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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 Français des 
Bactériophages” in Paris
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• Felix d’Herelle
• Institut Pasteur Paris
• He treated shigellosis (diarrhea) in 

children with oral intake of specific 
purified bacteriophages that he found 
in stools of patients who spontaneously 
healed from… shigelosis

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

History of phage therapy



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

Antimicrobial resistance

Meningitis
Skin and soft tissue

Bone and joint

Phage banking
Phage training

1958-1960



Institut Pasteur
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Pr. Bertoye1978

Pathogenic bacteria
from the patient

Active and trained
bacteriophages

Academic collaboration

Source: H. De Montclos (Institut Pasteur Lyon Director) 1986
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Lessons to be learned of phage 
therapy of the 20th century 

Use Good 
Manufecturing 

Practice (GMP) or 
“GMP-like” 

bacteriophages

Pyrogenic 
reaction to 
the phage 
injection
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At the stage of bone necrosis, it will only succeed in 
stopping the progression of the infec7on, but it will be able to do 
nothing against the dead bone deprived of circula7on; this bone
will become sequestered and the lesion only needs surgery. To do 
otherwise is to commit, in my opinion, an error of therapeu6c
indica6on.



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 only needs surgery. To do 
otherwise is to commit, in my opinion, an error of therapeutic
indication.

1961



Partial bone necrosis
requiring surgery

Patient with a relapsing infection after Phage therapy in Tbilissi

Ferry T.

PHAGE THERAPY
CAN NOT REPLACE 

SURGERY

Skin and soft tissue damage 
requiring surgical coverage



Bacteriophage ISP (Myoviridae)

Merabishvili et al. PloS ONE 2009

• PYO Bacteriophage
• FERSIS Bacteriophage
• STAPHYLOCOCCAL Bacteriophage
• SES Bacteriophage
• INTESTI Bacteriophage
• ENKO Bacteriophage

T. Ferry

Cocktails produced in 2019
by the Eliava Institute

T. Ferry. The story of Phage therapy



1010 phages/mL

GMP

106 phages/mL

Not meeting Good Manufacturing Practices (GMP)

T. Ferry. The story of Phage therapy

Mass production of bacteriophages
in Soviet Union during WWII

Purified and 
produced as 

a drug

FOR
CLINICAL TRIALS



Lancet Infect Dis 2018

Phages anti-P. aeruginosaCOMPASSIONATE 

USE



Phage discovery
to find active 

bacteriophages
against Staphylococci

Phages anti-S. aureus
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• Personalize phage therapy in patients with 

severe bacterial infection Sur-mesure
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Lessons to be learned of phage 
therapy of the 20th century

• Academic collaborations (lab. and clinic) to phage 
banking, susceptibility, training and administration

• Particular interest for patients infected with antibiotic-
resistant bacteria

• Do not use it alone in bone and joint infection in 
patients with bone necrosis

• Use GMP or ‘GMP-like’ bacteriophages (IV use)
• “Ready-to-use” phage cocktails for “easy-to-treat” 

bacterial infections (commercial use) Prêt-à-porter
• Personalize phage therapy in patients with 

severe bacterial infection Sur-mesure
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Declaration of Helsinki
Medical Research Involving Human Subjects

2013

In France: compassionate use,
magistral preparation by the hospital pharmacist

• Unproven Interventions in Clinical Practice
• 37. In the treatment of an individual 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, may use an unproven
intervention if in the physician’s judgement it offers
hope of saving life, re-establishing health or alleviating suffering.



Clinical case #4

Amputation
(but not feasible !) ?

Conservative surgery 
“Debridement And Implant 

Retention” (DAIR) + 
innovative approach to 

disrupt biofilm + 
suppressive antimicrobial 

therapy ?

VS.

PRO

CON

Doing nothing, but poor
clinical situation with risk of 

complication and death
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ID Clinic

Lab

Under the supervision of

French Health Authority

Phagogram
Selection of active bacteriophages

1 mL 1 mL 1 mL

Active S. aureus Bactériophages

Phage A Phage B Phage C

Pharmacy
Extemporaneous

magistral 
preparation of the 

mix of 
bacteriophages

Surgery



“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.



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.

‘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

Phago
DAIR

Favorable outcome at 1 year



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

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.



Prélèvement

Pas de
descellement

Clinical case #5
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!



Prélèvement

Pas de
descellement

The strain was also spontaneously
resistant to GMP bacteriophages !!!

Clinical case #5
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!
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Gregory Resch

Lyon Phage team Jean-Paul Pirnay

ATU

French Health Authority

Potential European academic collaborations
Under the supervision of



Conclusions: Personalized phage therapy is a potential adjunct 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.

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

French Health Authority

Under the supervision of



Conclusion
• Crucial need for (alternatives) additional therapies

to antibiotics to maximize clinical success in 
complex bacterial infections

• Phage therapy is a Phoenix
• Don’t forget Lessons from 20th century
• Use and develop GMP bacteriophages (phages 

2.0) 
• Industry / health authority / academic collaborations
• Reference (regional or national) clinical centers to 

determine relevant indications
• Need for Phage banking, Phagogram, Phage 

training to personalized the therapy
• Need for national phage therapy centers
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Conclusion

2.0

• Crucial need for (alternatives) additional therapies
to antibiotics to maximize clinical success in 
complex bacterial infections

• Phage therapy is a Phoenix
• Don’t forget Lessons from 20th century
• Develop and use GMP bacteriophages

(phages 2.0) 
• Industry / health authority / academic collaborations
• Reference (regional or national) clinical centers to 

determine relevant indications
• Need for Phage discovery, banking, 

susceptibility, to personalize the therapy
• Need for national phage therapy center(s)
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