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Recommendations for acute Gastroenteritis

Based on System

MEDICAL PosITION PAPER

and Meta_ana|y5 Use of Pl:(?blOthS fpr Management of Acute
Gastroenteritis: A Position Paper by the ESPGHAN
Simgcart Working Group for Probiotics
*Hania S:.:aje”fsh:, T4 lfredo Guarino, tha Hojsak, SFlavia Indrio,
! I.S'cngja Kolacek, "Raanan Shamir, "Yvan Vandenplas, and *Zvi Weizman,
| E? rlopean S;)C[l]etty ::Or P/eE( on behalf of the ESPGHAN Working Group for Probiotics/Prebiotics
epatology, and Nutrition/Er . _ A

Y- T T T T4 T T -

Infectious Diseases Evidence-Based Guidelines for the
Management of Acute Gastroenteritis in Children in
Europe: Update 2014

*Alfredo Guarino (Coordinator), 'Shai Ashkenazi, iDf;e.'m'm'qmz Gendrel,
*Andrea Lo Vecchio, 'Raanan Shamir, and Hania Szajewska

) Cochrane  Z-LSPGHAN

asand to

use and

fectin e b et
Imans # rivk, Qinarer g outooene of interest

Case Control Studies
Rotrospoctive: subjocts have the outcome of kntarest;
looking for risk factor

I::_lertnrﬂmhhl

Animal and Laboratory Studies




NALY SIS

Downloaded from bmj.com on 21 November 2008
TING QUALITY OF EVIDENCE AND STRENGTH OF RECOMMENDATIONS

RADE: an emerging consensus on rating qualit
f evidence and strength of recommendations

lidelines are inconsistent in how they rate the quality of evidence and the strength of
~ommendations. This article explores the advantages of the GRADE system, which is increasing
ing adopted by organisations worldwide




Quality of
evidence

High

Moderate

Low

Very low

Study design

Randomized trial

Observational study

Study limitations

Inconsistency

Indirectness

Imprecision

Publication bias

Large effect (e.g., RR 0.5)
Very large effect (e.g., RR 0.2)

Evidence of dose-response gradient

All plausible confounding would reduce a
demonstrated effect




lity of evidence

Further research is very unlikely to change our confidence in the estimate of
effect

Moderate

Further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate

Low

Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate

Very Low

Any estimate of effect is very uncertain
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ESPGHAN recommendations according to the GRADE
system

: when the desirable effects of an
intervention clearly outweigh the undesirable effects, or clearly do not

when the trade-offs are less certain

Recommendations are formulated if are available

Disclaimer:

- recommendations may be modified in a specific country based on health care organisation, local
habits, availability, quality and costs

- recommendations were for Europe (well-nourished children)



Evidence based recommendations in an
algorithm

= ESPGHAN



ACUTE DIARRHOEA
d stool consistency and/or > 3 stools /24 hrs < 7 days

Warning signs ? One or more of the following conditions:
*Neurologic abnormalities e Clinical dysentery
sIntractable vomiting * High fever

¢ Travels to high risk areas
e Chronic conditions

*Bilious vomiting

*Suspected surgical condition

. ¢ Immuno-compromised
*Severe bleeding

*Poor family context Consider microbiological
*Age < 2 months and/or lab investigations
‘ v J
Yes
v

Clinical Dehydration Scale HOSPITALISATION / REFERRAL

I l I T ORS & early re-feeding
[ No ]{ Mild ][ Moderate/Severe ] 2

Consider antibiotic treatment
(score 0) (score 1-4) (score 5-8)

ORS & early re-feeding

Consider probiotics® , racecadotril*, diosmectite
| Consider CMPA

Improvement? ] e eHF 2-4 weeks in FF

If clinical e CM free diet in BF baby
conditions

allow

Exclude coeliac disease
(if gluten intake)
Start Lactose free diet CHRONIC DIARRHOEA

PROTRACTED Diarrhea > 14 days
DIARRHOEA

Diarrhea 7 -14 days

Perform extensive
microbiological investigations

If no diagnosis and / or
no improvement

Consider

- Microbiological and lab
investigations

Consider empiric

If poor

R i bioti clinical
e-consider probiotics, conditions
racecadotril,

diosmectite. | > HOSPITALISATION / REFERRAL

antibiotic treatment




Clinical Dehydration Scale

v "
No Mild Moderate/Severe
(score 0) (score 1-4) (score 5-8)

ORS & early re-feeding

Consider nrobiotics, racecadotril,
diosmectite

y

[ Improvement? ]
v v
PROTRACTED

DIARRHOEA

Diarrhea 7 -14 days



Therapies for AGE

* Rehydration

* Diets

* Antiemetics

* Antimotility or antiperistaltic drugs
* Adsorbents

. Antisecretory drugs What is the evidence?

e Zinc

* Probiotics



How Probiotics Work

Competition for Nutrients

. @

Immune Stimulation

antimicrobial agent
(e.g. bacteriocin)

= probiotic
bacteria

(= intestinal
{ epithelium



SPGHAN (2014): more active treatment and effective medice

terventions
Recommendation

ehydration (oral — nasogastric — intravenous) Yes SR
ormal diet Yes SR
ntiemetics (ondansetron) Can be considered SR
robiotics (LGG, SB, L reuteri DSM 17938) Can be considered SR (wRr
acecadotril Can be considered  WR
mectite Can be considered  WR
ismuth subsalicylate No SR
ntimotility drugs (loperamide) No SR

nc No (in Europe) SR
elatine tannate No SR

ntimicrobial drugs Exceptionally SR



Pharmacological therapy

Always in Addition to Oral Rehydration
Therapy



\ focus on probiotics

Live microorganisms that, when administered in adequate amounts, confer a health
oenefit to the host (WHO, 2002)

dentified by genus, species, and strain

Fvidence is mostly obtained at strain-specific level as a probiotic drug in a well defined
condition and population from a manufacturer with regulated quality control

Fvidence for children can only be obtained from trials with only children included
Most investigated probiotics: LGG (Lactobacillus rhamnosus GG)

SB (Saccharomyces boulardii CNCM 1-745)

LR (Lactobacillus reuteri DSM 17938)



LGG in AGE: duration of diarrhea, EU/non-EU

Experimeantal Control Weaight Mean difference Mean difference
Study or Subgroup Maan SO Total Mean SD Total (%a) IV, Bandaom, 95%:C| IV, RBandom, 95%:C|
1.3.1 Studies in Europe
Bermi Canani 2007 34656 1.48 100 4.7 0.98 92 9,4 =1.24 [-1.58, —-0.89]

Guandalini 2000 243 1.15 147 3 149 140 9.5 =057 [-0.88, -0.25]
Guaring 1997 S.2 1 52 5.8 1 48 94 -2.60[-2.99, -2.21]
Isclauri-Kaila 1994 1.5 O.7 21 2.3 0.8 21 9.3 -0.80[-1.25, —0.35]
Shornikowva 1997 2.7 22 58 38 28 B4 82 -1.10[-1.99, -0.21]
Subtotal (95%CH) 378 365 458 127 [-2.04, —0.49]

Heterogeneity: Tau? = 0.71; Chi€ = 67.89, df = 4 (P < 0.00001); I# = 94%
Test for overall effect: £2=3.21 (P = 0.001)

1.3.2 Studies in mon-Europe

Basu 2007 6.8 2.1 323 6.6 2.3 323 9.5 0.20 [—0.14, 0.54] =
Basu 2009 5069 1.24 3V4 FT.23 1.27 185 9.6 —2.186[-2.38, —1.24]

Costa-Rlbeiro 2003 1.59 016 1 1.63 013 B3 9.7 —0.04 [-0.10, 0.02]

Jasinski 2002 4 1.9 45 ¥ 23 &2 8.4 -3.00 [-3.84, —2.15]

Misra 2009 284 088 105 325 143 105 9.5 —0.31 [—0.684, 0.02]

Ritchie 2010 218 2.44 33 293 21 a1 T.6 0.05 [-1.07, 1.17] —
Subtotal (85%CI) a41 59  54.2 —0.87 [-1.81, 0.08]

Hetaerogeneity: Tau® = 1.31; Chi® = 374.55, df =5 (P < 0.00001); ¥ = 99%
Test for overall effect: 2= 1.80 (P =0.07)

I
@.h.. (ﬂh+

Total (95%CI) 1320 1124 1000 —1.05 [-1.70, —0.40]
Heterogeneity: Tau? = 1.14; Chi® = 556.82, df = 10 (P < 0.00001); 2 = 98% + } + }
Test for overall effect: £=3.16 (F = 0.002) —4 —2 o 2 4
Test for subgroup differences: Chi® = 0.41, df = 1 (P =0.52), I? = 0% Favouwrs [experimental] Favours [control]

12 RCTs, n=2444
Mean Difference -1.05 day
(-1.7 to -0.4) Szajewska et al. Aliment Pharmacol Ther 2013; 38:46




Saccharomyces boulardii CNCM [-745 in AGE:
duration of diarrhea

Saccharomyces boulardii Placebo/control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, random, 95% CI

Billoo et al. (2008) 3.56 1.01 50 4.82 1.38 50 10.6% -1.26(-1.73,-0.79) —F -

Canani et al. (2007) 4.59 1.35 a1 4.7 117 92 11.3% -0.11 (-0.48, 0.26) “llle

Dalgic et al. (2011) 4,78 1.46 80 5.35 1.8 80 104%  -0.57 (-1.08, -0.06) = -

Eren et al. (2010) 4.3 2.46 28 538 3.14 27 4.7% -1.08 (-2.57, 0.41)

Grandy et al. (2010) 2.41 1.7 21 352 3.91 20 3.5% -1.11 (-2.97, 0.75)

Hafeez et al. (2002) 3.6 16 51 4.5 1.6 50 9.6%  -0.90 (-1.52,-0.28) —

Htwe et al. (2008) 3.08 0.95 50 4.68 1.23 50 10.9% -1.60 (-2.03,-1.17) =

Kurugol et al. (2005) 2 1.1 100 3.8 1.4 100 11.4%  -1.80(-2.15,-1.45) -

Riaz et al. (2011) 2.06 0.98 43 276 1.21 47  10.8%  -0.70 (-1.15, -0.25) -

Vandenplas et al. (2007) 2.24 1.6 93 28 219 95 102%  -0.56(-1.11,-0.01) |

Villaruel et al. 4.7 1.94 44 6.16 3.2 44 6.5%  -1.46 (-2.57, -0.35) &

Total (95% Cl) 651 655 100.0%  -0.99 (-1.40, -0.58) @

Heterogeneity: Tau? = 0.35; Chi® = 59.19, df = 10 (p < 0.00001); I? = 83% l = ’

Test for overall effect: Z = 4.73 (p < 0.00001) -2 -1 0 1 2

Favors Favors

experimental control

11 RCTs, n=1306

ci, et al. Expert Opin Biol Ther 2012; 12:395-410 Mean difference 0.99 day (-1.4 to -0.




Saccharomyces boulardii CNCM [-745 in AGE:
cure on day 3

Saccharomyces boulardii  Placebo/control Risk Ratio Risk Ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Cetina-Sauri et al. (1994) 19 65 52 65 11.8% 0.37 (0.25, 0.54) T

Correa et al. (2011) 29 90 a1 86 12.9% 0.54 (0.38, 0.77) T

Eren et al. (2010) 15 28 21 27 11.7% 0.69 (0.46, 1.03) =

Hafeez et al. (2002) 32 51 44 50 15.6% 0.71 (0.56, 0.90) ——

Htwe et al. (2008) 12 50 38 50 9.3% 0.32 (0.19, 0.53) ——

Kurugol et al. (2005) 20 100 50 100 10.9% 0.40 (0.26, 0.62) —

Riaz et al. (2011) 9 43 22 47  71% 0.45 (0.23, 0.86) —

Vandenplas et al. (2007) 13 93 25 95 7.9% 0.53 (0.29, 0.97) =]

Villaruel et al. 22 44 30 44 12.7% 0.73 (0.51, 1.05) s I

Total (95% Cl) 564 564 100.0% 0.52 (0.42, 0.65) @

Total events 171 333

Heterogeneity: Tau® = 0.07; Chi® = 21.41, df = 8 (p = 0.006); I” = 63% +— l i —

Test for overal effect: Z = 5.71 (p < 0.00001) 01 02 05 1 2 5 10

Favors Favors

experimental control

9 RCTs; n=1128
ci, et al. Expert Opin Biol Ther 2012;12:395-410 Risk Ratio: 0.52 (0.42 to 0.65




Lactobacillus reuteri DSM 17938 in AGE

ion of diarrhea
CTs, n=196

difference (hr)
(-41.1 to -23.7)

IJre on day 3
RCTs; n=196
k Ratio: 3.85
.'"40 to 6.20)

Weight Mean difference IV,

fixed, 95% CI

839% -33.10 [4259, -23 61]
16.1% -28.90[-5047,-7.13]
100% -32.41 [-41.10,-23.71]

Weight

43 6%
06.4%
100%

Study or subgroup Experimental Control
Mean SD Total Mean SD Total

| actobacillus reuteri DSM 17938

Dinleyici et al_, 2013 709 261 54 1038 284 B3

Francavilla ef al_, 2012 50.4 408 35 792 5H04 34

Subtotal (95% CI) 9 a7

Heterogeneity: Chi’=0.13, df=1 (P=0.72); P=0%

Test for overall effect; Z=7 .31 (P<0.00001)

Study or subgroup Experimental Control

Events Total Events Total

Lactobacillus reuteri DSM 17938

Dinleyici et al, 2013 44 B4 7 63

Francavilla ef al_, 2012 19 35 9 34

Subtotal (95% CI) 99 a7

Total events 63 16

Heterogeneity: Chi’=5 43, df=1 (P=0.02); P=82%
Test for overall effect; /=5.56 (P<0.00001)

Mean differenc:
fixed, 95% CI

=

= e

<>

Risk ratio M-H, Risk ratio M-H,
fixed, 95% CI fixed, 95% CI

6.19 [3.02, 12.68]
2 05 [1.08, 3.88]
3.85 [2.40, 6.20]

=

Szajewska, et al. Benef Microbes; 2014;5:2



ecommended strains by ESPGHAN Working Group for AGI

BIOTIC STRAIN STUDIES IN QUALITY OF GRADE OF
- SUPPORT EVIDENCE RECOMMENDATION R
15 RCTs -_ Should be considered

lardii CNCM |- 13 RCTs

Should be considered

G DI LR 2 RCTs Very low May be considered +

=

/

~



1er strains used in AGE

)BIOTIC STRAIN STUDIES IN QUALITY OF GRADE OF RECOMMENDATION

nosus (573/L1-2-3)

1RCT

asei ST11 1RCT Moderate “ Insufficient data

None - - Insufficient data

Moderate Insufficient data

ticus 0052
nosus 0011

nosus
philus
Um
ardii

1 RCT Moderate Insufficient data

ntericus

jcum 1 RCT Very low Insufficient data
lis

ueckii

»phllu:c, 1 RCT Very low Insufficient data
mophilus

um

s Bb12 None - - Insufficient data

 B12 . 1 RCT Very low Insufficient data
mophilus




onsiderations with probiotic strains in AGE

ome issues:
Quality aspects, dosage
For all pathogens (norovirus?)

Outcome measures: positive for duration of diarrhea, weaker
for prevention of dehydration, need of hospital admission,
duration of hospitalization, quality of life

Restoration of microbiome: less subsequent new episodes and
other advantages

Costs



Antibiotics are the Most Commonly used
Drugs in Western Countries




Global Consumption of Antibiotics

Consumption (standard units)
per person 2010
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oeckel, Lancet Infect Dis.2014 742-750,
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Use of antibiotics age in low resource settings

First antibiotic us

age <2 years

Cumulative incidence of antibiotic use

Z T T T T T T T 1
0 2 4 f 8 10 12 14 16 18 20 22 24

Age (months)
- = MNaushahroFeroze — Dhaka — Haydom — Loreto == \ellore
- Bhakapur Venda --- Fortaleza

Rogawski ET et al. Bull World Health Organ 2017,95:49-61



Antibiotic prescription (age groups; 1000
individuals)

1,400

1200 1,287 More than one antibiotic per child per year
for children 0-2 years old

1,000
i

0-2 years old 3-9 years old 10-19 years old 20-39 years old 40-64 years old > 65 years old

800

600

40

o

20

o

o

Source: Analysis of NAMCS and NHAMCS data on U.S. antibiotic prescribing, 2010-2011
© 2016 The Pew Charitable Trusts



Antibiotic consumption in lifestock

35,000
25,000
5
~ 15,000
{\'El' .1'::‘\ {\‘-'. a\{\ ,.-:\'a ce oy
‘{\\ ie‘ {{\B f;.l ?..,‘}‘_‘l \I\E* ?16{\ {{B

2010
FIGURE ES-3: Antibiotic consumption in livestock, top ten countries 2010-2030 (projected for 2030) - 2030
Source: Van Boeckel et al. 2015



The ‘miracle’ of antibiotics

* Discovery of penicillin
revolutionised treatment of
infectious disease

* Increased life expectancy due to
ability to prevent and treat
infection



The ‘miracle’ of antibiotics

1 Mm-mfﬂt:ln::ﬁ
1500 - 1 sk,
ssnl | Crude mortality rates for

--------- | all causes, non infectious
causes and infectious
diseases over the period
1900-1996.

1000 -

Mortality Rate per 100 000 per Year

1900 1920 1940 1960 1980
Year

1. Armstrong GL et al, JAMA 1999;281



The ‘miracle’ of antibiotics

2000
A Causes
f Mc:mreclu:m
1500 1 Causes |
fect !
\-\/\1/ ) Oisoases. | Crude mortality rates for

--------- 5 all causes, non infectious

m causes and infectious

diseases over the period

4 1900-1996.
500 - w

1000 -

Mortality Rate per 100 000 per Year

i ]

1900 1920 1940 1960 1980
Year

1. Armstrong GL et al, JAMA 1999;281



Consequences of Antibiotic (Mis)use

e Antibiotic resistance
* Disruption to microbiome

* Adverse drug events

Drug side effects

Clostridium difficile infection

Increased hospital readmissions

Increased health-care costs

OhI CA, Luther VP. J. Hosp. Med 2011;6



o significant new antibiotic discoveries for 30 years.

Figure 1 Dates of discovery of distinct classes of antibacterial drugs

Illustration of the "discovery void.” Dates indicated are those of reported initial discovery or patent.
1910 1920 1930 1940 1950 1940 1970 1980 1990 2000 2010

!IllilllllllllllllllIliIIIHIIIIII (R I I II!IIIIIIlIIilIIlIIIII

Discovery Void

Sulfonamide

Streptormycin

Chloramphenicol

e H
//i}/ Na lidixic

_F Trimethoprim

Polymyxin Lincamycin

/—*’/_/ Fusidic acid

Novobiocin

Adapted from Silver 2011 (1) with permission of the Amﬁcan.SncIety of Microbiology Journals Department.

Chlortetracycline

Cephalosporin

Pleuromutilin

Erythromycin

Isoniazid

Vancomycin

Streptogramin



Antibiotic use and antibiotic resistance

Relationship between total antibiotic consumption and Streptococcus
pneumoniae resistance to penicillin in 20 industrialised countries

60
50 SPAIN @
F
#
g & FRANCE
40
E us
vl GREECE @
o a0
= »
EL PORTUGAL
g 20 IRELAND SBENADA _
=
S . ® LUXEMEOURG
5 AUETH': ICELAND 9" o @ BELGIUM
= 10 [ I00.4 ITALY
= GEEMANT o ® AUSTRALIA

o NETHERLANMDS q o - NDFH":'H'AT | |
0 10 20 30 40
Total antibiotic use (DDDMA 000 popdday)

DO 000 pop'dey = dafined daily doss per 1000 population per day

18. Shaban RZ, Cruickshank M, Christiansen K & the Antimicrobial Resistance Standing Committee (2013), p. 6.
National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia.
Antimicrobial Resistance Standing Committee, Australian Heath Protection Principal Committee: Canberra.



Emergence of antibiotic resistance

sSulfonamides

Penicillin
Streptomycin
Bacitracin
Chiloramphenicol
Cephalosporin
Meomycin =—
Tetracycline -
Erythromycin
Wancomycim =
Kanamycimn -———
Methicillin -
Ampicillim -
Gentamicin
Carbenicillin
Climdarnmycimn ==
Arnoxicillin -
Piperacillim =
Avugmentin =
Artreoconarnm =

ANTRBIOTIC

Imipernernm ==
Ciprofloxacin =
Quinupristin-Dalfopristimn -
- wear of first reported case(s) of resistance . r‘nezt:)l:d _}_
Tigecycline -—
I I I I I | | I I -
1930 1990 1950 1960 1970 1980 1990 2000 2007

¥ear introduced into clinic

Mote: Some of the dates are estimates only.

is not difficult to make microbes resistant to penicillin in the laboratory by exposing

em to concentrations not sufficient to kill them, and the same thing has occasionally
ppened in the body.”

"Alexander Fleming, 1945

4. Sir Alexander Fleming, Nobel Lecture, December 1945
5. Pray LA Insight Pharma Reports 2008, in Looke D ‘The Real Threat of Antibiotic R



Resistance spreads rapidly

% Incidence
oo 8388883

Resistant Strains Spread Rapidly

FrTrrrnri FTTrrrrnrri
1980 1985 1990 1995 2000

Source: Centers for Disease Control and Prevention

MRSA = Methicillin-resistant Staphylococcus Aureus
VRE = Vancomycin-resistantant Enterococci

FQRP = Floroquinolone-resistant Pseudomonas aeruginosa

== MRSA
-# VRE
-& FQRP

Natural selection
Horizontal transfe
International trav

6. Centers for Disease Control and Prevention http://www.cdc.gov/he




“The magnitude of the problem is now accepted.

We estimate that by 2050, 10 million lives a year and
a cumulative 100 trillion USD of economic output are
at risk due to the rise of drug resistant infections if
we do not find proactive solutions now to slow down
the rise of drug resistance.

Even today, 700,000 people die of resistant infections
every year.”

Review on

| Antimicrobia
https://amr-review.org/home.html L Resistance

Tackling drug-resistant infections globall
Closed 2016 g J




Deaths attributable to antimicrobial resistance every year by 2050

MNorth America

317,000
Latin America Afﬁ::a] f - QOceania .
392,000 4,150,000 22,000
,;"

Source: Review on Antimicrobial Resistance 2014

www. weforum.org consulted on February



TACKLING ANTIMICROBIAL
RESISTANCE ON TEN FRONTS

| ¢
Public s‘i\ Sanitation

! £
awareness o2~ and hygiene
= o Antibiotics in x I p—
E agriculture and / T S
the environment :
[ = P i
IEI_;S_._A’ Surveillance R-apld =
IE[A diagnostics
aRan ) Human capital ~ Drugs
el
Global FETT International
Innovation Fund N coalition for action

Review on

. Antimicrobial
Resistance



Antimicrobial stewardship

Antimicrobial stewardship refers to coordinated interventions
designed to improve and measure the appropriate use of
antimicrobials by promoting the selection of the optimal
antimicrobial drug regimen, dose, duration of therapy, and route
of administration.

Antimicrobial stewards seek to achieve optimal clinical outcomes
related to antimicrobial use, minimize toxicity and other adverse
events, reduce the costs of health care for infections, and limit the
selection for antimicrobial resistant strains.




ALTERNATIVE PRODUCTS TO
TACKLE INFECTIONS

A selection of alternative products that are under development, which could be used
for prevention or therapy.

Phage therapy

Natural or engineered viruses

/7%&(\ that attack and kill bacteria o

—_— -
= Lysins
I—T—] Enzymes that directly and
quickly act on bacteria

Antibodies

Bind to particular bacteria or
their products, restricting
their ability to cause disease

Probiotics
_ Prevent pathogenic
@ = bacteria colonising
- the gut

P Immune stimulation
Boosts the patient's natural
immune system

Peptides
R ;
' Non—-mammalian
& .o animals’ natural defences

against infection

Review on

. Antimicrobial
Resistance



ng-term probiotic (LGG) consumption reduces antibiotic u

Cumulative number of courses

0.0

Cumulative number of courses

All antibiotics

3.0

20

1.0

1.5

0 200 600 1000
Time (days)
Penicillins

1.0

0.5

0.0

0 200 800 1000
Time {days)

Cumulative number of courses
00 02 04 08 08

L

Cumulative number of courses

0.6

1

0.4

0.2

0.0

Macrolides

T L
600
Time (days)

" 1000

Cephalosporins

1 A i il

" 600
Time (days)

" 1000

Cumulative number of courses

0.0

0.4

Sulfonamide-trimethoprim

0.6

0.2

DB PC RCT
(231 children, aged 2-7 yi
Duration: 210 days

0 200 600 1000

Time (days)

L. rhamnosus GG : 400 ml milk with LGG 108 cfu/m
Placebo : 400 ml milk

Korpela K, et al. PlosOne: April 25, 201



After antibiotic exposure

Fatty Acids

Antibiotic [ g ShortChain

Luminal
- Osmosis

Tight
Junctions Disruption
Normal HGM . ’ . .
Disruption HGM due to Disturbed HGM and infection f Inflammation
antibiotic exposure (e.g., C difficile)
v

Disruption Microbiome AAD

ora Digestive Physiology And Pathology. Paris; 2009:181-197.




Disruption to microbiome (dysbiosis)

* Numbers
* Balance

* Diversity



Counterintuitive results
increase of bacterial load after ATB intake in fecal sample

A <
4E+11 % o 1x1072] P=0.082 .
]
Dvws  35E+11 gs
« Y "5
|.|6 S’ 3E+11 %; 5x41011 -
) 53
+ ®ee w
5 & ¢ 256411 ¥ B
'g 2o 2E+11 2% o
g % .,,d_’ 1,5E+ 1 1 8 BF_AII_ATB AF_All_ATB
>3 1E+11 B &
o
+ - <
o= SE+10 g, P=0.042 z, P=0.426
0 o 8 1x10] -8
© @ Q8 3x10M
BF ATB AF_ATB s s 5% —
e E [
é § sx10m] 58
58 Eo 1ot
c 81 = g
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... and a shift in balance at philum level
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....., but a decrease on bacterial richness (taxa)
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/erage number of observed taxa before antibiotic intake: 140 (SD = 22)
/erage number of observed taxa after antibiotic intake: 105 (SD = 23)

°0.0001 (Wilcoxon matched-pairs signed rank test) for observed species and chaol

-0.0001 (Paired t test) Panda et al, PLoS Ol
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Antibiotics = Microbiome Killer

Studies have revealed some alarming costs of taking antibiotics, which
don't discriminate between disease-causing bacteria and our natural
microbiome. Graphed below is the diversity of gut bacteria from one
important genus (Bacteroides) in a patient who took a weeklong course
of clindamycin; different colors represent the different species. For nine
months after exposure, the subject's gut was left with nothing but one
type, a clindamycin-resistant strain of Bacteroides thetaiofaomicron.
Even two years out, the flora had not regained their former diversity.

ildays JImonthe Emonths Smonths 13 months 18 months 24 months
LONG-TERM EFFECTS OF ASEVEN-DAY COURSE OF ANTIBIOTICS

HAETEHM.L DIVERSITY

JANSSONW 2010, Artp:/rwaw wired com masanine201 [0/ mf_microbiome



Intestinal microbiome is related to lifetime
antibiotic use in Finnish pre-school children

Katri Korpela', Anne Salonen', Lauri J. Virta?, Riina A. Kekkonen?, Kristoffer Forslund®, Peer Bork®
& Willem M. de Vos!=6

b
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e W T wew 2 . m E: ABin early life + C
E M6: macrolide course within last 6 mo
150 E e M12: macrolide course within 6-12 mo
E &b M24: macrolide course within 12-24 m
L_'EE P6, P12, P24: penicillin courses ....
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Disturbances of the gut microbiota &
dysbiosis

EUBIOSIS => “Normal" and "balanced"
intestinal microbiota fulfills all the
conditions for us to benefit from its
health effects

(metabolism, immunity, trophicity, barrier
effect)

VS

DYSBIOSIS => Intestinal dysbiosis can
be defined as an unfavorable

dysbalance of the intestinal
| microbiota.

Moré, Margret ., Alexander Swidsinski. "Saccharomyces boulardii CNCM 1-745 supports rege
the intestinal microbiota after diarrheic dysbiosis—a reviewClinical and Experimental Gastroer
11 (2015): 237



The course of life of a microbiota

Matemal Microbiota Geographical location
Healthy status Family envirenment
Lﬁes'lﬂe Antibiotic Etmastfaﬂdh'lg vs Formula
Vaginal vs C-section
Temm vs Preterm Gan'rpjammlary Food

Duration of lactation

D I:’ Window of Opportunity for bMicrobial Modulation :>

Diat Diet
Litastyle Litestyle
Livimg emviranmeant
Medication

Short and Long Term Health Effects




Antibiotics and the microbiome throughout development

Conception Breastfeeding Solid food Reproduction
Life event . :
Birth Ambulation Puberty Loss of mobility
Age (years) 075 0 1 2 3 4 5 11-16  16-40 70+
L N I T N /728 B /2N RN

Antibiotic timing { T — - ‘— ——————————————————————————

Increased risk of infection by Clostridium difficile

Unknown

Increased risk of type 2 diabetes associated with
repeated use

Health

Fy
consequences May increase risk of childhood obesity

Increased risk of infections, asthma, allergies and type 1 diabetes

Loss of microbial diversity and enrichment for resistance genes in the microbiome

Fig. 1 Health consequences linked to the disruption of human-associated microbiota involving antibiotic use during development and
adulthood. Red lines indicate that a single dose of antibiotics within the time period has been linked to a health consequence, whereas a dotted
red line indicates that multiple doses of antibiotics within the time period are required to observe a link

Langdon et al Genome Med 2016, 8:39, 2



Gut microbiota dysbiosis and disease

rders linked to altered composition of the gut microbiota:

Nutrition-related disorders (obesity, type 2 diabetes and the metabolic syndrome)
Inflammatory bowel diseases (UC and CD)

Celiac disease

Antibiotic-associated diarrhea, recurrent diarrhea by C. difficile

Functional bowel disorders

Colo-rectal cancer

Certain allergies

Certain mental and neuro-developmental conditions, such as autism spectrum disorde



Gut microbiota dysbiosis and disease
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Associations, but no proven
causuality

RATE OF ANTIBIOTIC

PERCENT OF OBESE ADULTS IN 2010 PRESCRIPTIONS IN 2010

[ ] 529-656 [ | 689-774 [] 780-836

[[120%—24% [ 25%—29% [ 230%
] 843-896 [ 899-972 [ 996-1237

The resemblance between rates of obesity and of antibiotic use across the US is strikingly nonrandom.




Consequences of Antibiotic (Mis)use

* Antibiotic associated diarrhea/colitis

* Clostridium difficile infection

OhI CA, Luther VP. J. Hosp. Med 2011;6



Definition of antibiotic-associated diarrhea (AAD)

Diarrhea associated with antibiotic exposure either while on antibiotics
and up to 8 weeks after the end of therapy

Definition of CDAD: AAD + presence of Clostridium difficile in the stools



Antibiotic-associated diarrhea in children

* Incidence in children: ~ 20-25% (ranges 6-80%)

* Peak age 18-48 months

 Clostridium difficile is the major agent of AAD (25-30% of cases)
* Mostly mild-moderate severity, abdominal pain (35%)

* Is more severe in chronic diseases: Gl pathology, immunosuppression
and previous episode of AAD

* Prevention: antibiotic stewardship, enhanced infection control,
probiotics



Antibiotic therapy with increased risks

* Large spectrum antibiotics

* Antibiotics with high biliary excretion
* Prolonged antibiotic therapy

* Repeated antibiotics cycles

* Antibiotic combination therapies



Classes of antibiotics responsable for diarrhea

macrolide

fluoquinolones

tetracyclines

10

ampicillin

on cephalosporins 20

0 10 20 30 40

/e




Spectrum of Clostridium difficile infections

Fulminant colitis
Toxic megacolon

Pseudomembranous
colitis

CD
colitis

CD -Associated
Diarrhea
(CDAD/CDI)

Asymptomatic
Carrier

Risk factors



Therapy for AAD and CDAD

* Essential: Discontinuation or changing the type of the inciting
antibiotic and giving oral rehydration therapy

* Probiotics?



Probiotics for the prevention of pediatric antibiotic- i fresment e I -2 |
associated diarrhea (Review) N N ~ . 4
Goldenberg JZ, Lytvynl, Steurich J, Parkin P, Mahant S, Johnston BC | Lartobadilius shamnosus (strains GG and EMN, Oy, Pan)
Arvola | 999 a0 H59 L 43 % 03371
Ruszcrynsid 2008 94120 W20 ] 78% DA5 [
Szajewska 2005 34 &30 FE—— 3% 03[
Vanderhoof 1999 7593 21595 - 74% 029 [
Subtotal (95% CI) 307 304 - 22.7 % 0.3510.2
Clearly, current evidence favors the use of probiotics in the
prevention of symptoms of AAD. Lactobacilli, S. boulardii, and e - -
selected multistrain combinations, in appropriate dosages, are -* 107% 096106
clinically useful. The safety profile, with the exceptions noted
earlier, is acceptable particulary in view of the short-term use of
T o o . o T &l % 047
an antibiotic when accompanied by a probiotic. ! S i
Totalavents 3 (Ireatment), & {Lontrof
Heteropaneity: not applcable
Test for overall eflect- 2 = 157 (P =0.12)
4 L sporoganes
LaRosa 2003 14448 31/50 i 102 % 047!
Subtotal (95% CI) 48 50 - 10.2 % 0.47 [ 0.2
Total events: 14 (Treatment), 31 {Control)
Hetaropaneity: not apphcable
Test for overall eflect Z = 301 (P = 0L002E)
5 Saccharormyces boulardi
W pehamou 1999 25027 16289 T 9.0 % 138
Saccharomycec ¥ [
s boulardil g o Ha 2122 = 94% 0301
Kotowska 2005 4119 Faiilrr — = 55 % QIF [
ychrane - _
bra ry Favours 'J'E:;nm: Favours control

wrane Database of Systematic Reviews



decommendations for Antibiotic-Associated Diarrhes
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Probiotics for the Prevention of Antibiotic-Associated
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Methodological limits in RCTS on prevention of
AAD with probiotics
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Szajewska et al JPGN March 2(



LGG for prevention pediatric

5 RCTs, n=445
Risk Ratio: 0.48
(0.26 to 0.89)
NNT=8

Lacrabuecilive GG Cantral Risk ratio Risk ratia Risk of bi
Study or subgroup Events Total Events Total Waight M-H, Random, 35% CI M-H, Random, 5% Ci A B C D E
1.3.1 Antibiotics for comman infections in children
Yanderfoof 1999 T 23 25 a5 2Z7.9% 0L29 [0.13, 0UE3] = ..’...
Arvola 1508 3 61 a 58 16.4% 0u32 Joung, 1.11) — == . T '.'
Wing 2010 3 8 4 T O194% 0.66 |0.22, 1.97] - O
Vaisanan 1988 15} 23 B 36 23.9% 117 04T, 2.895]) — v - - A
Subtotal (95% CI) 185 196 BT.6% 0.52 [0.25, 1.05] ""
Tolal evenls 1% 46

Haterogeneity: 1= 02T, y* =617, =3 (P =010 P =51%
Tast for ovarall affect: £ = 181 (=007}

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

Szajpwska 2000 2 34 L5 a0 12.4%
Sublotal (95% CI) 34 3o 12.4%
Tofal evenls 2 ]

Hetarogeneity: not applicable
Test for overall affect: £ = 1.57 (= (1.12)

Total (95% CIl) 219 226 100.0%
Tokal envents 21 52
Hatarogemnetty: 1* = 019 7 = 661, of = 4 (P = 316); I = 40%
Test for ovarall effect: & = 2,33 (P = 0u02)

Tast for subgroup differences: @ = 043, =1 (P = 0.51). F=0%
Risk of pias iegand

{A) Random s@dquencd ganadation (Sessction s )

{B) Alocation conceaimeant (ealeclion bias)

(G Blinding of partcipants and parsonngl {perfomancs bdas)

(D) Blinding of outcomea assessment (detection bias)

{E} Incomplate outcome data (atirtion blas)

{F) Selactive reporting (repoding bias)

0.29 [0.06, 1.35]
0.29 [0.06, 1.35)

~—

0.48 [0.26, 0.83] > 3 >

L I i ]
T T T L]

[iNa g o1 1 10 100
Fovors Laclobacilius G06E Favors corbngl

H. Szajewska et al. Aliment Pharmacol Ther 2015; 42:1149-



SB for prevention pediatric AAD

SE Control Hisik Ratio FRisk Ratic Risk of Bias

Stuedy or Subaroup Events Totaol Events Total Weight M-H., Randorm, e 5 BA-HI. Randoam, 9595 CH A B & D E F
1.1 .1 Antiborcs for infections in childdren
Kotowska SO0 mig 4 132 22 137 2. 9% O.19 [OLO7F, 0.53] —— SR L e e
Erdewve 250 rmag 14 =44 4 Do 6.0 O.30 [(L17, O.54] —_— 2o 2T
Shan SO0 mog & 187 18 1aes 2.7 O3 [Q.13, OS] —_— L L 1 By

' Caserm SO0 m 11 ft=1 15 71 5.5% O.71 [0.35, 1.41] L X T =g 11
Subtotal (29579 {_':—IJ 512 ==l = 12,1 % .36 [.21, 0.61]

RCTS n=1653 Tolal eweants as [=F=-1
4 Hateraganaily: Tau? = 0,13, CThiE = 560, df = 3 (P = O_.13); I1F = 456%:

Test for owerall effect: £ = 3.7 (P = O_.Od80=E)

: k H ° 0 43 1.1.2 antibolics as part of eradication therapy in children

Is Ratlo. ° BHirm 250 rmig 12 1S =265 A0 o3 % O.g [ 232, D.82] b= e -‘-
FPhao 250 rmg 27 120 47 120 10.2%: 057 [0.29, 0.8S] @ 7 7S TS
Subtotal (95%5 1) =225 =20 15, 4% D.53 [0.38, O 74]

i Total ewvents 3o T3
o 60 to o 30 Heterogeneity: Tawu® = 0.00; Chi® = 0.50, cf = 1 (P = 0.48); 12 = o9
St e Test for owarall affect: & = 3 67 (P = O_00O02)

1.1 .3 Anlibalics for infecticns imn adalits
- Can SO0 mg 1 73 T B OB Th o115 [LoE, 1.21] ————————T 7 TR
T— Adarm 200 rmg o 199 FIEF 189 5.3% 0.26 [0.13, 0.53) —_— TR TE
Chu 250 mg = S 8 S0 9 2.1% o328 (011, 1.33] g 7 S 7
' Fojaiji 250 mg =1 F=Ts S5 80 10.3%= 038 [0.26, 0.57] — 7 S 7@
Surawicz 1000 g 11 416 1.4 &8 5.1% 043 [0.21, 0.90] —— 7T @
MMcFarancd 1000 mg ra E=irg 1< o6 4.0% o449 [Ou=1, 1.17] — PR R
ronteira 7 mo 19 121 a3 112 8.1% O.57 [L34, O.94] —= 7 T2l
Brawo SO0 rmg = 41 = EES A B OUEE [OL17F, 2.58] ——g—— 7 7SS
Pozzoni SO0 mg 16 141 13 134 5. 5% 117 [OLSD, = S4] —1— g R R e
Lewis 226 mg - a3 5 36  2.9% 1.53 [O.54, 4. 35] —— 7o B
Subtotal (95%6 1) 251 591 45.8% 0.52 [Q.36, O.73] L 3
Total ewents = 187
Hataerogensasity: Tau® = 0.13; Chi2 = 17.23, cf = 9 (P = 0.05); 12 — 48%%
Test for owveaerall effect: & = I FT5 (P = Q.00
1.1 .49 Antibotlics as part of eradication thhearspy i adolts
Hyriakos S0 mg 1 as rd a4 O O 013 [Ouo, 1.04] Bl T By
Cremonini SO0 mg 1 =21 & 20 0.9% 0.6 [Cuoz, 1.20] - - eSS T
Durrean 1000 g 14 19 28 180 &.5%: O.aE [O0.25, O.54] I = o 7 -
Cindoaruk 1000 mag =] = t=3 19 a2 5. 3% 047 [L23, 0.96] — - raE v
Song 750 mg 11 330 20 331 5.2% 0.55 [O.27F, 1.13] | - veees
Subtotal (GS%L 1) a5 S27F 18,79 O.AS (0.3, O65] L 2
Total aewaris as iy
Heterogenaity: Tau® = OLO0; CHI? = 2. 72, df = 4 (P = O0.&1); 12 = O%
Teast for owverall effect: & = 4. 16 (P < O.0001)
Taotal (95% ) 2433 2EE4 100,09 047 [OL38, 0.57] *
Total aewants 20T 438
Heaterogeneity: Tau2 = OuE; CThi© = 28 44, df = 20 (P = 0.10); |2 = 309 § 4 t i
Tes=t for owvarall effect: Z = 7.69 (P = O.OO001 ) 0.005 o 1 LR 200
Test for subgroup differences: ChIZ = 1. 74, df = 3 (P = 0.63), 12 = 0% Favours 5. boulardsi  Fawvours control
i £ b i o

H. Szajewska et al. Aliment Pharmacol Ther 2015; 42: 793-8



ecommended strains by ESPGHAN Working Group for AAI

BIOTIC STRAIN STUDIES IN QUALITY OF GRADE OF

SUPPORT EVIDENCE RECOMMENDATION RECOMMENDATIC

Strong May be considere

ilardii CNCM |-

6 RCTs May be considere

~
~



ther strains used in AAD

PROBIOTIC STRAIN STUDIES IN

B. clausii

L. acidophilus
L. bulgaricus

L. acidophilus
B. infantis

L. acidophilus
B. breve

L. Acidophilus, L. rhamnosus
L. bulgaricus, L. casei

Str. thermophilus

B. infantis, B. breve

L. rhamnosus E/N, Oxy, Pen

L. Rhamnosus GG
Bb-12
L. Acidophilus La-5

B. longum PLO3
L. rhamnosus KL53A
L. plantarum PLO2

B. lactis B12
Str. termophilus

Kefir

1RCT

1RCT

1RCT

1RCT

1RCT

1RCT

1RCT

1RCT

1RCT

1RCT

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data

Insufficient data
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Probiotics for the Prevention of Antibiotic-Associated
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ecommendations:

the use of probiotics for preventing AAD is considered because of tr
xistence of risk factors such as class of antibiotic(s), duration of
ntibiotic treatment, age, hospitalization, comorbidities, or previous
visodes of AAD, the WG recommends using Lactobacillus rhamnost
G and Sacharomyces boulardii




SB for prevention pediatric CDAD

sB Contral Risk Ralio Risk Ratic Risk of Bias
Study or Subgroup Ewvents Total Events Total Weight  M-H. Random, 259 CI M-H, Bandom, 85% Cl A BCDEF
2.1.1 5. baowlardii for preventing C. aifficile-associated diarrhea in adults
Brave 500 mg o a4 o as Not estimable 279969
Can 500 mg o 73 2 78 26% 0.21 [0.01, 4.37] - 7729989
Duman 1000 mg o 196 1 180 2.3% 0.31 [0.0%, 7.47] - el 1 Bl
Surawicz 1000 mg a2 116 & 64 11.4% 0.33 [0.08, 1.34] —_—r ERd T 1 B
Cindoruk 1000 mg & 21 8 20 27.0% 0,71 [0.30, 1.69] —-— @200 78@
McFarland 1000 mg a2 a7 4 95 10.4% 0.74 [0.17. 3.23] —— 732778
Porzoni S00 mg a 141 2 124 7.3% 1.43 [0.24, 8.40] —_—— SRR
Kyriakos S0 mg 3 34 2 @235 T.9% 1.59 [0.28, 8.93] — e 779828
Lewis 226 mg 5 33 3 35  12.2% 1.82 [0.47, 7.02] — 22009
Subftotal (85% CI) 752 682 A0.B% 0.80 [0.47. 1.34] P 3
Total evenis 23 27

Heterogeneity: Tau? = 0.00; Chif = 512, df = 7 (P = 0.65); I? = 0%
Test for overall effect; £ = 0.86 (P = 0.38)

2.1.2 8. bouwlardii for preventing C. difficie-associated diarrhea in children

' Shan 500 mg 1 167 B 165 5.4% 0.12 [0.02, 0.98] LT 1 Ead ]
) - Kotowska 500 mg 3 119 10 127 13.7% 0.32 [0.09, 1.14] FPFEEE
4 S’ n= Sublotal (95% CI) 286 263 19.2% 0.25 [0.08, 0.73]

Taotal events 4 18
Heterogeneity: Tau® = 0.00; Chi® = 0,60, df =1 (P = 0.44); F =0%

iSk Ratio: 0.25 Test for overall effect: £ = 2.54 (P = 0.01)

Total (95%: Cl) 1038 g2 100.0% D.64 [3.39, 1.04]
i Total events 27 45

0 08 to 0 73) Heterogeneity: Tau? = 0.04; Chi® = 9.56, df = 9 (P = 0.39); I = 6% ¥ ¥ t i

| e ° Tast for overall effect: Z = 1.80 (P = 0.07) .01 01 1 10 100
Test for subgroup differences: Chi2 = 3.67, df = 1 (P = 0.06), I2 = 72.7% Favours 5. boulardii  Favours control
Hisk of bias lagend

(A) Random sequence generation {(selection bias)

(B} Allocation concealmeant (selection bias)

(C) Blinding of participants and personnel (paerdormancea bias)

(D} Blinding of outcome assessment (detaction bias)

(E) Incomplete outcome data (alirition bias)

(F) Selective reporting (reporting bias)

L0

H. Szajewska et al. Aliment Pharmacol Ther 2015; 42: 793-80
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ecommendations:

the use of probiotics for preventing CDAD is considered, the WG
commends using Sacharomyces boulardii (\Weak Recommendation




What could probiotic use mean in pract

- 50-60% risk reduction of AAD = W risk of interruption of antibiotic
= W change of antibiotic treatment
= W risk of resistance to antibiotics
= W side effects

= W cost (e.g., duration of hospitalization}

= A\ compliance to antibiotics

= A\ recovery

WV Cost

A Recovery




Recommendations in other continents



Recommendations for use of probiotics in childhood

intestinal diseases by geographic region

Europe

USA

Latin America

World

APAC
(Cameron et al. 2017)¢

cute L. rhamnosus GG, |L. rhamnosus GG, |L. rhamnosus GG, S. boulardii, S. boulardii,
astroenteritis S. boulardii, S. boulardii S. boulardii, L. rhamnosus GG, L. rhamnosus GG,
L reuteri L. reuteri Indian Dahi L reuteri
AD L. rhamnosus GG, |L.rhamnosus GG, |L. rhamnosus GG, S. boulardii; L rhamnosus GG
S. boulardii S. boulardii S. boulardii L. rhamnosus GG, S.boulardii,
B. lactis Bb12 + §.
thermophilus,
L. rhamnosus strains
E/N, Oxy and Pen
'DAD S. boulardii S. boulardii




robiotic products: A call for improved quality control

udies organized worldwide show:
Frequent misidentification and misclassification of strains
Contamination, sometimes with pathogens
No viable strains, false labelling of number of colonies
Deminishment of functional properties, shelf live

S. Kolaceck et al. A position paper by the ESPG

PN\ Ad™



robiotic products: A call for improved quality control

udies orga Qua/i"ldwide show:

{
Frequent ... yon{y ~ and misclassification of strains
Contamination, so.. g"aran ~athogens

{
No viable strains, 1%?5%3@[;‘\_63 3 O,i@
o
Deminishment of functionapﬂfgp,gg, Teg,
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d“’i[\" of colonies

S. Kolaceck et al. A position paper by the ESPG
Working Group for Probiotics and Prebiotics, JF
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robiotic products: A call for improved quality control

> Health authorities should play their control role, in particular
r the use in vulnerable populations, and for evidence in defined
inical conditions as other pharmaceutical products

S. Kolaceck et al. A position paper by the ESPG

PN\ Ad™



Helicobacter pylori
eradication



Sb in eradication therapy for H. pylori treatment

5. boulardii Control Risk ratio Risk ratio Risk of bias
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% CI M—H, Random, 953 Cl ABCDE
1.1.1 Eradication in children

Hurduc 2005 45 45 a4 42 10.1% 1.16 [0.98, 1.
Zhao 2014 102 120 91 120 17.1% 1.12 [0.99, 1.
11 1.

[ 3 Ca

6] — @77?@®7
. 1.27] 770097

Subtotal (95% CI) 168 162 27.2% 3[1.03, 1.25]
Total events 147 125

Heterogeneity: 12 = 0.00; x* =0.10, df = 1 (P = 0.75); 12 = 0%

Song 2010 264 330 237 331 361% 1.12 [1.02, 1.22]

Test for overall effect: £ =2.45 (P = 0.01) Chlldren: RR 1.13’ 95% CI 1-03 tO 1-2
1.1.2 Eradication in adults
Cindoruk 2007 44 62 a7 62 40% 1.19 [0.92, 1.54] .- @887
Cremonini 2002 17 20 16 20 33% 1.06 [0.80, 1.41] —t— L 1 1 1
Gao 2012 S 45 28 45 .45 1.21[0.92, 1.61] — D28 a o
Kyriakos 2013 30 41 20 39 21% 1.43 [1.00, 2.04] ?27@7 2
Lee 2011 73 107 B0 116 8.6% 0.96 [0.83, 1.18] e B
®&7087
Zojaji 2013 70 80 §5 B0 15.1% 1.08 [0.94, 1.23)] Y 1 ¥
Subtotal (85% CI) 585 93 T72.8% 1.11[1.04, 1.18]
Total events 532 483

Heterogeneity: T2 = 0.00; y* =451, df =6 (P =0.61); I = 0%
Test for overall effect: £ =3.24 (P = 0.001)

i
Total (85% CI) 853 555 100.0% 1.11 [1.06. 1.17] @
05 07 1 15

Adults: RR 1.11, 95% CI 1.04 to 1.1

Total events 679 608

Heterogeneity: 7> = 0.00; y* = 4.75, df =8 (P = 0.78); I = 0%
Test for overall effect: £ = 4.06 (P < 0.0001)

Test for subgroup differences: ¥ =0.18, df = 1 (P = 0.67), I2=0%
Risk of bias legend

(A} Random sequence generation (selection bias)

(B} Allocation concealment (selection bias)

(C) Blinding (performance bias and detection bias)

(D) Incomplete outcome data (attrition bias)

(E} Selective reporting (reporting bias)
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Recommendation

Probiotics administration may be considered for the prevention of side
effects and improving eradication rates in children undergoing therapy

for H. pylori.

The recommended strains include S. boulardii CNCM 1-745 and others

for which the quality of evidence is weak.

Strength of recommendation: weak for SB



Nosocomial diarrhea



robiotics for the prevention of nosocomial

iarrhea

EESPG

GG administration reduced the risk
rom 13.9% to 5.2%; NNT 12

- probiotics are considered the WG
ecommends using LGG (at least 10°
FU/day, for the duration of hospital

tay)

lojsak | et al. JIPGN 2017 (in press)

Experimental Control Risk Ratio Risk Ratio Risk of
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCD:
1.1.1 L rhamnosus GG (LGG)
Hojsak 2010 19 376 44 366 18B.9% 0.42 [0.25, 0.71] i @@
Szajewska 2001 3 45 12 36 11.5% 0.20 [0.06, 0.66] — 77886
Subtotal (95% CI) 421 402  30.4% 0.35 [0.19, 0.65] -’
Total events 22 56
Heterogeneity: Tau’ = 0.06; Chi* = 1.26,df = 1 (P = 0.26); I = 21%
Test for overall effect Z = 3.31 (P = 0.0009)
1.1.2 L reuteri DSM 17938
Urbanska 2016 7 91 6 93 12.8% 1.19 [0.42, 3.41] — BRI
Wanke 2011 18 54 16 52 18.5% 1.08 [0.62, 1.89] 4 GeREq
Subtotal (95% CI) 145 145 31.3% 1.11 [0.68, 1.81] ‘-
Total events 25 22
Heterogeneity: Tau® = 0.00; Chi* = 0.03, df = 1 (P = 0.87); F = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
1.1.3 B animalis subsp lactis BB-12
Hojsak 2015 13 362 9 365 15.2% 1.46 [0.63, 3.36] T O
Subtotal (95% CI) ig2 ie5 15.2% 1.46 [0.63, 3.36] -‘-
Total events 13 ]
Heterogeneity: Not applicable
Test for overall effect: Z= 0.88 (P = 0.38)
1.1.4 B bifidum & Str thermophilus
Saavedra 1994 2 29 B 26 9.2% 0.22 [0.05, 0.96] — i FRERE
Subtotal (95% CI) 29 26 9.2% 0.22 [0.05, 0.96] -'-—
Total events 2 8
Heterogeneity: Not applicable
Test for overall effect: Z= 2.01 (P = 0.04)
1.1.5 L delbrueckii H2B20
Penna 2009 10 72 B 67 13.8% 1.55 [0.60, 4.03] —T TITTIE
Subtotal (95% CI) 72 67 13.8% 1.55 [0.60, 4.03] -‘-
Total events 10 <]
Heterogeneity: Not applicable
Test for overall effect: Z= 0.90 (P = 0.37)
Total (95% CI) 1029 1005 100.0% 0.72 [0.40, 1.28] '.-
Total events 72 101
Heterogeneity: Tau® = 0.39: Chi* = 19.44, df = 6 (P = 0.003); ¥ = 69% lﬁ prem nl1 1ln R




Other strains used in nosocomial diarrhea prevention = ESPGH

PROBIOTIC STRAIN STUDIES IN SUPPORT RECOMMENDATION

L. reuterii DSM 17938 2 RCTs Not recommended
B. Animalis Subsp Lactis (BB-12) 1RCT Insufficient data
L. delbrueckii 1RCT Insufficient data

B. bifidum ans Str. Thermophilus 1RCT Insufficient data



Recommendation

Upon evaluation of local conditions and risk factors, probiotics may be
considered to prevent hospital-acquired intestinal infections and
diarrhea on a case by case basis in children admitted to hospital.

Although the evidence remains weak, L. rhamnosus GG is the strain

recommended for this indication.

Strength of recommendation: weak for LGG



Infantile colics



Infant colic: Systematic review of L. reuteri DSM 17938
in breast-fed infants

Study %

D WD (35% CI) Weight

1 wesk I H

i G p . I LS At 3 weeks LR administration (at least

Srajeweka (2013) e 0.00(-1552, 1552)  24.67 8 . .

Sung (2014) | -21.00(-50.07, 807) 1838 1X10 CFU/day) reduced dally crying

Mi (2015) - -3514(-41.11, -29.17) 2791 . L

Chau (2015) —_— ‘30,00 (57.60,-240)  19.08 time (pooled MD) with -55.1

Subtotal {--squared = 82.1%, p= 0.000) - 2837 (4925, 7.48)  100.00 (-64 4 to -47 2) min /d ay

2 weeks

Savino (2010) " 090,00 (-140.27. -39 73) B85

Srajewska (2013) e 45 00 (-59.46, -30.54) 26,15

Jung (2014) — 7.00(-39.40,2540) 1530

Wi (2015) —— 56 46 (-66.59, -46.33) 2873

Chay (20158} —_— <2800 (-50.38 -562) 2098

Subtotal (l-squared = 72.9%, p = 0.005) < -42 89 (-80,50, -25.29) 100.00

I weaks

Sxdno (2010 - 5500 (~108.03.-1.97) 570

Szajewska (2013) = 5300 (6342, -4258) 3387

Sung (2014) | i 7.00(:2680,2280) 1397

Hi (2015) —— 5491 (-66.06, -43.76) 3202

Chau (2015) — 4200 (-T251,-11.48) 1354

Subtotal (-sguared= 5T 1%, p=0.053 @ -45. 83 {-59.45, -32.21) 10000

i weaks .

Srajewska (2013) 5= R 6200 (-79.12, -56.88) 3522

Sung (2044) i — -300(-30.66, 24.66) 2922

M (2018) - 98.56(-98.26,-78.88) 3556

Sublotal (--squared = 94.3%, p = 0.000) seeos —ma 56,30 (-80.40, -22.16) 100.00

MOTE: Weights ara from randem effects analysis Harb T et al. JPGN 201 6,62668-86
| |

-143 i] 143



Recommendation

Probiotic administration may be considered for the treatment of

infantile colic.

At present, the recommended strain is L. reuteri DSM 17938, for which

the quality of evidence is weak.

Strength of recommendation: weak for LR



Functional intestinal
disorders



Recommendation

Based on available data, there is insufficient evidence to recommend
probiotics in the treatment of functional intestinal disorders.

Strength of recommendation: weak



Inflammatory bowel
diseases (IBD)



Recommendation

There is no strong evidence supporting the treatment of IBD with
probiotics.

Only in pouchitis, probiotic therapy may be considered based on
evaluation of individual cases. At present, the recommended probiotic
preparation is VSL#3 for which the quality of evidence is weak.

Strength of recommendation: weak



Necrotizing enterocolitis
(NEC)



Severe NEC: Systematic review and meta-

27 RCTs, n=8535
Risk Ratio: 0.57
(0.47 to 0.70)
NNT=51

‘myshi E et al.,Neonatology 2016

analysis

Study or subgroup Experimental, n  Contral, n Weight, Risk ratio M-H, Risk ratic
fixed (95% CI) M-H, fixed, 95% CI

events total events total

Al-Hosni [19], 2012 (USA) 2 0 2 51 0.8 1.02 [0.15, 6.96] Y

Bin-Mun [20], 2005 {Israel) 1 72 10 73 39 0.10 [0.01, 0.77]  ————

Braga [21], 2011 (Brazil) 0 119 4 112 18 0.10[0.01, 1.92]

Costeloe !22 , 2016 (UK} 61 650 (15 660 256 0.94 [0.67, 1.31] .

Dani [23], (Ttaly) 4 295 2 290 32 049 [0.15, 1.61] —_—

Dernirel [24], 2013 (Turkey) 6 135 7 136 2.7 0.86 [0.30, 2.50]

Dilli [25], 2015 (Turkey) 2 100 18 100 7.0 0.11 [0.03, 0.47)

Dutta [26], 2015 (India) 1 38 0 35 0.2 277012, 65.82]

Fermandez-Carrocera [27], 2013 6 75 12 75 4.7 0.50 [0.20, 1.26] e

(Mexico)

Fuji [28], 2006 (Japan) 0 11 0 8 not estimable

Hays [29], 2015 (France) 8 145 3 52 1.7 0.96 [0.26, 3.47) —_—

Jacobs [30), 2013 (Australia and

Mew Zealand) 11 548 24 551 9.4 046 [0.23, 093] —_—

Kanic [31], 2015 (Slovenia) 0 40 5 40 2.1 0.09 [0.01, 1.59]

Lin [32], 2005 (Taiwan) 2 180 10 187 38 0.21 [0.05, 0.94] _—

Lin [33], 2008 (Taiwan) 4 217 14 217 55 0.29 [0.10, 0.85] e

Manzoni [34], 2006 (Ttaly) 1 39 3 41 1.1 0.35 [0.04, 3.23] —_—t

Manzoni [35], 2009 (Italy) 0 151 3 168 13 016 [0.01, 3.05)

Manzoni [36], 2014 (Italy) 0 238 5 247 2.1 0.09 [0.01, 1.70]

Mihatsch [37], 2010 (Germany) 2 91 4 g9 16 0.49 [0.09, 2.60] —_—t

Oncel [38], 2014 (Turkey) 8 200 10 200 348 0.80[0.32, 1.99] —_—

Patole [39], 2014 (Australia) 0 7 1 76 0.6 (.33 [0.01, 7.95]

Rojas [40], 2012 (Colombia) 6 176 10 184 38 0.63 [0.23, 1.69] —_—

Rougé [41], 2009 (France) 2 45 1 49 0.4 218 [0.20, 23.21] e

Saengtawesin [42], 2015 (Thailand) 1 31 1 29 0.4 0.94 [0.06, 14.27]

Samanta [43], 2009 (India) 3 a1 15 95 5.7 0.35 [0.13, 0.94] |

Sari [44], 2011 (Turkey) B 110 10 111 39 061 [0.23, 1.61) —_—

Serce [45], 2013 (Turkey) 7 104 7 104 27 1.00 [0.36, 2.75] e

Tewari [46], 2015 (India) 0 123 0 121 not estimable

Totsu [47], 2014 (Japan) 0 153 0 130 not estimable

Total (95% CI) 4,304 4,231 100.0 0.57 [0.47, 0.70]

Total events 146 253 . . —

Heterageneity: ¥ = 32.27, df = 25 (p = 0.15), ¥ = 23% 0.01 01 1 10

Test for overall effect: Z = 5.57 (p < 0.00001) " Favours Favou

{experimental) {contr
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Risk Ratio: 0.57
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Recommendation

Probiotics may be considered for prevention of NEC in high-risk

populations as there is evidence that the risk of NEC and the associated

mortality may be reduced.

However, since there is no agreement on strains, indications and
scheme, the decision should be left to the physician and discussed with
parents, in the light of current evidence.

Strength of recommendation: weak



One size may not fit all

* Countries, climate, culture, politics
e Conditions, diseases, indications

* Socioeconomic status

e Nutrition, diet

* Microbiomes, pathogens

* Antibiotic exposure

* Vaccination



Take home messages

Safe medical therapies (probiotics) are available for AGE and AAD/CDAD
Positive evidence with probiotic drugs in these conditions mainly comes
from L. rhamnosus GG and S. boulardii CNCM 1-745 strains

Many other probiotics strains cannot be recommended because of
insufficient data or insufficient data on quality

We need more good RCTs



And now all this is open for
discussion, ...
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Thank you!
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