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What is a « bacteriophage »?

e Suffix —phage, phagos payeilv (phagein), "to eat”, “to
devour"

=> Viruses (DNA or RNA) that infect 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.

Merabishvili et al. PloS ONE 2009



History

Ernest Hanbury Hankin
Reported in 1896

Frederick Twort
Discovered in 1915

Félix d Hérelle
The First Clinical
Application in 1919
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History

Figure 1. (A) Felix d'Herelle and George Eliava working at the bacteriophage institute in Tbilisi in the 1930s. (B) The
George Eliava Institute of Bacteriophages, Microbiology, and Virology. (Courtesy of the Eliava Institute)
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What is a « bacteriophage »?

Viral therapy for bacterial infections

—> Each bacteriophage is specific
to one bacterium

—> Not decimating the microbiota




Phage therapy — Lytic cycle

Kingwell Nature 2015



Phage therapy — Lytic cycle
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Figure 1| The phage life cycle. The life cycle of bacteriophages involves: attachment to the Kln g Well Na ture 201 5

bacterial cell; injection of viral DNA; disruption of the bacterial genome; synthesis and assembly
of new phages; bacterial cell lysis and phage release.
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Phage therapy — Lytic cycle

In theory :

Disappearance of the bacterial community

Disappearance of bacteriophages

Kingwell Nature 2015



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




Antibiofilm activity

BACTERIA REPLICATIVE
EMBEDDED IN BIOFILM PLANKTONIC BACTERIA

C. Kolenda et al. Antimicrob Agents Chemother 2019 I. Ferry. Springer 2023



Quality of the bacteriophages cocktail

Non GMP

10e6 phages/mL

PHERECYDES
PHARMA G M P

GMP: Good Manufacturing Practice
with specific purification process 1010 phages/mL



Which bacteria?

Q) PHERECYDES @ € )

T Al M. tuberculosis X
S. aureus J Mycobacteria M. abcessus X
S. epidermidis X M. avium X

Staphylococcus S. haemolyticus x

S. caprae x E Coli %

S... X Klebsiella spp. X

Enterobacteria Proteus spp. X
Enterobacter spp.x

Anaerobics ... X

P. aeruginosa v/ S. pneumonia X
P putida % S. pyogenes X
Acinetobacter spp. X Streptococcus  S. mitis X

Stenotrophomonas spp. X S. oralis x



Current state - Europe

3

Regular use in BJI
Compasionnate use in BJI
No use in BJI

non-GMP bacteriophages
GMP bacteriophages

Centre Hospitalie
Villeneuve-St-George

< 7
' Ny . tute

GMP: Good Manufacturing Practice - (S FERRY T. AMR ContrOI 2018
with specific purification process



I%’i Current state - Europe

Cocktalls produced by the Eliava Institute (GEORGIA)
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Communication
Processing Phage Therapy Requests in a Brussels
Military Hospital: Lessons Identified

Ludwik Hirszfeld
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Current state - USA
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Current state - China
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Current state - China

Shanghz:]i, the qrigia.of phage On March 24, 2023, “Chongging Phage Clinical
therapy in China Application Technology Center”
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Heterogeneous Klebsiella
pneumoniae Co-infections
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Bone and joint infections

Post-trauma
long-bone
osteomyelitis

Surgery
(debridement & reconstruction)

Antibiotics

Chronic
prosthetic-joint
infection

Surgery
(prosthesis explantation

Antibiotics

Spinal infection
with abscess and
bone destruction

Surgery

(debridement & stabilization)

Antibiotics



Which indications?

 Complex bone infection with or without implant
* No mechanical problem in the foreground

e Salvage procedure




Which procedures? CONSERVATIVE ++




Which procedures?

* Local injection under ultrasound
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Which procedures?

* Local injection after DAIR by arthroscopy

Bacterial

identification "20°9ram OUTSIDE SURGERY

Arthrosopic | i | B i T e
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phage selection * *
LOCAL PHAGE THERAPY
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T. Ferry
Personnal point of view




Which procedures?

* Local injection after DAIR by arthrotomy

idomfoation Phagogram OUTSIDE SURGERY

Arthrosopic | , | T e,
oropen| < i /

DAIR

5mL
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a9 . 1+
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LOCAL PHAGE THERAPY

Day X Day X+7 Day X+14

PHAGE:»LYON

T. Ferry
Personnal point of view




Combination of several therapies

Oral antibiotics

Local therapy
IV antibiotics =]/ | Surgery
IV phages Zrifflrjc;g:;\r/)ic DAIR

| i " Open DAIR (SoC)
. /K\ . o Prosthesis exchange (SoC)

Local phages

o



Implementation of a Phage Therapy Center in a CRIOAC
S\L ™" I PHAGELYON

FERRY T. et al. 2022
on1 (3% R@_AC @

O O 59 patients in Lyon since 2017

75% of of whole treated patients in France

Youtube iframe

Updated

® A [+ 55 with phages from O () PHERECYDES
* 4 with phages from
@) —
?) * 46 BJI (inclusion 38 PJI) e
»: * 10 endocarditis/vascular graft # o
\ ‘ * 3 lunginfections (VAP + bacteremia,
JLL pneumonia in lung graft bronchectasia,
o cystic fibrosis exacerbation)
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including 1 patient in Sweden and 1 in Switzerland
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Phage Therapy in Lyon CRIOAC

= Bone and joint

20

Endocarditis

Other
15
o E 250 km
Lung 4 FERRY T. et al. 2022
Updated Youtube iframe
% Vascular graft infection
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5 \

0 l

2017 2018 2019 2020 2021

2022

Source: T. Ferry
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Clinical Case: To avoid Amputation

e 80-year-old man
* Relpasing right knee PJI (S. aureus)

* Failure under suppressive oral therapy
« Candidate for amputation |




Clinical Case: To avoid Amputation

) 1,4
PHERECYDES
PHARMA . =o=1493
—e—1815
1,0
Phagogram c —e-1957
S 08
3 —e—No phage
8 0,6
0,4
0,2
0,0

0 1 2 3 4 5 6 7 8 9 10 11 12
Hours of incubation

Figure: Determination of the killing activity of 1493, 1815 and 1957 at high MOI against the S. aureus patient’s strain. Optical density was
measured at 600 nm to quantify cell density of the culture. The bacterial concentration over time of the strain without phage is indicated in black.
The bacterial concentration over time of the patient’s strain in the presence of phages 1493, 1815 and 1957 at the highest MOI is indicated in
green, red and blue , respectively.



PHERECYDES
PHARMA

Anti-S. aureus Bacteriophages

Phage A Phage B Phage C

—b Hospital pharmacy -

Hospices Civils de Lyon




Clinical Case: To avoid Amputation

At the last follow-up
(>3 years) with
suppressive antibiotic

“The bacteriophages saved my life, he insists.
| never thought one day to walk again. And to
say that doctors were talking about cutting
my leg off!” R.N.




Clinical Case: Phage with DAC gel

52-year-old man

Severe trauma with left femur
fracture

Left arm palsy

Implantation of large tumoral left
knee prosthesis

2-stage exchange (multidrug resistant
S. epidermidis infection)

Relapse 2 years later (S. aureusin a
collection)

Transfemoral amputation was proposed




Clinical Case: Phage with DAC gel




Clinical Case: Phage with DAC gel

‘DAIR’+ SKIN AND SOFT TISSUE FLAP + antibiotics
anNsiMm

nale de sécurité du médicame:
dnpod ts de santé

« Anti-biofilm » activity

PHERECYDES : .
9 PHARMA Bacter_lophages.carrle.:r
Prevention of surinfection




Clinical Case: Phage with DAC gel

PHERECYDES
PHARMA




62 years old

Sarcoma of the thigh

=> Radiotherapy
Fracture => Femoral nail
Recurrent infections

S. aureus




Clinical Case: Phages by US

No surgery
Personalized phage cocktail
One injection: Highly purified phage cocktail 10° phages/mL

.
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Clinical Case: Phages by US

Suppressive antibiotic
At 4 years: good outcomes

E SAJAMBE AP
ONTRE LE CA




Clinical Case: Phages because medical contraindication

? frontiers

in Medicine

Phage 1450

g LOW MOI
15 wmgee Intermediate MOI
«#— High MOI

o No phage
05
00 -+
o 1 2 3 S 8 9 10 11 12

4 s 6 7
Temps (h)

88-year-old man

Relapsing P aeruginosa
prosthetic left knee infection

Do (600nm)

End stage cardiac failure

| Phagogram (Killing assay) |

Contraindicated to open DAIR

E] r"’ &

i

-\

rth roscopic DAIR

A
ent

Left PKI with purul
joint effusion




& frontiers T. Ferry et al.

in Medicine doi: 10.3389/fmed.2020.570572




& frontiers T. Ferry et al.

in Medicine doi: 10.3389/fmed.2020.570572
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BUT...




Not always possible

45 years old
Bone resection for a sarcoma
Tumoral prosthesis

Recurrent infection

S. aureus:

E. coli: is available




High cost

Very Expensive
100 000 € to treat a patient (one time)

— Compassionate treatment in Reference center after
multidisciplinary consultation meeting

—> Inclusion in Clinical Studies (PhagoDAIR)



Which data for phages?

Table 1. Basic information of clinical studies on bacteriophage in PJI

No. Author Year Country Number Patient's Information
of PJI Cender  Age Prosthetic Date of the Bacteria Co-morbidities
1 6 p a p e rS : 1 Ferry etal[18] 2018 France 1 Female 20 6 - Right Hip 201?. £-resi and Methicill diabetes mellitus type 2 and mild
o aureus (fally ible except chronic kidney injury.
* 1 5 casere p (0] rtS Clinical Infectious Diseases gl h
SIDSA - (VR
SUPPLEMENT ARTICLE Infectious Discases Society of America hiv medicine association OXFORD
. . 2 Patey et al[19] 2018 A
* 1 clinic research
. msswcies ws o Phage Therapy as a Novel Therapeutic for the Treatment
of Bone and Joint Infections Nov 2023
. 4 Doub et al[21] 2020 Gina A. Suh,' Tristan Ferry,” and Matthew P. Abdel® OV
. 4 2 p a t I e n t S 5 Ferry etal [22] 2020 France 3 Male 80 2 Left Knee 2015 Methicill: aureus, MSSA parkinson disease, cardiac
International Orthopaedics
/ https://doi.org/10.1007/500264-024-06295-1
6 Ferry etal[23] 2020 H
i Most Com mon 7 Camoetal[24] 2021 REVIEW ‘
s Doub et al [25] 2021 C::—k -
p a t h Oge n : 9 Femryetal[26] 2021 A L]
o venen _ Bacteriophage therapy as an innovative strategy for the treatment of
Staphylococcus b sy aom Periprosthetic Joint Infection: a systematic review
12 Schoeffel et al.[29] 2022
aureus SI'\engS:Iong Yapg:;- Assala Abu Mukh'3 . Elsayed Abdelatif'* - Axel Schmidt'* - Cécile Batailler'-® - Tristan Ferry*® .
k j 13 Racenis et al [30] 2022 q SebaStlen LUStIg -
14 CemetalB3l 2023 Received: 21 July 2024 / Accepted: 24 August 2024
15  Fedorov etal[32] 2023 A ©e1€:Ievf\UIh0r(lSl)y2024 cepte ot A u g 2 O 2 4
Staphylococeus aureus, MSSA: 8
Staphylococcus aureus, MRSA: 1
16 Doub et al [33] 2023 usa 1 Male 69 >3 Left Knee NR Enterococcus faecalis atrial fibrillation, diabetes and

ypertension




 Well described process

Conclusion

Promising for Complex PJI

=> Salvage procedure

ake Phage Great Again

But it is not relevant for all bacterial infections
Expensive - Few scientific data currently - In progress



European
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Thank you
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