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BACTERIOPHAGES 
 The most abundant and ubiquitous organism on Earth 

 104 – 108 / ml particles in aquatic systems 

 109 / g particles in soil 

 1032 particles on Earth 

 > 6300 different bacteriophages discovered and described 

                          6196 bacterial viruses, 88 aracheal viruses 

Small viruses able at killing bacteria while 
they do not affect other cell lines 
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1917 : FELIX D’HERELLE 

 Paris vs Quebec ? (1875 – 1949) 

 Lived in Paris, Lille, Leiden, Montreal 

 Never graduated in Medicine 

 Worked as a microbiologist in Guatemala 

 Travelled around the world 

 Found that locust were killed by Coccobacillus acridorium 

 Found « plaques » in culture of dysentery bacilli 
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D’Herelle F. C R Acad Sci Paris. 1917 
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D’Herelle F. Bull N Y Acad Med.1931 
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1921 

Bruynoghe R, Maisin J. C Soc Biol.1921 

 First report on the use of bacteriophage in human 

 6 patients 

 Anthrax and furoncles 

 Subcutaneous injections of Staphylococcus bacteriophages 

 Various doses 

 Complete recovery of those lesions within 24-48 hours 

 Side effect: fever (for some patients) and local pain 
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Bruynoghe R, Maisin J. C Soc Biol.1921 
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PRO: 

Active against Gram +, Gram -, and MDR bacteria 
Specific for a single bacteria  
Narrow antibacterial spectrum 
Few if any side effects 
Wide distribution upon systemic administration 
Modulation of the inflammatory response 
Costs 
Increased efficacy as compared to antibiotics   

PHAGOTHERAPY 
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 Specific for a single bacteria (that has to be cultured)  
 Narrow antibacterial spectrum 
 Dose ? Route of administration ? Treatment duration ? 
 Lytic phages (Temperate phages ?) 
 Virion solution stability ? 
 Transfer of genetic material from a bacteria to another 
 ORFan genes 
 Bacterial lysis related LPS release 
 Resistance mechanisms 
 Public health insurance do not cover phagotherapy 
 FDA and EMA 

PHAGOTHERAPY 
CON: 
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PHAGOTHERAPY 

RANDOMIZED CONTROLLED TRIALS 
 
OTHER REPORTS 
 
(MY) EXPECTATIONS 
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HUMAN RANDOMIZED TRIALS 
Babalova et al Bacterial dysentry directed prophylactic 

treatment in children 
Zh Mikrobiol Epidemiol 
Immunobiol. 1968 

Carlton R.  
 

PK and safety of an IV phage solution 
against VRE in healthy volunteers (Ia) 

Personal communication 

Bruttin et al Oral T4 phages directed against E.coli in 
15 healthy volunteers 

Antimicrob Agents 
Chemother. 2005 

Wright et al 
 

AB resistant Pseudomonas directed 
phages in patients with chronic otitis 

Clin Otolaryngol. 2009 

Sarker et al 
 

Impact of oral T4 phage cocktail on fecal 
microbiota in healthy volunteers 

Virology. 2012 

Brüssow et al 
 

Safety of oral t4-like phage cocktails in 
children with E.coli diarrhea 

Virology. 2012 

McCallin et al Safety of oral Microgenin®  
5 adults and 5 10y-old children 

Virology. 2013 
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Wittig HJ et al. JAMA.1966; 196(5): 435 

44 children – « infective asthma »  
Randomization: 4 groups 
 
2 groups received weekly injection of 
« staphylococci lysate + 10 billions 
active phages » 
 
Significant decrease in wheezing days 
 
No difference on patient scattergram 
 
No difference in the occurrence of 
positive staphylococcal culture.  
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Babalova  EG et al. Zh Mikrobiol Epidemiol Immunobiol.1968 

 30769 children – 6M-7y 

 1963-64 

 Phages against bacterial dysentery 

 Shigella phages  

 1 oral dose every 7 days 

 Versus placebo 

Clinical: 3.8 fold higher dysentery in the placebo group 

Microbiological: 2.8 fold higher 
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Bruttin et al. AAC.2005 

 15 human volunteers / Nestlé Research Center - Lausanne 

 T4 phages specific for E coli 

 Placebo / Low dose (103 PFU/ml) / High dose (105 PFU/ml) – 3t/d for 2 days 

Prevalence of phage positive stools samples Mean phage stool titer 

 5 mild AE: gastric pain, nausea, increased persitaltism, 1 sore throat 

 No detection in blood, no immune response 
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Sarker SA et al. Virology.2012; 434:222-32 

 15 human volunteers 

 T4 phages cocktail (lytic phages) 

 Placebo / Low dose (107 PFU/ml) / High dose (109 PFU/ml)  

 The 3 treatments in random order – 2 days treatment 

 Phages were detected in 64%, 30%, 28% of stools samples 
respectively  

 1% of the orally administered phages recovered in the stools 

 No side effects  

 No impact on the fecal microbiota 
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Rhoads et al. J Wound Care.2009 

 Wound Care Center, Lubbock, Texas 

 42 patients with chronic venous leg ulcer (> 30 days duration) 

 Phase I, prospective, double blinded study 

 Cocktail phages directed against:  

 

 

 

 No prior sensitivity study 

 No difference in cure rate (interference with the dressing ?) 

 No adverse reaction 

(WPP-201 – Intralytix). 
 E. coli,  

 Staphylococcus aureus,       

 Pseudomonas aeruginosa 

Bacteriophage therapy of venous leg 
ulcers in humans: results of a phase I 

safety trial  
NCT00663091 
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Wright et al. Clin Otolaryngol.2009 
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Wright et al. Clin Otolaryngol.2009 
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400 PFU in 
0,2ml saline 

1,6 x 108 PFU           
in 0,032g ear detritus   

X 106 
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HUMAN REPORTS 

Western experience 
 

Russian experience 
 
Georgian experience 
 
Polish experience 
 
Belgian experience 
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WESTERN CLINICAL DATA 

Phagotehrapy used until the early 90’s 
Various type of infections (skin, orthopaedic, septicemia, 
gastro-intestinal, …) 
Afterwards: some physicians obtained phages from the Eliava 
institute 

FRANCE : 

USA : 
1920’s – 1930’s 
Eaton, Bayton Jones – 1934 

     Krueger, Scribner – 1941  
Staphylococcus aureus – Typhoid fever 

Abedon ST et al. Bacteriophage.2011; 1(2):66-85 
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THE RUSSIAN EXPERIENCE 
Use of phages started in the 1920’s 

    Civilian surgical applications started in the 1930’s 
 

The George Eliava Institute – Tbilissi – Georgia 
    Numerous other Phage Centers accross the USSR 
 

Many animal studies 
 

Political – Linguistic – Cultural barriers 
 

Microgen Pharmaceuticals 
    Microworld Ltd 
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THE RUSSIAN EXPERIENCE 
Dermatology – Beridze – 1938 

 
Ophtalmology – Rodigina – 1938 
 
Urology – Tsulukidze – 1938 
 
Stomatology – Ruchko and Tretyak – 1936 
 
Pediatrics – Alexandrova – 1935 

                        Lurie – 1938 
 
Otolaryngology – Emolieva – 1939 
 
Surgery – Tsulukidze – 1940 and 1941 

 
Chanisvili N. Adv Virus Res.2012 
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THE GEORGIAN EXPERIENCE 
George Eliava (arrested and executed in 1937) 

 
The Eliava Institute of Bacteriophages, Microbiology and Virology 
The Institute of Microbiology Epidemiology and Bacteriophages of the 
All Union Ministry of Health 

     Tbilissi – Georgia 
     1980’s: 1200 people (75% production facilities) 
                  up to 2 tons produced / week (liquid phage preparation) 
     1990’s: Lost its financial support when Georgoa left the USSR 

 
Isolation and characterization of phages against clinical isolates from 
all corners of the USSR 

 
Performed IV phages studies 

 
Intestiphage® / Pyophage® 

 
Cystic Fibrosis National Center in Tbilissi 



Cliniques universitaires Saint-Luc – Nom de l’orateur 
27 

THE POLISH EXPERIENCE 
1st Publication : 1923 
 
Treatment of civilians during WWII 
 
1952: The Ludwig Hirzsfeld Institute of Immunology and 
Experimental Therapy (Wroclaw) 

Production of phages for various clinical centers accross 
Poland 

 
> 2000 patients reported in the literature 

Slopek et al. 1987 
Weber-Dabrowska et al. 2000 
Weber-Dabrowska et al. 2003 

2005:  1st Outpatient Phage Unit  
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Slopek (1987) Weber-Dabrowska 
(2000) 

Weber-Dabrowska 
(2003) 

Patients 
 

550 patients 
1981-1986 

1307 
1987-1999 

94 

Type of Infections Various 
Including septicemia 

Suppurative AB resistant 
infections including 

septicemia 

AB-resistant strains 
induced infections 

Age 1week- 86y-old 

Combined 
treatment?  

72,4% use of phage as 
stand-alone therapy 

71 patients : + AB 
23 patients: phage alone 

Administration Oral and local 
administration 

Oral (and local) 
1 – 12 weeks 

 
 Median:29 days 

Efficacy 75-100% according to 
the type infection  

+ : 85,9% 
Failure : 3,8 % 

Transient improvement 

85,1% success 
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Miedzybrodzki et al. Adv Virus Res.2012 
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Miedzybrodzki et al. Adv Virus Res.2012 
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Miedzybrodzki et al. Adv Virus Res.2012 
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Kutter E et al. Clinical Phage Therapy. In Phage Therapy. Horizonpress.2014 

653 patients : 

Various type of infections 
Various route of administration, including IV and Intra-Arterial 
in case of traumatic osteomyelitis or lung disease. 
Phage cocktail which includes Sb-1 (against Staph. Aureus) 

 
130 patients : Phages alone 

     215 patients: Phages + AB 
     308 patients: No phages 
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Kutter E et al. Clinical Phage Therapy. In Phage Therapy. Horizonpress.2014 

653 patients : 

Various type of infections 
Various route of administration, including IV and Intra-Arterial 
in case of traumatic osteomyelitis or lung disease. 
Phage cocktail which includes Sb-1 (against Staph. Aureus) 

 
130 patients : Phages alone 

     215 patients: Phages + AB 
     308 patients: No phages 

Cure rate: 41,3% 
Cure rate: 77,5% 
Cure rate: 11% 
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Kutter E et al. Curr Pharmac Biotechnol.2010 

 Collaboration: Belgian surgeons and scientists + Phage biologists in Moskow and Tbilissi 

 Phages for Human Applications Group Europe ( www.p-h-a-g-e.org) 

 Burn center – Importance of Pseudomonas infections (Pirnay et al.2003) 
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Rose T et al. Int J Burn.2014; 4(2):66-73 

 Main objective: evaluate the effects of a phage cocktail (BFC-1) in patients with burn 
wound infections due to antibiotic-resistant strains of S.aureus and P.aeruginosa 

 BFC-1: 2 P.aeruginosa phages (14/1 and PNM) and 1 S.aureus phage (ISP) 

 Local administration of a solution in which phages are suspended 

 9 patients / 10 applications  

 Biopsy / Phage application vs usual care // 3 hours / Biopsy 

 Results 

 No change in bacterial loads but … 

 No side effects 
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PHAGE ADMINISTRATION 
Oral 
Rectal 
Parenteral (including intra-venous) 
Topical 

Intra-pleural 
Bladder irriguation 
Direct administration to wounds 

Sprays, aerosols, mouthwash, suppositoires, bandages, eye 
drops, tampons. 

Deresinski S. Clin Infect Dis.2009; 48:1096-1101 
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PHAGOTHERAPY 

MULTI DRUG RESISTANT BACTERIA 
 

VENTILATOR ASSOCIATED PNEUMONIA 
 
HAEMATOLOGIC PATIENTS with FEBRILE 
NEUTROPENIA 
 
CHRONIC INFECTIONS (Bone …) - BIOFILMS 

MY EXPECTATIONS 
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Biswas et al. Infect Immun.2002 

Hung CH et al. Antimicrob Agents Chemother.2011 
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Debarbieux et al. JID.2010 

Intranasal inoculation of 107 pseudomonas 

Treatment with PBS or 
various phage concentrations 
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Debarbieux et al. JID.2010 

Intranasal inoculation of 107 pseudomonas 
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Dufour et al. Crit Care Med. 2015; In press 
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Vandenheuvel D et al. Eur J Pharamac Biopharmac.2013 

Sahota JS et al. J Aerosol Med Pulm Drug Deliver.2015; in press 
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Steven M. Opal  
Professor of Medicine 
Alpert Medical School of Brown University 
Chief Infectious Disease Division 
Pawtucket, RI 

Neutropenic rat model orally colonized with 
Pseudomonas 
Various doses of phages directed against the Ps strain 
given orally after laboratory evidence of Ps colonization 
of gut mucosa by serial fecal cultures 
Effect on mortality and bacterial loads 

NEUTROPENIC PATIENTS 
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Number of subjects with positive gram staining Quantitative culture counts 

Model of tibial infection in rats 
MRSA and Pseudomonas human infection strains 
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Kaur S et al. PLoS One.2014 
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Yosef et al. PNAS.2015 

Drulis-Kawa et al. Curr Med Chem.2015; 22:1757-73 
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ONGOING PROJECTS 

The PHAGOBURN Project (NCT02116010) 
 
Belgian Royal Military Hospital Projects 
 
Institute of Immunology and Experimental 
Therapy of the Polish Academy of Sciences 
(NCT00945087) (12/2005) 
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Phagoburn is a European Research & Development (R&D) project 
funded by the European Commission under the 7th Framework 
Programme for Research and Development.   
Phagoburn is a collaborative 27-months-project launched in June 2013 
and gathering 5 partners from 3 European countries: 

The French Ministry of Defence (Project Coordinator) through its Military Health 
Service and Percy military hospital (its reference burn treatment centre), 
The French biotech SME Pherecydes Pharma, offering solutions based on phage 
therapy technology to better fight infections, 
Clean Cells, French SME with expertise in biosafety testing and characterisation of 
biological products, 
The Royal Military Academy of Belgium, through the Queen Astrid Military Hospital 
and more particularly its burn wound centre, 
The Lausanne Burn Reference Centre (Switzerland), located within the Centre 
Hospitalier Universitaire Vaudois (CHUV). 

Phase I–II clinical trial / Burn infection with E. coli or Pseudomonas aer. 

http://www.defense.gouv.fr/sante
http://www.defense.gouv.fr/sante
http://www.docvadis.fr/brulespercy/index.html
http://www.pherecydes-pharma.com/
http://www.clean-cells.com/en.html
http://www.rma.ac.be/en/
http://www.hopitalmilitaire.be/index.php?lang=fr
http://www.chuv.ch/brulures/brul_home/brul-recherche/brul-axes-recherche/brul-infections_chez_le_patient_brule.htm
http://www.soins-intensifs.chuv.ch/sia_home/sia-recherche/sia-recherche-axes-de-recherche/sia-brulures.htm
http://www.soins-intensifs.chuv.ch/sia_home/sia-recherche/sia-recherche-axes-de-recherche/sia-brulures.htm
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Queen Astrid Military Hospital 
Brussels 

 Placebo controlled multicenter clinical trial 

 Nasal / Throat decontamination of S. aureus or P. aeruginosa 

 ICU patients 

 40 patients are intended to be enrolled 
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Gravitz L. Nature.2012 



Cliniques universitaires Saint-Luc – Nom de l’orateur 
54 

PHAGE APPLICATIONS 

 Treatment of biofilms 

 Veterinary applications 

 Defence in biothreats 

 Control of Pathogens in food systems  

 Phages proteins (lysins …) 

 Phage as delivery vectors 

 Antimicrobials 

Vaccines  
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