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What's in“fOUR gut ?
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Bacteria, ag(,él?laea, fungi... Bacterlo‘gﬁages, enteric viruses
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How to desciibe and analyze our microbiota ?
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PNA sequencing
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Bacteriophages belong to-viruses infecting microbes
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Whicn bacteriophages arethere ?
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Healthy human gut phageome (HGP)

Pilar Manrique et al. PNAS 2016, August 29
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4 years toisolate the bacterium infected by crAssphage !

Cell Host & Migiobe

Biology and Taxatrfomy of crAss-like Bacteriophages,
the Most Abu{l;lﬂqént Virus in the Human Gut

N crAssphage
&
b\)
.,\0
R
AN
\‘6
)
<0 /
& \
N
o4 ’Qz Virome Assembly Ex Vivo Propagation
.“G 4PCR N
T Increasing Tibe Q’

r 0

[ T3

15
&
0\

Genome Comparison

w—p <(TLRYIGQTR>

LR L )
UL | I |

Relaive Irdersiy

Guérin et al., Volume 24, Issue 5,

14 November 2018 Pages 653-664
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ec;¢®CrAssphage is the most abundant human
©  gut-associated virus. Guerin et al. identify |
249 crAss-like phage genomes and 0(\63

classify them into four subfamilies and
ten candidate genera that differ amnngbo
human populations. These in s:'ﬁc%@
predictions are combined with eg’vivo
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https://www.sciencedirect.com/science/journal/19313128/24/5

Why de we care about bacteriophages ?

<
Cell Q,\sf

Diseasg>é§pecific Alterations in the Enteric Virome in
Inflargmatory Bowel Disease
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How far<can bacteriophages influence our microbiota ?
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Efficacy of Sterile Fecal Filtrate Transfer
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for Treating Patients With
Clostridium difficile Infection.

Ott et al. Gastroenterology, 2017
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How rapidly bacteriophages colonize the GIT ?

o/

Early life dynagq?(és of the human gut virome and bacterial microbiome in infants
Lim et al. Ng;t‘ﬁre Medicine, 2015 Oct;21(10):1228-34
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Variations of kacteriophages withinc24 months of life

Inverted cégp??elation richness/diversity of bacteria and bacteriophages
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© Institut Pasteur




Identification of drivers-bacteria:bacteriophages
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Virulent bacteriophagesdsolation

characterlzat|on
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Biogeograpny of bacteriophages replication
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Gradual reduction<of UPEC colonization

cocktail (single dose)
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Targeting Adherent:Invasive E. coli (AIEC)
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Long term

interactions .in'the gut
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A model of‘coevolution

3 experim@gﬁtal settings
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Bactericphage populations .genomics
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A unique SNP specific of conventional mice
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Is 2 unique SNP sufficient ?

pUC18-
gp91(A—>G)

S
All recombinant phages cagggf\mutation Y284H
.t—e’

Recombinant 1 CCGATAGGCCACCGCCTG&@%‘Z TGT
Recombinant 2 CCGATAGGCCACCGCC@TTCZ TGT
Recombinant3 CCGATAGGCCACCGC CTTCATGT
Recombinant4 CCGATAGGCCAC TGCTTCATGT
Recombinant5 CCGATAGGCCAQEECCTGCTTCATGTETCAATCTGTGGTTATGAGCACC
Recombinant 6 CCGATAGG(}? CGCCTGCTTCATGTSTCAATCTGTGGTTATGAGCACC

Ancestral CCGATAGRLH®ACCGCCTGCTTCATAT STCAATCTGTGGTTATGAGCACC

******\ *Ahkk Ak Kk hk Kk k) k kK k7 Kk *'k**********************
'
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TCAATCTGTGGTTATGAGCACC
TCAATCTGTGGTTATGAGCACC
TCAATCTGTGGTTATGAGCACC
TCAATCTGTGGTTATGAGCACC




Why-a single SNP is‘not selected in vitro?

& HOW ?

o
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Ddes it requires an intermediat
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A single intermediate hostds sufficient

()
We is%lwa%ed a murine E. coli strain (MEc1) from control groups
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Microbiota is driving:bacteriophage evolution

>
A diverse pocpeffation of bacteria will offer multipl@é%portunities for
bacteriopha%é‘%’ to differentially propagate within e gut by host jumps.
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Bacteriophage;/Bacteria<interactions and evolution
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N . . N
A dynarrg@ﬁtness landscape required for V|raI<J@"ErS|stence ?
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Interactions Bacteriophages Bacteria in Animals
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Erick Denamur (H. Bichat)

Mathieu De JODE (PhD) Raphaélle DELATTRE (MD-PLD) Stephentory (Harvard Medical School)
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Joshua Weitz (Georgia Tech.)
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Bactericphages: virulents vsiotemperate
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Bacteriophages are specific (host range is limited)

clinical isolates (serotypes)
0:10
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Coevciution bacteriophages/bacteria

«0
Seasonal epidemics @&cholera inversely correlate with the prevalence oﬁe‘%’nwronmental cholera phages
d‘”‘ Farugue et al., 2005, PNAS, vol 102, p17/92 i
QD
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Examples of “approved” compassionate treatments

In France, g&patlents treated in 2016/2017, not yet published
In Belggbﬁ:n

Use o Ja"acterlophages in the treatment of colistin-only-sensitive Pseudomonas

aeryginosa septicaemia in a patient with acute kidney injury-a case report.
Je@%s S, Merabishvili M, Soentjens P, Pang KW, Rose T, Keerseb/l&k E, Soete O, Francgois PM,
‘odorescu S, Verween G, Verbeken G, De Vos D, Pirnay JP.
& «Cr/t Care. 2017 Jun 4,;21(1):129. doi: 10.1186/s13054-017- {\513?)9 y. No abstract available.
«;\ PMID: 28583189

N\ NG

’ In the USA: &‘z' &
Development and Use of Personalized B eriophage-Based Therapeutic &
Cocktails To Treat a Patient with a Di minated Resistant Acinetobacter b"é
baumannii Infection. o<\ O

Schooley RT, Biswas B, Gill JJ, Hernandez- Q‘rales A, Lancaster J, Lessor L, Barr JJ, Reed SL, Rohwg%y'%
Benler S, Segall AM, Taplitz R, Smith DM, Lerr K, Kumaraswamy M, Nizet V, Lin L, McCauley MD, N
Strathdee SA, Benson CA, Pope RK, Ler&tix BM, Picel AC, Mateczun AJ, Cilwa KE, Regeimbal JM., strella
LA, Wolfe DM, Henry MS, Quinones J%alka S, Bishop-Lilly KA, Young R, Hamilton T.

Antimicrob Agents Chemother. 2017 Sep 22;61(10). pii: e00954-17. doi: 10.1128/AAC. Qﬁg54 17.
Print 2017 Oct. PMID: 28807909@6

¢ 8\0\
&
Phage treatment of “aortic graft infected with Pseudomoas aQPuglnosa
Chan BK, Turner PE, Kimd&, Mojibian HR, Elefteriades JA, Narayan D Q\Cb
Evol Med Public Healt,Q@\33018 Mar 8;2018(1):60-66. ?{1'
6\’ &
©
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Association bacteria/bacteriophages ?

W ©
Q§S\equence analysis are not yet powerful enough ! &
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