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Bacteriophages, bacterial viruses

A. Culley

• Most abundant

biological entities

• Highly diverse

• Found with bacteria



Diversity

www.phage.ulaval.ca

wikipedia



Lytic Phages (dsDNA)

• Regulated 

• Coordinated

• Cycle: < 1 hour

• > 100 new phages/cell.

Bact: 1 2 4 8
Phage: 1 100       104 106



Roles of lytic phages

Enemies

• Block or slowdown bacterial fermentations

• Low-quality products

Friends

• Control of bacterial populations

• Nutrient cycling

• Phage therapy / biocontrol



Block adsorption

Block DNA entry

Cut nucleic acids

• R-M 

• CRISPR-Cas

Bacteria: Several natural defense systems against phages

Abi

BREX

Gabija

CBASS

Retron

Theoris

Etc.
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Cheese 101 !



107 cfu / ml
Lactic acid bacteria

Cheese 101 !

Dennis Romero

Repeated use



Cheese 101 !

XX



Phage analysis and critical control point 

(PACCP)

Samson & Moineau. 2013. Annu. Rev. Food Sci. Technol. 



Samson & Moineau. 2013. Annu. Rev. Food Sci. Technol. 

Phage analysis and critical control point 

(PACCP) 

2. Detection and characterization: Know your enemies



Phage monitoring program

• Biochemical assays

• Plaque assays

• PCR / qPCR

• Microscopy

• Innovations ?

• In-process detection ?



Phage analysis and critical control point 

(PACCP)



Verreault et al. AEM, 2011 

Dissemination



Samson & Moineau. 2013. Annu. Rev. Food Sci. Technol. 

Phage analysis and critical control point 

(PACCP)

3. Control strategies



• 0.13% & 0.25%, peracetic & acetic acids, H2O2, 1-
octanesulfonic acid, octanoic acid))

• Using it in our lab !

• Lab cleaning three times a year

Cleaning

Phage inactivation 

protocol : 

European

standard EN 

13610:2002 

(European

Committee for 

Standardization)



Samson & Moineau. 2013. Annu. Rev. Food Sci. Technol. 

Phage analysis and critical control point 

(PACCP)

3. Control strategies



2023

• One cheese factory
• Use mostly their own starters 

• For 20 years (2001-2020), phage testing + isolation
• 241 unique lactococcal phages were isolated

• 97% Skunavirus genus

• 2% to the P335 group

• 1% to the Ceduovirus genus

• 93 of them were isolated more than once 
• Phage GL 7 isolated 132 times ! 



Dairy phages are specialists
(almost strain specific)

Phages

Lactic Acid Bacteria



Phage receptor-binding proteins

• Spinelli et al., 2006, Nature Struct. Mol. Biol.
• Veesler et al, 2009, J. Biol. Chem.
• Scaltriti et al., 2009, Mol. Microbiol. 
• Sciara et al., 2010, PNAS
• Chapot-Chartier et al. 2010, JBC
• Bebeacua et al., 2013, J. Virol.
• Spinelli et al., 2014, J. Virol.



Phage receptors



Dairy phages are specialists

✓Change / rotate starter cultures 

✓Change bacterial strains

✓Modify bacterial strains



Bacteria
Bacteria + virulent phages

at increasing phage titers

Bacterial lawn Plaque Forming Units (PFU) BIM

Selection of Bacteriophage Insensitive Mutants (BIMs) 



A A

B B

10-1    10-2   10-3   10-4

10-5   10-6    10-7    10-8

BIMs

Wild-type  BIM #1        BIM#2
CRISPR-Cas

Streptococcus thermophilus



CRISPR-Cas in bacteria: 3 steps
Molecular details vary depending on the type and subtype

2007

2010

Adapted from Marraffini





CRISPR-Cas system 

in bacteria
CRISPR-Cas9 Technology



Lau, CRISPR J.



Victoria Gray
Sickle Cell Disease

Carlene Knight
Leber Congenital
Amaurosis

KJ Muldoon
Urea Cycle Disorder
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Félix d’Hérelle Comptes Rendus Acad. Sci. 
165, 373–375



Phages as antibacterials ?

+
• Specific
• Replicate
• Easy/cheap to produce
• Stable
• Natural
• …

-
• Specific
• Resistance
• Toxicity
• IP
• Regulatory
• …



Phage therapy : Belgium > > Canada !

…Here we present the outcomes of a retrospective

observational analysis of the first 100 consecutive

cases of personalized BT of difficult-to-treat

infections facilitated by a Belgian consortium in

35 hospitals, 29 cities and 12 countries during the 

period from 1 January 2008 to 30 April 2022….

…Clinical improvement and eradication of the 

targeted bacteria were reported for 77.2% and 

61.3% of infections, respectively….



First patient treated with phages in Canada in 2023 

Nos al liés

Second patient in 2024 (Ottawa):

Periprosthetic joint infection

Staphylococcus epidermidis



Doré et al. unpublished

Phage screening on E. coli strain from patient



Phages in foods : biocontrol / prevention

Health Canada: Letter of no objection
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Décisions et mises à jour

Sécurité des produits de consommation

Décision d'homologation RD2012-21, Bactériophage de Clavibacter

michiganensis ssp. michiganensis

Agence de réglementation de la lutte antiparasitaire
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(Version PDF - 56 Ko)

Table des matières

Décision d'homologation concernant le bactériophage de Clavibacter michiganensis  (ssp.
michiganensis)
Fondements de la décision d'homologation de Santé Canada

Qu'est-ce que le bactériophage de Clavibacter michiganensis  ssp. michiganensis?
Considérations relatives à la santé
Considérations relatives à l'environnement

Considérations relatives à la valeur
Mesures de réduction des risques
Autres renseignements

Annexe I - Commentaires et réponses

Décision d'homologation concernant le bactériophage de Clavibacter

michiganensis (ssp. michiganensis)

En vertu de la  Loi sur les produits antiparasitaires  et conformément à ses  règlements

d'application, l'Agence de réglementation de la lutte antiparasitaire (ARLA) de Santé Canada
accorde une homologation complète pour la vente et l'utilisation d'AgriPhage-CMM de qualité
technique et d'AgriPhage-CMM, qui contiennent un bactériophage destiné à réprimer le chancre

bactérien causé par Clavibacter michiganensis sous-espèce michiganensis sur les tomates
cultivées en serre.

D'après l'évaluation des renseignements scientifiques mis à sa disposition, l'ARLA juge que, dans
les conditions d'utilisation approuvées, ces produits ont de la valeur et ne présentent aucun
risque inacceptable pour la santé humaine ou l'environnement.

Phages and Heath Canada



• Salmonella (poultry, Canada-Kenya)

• Staphylococcus (cheese, goats, Canada-Kenya)

• Acinetobacter (human, Canada)

• Aeromonas (fish, Canada-Philippines)

• Listeria (packaging, Canada-Industry)

• Ralstonia (tomato plants, Canada-Brazil-USA)

Phages in foods, plants, animals, humans



• Salmonella (poultry, Canada-Kenya)

• Staphylococcus (cheese, goats, Canada-Kenya)

• Acinetobacter (human, Canada)
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Phages in foods, plants, animals, humans
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Why chickens in Kenya ?

• 75% of families have chickens (avg. 13 / household !)

• 8% of the GDP 

• 78% of poultry farmers use antibiotics (80% for treatment)

• 69% of poultry farmers use antibiotics in the last 3 months

• >60% of poultry businesses run by women

• Could phages be used to reduce antibiotic use?



Svitek et al. 2022, ILRI



Objectives of 
the project – 
The roadmap 
toward our 

goal

1
.

2

3
.

4

5
.

6

Isolate Salmonella from 
poultry farms & type strains for 
AMR.

Test phages from the U. 
Laval collection for capacity 
to lyse Kenyan Salmonella 
strains.

Isolate new Salmonella 
phages from Kenya.

Select, produce and test 
phages in a Salmonella 
infection model in 
chicken.

Field trial of phages 
in smallholder 
farms.

Assess the impact 
of phage 
technology & 
adoption by 
women chicken 
farmers.



Phage Hunting in Kenya…
Over 600 samples from +70 farms/slaughterhouses in Kiambu & Nairobi!



First, isolating Salmonella

Genomes sequenced by PacBio & Illumina: under analysis

Why ?
• Protocols ?
• Antibiotics ? 
• Phages ?
• Usual ?

16 confirmed strains



Then, isolating phages…

▪ # samples screened for phages: 631 (61 chicken farms / 4 slaughterhouses)
• 459 samples from chicken droppings
• 114 samples from water sources 
• 58 from environmental swabs 

Chicken feces 
from poultry 
farms

Overnight 
culture

Filtering Spotting crude 
lysates on Salmonella

▪Salmonella-phage + samples: 425
▪Plaque-purified phages: 67



New Salmonella 
Phages!

• 59 new phages (out of 67)

• 17 clusters phages

• 4 Major Groups (Genera)

• Similar to other known phages

• No virulence or AMR genes 

Jerseyvirus         Tequintavirus     Zindervirus        Dhillonvirus  

+
32

www.phage.ulaval.ca

Gunathilake et al. 2024. Microbiol. Spectr.



Need to design 
a phage « cocktail »  to 
limit phage resistance

ΦA

ΦB

ΦC

3 phages

MOI 0.1      1           10



Which phages survive the harsh environment found 
in the chicken GIT ?

Phages Total Score

ILRI_K47 46

ILRI_K1 54

ILRI_K6 55

ILRI_K3 68

ILRI_K22 68

ILRI_K9 77

ILRI_K26 82

ILRI_K11 83

ILRI_K24 84

ILRI_K14 98

Simulated Gastric and Intestinal Fluids 



What about women chicken farmers and what 
can we learn from them?

• 24 focus groups
• 163 respondants

Campbell et al., 2022, Viruses



• Salmonella (poultry, Canada-Kenya)

• Staphylococcus (cheese, goats, Canada-Kenya)

• Acinetobacter (human, Canada)

• Aeromonas (fish, Canada-Philippines)

• Listeria (packaging, Canada-Industry)

• Ralstonia (tomato plants, Canada-Brazil-USA)

• E. coli (several applications…)

Phages in foods, plants, animals, humans



Belgium and staphylococcal phages 

• André Gratia likely isolated the 
first staphylococcal phages in 
the 1920s

• Gratia A. (1921) Preliminary report on a Staphylococcus

bacteriophage. Proc. Soc. Exp. Biol. Med. 18, 192-193.

J.-P. Gratia, Genetics, 2000

Photograph by G. Rulmont

A. Gratia



Genome of S. xylosus

• Non pathogenic staphylococci

• Food grade, meat fermentation

• Illumina + PacBio

• 2,757,557 pb (1 contig)

• 2514 genes

• No known toxin (VFDB et DBETH)

• No functional antibiotic resistant genes (ARdb)

• No prophage



Production in aureus or xylosus :
No difference in efficacy

El Haddad et al. 2014. PLoS One
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✓ No major impact on host range



Staph phages didn’t work in raw cheeses…

Staph phages did work in pasteurized cheeses

     

14 days

El Haddad et al., IJFM, 2016

Detection limit

3-phage
cocktail #1



Objectives of 
the project – 
The roadmap 
toward our 

goal

1
.

2

3
.

4

5
.

6

Isolate Staphylococcal from 
goat farms & type strains for 
AMR.

Test phages from the U. Laval 
collection for capacity to lyse 
Kenyan Staphylococcus strains.

Isolate new staphylococcal 
phages from Kenya.

Select, produce and test 
phages in a Staphylococcus 
infection model in goat.

Field trial of phages 
in smallholder 
farms.

Assess the impact of 
phage technology & 
adoption by women 
goat farmers.



Plan

• Bacteriophages

• Enemies

• Control phages

• Friends

• Phages as biocontrol agents

• Conclusions & perspectives



Antibacterials
Phage 

Control

Phage

Biology

Phage

Collection

Viral

Ecology

• Phages as enemies
• Know your enemies

• Specialists
• Control strategies
• Defense systems
• Phage evolution

• Phages as friends
• Know your friends

• Generalists
• Application strategies
• Defense systems
• Bacterial evolution

• Synergies
• Genome engineering
• Endolysins
• Etc

www.moineau.bcm.ulaval.ca

www.phage.ulaval.ca



Labo Moineau

(www.moineau.bcm.ulaval.ca/)
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