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Background Knowledge--AAD

e Antibiotic-associated diarrhea(AAD)I £ ZMHEEREE =
BEANER GEFEREFEC-ANEMEBECIRE
o BXABRITERL30%
o BURHE .
(1)the direct effect of antibacterial agents on the intestinal mucosa
(2)the interference on the intestinal flora ecosystem leads to normal
metabolic dysfunction and overgrowth of pathogens(esp.
Clostridioides difficile /] 2E # it F A2 )
o ZEHAADZIMAEZETES : Piperacillin-Tazobactam, Clindamycin,
Cephalosporins, Fluoroquinolones(Levofloxacin), Penicillins




Background Knowledge--Probiotics

2z 4 & (Probiotics) : M
e A live microorganism SRR &
o FEARAADERA IS

(1)altering the gut microbiota composition and metabolism

(2)modulating the solute secretion and absorption

(3)improving the intestinal barrier function and intestinal immune
responses



Background Knowledge--Probiotics
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2. RNEBEREINGE,

JHAERERMN FEREBHMARE T
HPH e 2 4 B2 &+ (proinflammatory
cytokines),

e BHIERMRNEETS
9,12 & B (Lactobacillus),

& 5 12 & B (Bifidobacterium), B EE

(Saccharomyces ). %% EKEE(Escherichia)

. %AREE B (Clostridium), EESEIKEE

(Streptococcus)
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Probiotics for the Prevention of Antibiotic-associated
Diarrhea in Adults
A Meta-Analysis of Randomized Placebo-Controlled Trials
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TER 1 RFEMEUEK

o 5 HREAT / BRE (Population/
Problem) :

o N A (Intervention) :
o LB (Comparison) :

o #£ B8 (Outcomes) :

/

BAPRETHY I RE AR 2

e adults prescribed antibiotics for various
reasons (inpatients and outpatients)

e Probiotics(primarily included
Lactobacillus, Saccharomyces,
Bifidobacterium and Streptococcus

e Placebo

e Occurrence of AAD and adverse events ,
analyze probiotic duration, dosage,
and time from antibiotic to probiotics
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F- AR EHE (Find) FREMMEBEEE ? p479)
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Database The PubMed > EMBASE - Web of Science and Cochrane Library

Language

any language

Search terms

Mesh terms and key words : probiotic(s), diarrhea, anti-bacterial agents,
antibiotic(s), antibiotic-associated diarrhea, placebo, randomized, randomized
controlled trial

Inclusion (1)Patients limited to the adults both inpatients and outpatients who were
criteria prescribed antibiotics for various reasons with probiotics(experimental
groups) or placebo(control group)
(2)Providing the occurrence of AAD
(3)The study designed as RCT
Exclusion (I)Duplicate studies, animal researches, preclinical studies, and case reports
criteria (2)Unknown probiotics composition

(3)not-blinded trials

(4)Existing diarrhea in baseline or containing laxative-related diarrhea
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RISMA flow diagram (p69)

=

Records identified through
electronic searching of database

(n=1789)
B
\ 4
Records screened (n = 1058) +—P»
Articles were retrieved for
more details P>
(n=76)

Studies included in qualitative
and quantitative (meta-
analysis) synthesis

(n=36)

Duplications (n=731)

Records excluded by title
and abstracts screening
(n=982)

Articles excluded after full text evaluation
(n=40)

Not-blinded = 15

Not randomized = 2

Unknown probiotics composition= 2
Existing diarrhea in baseline = 3
Containing laxative-related diarrhea = 2
Lacking outcome data = 16
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S 2 . RGMSUBEIEN RE WA ? (FAITH)

° A - XRI—REBRBEIETLE (Appraisal) ? (p.474-475)
AR L VB B TFE

e The data extraction was conducted using the standardized form by
2 independent researchers

e The Cochrane Handbook for Systematic Review of Interventions was
applied to assess the quality of the selected studies

e 2 researchers assessed the eligibility and quality of each article
iIndependently , any discrepancies were resolved through consensus ,
adjudicated with the support of the third investigator
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Allen 2013
Armuzzi 2001
Beausoleil 2007
Bekar 2011
Bravo 2008

Can 2006
Chatterjee 2013
Chotivitayatarakorn 2017
Cimperman 2011
Cindoruk 2007
Cremonini 2002
Ehrhardt 2016
Evans 2016
Francavilla 2013
Gao 2010
Haghdoost 2017
Helps 2015
Hickson 2007
Jiang 2018
Koning 2008
Lonnermark 2010
Manfredi 2012
Nista 2004
Ouwehand 2014
Padilla 2013
Pozzoni 2012
Rajkumar 2020
Romeo 2019
Selinger 2013
Shafaghi 2016
Shavakhi 2013
Song 2010
Thomas 2001
Trallero 2019
Wenus 2008

Wright 2015

S VPO BNV B D DO ® | || N|~|~|@®|~ |~ |@® Blinding of outcome assessment (detection bias)

~ P O0® -~ O~ 0D -9 -0 00 0D -0 O D ® ® O Aocatonconcealment (selection bias)
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TABLE 1. Characteristics of Enrolled Studies

Mean Age/

Sample Size Range Follow-up Period
Risk of Bias (Treatment (Treatment (From the
(Based on Group; Group; Time From Cessation of
Cochrane Placebo Placebo Diarrhea Antibiotic to Probiotic Dosage Probiotic Antibiotics
References Handbook) Setting Group) sroup) Definition Antibiotic (s) Probiotic, d Species Per Day Duration (d) Treatment)
Armuzzi Low Adults, 30/30 40 NR H. pylori 0 Lactobacillus GG 1.2x10 14d, ACt+7 3wk
et al'® asymptomatic eradication CFU
Thomas et al'? Low Adults, 133/134 57.2/54.4 Other Various 1 Lacrobacillus GG 1x10'° CFU 14d 1 wk
in-patient definition
Cremonini Low Adults, 63/20 18-61 NR H. pylori 0 Lactobacillus GG, 6x107, 5x10°, or 14d, AC+7 3wk
et al?? asymptomatic eradication Saccharomyces 5x10° CFU
boulardii, or the
combination of
L. acidophilus
and
Bifidobacterium
lactis
Nista et al*! Unclear  Adults, 54/52 46.0/43.0 NR H. pylori 0 Bacillus clausii 6x10° CFU 14d, AC+7 3wk
asymptomatic eradication
Can et al?2 Unclear  Adults, 73/78 25-50 NR Various 2 S. boulardii 1%10'° CFU Various, AC 4 wk
in-patient
Beausoleil High Adults, 44/45 68.8/72.9 WHO* Various 2 A combination of 2.5x10'° CFU for Various, AC 3wk
et al®® in-patient L. acidophilus the first 2 days,
and L. casei 5x10'""“CFU for
the remaining
days
Cindoruk Unclear  adults 62/62 45.82/47.56 NR H. pylori 0 S. boulardii 1000 mg 14d, AC 6 wk
et al?* eradication
Hickson Unclear  Adults, 57/56 73.7/73.9 Other Various 2 A combination of 1.94x1010, Various, AC 4wk
et al?3 in-patient definition L. casei, S. 1.94x10'°, and +7

thermophilus

1.94x10° CFU,
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Risk Ratio
M-H, Random, 95% ClI

Heterogeneity: Tau? = 0.14; Chi® = 84.23, df = 35 (P < 0.00001); I> = 58%

Test for overall effect: Z = 5.06 (P < 0.00001)
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Overall Effect of Probiotics

As substantial heterogeneity was observed among the
included studies (P <0.1, I*=58%> 30%), we calculated the
overall AAD rate using a random effect model. Probiotics
reduced the incidence of AAD by 38% (RR, 0.62; 95% (I,
0.51-0.74) 1n comparison with placebo (Fig. 4).

Experimental Control Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
_—— Allen 2013 159 1470 153 1471 6.1% 1.04 [0.84, 1.28]
Armuzzi 2001 1 30 8 30 0.8% 0.13 [0.02, 0.94]
Beausoleil 2007 7 44 16 45 3.1% 0.45 [0.20, 0.98]
Bekar 2011 11 46 18 36 3.9% 0.48 [0.26, 0.88]
Bravo 2008 3 41 5 45 1.5% 0.66 [0.17, 2.58]
Can 2006 1 73 7 78 0.7% 0.15 [0.02, 1.21]
Chatterjee 2013 19 176 26 167 4.2% 0.69 [0.40, 1.20]
Chotivitayatarakorn 2017 0 54 5 54 0.4% 0.09 [0.01, 1.60]
Cimperman 2011 1 13 5 10 0.8% 0.15 [0.02, 1.12]
Cindoruk 2007 9 62 19 62 3.4% 0.47 [0.23, 0.96]
Cremonini 2002 3 63 6 20 1.6% 0.16 [0.04, 0.58]
Ehrhardt 2016 21 246 17 231 3.9% 1.16 [0.63, 2.14]
Evans 2016 20 80 26 80 4.5% 0.77 [0.47, 1.26]
Francavilla 2013 4 44 12 43 2.2% 0.33 [0.11, 0.93]
Gao 2010 37 171 37 84 5.2% 0.49 [0.34, 0.71]
Haghdoost 2017 7 88 3 88 1.5% 2.33[0.62, 8.73]
Helps 2015 16 44 14 41 4.1% 1.06 [0.60, 1.90]
Hickson 2007 7 57 19 56 3.1% 0.36 [0.17, 0.79]
Jiang 2018 2 111 18 111 1.4% 0.11 [0.03, 0.47]
Koning 2008 9 19 15 19 4.3% 0.60 [0.35, 1.02]
Lonnermark 2010 6 80 5 83 1.9% 1.25 [0.40, 3.92]
Manfredi 2012 4 73 14 76 2.1% 0.30 [0.10, 0.86]
Nista 2004 ) 54 16 52 2.5% 0.30[0.12, 0.76]
Ouwehand 2014 54 336 41 167 5.3% 0.65 [0.46, 0.94]
Padilla 2013 4 29 6 30 1.9% 0.69 [0.22, 2.19]
Pozzoni 2012 16 106 13 98 3.5% 1.14 [0.58, 2.24]
Rajkumar 2020 106 549 103 577 5.9% 1.08 [0.85, 1.38]
Romeo 2019 8 74 15 73 3.0% 0.53 [0.24, 1.16]
Selinger 2013 5 117 10 112 2.2% 0.48 [0.17, 1.36]
Shafaghi 2016 3 38 7 38 1.6% 0.43[0.12, 1.53]
Shavakhi 2013 2 90 10 90 1.3% 0.20 [0.05, 0.89]
Song 2010 4 103 8 111 1.9% 0.54 [0.17, 1.74]
Thomas 2001 39 133 40 134 5.2% 0.98 [0.68, 1.42]
Trallero 2019 5 18 5 18 2.1% 1.00 [0.35, 2.87]
Wenus 2008 2 34 8 29 1.3% 0.21 [0.05, 0.93]
w‘jgm 2915 S 41 4 4§ ]IZ% L&Q |Q|39l 4|§7‘
Total (95% CI) 4807 4505 100.0% 0.62 [0.51, 0.74]
Total events 605 734

0.01

I 1

0.1 10

-

Favours [experimental] Favours [control]

100 Forest plot for the overall effect
of probiotics (p.476)




TABLE 2. The Results of Subgroup Analyses I
|

Effect Estimate

Heterogeneity Test

Subgroup No. Trials Risk Ratio 95" Cl1 rpP P for Interaction
Overall effect 36 0.62 0.51-0.74 58%, <0.1 —
Risk of bias
Low nsk 13 0.72 0.55-0.93 59%, 0.003 0.25
Unclear nsk 18 0.57 0.42-0.77 63%, 0.0002
High nisk 5 0.45 0.27-0.76 0%, 0.82
Diarrhea definition
WHO defimtion 8 0.74 0.55-0.99 64%, 0.007 0.27
Adjusted WHO defimtion 6 0.64 0.37-1.11 3004, 0.21
Others 22 0.53 0.40-0.70 63%, <0.01
Reasons for antibiotics treatment
For H. pylori eradication 13 0.36 0.25-40.53 31%, 0.13 0.0007
For other reasons 23 0.75 0.63-0.90 49%, 0,005
Participant setting
Hospital 16 0.75 0.60-0.94 61%, 0.0007 0.64
Community 4 0.69 0.51-0.92 0%, 0.92
No. antibiotics
One 8 0.62 0.52-0.75 0%, 0.84 0.68
Others 28 0.58 0.450.75 64%, <0.01
Probiotic duration
During antibiotics treatment 12 0.42 0.31-0.58 1084, 0.34 0,006
At least 1 week after antibiotics 16 0.74 0.58-0.95 55%, 0.004
No. probiotics species
One 15 0.64 0.44-0.93 56%, 0.004 0.86
Mixture 20 0.61 0.49-0.76 60%, 0.0003
Probiotic dosage (CFU/d)
= 10" 14 0.77 0.60-0.98 529, 0.01 0.05
<10 12 0.49 0.33-0.72 43%, 0.06
Follow-up duration (from the cessation of antibiotics treatment) (wk)
=4 14 0.64 0.47-0.86 4%, 0.0006 045
<4 20 0.54 0.41-0.72 57%, 0.0008
Probiotic species
Lactobacillus 12 0.67 0.50-0.91 44%, 0.05 0.10
8. boulardii 6 0.69 0.39-1.22 47%, 0.09
Laciobacillus+ Bifidobacterium 6 0.82 0.57-1.17 S6%, 0.04
Other (mixed) species 12 0.41 0.27-0.63 T1%, <0.01
Time from antibiotic to probiotic (d)
<2 22 0.54 0.43-0.67 43%, 0.02 0.03
2-7 13 0.79 0.60-1.03 52%, 0.01

H. pylon mdicates Helicobacter pylor; 5.

boulardn, Saccharomyces boulardii.

o H - 5z
T -
(Hete

FRIVAE R 2R
R

rogeneity ) ?

o TBHER . VR B
< 4k
/B E

Sensitivity analysis revealed that the pooled RR of
probiotic effectiveness was robust. No single study sig-

nificantly affected

the overall effect.



st plot of adverse events

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% ClI
Beausoleil 2007 21 44 20 45 8.8% 1.07 [0.68, 1.68]
Bravo 2008 3 41 4 45 1.7% 0.82 [0.20, 3.46]
Chatterjee 2013 4 176 0 167 0.2% 8.54 [0.46, 157.46] ’
Cimperman 2011 0 13 0 10 Not estimable
Ehrhardt 2016 18 245 12 222 5.6% 1.36 [0.67, 2.76] B
Evans 2016 70 80 69 80 30.8% 1.01 [0.90, 1.14]
Gao 2010 1 171 2 84 1.2% 0.25 [0.02, 2.67]
Hickson 2007 0 L ) 0 56 Not estimable
Lonnermark 2010 3 80 3 83 1.3% 1.04 [0.22, 4.99]
Ouwehand 2014 0 336 0 167 Not estimable
Pozzoni 2012 52 106 42 98 19.5% 1.14 [0.85, 1.54] -
Selinger 2013 14 117 16 112 7.3% 0.84 [0.43, 1.63] S——
Song 2010 3 103 1 111 0.4% 3.23 [0.34, 30.59]
Thomas 2001 37 133 52 134 23.1% 0.72 [0.51, 1.01) —
Trallero 2019 0 18 0 18 Not estimable
Total (95% CI) 1720 1432 100.0% 1.00 [0.87, 1.14]
Total events 226 P |
Heterogeneity: Chi? = 10.01, df = 10 (P = 0.44); I> = 0% I i t 1
f rall effect: 7 = 7) .01 0.1 10 100

Adverse Events

A total of 15 studies described adverse events. mainly
involving nausea, bloating, and dyspepsia. Four of them
reported no adverse events either in the probiotics group or
in the placebo., and 2 registered serious adverse events but
not attributable to probiotics. There were no statistically
significant increased adverse events in the probiotics group

(RR, 1.00: 95% CI. 0.87-1.14: P=0.97 ) (Fig. 5).

Favours [experimental]

Favours [control]
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Publication Bias
os 4D 2 The funnel pl_ﬂt, _Begg_test, E:iI‘ld Egger test were appled
Y e R to assess the publication bias of the enrolled studies. These
o; ‘ results provided evidence of publication bias (Begg test:
y | z=2.36, Pr > |zI=0.018 <0.05; and Egger test: t=—4.77;
17 /08 5 95% CI, =2.40 to —0.97; P<0.05). We use the trim and fill
/i : 3 method to correct the publication bias and yielded the same
pooled RR of 0.62 as initial outcomes, which suggested that

L5 4 # o results of the overall effect were stable, and publication bias
. had few effects on the results. Therefore, our asymmetric
funnel plot may be caused by other reasons such as studies
RR with low quality or small sample size (Fig. 6).
2 t t t i
0.01 0.1 1 10 100

Funnel plot of publication bias. RR indicates relative risk;
SE, standard error.
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(Appraisal) ?

i AGA (Included) B R
TFRUERT L 2

TE& B ARISAEZ ' 48
%% | (Total up)

ARl ISE R e S HT — A
M (Heterogeneity ) ?

/D~ F B E R HE(PubMed - EMBASE > and Cochrane Library
) > I0_ESZRRS [ AR (Web of Science) » RREIL3Z > iR MeSH &
£f K — i 235 2 (text words)

Plthe Cochrane Risk of Bias assessment tool 21 TEgk&Er:E » i DA
FIER SR ASRLTEE

b oe SILETTERE - B RA IR =L ETEE

Table (characteristics of enrolled studies, subgroup analysis),
forest plot of probiotics overall effects and adverse events

A& KEHrandom effect model » #fTsensitivity analyses
and subgroup analyses , funnel plot, Begg test, Egger test to
assess publication bias

SR



onclusion

Eligible studies 36 RCTs, n=9312 (low risk:13, unclear:18, high risk:5)
Overall effect Probiotics reduced AAD incidence by 38% in comparison with placebo
Reasons for Helicobacter pylori eradication had a higher efficacy than those used antibiotics

antibiotics treatment | for other reasons

Probiotic duration Equal to the antibiotics course is more effective than prolong use
Probiotic dosage Daily dose of probiotics <10%10 CFU (low dose) is more effective in AAD
prevention

Time from antibiotic | Within the first 2 days of antibiotic treatment is more beneficial to prevent
to probiotic diarrhea

Adverse events No statistically significant increased adverse events




/

BMJ) Open Probiotics for the prevention of

antibiotic-associated diarrhoea: a
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e Journal Impact Factor 2.692(2020)



Liao et al., 2021

Goodman et al., 2021

To assess the effect of probiotics on Objective To evaluate existing evidence for the use of

preventing antibiotic-associated diarrhea probiotics in preventing antibiotic-

in adults associated diarrhea(AAD) in adults

The PubMed > EMBASE > Web of Science | Search CINAHL Plus, EMBASE, MEDLINE (Ovid),

and Cochrane Library strategy Web of Science, Google scholar databases,
grey literature and clinical trial registers,
reference list search

Any language Language English only

Mesh terms and key words : probiotic(s),
diarrhea, anti-bacterial agents,
antibiotic(s), antibiotic-associated diarrhea,
placebo, randomized, randomized
controlled trial

Search terms

Boolean keywords / search terms :
intervention (Probiotic or fermented milk or
fermented yoghurt or lactic acid bacteria or
lactobacillus or..)

Outcome (Incidence or prevalence or
occurrence or reduction or improvement or
prevention or alleviation or episode* or
occasion)AND (Diarrh* or antibiotic-
associated diarrh* or clostridium difficile
associated diarrh* or pseudomembranous
colitis ornosocomial diarrh* or infectious
diarrh*). mtitl.




Liao et al., 2021 Goodman et al., 2021
(I)adults both inpatients and Inclusion (1)RCTs comparing probiotic use(any strain,
outpatients who were prescribed criteria dose or formulation)to placebo, alternative
antibiotics for various reasons with dose, alternative probiotic strain or no
probiotics or placebo treatment, for the prevention of diarrhea in
(2)Providing the occurrence of adults receiving antibiotic therapy
AAD(mainly WHO definition) (2)Primary outcome measure-incidence of AAD
(3)The study designed as RCT (defined by authors) during the antibiotic

treatment or follow-up phases
(I)Duplicate studies, animal researches, | Exclusion (1)Studies examined probiotics for treatment of
preclinical studies, and case reports criteria AAD
(2)Unknown probiotics composition (2) Studies of paediatric populations
(3)not-blinded trials (3)Duplicate, unfinished,non-randomized
(4)Existing diarrhea in baseline or study design, different outcome measures
containing laxative-related diarrhea studies
the Cochrane Risk of Bias tool Quality the Cochrane Risk of Bias tool

assessment | The overall quality of the evidence was rated

using the Grading of Recommendations,

Assessment, Development and Evaluations
(GRADE) approach

36 RCTs (9312 participants) adults,
(low risk:13, unclear:18, high risk:5)

No of studies
included

42 RCTs (11305 participants), age 15-85 y/o
6/42 low risk of bias, 36/42 unclear or high risk




Liao et al., 2021

Goodman et al., 2021

Probiotics reduced AAD incidence by
38% in comparison with placebo

Overall results

The pooled RR of 0.63 (RR=0.63 (95% CI1 0.54 to 0.73),
p<0.00001) indicates that over one-third
less likely to develop AAD. NNT=20

Probiotic duration equal to the Probiotic

antibiotics course is more effective duration

than prolong use

high-dose probiotics (210"10 CFU/d) | Probiotic higher dose group demonstrated a significant
were statistically less effective than dosage reduction in the relative risk of AAD(RR 0.54 (95%
low dose probiotics (P= 0.05<0.10) CI0.38 to 0.76), p=0.0004)

Within the first 2 days of antibiotic Time from

treatment is more beneficial to antibiotic to

prevent diarrhea probiotic

No statistically significant increase

Adverse events

No serious adverse events

other

® variation in the probiotic formulation ie, tablets,
powder, yoghurt or fermented milk

® The following probiotic strains demonstrated
significant reduction in AAD : L. acidophilus(#zji
#A%H), L. paracasei(glEzEs ALIEH), etc.

® participants with a moderate or high baseline risk
for developing AAD demonstrated 39% and 45%

risk reduction, respectively
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PROBIOTICS BACTERIA FAMILY
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Lactobacillus  Bifidobacterium  Propionibacterium  Bulgaricus  Streptococcus Lactococcus
thermophilus






