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Device-related
infections AMR

is a slow motion

TSUNAMI

AMR: Antimicrobial resistance

Two major issues, sometimes combined
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Traitement adjuvant dans les bactériémies à S. aureus



Traitement vs placebo dans les colonisations ou infections urinaires



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

+



What is a bacteriophage?

• Suffix –phage, phagos φαγεῖν (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.
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X million of ≠
BactériophageS !!!

(targeting environmental bacteria)

Translucent tap water

108 of THREE
bacteriophages/mL

(targeting S. aureus)

Phamaceutical
preparation

10 to 100 fold smaller than a bacteria

T. FERRY



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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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



Cell recognition

DNA injection

Environmental viruses
Target specific bacteria
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Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being lysed
by the Sa2 phage

Bacterial DNA appeared in 
green

Only lytic phages have to be used



250 km

IOA Endocardite Pneumonies

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. In press

Number of patients 2017 2018 2019 2020 Total

Managed in CRIOAc Lyon 557 594 647 520 2318

For whom a phagogram was 
performed

7  
(1.2%)

10 
(1.7%)

17 
(2.6%)

23 
(4.4%)

57 
(2.4%)

For whom phage therapy was 
done

4  
(0.7%)

2  
(0.3%)

8  
(1.2%)

7  
(1.3%)

21 
(0.9%)



250 km

29 patients traités aux HCL 
depuis 2017

• 26 avec des phages de

• 3 avec des phages  

• 26 IOA (dont 22 
infections de prothèse)

• 3 endocardites

+ 3 patients accompagnés 
et traités hors HCL

IOA Endocardite Pneumonies

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. In press



ID Clinic

Lab

Under the supervision of

French Health Authority

Phagogram
Selection of active bacteriophages

1 mL 1 mL 1 mL

Active GMP
S. aureus Bactériophages

Phage A Phage B Phage C

Pharmacy

SurgeryLyon Phage team

Extemporaneous
magistral 

preparation of the 
mix of 

bacteriophages



#PhagoDAIR

Case series



Prélèvement

Pas de
descellement

Septic
arthritis

Fistula and
purulent discharge
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“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.

Favorable outcome

at 2 years



T. Ferry et al.

Favorable outcome

at 1 year



T. Ferry et al.



Favorable outcome

at 1 year

T. Ferry et al.



Conclusions: The PhagoDAIR procedure by arthroscopy has the potential to be
used as salvage therapy for patients with P. aeruginosa relapsing PJI, in combination
with suppressive antimicrobial therapy. A Phase II clinical study deserves to be
performed to confirm this hypothesis.

Arthroscopic “Debridement Antibiotics and Implant Retention” with phages to salvage 
Pseudomonas aeruginosa prosthetic knee infection

Phago
DAIR

Favorable outcome at 1 year

2021
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• Pherecydes Pharma
• Phage directory
• Phage community

Where to find phages for clinical use?

?
Under the supervision of

French Health Authority
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• Pherecydes Pharma
• Phage directory
• Phage community

41

Purified academic phages
Usable in the next 5 years

?
Under the supervision of

French Health Authority

Where to find phages for clinical use?
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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
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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. 

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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Microbiology Reviews
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Conclusion

2.0

• Real potential for non-traditional antibacterial therapies

• Distinguish:
• Anti-virulence approaches
• Immunomodulators
• Microbiome-Modifying Therapies
• Phages
• Phage-related therapies (Lysins)

• Phages have a real potential in prosthetic-joint infection
• Need for EMA positioning about the status of phages 
• Need for industrial and academic developement of therapeutic phages (discovery, 

banking, susceptibility testing) in connection with health care authorities
• Need for creation of nation-wide reference centers dedicated to phage therapy
• Need to perform clinical trials to evaluate the ability of these innovations to improve the 

outcome

• Lysins are evaluated in S. aureus bacteremia, but could be also active against 
coagulase-negative staphylococci
• Has also antibiofilm activities (as bacteriophages)
• Has to follow the classical way of a drug
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- Published cases
- Open acces studies in pdf
- All thesis in pdf
- All recommendations
- Newsletter
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Vème congrès national des CRIOAc

http://crioac2021.univ-lyon1.fr
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