
“bacteria are not simply foes to be 

vanquished, but a part of the natural 
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adaptations to the drugs we use to 

fight them” 
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Learning Objectives

 What is the precautionary principle?

 Explore antimicrobial use (AMU) as a key 

determinant of antimicrobial resistance (AMR)

 Explore multiple perspectives on AMU

 Understand difficulties with quantification of AMU

 Debate the contribution of AMU in animals to AMR 

in animals and humans Sylvia Checkley



Lecture Overview

 During this lecture we will discuss AMU and AMR in the livestock 

sectors

This lecture contributes to the overall course learning objectives

 1. Complex contributing factors to antimicrobial use and the emergence and spread of AMR 

 2. Practical approaches to limiting antimicrobial misuse in various contexts 

 3. The global interdependence of people, animals, and the environment (One Health) 

 4. The role of One Health in complex problems and AMR 
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https://www.who.int/antimicrobial-resistance/interagency-coordination-group/IACG_final_report_EN.pdf?ua=1

Multiple intersecting

drivers 



Antimicrobial Use

 1. Therapeutic 

 Treat clinical disease

 Informed by isolation of agent and antimicrobial sensitivity profile

 2. Metaphylaxis

 Treatment of a group of animals considered high risk after diagnosis of disease within the 
group

 e.g.  Treatment of high risk feedlot cattle on arrival at the feedlot

 3. Preventive/prophylaxis

 Treatment of high risk healthy animals to prevent disease from occurring

 e.g. dry cow therapy

 4. Growth Promotion

 Longer term, subtherapeutic concentration
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The Story of VRE in Europe

 Avoparcin is a glycopeptide antimicrobial that was used as a growth promotant in Europe

 Growth promotant – enhance growth rate and production performance with 

subtherapeutic doses

 Vancomycin resistant enterococci (VRE), E. faecium, was first isolated in France in 1986

 Avoparcin use thought to be associated with high-level of community-acquired VRE (E. 

faecium) in humans 1994/1995

 Hospital-acquired VRE in NA 

 Precautionary principle invoked – banning antimicrobials as growth promotants

 Avoparcin banned as growth promotant 

 EU 1995 - 1999

Nilsson (2012); Wegener et al. (1999)



The Story of VRE in Europe

 Large body of evidence to support the association between the presence of VRE and the use of avoparcin 

 Pigs: 8/10 herds using avoparcin had VRE isolated; 2/10 herds not using avoparcin had VRE isolated (p = 0.043, 
risk ratio [RR] 3.3; 95% confidence interval [CI]: 1.1, 10.0). (Denmark)

 Country level

 Prevalence of VRE began to decrease immediately in poultry and after banning of tylosin in pigs in 1998

 Poultry: VRE isolated from n flocks at slaughter decrease from 82% (1995) to 12% (1998) (x2 = 68.3 on 5 df.; p 
<0.0001) (Denmark)

 Pigs: clone with genes for glycopeptide and macrolide resistance the same plasmid

 Prevalence of VRE in humans (fecal carriage) and poultry meat decreased by1999 

 Poultry meat: proportion of VRE-positive samples decreased from 100% in 1994 to 25% in 1997 (Germany)

 Fecal samples from humans in the community: 

 Carrier rate decreased from 12% in 1994 to 3% in 1997

 Supported by molecular epidemiology

Nilsson (2012); Wegener et al. (1999)



Medically Important Antimicrobials

Category I: Very High Importance

e.g. 3rd and 4th generation cephalosporins, carbapenems, 

fluoroquinolones

Category II: High importance

e.g. macrolides, penicillins

Category III: Medium Importance

e.g. aminoglycosides, tetracyclines

Category IV: Low Importance

e.g. Ionophores, chemical coccidiostats, flavophospholipids
https://www.canada.ca/en/health-canada/services/drugs-health-

products/veterinary-drugs/antimicrobial-resistance/categorization-

antimicrobial-drugs-based-importance-human-medicine.html

Canadian Categorization 

is slightly  different  from 

WHO list of critically 

important antimicrobials

https://www.canada.ca/en/health-canada/services/drugs-health-products/veterinary-drugs/antimicrobial-resistance/categorization-antimicrobial-drugs-based-importance-human-medicine.html


Canada – AMR in poultry 

products
 CIPARS

 Correlation between) between ceftiofur-
resistant Salmonella Heidelberg from retail 
chicken and ceftiofur-
resistant Salmonella Heidelberg infections in 
humans 

 May be related to ceftiofur use in hatcheries (QC) 

 Ethical decision/policy making

 Voluntary ban by poultry industry 

 Subsequent decision to discontinue all preventive 
use of Category 1 antimicrobials

 Fluoroquinolone resistance in Campylobacter spp.

 Quinolone resistance in Salmonella Enteritidis

Dutil et al, Used with permission



Systematic Review and Meta-

Analysis



Antimicrobial Use in Canada

Canadian Integrated Program for 

Antimicrobial Resistance surveillance 

(CIPARS)

John Campbell



Antimicrobial Use Metrics

 Sales Value

 Drug mass in kg

 Adjusted by biomass - standardization

 # of animals treated

 Treatment rate

 Animal defined daily dose (ADDD) 

 ADDD / 1000 animals – standardized

Benedict et al, 2012



Quantification of AMU

CIPARS (2019), used with permission



Quantification of AMU

CIPARS (2019), used with permission



Quantification of AMU

CIPARS (2019), used with permission



CIPARS (2019), used with permission



CIPARS (2019), used with permission



CIPARS (2019), used with permission



Antimicrobial Use and Resistance

 KAP Research 

 Conclusions

 Variable AMU

 Good practices associated with education

 Need for education interventions

 Systematic review

 Conclusions

 High levels of AMU and AMR

 high prevalence of resistance

 Weak regulations and surveillance



Global resistance to antimicrobials and their 

sustainable use in agriculture (Lhermie et al, 

2019)
 Emphasizes transdisciplinarity

Economics, behaviour, ethics, culture

 Determine optimal AMU

Social-ecological systems (SES) framework

 Public Health-Economic-Environmental-Social-Political model

Systems dynamics modelling 

Assessments of associations and indicators

Multi-criteria decision analysis 

Tradeoffs between animal and human welfare

Pre-Reading 1



Exploring Perspectives on AMU…

(Coyne et al 2019)

 3 overarching themes affecting AMU practices 

 Farming systems

 Farm management strategies

 Farm-level economics

 Complex

 Profitability and disease burden were major 
drivers for AMU

 Guidance on routine preventive measures and 
disease prevention would allow more informed 
decision making

Pre-Reading 2



AMR as a One Health Issue

Camila de Queiroz



Complex issue of Antimicrobial 

Use and Resistance need a One 

Health Approach
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Based on Linton Vet Rec 1977, 100:354

Updated by VDD 2002 (used with permission)



One Health Definition

“a transdisciplinary approach to 

address issues that emanate 

from the intersection of 

animals, humans, and their 

environment”
http://www.phac-aspc.gc.ca/owoh-umus/index-eng.php



One Health Further Definition

Addresses:

 Systems and disease

 Environmental complexity

 Agricultural sustainability

 Concepts and knowledge transfer

Methodological Pillars:

• Systems thinking

• Transdisciplinarity

• Community participation

• Gender and social equity

• Sustainability

• Knowledge to Action (i.e. contributes 
to policy development)

Image Copyright Unknown



As stakeholders, we all “own” a piece of 

the issue

 Acknowledge contributions from different sectors

 Understand effects of increasing AMR in humans, 

animals and the environment 

 Develop policies, procedures, and protocols to 

reduce or eliminate our contribution to the problem



Summary

 The precautionary principle has guided some AMU decision 

making

 AMU is a key determinant of antimicrobial resistance 

 Multiple perspectives exist on AMU in animals

 Comparisons and quantification of AMU between 

sectors/countries is not straightforward

 The contribution of AMU in animals to AMR in humans is less 

clear
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Discussion and Question(s)

 Can we substantially reduce AMU in animals?

 What do we need to do to move forward and ‘solve’ 

this problem?

John Campbell



Thank You!

 Please feel free to contact me with any questions

 Sylvia Checkley - slcheckl@ucalgary.ca


