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Les antibiotiques en systémique
• Rôle important dans la prévention de l�infection de 

prothèse (réduction du risque de plus de 10% à <2%)

– Antibioprophylaxie recommandée (SFAR)

– Efficacité moindre en cas de reprise

– Taux incompressible ? 

• Rôle important dans le traitement de l�infection de 

prothèse :

– Rôle majeur de la chirurgie

– Rôle complémentaire de l�antibiothérapie pour traiter le(s) germe(s) 

retrouvé(s)

– Notion d�antibiothérapie optimale (doses, voie d�administration, 

combinaisons)

– Durée prolongée (> 6 semaines)



Les antibiotiques locaux

• Rôle potentiellement intéressant dans la prévention
de l�infection de prothèse
– Prothèse de 1ère intention ?
– Prothèse de révision ?

• Rôle potentiellement intéressant dans le traitement
de l�infection de prothèse :
– Utilisation de spacer aux antibiotiques dans le changement en 2 temps
– Prothèse cimentée avec du ciment aux antibiotiques lors d’un 

changement en 1 temps



Antibiotiques locaux

Légitime de vouloir agir localement

- Billes de gentamicine
- Chirurgie non optimal
- Faible relargage local
- Sans antibiothérapie systémique

IOA = infection locale

Echec

Acquisition
de résistance

Infectiologue
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Complementarity

En plus des antibiotiques systémiques
Pour obtenir de fortes [C] locales

Rationnel pour l’utilisation 
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Durée de vie des antibiotiques

Temps
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Stratégie médico-chirurgicale au cours des 
infections de PTG

2 semaines
i.v. 

Explantation Réimplantation

3 mois

Per os

Changement
Classique
en 2 temps

Ciments aux 
antibiotiques

Plusieurs objectifs

Spacer articulé
Pour traiter l’infection
Pour prévenir la surinfection
Pour faciliter la rééducation

Ciment utilisé pour la réimplantation
Pour traiter l’infection
Pour prévenir la surinfection
Pour fixer la prothèse
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M. Stravinskas et al. Bone Joint res 2016;5:427–435

CERAMENT G™
Hydroxyapatite
Sulfate de calcium
Gentamicine
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96% guérison

Chirurgie en 1 temps

CERAMENT G™
Hydroxyapatite
Sulfate de calcium
Gentamicine
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CRIOAc network 

First inclusion
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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.

!
"



X millions of ≠
BactériophageS !!!

(ciblant des bactéries
de l’environnement)

108 de TROIS
bactériophages/mL

(ciblant S. aureus)

Préparation
pharmaceutique

10 à 100 fois plus petit qu’une bactérie

Eau du robinet translucide



Bacteriophage ISP (Myoviridae)

Merabishvili et al. PloS ONE 2009

S. aureus

10 à 100 fois plus petit qu’une bactérie



Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being
lysed by the
Sa2 phage

Bacterial DNA 
appeared in 
green

Un claire activité anti-bactérienne !!!



Un claire activité anti-bactérienne !!!

S. aureus culture on a gelosis

1010

109

108

107

106

105 

Phage!
S. aureus
kinetic growth
in liquid
media

+ Phage

Phagogramme

PFU/mL



Cell recognition

DNA injection

Environmental viruses
Target specific bacteria

Ferry T. et al. 2020
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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



At the stage of bone necrosis, it will only succeed in 
stopping the progression of the infec3on, but it will be able to do 
nothing against the dead bone deprived of circula3on; this bone
will become sequestered and the lesion is no longer a ma:er of 
surgery. To do otherwise is to commit, in my opinion, an error of 
therapeu8c indica8on.

1961



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 is no longer a matter of 
surgery. To do otherwise is to commit, in my opinion, an error of 
therapeutic indication.

1961



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

After d’Herelle, the story continued in Lyon



Institut Pasteur
Lyon

Infectious
Disease

clinic
Pr. Bertoye1978

Pathogenic bacteria
from the patient

Active and trained
bacteriophages

Academic collaboration
70 patients/year!

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

80s
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Phages as the Phoenix?

VS.



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 2020
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

Pyrogenic
Bacterial
remnant?



Lancet Infect Dis 2018

Phages anti-P. aeruginosaCOMPASSIONATE 

USE



Phage discovery
to find active 

bacteriophages
against Staphylococci

Phages anti-S. aureus



“Bacterial cells that escape the effects of 
antibiotics without undergoing genetic change”

Persisters in chronic BJI

Courtesy
J. Josse



“Bacterial cells that escape the effects of 
antibiotics without undergoing genetic change”

Conventional
antibiotics

&
“Conservative”

surgery

Persisters in chronic BJI

High risk of relapse
Courtesy
J. Josse



Kingwell et al. Nature 2015

“Bacterial cells that escape the effects of 
antibiotics without undergoing genetic change”

Persisters in chronic BJI



Kingwell et al. Nature 2015

Bacteriophages
have anti-persister activity

“Bacterial cells that escape the effects of 
antibiotics without undergoing genetic change”

Persisters in chronic BJI
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C. Kolenda et al. Antimicrob Agents Chemother 2019

Toxic dose
of vanco
has an

anti-biofilm
activity
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Synergistic activity
Antibiotic + Phages
Antibiofilm activity!

C. Kolenda et al. Antimicrob Agents Chemother 2019



Lyon
Grenoble

Clermont
-Ferrand

Nice

Marseille
Toulouse

Poitiers

Tours
Nantes

Angers
Rennes

Brest

Caen

Amiens

Lille-Tourcoing

Nancy

Strasbourg

Besançon

St-Etienne

CRIOAc coordonateur Centres correspondants

Bordeaux

Nimes

Limoges

Rouen

Reims

Adapted from Ferry T, et al. Orthop Traumatol Surg Res. 2019;105(1):185-190

GUADELOUPE

MARTINIQUE

GUYANE
CORSE

“CRIOAc”
Network

REFERENCE CENTERS FOR THE MANAGEMENT OF BONE AND JOINT INFECTION



Lyon

Grenoble

Clermont
-Ferrand

Nice

Marseill

e

Toulouse

Poitiers

Tours
Nantes

Angers
Rennes

Brest

Caen

Amiens

Nancy

Strasbourg

Besançon

St-Etienne

CRIOAc coordonateur Centres correspondants

Bordeaux

Nimes

Limoges

Rouen

Reims

GUADELOUPE

MARTINIQUE

GUYANE
CORSE

CRIOAc Lyon

http://www.crioac-lyon.fr
@CrioacLyon

Multidisciplinar management of 

the patient

Better understanding of the 

pathophysiology of BJI

Promotion of innovative 

treatments

REFERENCE CENTERS FOR THE MANAGEMENT OF BONE AND JOINT INFECTION

Adapted from Ferry T, et al. Orthop Traumatol Surg Res. 2019;105(1):185-190

http://www.crioac-lyon.fr/
http://www.crioac-lyon.fr/


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.



Phagotherapy and bone and joint infection

?

Kutateladze M. Trends Biotechnol. 2010

Non GMP 
bacteriophages

in liquid form

No « injections »
Iterative oral and local administrations

No action on mechanical problems
No action on soft tissue coverage



Partial bone necrosis
requiring surgery

Patient with a relapsing infection after Phage therapy in Tbilissi

Ferry T.

MAJOR BIOLOGICAL LIMIT:
Bacteriophages have not the 

capacity to perform bone
debridement nor to regenerate

skin and sof tissue

Skin and soft tissue damage 
requiring surgical coverage



80-year-old man
Relapsing MSSA prosthetic left
knee infection (past revision)
Failure under suppressive oral  
antimicrobial therapy
Complex orthopaedic situation 
with past femoral fracture
Impossible to walk (painful knee)

Clinical case #4

Ferry T. et al. 2020



Prélèvement

Pas de
descellement

Septic
arthritis

Fistula and
purulent discharge



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



Prélèvement

Pas de
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“Debridement And Implant 
Retention” (DAIR) 



75



76



25

“PhagoDAIR”

One shot peroperative phage 
application after “DAIR” 

Ferry T. et al. 2020



Post-operative antibiotics:
Daptomycin + Rifampin

At day 4 (only MSSA in all 
intraoperative samples):
Levofloxacin + Rifampin

Then:
Cefalexin as suppressive 
antimicrobial therapy

Clinical case #4



“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.





• Ciment aux antibiotiques
• Pharmacocinétique de libération des antibiotiques
• Synergie des combinaisons
• Ciments commerciaux ≠ Rajout manuel

• Substituts osseux aux antibiotiques
• Pharmacocinétique 
• Haut potentiel dans l’ostéomyélite chronique
• Essai thérapeutique CONVICTION

• Bactériophages - Phagothérapie
• Expertise CRIOAc Lyon
• Phages 2.0 ▶ 19 patients traités en 3 ans
• Indications pertinentes ?
• Besoin d’un centre expert national
• Développer des essais thérapeutique (réseau CRIOAc)

Conclusion

2.0



Coordinator: Tristan Ferry
Infectious Diseases Specialists – Tristan Ferry, Florent Valour, Thomas
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Ode, Adrien Van Haecke, Marcelle Mercier, Vincent Belgaid, Arnaud Walch,
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Clinical Research Assistant – Eugénie Mabrut

Lyon BJI Study group



Croix-Rousse Hospital



SAVE THE DATE!!!

5ème Congrès

national des CRIOAc

À Lyon

Les 20-21-22 octobre 2021 !



http://www.crioac-lyon.fr
- Published cases
- Open acces studies in pdf
- All thesis in pdf
- All recommendations
- Newsletter

@CrioacLyon

http://www.crioac-lyon.fr/

