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NOT GMP certified
NO (central) MA

Pirnay et al. The Magistral Phage. Viruses. 2018;10(2). pii: E64. 

Belgian magistral phage medicine concept 

Patient

H O S P I T A 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)

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”

P H A G E  
B A N K
Seed lot

• Characterized phages
• Stored using a (tiered) 

banking system



Describes how phage APIs are produced and tested

Phage Active Pharmaceutical Ingredient (API) Monograph



Phage API Monograph 2.0?
New quality controls
Pyrogenicity
Immunogenicity of PTMPs



E-mail: pt@mil.be

Sarah Djebara
Patrick Soentjens

Multidisciplinary patient selection 
process for bacteriophage therapy

170 BT cases



Pirnay et al. Nat. Microbiol. 2024 Jun;9(6):1434-1453. 
“, the development and application of phage 
therapy represent not only a promising but also 
a mandatory alternative approach to tackle this 
major public health threat”

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



35 hospitals

29 cities

12 countries



Intrinsic Limitations

• Different indications and routes of administrations
• No control, blinding or randomization
• Evaluation of efficacy and safety not based on pre-defined

standardized test but on subjective judgement of physicians
• Sample allowing supportive tests in only 21 patients



Infection types Age and gender distribution

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



Targeted bacterial species

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



P.aeruginosa: 11
S.aureus: 11
S.epidermidis: 5
E. Faecalis: 5
M. Morganii:2
E.coli: 1
K.pneumoniae: 1
P.mirabilis:1
Hungatella Hatheaway:1
S. agalactiae:1
S.maltophilia:1
Citrobacter Koseri:1

P.aeruginosa:21
M.abcessus:3
K.pneumoniae:2
S.aureus:2
A.xylosoxidans:2
E.coli:1
P.mirabilis:1
S.maltophilia

12 bacteria
species

1 we->2 we
of treatment

8 bacteria
sepcies

1we-> 6we 
of 
treatment



Combinations of

26 phages
(170 patients → > 70 batches of > 30 phages)

• 13 pre-adaptations required
• Often in combination with antibiotics



Analysis of PT requests

Djebara S. et al. Viruses. 2019;11(3):265.

 > 30 bacterial species
 Geographical variations
 Variations over time

San Diego: 35 species/488 requests Brussels: 31 species/249 requests

Aslam S. et al. Open Forum Infect Dis. 2020; 7(9):ofaa389.

Hundreds of phages!



Trial identifier Design Phase Target clinical indication Targeted bacterial species Phage product Status Sponsor (location)
EudraCT 2004-001691-
39 

R, C, B 1/2 Otitis externa Pseudomonas aeruginosa Biophage-PA, a cocktail with 6 phages Completed Biocontrol, Ltd (UK)

NCT00937274 R, C, B NA Pediatric diarrhea Escherichia coli
T4 phage cocktail with 11 phages and 
Microgen ColiProteus cocktail with 18 phages 

Completed
Société des Produits Nestlé 
(Switzerland)

NCT02116010 R, C, OL 1/2 Burn wound infection P. aeruginosa PP1131, a cocktail of 12 phages Completed Pherecydes Pharma, SA (France)

NCT03140085 R, C, B 2/3 Urinary tract infections
Enterococcus  spp., E. coli, Proteus mirabilis, 
P. aeruginosa , Staphylococcus  spp., and 
Streptococcus  spp.

PYO phage, a complex cocktail with an 
unknown number of phages

Completed
Balgrist University Hospital 
(Switzerland)

NCT04596319 R, C, B 1b/2a
Cystic fibrosis and chronic 
pulmonary infection

P. aeruginosa
AP-PA02, a cocktail with an undiscosed 
number of phages

Completed Armata Pharmaceuticals, Inc (USA)

NCT04737876 R, C, B 1 Healthy adults Klebsiella pneumoniae
BX002-A,  a cocktail with an undiscosed 
number of phages

Completed BiomX, Inc (Israel)

NCT04325685, SGDC-
VAP-1

R, C, B INP Decolonization of the oropharynx INP
Sextaphag, a sterile phage lysate containing an 
undisclosed number of phages

Completed
Northern State Medical University 
(Russian Federation)

NCT05453578 R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa WRAIR-PAM-CF1, a cocktail with 4 phages Recruiting
National Institute of Allergy and 
Infectious Diseases (USA)  

NCT05177107 R, C, B 2a Diabetic foot osteomyelitis Staphylococcus aureus
Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Recruiting
Adaptive Phage Therapeutics, Inc 
(USA)

NCT05184764 R, C, B 1b/2a Bacteremia S. aureus
AP-SA02, a cocktail with an undiscosed 
number of phages

Recruiting Armata Pharmaceuticals, Inc (USA)

NCT05616221 R, C, B 2
Non-cystic fibrosis bronchiectasis 
and chronic pulmonary infection

P. aeruginosa
AP-PA02, a cocktail with an undiscosed 
number of phages

Recruiting Armata Pharmaceuticals, Inc (USA)

NCT03808103 R, C, B 1/2a
Intestinal Adherent Invasive E. coli 
(AIEC) in patients with inactive 
Crohn's disease

Adherent Invasive E. coli (AIEC)
EcoActive, a cocktail with an undiscosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05369104 R, C, B 2
Prosthetic joint infection, at the end 
of DAIR

S. aureus
Phage cocktails PP1493 and/or PP1815 with 
an undisclosed number of phages

Recruiting Pherecydes Pharma, SA (France)

EudraCT 2021-004469-
11

R, C, B 2
Prosthetic joint infection with the 
indication of SAIR and suppressive 
antibiotic therapy

S. aureus
Phage cocktails PP1493 and/or PP1815 with 
an undisclosed number of phages

Ongoing Pherecydes Pharma, SA (France)

NCT05182749 R, C, B 1/2a
Healthy adults and healthy adults 
after a challenge with Shigella

Shigella  spp.
ShigActive, a cocktail with an undisclosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05948592 R, C, B 2b Diabetic foot infection
S. aureus , P. aeruginosa , Acinetobacter 
baumannii

TP-102, a cocktail with an undisclosed number 
of phages

Recruiting Technophage, SA (Portugal)

NCT05715619 R, C, B 1/2a
Decolonization of the 
gastrointestinal tract

Vancomycin-resistant Enterococcus  (VRE)
VRELysin, a cocktail with an undisclosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05010577, EudraCT 
2022-003810-35

R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa
BX004-A, a cocktail with an undiscosed 
number of phages

Active, not recruiting BiomX, Inc (Israel)

NCT02664740 R, C, B 1/2 Infected diabetic foot ulcer S. aureus
Sterile dressing impregnated with a cocktail 
with an undisclosed number of phages

Not yet recruiting
CHU de Nîmes (France) with 
Pherecydes Pharma, SA (France)

NCT05240300 R, C, B 1b/2a Atopic dermatitis S. aureus
BX005-A, a gel containing an undiscosed 
number of phages

Unknown BiomX, Inc (Israel)

NCT04323475 R, C, OL 1 Burn wound infection S. aureus , P. aeruginosa , K. pneumoniae
Phage Cocktail-SPK spray with an undisclosed 
number of phages

Unknown
Precisio Biotix Therapeutics, Inc 
(USA)

NCT04815798 R, C, B 1/2 Colonised pressure ulcer S. aureus , P. aeruginosa , K. pneumoniae
BACTELIDE, a spray of microcapsules loaded 
with an undisclosed number of phages 

Unknown
Precisio Biotix Therapeutics, Inc 
(USA)

NCT04684641 R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa
Yale Phage Therapy (YPT) 01, a cocktail with 
an undiscosed number of phages

Ended after opening 
of OL extension for 
the placebo group

Yale University (USA)

NCT04287478 R, C, OL 1/2 Urinary tract Infection E. coli , K. pneumoniae
Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Terminated due to a 
change in 
development strategy

Adaptive Phage Therapeutics, Inc 
(USA)

NCT05269134 R, C, B 2 Prosthetic joint infection
Staphylococcus  spp., Enterococcus  spp., 
Streptococcus  spp., E. coli , P. aeruginosa , 
K. pneumoniae

Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Withdrawn (sponsor 
decision)

Adaptive Phage Therapeutics, Inc 
(USA)

C, controlled; DAIR,  debridement, antibiotics, and implant retention; OL, open label; R, randomized

Overview of rnadomized controlled trials (RCTs) of phage therapeutics (status on 23 February 2024)  ClinicalTrials.gov, EudraCT,..

 25 RCTs
• 15 active/recuiting
• 7 completed
• 3 terminated

 24 phase 1 and/or 2
 1 phase 2/3 (unsuccessful)

 9 bacterial targets
1. P. aeruginosa: 12
2. S. aureus: 11
3. K. pneumoniae: 5
4. E. coli: 5
5. Enterococcus spp.: 3
6. Streptococcus spp.: 2
7. A. baumannii: 1
8. Shigella: 1
9. Proteus mirabilis: 1

 Limited number of  indications

80%



Van Nieuwenhuyse B. et al: Front Cell Infect Microbiol sept 24 17:14:1354681



Resistance mutations trade-offs

165 AA missing from N terminal 
FimV assembly protein

PNM – Type IV pili

GalU: loss 41 AA
WapR: L162P
WapH: loss of 168 AA

Phage 14-1 – LPS

Phage PT07 – MexXY-OprM 

H87D in GyrA quinolone-resistance 
determining region (QRDR)R994G in mexB

Re-sensitization to fluoroquinolones
Substantial decrease in MIC for ciprofloxacin and levofloxacin

Patient 91

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



Reduced virulence
Galleria mellonella larvae model



Van Nieuwenhuyse B. et al: Front Cell Infect Microbiol sept 24 17:14:1354681



Phage - antibiotic synergy
Colistin 

+
PNMAztreonam

+ 
PNM

Gentamycin
+

PNM

Van Nieuwenhuyse B. et al. Nat Commun. 2022 Sep 29;13(1):5725. 



Eskenazi et al. Nat. Commun. 2022 Jan 18;13(1):302.

Not always…
Colistin 

+
M1

Depends on Phage – Bacterium – Antibiotic 



Phage immune neutralisation

Occurred 6-35 days after initiation
of invasive PT

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.

Depends on Phage – Patient



Phage “training”

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

Missense mutation in the loop region of the hinge
connector of the distal tail fiber protein.

Eskenazi et al. Nat Commun. 2022 Jan 18;13(1):302.

 Increased pathogen clearance 
 Lowered resistance evolution



 Patient with Staphylococcus epidermidis infection
 Staphylococcus aureus phage ISP

 Pre-adaptation (8 rounds) on the patient’s strain

 ISPepi

 Pre-adaptation resulted in 4 missense mutations
 Trade-off: Reduction of host range (3/14  1/14)

Patient strain



Conclusions

• Specific framework for phage therapy
• Standardization of clinical guidelines in a « learn as we go process »
• Clinicians,pharmacists working groups and phage hubs negociated with public 

helath authorities.
• API Monograph 2.0 
• Phagistry implementation
• Unlicenced phage preparation more efficient and less prompt to spread bacterial

phage resistance than phage cocktails. (risk of APDS spread)
• Merchandising drug concept and “Big Pharma” has contributed to the 

marginalization of phage therapy. 
• a return on investment seems impossible with a personalized and constantly evolving 

therapy.
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« Almost none of new antibiotics on the market
have innovative characteristics »

« A combination of incentives may be required and 
continued investment is needed by the EU in push 
incentives »



It’more and more obvious that public authorities and private sector, but also civil society and philanthropic 
foundations will become the financing configurations which, in the very short term, will replace the binary 
“private-public” couple. Enough to further strengthen the weight of private interests in the implementation 
of ambitious public health policy without concrete results on AMR threat





Describes how phage APIs are produced and tested

Phage Active Pharmaceutical Ingredient (API) Monograph



Phage API Monograph 2.0?
New quality controls
Pyrogenicity
Immunogenicity of PTMPs



1-yr-old patient with XDR Pseudomonas aeruginosa septicemia, post-liver transplantation. 

 86 days of intravenous phage therapy with phage PNM.

Van Nieuwenhuyse B. et al. 
Nat Commun. 2022 Sep 29;13(1):5725. 

Cédric Lood

Jeroen Wagemans

Rob Lavigne

Brieuc Van Nieuwenhuyse

WGS showed that four isolates (red circles) emerged that 
expressed BPR. They possessed genetic alterations affecting the 
Type IV pili  complex (PNM receptor).

In vivo emergence of BPR

Phage insensitive mutants: No reduced 
virulence in Galleria mellonella.

Sabrina Green





Results

• Clinical improvement reported in 77% of cases

• Eradication of targeted bacteria in 61% of cases

• 70% less probability of eradication without antibiotics

• Several interesting findings 

Pirnay J.- P., Djebara S.  et al., Nat. Microbiol. 2024 Jun;9(6):1434-1453.



Infection types

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







Trial identifier Design Phase Target clinical indication Targeted bacterial species Phage product Status Sponsor (location)
EudraCT 2004-001691-
39 

R, C, B 1/2 Otitis externa Pseudomonas aeruginosa Biophage-PA, a cocktail with 6 phages Completed Biocontrol, Ltd (UK)

NCT00937274 R, C, B NA Pediatric diarrhea Escherichia coli
T4 phage cocktail with 11 phages and 
Microgen ColiProteus cocktail with 18 phages 

Completed
Société des Produits Nestlé 
(Switzerland)

NCT02116010 R, C, OL 1/2 Burn wound infection P. aeruginosa PP1131, a cocktail of 12 phages Completed Pherecydes Pharma, SA (France)

NCT03140085 R, C, B 2/3 Urinary tract infections
Enterococcus  spp., E. coli, Proteus mirabilis, 
P. aeruginosa , Staphylococcus  spp., and 
Streptococcus  spp.

PYO phage, a complex cocktail with an 
unknown number of phages

Completed
Balgrist University Hospital 
(Switzerland)

NCT04596319 R, C, B 1b/2a
Cystic fibrosis and chronic 
pulmonary infection

P. aeruginosa
AP-PA02, a cocktail with an undiscosed 
number of phages

Completed Armata Pharmaceuticals, Inc (USA)

NCT04737876 R, C, B 1 Healthy adults Klebsiella pneumoniae
BX002-A,  a cocktail with an undiscosed 
number of phages

Completed BiomX, Inc (Israel)

NCT04325685, SGDC-
VAP-1

R, C, B INP Decolonization of the oropharynx INP
Sextaphag, a sterile phage lysate containing an 
undisclosed number of phages

Completed
Northern State Medical University 
(Russian Federation)

NCT05453578 R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa WRAIR-PAM-CF1, a cocktail with 4 phages Recruiting
National Institute of Allergy and 
Infectious Diseases (USA)  

NCT05177107 R, C, B 2a Diabetic foot osteomyelitis Staphylococcus aureus
Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Recruiting
Adaptive Phage Therapeutics, Inc 
(USA)

NCT05184764 R, C, B 1b/2a Bacteremia S. aureus
AP-SA02, a cocktail with an undiscosed 
number of phages

Recruiting Armata Pharmaceuticals, Inc (USA)

NCT05616221 R, C, B 2
Non-cystic fibrosis bronchiectasis 
and chronic pulmonary infection

P. aeruginosa
AP-PA02, a cocktail with an undiscosed 
number of phages

Recruiting Armata Pharmaceuticals, Inc (USA)

NCT03808103 R, C, B 1/2a
Intestinal Adherent Invasive E. coli 
(AIEC) in patients with inactive 
Crohn's disease

Adherent Invasive E. coli (AIEC)
EcoActive, a cocktail with an undiscosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05369104 R, C, B 2
Prosthetic joint infection, at the end 
of DAIR

S. aureus
Phage cocktails PP1493 and/or PP1815 with 
an undisclosed number of phages

Recruiting Pherecydes Pharma, SA (France)

EudraCT 2021-004469-
11

R, C, B 2
Prosthetic joint infection with the 
indication of SAIR and suppressive 
antibiotic therapy

S. aureus
Phage cocktails PP1493 and/or PP1815 with 
an undisclosed number of phages

Ongoing Pherecydes Pharma, SA (France)

NCT05182749 R, C, B 1/2a
Healthy adults and healthy adults 
after a challenge with Shigella

Shigella  spp.
ShigActive, a cocktail with an undisclosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05948592 R, C, B 2b Diabetic foot infection
S. aureus , P. aeruginosa , Acinetobacter 
baumannii

TP-102, a cocktail with an undisclosed number 
of phages

Recruiting Technophage, SA (Portugal)

NCT05715619 R, C, B 1/2a
Decolonization of the 
gastrointestinal tract

Vancomycin-resistant Enterococcus  (VRE)
VRELysin, a cocktail with an undisclosed 
number of phages

Recruiting Intralytix, Inc (USA)

NCT05010577, EudraCT 
2022-003810-35

R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa
BX004-A, a cocktail with an undiscosed 
number of phages

Active, not recruiting BiomX, Inc (Israel)

NCT02664740 R, C, B 1/2 Infected diabetic foot ulcer S. aureus
Sterile dressing impregnated with a cocktail 
with an undisclosed number of phages

Not yet recruiting
CHU de Nîmes (France) with 
Pherecydes Pharma, SA (France)

NCT05240300 R, C, B 1b/2a Atopic dermatitis S. aureus
BX005-A, a gel containing an undiscosed 
number of phages

Unknown BiomX, Inc (Israel)

NCT04323475 R, C, OL 1 Burn wound infection S. aureus , P. aeruginosa , K. pneumoniae
Phage Cocktail-SPK spray with an undisclosed 
number of phages

Unknown
Precisio Biotix Therapeutics, Inc 
(USA)

NCT04815798 R, C, B 1/2 Colonised pressure ulcer S. aureus , P. aeruginosa , K. pneumoniae
BACTELIDE, a spray of microcapsules loaded 
with an undisclosed number of phages 

Unknown
Precisio Biotix Therapeutics, Inc 
(USA)

NCT04684641 R, C, B 1/2 Cystic fibrosis lung infection P. aeruginosa
Yale Phage Therapy (YPT) 01, a cocktail with 
an undiscosed number of phages

Ended after opening 
of OL extension for 
the placebo group

Yale University (USA)

NCT04287478 R, C, OL 1/2 Urinary tract Infection E. coli , K. pneumoniae
Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Terminated due to a 
change in 
development strategy

Adaptive Phage Therapeutics, Inc 
(USA)

NCT05269134 R, C, B 2 Prosthetic joint infection
Staphylococcus  spp., Enterococcus  spp., 
Streptococcus  spp., E. coli , P. aeruginosa , 
K. pneumoniae

Personalised phage therapy dependent on in 
vitro  phage susceptibility testing

Withdrawn (sponsor 
decision)

Adaptive Phage Therapeutics, Inc 
(USA)

C, controlled; DAIR,  debridement, antibiotics, and implant retention; OL, open label; R, randomized

Overview of rnadomized controlled trials (RCTs) of phage therapeutics (status on 23 February 2024)  ClinicalTrials.gov, EudraCT,..

 25 RCTs
• 15 active/recuiting
• 7 completed
• 3 terminated

 24 phase 1 and/or 2
 1 phase 2/3 (unsuccessful)

 9 bacterial targets
1. P. aeruginosa: 12
2. S. aureus: 11
3. K. pneumoniae: 5
4. E. coli: 5
5. Enterococcus spp.: 3
6. Streptococcus spp.: 2
7. A. baumannii: 1
8. Shigella: 1
9. Proteus mirabilis: 1

 Limited number of  indications

80%
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