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Today, We’ll Discuss About: 

• Superbugs  

• Bacteriophages (phages)  

• Applications of phages in foods 

• Limitations and considerations 

• What’s the next for phage applications 
in foods? 

• Take-home messages 
 



Superbugs in the Media 

1. Superbugs 



1. Superbugs 



…predicted resistance to some or all of the following antibiotics: ampicillin, ceftriaxone, 

chloramphenicol, ciprofloxacin, fosfomycin, gentamicin, hygromycin, kanamycin, nalidixic 

acid, streptomycin, sulfamethoxazole, tetracycline, and trimethoprim-sulfamethoxazole.  

https://www.cdc.gov/salmonella/infantis-10-18/index.html 
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What are Superbugs? 

"Superbugs" is a term used to 
describe strains of bacteria that are 

resistant to the majority of 
antibiotics commonly used today.   

 

https://www.mayoclinic.org 

1. Superbugs 
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https://gohighbrow.com/discovery-of-penicillin-1928/, https://www.mayoclinic.org   

Antibiotic Resistance is a naturally occurring phenomenon 

Bacteria adapt to the drugs that are designed to kill them and 
change to ensure their survival.  

1. Superbugs 
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History of Bacteriophages 

2. Bacteriophages 



https://www.nature.com/scitable/definition/bacteriophage-phage-293 

"bacteriophage" means 
"bacteria eater" 

2. Bacteriophages 
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Characteristics of Phages 
• Predators of bacteria 
• Most abundant replicating biological entity 

on Earth  
• Tiny 

• 0.2-0.4 microns (5 – 10X smaller than 
bacteria) 

• Cause lysis (killing) of hosts - lytic phages 
only 
• Very specific to bacterial hosts 
• Harmless to humans, animals & plants 

 

2. Bacteriophages 



Fong et al., 2017. Frontiers in Microbiology 

2. Bacteriophages 

How do phages look like under the 
microscope? 



How are phages obtained? 

2. Bacteriophages 



Isolation of a Salmonella phage 

Ditch water from 
Abbottsford, BC 

 

2. Bacteriophages 



Characterization of Salmonella phage SI1 

 
• Host range 

• Kills S. Enteritidis & S. Typhimurium?  

• causing highest proportions of 
Salmonella outbreaks worldwide 

• Environmentally stable?  

• pH  

• temperatures 

• Produces ~83 phage progeny in 25 
mins 

In vitro testing – done before they are tested on foods 

2. Bacteriophages 



2. Bacteriophages 

Fernández et al., 2018. Application of Bacteriophages in the Agro-Food Sector: A Long Way Toward Approval. 

Front. Cell Infect. Micobiol. 



Phage Applications in the Agri-Food 
Sector 

• Food Safety 
• Foodborne human pathogens 

• Veterinary Medicine 
• Animal pathogens 

• Plant Protection 
• Plant pathogens 

3. Applications of phages in foods 



Foodborne Human Pathogens 
Every year, 4 million Canadians are affected by food-
borne illnesses 

• 11,600 hospitalizations 
• 238 deaths 

 

Non-typhoidal 

Salmonella   

No. 1 cause of 

hospitalizations by 

bacterial pathogens 

Listeria monocytogenes  

 

No. 1 cause of foodborne 

deaths 

E. coli O157 

 

Cause kidney failures 

Together, these three bacterial 

pathogens account for 77% of 

foodborne deaths in Canada 

3. Applications of phages in foods 





Phages as Food Antimicrobials 

They offer several desirable attributes: 

1. ”Green” technology (organic, clean label, non-
GM, Kosher) 

2. Kill ONLY the specific target bacteria  

usually do not cross genus or species barriers 

3. Safe for human consumption 

4. Self-replicating and self-limiting 

5. Ubiquitously distributed in nature 
 

 
3. Applications of phages in foods 



Examples of Phage Preparations for 
Food Safety 

Non-typhoidal Salmonella   Listeria monocytogenes  

 
E. coli O157 

 

3. Applications of phages in foods 



Considerations for Selecting Phage 
Preparations for Food Safety 

•Approval status? (by Health Canada?) 

•Which strains do they target to? 
•E.g., Salmonella has more than 2,600 serotypes 

•Which foods were used in the validation 
studies?  
•Any peer-reviewed publications? 

•How effective this preparation is under a 
certain food processing/storage condition?  
 

3. Applications of phages in foods 



Examples of Phage Preparations for 
Veterinary Medicine 

Salmonella, E. coli, Staphylococcus aureus… 

3. Applications of phages in foods 



…The biggest step in this strategy to date was the elimination of Category I 

antibiotics throughout the chicken sector. Category I antibiotics are those 

considered most important to human health, and as of May 15, 2014, their 

preventive use was no longer permitted in the Canadian chicken sector. 

 

In May 2017, Chicken Farmers of Canada announced that the chicken 

sector would be eliminating the preventative use of Category II antibiotics 

by the end of 2018 and that a goal had been set to eliminate the preventive 

use of Category III antibiotics by the end of 2020. 

https://www.chickenfarmers.ca/antibiotics/ 

3. Applications of phages in foods 

https://www.chickenfarmers.ca/antibiotics/


Examples of Phage Preparations for 
Plant Protection 

Fire blight in apples and pears 

Erwinia amylovora 

https://www2.gov.bc.ca/gov/content/industry/agri

culture-seafood/animals-and-crops/plant-

health/insects-and-plant-diseases 

Bacterial speck in tomatoes 

Pseudomonas syringae pv. tomato 

http://blogs.cornell.edu/livegpath/gallery/to

mato/bacterial-speck-of-tomato/ 

3. Applications of phages in foods 
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Limitations and Considerations  

•Many phages are found to be effective in the 
lab, but will they perform on a farm, in a food 
processing facility or in foods? 

•Bacteria can develop resistance to the 
treatment of the same phage. 

•Will phages negatively affect human health 
(gut microbiota)? 

 

4. Limitations and considerations 



4. Limitations and considerations 



68% reduction (0.5 log) 

82% reduction (0.8 log) 

4. Limitations and considerations 



Pasteurization – 5 log reduction 



These foods differ in moisture content, acidity, 

nutrient content, native microbiota, storage 

conditions, and many others! 

4. Limitations and considerations 



Optimal method of application: soaking, rinsing, 

spraying, microencapsulation…?? 



Bacteria do develop resistance 

to phage treatments. 

4. Limitations and considerations 



The Red Queen hypothesis  

(Van Valen, 1973): 

“In a prey-predator relationship, 

changes (e.g. running faster) on 

the one side may lead to near 

extinction of the other side. The 

only way the second side can 

maintain its fitness is by counter-

adaptation (running even faster).” 

“Now, here, you see, it takes all the running you can do, to 

keep in the same place. If you want to get somewhere else, 

you must run at least twice as fast as that!”  

- Lewis Carroll  

4. Limitations and considerations 







Chan et al., 2016 

Improved Antibiotic Efficacy  

Tetracycline 

Selection for phage resistance causes a trade-

off resulting in enhanced sensitivity to 4 drugs 

drawn from different antibiotic classes. 



Will Phages Interfere with Gut Microbiota? 

4. Limitations and considerations 



This E. coli O157 phage is stable at pH>4, 

but dies off when the pH is below 4 

Ma et al., unpublished 





Considerations for Phage Preparations in 
Agri-foods 

•Effective against the target bacterial pathogen 

•Stable under the environmental factors relevant 
to their applications  
• Intrinsic (e.g., pH, water activity, nutrient content, 

biological composition/structure of foods) 
• Extrinsic (e.g., UV exposure, temperature, relative 

humidity, native microbiota) 

•Do not cause harm to the gut microbiota 

•Easy to apply 

•Cost effective 

4. Limitations and considerations 



What’s Next for Phage Biocontrol in 
Agriculture and Food Products? 

 
 

 

 
 

 

 

 

 

• Validating the effects on different bacterial 
serotypes/strains under a variety of relevant 
conditions 

• Evaluating effects of hurdle treatments 

• Evaluating optimal method of application  

o soak, rinse, spray, microencapsulation 

• Assessing industry & consumer perception of 
phage treatment 
 
 

 
 

 

 
 

 

 

 

 

5. What’s the next? 



Take-Home Messages 

Bacteriophage 
applications 

Agriculture 
and Food 
products 

Bacterial 
Pathogens 

Survival 

mechanisms 

Intrinsic factors 

& 

Extrinsic factors 

Hurdles 
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