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• diffusion des facteurs de résistance aux antibiotiques 
(transduction)

• ajout de nouvelles fonctions au génome de la bactérie, 
« conversion lysogénique ». Ex : Vibrio qui, lysogénisée 
par un phage, cause le choléra

• Usine à produire des protéines dans E. coli

phage tempéré
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• Lyse bactérienne

phage lytique
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In vitro
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Biofilm susceptibility to bacteriophage attack :
the role of phage-borne polysaccharide depolymerase.

Degradation of bacterial capsular polysaccharide 
by a phage-borne glycanase occurs in three stages. 
(1) Phage binds to capsular polysaccharide 
(secondary receptor). 
(2) Phageborne
glycanase degrades polymer until phage reaches 
cell surface. 
(3) Phage binds to primary receptor and infects cell.
Adapted from Lindberg (1977).

Hughes K..Microbiology (1 998), 144,3039-3047
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Kaur S, Harjai K, Chhibber S (2014) Bacteriophage Mediated Killing of Staphylococcus aureus In Vitro on Orthopaedic K Wires in Presence of 
Linezolid Prevents Implant Colonization. PLoS ONE 9(3): e90411. doi:10.1371/journal.pone.0090411

Synergie ATB-linezolide in vitro 
broches métalliques (Kirschner, acier, diamètre 1.5 mm)
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Animal
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Modèle animal : ostéite tibiale sur matériel 
chez le rat

Yilmaz J. Bone Joint Surg Am. 2013;95:117-25

Culture bactérienne quantitative (CFU)
Différence staitiquement sinificative pour les 2 types de bactéries
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Modèle animal : ostéite tibiale sur matériel 
chez le rat

Yilmaz J. Bone Joint Surg Am. 2013;95:117-25

Epaisseur du biofilm (en nm)
Différence significative pour SARM uniquement



M Dupon

Homme
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G. Eliava Institute of Bacteriophages, Microbiology and 
Virology, Tbilisi, Georgia

Kutateladze M. Trends in Biotechnology 2010; 28 ;12:592-5
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Bacteriophage Laboratory, Ludwik Hirszfeld Institute of 
Immunology Experimental Therapy, Wrocław, Poland

e Including prosthetic joint infection (n=8), osteomyelitis (n=21), joint infection (n= 5), osteomyelitis/joint infection 
(n=2), and discitis (n=1).

Miedzybrodzki  R. et al. Clinical Aspects of PhageTherapy. Advances in Virus Research, Volume 83,73-121
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Sécurité PT chez l’homme

Bioinformatic analysis did not reveal undesired genes and a small human
volunteer trial did not associate adverse effects with oral phage exposure. 
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Sécurité et tolérance de la PT chez l’homme
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PHRC national acceptation financement déc 2015 
après expertise
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PHAGOS

Follow-up (1 year)

• Open Randomized clinical trial
• Phase 1/2 multicenter clinical trial based on a Fleming design, to assess the 

safety and efficacy of phagotherapy associated to standard treatment.
• Central coordination (CHU Bordeaux) 

Patients who fufilled criteria for inclusion will be randomized into two arms:
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PHAGOS

INCLUSION 
CRITERIA

 Subjects aged ≥18 years with hip, knee PJI due to staphylococcal infection 
in whom all prosthetic components are removed. 

 hip, knee PJI according to current standard definition with Staphylococci 
isolation before surgical procedure assessed by blood culture, 
arthrocentesis, surgical biopsy.

 Subjects are willing to participate in the study (signed informed consent) 

EXCLUSION 
CRITERIA

 Subjects treated with debridement and prosthesis retention 

 Subjects with polymicrobial hip, knee chronic prosthetic joint infection 

 Pregnant women



M Dupon

PHAGOS

STUDY SIZE

104 patients
* Experimental group, n=69.
* Control group, n=35

NUMBER OF CENTRES PLANNED 20

STUDY DURATION

Duration of the inclusion period : 15 months
Duration of participation of each participant : 12 months
Total study duration: 27 months

Procedures

Cocktails of antistaphylococcal LP will be provided without charges by  
Pherecydes Pharma, 102 avenue Gaston Roussel,93230 Romainville. 
Efficacy of cocktail of LP against Staphylocci isolated from the infected prosthesis
will be tested in vitro before administration and only use if active.
100ml of sterile mixture of saline serum containing 107 LP/ml will be scattered by
the surgeon in the operative field (at the end of the explantation in the osseous
barrels, the articular space and the muscular tissues. A second identical
preparation will be used for a second dispersal just after the reimplantation (for 1-
stage procedure) before the closure ( for both procedures) within the deep plans.
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PHAGOS
Primary outcome
Proportion of patients experiencing grade  2 ,3 and/or 3 adverse events, 3 /months after surgery graded 
on the basis of the Common Terminology Criteria for Adverse Events.
Tolerance of phagotherapy will be assessed by : 
 local tolerance assessed every day up to 21th day 
 systemic tolerance 
 biological tolerance

Secondary outcomes 
1/ Infection-free outcome 
This will be determined as the infection-free interval until one-year after end of treatment. The infection-
free status is defined as absence of clinical local and systemic, laboratory and radiological signs of 
infection. Time (days) for wound healing will be recorded as time to standing and walking.
Functional outcome. The functional assessment will be performed using joint with specific scores and 
with a subjective evaluation of pain using a visual analog pain scale (1-10 points). 
2/ Collection of microbial isolates in order to establish a microbio-bank , with characterization of 
staphylococci involved (conventional CMI of antistaphylococcal antibiotic, induction of biofilm and CMI of 
antibiotic in biofilm assessed by BioFilm Ring Tests and Antibiofilmogramme tests licensed by 
société BioFilm Control.
3/ Collection of serum samples from patients who received phagotherapy taken at day 0, 42 and 84 
in order to establish if antibodies against bacteriophage could be induced.
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PhagoPied
• Comparison of the Efficacy of Standard Treatment Associated 

With Phage Therapy Versus Standard Treatment Plus Placebo 
for Diabetic Foot Ulcers Monoinfected by Staphylococcus 
Aureus: a Randomized, Multi-centre, Controlled, 2-parallel-
group, Double-blind, Superiority Trial 

• Topical anti-Staphylococcus bacteriophage therapy. sterile 
compress dressings impregnated with a phage solution of 107

PFU/ml on days 0, 7 and 14 (unless the wound is already healed, i.e. 
phage solutions are not applied to healed wounds).

• Primary Outcome Measures: The relative reduction in wound 
surface area (%) [ 12 weeks ]

• Secondary Outcome Measures: Immediate Safety [ Day 0, 1 h 
after application of experimental dressing ]

• Phase 1/2 

PHRC-15-239; CHU NIMES; Sotto A. 
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Merci pour votre écoute !


