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Recherche en pleine explosion
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Fig 1| Increasein publications on the microbiome. When the
search term “microbiome” was used to query PubMed from
1980102016 an exponentialincreasein publications was seen

inthe past decade

Young VB, BMJ 2017



Microbiote & Microbiome

ARNr 16S Microbiote Microbiome

¥ Microbiota metabolites # Host metabolites
@ Microbiota protein @ Host protein

Nature Reviews | Urology

Whiteside et al., Nat Rev Urol 2015



Microbiote humain

1014 bacteéries, soit :

- 10 x plus que de cellules humaines
- 1-3 % du poids (1-2 kg)

- >1000 especes différentes

- 100 x plus de genes bactériens

- 1 microbiote unique / individu

HOW YOUR BODY'S
MICROBES HOLD i
[HE KEY TO HEALTH it
AND HAPPINESS

Alanna Collen




Phyla bactériens

. Actinobacteria
. Bacteroidetes

Firmicutes

Proteobacteria

Fusobacteria
Spirochaetes

Tenericutes

nwmu-4HdcC>»

Verrumicrobia

Actinomyces, Corynebactrium, Mycobacterium,
Tropheryma, Propionibacterium, Bifidobacterium,
Gardnerella, Atopobium

Bacteroides, Porphyromonas, Prevotella,
Capnocytophaga

Bacillus, Listeria, Staphylococcus, Enterococcus,
Lactobacillus, Streptococcus, Clostridium,
Eubacterium, Coprococcus, Roseburia,
Faecalibacterium, Ruminococcus, Peptostreptococcus

(B) Bordetella, Burkholderia, Neisseria

(e) Campylobacter, Helicobacter

(y) Aeromonas, Enterobacteriaceae, Legionella,
Haemophilus, Acinetobacter, Pseudomonas, Vibrio

Fusobacterium
Leptospira, Treponema
Mycoplasma, Ureaplasma

Akkermansia




Microbiotes

Actinobacteria
Firmicutes
Proteobacteria
Bacteroidetes
Cyanobacteria
Fusobacteria

Peau Cavité orale
(zones grasses)

Cavité CEsophage (-

Poumons Estomac O

H. pylori (-) H. pylori (+

Peau
(zones séches)

Urines
Peau
(zones seches) |

Cattoir V. Bactériologie médicale 2016



Métagénomique

Métataxonomique
SOTOTSOTSOTIOT

16S rRNA gene profiling

l

Microbial community

SO

Shotgun metagenomics

l

DNA fragmentation and sequencing

OTUs generation

Taxonomic classification of OTUs

Abundance

Taxonomic profiling of the Microbiota

Metagenomic reads pool

| Reads-based analyses l l Assembly-based analyses |

e N ~ N

Taxonomic Functional Assembly
profiling analysis and mapping

55%

Bacteria
Eukaryotes

Milani et al., Microbiol Mol Biol Rev 2017



Tube digestif de 'homme

- 1e" organe immunitaire
(60-70 % des cellules
de l'immunité)

- 2nd cerveau (100-200
millions de neurones)

- Surface énorme (400
m?)




Microbiote intestinal

(Esophage (pH < 4) 10'-10° bactéries/g
Streptococcus, Prevotella, Veillonella

Cdlon (pH = 5-7) 10°~10" bactéries/g
Transit tres lent, anaérobiose +++
500-1000 espéces différentes
5 phyla principaux (voir Tableau 2.2) :
~ Firmicutes
- Bacteroidetes
— Actinobacteria
- Proteobacteria
- Verrumicrobia

Estomac (pH = 2-5) 10°-10° bactéries/g

Flore ingérée en transit

Helicobacter pylori +++

Streptococcus, Lactobacillus, Prevotella, Enterococcus

Jéjunum (pH = 7-9) 10*-10° bactéries/g
Flore ingérée en transit, transit rapide
Streptococcus, Lactobacillus, Prevotella, Enterococcus

lléon (pH = 7-8) 10°-10° bactéries/g

Flore ingérée en transit, transit plus lent

Bacteroides, Clostridium, Streptococcus, Lactobacillus,
Enterococcus, Enterobactericeae

% de bactéries non cultivables

Cattoir V. Bactériologie médicale 2016



Especes du microbiote intestinal

Phyla

Firmicutes

Bacteroidetes

Actinobacteria

Proteobacteria

Verrumicrobia

Genres (espéces principales)

Ruminococcus (R. albus, R. flavefaciens, R.
gnavus, R. torque)

Coprococcus (C. eutactus)

Anaerotruncus (A. colihominis)
Clostridium (C. coccoides, C. hylemonae, C.
methylpentosum)

Eubacterium (E. rectale)

Lactobacillus

Butyrivibrio (B. crossotus)
Faecalibacterium (F. prausnitzii)
Roseburia (R. intestinalis)

Veillonella

Streptococcus

Enterococcus

Bacteroides (B. uniformis, B. thetaiotaomicron)
Prevotella (P. copri)
Xylanibacter

Collinsella
Atopobium
Bifidobacterium

Escherichia (E. coli)
Desulfovibrio
Helicobacter (H. pylori)

Cattoir V. Bactériologie médicale 2016



Dynamique du microbiote

MicTobiome state

Microbiome state
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Microbiote mature vers I'age de 3 ans
Microbiote stable chez I'adulte (sain) avec résilience
Microbiote qui se modifie chez les patients dgés

Gilbert et al., Nat Med 2018



Maturation du microbiote

Window of opportunity for microbiota modulation >

Prenatal factors:
- Placenta

Neonatal factors:
- Mode of delivery
- Gestational age

Postnatal factors:

- Feeding: breast-milk vs. formula
- Geographical location

« Family members

» Host interactions

- Maternal diet

- Weaning

. Toddler &
childhood

Milani et al., Microbiol Mol Biol Rev 2017



Microbiote adulte 'normal’

Firmicutes (60-80%
» Clostridium cluste

X|Va

« Ruminococcus

+ Clostridium

ister |V

« Faecalibacterium prausnitzii

Eukarya
Champ i)glgno‘w

Archaea

+ methanogens

Verrucomicrobia (1-2 %)
+ Akkermanciamuciniphila

Bacteroidetes (15-30%)
« Bacteroides
+ Prevotella

Proteobacteria (1-2 %)

* Enterobacteriacea

Fusobacteria

Spirochaetes
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/’(, Actinobacteria (2-25%)
+ Bifidobacterium
+ Atopobium

f

Cherbuy et al., Innov Agron 2013



Entérotypes
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Bacteroudes

Arumugam et al., Nature 2011



Roles du microbiote intestinal

Hydrolysis
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Facteurs influencant le microbiote
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Dysbiose

Healthy situation Geticsf Food F Drigs Metabolic disorders

Bacteria Metabolites

Quantity / Immunity

g
? Mucus

Propionate Butvrate
Antlmlcroblal ’ Antimigfobial

GPR-43 /41 signals > na

(7 LPS)

7Y . 7 Y ) .
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Cani PD, Gut 2018



Relations pathologies-dysbioses

Pathologies

Observations les plus pertinentes et corrélations
potentielles

Maladie de Crohn

Rectocolite hémorragique

Syndrome de l'intestin irritable

Infection a Clostridium difficile

Cancer colorectal

Allergie / Atopie

Maladie ceeliaque

Diabéte de type 1
Diabéte de type 2
Obésité

Diminution de la diversité du microbiote

| Réduction de F. prausnitzii |

Diminution de la diversité du microbiote

[Réduction de A. muciniphila |

Augmentation de Dorea et de Ruminococcus

Forte diminution de la diversité du microbiote
Présence de C. difficile
Variation des Bacteroides
Augmentation des Fusobacteria
Diversité altérée
Signatures microbiennes spécifiques

Composition altérée particulierement dans l'intestin
gréle

Signature microbienne particuliére
Signature microbienne particuliére

Rapport Bacteroidetes/Firmicutes spécifique (1:100)

Cherbuy et al., Innov Agron 2013



tome intestinal
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Transferts de la résistance
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Bactéries anaérobies commensales en vert, bactéries pathogenes en rouge.

van Schaik et al., Philos Trans R Soc Lond B Biol Sci 2015



Manipulations du microbiote

Antibiotic resistance spreads Gut microbiota R Phage therapy

% Synthesis of vitamins
/ | Gut microbial enzyme activity
Animal use Environment i Energy balance gut motility o P Probiotics

* * Air, water, soil Antimicrobial effects
l | Dysbiosis
3

Prebiotics

Transformation
Fecal

microbiota
transplantation

Conjugatio

— )

T/Dendriccells Macrophage Neutrophils

IL17/23%5 N\~
Bcellsl© J / IL 1b

Tcells  Gut inflammation —j System immune response

Bacterial translocation

Tsigalou et al., Front Microbiol 2020



Transplantion de microbiote fécal

Antibiotics Host factors Diet Environment ‘ I M I

Fecal Transplant
from donor

Free sugars
(sialic acid) Bacterioidetes/_'/ :

Sugar alcohol O / ,
(mannitol) J Al ' ﬁga

"

C. difficile Infection X, /), ; Increased Microbial Diversity (195 ®
with Decreased Following Fecal Transplant
Microbial Diversity
Proteobacteria ; z : - Lachnospiraceae

Primary bile acid
(taurocholate)

C. difiicile

Kelly et al., Gastroenterol 2015



ler essai clinique de TMF dans I'TCD

3 bras randomisés:

PEG Transplantation fécale

N

Vancomycine 4 j 1

N

Vancomycine 500 mg x 4/j 14 jours
PEG

N

Vancomycine 5%6 mg x 4/) 14 jours

Etude arrétée apres analyse intermédiaire
Excellent profil de tolérance

- Diarrhée transitoire
- Douleurs abdominales modérées

PEG : polyéthyléneglycol. Utilisé pour le lavage intestinal

Principal critére : résolution de la diarrhée sans récidive apres 10 sem.

P<0.001
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P<0.001
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First Infusion Infusion of Donor Vancomycin ~ Vancomycin with
of Donor Feces  Feces Overall (N=13) Bowel Lavage
(N=16) (N=1s) (N=13)

Figure 2. Rates of Cure without Relapse for Recurrent Clostridium difficile
Infection.

Van Nood et al., New Engl J Med 2013



Restauration de la diversité
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Donors Patients before Patients after
Infusion Infusion

Figure 3. Microbiota Diversity in Patients before and
after Infusion of Donor Feces, as Compared with
Diversity in Healthy Donors.

total of organisms of all species

Simpson’s Reciprocal Index

N(N-1)

Zn(n-l)

the sum of
(all species)

* |t takes into account both richness and evenness

* The greater the biodiversity the higher the value of D

* The lowest possible defined value of D is 1 (only one species found)

* The maximum value is equal to the number of species found, this only occurs if

all species are equally abundant.

Mean D for patients before FMT =
57 +/- 26

Mean D for patients 2 weeks after
FMT =179 +/- 42 (P<0.001)
Mean D for donors = 172 +/- 54

Van Nood et al., New Engl J Med 2013



TMF pour la décolonisation BMR

Seulement 8 patients
(6 colonisés par EPC et 2 par ERV)
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Weeks of follow-up

Figure 1. Clearance of carbapenem-resistant Enterobacteriaceae
(CRE) and vancomycin-resistant enterococci (VRE) carriage among
eight patients according to rectal swabs: Kaplan—Meier analysis of . s o
the percentage of colonization, documented by polymerase chain ESSOIS ?"f"ques
reaction (PCR) or agar culture. Day O is defined as the day the r‘andomlses pour‘
patient received the faecal microbiota transplantation. There was . .

no statistical difference between PCR and culture. COﬂfll“mG"'lOﬂ

Davido et al., J Hosp Infect 2017



Pro-/Pré-/Symbiotiques

Concept

Definition

Probiotics

Live microorganisms that, when administered in adequate amounts, confer a
health benefit on the host

Prebiotic

A selectively fermented ingredient that results in specific changes in the
composition and/or activity of the gastrointestinal microbiota, thus conferring
benefit(s) upon host health

Synbiotics

Products that contain both probiotics and prebiotics, with conferred health
benefits

WGO Guidelines 2017



Probiotiques

Le plus souvent des bactéries lactiques

Type Lactobacillus

L. acidophilus @
L. amylovorus ®)*
L. casei @Oh+
B. animalis @*
L. helveticus @+ B. bifidum @
L. johnsonii ®* B. breve ®)
L. pentosus )+ B. infantis @)
L. plantarum (b) B. longum (a)#
L. reuteri @)

L. thanmosus @)+

L. qasseri @+

Type Bifidobacterium

B. adolescentis ¥

Other Lactic Acid Bacteria

Enterococcus faecium @
Lactococcus lactis )
Streptococcus thermophilus @)+

Other Microorganisms

Bacillus clausii @
Escherichia coli Nissle 1917 @)
accharonyces cerevisiae

(boulardi) @0+

f
S

@ Mostly as pharmaceutical products; ®) mostly as food additives; * QPS (Qualified Presumption of Safety) microorganisms.

Markowiak & Slizewska, Nutrients 2017



Mécanismes d'action des probiotiques

Gut barrier
« Inhibit epithelial apoptosis
* Promote mucus layer
- Increase production of tight-junction

Microbiota and luminal milieu
- Direct anti-bacterial, anti-viral effects
- Exclude pathogens via adhesion
* Modulate metabolism

proteins
- Stimulate IgA secretion

* SCFAs
< Bile acids

Lymphocyte

Immune response
- Stimulate IgA secretion
- Engage with TLRs to promote Tregs
- Promote anti-inflammatory cytokines
« Inhibit mast cell degranulation

Mast cell

Neuromuscular function

- Reduce visceral hypersensitivity
- Enhance gut transit

=
Microbiota-gut-brain axis

- Vagally-mediated effects
- Production of neurotransmitters

Quigley EM, Clin Gastroenterol Hepatol 2018



Prébiotiques et symbiotiques

Table 4. Examples of prebiotics and synbiotics used in human nutrition [134,145,146].

Human Nutrition
Prebiotics Synbiotics

FOS
GOS
Inulin Lactobacillus genus bacteria + inulin

!
XOS actobacillus, Streptococcus and Bifidobacterium genus bacteria + FOS
XOS Lactobacillus, Streptococcus and Biftdobacterium genus bacteria + FOS

Lactosucrose Lactobacillus and Bifidobacterium genus bacteria + oligofructose
Lactulose Lactobacillus and Bifidobacterium genus bacteria + inulin
Soy oligosaccharides
TOS

Abbreviations: FOS—fructooligosaccharides; GOS—galactooligosaccharides; TOS—transgalactooligosaccharides;

/
[
Lactitol Lactobacillus, Bifidobacterium, Enterococcus genus bacteria + FOS
/
[

XOS—xylooligosaccharides.

Markowiak & Slizewska, Nutrients 2017



Evidence clinique

>3500 publications sur l'utilisation des probiotiques
>1000 publications sur I'utilisation des prébiotiques

Table 7 Oxford Centre for Evidence-Based Medicine levels of evidence for treatment
benefits relative to the question “Does this intervention help?”

Evidence level Study type

Systematic review of randomized trials or n-of-1 trials
2% Randomized trial or observational study with dramatic effect

3* Nonrandomized controlled cohort / follow-up study +

4% Case-series, case-control studies, or historically controlled studies +

5 Mechanism-based reasoning

Source: “2011 Levels of Evidence,” Oxford Centre for Evidence-Based NMedicine
(http://www.cebm.net/index.aspx?o0=5653).

* The level may be downgraded on the basis of study quality, imprecision, indirectness—the study’s population,
intervention, comparison, and outcome (PICO) criteria do not match the question’s PICO; because of
inconsistency between studies; or because the absolute effect size is very small. The level may be upgraded if
there is a large or very large effect size.

T As always, a systematic review is generally better than an individual study.

Du ‘nutribiotique’ au ‘pharmabiotique’

WGO Guidelines 2017



Utilité clinique chez I'adulte

ADULT

Disorder, action

Probiotic strain, prebiotic, synbiotic

Recommended

dose

Evidence

level*

Refs.

Comments

Diarrhea

Antibiotic-associated
diarrhea

Yogurt with Lactobacillus casei DN114, L. bulgaricus, and
Streptococcus thermophilus

> 10 CFU daily

[11]

Lactobacillus acidophilus CL1285 and L. casei (Bio-K+ CL1285)

> 10%° CFU daily

[11]

Lactobacillus rhamnosus GG

10'° CFU/capsule
twice daily

[11]

Saccharomyces boulardii CNCM 1-745

5x10° CFU/capsule or
250 mg twice daily

[11,12]

Prevention of AAD in various
clinical settings (in-patients and
outpatients)

Helicobacter pylori (HP)

Coadjuvant therapy for HP

eradication

Saccharomyces boulardii CNCM 1-745

5x10° CFU/capsule or
250 mg twice daily

Reduction in therapy-related
side effects

Liver disease

Hepatic encephalopathy

Nonabsorbable disaccharides (lactulose)

45-90 g/daily

Postoperative sepsis in elective gastrointestinal surgery patients

Lactobacillus acidophilus, L. plantarum, and Bifidobacterium
longum 88

2.6 x 10 CFU daily

IBD—pouchitis

Maintenance of clinical
remission

Mixture containing strains of Lactobacillus plantarum,
Lactobacillus casei, Lactobacillus acidophilus, Lactobacillus
delbrueckii subsp. bulgaricus, Bifidobacterium infantis,
Bifidobacterium longum, Bifidobacterium breve and
Streptococcus salivarius subsp. thermophilius.

1800 billion bacteria
daily

Lactose maldigestion—reducing associated symptoms

Yogurt with live cultures of Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus

At least 10 CFU of
each strain per gram
of product

WGO Guidelines 2017



Utilité clinique chez I'enfant

PEDIATRIC

Disorder, action

Probiotic strain, prebiotic,
synbiotic

Evidence

Recommended dose level*

Refs.

Comments

Treatment of acute
gastroenteritis

Prevention of
antibiotic-associated
diarrhea

LGG

2 10'° CFU/day (typically 5—
7 days)

[72,73]

Saccharomyces boulardii CNCM |-
745

250-750 mg/day (typically 5—
7 days)

[72,74]

LGG

1-2 x 10'° CFU

86,87]

Saccharomyces boulardii

250-500 mg

[12]

ESPGHAN/ESPID recommendations 2014;
ESPGHAN Working Group on Probiotics.
Meta-analysis of RCTs

ESPGHAN Working Group on Probiotics

Prevention of
nosocomial diarrhea

LGG

10%°-10" CFU, twice daily

[12]

Meta-analysis of RCT

Infections in children
attending day-care
centers

LGG

[89-91]

Prevention of AAD in hospitalized patients

Infantile colic—
management

Lactobacillus reuteri DSM 17938

108 CFU, once daily, for
21 days

[105-110]

Reduced crying time (documented mainly
in breastfed infants). Meta-analysis of RCTs

Infantile colic—
prevention

Lactobacillus reuteri DSM 17938

10® CFU, once daily, up to
3 months of age

[111]

LGG

10%°-10" CFU, twice daily

[112]

Meta-analysis of RCTs

Abdominal pain-related

functional
gastrointestinal
disorders

Lactobacillus reuteri DSM 17938

LGG, Lactobacillus rhamnosus GG

10® CFU/d for 4 weeks

[114,115]

WGO Guidelines 2017



‘Oncobiotiques’

Enterococcus hirae and Barnesiella intestinihominis

Facilitate Cyclophosphamide-Induced Therapeutic
Immunomodulatory Effects

Jejunum/Ileum T Colon

E. hirae B. intestinihominis

~ ~ ® e
WU~ ooronprrnn AU
Intestin \

Highlights
o ( _— e E. hirae restored the efficacy of CTX in antibiotics-
pThiy ( v&T, Thi, Te1

~ < — treated mice

\ [ CTL/Treg / e E. hirae and B. intestinihominis enhanced cognate anticancer

Tumor : E L e j : ? immune responses
— CcTX -

o NOD2 receptors limit the bioactivity of E. hirae and
B. intestinihominis

e CD4* T cell responses against E. hirae are associated with
survival in cancer patients

Daillere et al., Immunity 2016



Médecine personnal

—
“*Microbiota centered”™ precision “Host centered”™ precision medicine

medicine m DNA/RNA
m Microbiota composition m Metabolites
m Microbiota function m Immune function

—

1 1
1 1
i 1
1 - - 1
1 =" = 1
i 1
1 1

Microbiota - Host
assessment i s assessment

T
[
i
i
[ E
1
~ ~

m ldentify deleterious organisms m Genomic susceptibility

m ldentify deficient microbiota m Predict drug response
functions m Predict adverse reactions

~

Microbiota
modulation
~

Young VB, BMJ 2017




Merci pour votre attention

THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN BODY
HAS 100 TRILLION MICROSCOPIC L1FE FORMS LIVING IN IT.




