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The following case brings up to date the 

concept of local antibiotherapy

Legitimate to want to act locally

- Gentamicin beads

- Non-optimal surgery

- Low local release

- Without systemic antibiotics

BJI = local infection

Acquisition

of resistance and/or

small colony variants

Failure

von Eiff C. et al.

Clin Infect Dis. 1997 

😱



Innovation = local therapy
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39-year-old man

Relapsing P. aeruginosa implant-
associated infection despite
‘DAIR’, and despite implant 
removal

Septic nonunion with persistent 
fully susceptible P. aeruginosa
infection

Clinical case #1

Amputation

Bone resection + 

innovative way to 

treat and rebuild

the bone

VS.

PRO

CON



Clinical case #1

Multidisciplinary decision:

1st step: Bone resection + spacer 

2nd step: Gastrocnemius flap

3rd step: Osteosynthesis + Bone 

reconstruction with CERAMENTTM G and 

CERAMENT™ V + autograft + allograft
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Joint res 2016;5:427–435
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Available in the market as a device

(not as an antibiotic)

But no clinical trials

So no reimbursment
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treatment of chronic 
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bones: randomized 

multicentre study in the 

CRIOAc network 

First inclusion

Q2 2021?T. Ferry (national grant 2019)
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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 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



Cell recognition

DNA injection

Environmental viruses

Target specific bacteria

2020;24(1):49-56

Ferry T. et al.
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A clear antibacterial activity!

Courtesy Pascal Maguin

Luciano Marraffini Lab

S. aureus being

lysed by the

Sa2 phage

Bacterial DNA 

appeared in 

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

Persisters in chronic BJI

Courtesy

J. Josse



Kingwell et al. Nature 2015
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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



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 2021

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

Pyrogenic

Bacterial

remnant?



Ferry T. 2018 Open Forum Infectious Diseases
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#PhagoDAIR



80-year-old man

Relapsing MSSA prosthetic left
knee infection (past revision)

Failure under suppressive 
antimicrobial therapy

Complex orthopaedic situation 
with past femoral fracture

Impossible to walk (painful knee)

Clinical case #2 



Prélèvement

Pas de

descellement

Septic

arthritis

Fistula and

purulent discharge



Clinical case #2

Amputation

(but not feasible !) ?
VS.

PRO

CON

Doing nothing, but poor

clinical situation with risk of 

complication and death

Conservative surgery 

“Debridement And Implant 

Retention” (DAIR) + 

innovative approach to 

disrupt biofilm

+

Suppressive antimicrobial therapy
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Prélèvement

Pas de
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“Debridement And Implant 
Retention” (DAIR) 
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“PhagoDAIR”

One shot peroperative phage 
application after “DAIR” 



Post-operative antibiotics:

Daptomycin + Rifampin

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

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive 
antimicrobial therapy

Clinical case #2



“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.



T. Ferry et al.
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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 local injection of personalized phage

therapy to salvage a relapsing Pseudomonas aeruginosa

prosthetic knee infection

Phago

DAIR

Favorable outcome at 1 year

Submitted
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Conclusion

2.0

• Creation of regional reference centers in France (funded by health 

ministry) transformed the patient approach 

• Personalized clinical care is the base of the pyramid for the 

management of complex BJI with bedside multidisciplinar meeting

• Infectious Disease physicians have potential great roles:

• Can help to keep the function!

• Have to develop and propose adjuvant personalized 

innovative anti-infective agents for selected relevant 

indications

• Phages have a real potential in prosthetic-joint infection

• Need for industrial and academic developement of therapeutic 

phages (discovery, banking, susceptibility testing) in connexion with 

health care authorities

• Need to perform clinical trials to evaluate the ability of these 

innovations to improve the outcome
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