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What is a « bacteriophage »? 
• Suffix –phage, phagos φαγεῖν (phagein), "to eat”, “to 

devour"

=> Viruses (DNA or RNA) that infect 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.

Merabishvili et al. PloS ONE 2009



History

Ernest Hanbury Hankin 
Reported in 1896

Frederick Twort
Discovered in 1915

Félix d'Hérelle
The First Clinical 
Application in 1919
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What is a « bacteriophage »? 

Viral therapy for bacterial infections

Þ Each bacteriophage is specific 
to one bacterium

Þ Not decimating the microbiota



Phage therapy – Lytic cycle
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Phage therapy – Lytic cycle

Kingwell Nature 2015

In theory :

Disappearance of the bacterial community

Disappearance of bacteriophages



lytic phages have to be used

Courtesy Pascal Maguin
Luciano Marraffini Lab

S. aureus being lysed by the 
Sa2 phage

Bacterial DNA appeared in green



Antibiofilm activity

T. Ferry. Springer 2023C. Kolenda et al. Antimicrob Agents Chemother 2019



Quality of the bacteriophages cocktail

10e6 phages/mL

Non GMP

10e10 phages/mL

GMP

GMP: Good Manufacturing Practice
with specific purification process



S. aureus

E. Coli
Klebsiella spp. ✕

Enterobacteria Proteus spp.✕
Enterobacter spp.✕
…

Streptococcus

S. pneumonia ✕
S. pyogenes ✕
S. mitis ✕
S. oralis ✕
…

Mycobacteria
M. tuberculosis ✕

M. abcessus ✕
M. avium ✕
…

Anaerobics … ✕

✓
S. epidermidis ✕

Staphylococcus S. haemolyticus ✕
S. caprae ✕
S. … ✕

P. aeruginosa ✓
P. putida ✕

Non-fermenting Acinetobacter spp.✕
Stenotrophomonas spp. ✕
…

✕

Which bacteria?



Hospices Civils de Lyon

Centre Hospitalier 
Villeneuve-St-Georges

Regular use in BJI 
Compasionnate use in BJI 
No use in BJI
non-GMP bacteriophages 
GMP bacteriophages

Brussels

Eliava Institute

Hirszfeld Institute

Current state - Europe 

FERRY T.AMR Control 2018GMP: GoodManufacturing Practice
with specific purification process



Current state - Europe 

Professor Andrzej Górski

Cocktails produced by the Eliava Institute (GEORGIA)

Reine Astrid Hospital



Current state - USA 

Emerging bacteriophages solutions in USA



Current state - China  

l Shanghai Institute of Phage, Shanghai 
Public Health Clinical Center, Fudan 
University, Shanghai

l Zhongshan Hospital, Fudan University, 
Shanghai

l Shanghai Jiao Tong University School 
of Medicine, Shanghai

l Shenzhen Advanced Institute of 

Technology Chinese Academy of 

Sciences, Shenzhen, GuangDong

l Shenzhen Third People’s Hospital, 

Shenzhen, GuangDong

l Chongqing Red Cross Hospital, 
Chongqing

l College of Basic medical Sciences, 
Army Medical University, Chongqing

l The Eighth Medical Center, Chinese 

People's Liberation Army (PLA) 

General Hospital, Beijing

l The First Affiliated Hospital of Xi'an 

Jiao Tong University, Xian, ShanXi

Tong-yu ZHU, Xiao-kui GUO, Bi-jie

HU, Juan BAO, Nan-nan WU

Ying-fei MA, Hong-zhou LU

Li-xin XIE, Wei-hua ZHANG

l Buddhist Tzu Chi General 
Hospital, Tzu Chi 

University, Hualien, 
Taiwan

Li-kuang CHEN

Bing  LIU

Shuai LE

Courtesy of ShengDong YANG



Current state - China  
Shanghai, the origin of phage 

therapy in China
On March 24, 2023, “Chongqing Phage Clinical 

Application Technology Center”

Phage cleaner 
products 

=> 2017 Taiwan 
Innovation Award

Courtesy of ShengDong YANG



Post-trauma
long-bone

osteomyelitis

Surgery
(debridement & reconstruction)

Antibiotics

Chronic
prosthetic-joint

infection

Surgery
(prosthesis explantation)

Antibiotics

Spinal infection
with abscess and
bone destruction

Surgery
(debridement & stabilization)

Antibiotics

Bone and joint infections



Which indications? 

• Complex bone infection with or without implant

• No mechanical problem in the foreground

• Salvage procedure



Which procedures?  CONSERVATIVE ++ 

• Intravenous

• Local injection under ultrasound

• Local injection after DAIR by arthroscopy

• Local injection after DAIR by arthrotomy

+/- flap



Which procedures? 
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Which procedures? 
• Local injection after DAIR by arthrotomy



Combination of several therapies



59 patients in Lyon since 2017
75% of of whole treated patients in France

• 55 with phages from

• 4 with phages from

• 46 BJI (inclusion 38 PJI)
• 10 endocarditis/vascular graft
• 3 lung infections (VAP + bacteremia, 

pneumonia in lung graft bronchectasia, 
cystic fibrosis exacerbation)

+ 14 patients managed outside Lyon
including 1 patient in Sweden and 1 in Switzerland

Implementation of a Phage Therapy Center in a CRIOAc



Phage Therapy in Lyon CRIOAc

Source: T. Ferry



Clinical Case: To avoid Amputation
• 80-year-old man
• Relpasing right knee PJI (S. aureus)
• Failure under suppressive oral therapy
• Candidate for amputation



Clinical Case: To avoid Amputation

Phagogram
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Figure: Determination of the killing activity of 1493, 1815 and 1957 at high MOI against the S. aureus patient’s strain. Optical density was
measured at 600 nm to quantify cell density of the culture. The bacterial concentration over time of the strain without phage is indicated in black.
The bacterial concentration over time of the patient’s strain in the presence of phages 1493, 1815 and 1957 at the highest MOI is indicated in
green, red and blue , respectively.



Clinical Case: To avoid Amputation

1 mL 1 mL 1 mL

Anti-S. aureus Bacteriophages

Phage A Phage B Phage C

Hospital pharmacy



Clinical Case: To avoid Amputation

At the last follow-up 
(>3 years)  with 
suppressive antibiotic

“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.



Clinical Case: Phage with DAC gel

• 52-year-old man
• Severe trauma with left femur

fracture
• Left arm palsy
• Implantation of large tumoral left

knee prosthesis
• 2-stage exchange (multidrug resistant

S. epidermidis infection)
• Relapse 2 years later (S. aureus in a 

collection) 
• Transfemoral amputation was proposed



Clinical Case: Phage with DAC gel



Clinical Case: Phage with DAC gel

Bacteriophages carrier
Prevention of surinfection

+
« Anti-biofilm » activity

Surface

‘DAIR’+ SKIN AND SOFT TISSUE FLAP + antibiotics



Clinical Case: Phage with DAC gel



Clinical Case: Phages by US

62 years old
Sarcoma of the thigh 
=> Radiotherapy
Fracture => Femoral nail
Recurrent infections
S. aureus



Clinical Case: Phages by US

No surgery
Personalized phage cocktail
One injection: Highly purified phage cocktail 109 phages/mL



Clinical Case: Phages by US

Suppressive antibiotic
At 4 years: good outcomes



Clinical Case: Phages because medical contraindication

88-year-old man

Relapsing P. aeruginosa
prosthetic left knee infection
End stage cardiac failure
Contraindicated to open DAIR

Favorable outcome 
at 1 year

2021



T. Ferry et al.

Favorable outcome
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Favorable outcome

at 1 year

T. Ferry et al.



BUT…



Not always possible

Clinical case Mr R. (untreated)
45 years old
Bone resection for a sarcoma
Tumoral prosthesis
Recurrent infection

S. aureus: PHAGORESISTANT
E. coli : NO PHAGE is available



High cost

Very Expensive
100 000 € to treat a patient (one time)

Þ Compassionate treatment in Reference center after
multidisciplinary consultation meeting

Þ Inclusion in Clinical Studies (PhagoDAIR)



Which data for phages?

16 papers:

• 15 case reports

• 1 clinic research

• 42 patients

• Most common 
pathogen : 
Staphylococcus 
aureus

Nov 2023

Aug 2024



Conclusion

• Promising for Complex PJI

=> Salvage procedure
• Well described process 
• But it is not relevant for all bacterial infections
• Expensive - Few scientific data currently - In progress
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