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is a slow motion
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AMR: Antimicrobial resistance

Two major issues, sometimes combined











Bacteria have also their pandemia!

Merabishvili et al. PloS ONE 2009
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Phage therapy is fascinating

• Viral therapy for bacterial infections
• Story of phage therapy is connected to worldwide geopolicital events
• Potential incredible preclinical efficacy
• Failure to implement phage therapy in the west

Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being lysed
by the Sa2 phage

Bacterial DNA 
appeared in green

WWII



Story of phage Therapy
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

T. Ferry
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Eliava Institute (Georgia)

100th anniversary



Eliava Institute (Georgia)



Story of phage Therapy in Lyon
Dr. Emile PESCE
• Medical thesis "Contribution to the study of the treatment of 

furuncles and anthrax by bacteriophage", 1931

Archives from Ferry T. 

“Need for a microbiological analysis to 
select the phage, based on its activity 
on the patient’s strain”
“If microbiological analysis could not be 
done, use fixed cocktail”



Story of phage Therapy in Lyon

Clinique des Maladies Infectieuses, Hôpital de la Croix-Rousse
Hospices Civils de Lyon

Antimicrobial resistance

Meningitis
Skin and soft tissue

Bone and joint infection

Phage banking
Phage training

1958-1960

After d’Herelle, The story continued in Lyon



Lyon Med. 1958 Mar 30;90(13):509-12

Clinique des Maladies Infectieuses et Institut Pasteur de Lyon



Lyon
Pasteur
Institute

Infectious
diseases

clinic
Pr. Bertoye1978

Isolation of the isolates
responsible for the infection

Active and trained
bacteriophages

Technical development
Customisation of treatment

Academic multidisciplinary approach
70 patients/year!

Source: H. De Montclos (Institut Pasteur Lyon) 1986



Previous clinical trials have not « failed »

• Most of them were phase I/IIa/IIb and not phase III
• Phages are particular anti-infective agents (≠ antibiotics)
• Need a specific purification process
• Purified phages or phage cocktails are potentially not stable during time
• High specificity of phages 
• Potential need for a phagogram (like antibiogram) before treatment

Don’t forget the lessons of the past

Respect the experience of the East

Contemporary T. FERRY



Roach et al., 2017, Cell Host & Microbe 22, 38–47

Current Opinion in Virology 2023, 58:101290
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THE MYTHOLOGY
OF PHAGE THERAPY
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Clinical developement
Multidisciplinar meetings

Identifying relevant indications
Managing the patient

Compassionate use
Cohort studies

Pharmacokinetic in humans
Clinical trials

Infectious diseases department
Photo: Tristan Ferry
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Infections ostéoarticulaires ?
Autres indications ?
Infections en réanimation ?
Infections pulmonaires ?
Infections cardiovasculaires ?
Infections en réanimation ? 
Pédiatrie ?

Indications pertinentes vs. non pertinentes

Se limiter aux infections à BMR ?



A large panel of severe bacterial infections
Some positive signals
in these infections

The patient is his “own control”

Follow-up

Under the supervision of

French Health Authority



A large panel of severe bacterial infections

Muskuloskeletal infections
Wound infection
Osteomyelitis, fracture-related infection
Implant-associated bone and joint infection
Prosthetic joint infection

Cardiovascular infections
Endocarditis
Cardiac electronic device infection
Prosthetic-valve endocarditis
Vascular graft infectionLung infections

Ventilator-associated pneumonia
Exacerbation in cystic fibrosis
Exacerbations in bronchiectasis

Urinary tract infections
Pyelonephritis
Ureteral stent-associated infection 

Digestive-tract infections
Typhoid fever, shigellosis
Cholera

Central nervous system infections
Implant-associated meningitis
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Eight weeks of INTRAVENOUS phages (1 injection each 6 hours)



Eight weeks of INTRAVENOUS phages (1 injection each 12 hours)



CYstic Fibrosis bacterioPHage Study at Yale (CYPHY)

Ph 1/2 Study Evaluating Safety and Tolerability of 
Inhaled AP-PA02 in Subjects With Chronic Pseudomonas 
Aeruginosa Lung Infections and Cystic Fibrosis (SWARM-
Pa)

Personalized Phage Treatment in Covid-19 Patients With
Bacterial Co-Infections Microbials for Pneumonia or 
Bacteremia/Septicemia

Etc.
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14 days of INTRAVENOUS phages
(1 injection each 12 hours)



A lot of things are learned from compassionate cases
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Synergistic activity
Antibiotic + Phages
Antibiofilm activity!

C. Kolenda et al. Antimicrob Agents Chemother 2019

Phages have antibiofilm activity



The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

DEDICATED NETWORK
FOR COMPLEX BONE AND JOINT INFECTIONS
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The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

LOCMultidisciplinar meetings (n)
Patients (n)
Complex cases (n)

2014-2020
2021

PATIENT’S RESIDENCE
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The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

New antibiofilm drugs

Antibiotics-loaded cements

Antibiotics-loaded bone substitutes

Subcutaneous suppressive therapies

NTA Non Traditionnal Anti-bacterial therapies (phages and lysins)
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• Dedicated program to phage therapy development 
(Non-Traditional Antibacterials WHO)
• Close relationship with the French health authority
• Integrated in our referral center for complex BJI 
• For patients in dead-end clinical situations or at high 

risk of significant loss of function
• Pharmaceutical grade phages only
• Fulfilling list of quality controls
• Phagogram demonstrating the phage susceptibility
• Use in cocktail (≥ two active phages), with antibiotics
• Prepared by the hospital pharmacist under sterile 

conditions at the time of injection



• Type of BJI in our scope
• Prosthetic joint infections
• BJI with puncturable abscesses

• Type of BJI not in our scope*
• Septic nonunion
• Osteomyelitis 
• Decubitus ulcer with osteomyelitis
• Diabetic foot osteomyelitis 

Reasons*
• Microbiological diagnosis unknown 

before surgery
• Infected bone difficult to access
• No closed anatomic space for phage local 

injection
• Co-infection with other bacteria not 

targeted by phages
• Exposed bone 
• Absorbable CaSO4 bone substitutes are 

more appropriate









A large panel of severe bacterial infections
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Conservative approach: DAIR 
‘Debridement, Antibiotics

and Implant Retention’ 

S. Lustig

BIOFILMACUTE INFECTION

CHRONIC INFECTION

OPEN
DAIR

ARTHROSCOPIC
DAIR

DAIR
+ Suppressive antimicrobial therapy

SAT

2013
Guidelines

2017

Probability
to control
the disease

∼60%
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Clinic
Arthroscopic or open

DAIR



Case series procedure called « PhagoDAIR »

#PhagoDAIR
Debridement Antibiotics and Implant Retention



Clinic

#PhagoDAIR
procedure



Clinic

#PhagoDAIR
procedure

>1 billion of active viruses infecting S. aureus in a syringe



in case of relapse
OR after DAIR if no phages were

available at the time of the DAIR*
OR if no DAIR could be performed

Arthroscopic or open

DAIR

Abstract number: 2508

Clinic



PhagoDAIR I
A Pilot, Multicenter, Randomized, Non-Comparative, Double-Blind Study of

Phage Therapy in Patients with Hip or Knee PJI due to S. aureus
Treated with DAIR and Antibiotic Therapy

Inclusion Criteria
1. S. aureus monomicrobial knee or hip PJI with clinical signs of

infection with indication of DAIR and Suppressive Antibiotics
Therapy (SAT).

2. Phagogram displaying the susceptibility of the strain to at least one
of the anti-Staphylococcus aureus bacteriophages

Primary Objective
To estimate the rate of clinical control of infection at Week 12±2
which will allow to calculate the sample size for future comparative
studies.

Ex-



SATPrimary
antimicrobial
therapy

PhagoDAIR I
A Pilot, Multicenter, Randomized, Non-Comparative, Double-Blind Study of

Phage Therapy in Patients with Hip or Knee PJI due to S. aureus
Treated with DAIR and Antibiotic Therapy

Study design

PhagoDAIR

Salvage procedure

Salvage procedure

Surgery
DAIR

Antibiotics

Placebo



2020

2021

NO SURGERY! 40 doses of exclusive INTRAVENOUS phages (1 injection each weekday)

Single LOCAL injection during DAIR



A Randomized, Double-Blind, Placebo-Controlled, Multicenter
Study to Evaluate the Safety and Efficacy of Phage Therapy
Versus Placebo in Conjunction With DAIR in Patients With
Chronic Prosthetic Joint Infection Who Previously Failed Surgery
for PJI

An Open-Label Multicenter Study to Evaluate the Safety and 
Efficacy of PhageBank™ Phage Therapy in Conjunction With
Debridement, Antibiotics, and Implant Retention (DAIR) for 
Patients With First Time Culture Proven Chronic Prosthetic Joint 
Infection

A Pilot, Multicenter, Randomized, Non-Comparative, Double-
Blind Study of Phage Therapy in Patients with Hip or Knee PJI due 
to S. aureus Treated with DAIR and Antibiotic Therapy

Etc.



Clinical case (3rd treated patient)

88-year-old man
Relapsing P. aeruginosa prosthetic left
knee infection  
End-stage cardiac failure
Contraindicated to open DAIR

Favorable outcome at 1 year

2021

Arthroscopic DAIR with phages to salvage 
P. aeruginosa prosthetic knee infection



in case of relapse
OR if no DAIR could be performed
OR after DAIR if no phages were

available at the time of the DAIR
Arthroscopic or open

DAIR



in case of relapse
OR if no DAIR could be performed
OR after DAIR if no phages were

available at the time of the DAIR
Arthroscopic or open

DAIR

Combination of both
+ daily intravenous injections



Oral antibiotics

IV antibiotics
IV phages

Is PJI treatment
a threesom?

Local therapy
Surgery

No surgery
Arthroscopic DAIR
Open DAIR (SoC)
Prosthesis exchange (SoC)

Local phages



A large panel of severe bacterial infections
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Clinical case (12th treated patient)

74-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!



74-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 (12th treated patient)

The strain was also spontaneously
resistant to bacteriophages !!!



Lyon Phage team

Under the supervision of

French Health Authority

Unique European academic collaboration



Gregory Resch

Lyon Phage team Jean-Paul Pirnay

Unique European academic collaboration

Under the supervision of

French Health Authority



Conclusions: Personalized phage therapy is a potential adjuvant treatment for patients with complex BJI 
due to pandrug-resistant bacteria. In addition to industrial phages under development, academic 
collaborative research is crucial to develop personalized phage therapy.

Favorable outcome

at 22 months

Unique European academic collaboration

Under the supervision of

French Health Authority

T. FERRY et al. 2022



53 patients in Lyon since 2017

• 50 with phages from

• 3 with phages from

• 42 BJI (including 34 PJI)
• 8 endocarditis/vascular graft/

cardiac electronic device infection
• 3 lung infections (VAP + bacteremia, 

pneumonia in lung graft bronchectasia, 
cystic fibrosis exacerbation)

+ 11 patients managed outside Lyon 
including 1 in           and 1 in

Implementation of a Phage Therapy Center in a CRIOAc

Under the supervision of

∼80% of the whole patients treated in France

BJI Endocarditis Pneumonia Burn

FERRY T. et al. 2022
Updated

250 km

+ 15 Patients
Treated with Lysins

CF-310 (PJI)

½ Multidrug resistance
½ S. aureus
½ P. aeruginosa

S. epidermidis

Visio RCP CRIOAc
Thérapie innovante

RCP Phagothérapie
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Lysin

What is a lysin?



What is a lysin?



CF-301

CF-301 is a lysin from a S. aureus phage
Broader spectrum of activity: against S. aureus, but also against coagulase-negative staphylococci



J Infect Dis 2014



2020



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. 

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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Referral center complex BJI

+
Phage therapy center

Phages from the industry
Phages from academic

Lysins from the industry

Dedicated referral activity
Significant number of patients 

Relevant clinical situations

Disruptive approach
Individual

patient benefit
Significant level of
Scientific evidence



The pyramid of bacterial infectious diseases

Frequency

Severe bacterial
infections

Relapsing severe
bacterial
infections

Nonsevere bacterial
infections

+

Phase 1 (n ≈ 20-80)
Phase 2 (n ≈ 100)
Phase 3 (n ≈ 1000)
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National online
multidisciplinar meetings

Dedicated to innovative
anti-infective therapies

HCR.REFERENCE-IOA@chu-lyon.fr



Clinical developement
Multidisciplinar meetings

Identifying relevant indications
Managing the patient

Compassionate use
Cohort studies

Pharmacokinetic in humans
Clinical trials

Infectious diseases department
Photo: Tristan Ferry

Clinic
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Involved bacteria
32 % Staphylococcus aureus
16 % Pseudomonas aeruginosa
6 % Staphylococcus epidermidis

Type of infction
37% Prosthetic-joint infection
27% Other bone and joint infection
8%   Lung infection

Clinic
Phage requests

Source : T. Ferry
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Bone and joint

Endocarditis

Other
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Vascular graft infection

Source : T. Ferry



National online
multidisciplinar meetings

Dedicated to innovative
anti-infective therapies



https://www.chu-lyon.fr/phagotherapie-bacteriophage



Conclusion
• La phagothérapie est une thérapie innovante et réémergente
• Indications paraissant pertinentes : infections pulmonaires, encodardites sur 

prothèse valvulaire, IOAc dont les infections de prothèse articulaire
• En ADJUVANT à l’antibiothérapie (et potentiellement la chirurgie)
• Modalités d’administration doivent être personnalisées en fonction de 

l’expérience clinique, des phages à disposition et de la présentation clinique
• Nécessité d’une mission nationale « CRIOAc thérapie innovante » 

• Pour valider les indications pertinentes de phages/lysines dans les IOA

• Pour orienter les prises en charge vers les essais thérapeutiques
• Ou enfin pour orienter et accompagner le recours à des phages en 

« compassionnel » (nécessité d’une mission nationale « RCP Phagothérapie »
pour préciser les modalités)

• Poser les jalons d’un centre national de phagothérapie

• Conception et réalisation d’essais thérapeutiques

T. FERRY

GHN.avis-phagotherapie@chu-lyon.fr
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