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• AMR - Animal Clinical (Passive) National • AMR - Animal Clinical (Passive) National 

• AMU - Human  National • AMU - Human  National 
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CIPARS Implementation 

2000     2001     2002     2003     2004     2005     2006     2007     2008     2009     2010     2011     2012     2013     2014     2015     2016 

• AMR - Retail Meat  Maritimes 

• AMR - Retail Fish/Shrimp 

WHO Global Strategy for the Containment of Antimicrobial Resistance 

• AMU - CAHI Antimicrobial Distribution/Sales data • AMU - CAHI Antimicrobial Distribution/Sales data 

• AMR - Abattoir Beef Cattle, Chickens, Pigs National • AMR - Abattoir Beef Cattle, Chickens, Pigs National 

• AMR - Retail Meat Ontario & Québec • AMR - Retail Meat Ontario & Québec 

• AMR - Human Clinical (Enhanced Passive) National • AMR - Human Clinical (Enhanced Passive) National 

• AMR - Retail Meat Saskatchewan 

• AMR - Farm Pigs National • AMR - Farm Pigs National 

• AMR - Retail Meat British Columbia • AMR - Retail Meat British Columbia 

• AMR - CFIA Retail Produce National • AMR - CFIA Retail Produce National 

• AMU - Farm Pigs National • AMU - Farm Pigs National 

• AMR - Retail Turkey National • AMR - Retail Turkey National 

• AMR - Retail Chicken Nuggets (FNC SS) • AMR - Retail Chicken Nuggets (FNC SS) 

• AMU - Farm Chicken National • AMU - Farm Chicken National 

• AMR - Farm Chicken National • AMR - Farm Chicken National 

Health Canada Advisory Committee Report: Animal Uses of Antimicrobials and Impact on AMR and Human Health 

• AMR - Farm FL Beef AB • AMR - Farm FL Beef AB 1997: 

National  

Consensus 

Conference, 

Montréal 

CIPARS Timeline 

• AMU - Metrics WG • AMU - Metrics WG 
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2016 HIGHLIGHTS  
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Integrated AMU 
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2016 Highlights – Integrated AMU 

 

  

– People 

– Production animals 

– Companion Animals 

– Grower-finisher pigs 

– Broiler chickens 

– Turkeys  

– Crops 

 

Inter-sectoral 

comparisons 

(quantities, trends, 

antimicrobial 

classes, reasons 

for use) 

Intra-sectoral 

comparisons 

(different metrics) 

Data on antimicrobials intended for use in/on: 



Need to consider the size of the population to understand 

the quantities of antimicrobials 
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2016 Highlights – Integrated AMU 

 

~ 1.5 times more 

antimicrobials were 

distributed for use in 

animals than humans 

on a per kg host basis 

 
(European standard weights 

of animals) 

• Data sources: CAHI, IQVIA via CARSS, Statistics Canada, Ag Canada, Equine Canada 

• Animal distribution data does not include own use imports or active pharmaceutical ingredients used in compounding. 



The predominant sector to which antimicrobials are 

sold/distributed (kg) is production animals 
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2016 Highlights – Integrated AMU 

• Data sources: CAHI, IQVIA via CARSS, Health Canada 

• Animal distribution data does not include own use imports or active pharmaceutical ingredients used in compounding; hence 

are underestimates of total quantities used. 



The relative proportions of antimicrobial classes differ 

between animals and people (kg) 
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2016 Highlights – Integrated AMU 

 

Values do not include antimicrobials 

imported under the “own use” 

provision or imported as active 

pharmaceutical ingredients used in 

compounding.  

• Data sources: CAHI, IQVIA via CARSS 



The relative proportions of antimicrobial classes differ 

between animal species (mg/PCU) 
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2016 Highlights – Integrated AMU 

Feed AMU only All AMU:  

Feed, water and injection 

• Data sources: CIPARS Farm 



Quantities distributed for sale have declined – in what 

sector(s) is this occurring? 
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2016 Highlights – Integrated AMU 

 

*antimicrobials 

intended for use in 

companion 

animals excluded 

• Data sources: CAHI, Statistics Canada, Ag Canada, Equine Canada, ESVAC 

• Animal distribution data does not include own use imports or active pharmaceutical ingredients used in compounding. 



The mg/PCU was lowest in 2016 and varies across species  
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2016 Highlights – Integrated AMU 

 

BROILERS AND TURKEYS GROWER-FINISHER PIGS 

Broilers - all routes  

Pigs - feed only 

• Data sources: CIPARS Farm 



However when adjusting for the average daily dose, this 

changes (nDDDvetCA/PCU) 
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2016 Highlights – Integrated AMU 

 

BROILERS AND TURKEYS GROWER-FINISHER PIGS 

Broilers - all routes  

Pigs - feed only 

• Data sources: CIPARS Farm 



Trends in AMU metric -  broiler chicken - different 
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↓ overall 

Top 3: Bacitracins>Trimet.-sulfa>streptogramin 

mg/PCU 

↑ overall 

Top 3: Bacitracins>streptogramin>orthosomycin 

These 2 metrics show similar trend; appear to correlate better 

2016 Highlights – Integrated AMU 

 

nDDDvetCA/PCU nDDDvetCA/1,000 CD 

• Data sources: CIPARS Farm 



The frequency of AMU by injection changes over time  
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2016 Highlights – Integrated AMU 

 

Grow-finisher pigs Broiler chickens 

Significant increase in Florfenicol 

use frequency 2009-2016 

Increase in %  of flocks that do not use 

any antimicrobial use  2013-2016 

• Data sources: CIPARS Farm 



Quantities have declined in grower-finisher pigs and 

broiler chickens in 2016 (mg/PCU); particularly for growth 

promotion 
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2016 Highlights – Integrated AMU 

 

• Data sources: CIPARS Farm 



Increasing numbers of highly drug resistant Salmonella 

isolates from humans and animals, 2007-2016   
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• Data sources: CIPARS  

2016 Highlights – Integrated AMR 

 



Ciprofloxacin resistance in Campylobacter 
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2016 Highlights – Integrated AMR 

 

• Data sources: CIPARS/FoodNet Canada  



Reduction in reported use of ceftiofur on farm and 

changing resistance to ceftriaxone in Salmonella from 

humans and chicken  
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2016 Highlights – Integrated AMU and AMR 

 

2014 formal elimination of 

preventive ceftiofur use. No 

antimicrobial use data collection 

prior to 2013. 

*2005 voluntary 

withdrawal of 

ceftiofur use in 

Quebec. 

*2007 return 

to partial use 

of ceftiofur in 

Quebec. 

• Data sources: CIPARS  



Declining resistance to ceftriaxone in E. coli from chicken 

and reported decrease in use of ceftiofur  
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2016 Highlights – Integrated AMU and AMR 

 

2014 formal elimination of 

preventive ceftiofur use. No 

antimicrobial use data collection 

prior to 2013 

*2005 voluntary 

withdrawal of 

ceftiofur use in 

Quebec. 

*2007 return 

to partial use 

of ceftiofur in 

Quebec. 

• Data sources: CIPARS  



Conclusions 

• The industry-led initiative to eliminate use of ceftiofur, and all other 

Category I antimicrobials, in poultry for disease prevention is appearing to 

have the desired effect 

 

• CIPARS data show a reduction in reported use of ceftiofur in broiler 

chickens (measured as % farms) as well as reduced resistance in both E. 

coli and Salmonella from chickens and chicken meat 

 

• CIPARS will continue to assess this trend in coming years and the impact 

of this important intervention on resistance in Salmonella from humans will 

also continue to be monitored 

 

• This is a good news story but…. has this change led to other issues? 
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2016 Highlights – Integrated AMU and AMR 

 



Gentamicin and lincomycin-spectinomycin use - 

hatcheries 
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2016 Highlights – Integrated AMU and AMR 

 

Use in 2016: 

• Gentamicin: 

• 3 hatcheries (1 each 

ON, BC, SK) 

• 4 flocks (1 ON, 2 BC, 

1 SK) 

• Lincomycin-spectinomycin: 

• 6 hatcheries (1 AB, 2 

BC, 3 QC) 

• 27 flocks (1 AB, 2 BC, 

2 ON, 22 QC 

• Data sources: CIPARS  



Moving from ceftriaxone resistance to gentamicin 

resistance and into the future…. 
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2016 Highlights – Integrated AMU and AMR 

 

• Data sources: CIPARS  



Moving from ceftriaxone resistance to gentamicin 

resistance and into the future…. 
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2016 Highlights – Integrated AMU and AMR 

 

• Data sources: CIPARS  



Moving from ceftriaxone resistance to gentamicin 

resistance and into the future…. 
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2016 Highlights – Integrated AMU and AMR 

 

• Data sources: CIPARS  



Emerging gentamicin resistance in chicken E. coli and 

changing use of gentamicin/lincomycin-spectinomycin 
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2016 Highlights – Integrated AMU and AMR 

 

• Data sources: CIPARS  



RESEARCH 
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• Widely studied, complex system 

 

 

 

 

 

 

 

 

 

 

• Multiple bacteria 

• Multiple antimicrobials 

• Multiple populations 

• Many routes of exposure 

 

 
 

Need for more and better integration 



This is what we wanted to do 

30 

Integrated 
Assessment 

Models 
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Farm Abattoir Retail 

Agri-food chain focus 

KEY 

NODES 



Scenarios 

Resistance to: Extended spectrum 

cephalosporins 

Fluoroquinolones Macrolides Tetracyclines 

Escherichia coli/ 

Salmonella enterica 

 

 

 

 

 

Campylobacter coli/jejuni 

 

 

 

 

 

 

 

Specific “bug-drug-population” combination 



Base Model Structure 
Specific “bug-drug-population” combination 

Odds Ratio 
Common measure 

Many study designs 

Bounded: 
p1=OR*p0/(1-p0)+(OR*p0) 



35 

Extended spectrum cephalosporin 

resistant  E. coli/Salmonella 
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E S C C S 

E 

E 

S 

E C S 
E S C 

S 

E 

Exposures per 7 days 

Lower Higher 



Interpretation of Results 

Uncooked 

Uncooked Cooked 

DATA GAP 
Highest exposures through chicken 

 

• High recovery rates 

• High consumption patterns 

Other considerations  

 

• Many relevant Canadian/regional 

factors absent (e.g., vaccination, 

animal/farm density, biosecurity) 

 

• Few references in each model 

 

• Little Canadian literature 

! 



Moving beyond the linear pathways 

38 

AMU in 

humans 

AMU in 

animals 

Resistant 

bacteria in 

animals 

Resistant 

human 

infections 

Resistant 

bacteria in 

food 



Creating a visual model of AMR in Canada 

Funded by: Canadian Safety and Security Program (Defence Research and 

Development Canada)  

 

Project objectives were : 

A) To describe how the actions of different people and organizations relate to 

AMR 

B) To describe the factors that can influence antimicrobial use in humans and 

animals 

C) To identify key drivers of AMU and AMR (leverage points) 

D) To identify ways that diverse individuals, groups  and organisations might work 

together 

 

Ultimately, our goal was to contribute to: 

• Development of a common language and understanding of AMR so that 

communication among all stakeholders is made easier  

• Recognition and understanding of the shared (collective) responsibility across 

agencies for the AMR issue 
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Methodology - overview 
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Model of 

AMR in 

Canada 

March 

22 

April 

18–25 
June 

15 

Sept 

21  

Nov  

30 

Dec/ 

Jan 
Jul 

20–

Aug 2 

Jan 05 

– Feb 

02 

*This study received ethics clearance through Health Canada and the 

Public Health Agency of Canada’s Research Ethics Board (REB #2015-

0019) and a University of Waterloo Research Ethics Committee (ORE 

#21148) 



The model – version 1 



On-farm AM use

(Production Animals) +

Aquaculture

Animal density

Producer

profitability

Viability of Canadian

meat production

Retail cost of

meat/eggsResistance in food

products

Resistant human

infections

Animal illness

Meat/egg

consumption

Consumption of other

(non-meat/egg) foods

-

+

Burden of

illness

+

-

+

Future efficacy

of AM -

Healthcare

costs

+

Amount of

imported product

Amount of domestic

product in the Canadian

market

(Biological)

Population

vulnerabilities

Terrestrial animal

production level (e.g.

kg, L)
-

+

Retail availability of

meat/eggs in Canada
+

+

+-

-

Chronic,

non-communicable

diseases

Nutritional

composition of diet

Food insecurity
+

++

+

+

+

Time to market

weight

-

Market price per

production unit (e.g.

kg, L)

-

+

Population demand for

product (Consumer

choice)

Cost per unit (e.g. kg,

L) set by quota

+

+

Exposure to resistance

in imported products

Human AM use
+

+

+ HIV and other

infectious diseases

+

Feed efficiency -

+

-

+

Non-AM infection control

(e.g. vaccination,

isolation)

-

+

Restocking with

animals/eggs at higher risk

for infection

+
+

Resistance in

food-producing animals+

+

Treatment post-procedure

(e.g. post castration,

de-horning)
+

Resistance entering the wider

environment (e.g. manure,

run-off, wastewater)

+

+

Number of units (e.g.

kg, L) set by quota

+

+

+

AM use in other

countries

+

Death
+

Resistance via non-food

exposures (e.g. water,

person-to-person, wildlife)

+

+

Changing gut

microflora

Good home/kitchen

hygiene-

-

Use for preventive

purposes

+

-

+

+

+

+

+

Public demand for

alternatives to AM

-

Development of

alternatives to AM +

-

+
+

-

AM use in

companion animals

+

+

-

-

Use for growth

promotion

+

AM use in non-animal

agriculture (e.g. horticulture

crops, ethanol production)

+

+

AM use in wildlife

(e.g. baiting)

+

+
+

+

+

Good farm hygiene

practices

-

International trade

agreements

+

+

Animal welfare

+

+

-

+

-+

+

+

+

+

+

Animals/eggs arriving

from a distance

+

Domestic standards

and targets

+

Corporate profits

from AM

+
+

-

+ +

+

Housing Type and

Farm Design

 

Availability of Land

(Amount, Location)

Population Social

Vulnerabilities

Socioeconomic

Status

Public Demand

for AM

-

-The need to not

miss work

Uncertain Labour

Situation

Employment benefits

(sick days)

Vaccinations

-

AM in

Vaccinations

Development of

new AM

Crop farm

design

Food security

The model – version 2 



AM use in food

animals and

aquaculture

Animal
density

Economic

viability of Cdn

producer

Economic

viability of Cdn

food system

Retail cost of

meat/eggs

Resistance

in Cdn food

supply

Resistant human

infections

Meat/egg

consumption

Consumption of other

(non-meat/egg) foods

Duration/severity of

human infectionEfficacy

of AM

Healthcare

costs

Amount of imported

product in Cdn market

Amount of

domestic product

in Cdn market

Domestic animal

production level

(e.g. kg, L)

Retail

availability of

meat/eggs in

Canada

Prevalence of

chronic diseases

Nutritional

quality of diet

Individual food security

(i.e. access to

affordable food)

Time to
market
weight

Cdn market price

per production unit

(e.g. kg, L)

Exposure to resistance

in imported foods

Human

AM use

Feed

efficiency

Non-AM disease
prevention (e.g.

vaccination,
isolation, zinc)

Restocking with
animals/eggs at
higher risk for

infection

Resistance in
food-producing

animals

Resistance entering

the wider environment

(e.g. manure, run-off,

wastewater)

Number of units

(e.g. kg, L)

set by quota

Human

death

Resistance via
non-food exposures

(e.g. water,
person-to-person,

wildlife)

Food safety and

hygiene practices

AM use in
animal/crop for

preventive purposes

Public
demand for
alternatives

to AM

Development of

alternatives to AM

AM use in
companion

animals

AM use for
animal/crop

growth
promotion

AM use in

horticulture

AM use or
consumption in
wildlife (e.g.

baiting)

Farm hygiene

practices

International
trade

agreements

Distance of
animal/egg
transport

Domestic on-farm

standards and targets

Profits from

AM sales

Availability of Land

(Amount, location)

Socioeconomic

status

Need to not miss work

(e.g. presenteeism)

Stability of

employment

Vaccination

coverage

Development

of new AM

Soil management

practices (e.g. crop

rotation)

Population food security

(i.e. access to sufficient,

safe and nutritious food

supply)

Access to AM

Amount of

exported product

Competition
in export
market

International on-farm

standards and targets

Incidence of extreme

weather events in

Canada (e.g.

drought, heat wave)

Cost of
living

Environmental

footprint of

agriculture

Producer
demand for

AM

Producer
demand for
alternatives

to AM

Breeding for

health and

longevity

Practitioner

education and

knowledge

Marketing by

pharmaceutical or

feed companies

Individual
knowledge

and scientific
literacy

Resistant
animal

infections

Duration/severity of

animal infection

Domestic crop

production level

On-farm costs

Global price per

unit

Availability of non-retail food

sources (e.g. foraging,

gardening)

Retail cost of

non-meat/egg foods

Economic
viability of
employer

Work
intensity(e.g.

workload)

Availability of

social assistance

Proximity to

urban core

Length of drug and

health products

approval process

AMU

surveillance

Continuing
education and
professional
development

Practitioner adherence to

standards of practice for

prescribing AMs

Animal death

+

+

-

-

-

+
+

-

+

+

-

-

-

-

+

+

+ +

+

+

Human

immunocompetence +

+

+

+

+

+

+

+

+

+

++

+

+

+

-

+

+ +

+

Public
demand
for AM

+

+

+

-

-

+

-

+

-

+

+

+

-

Emotional

stress

-

-

-

Age

+

-

Prophylactic
human AM use

(e.g. cuts,
surgery)

+

+

-

-

-

+

+

+

-

+

+

+

+

-
+

+

Duration/
severity
of crop

infection

Resistant crop

infections

-

-

+

-
-

-

+

+
+

-

+

+

+

+

+

-

AM use for
treating

animal/crop
infection

+

+

+

Human AM
use for
treating
infection

+

+

+

++

+

+
+

+

+

-

-

+

-+ +

+

+

+

+

+

+

+
-

-

+

-

+
+

-

+

-

-

+

+

-

+

+

+

+

+

+

+

+

+

+

+ -

Animal

stress
++

-

-

-

+

+

Animal

immunocompetence
- +

-

-

-

+

+

+

-

+

+

+

-

+

+

+

+

+
+

++

+

- +

-

-

-

+

-

+

+

-

+-

Product marketing

and labelling

Retail availability
of other

(non-meat/egg)
foods

+

+

+

+

+

-

-

+

-
+

+

+

+

+

-

+

+

+

+

+

+

+

+

-

+

+

-
-

-

+

+

Wholesale buying by Cdn

food retailers and

institutions

Consumer demand

for product

+

+

+

-

+

-

+

+

+ +

+

+

++
+

+

+

+

-

+

Retail food

variety

+

+

+

Producer
education and

knowledge

-

+

+

+

+

+

+

+

+

-

+

Black
market
AMs

Supply of

counterfeit

AMs

-

-

+

Use of products

containing AMs(e.g.

cleaning products,

keyboards)

+

-

+

+
+

Level of food

literacy

+

+
+

+

Public outreach

on AMR

-

-

+

+

+
+

+

Number of surgical

procedures

++

+

-

+

The model – version 8 



Overall Themes 

• Participants noted the need for greater education / transparency 

• Elaborated the challenges associated with information sharing 

• Expressed the notion that AMU and AMR is a complicated system with 

numerous interests, leverage points, weak spots, barriers, facilitators, 

and moving targets  

 



Conclusions 

A common language and understanding of AMR so that communication 

among all stakeholders is made easier 

• Started the conversation – negotiating a new language 

– What is sustainable? What is risky?  

• Importance of a safe space for meaningful dialogue 

A recognition and understanding of the shared (collective) responsibility 

across agencies for the AMR issue. 

• Not the same as agreement on roles and responsibilities 
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JPI-AMR project 

• Comparative assessment of social-ecological resilience 

and transformability to limit AMR in one health systems 

• https://amresilience.wordpress.com/ 
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https://amresilience.wordpress.com/
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