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What is a phage?



What is a (bacterio)phage?

oA virus that infects a bacterium, followed by replication
oEssential in balanced ecosystems: phages keep the bacterial

number under control and promote bacterial diversity
oA staggering number of ~1031 bacteriophages, making them

the most abundant biological entity on earth



Enormous diversity of phages

oGenetic code: DNA (abundant) versus RNA (rare), double-
stranded (abundant) versus single-stranded (rare)

oGenome size: from a few thousand to >500 kbp
oPractically endless taxonomic diversity



Enormous diversity of phages

Different morphotypes: myovirus, siphovirus and podovirus



Different replication cycles



7Ernest Hankin, 1896

First observation of phages
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Felix D’Herelle
1917

Frederik Twort
1915

First descriptions of bacteriophages

Ackermann, 2011. First image of phage in 1940 
by Ruska
doi: 10.4161/bact.1.4.17624

Plaques
Bacteria-eaters

Greek ‘phagein’ = eating



Concept of phage therapy
featured by an
autodosing effect

The enemy of our enemy is our friend
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First phage therapy trials

o Chicken typhoid: Before moving to human trials, d’Hérelle 
successfully treated chicken typhoid using phages isolated 
from chicken feces
o Dysentery treatment: In August 1919, d’Hérelle 
administered phage therapy to a boy suffering from severe 
dysentery at the Hospital des Enfants-Malades in Paris
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Emergence and decline of phage therapy

o 1920-1940: Initial success for various bacterial infections and early studies in 
several countries including France, Belgium, US and the Soviet Union; 
commercializations by Eli Lilly, Abbott Laboratories, Bristol-Myers Squibb and 
L’Oréal
o Inconsistent results: a lack of understanding of phage biology and the highly
specific nature resulted in inconsistent outcome
o Production and regulatory issues: standardizing phage preparations proved to be
challenging and phages are incompatible with standard regulatory framework for
therapeutics
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Emergence and decline of phage therapy
o From 1940: Discovery and widespread use of antibiotics that were easier to 
produce 
o 1950-1960: Golden era of antibiotic discovery
o Outcome: In the West, phage therapy was abandoned, while it was continued in 
the Soviet Union and Eastern Europe



Eliava institute
Tblisi

Phage therapy in Georgia



Phage therapy in Georgia



oThe rise of antibiotic resistance has renewed the interest in 
phage therapy in the West

oRapidly growing academic community and increasing
number of SMEs in the field

oAccumulating understanding of phage biology and 
production methods

oHigh level political discussions on regulatory framework for
phage therapy

Phage therapy in Western medicine



oDeclaration of Helsinki: compassionate use -> many
successful case studies, especially with patients having
chronic, antibiotic-resistant infections

Phage therapy in Western medicine

Declaration of Helsinki artikel 37 

“In the treatment of an individual patient, where proven interventions do not exist or other known interventions 
have been ineffective, the physician, after seeking expert advice, with informed consent from the patient or a 
legally authorised representative, may use an unproven intervention if in the physician’s judgement it offers hope 
of saving life, re-establishing health or alleviating suffering. This intervention should subsequently be made the 
object of research, designed to evaluate its safety and efficacy. In all cases, new information must be recorded 
and, where appropriate, made publicly available.”
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1. Declaration of Helsinki: compassionate use -> many
successful case studies, especially with patients having
chronic, antibiotic-resistant infections

2. The magistral phage (pioneered in Belgium)

Phage therapy in Western medicine



2018



Join the Belgian Society for Viruses of Microbes (www.bsvom.be)

http://www.bsvom.be/






1. Phage lysins
2. Phage depolymerases
3. Tailocins

Phage-inspired antibacterials



Phage lysins



Host cell lysis by endolysins



Endolysins as antimicrobials

Gerstmans et al. (2016) Biochem Soc Trans
Briers, Walmagh et al. (2014) AAC

Current status: 

Gram-positive pathogens: successful phase 
1 and 2 clinical trials

Gram-negative pathogens: successful in 
vivo animal studies



Pseudomonas aeruginosa

Briers et al. 2014 AAC



o Lysins are a rapidly acting novel class of antibiotics
o Lysins are highly bactericidal
o Lysins kill persisters
o Lysins kill multidrug-resistant strains
oTunable specificity at genus, species or serovar level
o Lysins do not provoke resistance development
oFit with regulatory framework for biologicals
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Hallmark features of phage lysins
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Successful treatment of pyoderma in dogs

8 days

Lysin
treatment

(EC 2023-086)

Case study with dogs



NEW SPINOFF 

exploits the massive power of
natural bacteriophage lysins

to save the lives of countless patients 
battling life-threatening conditions.



Hit-to-lead development process of small 
molecules in pharmaceutical industry

Library of small molecules
prepared by chemists

High-throughput
screening by biologists

Quantitative
structure-
activity
relationships by
informaticians

Lead characterization
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VersaTile Platform

High-throughput
screening

Design 
Rules

SHUFFLING THE BUILDING 
BLOCKS OF PHAGE LYSINS TO 
MAKE LIBRARIES WITH MILLIONS 
OF PHAGE LYSIN VARIANTS

Lead characterization

Approach



1. Phage lysins
2. Phage depolymerases
3. Tailocins

Phage-inspired antibacterials



Phage depolymerases

Phage receptor-
binding proteins



Phage depolymerases

Roach & Donovan (2015) Bacteriophage

Depolymerases

Capsule

Phage depolymerases are phage 
receptor-binding proteins with 
enzymatic activity degrading the outer 
layers of bacterial cells (capsule, 
exopolysaccharides or LPS)



o Capsule or LPS removal eliminates the virulence of bacteria
o Phage depolymerases do not kill but disarm the cells 
o Phage depolymerases can effectively disrupt biofilms
o Adjuvant potential enhanced standard-of-care antibiotics
o Upon treatment bacteria become more susceptible for serum and 

phagocytosis
o Serogroup specific (sub-species level)
o Successfully evaluated in mice infection models (targeting K. 

pneumoniae, E. coli, A. baumannii, P. aeruginosa,…)
o Fit with regulatory framework for biologicals
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Hallmark features of phage depolymerases



1. Phage lysins
2. Phage depolymerases
3. Tailocins

Phage-inspired antibacterials



Tailocins

Tailocins are morphologically similar to 
bacteriophages but lack a head and 
DNA, and can therefore not replicate.



o They kill cells in a single hit mechanism through membrane
puncturing and membrane potential dissipation

o They are specific on the serotype level (sub-species) depending on 
their receptor-binding protein

o Swapping of the receptor-binding protein in a fixed scaffold allows to
make tailormade tailocins

o They are investigated for human therapy (animal studies with P. 
aeruginosa, B. cepacia), for crop and food protection, and veterinary
applications (e.g. Salmonella)

o Fit with regulatory framework for biologicals
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Hallmark features of tailocins



Bacteriophages offer a non-traditional and rich armentarium
of antibacterials to complement or replace our current

standard-of-care antibiotics, either as full virion therapy
(phage therapy), its proteins (phage lysin or depolymerase 

therapy) or derivatives (tailocin therapy).
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Conclusions



They have a vast diversity of application fields, wherever
bacteria pose a problem

Human therapy
Veterinary therapy

Crop protection
Food conservation

…
44

Conclusions
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