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Significant changes in mean proportion of 
AMR in broiler chickens by antimicrobial 
class, Canada, 2013–2019

Salmonella Escherichia coli Campylobacter

Step 1: Elimination of the preventive use of category I antimicrobials in 2014 as part of Antimicrobial 
Use Reduction Strategy stewardship program. 
Step 2: Elimination of the preventive use of category II antimicrobials in 2018.
Step 3: Elimination of the preventive use of category III antimicrobials by 2020 (not represented)

Huber et al., 2021. Emerg Infect Dis.



The antibiotic withdrawal:

• Altered the intestinal microbiota composition:
Ruminococcaceae and Lachnospiraceae (ferment and digest 
carbohydrates and produce small-chain fatty acids )↓

• Production performance ↓

• C. perfringens populations ↑



Percent of retail chicken breast samples positive 
for Campylobacter, 2015-2019

Public Health Agency of Canada, 2020. FOODNET CANADA: TABLES AND FIGURES 2019
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AMR in beef
• Canadian Integrated Program for Antimicrobial Resistance 

Surveillance (CIPARS) monitors AMR in livestock and retail 
meat. 

• AMR and MDR are relatively low and are not increasing 
because drugs of Very High Importance are very rarely used 
in beef cattle in Canada.

Extended-spectrum beta-lactamase producing Escherichia coli (ESBL-EC)

Preimeau et al., 2022. Epidemiol Infect.



AMR profile in Extended-spectrum 
cephalosporins-resistant E. coli isolates 
recovered from retail meat products from 
the Maritime Provinces

Awosile et al., 2021. Can J Microbiol.



AMR in Pork

• Methicillin-resistant Staphylococcus aureus (MRSA) was 
found in pork samples at retail outlets in all 4 surveyed 
Canadian provinces (BC, SK, ON, QC). Weese et al., 2010. Can Vet J.

• In Europe, a highly antibiotic-resistant strain of MRSA, CC398, 
has emerged in livestock in the last 50 years, probably due to 
widespread antibiotic use in pig farming.

https://www.dhs.wisconsin.gov/disease/mrsa.htm

The stable inheritance of resistance-associated MGEs suggests that the impact of 
ongoing reductions in antibiotic use in European farms on livestock-associated 

MRSA will be slow to be realized.
Matuszewska et al., 2022. ELife



AMR in crops
Global Occurrence of Human Pathogens Harboring 

Antimicrobial Resistance in Food Crops

Brunn et al., 2022. Front. 
Sustain. Food Syst.

Microbial isolates of sample groups reported in studies published in 2000 - 2020





Irrigation water safety in the Lower Mainland, BC

Falardeau et al., 2017. PLOS ONE



Acquired resistance determinants conferring resistance to phenicols

(floR), trimethoprim (dfrA), sulfonamides (sul1/2), tetracyclines (tetA/B), 
and aminoglycosides (aadA and aph) were detected.

Ma et al., 2021. Antibiotics.

14.6% VTEC isolates were multidrug resistant. 



Alternative antimicrobial strategies

•Probiotics

•Prebiotics

•Antimicrobial peptides

•Bacteriophages

•Organic acids

•Essential oils

•Small molecules



Bacteriocins
• Are ribosomally synthesized antimicrobial peptides 

produced by bacteria

• Can kill or inhibit bacterial strains closely-related or non-
related to produced bacteria

• But will not harm the bacteria themselves by specific 
immunity proteins.

In 1928, the same year that Alexander Fleming 
discovered penicillin, Rogers and Whittier 
noted that certain lactic streptococci were 

inhibitory to starter cheese cultures. 

Rogers LA, 1928, J Bacteriol
Shin et al. 2017. J Appl Microbiol.

Weaver RF. Molecular 

Biology (1999). 602.

Challenge: 
• development of bacterial 

resistance to AMPs
• high production costs
• Regulatory considerationsNisin 



The Discovery of Bacteriophages

Doss et al., 2017 Viruses

How phages infect their 
bacterial hosts: use the tail 

and associated receptor-
binding proteins to interact 

with the host and to create a 
channel through which the 

DNA enters the cell. The 
baseplate initiates infection 

when the tail fibers bind to a 
host cell.

Challenge: 
• Development of 

bacterial resistance 
to bacteriophages

• High host specificity
• Regulatory 

considerations



https://www.who.int/europe/news-room/25-06-2024-building-evidence-for-the-use-of-bacteriophages-against-antimicrobial-resistance

Bacteria and bacteriophages face off and 
fight each other in an ongoing molecular 

arms race. Image credit: Patrick Lane, 
Sceyence Studios.

Parent KN, 2023. J Virol

Selection for phage resistance causes a trade-off 
resulting in significantly reduced Minimum 

Inhibitory Concentrations (MIC) to four drugs 
drawn from different antibiotic classes in 

MDR Pseudomonas aeruginosa

Chan et al., 2016. Sci Rep
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