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Phagothérapie en compassionnel: l’expérience Belge

Jean-Paul Pirnay, hôpital militaire, Bruxelles



Avertissement!

Je ne suis pas francophone



18 years of phage therapy research

Isolation → Characterization → Production → QA/QC → Selection → Therapy

Research laboratory →    Cleanroom facility     →     Pharmacy →    Clinic

Experience/phages
Eliava Institute

Fundamental research
(Inter)national collaborations
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The Eliava Institute
Dedicated to phage therapy since 1923



“The Commission considers that the existing Medicinal Product 
framework is adequate for bacteriophage therapy”

It ’s a Medicine (EU and US)



Follow conventional Medicinal Product licensing pathways

✓ Manufactured according to Good Manufacturing Procedures (GMP)

✓ Preclinical studies

✓ Phase I, II and III clinical trials (randomized controlled trials – RCTs)

✓ (Centralised) Marketing Authorisation



Pirnay JP, Kutter E. Lancet Infect Dis 2020:S1473-3099(20)30464-3. 

Is it a medicine?

It’s a medicine, Jim, but not as 

we know it. Phages have a 

number of peculiarities. 



Peculiarity 1

Phages are species or even strain specific

Do not disturb the patient’s commensal flora

Infecting bacteria need to be known

Problematic, particularly in empiric antimicrobial therapy



Analysis of PT requests

Djebara S. et al. Viruses. 

2019;11(3):265.

▪ >30 sp. 

▪ Geographical variations

▪ Variations in time

P.	aeruginosa	

E.	coli	

B.	Burgdorferi	

S.	aureus	

K.	pneumoniae	

E.	faecalis	

P.	mirabilis	

Achromobacter	spp.	

E.	cloacae	

S.	epidermidis	

M.	abscessus	

M.	avium	

A.	baumannii	

Burkholderia	spp.	

Other	

San Diego: 35 sp./488 req. Brussels: 31 sp./249 req.

Aslam S. et al. Open Forum Infect Dis. 

2020; 7(9):ofaa389.

Hundreds of phages, 

requiring regular updates



PhagoBurn

• RCT

• Defined cocktail of 12 lytic anti-P. aeruginosa 

phages

• The susceptibility of the bacterial strains, 

isolated on day 0, was tested in 10 patients in 

the PT group

• 3/10 patients harboured phage resistant

strains at day 0



Bacteria/phage involved in host/parasite relationship

Phages will not eradicate their hosts

▪ Bacterial phage resistance (BPR) will readily emerge

▪ The patient’s immune system and/or antimicrobials need to
eradicate the bacteria -> Phage antibiotic synergy (PAS)

Phage co-evolve with bacteria!

Peculiarity 2



Example of In vivo emergence of BPR

• 1-yr-old patient with P. aeruginosa septicemia, post-liver transplant -> 86 days PT (IV)

• WGS showed that four isolates (red circles) emerged that expressed BPR. They possessed genetic 
alterations, which affect the development of the Type IV pili complex

• Phage insensitive mutants: No reduced virulence in Galleria mellonella

Van Nieuwenhuyse B. et al. (Manuscript submitted).

Cédric Lood

Jeroen Wagemans

Rob Lavigne

Brieuc Van Nieuwenhuyse
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Example of in vitro PAS

Van Nieuwenhuyse B. et al. (Manuscript submitted).



▪ Phages selected from collections, matched to the infecting bacteria

Phage “Training”

▪ Pre-adapted (trained) to the patient’s bacteria

Friman et al. Evol Biol. 2016; 29(1):188-98. 



• Patient with S. epidermidis infection

• S. aureus phage ISP

• Training (8 rounds of co-evolution using Appelmans’ 

method) on each of 3 clinical S. epidermidis strains

➔ ISPepi

• 48 h lysis without emergence of resistance, and this

at low MOI

• Training resulted in 4 missense mutations

• Reduction of host range (3/14 => 1/14)

Mutations

Host range

Example of “phage training”



Example 2 of “phage training”

Patient with Klebsiella pneumoniae 

osteomyelytis

Missense mutation in the loop region

of the hinge connector of the distal

tail fiber protein

Eskenazi et al. Nat. Comm. In press.



Phage Therapy RCTs

▪ Evaluated definded phage products as stand-alone

therapy – as if they were new ABs

▪ Showed disappointing efficacy, in contrast with: 

• Historical phage therapy applications (e.g. Georgia, Poland,..)

• Recent “western” case studies 

o Positive result publication bias

o Phages as adjunctive therapy (e.g. phage-antibiotic synergy) 

o Selected phages (personalized)

o Pre-adapted (“trained”), or even engineered to be more 

effective

Defined Phage Product RCTs



Two decades of PT 
“renaissance”



No phage medicines
on EU/US markets!

Note: Until the 1990s, Institut Pasteur 
delivered phage preparations in France
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High profile PT cases in the Media



Pressure on MDs to apply PT in 

desperate cases

Jim, I need

phages

NOW!



Belgian magistral phage medicine concept 

P H A G E  
B A N K

Seed lot

• Characterized phages

• Stored using a (tiered) 
banking system

C O N T R O L L E D  
E N V I R O N M E N T

Active 
Pharmaceutical 
Ingredient (API)

• A phage API (single phage) is 
produced using a suitable host

• Produced according to a monograph

• External quality testing based on a 
monograph, performed by a “Belgian 
Approved Laboratory”

H O S P I TA L  
P H A R M A C Y

Magistral
preparation

• Upon prescription

• One or more phage APIs are 
selected (phagogram)

• Phage APIs are mixed with a 
carrier (e.g. a hydrogel)

PatientPirnay et al. The Magistral Phage

Viruses. 2018;10(2). pii: E64 



A “recipe”, which describes how phage APIs are produced and tested

Phage Active Pharmaceutical

Ingredient (API) Monograph





APPROVED



APPROVED



NOT GMP certified
NO central MA



Cleanrooms



Magistral phage preparations



Phage monograph in Ph. Eur

Added to the 2021 work programme
for the European Pharmacopoeia

Verbeken and Pirnay. Curr. Opin. Virol. 2021 Nov 18;52:24-29.



“Personalized” next to “broad spectrum”

Verbeken and Pirnay. Curr. Opin. Virol. 2021 Nov 18;52:24-29.



Increasing number of cases
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pt@mil.be (Sarah Djebara and Patrick Soentjens)



12 countries - 28 cities - 34 hospitals
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Targeted bacterial species
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Enterococcus faecium 

Bacteroides fragilis 

Staphylococcus cohni 

Staphylococcus hominis 

Acinetobacter baumannii 

Proteus mirabilis 

Stenotrophomonas maltophilia 

Enterococcus faecalis 

Mycobacterium abscessus 

Escherichia coli 

Staphylococcus epidermidis 

Klebsiella pneumoniae 

Achromobacter xylosoxidans 

Staphylococcus aureus 

Pseudomonas aeruginosa 

Number of infections 

15 species 17 phages and 6 phage cocktails



Infection types
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Nebulisation

2-4 ml

10^7 – 10^8 pfu/lm

q6h

5 days – 6 weeks

Intralesional

2-70 ml

10^7 – 10^8 pfu/lm

q24h

5 days – 3 weeks

Topical

In excess

10^7 – 10^9 pfu/lm

q24h

5 days – 3 weeks

Nasal spray

1 – 15 ml

10^7 pfu/lm

q8h

1 – 3 weeks

Intravenous (n=18)

50 – 100 ml (6h infusion)

10^6 – 10^7 pfu/ml

q24h

5-10 days



Regulatory context
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Authorisation temporaire d'utilisation (ATU) 

Standard of care with unlicensed medicines 

Art. 37 of the Declaration of Helsinki 

Standard of care with magistral preparations 

Number of patients 

Hospitalised: 78 patients

Ambulatory: 22 patients



Safety and efficacy at a glance
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Clinical improvement (%) 

Microbial eradication (%) 

Adverse reactions possibly linked to

phage therapy (n=5):

• Local redness and pain

• Coughing (nebulisation)

• Abdominal discomfort (intralesional)

• Rash lips (nasal spray)

• Fever (intralesional)
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Transfer of phages or bacteria to Brussels (blue arrows), and from Brussels to other cities (red arrows). Transfer of patients to Brussels (green arrows)        





Pirnay JP. 
Phage Therapy in the Year 2035. 
Front Microbiol. 2020 Jun 3;11:1171. 

The Phuture?

Cell-free and on-site 

production of 

“synthetic phages”
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Thank you!

Bernieviridae

Affordable
Phage Therapy


