
Pr. Tristan Ferry
tristan.ferry@univ-lyon1.fr

Infectious and Tropical Diseases Unit
Croix-Rousse Hospital , Hospices Civils de Lyon

Claude Bernard Lyon1 University, Lyon

Centre International de Recherche en Infectiologie, CIRI, Inserm U1111, CNRS 
UMR5308, ENS de Lyon, UCBL1, Lyon, France

Centre de Référence des IOA complexes de Lyon (CRIOAc Lyon)

Personalized medicine
for bone and joint infection

@FerryLyon

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


• One of the most difficult-to-treat ID
• Bacterial mechanisms of persistence
• Sequestrum in chronic osteomyelitis
• Implant surface (osteosynthesis, prosthesis)

Chronic bone and joint infection
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Patient with nonunion
(potentially septic)

VS.

PRO

CON

1-stage material exchange, 
bone grafting, antibiotics?

2-stage material
exchange, bone

grafting, 
antibiotics?

1-stage resection
prosthesis

2-stage resection prosthesis
(1st stage with spacer)

Clinical
case #1 

49 y.o. man
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Empirical antimicrobial therapy



Patient with nonunion
(potentially septic)

Clinical
case #1 

49 y.o. man



Use the antibiogram

To target the pathogen

To personnalize the 
antimicrobial therapy:
- Patient’s profile 

(weight, allergy, 
comedication)

- Select an active and 
the most optimal 
regimen 
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Clinical case #2
85-year-old woman
Acute PJI resistant K. pneumoniae
‘DAIR’ & Subcutaneous ertapenem

50 mL
NaCl 9%

Ertapenem
1g

30 min
gravity

infusion

T. Ferry



Clinical case #2
85-year-old woman
Acute PJI resistant K. pneumoniae
‘DAIR’ & Subcutaneous ertapenem

50 mL
NaCl 9%

Ertapenem
1g

30 min
gravity

infusion

Iterative DAIR were required
Persistence of the K. pneumoniae

No explantation
To maintain the function

Ertapenem MIC
0.064 mg/L

PK-based
suppressive therapy

SC injection each 48h

T. Ferry SICOT-J 2020, 6, 26
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Centre de Référence des Infections 
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to develop
personnalized innovative approach

Centre de Référence des Infections 
Ostéo-Articulaires complexes

The norm to manage complex BJI
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ADJUVANT 
INNOVATIVE ANTI-

INFECTIVE AGENTS

Personalized medicine for BJI

Antibiotic-loaded
bone substitutes

Bacteriophages

Bacteriophage-
derived lysins

AntibioticS-loaded
PMMA cements

New antibiotics
targeting the biofilm



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

Ferry T.

Environmental viruses
Target specific bacteria



Antimicrobial
resistance

Virulence
factors

Immune cell
function

suppression

Cell recognition

DNA injection

DNA integration

DNA replication

Protein synthesis

Virion assembly

Bacterial lysis and
release of new virions

Lysogenic cycle
Self-maintained bacterial lysis

Lytic cycle
Bacterial genetic remodeling

Prophage activity

Ferry T.



A clear antibacterial activity!

Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being
lysed by the
Sa2 phage

Bacterial DNA 
appeared in 
green



S. aureus culture on a gelosis

1010

109

108

107

106

105 

Phage
!

S. aureus
kinetic growth
in liquid
media

+ Phage

A clear antibacterial activity!

Phagogram

PFU/mL



“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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vancomycin
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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 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



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.



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 #3 



Prélèvement

Pas de
descellement

Septic
arthritis

Fistula and
purulent discharge



36



Clinical case #3

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

Surgery



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
descellement



“Debridement And Implant 
Retention” (DAIR) 



43



44



25

“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 #3



“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.
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Clinical case #4 



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

• ID 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 if phage therapy improve 
the outcome
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- All thesis in pdf
- All recommendations
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