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Les infections ostéoarticulaires
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What is a
« bacteriophage » ?

Suffix —phage, phagos ¢ayeiv (phagein), "to eat’,
“to devour"

Viruses that infect ONLY bacteria
Classification (myoviridae, podoviridae, etc...)

A phage is specific to A type of bacteria

Largely abundant in the biosphere:
1031 bacteriophages on the planet, more than
every other organism

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




Marine viruses — major players in the
global ecosystem

Curtis A. Suttle

Biomass Abundance

| Prokaryotes
Bl Protists

B Viruses

Figure 1| Relative biomass and abundances of prokaryotes, protists and viruses.

Probing this vast reservoir of genetic and biological diversity continues to
yield exciting discoveries.

Nature Review Microbiology 2007



Self-limiting nature of seasonal cholera epidemics:
Role of host-mediated amplification of phage

Shah M. Faruque*', M. Johirul Islam*, Qazi Shafi Ahmad*, A. S. G. Faruque*, David A. Sack*, G. Balakrish Nair*,
and John J. Mekalanos* _
Proc Natl Acad Sci U S A. 2005
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Translucent tap water

Phamaceutical
preparation
108 of THREE

bacteriophages/mL
(targeting S. aureus)

X million of #
BacteriophageS !!!

(targeting environmental bacteria)
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S. aureus being
lysed by the
Sa2 phage

.

Bacterial DNA
appeared in
green

Courtesy Pascal Maguin
Luciano Marraffini Lab

THE ROCKEFELLER UNIVERSITY

A clear antibacterial activity!
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» He treated shigellosis (diarrhea) in
children with oral intake of specific
“filtered” bacteriophages that he found
in stools of patients who spontaneously
healed from... shigellosis
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History of phage therapy

Felix d’Herelle
Institut Pasteur, Paris

He treated shigellosis (diarrhea) in
children with oral intake of specific
“filtered” bacteriophages that he found
in stools of patients who spontaneously
healed from... shigellosis

He founded Eliava institute in Georgia
and the “Laboratoire Francais des
Bactériophages” in Paris




,e History of phage therapy
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Lessons to be learned of phage
therapy of the 20th century

Pyrogenlc

reaction to
the phage
injection

' Use Good

Manufecturing

Practice (GMP) or

“GMP-like”
bacterlophages




Docteur André RAIGA

Ancien Interne lauvéat des Hépitaux
Ex-Chef de Clinique chirurgicale @ la Faculté

At the stage of bone necrosis, it will only succeed in
stopping the progression of the infection, but it will be able to do
nothing against the dead bone deprived of circulation; this bone
will become sequestered and the lesion is no longer a matter of
surgery. To do otherwise is to commit, in my opinion, an error of
therapeutic indication.

Au stade de nécrose osseuse, 1l ne
réussira plus qu'a cnrayer la progression de l'n-
fection, mais il nc pourra plus rien contre I'os que
la mort a privé de circulation ; cet os va se séques-
trer et la lésion ne reléve plus maintenant que de
la chirurgic. Agir autrement c'est commettre, a
mon scns, une erreur d'indication thérapeu-

que.
HgRe 1961
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Partial bone necrosis
requiring surgery

rge
T Sy

Skin and soft tissue damage

requiring surgical coverage

A
MAJOR BIOLOGICAL LIMIT:

Bacteriophages have not the
capacity to perform bone
debridement nor to regenerate
skin and sof tissue

Patient with a relapsing infection after Phage therapy in Thilissi



Le Jounal de Médecine & Lyen | After d’Herelle, the story continued in Lyon

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

Par MM. André Benrove et Al Covwrie

Les bacilles dvoevanignes soud fréguenmmment réssslands aux anfrbrodi ,rt.\

wxneeds. Cepen cardang

winanes. ool ANtimicrobial resistance | .., .

3 - )
aliribudes sembie Fire en anpemenialton. 1.oNT caraciere rebwlic exl Wne de lewrs

caracléristigues / (hérapentique

dvfléremle de celley Phage banking N conmIssart

{exislence Af« Harcd - - fars c llll,“.tl
de stock-bacténiop Phage tralnlng ndre, | adap-

lation par sdlectiof e TATTOW @ TACIRTTOPIAET o 10 SOWTIR see dn malade

permel une achio sur  bowdllon

nwulrifif ordenarre Meningitis '8t par conire /‘i%

indispensable de | n dilwé ponr >

soorr Lol SKin @and soft tissue  raciviong, f,@

infrarcinense,

Us ceriain 1 Bone and joint

cetle  publscation

5364 LYO/\-CroIhR;uuc = Enlrée de THépital

Clinique des Maladies Infectieuses, Hopital de la Croix-Rousse
Hospices Civils de Lyon 1958-1960




80 Source: H. De Montclos (Institut Pasteur Lyon) 1986
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Large production of antibiotics in
1970-1980 killed the phage therapy

Industrial production
Large spectrum
Bactericidal activity
Oral and IV

Systemic diffusion
to the infected site - H

Numerous different .
Kinds of families, 80s
with different

mechanism of action

FDA Antibiotic Approvals
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Large production of antibiotics in
1970-1980 killed the phage therapy

Industrial production
Large spectrum
Bactericidal activity
Oral and IV

Systemic diffusion
to the infected site

Numerous different
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mechanism of action

FDA Antibiotic Approvals $g$

Complex virus-based personalized

treatment without clear industrial
process, not considered as a drug




Large production of antibiotics in
1970-1980 killed the phage therapy

Industrial production
Large spectrum
Bactericidal activit
Oral and |V

Systemic diffusio
to the infected site

Numerous differen
kinds of families, I |
with different

mechanism of actions V-




Cocktails produced in 2020
by the Eliava Institute

* PYO Bacteriophage Bacteriophage ISP (Myoviridae)
 FERSIS Bacteriophage I

« STAPHYLOCOCCAL Bacteriophage
« SES Bacteriophage

« INTESTI Bacteriophage

« ENKO Bacteriophage

Merabishvili et al. PloS ONE 2009

T. Ferry. The story of Phage therapy



Not meeting Good Manufacturing Practices (GMP)

Pyrogenic
Bacterial
remnant?
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Efficacy and tolerability of a cocktail of bacteriophages to
treat burn wounds infected by Pseudomonas aeruginosa
(PhagoBurn): a randomised, controlled, double-blind
phase 1/2 trial

Patrick Joulk, Thomaos Ledlerc, Serge )

Ronan LeFloch, Jean Vivien Scheal_ (

100 =

stained reduction in bacterial burden (%)

10Sa I

RECYDES
RMA

> lime to observe reduction
plan-Meier analysis of median time
highest daily bacterial burden compared with day 0. HR=hazard ratio. PP1131«cocktail of 12 natural lytic

anti-Pseudomonas aeruginosa bacteriophages. Lancet Infect Dis 2018
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PHOSA & Phagothéraple Consortium PHOSA Communication Contact

PHERECYDES
PHARMA
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Biollm, Phage discovery
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REFERENCE CENTERS FOR THE MANAGEMENT OF BONE AND JOINT INFECTION

Ea “CRIOAC”
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Adapted from Ferry T, et al. Orthop Traumatol Surg Res. 2019;105(1):185-190
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Pr. Tristan Ferry Pr. Sébastien Lustig
MD, PhD MD, PhD
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Multidisciplinar management of
\ / the patient
Pr. Frédéric Laurent
M Vicobioiogist 8 Better understanding of the
pathophysiology of BJI
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Comiteé scientifique des CRIOAC

Centraliser les
idées pour la
réalisation de

Président : Pr. T. Ferry (Infectiologue, Lyon)
Pr. E. Senneville (Infectiologue, Lille-Tourcoing)

Pr. A. Stein (Infectiologue, Marseille) projets de

recherche a
I’échelle nationale

Expertise
pluridisciplinaire

Dr. S. Marmor (Orthopédiste, Paris)
Pr. E. Steindel (Orthopédiste, Brest)
Pr. D. Meynard (Orthopédiste, Strasbourg)

Dr. P. Bemer (Microbiologiste, Nantes)
Pr. V. Dubois (Microbiologiste, Bordeaux)
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Persisters in chronic BJi

“Bacterial cells that escape the effects of
antibiotics without undergoing genetic change”




Persisters in chronic BJi

“Bacterial cells that escape the effects of
antibiotics without undergoing genetic change”

Intracellular survival = The Journal of Biofilm formation
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Persisters in chronic BJi

“Bacterial cells that escape the effects of
antibiotics without undergoing genetic change”

Conventional

Intracellular survival e ) Blofilm formation
antibiotics S ——
&

“Conservative”

surgery




Persisters in chronic BJi

“Bacterial cells that escape the effects of i
antibiotics without undergoing genetic change”
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Persisters in chronic BJi

“Bacterial cells that escape the effects of i
antibiotics without undergoing genetic change” f

Bacteriophages and lysins
have anti-persister activity




Biofilm inoculum variation
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C. Kolenda et al.
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_ . . WORLD
Declaration of Helsinki MEDICAL

Medical Research Involving Human Subjects WAMAAA ASSOCIATION

Special Communication

World Medical Association Declaration of Helsinki AM A 20 ‘I 3
Ethical Principles for Medical Research

[nvolving Human Subjects The Joumsl of the

World Medical Assocation

« Unproven Interventions in Clinical Practice

. 37. In the treatment of an INAIVidual patient, where proven interventions
do not exist or other KNOwn interventions have been
ineffECtive, the phySiCian, after seeking expert advice, with informed consent
from the patient or a legally authorised representative, ITIdY USE€ an UNProven
intervention i in the physician’s judgement it offers
hOpe of SaVing Iife, re'eStainShing health o alleviating suffering.

In France: compassionate use,

magistral preparation by the hospital pharmacist



Phage A clear antibacterial activity!

1010 Phagogram
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Phage A clear antibacterial activity!

1010 Phagogram
1,0
10° £ S. aureus
c08 : .
] 0 kinetic growt
10°  cos in liquid
107 C’0,4
106 "
0,0 + Phage
10° 0012345678 291011R
PFU/mL Hours of incubation

S. aureus culture on a gelosis




Clinical case #4

80-year-old man

Relapsing MSSA prosthetic left
knee infection (past revision)

Failure under suppressive oral
antimicrobial therapy

Complex orthopaedic situation
with past femoral fracture

Impossible to walk (painful knee)

e
-
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== purulent discharge
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Clinical case #4

Doing nothing, but poor
clinical situation with risk of

complication and death

Amputation VS

(but not feasible !) ?
Conservative surgery
“Debridement And Implant

Retention” (DAIR) +
innovative approach to
disrupt biofilm +
suppressive antimicrobial
therapy ?




Lyon Phage team
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“Debridement And Implant
A RIOAC Retention” (DAIR)

LYON

HCL










“PhagoDAIR”

One shot peroperative phage
application after “DAIR”




Clinical case #4

Post-operative antibiotics:

Daptomycin + Rifampin

At day 4 (only MSSA in all
intraoperative samples):

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive
antimicrobial therapy




o
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“The bacteriophages saved my life, he
HCL insists. | never thought one day to walk
A Rmc again. And to say that doctors were talking

about cutting my leg off!” R.N.




‘Debridement And Implant Retention’ (DAIR) with local administration of
personalized cocktail of bacteriophages (PhagoDAIR) followed by
suppressive antibiotherapy as salvage therapy in patients with relapsing
prosthetic knee infection

D

Phage 1450

30th

Paris, France

18 -21 April 2020
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Phagogram (Killing assay)

Left PKI with purulent |
joint effusion

Conclusions: Personalized bacteriophage therapy has the potential to be used as
salvage therapy during DAIR in patients with relapsing S. aureus and P. aeruginosa
prosthetic knee infection, to improve the efficacy of suppressive antibiotics, and to
avoid considerable loss of function.



Ultrasound guided local administration of personalized cocktail of
bacteriophages followed by suppressive antibiotherapy as salvage
therapy in patients with relapsing total femur prosthesis infection

30th

Paris, France

18 -21 April 2020

c PHERECYDES
PHARMA

Killing assay
Phagogram

LYON

Conclusions: Ultrasound-guided local administration of personalized cocktail of GMP
bacteriophages followed by suppressive antibiotherapy in patients with relapsing total
femur PJI has the potential to be used as salvage therapy to control the infection and

avoid disarticulation. Dramatic superinfection could be diagnosed at the time of phage
administration.



Intravenous administration of personalized cocktail of bacteriophages as
salvage therapy in combination with ceftazidime/avibactam in patients
with relapsing P. aeruginosa bacteremia: Lesson learned from two cases

1,2
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§ 08
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Hours of incubation

Conclusions: The type of filter used for the magistral preparation and the duration
of the perfusion influenced the phage titer, as the titer in the patient’s blood.
Personalized GMP bacteriophage therapy has the potential to be used as salvage
therapy of P. aeruginosa intravascular implant infections.



Clinical case #5

/4-year-old man
Melanoma treated with anti-PD1

Catheter-related P._aeruginosa
bacteriemia in January 2018

Spinal pain summer 2018

Spondylodiscitis with spinal
abscess

Pandrug-resistant P. aeruginosa
in culture!




Clinical case #5

/4-year-old man

Melanoma treated with anti-PD1
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PHARMA

Ticarcilline + Ac. Clav
Pipéracilline
Pipéracilline + Tazobactam
Ceftazidime
Céfépime

Aztréonam
Imipéneme
Meropeneme
Gentamicine
Tobramycine
Amikacine
Ciprofloxacine
Lévofloxacine
Cotrimoxazole

Colistine
Colistine (Etest)

Ceftolozane-tazobactam (Etest)

bactam (Etest)

The strain was also spontaneously
resistant to GMP bacteriophages

Pseudomonas asruginosa
CMI (mg/)
R (> 64)
R (> 64)
R (> 64)
R (> 32)
R (> 32)
R (> 32)
R (>8)
R (> 8)
R(>8)
R(>8)
R (> 32)
R(>2)
R(>4)

R
s@ — R
S
E-test:1© R

R
E-test : > 256

2
E-test : 64
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Personalized production and administration of bacteriophages: lessons
learned from a unique European academic collaboration to treat a patient
with pandrug-resistant spinal P. aeruginosa infection
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Conclusions: Personalized phage therapy is a potential adjunct treatment for patients
with complex BJl due to pandrug-resistant bacteria. In addition to industrial phages
under development, academic collaborative research is crucial to develop
personalized phage therapy.
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Bacteriophage Lysins

Vincent A Fischetti
@microbephage

@FerryLyon

8, Tristan Ferry Lyon University Hospitals v

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!
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Arthroscopic debridement, antibiotic and implant retention (DAIR) with
local administration of Exebacase (Lysin CF-301) (LysinDAIR) followed by
suppressive tedizolid as salvage therapy in elderly patients for relapsing
multidrug-resistant Staphylococcus epidermidis prosthetic knee infection
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Conclusions: Exebacase has the potential to be used as salvage therapy during
arthroscopic DAIR in patients with relapsing MDR S. epidermidis PKI, to improve the
efficacy of suppressive antibiotics, and to avoid considerable loss of function.
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