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T. Ferry et al. Chapter in the book “Infection in Knee Replacement” on behalf of Springer and ISAKOS, 2021
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57-year-old man with chronic osteomyelitis

T. Ferry

Amputation
Pathology: skin carcinoma
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66-year-old woman
Bone resection for tumor

Prosthetic-knee infection
2-stage exchange
Failure in 2002
Lost to follow-up

15 years later
Fistula
End-stage kidney injury

BMJ Case Rep 2018 

Amputation
Haemodyalisis
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Non-Operative Management of Chronic Infections 

• Find the pathogen(s) (surgery or joint puncture or US/CT guided bone biopsies)
• Discuss a conservative surgery:
• Several gold standard samples to find pathogen(s)
• Reduction of the inocula (planktonic)
• Fistulectomy (pathology)

• Start empirical and then primary antimicrobial therapy (6w to 12w)
• Then switch to suppressive antimicrobial therapy (SAT)

Curative surgery not feasible



2017

Some patients may be considered unsuitable for
implant removal, either because they present with too
many baseline conditions, or because a poor
functional outcome is foreseen. In these patients,
prolonged or indefinite antimicrobial therapy aiming
to control the infection may be considered. This
strategy is known as SAT (suppressive antimicrobial
therapy).

Suppressive antimicrobial therapy (SAT)



Clinical Infectious Diseases 2013;56(1):e1–25

2013

Beta-lactam, clindamycin, cotrimoxazole, tetracycline

Suppressive antimicrobial therapy (SAT)



Suppressive antimicrobial therapy (SAT)

Prendki et al. International Journal of Infectious Diseases (2014) 

Potential risk for failure of SAT:
• Fistula
• Comorbidities
• No surgery (conservative surgery)
• No primary antimicrobial therapy
• Duration of primary antimicrobial therapy
• Use of anti-bioflm agent during primary therapy
• Type of drug used for SAT
• Dose used for SAT

Wouthuysen-Bakker et al. J. Bone Joint Infect. 2017
Prendki et al. International Journal of Infectious Diseases. 2014

Ariza J et al. Enferm Infecc Microbiol Clin. 2017
Escudero-Sanchez R et al. Clin Microbiol Infect. 2019

Segreti J et al. Clin Infect Dis. 1998
Sandiford NA et al. Eur J Orthop Surg Traumatol. 2020

Pradier M et al. Infection. 2018

SAT does not 
always prevent

the failure
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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.
• Phages have antibiofilm activity (Lyon in vitro models)
• Use lytic and pharmaceutical-quality phages  (not easily 

available at the present time)

!
"

Hypothesis:
Use of bacteriophages increase

the success rate of SAT



250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. In press

Number of 
patients 2017 2018 2019 2020 Total

Managed in 
CRIOAc Lyon 557 594 647 520 2318

For whom a 
phagogram was 
performed

7  
(1.2%)

10 
(1.7%)

17 
(2.6%)

23 
(4.4%)

57 
(2.4%)

For whom phage 
therapy was done

4  
(0.7%)

2  
(0.3%)

8  
(1.2%)

7  
(1.3%)

21 
(0.9%)



29 patients in Lyon since 2017

• 26 with phages from

• 3 with phages from

• 26 BJI (including 22 PJI)
• 3 endocarditis

+ 3 patients managed outside Lyon

250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. In press



ID Clinic

Lab

Under the supervision of

French Health Authority

Phagogram
Selection of active bacteriophages

1 mL 1 mL 1 mL

Active GMP
S. aureus Bactériophages

Phage A Phage B Phage C

Pharmacy

SurgeryLyon Phage team

Extemporaneous
magistral 

preparation of the 
mix of 

bacteriophages



#PhagoDAIR

Case series

2020

2021



Clinical case (not published; 16th treated patient)

62-year-old woman
Leiomyosarcoma
Radiotherapy
Fracture
Osteosynthesis, soft tissue flap
2-stage exchange of a nail
Recurrent S. aureus infection
Proximal and distal abscesses
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Clinical case
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2-stage exchange of a nail
Recurrent S. aureus infection
Proximal and distal abscesses

X-Ray CT-scan
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No surgery
Personalized phage cocktail
One shot phage injection

Clinical case

Highly purified phage cocktail 109 phages/mL
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Clinical case
No surgery
Personalized phage cocktail
One shot phage injection
Primary then suppressive 
antimicrobial therapy (cephalexin)
Favorable outcome at 12 months

“I acknowledge so much Pr. Ferry 
and the PHAGEinLYON team, thanks 
to them, I save precious time!” 
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TédiSAT study (Oral Session, Dr. PHAM)

2021

Tedizolid
Activity on multidrug-resistant

Gram positive pathogens
1 pill per day
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#OSCAT
Outpatient SubCutaneous Antimicrobial Therapy (OSCAT) as a Measure to
Improve the Quality and Efficiency of Healthcare Delivery for Patients with
Serious Bacterial Infections

Tristan Ferry,1,2,3,4 Thomas P. Lodise,5 Jason Gallagher,6 Emmanuel Forestier,7 Sylvain
Goutelle,8,9 Vincent H. Tam,10 John F. Mohr, III,11 Claire Roubaud-Baudron12,13

2020



Personalized Subcutaneous SAT 

Ceftriaxone, ertapénème, ceftazidime, céfépime



Personalized Subcutaneous SAT 

2020

PharmD, PhD



Clinical case (not published)
83-year-old man
Comorbidity
Prosthetic shoulder infection
Productive fistula
No pain
No loosening of the stem
Serratia Marcesens
No oral option
Ertapenem susceptible

Cambrai

Lyon

633 km



Clinical case (not published)
83-year-old man
Comorbidity
Prosthetic shoulder infection
Productive fistula
No pain
No loosening of the stem
Serratia Marcesens
No oral option
Ertapenem susceptible

T. Ferry



Clinical case
Explantation of the glenoid part

Conversion with a head

83-year-old man
Comorbidity
Prosthetic shoulder infection
Productive fistula
No pain
No loosening of the stem
Serratia Marcesens
No oral option
Ertapenem susceptible



2021
Personalized Subcutaneous SAT 

Ertapenem blood measurement
during primary antimicrobial therapy



2021
Personalized Subcutaneous SAT 

Prediction of ertapenem exposition, depending on host characteristics and MIC

Ertapenem blood measurement 
during primary antimicrobial therapy

Injections only
3 times per week



Dose 
d’ertapénème 
simulée (mg)

Intervalle 
posologique (h)

Durée de 
perfusion 

(h)

Cmin prédite à 
l’équilibre 

(mg/L)

Temps > cible
(CMI x 20

= 3,2 mg/L)
Ratio Cmin/CMI

1000 Lu, Me, Ven 
matin

~0.5 (SC)
5.3 à 48h
2.7 à 72h

100% sur 48h
86% sur 72h

17 à 72h

CMI 
ertapénème
= 0,16 mg/L

Antibiothérapie suppressive SC personnalisée

1g
Monday

Personalized Subcutaneous SAT 

1g
Friday

1g
Wednesday

1g
Monday

1g
Wednesday

1g
Monday

1g
Wednesday

1g
Friday

SAMPLING
Thurday

Feb. 2021

SAMPLING
Thurday

May 2021

Ertapenem blood
Measurement
1, 2, 3, 4
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Clinical case

51

Outcome
3 injections per week



Conclusion

2.0

• Patients with chronic BJI with a fistula
• Need to be treated to avoid complications

• Infectious Disease physicians can:

• Help to keep the function!
• Develop and propose personalized innovative anti-infective 

strategies 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 connection 
with health care authorities

• Personalized suppressive subcutaneous SAT

• Need strong involvement of pharmacologists
• Can help if no oral options are available

• Need to perform clinical trials to evaluate the ability of these 
innovations to improve the outcome
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- Published cases
- Open acces studies in pdf
- All thesis in pdf
- All recommendations
- Newsletter
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Vème congrès national des CRIOAc

56 http://crioac2021.univ-lyon1.fr
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