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SUMMARY

Background
The effects of probiotics are strain specific. The clinical effects of each
strain need to be evaluated separately.

Aim
To evaluate the efficacy of Lactobacillus rhamnosus GG (LGG) in the pre-
vention of antibiotic-associated diarrhoea (AAD) in children and adults.

Methods

The Cochrane Library, MEDLINE, and EMBASE databases were searched
up to July 2015, with no language restrictions, for randomised controlled
trials (RCTs). Reference lists of reviews and included studies were exam-
ined. The quality of evidence (QoE) was assessed using the Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE)
guidelines.

Results

Twelve RCTs (1499 participants) were included. Treatment with LGG com-
pared with placebo or no additional treatment reduced the risk of AAD in
patients treated with antibiotics from 22.4% to 12.3% (11 RCTs, n = 1308,
relative risk, RR: 0.49, 95% confidence interval, CI: 0.29-0.83, low QOoE).
However, when children and adults were evaluated separately, the differ-
ence was significant in children only (five RCTs, n = 445, RR 0.48, 95% CI
0.26-0.89; moderate QoE). In adults, the difference was not significant (six
RCTs, n = 863, RR 0.48, 95% CI 0.20-1.15; low QoE), except for in a sub-
set of patients receiving antibiotics as part of Helicobacter pylori eradication
therapy (four RCTs, n = 280, RR 0.26, 95% CI 0.11-0.59; low QoE).

Conclusions

This meta-analysis shows that Lactobacillus rhamnosus GG is effective in
preventing antibiotic-associated diarrhoea in children and adults treated
with antibiotics for any reason. However, the quality of evidence is moder-
ate to low.
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INTRODUCTION

The prevalence of antibiotic-associated diarrhoea (AAD),
defined as unexplained diarrhoea that occurs in associa-
tion with antibiotic therapy,' varies depending on the cri-
teria used to diagnose it and the age group. In the
paediatric population, the incidence of AAD is 5-30%,”
and in adults, 5-70%.> The antibiotics most commonly
linked to AAD include cephalosporins, clindamycin,
broad-spectrum penicillins, such as amoxicillin and ampi-
cillin, and fluoroquinolones, such as ciprofloxacin and
levofloxacin. AAD may occur just a few hours after antibi-
otic administration or up to several months after its dis-
continuation.” > In the majority of cases of AAD, no
infectious agent is found. However, Clostridium difficile is
responsible for the most severe cases.” AAD is usually self-
limiting; however, if it is caused by C. difficile, it may lead
to life-threatening pseudomembranous colitis.'

Probiotics are defined as ‘live microorganisms that,
when administered in adequate amounts, confer a health
benefit on the host’.” The rationale for the use of probi-
otics is based on the assumption that AAD results from
the disruption of the commensal gut microbiota caused
by antibiotic therapy.® Evidence from several meta-
analyses has consistently shown that most of the tested
probiotics significantly reduced the risk of AAD in the
general (mainly adult) population. A 2012 meta-analysis
pooled data from 63 randomised controlled trials (RCTs)
involving almost 12 000 participants, and it indicated a
statistically significant reduction in AAD in the probiotic
groups compared with the control groups (relative risk,
RR: 0.58; 95% confidence interval, CI: 0.5070.68).9 The
effects of probiotics are strain specific. The clinical effects
of each strain need to be evaluated separately.

A 2005 systematic review evaluated the efficacy of Lac-
tobacillus rhamnosus GG (LGG) in the prevention of
AAD. Six placebo-controlled RCTs were found. Four of
the six trials found that administration of LGG compared
with placebo significantly reduced the risk of AAD in
patients treated with antibiotics."® A number of mecha-
nisms by which LGG may prevent AAD have been
suggested, as discussed in detail elsewhere.!' Among
others, these mechanisms include the effects of LGG-
derived soluble proteins, which enhance LGG adherence
to intestinal epithelial cells and protect them from cyto-
kine-induced injury by regulating several signalling path-
ways. Moreover, seven different peptides were isolated
from LGG-conditioned media, which showed anti-Gram-
negative and anti-Gram-positive bactericidal activity.'?

In the last few years, a number of new relevant studies
have been published. These studies have prompted
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interest in updating current evidence on the efficacy of
LGG in the prevention of AAD in children and adults.
The choice of the LGG strain was determined by the fact
that it is widely available in many countries and is com-
monly used. This review was initiated as part of the
development of guidelines on the use of probiotics for
preventing AAD in children.

METHODS

As in our earlier reports focusing on a single probiotic
strain,'> '* for this systematic review and meta-analysis,
the guidelines from the Cochrane Handbook for System-
atic Reviews of Interventions'”> and the PRISMA State-
ment'® were followed.

Electronic databases (see Search strategy) were system-
atically searched for relevant studies to be included in
this review. Only RCTs that compared LGG with placebo
or no additional intervention were eligible for inclusion.
Participants were adults and children who received
antibiotics for any reason. The primary outcome was the
incidence of diarrhoea or AAD (as defined by the
investigators). Secondary outcomes were the incidence of
C. difficile-associated diarrhoea; the need for discontinua-
tion of the antibiotic treatment; the need for hospitalisa-
tion to manage the diarrhoea (in out-patients); the need
for intravenous rehydration in any of the study groups
and adverse events.

Search strategy

The Cochrane Central Register of Controlled Trials (CEN-
TRAL, the Cochrane Library), MEDLINE and EMBASE
databases were searched for relevant studies published up
until July 2015. The main search text word terms and
MESH headings used were as follows: diarrhea, diarrhoea,
antibiotic-associated, antibiotic associated, Clostridium dif-
ficile, probiotics, Helicobacter pylori, H pylori, Lactobacillus
rhamnosus GG, Lactobacillus GG and LGG. Moreover, ref-
erence lists from the original studies and review articles
identified were screened, and key experts in the field were
approached for unpublished material. There were no
language restrictions. Two registers for clinical trials
(www.clinicaltrials.gov; www.clinicaltrialsregister.eu) were
screened to identify unpublished and ongoing studies. All
potentially relevant articles were retained, and the full text
of each of these studies was examined to determine which
studies met the inclusion criteria. One reviewer (MK) car-
ried out data extraction, using standard data extraction
forms, which was then assessed by the second reviewer
(HS). Data were extracted as complete (available) case
analyses. Disagreements were resolved by discussion.

Aliment Pharmacol Ther 2015; 42: 1149-1157
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The Cochrane Collaboration’s tool for assessing risk
of bias in included trials was used, which assesses ran-
domisation and allocation of participants; blinding of
participants, personnel and outcome assessors; and
incomplete or selective reporting.'” If trial methodology
was unclear from the published report, an attempt was
made to contact the authors for clarification.

Quality of evidence (QoE) for outcomes reported in
the included trials was assessed using the GRADE
methodology and GRADEpro
located at www.gradepro.org, Version, 14 August 2015,
McMaster University, 2014). The GRADE system offers
four categories of the quality of the evidence (i.e. high,

(Computer program

moderate, low and very low)."®

Heterogeneity was quantified by 5> and I, which can
be interpreted as the percentage of the total variation
between studies that are attributable to heterogeneity
rather than to chance. For the y* test, P < 0.15 indicates
significant heterogeneity and for the I statistic, a value
>50% indicates substantial heterogeneity. All analyses
were based on the random effects model. To test for
publication bias, a test for asymmetry of the funnel plot,
as proposed by Egger et al.,'” was used if sufficient (>10)
eligible trials were available.

Statistical methods. The Review Manager (RevMan)
[Computer program, Version 5.3. Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2014]
was used to analyse the data, and StatsDirect (version
3.0.150; StatsDirect Ltd, Sale, Cheshire, UK) was used to
generate forests plots and funnel plots. The binary mea-
sure for individual studies and pooled statistics is reported
as the RR between the experimental and control groups
with 95% CI. The number needed to treat (NNT), with the
95% CI, was calculated if there was a significant difference
in the dichotomous outcome between the groups, using
the formula recommended by the Cochrane Handbook
[NNT = 1/ACR x (1—RR)], where ACR, assumed con-
trol risk, was an average control group risk.'””> A number of
subgroup analyses were planned based on the study popu-
lation (children and adults), the indication for the antibi-
otic therapy (common infections and antibiotic therapy as
part of H. pylori eradication therapy) and the type of
antibiotics administered or the indication. However, only
the first two analyses were performed.

RESULTS
Twelve RCTs met the inclusion criteria for this system-
atic review. Among them, eight were full-text publica-

20-27

tions published in peer-reviewed journals, two were
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published abstracts® ** and two were unpublished

abstracts (Miller 2008a,b) identified through a 2013
Cochrane review.’® For a flow diagram documenting the
identification process for the eligible trials, see Figure S1.
Table S1 summarises the characteristics of all included
RCTs, and Table S2 summarises the characteristics of
the excluded trials, including the reasons for exclusion.

For the assessment of methodological quality and
potential risk of bias, see Figure S2. Only two RCTs were
at low risk of bias.”" ** The methodological limitations of
trials included unclear sequence generation (five RCTs),
unclear allocation concealment (eight RCTs) and no or
unclear blinding of participants and personnel (five
RCTs) or outcome assessment (six RCTs) or unclear
selective reporting (five RCTs). The risk of attrition bias
was high or unclear in five RCTs. Two RCTs, published
in abstract form only, lacked adequate information to
assess the overall risk of bias (an attempt was made to
contact trial authors; however, with no success).

The included RCTs randomised a total of 1499 patients.
Five RCTs were undertaken in children®® 2" ** 2% 29
Among all of the included studies, five RCTs assessed
the effect of LGG during H. pylori eradication ther-
apy.”®> ?> % Sample size calculations
available in two trials.”> > Ten studies were placebo-
controlled trials Mler 20083b, 20725, 27, 28 1) the remaining

studies, there was no intervention in the control group. Six
20, 23-26, 29

were only

trials were conducted in Europe, three trials
were conducted in the US,*" 2% 28 two in Canada (Miller
2008a,b) and one in Cuba.?” Six RCTs were conducted in
in—patients,Miller 2008ab, 20, 22, 24, 28 4 q ix trials were con-
ducted in out-patients.”"> > *>*” ** The daily dose of
LGG ranged from 4 x 10° to 12 x 10" colony forming
units (CFU). There was a large variation in the types of
antibiotics administered. Follow-up ranged from 10 days
to 3 months. In two trials, the exact duration was not
mentioned.”® *° The definitions of outcome measures var-
ied, and in 7 RCTs, the definition of diarrhoea was not
provided Miller 2008a.b 23, 2527, 29 po - trials were industry
supported, Miller 2008ab, 21, 22

The GRADE assessment for outcomes related to LGG
administration and diarrhoea is presented in Table S3.
Using the GRADE, the overall QoE for all assessed out-
comes was rated as moderate to very low.

Effects of interventions

Treatment with LGG compared with placebo or no addi-
tional treatment reduced the risk of diarrhoea in patients
treated with antibiotics from 22.4% to 12.3% (11 RCTs,
n = 1308, RR 0.49, 95% CI 0.29-0.83, random effect
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model; NNT 9, 95% CI 6-26) (Figure 1). However, A pre-planned subgroup analysis based on the study

significant  heterogeneity ~was found (y* = 31.81, population (children and adults) showed a reduction in
P = 0.0004, I = 69%). the risk of AAD in children only and not in adults. In
Lactobacillus GG Control Risk ratio Risk ratio Risk of bias
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF

1.1.1 Antibiotics for infections in children

Vanderhoof 1999 7 93 25 95 11.2% 0.29[0.13, 0.63] - '.....
Arvola 1999 3 61 9 58 8.1% 0.32[0.09, 1.11] - 7 . ? ....
King 2010 3 8 4 7 9.1% 0.66 [0.22, 1.97] - " 222222
Vaisanen 1998 6 23 8 36 10.3% 1.17 [0.47, 2.95] - POV
Subtotal (95% CI) 185 196 38.8% 0.52 [0.25, 1.05] ‘

Total events 19 46

Heterogeneity: 12 = 0.27; x> = 6.17, df =3 (P = 0.10); I? = 51%
Test for overall effect: Z = 1.81 (P = 0.07)

1.1.2 Antibiotics as part of H. pylori eradication therapy in children

Szajewska 2009 2 34 6 30 6.7% 0.29[0.06, 1.35] v

Subtotal (95% Cl) 34 30 6.7% 0.29 [0.06, 1.35] "

Total events 2 6

Heterogeneity: not applicable

Test for overall effect: Z=1.57 (P =0.12)

1.1.3 Antibiotics for infections in adults

Thomas 2001 39 133 40 134 13.9% 0.98 [0.68, 1.42] BB ......
Miller 2008b 8 157 4 159  8.6% 2.03[0.62, 6.59] T . O .. 2
Subtotal (95% Cl) 290 293  22.5% 1.13 [0.64, 1.99] ’

Total events 47 44

Heterogeneity: 1* = 0.07; x> = 1.34, df = 1 (P = 0.25); I = 25%
Test for overall effect: Z=0.42 (P = 0.67)

1.1.4 Antibiotics as part of H. pylori eradication therapy in adults

Armuzzi 2001a 3 30 26 30 92% 0.12[0.04, 0.34] - ?? . ? ..
Cremonini 2002 1 21 6 20 47% 0.16[0.02,1.200 — = | .. ?2? ..
Armuzzi 2001b 4 60 14 60 94% 0.29 [0.10, 0.82] - 2202 ?' ?
Padilla 2013 4 29 6 30 87% 0.69 [0.22, 2.19] - 202200
Subtotal (95% Cl) 140 140 32.1% 0.26 [0.11, 0.59] <P

Total events 12 52

Heterogeneity: 1 = 0.30; x* =5.29, df =3 (P =0.15); I =43%
Test for overall effect: Z=3.20 (P = 0.001)

Total (95% CI)
Total events 80 148

Heterogeneity: 12 = 0.49; 2 = 31.81, df = 10 (P = 0.0004); /2 = 69%
Test for overall effect: Z = 2.64 (P = 0.008)

Test for subgroup differences: x* = 9.79, df = 3 (P = 0.02), /> = 69.4%

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

649 659 100.0%

(B) Allocation concealment (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)

0.49 [0.29, 0.83]

L 4

I
0.01

1
0.1 1

1
10

100

Favors Lactobacillus GG Favors control

Figure 1| Effect of Lactobacillus rhamnosus GG for preventing antibiotic-associated diarrhoea.
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children, compared with placebo or no treatment,
LGG administration reduced the risk of AAD from
23% to 9.6% (five RCTs, n = 445, RR 0.48, 95% CI
0.26-0.89; NNT 8, 95% CI 6—40). No significant hetero-
geneity was found (> = 6.61, P = 0.16, I’ = 40%) (Fig-
ure 2).

In adults, compared with placebo or no treatment,
LGG administration reduced the risk of AAD from 22.2%
to 13.7%; however, the difference was statistically signifi-
cant in the fixed effects model only (six RCTs, n = 863,
RR 0.62, 95% CI 0.46-0.82). The significant reduction in
the risk of AAD in the LGG group was lost in the
random effects model (RR 0.48, 95% CI 0.20-1.15).
Significant  heterogeneity ~was found (> = 22.97,
P =0.0003, I’ =78%). Another pre-planned subgroup
analysis based on the indication for the antibiotic therapy
(common infections and antibiotic therapy as part of H.
pylori eradication therapy) showed a significant reduction

Lactobacillus GG
Total Events Total Weight

Control

Study or subgroup Events

Risk ratio
M-H, Random, 95% CI

in the risk of AAD in the latter group (four RCTs,
n = 280, RR 0.26, 95% CI 0.11-0.59; Figure 3).

Four trials (n = 891) evaluated the effect of treat-
ment with LGG on the risk of C. difficile-associated
diarrhoea Miller 200820, 22, 24 The pooled results of these
trials revealed no significant difference in risk between
the LGG and control groups (RR 0.75, 95% CI
0.31-1.84). No significant heterogeneity was found
(* = 1.82, P = 0.61, I’ = 0%; Figure 4).

Based on the findings from four RCTs,
there was no need for discontinuation of antibiotic treat-

20, 21, 25, 26

ment, hospital treatment because of diarrhoea in the
out-patients or intravenous rehydration in any of the
study groups.

Adverse events. Data regarding therapy-related adverse
events were available from eight of the included tri-
alsMiller 2008ab, 20°23, 25, 26 1y thege trials, LGG was well

Risk of bias
ABCDEF

Risk ratio
M-H, Random, 95% CI

1.3.1 Antibiotics for common infections in children

Vanderhoof 1999 7 93 25 95 27.9% 0.29[0.13, 0.63] —— R
Arvola 1999 3 61 9 58 16.4% 0.32[0.09, 1.11] — 00000
King 2010 3 8 4 7 194% 0.66 [0.22, 1.97] — 222222
Vaisanen 1998 6 23 8 36 239% 1.17 [0.47, 2.95] —m 22220202
Subtotal (95% Cl) 185 196  87.6% 0.52 [0.25, 1.05] .

Total events 19 46
Heterogeneity: 12 = 0.27; x> = 6.17, df =3 (P =0.10); 12 =51%
Test for overall effect: Z=1.81 (P =0.07)

1.3.2 Antibiotics as part of H. pylori eradication therapy in children

Szajewska 2009 2 34 6 30 12.4% 0.29[0.06, 1.35] " B
Subtotal (95% Cl) 34 30 12.4% 0.29 [0.06, 1.35] ”
Total events 2 6

Heterogeneity: not applicable
Test for overall effect: Z=1.57 (P =0.12)

219 226 100.0%

)

F T 1
0.01

Total (95% CI)
Total events 21 52
Heterogeneity: 12 = 0.19; x2 = 6.61, df =4 (P = 0.16); I = 40%
Test for overall effect: Z=2.33 (P =0.02)

Test for subgroup differences: x> = 0.43, df = 1 (P =0.51), I? = 0%

0.48 [0.26, 0.89]

T
0.1 1 10 100
Favors Lactobacillus GG Favors control

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (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)

Figure 2 | Effect of Lactobacillus rhamnosus GG for preventing antibiotic-associated diarrhea in children.
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Lactobacillus GG
Total

Control

Study or subgroup Events Events Total Weight

Risk ratio
M-H, Random, 95% CI

Risk ratio
M-H, Random, 95% CI

Risk of bias
ABCDEF

1.4.3 Antibiotics for infections in adults

Thomas 2001 39 133 40 134 224%
Miller 2008b 8 157 4 159 16.3%
Subtotal (95% Cl) 290 293 38.7%
Total events 47 44

Heterogeneity: 12 = 0.07; 2 = 1.34, df = 1 (P = 0.25); 12 = 25%
Test for overall effect: P=0.42 (P = 0.67)

1.4.4 Antibiotics as part of H. pylori eradication therapy in adults

Armuzzi 2001a 3 30 26 30 17.1%
Cremonini 2002 1 21 6 20 10.3%
Armuzzi 2001b 4 60 14 60 17.4%
Padilla 2013 4 29 6 30 16.5%
Subtotal (95% CI) 140 140 61.3%
Total events 12 52

Heterogeneity: t2 = 0.30; 2 = 5.29, df = 3 (P = 0.15); /2= 43%
Test for overall effect: Z=3.20 (P =0.001)

Total (95% Cl) 430 433 100.0%

Total events 59 96

Heterogeneity: 12 = 0.84; x2 = 22.97, df = 5 (P = 0.0003); /> = 78%
Test for overall effect: Z=1.64 (P = 0.10)

Test for subgroup differences: x2 = 8.32, df = 1 (P = 0.004), /> = 88.0%
Risk of bias legend

A) Random sequence generation (selection bias)

B) Allocation concealment (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)

0.98 [0.68, 1.42]

2.03 [0.62, 6.59]
1.13 [0.64, 1.99]

0.12 [0.04, 0.34]
0.16 [0.02, 1.20]
0.29[0.10, 0.82]

0.69 [0.22, 2.19]
0.26 [0.11, 0.59]

Wl
-:00--

220200
00-:200

22022003

222200

0.48 [0.20, 1.15]

@

I T T 1
0.01 0.1 1 10 100
Favors Lactobacillus GG Favors control

Figure 3 | Effect of Lactobacillus rhamnosus GG for preventing antibiotic-associated diarrhoea in adults.

tolerated. Adverse event rates were similar in the experi-
mental and control groups.

Publication bias. There was no evidence of publication
bias among trials on LGG and AAD (Figure S3).

DISCUSSION

Summary of evidence

In this systematic review and meta-analysis of 12 RCTs,
we showed that LGG, compared with placebo or no
treatment, is effective in preventing AAD in the overall
population of adults and children treated with antibiotics
for any reason. The NNT to avoid one case of AAD was
9. The GRADE assessment revealed moderate to very
low QOoOE. A reduction in the risk of AAD also was
revealed when children and adults were evaluated sepa-
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rately; however, the difference was statistically significant
in children only. In adults, there was a significant differ-
ence between the LGG and control groups only in a sub-
set of patients receiving antibiotic therapy as part of H.
pylori eradication therapy. There was no difference in
the risk of C. difficile-associated diarrhoea between the
LGG and control groups. LGG was well tolerated.
Adverse event rates were similar in the LGG and control
groups.

Strengths and limitations

Our meta-analysis has some strengths. The methodology
developed by the Cochrane Collaboration was followed.
Several methods to reduce reviewer error and bias were
implemented (i.e. comprehensive literature search, pre-
specified criteria for methodological assessment and anal-
ysis, no restrictions by language or year of publication,

Aliment Pharmacol Ther 2015; 42: 1149-1157
© 2015 John Wiley & Sons Ltd
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Lactobacillus GG Control Risk ratio Risk ratio Risk of bias
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
1.2.1 Children
Arvola 1999 1 61 1 58 10.5% 0.95[0.06, 14.85] . O ....
Subtotal (95% Cl) 61 58 10.5% 0.95 [0.06, 14.85] e
Total events 1 1
Heterogeneity: not applicable
Test for overall effect: Z=0.04 (P = 0.97)
1.2.3 Adults
Miller 2008a 4 95 7 94  55.6% 0.57[0.17, 1.87] —— . ? ... ?
Thomas 2001 2 133 3 134 252% 0.67 [0.11, 3.96] - ......
Miller 2008b 2 157 0 159 8.7% 5.06 [0.25, 104.63] " ’ . ? '. 22
Subtotal (95% Cl) 385 387 89.5% 0.73[0.29, 1.88] ‘
Total events 8 10
Heterogeneity: 12 = 0.00; %2 = 1.80, df =2 (P =0.41); 1= 0%
Test for overall effect: Z=0.64 (P = 0.52)
Total (95% CI) 446 445 100.0% 0.75[0.31, 1.84] ‘
Total events 9 1
I | | |
1

Heterogeneity: 1 = 0.00; x> = 1.82, df =3 (P = 0.61); 1= 0%

Test for overall effect: Z=0.62 (P = 0.53)

Test for subgroup differences: 2 = 0.03, df = 1 (P = 0.86), I = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (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)

I T T
0.01 0.1 1 10 100
Favors Lactobacillus GG Favors control

Figure 4 | Effect of Lactobacillus rhamnosus GG for preventing Clostridium difficile-associated diarrhoea.

attempts to identify unpublished trials). Risk of bias was
assessed. However, methodological limitations of the
included trials were apparent. For instance, in most of
the trials, there was unclear random sequence generation
and unclear allocation concealment, which increase the
risk of selection bias. Although, with one exception, all
RCTs were described as double-blinded trials, most had
unclear risk of bias for blinding of participants and per-
sonnel or outcome assessment, which increases the risk
of performance and detection biases. Sample size calcula-
tions were not carried out in many trials; however, the
total sample size in the meta-analysis was sufficient to
allow us to draw reliable conclusions.

This systematic review and meta-analysis focuses
exclusively on LGG. However, in the included trials, the
probiotic daily dose and timing of follow-up varied, as
well as the definition of AAD. For some outcomes, sta-
tistical heterogeneity of studies was significant, as evi-
denced by the high I* statistic; therefore, these findings

Aliment Pharmacol Ther 2015; 42: 1149-1157
© 2015 John Wiley & Sons Ltd

should be interpreted with caution. No evidence of pub-
lication bias was found; however, this is a possible limi-
tation of any systematic review.

For completeness, we included trials in which antibi-
otics were used for any reason, including H. pylori eradica-
tion therapy. Data in adults were obtained noticeably from
studies in which antibiotics were used as part of the H.
pylori eradication therapy. In contrast, there was only one
such trial conducted in children; most of the data were
obtained from trials in which antibiotics were used for
common paediatric infections. However, with the cur-
rent data, we could not identify differential efficacy
according to indications for the use of antibiotics, if it
matters at all.

Agreement and disagreement with other studies or
reviews

Our findings stand in line with the results of previously
published meta-analyses.” *'* All consistently showed
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that probiotics compared with placebo or no treatment
reduced the risk of AAD in children and adults. How-
ever, in large part, these meta-analyses pooled data on
various probiotics. One recent exception is our 2015 sin-
gle-strain meta-analysis on the effectiveness of S. boular-
dii in preventing AAD in children and adults."> Of note,
both LGG and S. boulardii showed a similar reduction in
the risk of AAD (51% vs. 53% respectively).

Compared with a 2005 systematic review focusing on
LGG only,10 we included more trials (12 vs. 6 respec-
tively) involving more patients (1499 vs. 692 respec-
tively). We also conducted a meta-analysis of the
extracted data. Thus, our analysis more precisely defines
the role of LGG in preventing AAD.

Conclusions and implications for practice

The best treatment regimens remain to be determined.
Based on the published trials, it seems appropriate to start
LGG administration early, preferably simultaneously with
antibiotic treatment, before modification of the gut micro-
biota and overgrowth of pathogens occur. It also seems
appropriate to continue the administration of LGG for the
duration of antibiotic treatment. However, it remains
unclear how long to continue LGG after the cessation of
antibiotic treatment. The optimal dose of LGG for pre-
venting AAD remains unclear. In children, the best effect
(reduction in the risk of AAD by 71%) was achieved with
the highest dose (1-2 x 10'° CFU).?! However, a similar
effect size was not achieved in another trial using the same
dose,”* perhaps because of a lower baseline risk of AAD.
In adults, there was no clear link between the effect size
and the LGG dose. As a matter of fact, a better effect was
achieved with a lower dose. Identifying populations most
likely to benefit from LGG administration during antibi-
otic treatment would be desirable. For example, patients of
extreme ages or patients with life-threatening illnesses
managed in intensive care units need further assessment.

One recent meta-analysis, although focusing on probiotics
in general, not on LGG, concluded that probiotics may not
reduce the risk of AAD and C. difficile-associated diar-
rhoea in older patients.”*

In summary, current evidence justifies the use of LGG
for preventing AAD, although a number of questions
remain unanswered and the QoE calls for caution.
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