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BACTERIOPHAGES 

FUNDAMENTALS



Félix d’Hérelle

1917

BACTERIOPHAGES?

Coccobacillus acridiorium

1914. Annales de l’Institut Pasteur



SOLIDIFIED GROWTH MEDIUM

SOFT AGAR

PHAGE @ ≠ DILUTIONS 

+ SUSCEPTIBLE STRAIN

TITRATION OF A PHAGE SUSPENSION
DOUBLE-LAYER ASSAY (DLA)



SOLIDIFIED GROWTH MEDIUM

41 PFU x 10 (100µL DEPOSITED) = 410 PFU/mL

 x 108 (DILUTION FACTOR) = 4.1x1010 PHAGES/mL 

SOFT AGAR

PHAGE @ ≠ DILUTIONS 

+ SUSCEPTIBLE STRAIN

TITRATION OF A PHAGE SUSPENSION
DOUBLE-LAYER ASSAY (DLA)

PFU, Plaque Forming Unit



Bacteriophage life cycle
THE ANTIBACTERIAL POWER OF PHAGES



PHAGE CONCENTRATION

SOFT AGAR

+ 1 BACTERIAL STRAIN

TITRATION OF A PHAGE SUSPENSION
DILUTED DROP TEST (DDT) – PHAGOGRAM (SOLID)



PHAGE CONCENTRATION

SOFT AGAR

+ 1 BACTERIAL STRAIN
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ESTIMATION OF THE PHAGE TITER BY PFU COUNTING

TITRATION OF A PHAGE SUSPENSION
DILUTED DROP TEST (DDT) – PHAGOGRAM (SOLID)



• BACTERIAL VIRUSES

• HIGH SPECIES AND STRAIN SPECIFICITY

SO PHAGES ARE

AND HAVE



• 1031 PHAGES ON EARTH = MOST ABUNDANT BIOLOGICAL ENTITY

• 1015-16 IN A HUMAN BODY

• 106/ML IN SURFACE WATERS

• EVERYWHERE THERE ARE BACTERIA!

• MEAN SIZE = 100nm

PHAGES ARE UBIQUITOUS



PHAGES HAVE DIFFERENT SHAPES



>95% OF PHAGES OBSERVED

(>10’000) = Caudovirales

PHAGES HAVE DIFFERENT SHAPES



PHAGES HAVE DIFFERENT SHAPES

Jurczak-Kurek A. et al. 2016. Sci. Rep. 6, 34338.



COLIPHAGE T4 AS MODEL SYSTEM

= Tête

= Génome

= Collier

= Moustaches

= Gaine

= Plateau

= Fibre caudale

= Crochets

adapté de https://microbenotes.com/bacteriophage/



LYTIC CYCLE = LYTIC PHAGES

CYCLE LYSOGENIQUE = PHAGES LYSOGENIQUES OU TEMPERES

PROPHAGE

         integrase         excisionase

PHAGES LIFE CYCLES
LYTIC CYCLE



LYSOGENIC CYCLE = LYSOGENIC OR TEMPERATE PHAGES

PROPHAGE

         integrase         excisionase

PHAGES LIFE CYCLES
LYTIC CYCLE AND LYSOGENIC CYCLE

LYTIC CYCLE = LYTIC PHAGES
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DYNAMICS OF PHAGES-BACTERIA INTERACTION

Faruque SM et al., PNAS, 2005 102 :6119–24
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« KILL THE WINNER »
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DYNAMICS OF PHAGES-BACTERIA INTERACTION

Faruque SM et al., PNAS, 2005 102 :6119–24



PAS DE PHAGES

Oechslin F. et al., JID. 2017; 215(5):703-12 

HOW DO BACTERIA RESIST TO PHAGES?
THE MAIN MECHANISM IN PSEUDOMONAS AERUGINOSA



CHA

CHA LPS 

250kb
galU

CHA LPS

adapted from Schneck et al. 2009. J. R. Soc. Interface. Oct. 6;6: Suppl. 5:S671-8.

Outer membrane

CHA
CHA LPS 

CHA

HOW DO BACTERIA RESIST TO PHAGES?
THE MAIN MECHANISM IN PSEUDOMONAS AERUGINOSA

Oechslin F. et al., JID. 2017; 215(5):703-12 



Huszczynshi SM. et al., Pathognes 2020; 9(6).

GalU

+ UTP
: outer core

: inner core

: lipid A

Glc-1-phosphate

UDP-D-Glc

HOW DO BACTERIA RESIST TO PHAGES?
THE MAIN MECHANISM IN PSEUDOMONAS AERUGINOSA



PHAGE THERAPY



Bacteriophage life cycle

• 5 CHILDREN SUFFERING FORM DYSENTERY (HOPITAL NECKER, PARIS)

➢  NOT PUBLISHED

1919: FIRST HUMAN TREATMENTS



Bacteriophage life cycle

➢ 150 PUBLICATIONS/YEAR (SUCCESSES AND FAILURES)

• TYPHOID FEVER (S. enterica typhi et paratyphi)

• UTI (E. coli)

• DYSENTERY (Shigella)

• PESTIS (Y. pestis)

• CHOLERA (V. cholerae)

•S. aureus AND S. pneumoniae INFECTIONS

1920-1950 : THE GOLDEN AGE



• >3000 PATIENTS/YEAR 

• IMPRESSIVE SUCCESS RATES

1923 : ELIAVA INSTITUTE, TBILISSI, GEORGIA



1949 : PHAGE THERAPY AT CHUV!



1949 : PHAGE THERAPY AT CHUV!



LATE 50’S - EARLY 60’s : THE DECLINE

IN WESTERN COUNTRIES

IN EASTERN COUNTRIES

Iron curtain



"Then there is the danger that the ignorant man may easily under-dose himself and by exposing his 

microbes to non-lethal quantities of the drug make them resistant.”
A. Fleming. Nobel Lecture, Dec. 11, 1945

LATE 90’s – EARLY 21ST CENTURY : THE RENEWED INTEREST IN THE WEST
THE ANTIBIOTIC RESISTANCE CRISIS



LATE 90’s – EARLY 21ST CENTURY : THE RENEWED INTEREST IN THE WEST
THE ANTIBIOTIC RESISTANCE CRISIS

"Then there is the danger that the ignorant man may easily under-dose himself and by exposing his 

microbes to non-lethal quantities of the drug make them resistant.”
A. Fleming. Nobel Lecture, Dec. 11, 1945



LATE 90’s – EARLY 21ST CENTURY : THE RENEWED INTEREST IN THE WEST
THE ANTIBIOTIC RESISTANCE CRISIS

"Then there is the danger that the ignorant man may easily under-dose himself and by exposing his 

microbes to non-lethal quantities of the drug make them resistant.”
A. Fleming. Nobel Lecture, Dec. 11, 1945



Chen et al., Arch. Microbiol., (2023) 205:336

RESISTANCE

LATE 90’s – EARLY 21ST CENTURY : THE RENEWED INTEREST IN THE WEST
THE ANTIBIOTIC RESISTANCE CRISIS



• NATURAL BACTERIAL VIRUSES

• HIGHLY SPECIFIC = SPARE THE MICROBIOME

• KILL MDR BACTERIAL STRAINS

• SYNERGISE WITH ANTIBIOTICS

AND… WE REMEMBERED THE PHAGES!

MDR; MULTI-DRUG RESISTANT



HTTP://PHAGERX.COM

PHAGE THERAPY «TOURISM» TO EASTERN COUNTRIES INCREASED



PHAGES ARE BIOLOGICAL MEDICINES AND SHOULD 

BE EVALUATED ACCORDING TO THE GOOD 

PRACTICES STANDARDS

(GXP: GMP, GCP)

GMP; GOOD MANUFACTURING PRACTICES

GCP; GOOD CLINICAL PRACTICES

IN WESTERN COUNTRIES



➢ THROUGHOUT THE WORLD

• >1700 CLINICAL CASES PUBLISHED (COMPASIONNATE USE)

• >20 RANDOMIZED CLINICAL TRIALS ENROLLING 

IN USA, FRANCE, BELGIUM, DANEMARK, CZECH REPUBLIC, CHINA, ISRAËL, IRAN (CLINICALTRIALS.GOV)

➢ CHUV/UNIL (MARCH 2021) : PhagoCHUV

• COMPASSIONATE USE PROGRAM

CURRENT STATUS



PhagoCHUV - ORGANISATION

PhagoCHUV

Infectious 
Diseases 

Department

Pulmonology 
Department

Laboratory of 
Bacteriophages 

and Phage 
Therapy

Cell Production 
Center (CPC)

Pharmacy

Department

CRISP

➢MULTIDISCIPLINARY PROGRAM 

➢CHUV STRATEGIC PLAN SINCE 2019



SEWAGE

WATER

FILTRATION

SOFT AGAR

PATIENT STRAIN
LIQUID CULTURE

PhagoCHUV

GATHERING A PHAGE BANK

??



WASTEWATER TREATMENT PLAN

SEWAGE

WATER

FILTRATION

SOFT AGAR

PATIENT STRAIN
LIQUID CULTURE

PhagoCHUV

GATHERING A PHAGE BANK



CENTRIFUGATION

FILTRATION

1 PFU = 1 PHAGE

PATIENT STRAIN

GROWTH MEDIUM

PHAGE COLLECTION

IDENTIFIED, TITERED

AND

TRACEABLE

PhagoCHUV

GATHERING A PHAGE BANK

PFU; PLAQUE FORMING UNITS



➢PHAGOGRAM = HOST RANGE

➢PHAGE GENOME SEQUENCING
• INCLUSION CRITERIA

• LYTIC PHAGE = NO GENE CODING FOR INTEGRASES/RECOMBINASES

• NO GENE CODING FOR KNOWN VIRULENCE FACTOR

• NO GENE CODING FOR KNOWN ANTIBIOTIC RESISTANCE DETERMINANTS

➢DEEP ANALYSIS OF THE BIOLOGICAL MATERIAL (THE PHAGE)

PhagoCHUV

PHAGE IDENTIFICATION



Family Pae Eco Aba Kpn Sau Total

Ackermannviridae 0 0 0 2 0 2

Autographiridae 4 7 3 9 0 23

Drexlerviridae 0 1 0 5 0 6

Herelleviridae 0 0 0 0 11 4

Myoviridae 45 10 7 3 0 65

Podoviridae 39 3 9 3 4 57

Siphoviridae 5 6 2 2 3 18

Unclassified 1 0 3 0 12 4

Total 94 27 24 24 30 199

STRAIN Pae MUCO (2023, N=51)

PER PHAGE COVERAGE: 0-28 STRAINS

NON-COVERED STRAINS = 9

PhagoCHUV

CURRENT STATE OF THE CHUV PHAGE COLLECTION



CPC

Purification/productionFinal product

(single phage, SBP)

CPC

Conditioning

Microbiology

Antibiogrammes

    

Patient

Lysates = CBP

“Starting biological 

material”

Phage Lab

Phagograms

Selection & propagation

 ✓

✓

GMP



GMP

PhagoCHUV – PERSONALIZED PHAGE THERAPY

GMP, Good Manufacturing Practices; CBP, Concentrate of BacterioPhages; 

SBP, Suspension of BacterioPhages, CPC, Cell Production Center



PhagoCHUV – MANUFACTURING OF THERAPEUTIC PHAGE SUSPENSIONS

Phage
strain (PWS)

Bacterial 
strain (BWS)

LBAF

Incubation 37°C
Phages – Bacteria

Native Phage 
Lysate

Centrifugation
Frontal Filtration

1st Centrifugation
2nd Centrifugation

1010-14 pfu/ml

CBP
Storage +4°C 

Prepared Phage 
Lysate

LBAF, LB animal free; CBP; Concentrate of BacterioPhages; SBP, Suspension of BacterioPhages 

Laboratory 

of 

bacteriophages



PhagoCHUV – PHAGE SELECTION

PHAGOGRAM IN TURBIDITY ASSAY

MOI, Multiplicity Of Infection = ratio phages/bacteria

ON 

DEMAND



Cell Production Center (CPC)Laboratory of bacteriophages

CBP

stored

2x108-9 pfu/mL

Dilution

Filtration

CBP

diluted Delivery to 

CPC
ON 

DEMAND

2nd Purification

Dilution + Filtration

Dilution

 

Filtration

48 Flacons SBP

1 ml/flask – 108-9 pfu/ml

IV if Endotoxin ≤ 175 EU/ml

Delivery 

to the

clinic

PhagoCHUV – MANUFACTURING OF THERAPEUTIC PHAGE SUSPENSIONS



SWISSMEDIC AUTORISATION FOR PHAGE MANUFACTURE : 23/06/2023

WORLD FIRST!



SINCE 02/2024

- 8 treatments administered to 4 patients (2 CF and 2 osteoarticular infections).

- Autorised by the Cantonal Pharmacist.

- Administration by inhalation (CF) or  IV+locally (osteoarticular infections).

- No side effects.

- No recurrent osteoarticular infection after >1 year (cure).

- CF patients: improvement of quality of life, increase of the interval between hospital stays 
(from 4 to 6 weeks).

- Future planned treatments : 1xDecember 2025 and 1xJanuary 2026 (CF)

TREATMENT OF PATIENTS AT CHUV



FEW MODERN RCTs THAT FAILED TO DEMONSTRATE SUPERIORITY OF PHAGE THERAPY



FEW MODERN RCTs THAT SUCCEEDED TO DEMONSTRATE EFFICACY OF PHAGE THERAPY



WHAT’S NEXT?



Production

Quality
Insurance

Logistic

Quality 
Control

Head of QC

Joëlle V.

Responsable AQ

Sarah S.

Fabienne P. Sandrine B.

Juliette R.Coralie S.

Nathanael B.

Boris Z.

Florence D. D. Sandrine B.

Nilton D.

Fabienne P.

Joëlle V.

Mehdi B.

Head of  Prod.

Stéphanie D.Benjamin G.

THIS WAS POSSIBLE

Jean-François B.

Aurélie M.. Nathalie B.

Sabrina P.. Norah. A.

@ the Lab
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CRISP Unité des affaires réglementaires

Pre. Chantal Csajka Mme Jeanne-Pascale Simon

Service de pneumologie Service des maladies infectieuses

Pr. Christophe von Garnier Pr. Benoît Guery

Pre. Angela Koutsokera

Dre. Georgia Mitropoulou Service de Pharmacie

Dr. Sylvain Blanchon Pr. Farshid Sadeghipour

Dr. Laurent Carrez

WITH A HUGE NETWORK OF COMPETENCES



Microbiology Institute (IMUL) Proteomic Facility (PAF)

Pre. Claire Bertelli Pr. Manfredo Quadroni

Dr. Trestan Pillonel Dr. Patrice Waridel

Dre. Alessia Carrara Mme Séverine Lorrain

Dr. Damien Jacquot

Mme Maria Senra-Ortiz

Pr. Gilbert Greub

WITH A HUGE NETWORK OF COMPETENCES





Faruque et al. PNAS, 2005; 102 :6119–24

DYNAMICS OF PHAGES-BACTERIA INTERACTION

BACTERIA IN PATIENT 
STOOL

PHAGES DANS 
LES SELLES DES PATIENTS

Faruque SM et al., PNAS, 2005 102 :6119–24



Faruque et al. PNAS, 2005; 102 :6119–24

BACTERIA IN PATIENT 
STOOL

PHAGES IN PATIENT 
STOOL

DYNAMICS OF PHAGES-BACTERIA INTERACTION

Faruque SM et al., PNAS, 2005 102 :6119–24
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