treatment
on days 3 and 4 after the start of pro-
biotic use to calculate log RR and its
corresponding SE for meta-analysis.22

Overall effect for each meta-analysis
was derived by using a random effects
model, which takes between-study var-
iation into account.22 Statistical hetero-
geneity between studies was evaluated
by using Cochran’s Q test and I-squared.23

Sensitivity analysis was used to explore
the extent to which inferences might
depend on a particular study or a num-
ber of publications. Subgroup analysis
based on cause of diarrhea, severity of
diarrhea, and dosage of probiotic was
also performed to find possible sources
of heterogeneity. Publication bias was
evaluated by looking over Begg’s funnel
plots.24 Formal statistical assessment of
funnel plot asymmetry was also done
using Egger’s regression asymmetry
test and Begg’s adjusted rank correla-
tion test.24 All statistical analyses were
conducted by using Stata version 11.2
(Stata Corp, College Station, TX). P val-
ues, .05 were considered statistically
significant.

RESULTS

Study Characteristics

The study selection process is depicted
in Fig 1. Our search strategy resulted in
1248 studies; of them 304 were dupli-
cates. After reading titles/abstracts, 36
potentially relevant studies were iden-
tified. Fourteen studies were excluded
after full-text assessment for the fol-
lowing reasons: 3 studies evaluated the
preventive effect of probiotic on di-

arrhea,25–27 3 studies had no control
group,28–30 2 were evaluated in patients
who had persistent diarrhea,31,32 2
were secondary publication of a study
done by Cetina-Sauri et al,33,34 1 in-
cluded patients who had Blastocystis
hominis infection without diarrhea,35 1
used a mixed probiotic preparation for
intervention,36 data from 1 study were
not reported,15 and full-text of 1 study
was not available.20 Characteristics of
excluded studies are presented in
Supplemental Table 2.

In total, 22 studies were included in our
systematic review. Characteristics of in-
cluded studies are summarized in Ta-
ble 1. Trials were performed in France,
Mexico, Turkey, Pakistan, Italy, Argentina,
Myanmar, Bolivia, Brazil, Azerbaijan,
Indonesia, and India, and published be-
tween 1985 and 2013. All studies were
published in English except 1 study that
was written in Azarbayejani.18 Twenty of
the included studies were published as
an original article, 1 as a letter,37 and 1 as
a meeting abstract.38 Twenty-two in-
cluded studies had a total of 2440
patients in their intervention or control
groups (1225 interventions, 1215 con-
trols). Patients were aged from 1 month
to 15 years. Twelve studies enrolled
inpatients,13,16–19,39–45 5 enrolled out-
patients,14,37,46–48 and 2 enrolled both
inpatients and outpatients.49,50 There
was no information about the hospitali-
zation state of participants in 3 studies.38,
51,52 For most of the studies the daily
dosage of S. boulardiiwas 250 to 750 mg
(109 to 1010 colony-forming units). One
study used 4 3 1010 lyophilized cells of
S. boulardii44 and 1 used 5 3 106 living
microorganisms per day.52 Duration of
interventionwas 5 to 10 days. In 2 studies
duration of treatment was not stated.42,51

Risk of Bias Within Included
Studies

The methodological quality of included
studies is shown in Supplemental Ta-
ble 3. Briefly, only 1 study was adequate
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for all of the 4 methodological quality
assessment parameters43 and 1 was
inadequate for all 4 parameters.46

Eight studies were rated as ade-
quate14,16,19,37,43,45,48,51 and 4 were in-
adequate for generation of the alloca-
tion sequence,17,39,46,47 and the method
used for allocation sequence was un-
clear in 10 studies.13,18,38,40–42,44,49,50,52

Four studies were adequate,14,43,45,48 14
studieswere unclear,13,16,18,19,37,38,40–42,44,49–52

and 4 studies were inadequate (as they
usedamethodsuchasalternation.17,39,46,47)
for allocation concealment. Six studies
were adequate,41,43–45,48,50 12 studies
were inadequate,13,14,16–19,37,39,46,47,49,52 and

4 studieswereunclear for blinding.38,40,42,51

Loss to follow-upwasadequate (#10%) in
12 studies13,16,17,19,37–40,43,47,49,50; 7 studies
were considered inadequate14,41,44–46,48,52

and 3 studies unclear for loss to follow-
up.18,47,51 The overall quality was assessed
and 4 studies were rated as “good”
(low risk for bias),43,45,48,50 13 studies
rated as “fair,” which were susceptible
to some bias,13,14,16,18,19,37,38,40–42,44,49,51

and 5 studies rated as “poor” (high risk
for bias).17,39,46,47,52

Findings From Meta-analysis

Seventeen studies (2102 partic-
ipants) reported duration of diar-

rhea.13,14,16,17,19,37,38,41,42,44–49,51,52 The
reduction in diarrhea duration ranged
from250.4 to 6.0 hours among included
studies. Our analysis shows a reduction
in duration of diarrhea in the treatment
group compared with the control group
(MD =219.7; 95% CI,226.05 to213.34;
P, .001) (Fig 2). The heterogeneity test
for diarrhea duration showed a signifi-
cant heterogeneity between 17 studies
(Cochrane Q test, P, .001, I2 = 64.5%). To
explore the possible sources of hetero-
geneity we examined subgroup analysis
based on cause of diarrhea, hospitaliza-
tion status, probiotic dose used for inter-
vention, and blinding. In brief, subgroup

FIGURE 1
Flow diagram of the study selection process.
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analysis according to cause of diar-
rhea showed the duration of diarrhea
reduced in all 3 subgroups, includ-
ing rotavirus, Entamoeba histolytica,
and nonspecific cause. Subgroup anal-
ysis based on hospitalization indicated
that using S. boulardii reduced dura-
tion of mild diarrhea more than se-
vere diarrhea; although heterogeneity
was still significant in outpatients, no
evidence of heterogeneity was observed
in inpatients. The heterogeneity of the
outpatient subgroup may be explained
by the ambulatory nature of interven-
tion in these trials. One study reported
outcome of inpatient and outpatient
children and 3 studies did not report any
information about the state of the
patient’s hospitalization. Our analysis
based on intervention dose showed that
S. boulardii treatment effects might be
more in higher doses. We also catego-
rized studies according to blinding.
Seven studies were double-blinded and
had adequate blinding (MD = 216.37;
95% CI,221.45 to211.28; P, .001) and
10 studies were single-blinded, open la-
bel, or had inadequate blinding (MD =
221.03; 95% CI,232.19 to29.88; P,
.001). No evidence of heterogeneity
was found in trials with adequate blind-
ing (Cochrane Q test, P = .394, I2 = 4.2%)
and there was a high and significant
heterogeneity in the results of inade-
quate blinded studies (Cochrane Q test,
P , .001, I2 = 76.5%). Results of sub-
group analysis is presented in Table 2.

Fivestudies (846participants)evaluated
stool frequency in day 2 after inter-
vention (Fig 3) and 9 studies (1227
participants) reported the risk for di-
arrhea lasting $4 days (Fig 4). Pooling
the results of the trials showed that S.
boulardii reduces the stool frequency
on day 2 (MD =20.74; 95% CI,21.38 to
20.10; P = .023) and the risk ratio (RR)
of diarrhea on day 4 after intervention
in the S. boulardii group compared with
the control group was 0.38 (95% CI, 0.24
to 0.59; P, .001). The heterogeneity testTA
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for the stool frequency on day 2 re-
vealed a significant heterogeneity be-
tween 5 studies (Cochrane Q test, P ,
.001, I2 = 91.6%). The heterogeneity test
for RR of diarrhea on day 4 showed
a significant heterogeneity between 9
studies (Cochrane Q test, P = .001, I2 =
71.1%). The RR of diarrhea lasting $4
days after removing the Khan et al study
from meta-analysis was 0.42 (95% CI,
0.28 to 0.63) and heterogeneity de-
creased (Cochrane Q test, P = .003, I2 =
67.3%).

Six studies (947 participants) reported
stool frequency on day 3 (Fig 5) and 8
studies (1227 participants) evaluated
diarrhea lasting $3 days (Fig 6). Meta-
analysis showed that using S. boulardii
reduced stool frequency on day 3 (MD =
21.24; 95% CI,22.13 to20.35; P = .006).
The heterogeneity test for the stool fre-

quency on day 3 showed a significant
heterogeneity between 6 studies
(Cochrane Q test, P , .001, I2 = 93.9%).
The mean difference of stool frequency
on day 3 after removing a study done by
Canani et al was21.62 (95% CI,21.85 to
21.40); after removing this study, there
was no evidence of heterogeneity any-
more (Cochrane Q test, P = .657, I2 =
0.0%). In contrast to other studies, Canani
et al performed their trial in a developed
country, which may explain the differ-
ence in results. The overall RR of di-
arrhea lasting$3 dayswas 0.41 (95% CI,
0.27 to 0.60; P, .001). The heterogeneity
test for RR of diarrhea on day 3 showed
a significant heterogeneity between 8
studies (Cochrane Q test, P , .001, I2 =
84.7%). The RR of diarrhea lasting $3
days after removing the Khan et al study
from meta-analysis was 0.51 (95% CI,

0.40 to 0.64) and heterogeneity de-
creased (Cochrane Q test, P = .050, I2 =
52.4%).

Other Outcomes

The effect of using S. boulardii for re-
duction of vomiting duration was eval-
uated by 6 trials. Five studies reported
vomiting was similar in the S. boulardii
group and the control group.16,38,41,49,52

Burande et al observed average time of
vomiting was shorter in the S. boulardii
group compared with the control
group.37 Fever duration was evaluated
by 3 studies that showed there was no
significant difference between the 2
groups.16,41 Two studies reported du-
ration of hospitalization. Kurugöl et al
reported a decrease in the duration of
hospitalization in the S. boulardii group
compared with the placebo group.41 In

FIGURE 2
Forest plot showing the effect of S. boulardii on mean duration of diarrhea.
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another study no statistically signifi-
cant difference was observed in the hos-
pitalization time between the S. boulardii
group and the control group.16 Two
studies evaluated weight gain and both
of them reported no significant differ-
ence of gain between S. boulardii and
control groups.13,45

The studies did not report any serious
adverse effects related to using S. boulardii.

Kurugöl et al reported that 1 child had
a complaint meteorism but that does
not provide any information of the
group allocation.41

Sensitivity Analysis and Publication
Bias

Findings from sensitivity analysis
showed that no particular study sig-
nificantly affected the mean duration of

diarrhea, RR of diarrhea lasting $3
days, and diarrhea lasting$4 days and
mean stool frequency on day 3. Sensi-
tivity analysis revealed that excluding
trials done by Khan et al (MD =20.57;
95% CI, 21.21 to 0.08; P = .08), Ozkan
et al (MD = 20.47; 95% CI, 21.76 to
0.01; P = .058), and Urganci et al (MD =
20.87; 95% CI, 21.76 to 0.01; P = .068)
can considerably change the mean of

TABLE 2 The Effect of S. boulardii Probiotic Supplementation on Diarrhea Duration Among Children Based on Cause of Diarrhea, Hospitalization Status,
Probiotic Dose Used for Intervention, and Blinding

Subgroups Number of Studies/Participants Meta-analysis Heterogeneity

MD (95% CI) P I 2 (%) P valuea

Cause of diarrhea
Rotaviruses 4/301 218.07 (224.93 to 211.22) ,0.001 0.0 0.454
Parasitic 2/135 213.02 (245.88 to 19.84) ,0.437 77.8 0.034
Nonspecific 10/1666 221.75 (230.96 to 212.53) ,0.001 74.2 0.000

Hospitalization
Inpatient 8/1171 218.16 (223.51 to 212.80) ,0.001 11.9 0.337
Outpatient 5/478 226.72 (245.37 to 28.07) 0.005 87.7 0.000
Inpatient and outpatient 1/50 29.6 (231.56 to 12.36) 0.392 — —

No information 3/403 210.75 (221.09 to 20.41) 0.042 0.0 0.435
Dose of probiotic
#300 mg 6/605 214.29 (221.29 to 27.29) ,0.001 22.0 0.268
500 to 750 mg 10/1456 222.98 (233.14 to 212.82) ,0.001 74.3 0.000
.1000 mg 1/41 226.50 (239.47 to 213.53) ,0.001 — —

Blinding
Adequate 7/837 216.37 (221.45 to 211.28) ,0.001 76.5 0.000
Inadequate 10/1265 221.03 (232.19 to 29.88) ,0.001 4.2 0.394
Overall 17/2102 219.70 (226.05 to 213.34) ,0.001 64.5 0.000

a Cochrane Q test, P value.

FIGURE 3
Forest plot showing the effect of S. boulardii on mean stool frequency on day 2.
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stool frequency on day 2 to nonsignif-
icant results.

The publication bias was assessed by
using a funnel plot depicting the MD in
duration of diarrhea against their SE as
ameasure of precision (Fig 7). Although
a slight asymmetry was seen in Begg’s
funnel plot, there was no evidence of
publication bias using asymmetry tests
(Egger’s test, P = .146; Begg’s test, P =
.458).

DISCUSSION

In this systematic review and meta-
analysis we found that supplementing
S. boulardii in children who have di-
arrhea has a beneficial effect on differ-
ent diarrhea outcomes. Meta-analysis of
the included studies showed the dura-
tion of acute childhood diarrhea (chil-
dren aged 1month to 15 years) reduced,
with an MD of 19.7 hours, by using S.
boulardii as adjunct therapy. Our find-
ings also indicate that S. boulardii may

be effective in treating acute childhood
diarrhea regardless of its causes (bac-
teria, virus, or protozoa) and can sig-
nificantly decrease RR of diarrhea on
days 3 and 4 after intervention and stool
frequency on days 2 and 3 compared
with controls. We could include 22 trials
in the present review, whereas pre-
viously published reviews trying to as-
sess the effectiveness of S. boulardii for
acute childhood diarrhea could include
a limited number of studies. For exam-
ple, a meta-analysis done by Szajewska
et al could include only 7 studies and
reported that duration of diarrhea re-
duced by 1.08 days (25.92 hours) in
children who received S. boulardii
compared with controls. They only in-
cluded randomized controlled trials
and did not report MD of frequency of
diarrhea on days 2 and 3 and the RR of
diarrhea on days 3 and 4. There have
been some systematic reviews on the
effect of probiotics on acute diarrhea;
however, they did not specifically focus

on S. boulardii alone. A systematic re-
view was performed on the effective-
ness of probiotics in the treatment and
prevention of acute infectious diarrhea
in infants and children. They evaluated
the effect of L. rhamnosus GG (LGG),
L. reuteri, L. acidophilus LB, S. boulardii,
Streptococcus thermophilus lactis,
L. acidophilus, and L. bulgaricus, and
reported that LGG had the most con-
sistent effect.53

Although the precise mechanism of ac-
tion for S. boulardii is not fully described,
several explanations have been pro-
posed. S. boulardii has antimicrobial
activities that could inhibit growth and
invasion of pathogens.54 Geyik et al
reported that S. boulardii decreases
bacterial gut translocation and improves
the intestinal barrier function in the an-
imal model.55 S. boulardii could neutral-
ize bacterial virulence factors. Pothoulakis
et al reported that viable S. boulardii
secretes a 54-kDa serine protease
able to inhibit binding of Clostridium

FIGURE 4
Forest plot showing the effect of S. boulardii on RR of diarrhea on day 4.
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difficile toxin A to specific intestinal
receptors of ratileum by degradation
of toxin and receptor sites of toxin on
the enterocyte cell surface.56 Recent
experiments show that S. boulardii
suppresses the host cell adherence
that interferes with bacterial coloniza-
tion.57 S. boulardii also produces some
antiinflammatory factors contributing
to regulation of immune responses and
antisecretory effects on transepithelial
ion transport. Buts et al reported that
S. boulardii increases the mucosal
immune response and secretory IgA
intestinal levels in the animal model.58

Pooling data of 4 studies performed in
children who had rotavirus diarrhea
showed a significant reduction in du-
rationofdiarrhea(218.07hours). There
are limited data on the mechanism of
action of S. boulardii against viral di-
arrhea (such as Rotavirus, Adenovirus,
and Norovirus).59 Pooling data of 2
studies performed in children who had
diarrhea caused by E. histolytica
showed that using S. boulardiimay also
reduce duration of diarrhea. Savas-
Erdeve et al evaluated the efficacy of

250 mg/day S. boulardii in combination
with metronidazole and metronidazole
alone in treatment of diarrhea caused
by amoeba. There was no significant
difference in effectiveness between S.
boulardii in addition to antibiotic and
metronidazole alone. Using a lower
probiotic dose may help to explain why
the addition of S. boulardii to antibiotic
treatment was not effective. Another
study evaluated the efficacy of the ad-
dition of 500 mg/day S. boulardii to an-
tibiotic for treating childhood diarrhea
with the same ethiology. There was
a 27.8-hour reduction in duration of
diarrhea in the treatment group com-
pared with the control group. This anti-
amebic effect could be explained by
some in vitro studies that showed that
S. boulardii can reduce the number of
red blood cells adhering to amoebae
and decrease the number of amoebae
bearing red blood cells.60 More re-
search in this field is required to eval-
uate the safety and efficacy of S.
boulardii and to address the best dos-
age for treatment of children who have
amebic diarrhea.

Our subgroup analysis according to dose
of S. boulardii confirmed there might be
a direct relationship between the dosage
of probiotic and its therapeutic effect.
Most of the studies included in our re-
view did not state the number of viable S.
boulardii that was administered to par-
ticipants. Viability of the microorganism
is very important for effectiveness of
probiotics. Further studies that include
reliable microbiological tests to confirm
the viability of S. boulardii must be con-
ducted to determine the most effective
dosing schedule.

Our systematic review andmeta-analysis
indicate that using S. boulardii as ad-
junct therapy reduces the duration of
diarrhea and also may shorten the
length of hospital stay, which may
provide a social and economic benefit
of S. boulardii treatment in combina-
tion with ORS in acute childhood di-
arrhea. Considering that most acute
diarrhea is self-limiting and requires
no specific treatment, it is necessary to
conduct cost-effectiveness analysis in
both developing and developed coun-
tries to identify whether S. boulardii

FIGURE 5
Forest plot showing the effect of S. boulardii on mean stool frequency on day 3.
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should be used in treating childhood
diarrhea.

Although included studies in our review
did not mention any serious adverse
effects related to administration of S.
boulardii, these trials were performed
in previously healthy children, and sus-
ceptible individuals such as children

who had malnutrition or immune de-
ficiency were excluded; therefore, the
side effects of S. boulardii in these
children are unknown. In addition, some
adverse events were mostly reported in
case reports which are not included in
our review. For example, there was
a case report of fungemia in an 11-

month-old infant who received S. boulardii
to prevent diarrhea associated with
chemotherapy.61 It is necessary to
evaluate the safety of S. boulardii in
these specific populations.

Our review has some limitations that
must be considered while interpreting
our results. We used a checklist with 4
features to assess the methodological
quality of included trials. The studies in-
cluded in this review were varied in their
methodological quality and some studies
did not report sufficient information
about sequence generation, allocation
concealment, blinding, and incomplete
outcome data. The definition of diarrhea,
theterminationofdiarrhea,andinclusion
andexclusioncriteriawerevariedamong
included studies. Most included studies
defined diarrhea according to the WHO’s
definition, whereas others did not state
any diarrhea definition. Different exclu-
sion criteria were stated in included
studies. In most studies exclusion crite-
ria were underlying conditions, such as
severe chronic diseases, cystic fibrosis,

FIGURE 6
Forest plot showing the effect of S. boulardii on RR of diarrhea on day 3.

FIGURE 7
Begg’s funnel plot in MD versus SE for studies that reported the effect of S. boulardii on mean duration
of diarrhea.
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chronic gastrointestinal diseases, short
bowel syndrome, food allergy, or any di-
gestive pathology that might interfere
with the results, whereas other studies
did not consider these criteria. Some
studies had a small sample size (eg, n =
27) and other studies did not provide the
duration of treatment. There were lim-
ited trials among included studies that
were conducted in European countries.
Canani et al conducted a single blinded
trial and reported that S. boulardii had
no significant effect on treatment of di-
arrhea in Italian children. Other studies
performed in Asian and Latino American

countries showed a significant effect of
S. boulardii in the reduction of duration
of diarrhea. Considering the difference in
morbidity and cause of acute diarrhea in
developed and developing countries, it is
important to conduct further trials in
developed countries.

CONCLUSIONS

Based on our results, administration of
S. boulardii in addition to rehydration
therapy appears to be effective in the
treatment of diarrhea owing to a vari-
ety of causes and was not associated

with any adverse effects. This system-
atic review recommends using S. bou-
lardii as adjunct therapy in acute
childhood diarrhea. However, more
clinical trials are needed to inform the
development of evidence-based treat-
ment guidelines. It is necessary to
conduct more trials to define the best
dosage of S. boulardii for diarrhea
from different causes. Further clinical
studies are needed to identify causes of
diarrhea for each participant, and
specially more studies should be per-
formed in children who have bacterial
and parasitic diarrhea.
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Uşaqlarda kinverted e signskin diareyalarin
müalicinverted e signsindinverted e sign
Yomogi preparatinin effekti vliyi. 2011(2):41–43

19. Khan A, Javed T, Chishti AL. Clinical efficacy
of use of probiotic “Saccharomyces bou-
lardii” in children with acute watery di-
arrhea. Pakistan Paed J. 2012;36(3):122–127

20. Kumar S, Siyal AA, Brohi AR. Evaluation of
the efficacy of Saccharomyces boulardii in
children with acute diarrhea. Medical Fo-
rum Monthly. 2011;22(6):36–39

21. Higgins JPT, Green S,eds. Cochrane Hand-
book for Systematic Reviews of Inter-
ventions, Version 5.1.0. The Cochrane
Collaboration; 2011 [updated March 2011]

22. DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials. 1986;7(3):177–188

23. Higgins JP, Thompson SG. Quantifying het-
erogeneity in a meta-analysis. Stat Med.
2002;21(11):1539–1558

24. Egger M, Smith GD, Altman DG. Systematic
Reviews in Health Care: Meta-Analysis in
Context, 2nd ed. London: BMJ; 2001

25. Erdeve O, Tiras U, Dallar Y. The probiotic effect
of Saccharomyces boulardii in a pediatric
age group. J Trop Pediatr. 2004;50(4):234–236

26. Kotowska M, Albrecht P, Szajewska H. Sac-
charomyces boulardii in the prevention of
antibiotic-associated diarrhoea in children:
a randomized double-blind placebo-controlled
trial. Aliment Pharmacol Ther. 2005;21(5):583–
590

e190 FEIZIZADEH et al
by guest on May 23, 2017Downloaded from 

http://www.who.int/mediacentre/factsheets/fs330/en/
http://www.who.int/mediacentre/factsheets/fs330/en/
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/500/CN-00335500/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/500/CN-00335500/frame.html


27. Czerwionka-Szaflarska M, Adamska I,
Szaflarska-Pop1awska A, Roma�nczuk B. Saccha-
romyces boulardii in the prevention of antibiotic-
associated diarrhoea - Our experience. Saccha-
romyces boulardii w profilaktyce biegunki
zwizanej z antybiotykoterapia - do�swiadczenia
własne. Pediatr Pol. 2012;87(1):14–18

28. Buts JP, Corthier G, Delmee M. Saccharomyces
boulardii for Clostridium difficile-associated
enteropathies in infants. J Pediatr Gastro-
enterol Nutr. 1993;16(4):419–425

29. Eren M, Dinleyici EC, Vandenplas Y. Clinical
efficacy comparison of Saccharomyces
boulardii and yogurt fluid in acute non-
bloody diarrhea in children: a random-
ized, controlled, open label study. Am J Trop
Med Hyg. 2010;82(3):488–491

30. Le Luyer B, Makhoul G, Duhamel JF. [A
multicentric study of a lactose free formula
supplemented with Saccharomyces bou-
lardii in children with acute diarrhea]. Arch
Pediatr. 2010;17(5):459–465

31. Castañeda GC, García BE, Santa Cruz DM,
Fernandez GM, Monterrey GP. Effects of Sac-
charomyces boulardii in children with
chronic diarrhea, especially cases due to
giardiasis. Revista Mexicana de Puericultura y
Pediatría. 1995;2(12):1–11. Available at: http://
onlinelibrary.wiley.com/o/cochrane/clcentral/
articles/305/CN-00836305/frame.html. Accessed
October 4, 2013

32. Gaón D, García H, Winter L, et al. Effect of
Lactobacillus strains and Saccharomyces
boulardii on persistent diarrhea in children.
Medicina (B Aires). 2003;63(4):293–298

33. Cetina Sauri G, Sierra Basto G. [Therapeutic
evaluation of Saccharomyces boulardii in
children with acute diarrhea]. Trib méd
(Bogotá). 1990;81:141–144. Available at: http://
onlinelibrary.wiley.com/o/cochrane/clcentral/
articles/415/CN-00479415/frame.html. Accessed
September 12, 2013

34. Cetina-Sauri G, Sierra Basto G. Ther-
apeutical evaluation of S. boulardii in chil-
dren with acute diarrhea. Compendium De
Investigaciones clinicas Latinoamericanas.
1989;9(3):108–112

35. Dinleyici EC, Eren M, Dogan N, Reyhanioglu S,
Yargic ZA, Vandenplas Y. Clinical efficacy of
Saccharomyces boulardii or metronidazole in
symptomatic children with Blastocystis hominis
infection. Parasitol Res. 2011;108(3):541–545

36. Teran CG, Teran-Escalera CN, Villarroel P. Nita-
zoxanide vs. probiotics for the treatment of
acute rotavirus diarrhea in children: a ran-
domized, single-blind, controlled trial in Bolivian
children. Int J Infect Dis. 2009;13(4):518–523

37. Burande MA. Comparison of efficacy of
Saccharomyces boulardii strain in the treat-
ment of acute diarrhea in children: a pro-
spective, single-blind, randomized controlled

clinical trial. J Pharmacol Pharmacother.
2013;4(3):205

38. Vandenplas Y, Badriul H, Thapa B, Elizabeth
K, Bhave S. A multi-center dbrpc-trial in de-
veloping countries with Saccharomyces
boulardii (S. boulardii) in acute gastroen-
teritis. Paper presented at European Society
for Pediatric Gastroenterology, Hepatology
and Nutrition Annual Meeting, 2007

39. Chapoy P. [Treatment of acute infantile diarrhea:
controlled trial of Saccharomyces boulardii].
Ann Pediatr (Paris). 1985;32(6):561–563

40. Hernandez CL, Pineda EE, Jimenez MIR,
Lucena MS. Clinical therapeutic affect of
Saccharomyces boulardii on children with
acute diarrhea. Revista de Enfermedades
Infecciosas en Pediatria. 1998;11(43):87–89.
Available at: http://onlinelibrary.wiley.com/o/
cochrane/clcentral/articles/307/CN-00836307/
frame.html. Accessed October 4, 2013

41. Kurugöl Z, Koturoǧlu G. Effects of Saccha-
romyces boulardii in children with acute
diarrhoea. Acta Paediatr. 2005;94(1):44–47

42. Urganci N, Polat T, Uysalol M, Çetinkaya F.
Evaluation of the efficacy of Saccharomyces
boulardii in children with acute diarrhoea.
Arch Gastroenterohepatol. 2001;20(3–4):81–83

43. Corrêa NB, Penna FJ, Lima FM, Nicoli JR, Filho
LA. Treatment of acute diarrhea with Sac-
charomyces boulardii in infants. J Pediatr
Gastroenterol Nutr. 2011;53(5):497–501

44. Grandy G, Medina M, Soria R, Terán CG,
Araya M. Probiotics in the treatment of
acute rotavirus diarrhoea. A randomized,
double-blind, controlled trial using two
different probiotic preparations in Bolivian
children. BMC Infect Dis. 2010;10:253

45. Riaz M, Alam S, Malik A, Ali SM. Efficacy and
safety of Saccharomyces boulardii in acute
childhood diarrhea: a double blind rando-
mised controlled trial. Indian J Pediatr.
2012;79(4):478–482

46. Dinleyici EC, Eren M, Yargic ZA, Dogan N,
Vandenplas Y. Clinical efficacy of Saccharo-
myces boulardii and metronidazole com-
pared to metronidazole alone in children with
acute bloody diarrhea caused by amebiasis:
a prospective, randomized, open label study.
Am J Trop Med Hyg. 2009;80(6):953–955

47. Hafeez A, Tariq P, Ali S, Kundi ZU, Khan A,
Hassan M. The efficacy of Saccharomyces
boulardii in the treatment of acute watery
diarrhea in children: a multicentre ran-
domized controlled trial. J Coll Physicians
Surgeons Pakistan. 2002;12(7):432–434

48. Villarruel G, Rubio DM, Lopez F, et al. Sac-
charomyces boulardii in acute childhood
diarrhoea: a randomized, placebo-controlled
study. Acta Paediatr. 2007;96(4):538–541

49. Erdoǧan Ö, Tanyeri B, Torun E, et al. The
comparison of the efficacy of two different

probiotics in rotavirus gastroenteritis in
children. J Trop Med. 2012; 2012:1–5

50. Ozkan TB, Sahin E, Erdemir G, Budak F. Ef-
fect of Saccharomyces boulardii in chil-
dren with acute gastroenteritis and its
relationship to the immune response. J Int
Med Res. 2007;35(2):201–212

51. Cetina-Sauri G, Sierra Basto G. Evaluation of
Saccharomyces boulardii for the treatment
of acute diarrhea in pediatric patients. Ann
Pediatr. 1994;41(6):397–400
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