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PROBIOTICS IN THE PREVENTION OF ANTIBIOTIC-ASSOCIATED DIARRHEA
IN CHILDREN: A META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS

HANIA SZAJEWSKA, MD, MAREK RUSZCZYŃSKI, MD, AND ANDRZEJ RADZIKOWSKI, MD

bjective To systematically evaluate the effectiveness of probiotics in preventing antibiotic-associated diarrhea (AAD) in
hildren.

tudy design The following electronic databases up to December 2005, in any language, were searched for studies relevant
o AAD and probiotics: MEDLINE, EMBASE, and The Cochrane Library. Only randomized controlled trials (RCT) were
onsidered for study inclusion.

esults Six placebo-controlled, RCTs (766 children) were included. Treatment with probiotics compared with placebo
educed the risk of AAD from 28.5% to 11.9% (relative risk, RR, 0.44, 95% CI 0.25 to 0.77, random effect model). Preplanned
ubgroup analysis showed that reduction of the risk of AAD was associated with the use of Lactobacillus GG (2 RCTs, 307
articipants, RR 0.3, 95% CI 0.15 to 0.6), S. boulardii (1 RCT, 246 participants, RR 0.2, 95% CI 0.07-0.6), or B. lactis & Str.
hermophilus (1 RCT, 157 participants, RR 0.5, 95% CI 0.3 to 0.95).

onclusions Probiotics reduce the risk of AAD in children. For every 7 patients that would develop diarrhea while being
reated with antibiotics, one fewer will develop AAD if also receiving probiotics. (J Pediatr 2006;149:367-72)

lthough the use of antibiotics in primary care in Europe varied greatly, antibiotics are prescribed commonly in many
countries. The highest rate of use was in France (32.2 defined daily doses [DDD] per 1000 inhabitants per day), and
the lowest rate of use was in the Netherlands (10.0 DDD per 1000 inhabitants daily).1 In Poland, outpatient antibiotic

se is at the level of approximately 22.0 DDD per 1000 inhabitants. Children are the main antibiotic consumers, with usage rates
times higher than that of older patients.2 In most countries, an increasing use of newer broad-spectrum antibiotics has been

bserved, such as the combination of amoxicillin and clavulanic acid, the new macrolides, and quinolones, with decrease in use
f older narrow-spectrum penicillins and cephalosporins.1

A common side effect is antibiotic-associated diarrhea (AAD) defined as otherwise unexplained diarrhea that occurs in
ssociation with the administration of antibiotics.3 In the pediatric population, AAD occurs in 11-40% of children between the
nitiation of therapy and up to 2 months after cessation of treatment.4,5 Although no infectious agent is found in most cases,
he bacterial agent commonly associated with AAD, particularly in the most severe episodes (pseudomembranous colitis), is
lostridium difficile.6 Almost all antibiotics, particularly those active against anaerobes, can cause diarrhea, but the risk seems to
e higher with aminopenicillins, the combination of aminopenicillins and clavulanate, cephalosporins, and clindamycin.7,8

Preventive measures include the use of probiotics, which are live microbial food ingredients that are beneficial to health.9

he rationale for the use of probiotics in AAD is based on the assumption that in some instances diarrhea is associated with
isturbance in the normal intestinal microflora.10 At least four systematic reviews (with or
ithout meta-analysis) have shown that some probiotic strains are associated with a
ecrease of AAD.11-14 It is unclear whether similar benefits occur in children, as most of
he studies included in the meta-analyses were conducted in adults. With conflicting data
bout the effects of Lactobacillus rhamnosus GG suggesting a different response in adult15

nd pediatric populations,16,17 extrapolation of data to children remains speculative. Our
im was to identify and review evidence on the effectiveness and safety of using probiotics
n children to prevent AAD. If probiotics are effective in children, another aim was to
etermine which probiotic strain is most effective.

AD Antibiotic-associated diarrhea
I Confidence interval

NNT Number needed to treat
RCT Randomized controlled trial
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METHODS

earch strategy
We searched: MEDLINE (1966 – December 2005),

MBASE (1980 – December 2005), Cumulative Index to
ursing and Allied Health (CINAHL, 1982 – December

005), The Cochrane Database of Systematic Reviews (Issue
, 2005), and The Cochrane Controlled Trials Register
CENTRAL) (Issue 4, 2005). The search strategy included
se of a validated filter for identifying controlled trials,18

hich was combined with a topic-specific strategy.
In brief, the search combined terms related to diarrhea

diarrhea/diarrhoea, antibiotic-associated/antibiotic associ-
ted, Clostridium difficile) with terms related to probiotics
probiotic*, lactobacill*, lactococc*, bifidobacter*, enterococc*,
treptococc*, Saccharomyces) using Boolean operators and da-
abase specific syntax. Furthermore, reference lists from the
riginal studies and review articles identified were screened.
o limit was imposed regarding the language of publication,

ut certain publication types (i.e., letters to the editor, ab-
tracts, proceedings from scientific meetings) were excluded.

e considered randomized controlled trials (RCTs) in chil-
ren who had received antibiotics for any reason in any setting
out- or inpatient) in which the use of probiotics at any dose
r time schedule was assessed and compared with placebo or
ith no additional intervention. We excluded studies of

dults.

rocedures
Two reviewers independently applied inclusion criteria

o all identified and retrieved articles. The same reviewers
xtracted data from included studies on standard data extrac-
ion forms. Discrepancies between reviewers were resolved by
iscussion. For dichotomous outcomes, we extracted the total
umber of participants and the number of participants who
xperienced the event. For continuous outcomes, we extracted
he total number of participants, means, and standard devia-
ions. We compared the extracted data to identify errors. One
eviewer (HS) entered the data into The Cochrane Review

anager (RevMan [Computer program]. Version 4.2 for
indows. Oxford, England: The Cochrane Collaboration,

003) for analysis.
We used standard criteria (allocation concealment,

linding, intention-to-treat analysis, loss to follow-up) to
ppraise the methodologic quality of the studies. Trial quality
as classified subjectively as low, medium, or high risk of bias.
e assigned risk of bias categories on the basis of the number

f items judged inadequate in each study: low risk of bias (up
o one inadequate item); medium risk of bias (up to 3 inad-
quate items); high risk of bias (more than 3 inadequate
tems); very high risk of bias (no description of methods).

The primary outcomes were the incidence of diarrhea or
AD (as defined by the investigators) and the incidence of C.

ifficile diarrhea. We also assessed the following secondary
utcomes: mean duration of diarrhea, the need for discontin-

ation of the antibiotic treatment, hospitalization to manage i

68 Szajewska, Ruszczyński, and Radzikowski
he diarrhea (in outpatients) or intravenous rehydration in any
f the study groups, and adverse events.

tatistical analysis
For dichotomous outcomes, relative risks with 95%

onfidence interval (CI) were calculated in RevMan for indi-
idual studies. Number needed to treat (NNT) with 95% CI
as calculated using the computer software StatsDirect

1,9,12 (2002-05011); Iain E. Buchan). Summary statistics
ere calculated with either a fixed-effects or random-effects
odel approach according to the heterogeneity in outcomes

cross studies. Weights given to each study are based on the
nverse of the variance. Heterogeneity was analyzed by Coch-
an Q statistic with ��0.05 for statistical significance and by
he statistic I2, which is derived from Q and describes the
roportion of total variation that is due to heterogeneity
eyond chance.19 A value of 0% indicates no observed heter-
geneity, and larger values show increasing heterogeneity. To
xplore clinical differences between trials that might be ex-
ected to influence the size of the treatment effect for the
rimary outcomes, a priori defined subgroup analyses were
erformed based on factors that potentially could influence
he magnitude of the treatment effect: (1) probiotic strain; (2)
efinition of diarrhea; (3) type of antibiotic used. We also
onducted sensitivity analyses according to each of the pa-
ameters of trial methodological quality. We took no formal
teps to look for publication bias, such as plotting effect sizes
r calculating test statistics; there were few studies on any
iven effect, and any formal method would have had little
ower.

RESULTS

escription of studies
We initially identified 9 articles. Table I (available at

ww.jpeds.com) summarizes the characteristics of the 6 in-
luded trials.16,17,20-23 The remaining 3 studies were ex-
luded. Table II summarizes characteristics of the excluded
rials,24-26 including the reasons for exclusion.

The 6 selected studies recruited a total of 766 partici-
ants (376 in the experimental group and 390 in the control
roup) who completed the follow-up interval. All studies were
lacebo controlled. There was considerable clinical heteroge-
eity among the trials in sample size (from 18 to 269 partic-

able II. Characteristics of the excluded studies

Study Reason(s) for exclusion

eki et al25 Nonrandomized, clinical trial
a Rosa et al26 RCT; explored the effect of Lactobacillus

sporogens but given with fructo-
oligosaccharides compared with
placebo in the prevention of AAD

rdeve et al24 Nonrandomized, clinical trial

CT, randomized controlled trial.
pants), settings (inpatients or outpatients), age of children,
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robiotic strain(s) used and daily dose of the study product,
nd the type of antibiotics administered. All trials had a
elatively short follow-up, and in one trial it was not specified.
urthermore, there was variability in definitions of outcome
easures. The most commonly used definition of diarrhea
as the presence of 3 or more loose (or watery) stools, but

riteria for its duration varied from 24 hours to at least 48
ours. In one trial the definition of diarrhea was not stated.

Table III shows results of the methodologic quality
ssessment of included studies. Allocation concealment was
dequate in only 3 trials. Although all were double-blind
tudies, it often was not stated who was blinded. Intention-to
reat-analysis was performed in only 2 trials. Completeness of
ollow-up was inadequate in 2 trials. The probiotics studied
ere well tolerated, and no adverse events clearly associated
ith this therapy were reported.

revention of diarrhea
Treatment with probiotics compared with placebo re-

uced the risk of diarrhea in patients treated with antibiotics
as defined by the study investigators) from 28.5% to 11.97%
RR 0.43, 95% CI 0.31 to 0.58, fixed effect model; 0.44, 95%
I 0.25 to 0.77, random effect model) (Figure). For every 7
atients receiving daily probiotics with antibiotics, one fewer
ould develop diarrhea (NNT 7, 95% CI 5-10).

The statistical test of homogeneity yielded a significant
esult (chi-square � 16.47, P � 0.006, I2�69.6%). Signifi-
ant heterogeneity was attributable to the inclusion of the
tudy21 with a high risk of bias (no description of methods,
ncompleteness of follow-up). Exclusion of this trial (which in
ddition used a definition of diarrhea that differed consider-
bly from those used by other investigators) resulted in a
omogenous group of 5 studies involving 728 patients (chi-
quare � 3.62, P � 0.46, I2�0%). The significance of the

able III. Methodological quality of included trials

Trial
Generation of
randomization

Allocation
concealment

ankanov et al21 Not described Unclear
irapinyo et al22 Randomization list

(but no details are
reported)

Unclear

orrea et al23 Methods not reported Unclear
rvola et al17 Computer randomization Adequate
anderhoof et al16 Computer-generated

randomization list
Adequate

otowska et al20 Block randomization due
to computer-generated
randomization list

Adequate

Allocation concealment: Adequate-Randomization method described that would not
articipants entered the study; Unclear-Randomization stated, but no information abou
Intention-to-treat analysis: Yes: Specifically reported by authors that intention-to-treat
onfirmed by our study assessment; No: Not reported and lack of intention-to-treat analy
Completeness of follow-up: Trials with �80% follow-up of participants.
ooled effect of probiotics remained when calculations were t

robiotics In The Prevention Of Antibiotic-Associated Diarrhea In Child
Meta-Analysis Of Randomized Controlled Trials
ade with 5 homogenous trials only (RR 0.35, 95% CI 0.24
o 0.51, fixed effect model).

The Figure shows results of the preplanned subgroup
nalysis based on the probiotic type. The reduction of the risk
f AAD was associated with the use of Lactobacillus GG (2
CT, 307 participants, RR 0.3, 95% CI 0.15 to 0.6, NNT 6,
5% CI: 4–13), Saccharomyces boulardii (1 RCT, 246 partic-
pants, RR 0.2, 95% CI 0.07-0.6, NNT 8, 95% CI 5-15), or
. lactis & Streptococcus thermophilus (1 RCT, 157 participants,
R 0.5, 95% CI 0.3 to 0.95, NNT 7, 95% CI 4-62). In

ontrast, the use of either L. acidophilus/Bifidobacterium in-
antis (1 RCT, 18 participants, RR 0.5, 95% CI 0.2 to 1.2) or
. acidophilus/L. bulgaricus (1 RCT, 38 participants, RR 0.96,
5% CI 0.6 to 1.5) was not associated with a significant
eduction of the risk of AAD.

The meta-analysis of 5 trials evaluating only lactic acid
acteria, after removing the trial done with Saccharomyces
oulardii, did not change the overall result (5 RCTs, 520
articipants, RR 0.5, 95% CI 0.35 to 0.7, fixed effect model;
.5, 95% CI 0.3 to 0.9, random effect model).

As mentioned earlier, studies included in this review were
ndertaken using different definitions of diarrhea. The pooled
ffect size of 4 trials16,17,20,23 that used similar definitions of
iarrhea was 0.34, 95% CI 0.22 to 0.51. Subgroup analysis based
n the type of antibiotics used was not possible, as authors of the
riginal reports did not provide such specification.

Two RCTs17,20 evaluated the effect of probiotics in the
revention of C. difficile diarrhea in children. These trials
emonstrated a trend to lower risk of C difficile diarrhea in the
robiotic group compared with the placebo group (RR 0.38,
5% CI 0.12 to1.18, fixed effect model).

uration and severity of diarrhea
These outcome measures were either not reported in

Blinding
Intention-to-treat

analysis†
Completeness
of follow-up‡

Risk of
bias

Yes No 63% (38/60) High
Yes Yes 100% (18/18) Medium

Yes No 93% (157/169) Medium
Yes No 71% (119/167) Medium
Yes No 93% (188/202) Low

Yes Yes 91% (246/269) Low

investigator/caregivers to identify or influence the intervention group before eligible
od used was provided.

is was undertaken and this was confirmed by our study assessment; Yes: Not stated, but
firmed by our study assessment. No: Stated, but not confirmed by our study assessment.
*

allow
t meth
analys
sis con
he studies included in this systematic review or were reported

ren:
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Study (ref.) Treatment Control RR (random) Weight RR (random)
n/N n/N 95% CI % 95% CI

01 LGG
Vanderhoof (16) 7/93      25/95 17.27 0.29 [0.13, 0.63]

Arvola (17) 3/61 9/58 11.49 0.32 [0.09, 1.11]

Subtotal (95% CI) 154      153 28.76 0.29 [0.15, 0.57]

Total events: 10 (Treatment), 34 (Control)
Test for heterogeneity: Chi² = 0.02, df = 1 (P = 0.89), I² = 0%
Test for overall effect: Z = 3.59 (P = 0.0003)

02 L. acidophilus/B. infantis
Jirapinyo (23) 3/8 8/10 15.09 0.47 [0.18, 1.21]

Subtotal (95% CI) 8      10 15.09 0.47 [0.18, 1.21]

Total events: 3 (Treatment), 8 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

03 L. acidophilus/L. bulgaricus
Tankanow (22) 10/15      16/23 22.15 0.96 [0.61, 1.50]

Subtotal (95% CI) 15      23 22.15 0.96 [0.61, 1.50]

Total events: 10 (Treatment), 16 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.19 (P = 0.85)

04 B. lactis/Str. thermophilus
Correa (24) 13/80      24/77 20.04 0.52 [0.29, 0.95]

Subtotal (95% CI) 80      77 20.04 0.52 [0.29, 0.95]

Total events: 13 (Treatment), 24 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.13 (P = 0.03)

05 S. boulardii
Kotowska (21) 4/119      22/127 13.96 0.19 [0.07, 0.55]

Subtotal (95% CI) 119      127 13.96 0.19 [0.07, 0.55]

Total events: 4 (Treatment), 22 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 3.10 (P = 0.002)

Total (95% CI) 376      390 100.00 0.44 [0.25, 0.77]

Total events: 40 (Treatment), 104 (Control)
Test for heterogeneity: Chi² = 16.47, df = 5 (P = 0.006), I² = 69.6%
Test for overall effect: Z = 2.84 (P = 0.004)

0.01 0.1 1 10 100

Favors treatment Favors control

Figure. Plot of relative risk of antibiotic-associated diarrhea in children treated with probiotics compared with placebo.
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n a manner that does not allow meta-analysis. Vanderhoof
t al.16 reported that the mean duration of diarrhea was 4.7
ays in the intervention group compared with 5.88 days in the
lacebo group (P � 0.05). Correa et al.23 reported no signif-
cant difference in the duration of diarrhea between groups (P

0.253). Arvola et al.17 reported that the mean duration of
iarrhea was 4 days (range: 2 to 8 days); no further details
ere provided.

There was no need for discontinuation of antibiotic
reatment, hospital treatment because of diarrhea in the out-
atients, or intravenous rehydration in either of the study
roups in the one trial that addressed these outcomes.20

DISCUSSION
Our meta-analysis finds effectiveness of probiotics in

reventing AAD in children treated with antibiotics for any
eason (mainly for respiratory tract infections). For every 7
atients who would develop diarrhea while being treated with
ntibiotics, one fewer will develop AAD if also receiving
robiotics. The results of this meta-analysis confirm the find-
ngs of previous systematic reviews, which included trials
omparing probiotics with placebo or no treatment for pre-
ention of AAD.11-14 Our meta-analysis is distinctive in that
t includes only randomized controlled trials performed in
hildren. These analyses collectively suggest that probiotics
ight be beneficial for AAD prevention.

Critics of using a meta-analytical approach to assess the
fficacy of probiotics argue that beneficial effects of probiotics
eem to be strain specific, thus, pooling data on different
trains may result in misleading conclusions. In our analysis,
here is evidence for preventive effects of the following pro-
iotics in decreasing order of supporting data: S. boulardii,
actobacillus GG, and the combination of B. lactis and S.

hermophilus. However, as evidence is still limited, caution
hould be exercised until these results are confirmed by other
tudies. Also, the conclusions about the ineffectiveness of
ther probiotic strains studied are based on limited data.
urther, few probiotics have been tested. Other microorgan-

sms (e.g., Clostridium butyricum MIYAIRI25) also may be
ffective, although this suggestion is based on nonrandomized
rials.

Our study does not allow firm conclusions regarding the
fficacy of probiotics for the prevention of C. difficile diarrhea
n children, as C. difficile diarrhea was not the primary out-
ome in any of the included trials. In adults, a recent system-
tic review demonstrated that available evidence does not
upport the administration of probiotics with antibiotics to
revent the development of C. difficile diarrhea and data are
nadequate to justify probiotics as treatment for C. difficile
iarrhea.27

It is unlikely that all antibiotics are equally selective for
ausing AAD. Our findings show that probiotics significantly
educe the risk of diarrhea in children treated with antibiotics
n general. However, they do not allow conclusions about the
fficacy of probiotics in preventing diarrhea attributable to any

ingle antibiotic class. p

robiotics In The Prevention Of Antibiotic-Associated Diarrhea In Child
Meta-Analysis Of Randomized Controlled Trials
Most cases of AAD are mild and self-limited, thus, do
ot result in cessation of antimicrobial therapy. However,
ases in which antimicrobial therapy needed to be terminated
ere included by some authors.21,22 Even if statistically sig-
ificant, the effect of probiotics in the prevention of such
ymptoms may not be clinically significant. Information is
eeded on the efficacy of probiotics in preventing more severe
ases of AAD (e.g., those leading to dehydration, cessation of
reatment with antibiotics) and Clostridium difficile colitis.
ew trials assessed the prevalence of serious complications of
AD, such as the need to terminate antibiotic treatment or
ospitalize the patient for management of diarrhea or for

ntravenous rehydration.20 These authors observed no such
ases in children, thus, the baseline risk in the pediatric age
roup appears to be low.

The duration of follow-up after antibiotic treatment
aried in the trials included in this meta-analysis. As diarrhea
ay occur up to 2 months following cessation of such treat-
ent, some cases of AAD may have been missed.

No adverse effects due to the use of probiotics were
bserved in any of the included trials. However, administra-
ion of probiotics is not without risk, albeit adverse effects
eem to be rare.28 Of concern, there have been instances of
ungemia associated with by S. boulardii29-31 and bacteremia
ith certain probiotic bacteria involving high-risk popula-

ions.32 Endocarditis, pneumonia, and meningitis have been
eported in association with lactobacilli.32-35 Most complica-
ions have occurred in immunocompromised subjects or in
atients with other life-threatening illnesses managed in in-
ensive care areas. While the use of probiotics in immuno-
ompetent subjects seems to be safe, it is not clear whether
hey could be used in the prevention of AAD in immuno-
ompromised patients.

This systematic review should be interpreted within the
ontext of several limitations. First, systematic reviews are
ubject to publication bias. We took no formal steps to look
or publication bias, as there were few studies on any given
ffect and any formal method would have had little power.
lthough we used an extensive search strategy for finding
ublished trials, we did not attempt to identify unpublished
rials. Second, this and any meta-analysis is limited by the
uantity and quality of existing data. The methodology of the
ncluded studies differed and often was suboptimal. Potential
imitations included unclear or inadequate allocation conceal-

ent, and no intention-to-treat analysis. Study limitations
lso included a small sample size in some trials and no widely
greed upon definition of diarrhea. Finally, all meta-analyses
ontain heterogeneity. The statistically significant heteroge-
eity among the studies makes the results of our meta-analysis

ess meaningful. Given the small number of studies, statistical
onclusions on determinants of heterogeneity might be
awed.

Should children treated with antibiotics routinely re-
eive probiotics? The results emerging from this meta-anal-
sis provide evidence of a moderate beneficial effect of single

robiotic microorganisms, such as Saccharomyces boulardii or

ren:
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actobacillus GG, or a combination of probiotics (i.e., Bi-
dobacterium lactis and Streptococcus thermophilus) in the pre-
ention of AAD. We believe that their use is warranted when
revention of this usually self-limited complication is deemed
mportant. No reliable data on the efficacy of other probiotic
trains in children are available.

The limitations discussed suggest steps to improve the
uality of research in this area. Further well-conducted clin-
cal studies using validated outcomes are recommended to: 1)
urther identify populations at high risk of AAD who would
enefit most from probiotic therapy; 2) evaluate the efficacy of
ther probiotic strains; 3) evaluate the efficacy of probiotics in
reventing AAD caused by C. difficile or associated with
ntibiotics that are most likely to cause diarrhea; 4) determine
he most effective dosing schedule; and 5) address the cost-
ffectiveness of using probiotics to prevent AAD in children.
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cs Indications Control group Probiotic(s) Dose (per day)
Duration of
intervention

Follow-up
Definition of

diarrhea or AAD

Otitis media and
pharyngitis

Placebo (lactose) L acidophilus and
L bulgaricus

20.4 � 108 CFU 10 d (min 5 d) 10 d (min 5 d) �1 abnormally loose
bowel movement per
day

inly
Meningitis, sepsis Placebo (sugar) L acidophilus and

B infantis
3 capsules daily 7 d Not stated Not stated

n,
cillin,

,

)

Not specified Placebo
(unsupplemented
formula)

Infant formula
supplemented
with B lactis
107 CFU and
S thermophilus
106 CFU/g

B lactis 107 CFU/g
and S thermophilus
106 CFU/g

15 d 30 d �3 liquid stools per
day for at least 2
consecutive days

n,

s,

sulpha)

Otitis, tonsillitis, and
respiratory tract
infections

Placebo
(microcrystalline
cellulose)

Lactobacillus GG 2 � 1010 CFU;
twice daily

7–10 d 14 d (entire 3
months)

�3 liquid or loose
stools/24 h on �2 d

llin,
ulanate,

)

Respiratory tract
infections,
dermatologic

Placebo (insulin) Lactobacillus GG 1 � 1010 CFU to 2
� 1010 CFU once
daily

10 days Duration of antibiotic
treatment or
diarrhea ceased

�2 liquid stools/24 h
on �2 d

ime
llin �

)

Otitis media and/or
respiratory tract
infections

Placebo (lactose) Saccharomyces
boulardii

500 mg For the duration of
antibiotic treatment
(experimental
group 7.8 � 1 d;
control group
8.1 � 1 d)

Duration of antibiotic
treatment � 2 wk

Diarrhea; �3 loose or
watery stools per
day for a min of 48 h
during and/or up to
2 wk after the end of
antibiotic treatment

AAD: As above, caused
by C difficile or for
otherwise
unexplained diarrhea

A
M

eta-A
nalysis

O
f

R
andom

ized
C

ontrolled
T

rials
372.e1
Table I. Characteristics of the included RCTs

Trial
N

(exp/cont)
Participants Age (y) Antibioti

Tankanow
et al21

38
(15/23)

Outpatients 5 mo–6 y Amoxicillin

Jirapinyo
et al22

18
(8/10)

Inpatients 1–36 mo Broad-spectrum
antibiotics (ma
cefotaxime)

Correa
et al23

157
(87/82)

Inpatients 6–36 mo Various (penicilli
ampicillin, oxa
amoxicillin,
cephalosporin
amoxicillin �

clavulanic acid

Arvola
et al17

119
(61/58)

Mainly
outpatients;
few inpatients

2 wk–13 y Various (penicilli
amoxicillin,
cephalosporin
erythromycin,
trimethoprim-

Vanderhoof
et al.16

188
(93/95)

Outpatients 6 mo–10 y Various (amoxici
amoxicillin/clav
cefprozil,
clarithromycin

Kotowska
et al20

246
(119/127)

Outpatients and
inpatients

6 mo–14 y Various (cefurox
axetil, amoxici
clavulanate,
amoxicillin,
cefuroxime,
roxithromycin

CFU, colony forming units.
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