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Two major issues, sometimes combined

Device-related
infections

AMR: Antimicrobial resistance
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Table 1 The wide range of non-traditional antimicroblal agents

Category Examples — i Example
Antibiotic-sequestering pec * Traditional & ey » Gram-negative
antibiotic-degrading small molecule | activity from colistin

* Phage + approved Gram-
* Antisense Trr R positive antibiotic

b that produce the
anthrax, Sghthena,

Bactencphage (both wild-t Example . — JS— .

Virulence CUgIOn: nesiote, Example

Host emmane response mofl o CSF
(stimulating and immunc factor inhibitor * BL-BLI (Beta-lactam

Lysins or anti-toxin beta-lactamase :
Metal chelation antibody inhibitor) s

+ approved antibiotic combinations

Microbiome and probiotcs

carriage of resistart or pathogenic bactens (Narrow

Table 3 Development options for the four categories

Design options Would data from a non-inferiority study be To what extent is a demonstration of
s _adequate for approval® superiority required for approval?®
Standalone Yes Optional

Trarsiorm Yes Optional

Augment No Required

Restore Yes Usually optional

i 2 poaadie to acheeve It el approw By udprg the prodact n & haad tobead nonaleronty study i which the novel peaduct is compared with an exaling agerd in & waes drug reshtance (VDR
witng where the comparstor agenrt han retared actiwty?

ecogaang e conflicting Season arcund wee of wuperionty dudes for approving sew agends (see 1nt), doss demomutration of the value of the novel agent eBectively reguire & wperionty study?

— X e T8 S AL NSRS B Bt | 23 e e Otk wast s J




Cell Host & Microbe
!ll#$

Non-traditional Antibacterial Therapeutic
Options and Challenges

Ursula Theuretzbacher' and Laura J.V. Piddock

'Ceortire for Anti-infective Agerts. Vierna, Austra
finstitute of Microbiclogy Rﬁd lnla( Bon, Unwm/ of Birmingham, Brmngham, West Mdlands B15 27T, UK

Ow*esoo«v«r- o ’

Anti-virulence approaches
Microbiome-Modifying Therapies
Phages and phage-related therapies



Anti-virulence approaches

Table 1. Monoclonal Antibodies in Clinical Development

Monocional Antibody, Company Clinical Developmant Anti-virulence Target Inchcation
Suvratoxumab (MEDISOS), phase 2 S. awreus a-toxn prevention of VAP caused by S, sureus
Medimmune
AR-301 (Salvecin, Tosatoxumab), phase 3 5. aureus a-toxin achunclive therapy for VAP caused by S. awvews
Arihs
MEDIZD02, Medimmune phase 2 P. sovuginosa T35S pravention of VAP causad by P, seruginosa
neadie-tip protein Pory
and Psl exopolysacchande
AR-105 (Aernucin), Ands phase 2 P. songnosa algrate acjunctive treatment of VAP caused by
P. aoruginosa
514G3, XBwotch phase 1/2 S. aureus protein A adunctive treatment of bloodstream infections
caned by S, aueus
ASN-100, Arsanis phase 2 S. aureus a-toxin and five failed 10 prove its effectivensss in high-risk,
loukocians mechanically ventilated patients with
S. aurous pnoumonia
For indormation about the status of RED of antibodhes, small molecules, and other SDErOaches 10 New Lredtments, Dleass 568 www dncalirals gov or

the websiie of the developer organizaton.




Table 3. Current Approaches to Manipulate the Microblome

Approach Indicaton

Comments

Transter of human intestingl Prevention of recurrent CDI
microbeola

FMT: Transfer of stool suspansion from a Jonor via colonoscopy,
enema, Nasogastnc routes or pils (Finch, Open Biome)

Fecal microbiota suspension: standardzed number of Iive bactena
from Stool SuSpension from doNors via enema or capsules, GMP

produced (Rebiotix (Feringl)

Microbiome-Modifying Therapies [

Synthatic microbiota Intestingdl, dermatoclogical

donors via capsules (Seres)
Selected ive bacteria producing speciic metaboltes or cocktad of

(e.g.. slopic dermatitis), ung secondary metabolites

condtions (e.g., CF)

Manipulating the metabolism of -

microbiota

Competition Preventsion of recurrent CDIL
catheter-associated UT)

Enginaering prot=otics 10 daliver Various indhcations (Baumier
antibacterial peoteins s Specandio, 2016)

Prevention of disbalance of Prevention of recurrent COI
microtsome dise 1o antibiotic

therapy

Decolonization of MDR Gram-  Various indcations
negative pathogens in high-rak

patients

Solocted ive bacteria from skin microbiota (MatriSys Bio)

Selected live bacteria for balanang the lung microbiota
Manipulating the metabolic balance through specific bacterial
mutrients, e.g., Glycans (Kaleido)

Non-toxinogenic C. dificie that is assumed to culcompete the toxic
Apathogenic E. coll ntroduced nto the biadder via catheter

coating (Atterx)

Engineerad Lactobaciius 10 express bactenocin against

P. sevuginosa (inhaled, CF) and C. cificie (SciBac)

Engneared Laciobaciis 10 express SagA protein that promotes
tolerance to entenc infections including C. dificde infection

(Fise Therapeutics)

R-type bactenocns agairst C. difficile

Mydrolyzing specific beta-factam artbiotics in the gut (beta-lactamase,
Synthetic Biologics, DaVolterra)

Decolonzation of asymptomatic camers with ve bactera
(@.9., camsers of C. aificie, MOR Gram-negative pathogens in high-risk patients,
Satmonela Typhs)




Phages and phage-related therapies

Table 4. Current Approaches Using Phages

Approach Compasition

Foed phage cockiails Fixed composition of ic phages to achieve a broad host range of a bacterial species

Individualized phage cocklal The ylic phages are stored indivicually in a phage bank with established QC. Only the
most active phages based on rapid Gagnostic 1ests are salected for an indvidual patient

Genetically engneerad phages Engneered phages with improved or spacific characterstics

Genetically engneered non-repicating Engineered phages 1o express addtionally antimicroblal peptides or protein 1oxins leading

phages as vehicles o rapid, nonytic bacterial death. May deliver CRISPR-CAas3 genes directly into bactena

Phage products, e.g., endolysins Natural or recombinant coll wall hydrolyzing phage-based enzymes. Endolysing against

S. aureus are In cinical development




2020 ANTIBACTERIAL
AGENTS IN CLINICAL AND
PRECLINICAL DEVELOPMENT

an overview and analysis
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Fig. 7. Number of non-traditional antibacterials in the clinical pipeline.
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Name (synonym) Antibiotic class Route of administration | Expected activity

(developer) against priority
pathogens
B CF-301 (exebacase) Phage endolysin iv (ContraFect) S. aureus
B SAL-200 (tonabacase) Phage endolysin iv (iNtRON Biotechnology, S. aureus
Roivant Sciences)
B PhageBank 142 Phage bank (process) oral (Adaptive Phage E. coli,
Therapeutics and US K. pneumoniae

Department of Defense)

B LBP-ECOT 1b CRISPR-Cas3 enhanced phage Iv (Locus Bioscience) E. coli,
K. pneumoniae

[ \

Traitement adjuvant dans les bactériémies a S. aureus



Name (synonym) Antibiotic class Route of administration

(developer)

Expected activity
against priority

B CF-301 (exebacase) 3 Phage endolysin iv (ContraFect)

B SAL-200 (tonabacase) 2a Phage endolysin iv (iNtRON Biotechnology,
Roivant Sciences)

B PhageBank Phage bank (process) oral (Adaptive Phage
Therapeutics and US
Department of Defense)

B LBP-ECOT CRISPR-Cas3 enhanced phage Iv (Locus Bioscience)

pathogens

S. aureus

S. aureus

E. coll,
K. pneumoniae

E. coli,
K. pneumoniae

Traitement vs placebo dans les colonisations ou infections urinaires



Name (synonym) Antibiotic class Route of administration | Expected activity

(developer) against priority
pathogens
CF-301 (exebacase) 3 Phage endolysin iv (ContraFect) S. aureus
SAL-200 (tonabacase) 2a Phage endolysin iv (iNtRON Biotechnology, S. aureus
Roivant Sciences)
B PhageBank 1/2 Phage bank (process) oral (Adaptive Phage E. coll,
Therapeutics and US K. pneumoniae
Department of Defense)
B LBP-ECOT 1b CRISPR-Cas3 enhanced phage Iv (Locus Bioscience) E. coli,

K. pneumoniae

+

Phagos (PHRC 2015) 1/2 Bacteriophage cocktail Local (Pherecydes) S. aureus
PhagoPied (PHRC 2015) 1/2 Bacteriophage cocktail I . Local (Pherecydes) S. aureus
PhagoDAIR 1/2 Bacteriophage cocktail Local (Pherecydes) S. aureus



What is a bacteriophage?

» Suffix —phage, phagos ¢ayetv (phagein), "to eat”, “to
devour”

e Viruses that infect ONLY bacteria

Classification (myoviridae, podoviridae, etc...)

A phage is specific to A TYPE of bacteria

Largely abundant in the biosphere:
103! bacteriophages on the planet, more than every
other organism

Especially in marine environment, sea, lake,
backwater, soil, animal and human stools, etc.




10 to 100 fold smaller than a bacteria |

Translucent tap water

Phamaceutical
preparation
108 of THREE

bacteriophages/mL

(targeting S. aureus)

T. FERRY

X million of #

BactériophageS !

(targeting environmental bacteria)




Kl K3
Story of phage Therapy i

Creation from F. d’Herelle (dismissed from Pasteur Institute):
» Laboratoire du bactériophage (Paris)

* Eliava Center (Georgia)
* Fixed cocktails to treat digestive-tract infections

* Fixed cocktails to treat skin and soft tissue infections

LELABORATOIRE DUBACTERIOPHAGE =

imE— | BACTE-STAPHY-PHAGE

Bacle -co/i-pbayei iliaclo thino phage |

Colibacillures . Pyelonephries Cyatiles . rza . Rhvno pharyngrtes "

|
Bacté -inlesli phage
Enterites Colites.Dwarrhees infantiies

O e

Pananis . Phlegmons . Plares Infecttes

p AGENTS GENERAUX v s
' LABORATOIRES ROBERT & CARRIERE _ 37, rue de Bourgogne p. e T Fe rry

L LABORATORE 00 BACTRRIOMASE
POMNDE PAR Bt ORISR DR

Ferry T. et al. afizftersits 2020;24(1):49-56
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Lie Journal de Hédecine de Lyen | After d’Herelle, The story continued in Lyon

Traitement des infections a bacilles pyocyaniques
par des bactériophages adaptés par sélection.

Par MM. André Benroye et AL, Covwrin
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Méningite purulente 2 colibacilles
traitée par un bactériophage adapte intrarachidien

Par .MM. P. SEDALLIAN, A. BERTOYE, J. GAUTHIER.
J.-M. MULLER et A.-L. COURTIEU.

Clinique des Maladies Infectieuses et Institut Pasteur de Lyon

Une injection intrarachidienne d'1/10 de centimétre cube n'ayant été
suivie d’'aucun accident, on commence, dés le lendemain 30 septembre,
le traitement aux doses thérapeutiques : 1 centimétre cube de bacté-
riophage intraventriculaire "et 1 centimétre cube intrarachidien par
vingt-quatre heures., Rapidement, le nombre des éléments du liquide
céphalo-rachidien s'effondre & 356 contre 1.800 deux jours auparavant.
Deés lors, la situation va s’améliorer trés vite et on peut espérer la
partie gagnée, malgré la persistance dans le liquide céphalo-rachidien
d'un taux d’albumine aux alentours d'un gramme et de 50 a 200 élé-
ments.

A une demande de M. Roche, M. Bertoye précise gque nombre d¢
germes peuvent étre dotés d'un bactériophage. I1 faut quatre a cing
jours pour l'adaptation du bactériophage: ce ne peut donc pas étre
une meédication d’urgence.

Lyon Med. 1958 Mar 30;90(13):509-12
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The phage life Ferry T. et al.
o s

oA niecton 2020:24(1):49-56

Environmental viruses
Head containing DNA Target specific bacteria

Bocterol surface — DNA being inhoduced|
into the bacteriol cell —
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Th e p h 3 ge ‘ Ife Cell recognition Ferry T. et al.
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Self-maintained bacterial lysis Bacterial genetic remodeling
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Th e p h a ge ‘ Ife Cell recognition Ferry T. et al.
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Only lytic phages have to be used

S. aureus being lysed
by the Sa2 phage

Bacterial DNA appeared in
green

Courtesy Pascal Maguin
Luciano Marraffini Lab

THE ROCKEFELLER UNIVERSITY




Implementation of a Phage Therapy Center in a CRIOAc
250 km PHAG Eml.YON

CLINICAL
MICROBIOLOGY
AND INFECTION

FERRY T. et al. In press

@
Managed in CRIOAc Lyon
For whom a phagogram was 7 10 17 23 57
) ' performed (1.2%) (1.7%) (2.6%) (4.4%) (2.4%)
" Jl For whom phage therapy was 4 2 8 7 21
® @ | (0.7%) (0.3%) (1.2%) (1.3%) (0.9%)
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Implementation of a Phage Therapy Center in a CRIOAC
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Phage Therapy as Adjuvant to
Conservative Surgery and Antibiotics
to Salvage Patients With Relapsing
S. aureus Prosthetic Knee Infection

Tristan Ferry ***, Camille Kolenda***5, Cécile Batailler***,
Claude-Alexandre Gustave“***, Sebastien Lustig**®, Matthieu Malatray*®, Cindy Fevre’,
Jérome Josse“**5, Charlotte Petitjean’, Christian Chidiac "**¢, Gilles Leboucher® and

Fredeéric Laurent***® on behalf of the Lyon BJI Study group

‘ r CASE REPORT
= frontlers published: 16 November 2020

in Medicine doi: 10.8389/fmed.2020.570572
I "#$%&'(O)*
: 0
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in Medicine doi: 10.3389/fmed.2020.570572
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The Potential Innovative Use of
Bacteriophages Within the DAC®
Hydrogel to Treat Patients With Knee ®
Megaprosthesis Infection Requiring
“Debridement Antibiotics and ‘
Implant Retention” and Soft Tissue £
~ Coverage as Salvage Therapy

" Tristan Ferry 23 Cécile Batailler***°, Charlotte Petitjean®, Joseph Chateau’,
Cindy Fevre®, Emmanuel Forestier®, Sophie Brosset’, Gilles Leboucher?,
Camille Kolenda?**", Frédéric Laurent®**" and
Sébastien Lustig?*® on behalf of the Lyon BJI Study Group
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Where to find phages for clinical use?

' Pherecydes Pharma g PHERECYDES

PHARMA

' Phage community

Under the supervision of P H AG - N E
E X

Agence nationale de sécurité du médicament MIN|STERE
o op e b Ay DE ENSEIGNEMENT
- SUPERIEUR,
French Health Authority DE LA RECHERCHE
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. Liberté

Egalité
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Vincent A Fischetti

@microbephage

g Tristan Ferry Lyon University Hospitals v \\(- . 'l k

@FerryLyon

Incredible talk of Pr. Vincent A. Fischetti @microbephage

@IDWeek2019 about the great potential of

#bacteriophage #lysins to induce bacterial explosion... /
and disappearance! It's good to hear that he discovered

lysins that are active against #multidrugresistant | /
#ESKAPE pathogens! / A



Combination Therapy With Lysin CF-301 and
Antibiotic Is Superior to Antibiotic Alone for = Thefounao
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Treating Methicillin-Resistant Staphylococcus @mm Discases
aureus—Induced Murine Bacteremia o

Raymond Schuch,' Han M. Lee,’ Brent C. Schneider,’ Karen L. Sauve,' Christina Law,' Babar K. Khan,' Jimmy A. Rotolo,'
Yuki Horiuchi,' Daniel E. Couto,’ Assaf Raz,” Vincent A. Fischetti,” David B. Huang,' Robert C. Nowinski," and
Michael Wittekind'

'Contrafect Corpoeation, Yonkers, NY, and “Depariment of Bacienal Pathogenes:s and immunology, The Rockedeller Universaty, New York, New York
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Antibiotic Is Superior to Antibiotic Alone for A
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Treating Methicillin-Resistant Staphylococcus @ Discases
aureus—-Induced Murine Bacteremia « N

Raymond Schuch,' Han M. Lee,' Brent C. Schneider,' Karen L. Sauve,' Christina Law,’ Babar K. Khan,' Jimmy A. Rotolo,"
Yuki Horiuchi,' Daniel E. Couto,’ Assaf Raz. Vincent A. Fischetti,” David B. Huang,' Robert C. Nowinski," and
Michael Wittekind'

'ContraFect Corpeeation, Yonkers, NY, and “Depanment of Bacienal Pathogenests and mmunology, The Rockedeller Universaty, New York, New York
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CLINICAL MEDICINE The Journal of Clinical Investigation

Exebacase for patients with Staphylococcus aureus
bloodstream infection and endocarditis

Vance G. Fowler Jr.,'* Anita F. Das,’ Joy Lipka-Diamond,* Raymond Schuch,” Roger Pomerant2,* Luis |duregui-Peredo,*
Adam Bressler,” David Evans,” Gregory ). Moran,” Mark E. Rupp,” Robert Wise,” G. Ralph Corey,' Marcus Zervos,”
Pamela S. Douglas,"* and Cara Cassino’

100

Bl Exebacase + Antibiotics
B Antibiotics alone
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Lessons Learned From the First 10 Consecutive Cases of

Intravenous Bacteriophage Therapy to Treat Multidrug-

Resistant Bacterial Infections at a Single Center in the

United States

Saima Aslam,'? Elizabeth Lampley.’ Darcy Wootes," Maile Kamris,' Coastance Bensen,'” Steffanie Strathdee.'” and Robert T. Schooley™
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Saima Aslam,'? Elizabeth Lampley.” Darcy Wooten," Maile Karris,' Coastance Bensen,'” Steffanie Strathdee,'” and Robert T. Schooley™

Onveon of nfecnows Disaases and Global Puble Heaith, Unvveruity of Caffomea, San Dwego. La Joila Calfana USA and “Corner for Innovative Prage Agpicanons and Therapestcs, Univeraity
of Cailema, San Diega. La Jolla Caldomsa, LISA

All referrvals to IPATH

6/1/2018 — 4/3072020,] [ Excluded:

Viral infections, 7

il o Noninfectious etiology, 33
| Nonmedical conditions, 64

M Missing details, 37

Phage hunt |_ Not indicated, 525

recommended,
n=119

Excluded:
Samples not send to lab, 20

—

v

Phage hunt initated,
N=99

Excluded:
Phage not found, 31
Deceased before completion of phage hunt, 10

Infectious condition resolved, 5
Unknown outcome, 6

(—Jﬁ

Lytic phages found

N=47
Excluded:
Deceased before phage administration, 6
Patients treated with = Infectious condition resolved, 6
phage therapy, Regulatory barrier, 1
N= 17 (addiuonal 9 _ Unknown reason, 8
pending)

Figure 1. Flowchart depicting outcome of all bacteriophage therapy requests
at the Center for Innovative Phage Applications and Therapeutics. Abbreviation:
IPATH Center for Innovative Phaae Aoplications and Therapeutics



REVIEW ARTICLE
Recent progress toward the implementation of phage
therapy in Western medicine

Jean-Paul Pirnay", Tristan Ferry?*' and Grégory Resch*™*1
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ESCMID STUDY GROUP
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OOO ANTIBACTERIAL THERAPY

European Society of Clinical Microbiology and Infectious Diseases
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PETITION EN FAVEUR DE LA RENAISSANCE
DE LA BACTERIOPHAGIE THERAPEUTIQUE

Froppé par lo désarrei den malades se trouvant, depwis plusiewrs mois, dans
Vimpoutibilisd de trouver en pharmacie les ampovies de Bactéiviophage qul lesr svaient
M prescrites ou bien de remouveler s provision qee les plus pedvayants d'entre svx

lont “‘m-w |l victorh .Mbwlm“ﬁ.wm

microbien, ['al persé que la SOCIETE DES AMIS DE FELIX DMERELLE e devalt de

metire la puissance de 1on setoritd au service de ces doldances qui m'étaient expric

mées powr contribuer & redonner b la Phagathirapis tous les moyens d'expreceion dost
S— E— —

ratsire & paur consbquents indluctable dentralnar dans 1a chute la pratiqee d'wne
méthode thicapeutique qul & Falt ses provres dans tovs les domaines deguls 1917,
date & lagwelle b phinomine de Bactiviophagie fot rivilé su mende du havt do b k-
bune de 'Académie des Sciences

Clost donc un deveir peur la SOCIETE DES AMIS DE FELIX D'HERELLE, dont I
mission est dasswrer b défense de auvre dy Pr d'Hiécelle contre 1ovte manauvre dirk-
phe directoment ov indirechement wonire elle, que dappuyer do 100 Influence Seutes
inithatives géndrauses qui sont disposies b mevrer damt ¢o sens. Plos les volx sercat
nombreuses, plus olles aurent chance d'dtre .

Disciples comvaineus de la Bactiriophagie, vones teus & nous an nous offrast le
poids de votre signature,

D¢ A RAIGA-CLEMENCEAY

~ PHAG

toujours, car sucune

préparer sen malade

la prodection naturel

w guirisen naterelle

mencement du milieu

Co wont ces races
vou proches ou vos amis, des ook remportis av cours des applications 1hé
rapevtiques du Phémombee de Bactricphagie ;

— Yous, MEMBRES DE LA SOCIETE DES AMIS DE FELIX D'MERELLE qul vows dtes
grovpds paur pouveir, par b soutien de chacun, surer la péreanité de Fawvre
wxcoptionnelle de oo grand savant qul, venu de Montréal, 3 offert 4 la France la
lodre atachée & la décovwarte d'un phinombne naturel dont le microscops Slec
tronique, falt unigue dam la Science, » confirmé dam ses moledres détails la rée-
Hitd que la méthode supdrimentale sosle avalt permis de dbvailer

& vigner 'stiestation cicontre pour infl par le bre des signataires bos milioox
sclentifiques aptes & relever le Flambesu qui est tombé per wite de la défaillance dv
Laboratoire qui avadt é0é Fondé par dMérelle an 1928 o1 qui » permis, aw cowrs des
50 sandes qui wivireat, la mise su point d'vn tradtement d'une officaciné jamals dgalée
par 32 qualit, 34 constance ot sa parfaite insoculté : LA PHAGOTHERAPIE. Cette défall-
lance ost davtant plua cat phigee que, dune part, co Laboratolre était le seel & sssu
ror 1n préparation des dfférenses races de Bactiviophage qui seat indispensables 4 I pra-
tigque médicale et chirurgicele dans e domaine de toute la pathelegie infectisuie ot que,
d'nmw,hmhuﬂvw'ﬂmw&atunbﬂ!ﬂvw
tigse e vt dtre remplacd par aucune spbcialité pharmaceutique pulique, wel de tous
Jes traitements, H est Vesprossion d'un phinemine de 1o nature, L'arrdt de oo Labo-

Moo Axiure Nesptaie WU Prwwier Weesies 190 7
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