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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

WWII
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• Viral therapy for bacterial infections

• Story of phage therapy is connected to worldwide geopolicital events
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• Failure to implement phage therapy in the west
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S. aureus being lysed
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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
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Développement de la phagothérapie à Lyon

Développement clinique
RCP CRIOAc Thérapies innovantes

RCP Phagothérapie
Validation des indications

Prise en charge des patients
Etudes de cohortes 

Essais thérapeutiques

Recherche et développement
Production de phages publiques

Développement du phagogramme

F. Laurent T. Ferry



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



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)



Clinical case (not published; 31th treated patient)

52-year-old man

Burn (81% of the body surface)

In ICU

Ventilator-associated pneumonia

Pandrug-resistant P. aeruginosa

Treated with imipenem-relebactam

Relapsing VAP with bacteremia



Clinical case (not published; 31th treated patient)



Clinical case (not published; 31th treated patient)

Vibrating
Mesh
nebuliser

Courtesy O. Martin



Clinical case (not published; 34th treated patient)

54-year-old woman

Lung transplantation for end-stage COPD

Bronchectiasis

Iterative P. aeruginosa exacerbations

Requiring oxygen
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Clinical case (not published; 34th treated patient)

Vibrating
Mesh
nebuliser

10,1k

Local?
IV?

views

54-year-old woman

Lung transplantation for end-stage COPD

Bronchectiasis

Iterative P. aeruginosa exacerbations

Requiring oxygen

Local + IV?



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)



Clinical cases (not published; 7th and 10th treated patients)

64-year-old man

Bioprosthetic valve endocarditis
due to P. aeruginosa

Iterative relapses
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Clinical cases (not published; 7th and 10th treated patients)

Sequence n°2



Clinical cases (not published; 7th and 10th treated patients)

FAILURE

Sequence n°2
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Clinical cases (not published; 7th and 10th treated patients)



Clinical cases (not published; 7th and 10th treated patients)



Clinical cases (not published; 7th and 10th treated patients)
No relapse during a follow-up of 2 years



A lot of things are learned from compassionate cases
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Phages have antibiofilm activity
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Synergistic activity

Antibiotic + Phages

Antibiofilm activity!

C. Kolenda et al. Antimicrob Agents Chemother 2019

Phages have antibiofilm activity









Case series procedure called « PhagoDAIR »

#PhagoDAIR
Debridement Antibiotics and Implant Retention



Clinical cases (2nd treated patient)

80-year-old man

Relapsing S. aureus prosthetic left knee
infection (past revision)

Failure

Complex orthopaedic situation with past
femoral fracture

Impossible to walk (painful knee)



Prélèvement

Pas de

descellement

Septic

arthritis

Fistula and

purulent discharge



25

“PhagoDAIR”

One shot peroperative phage 
application after “DAIR” 



“The bacteriophages saved my life, he

insists. I never thought one day to walk

again. And to say that doctors were talking

about cutting my leg off!” R.N.



Management of relapsing infections with
bacterial persistance 30 months after the PhagoDAIR procedure

Under cefalexin as suppressive therapy



Management of relapsing infections with
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Management of relapsing infections with
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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.



SAT
Primary

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



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



72-year-old man

Relapsing P. aeruginosa prosthetic right hip PJI with
femoral osteomyelitis and large abscess

Disarticulation was proposed

Clinical case (not published; 21th treated patients)

Local?
IV?

Local + IV?









1 injection of Cefta/Avi
3 times in a week

T. Ferry et al. SICOT J 2020
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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
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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.

Unique European academic collaboration

Under the supervision of

French Health Authority

T. FERRY et al. 2022



47 patients in Lyon since 2017

• 44 with phages from

• 3 with phages from

• 39 BJI (including 33 PJI)
• 4 endocarditis/vascular graft
• 3 lung infections (VAP + bacteremia, 

pneumonia in lung graft bronchectasia, 
cystic fibrosis exacerbation)

Implementation of a Phage Therapy Center in a CRIOAc

∼80% of the whole patients treated in France

BJI Endocarditis Pneumonia Burn
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½ Multidrug resistance
½ S. aureus
½ P. aeruginosa
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Implementation of a Phage Therapy Center in a CRIOAc

∼80% of the whole patients treated in France

BJI Endocarditis Pneumonia Burn
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Updated

250 km

+ 15 Patients
Treated with Lysins

CF-301 (PJI)

½ Multidrug resistance
½ S. aureus
½ P. aeruginosa

S. epidermidis

Visio RCP CRIOAc
Thérapie innovante

RCP Phagothérapie

Under the supervision of



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
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