
Introduction to AMR

What's the problem?



From this



To this, in 75 years



What is the resistance crisis?

• The emergence of difficult- or impossible-
to-treat infections because of the 
development and spread of AMR

• MDR “untreatable” hospital ESKAPE 
pathogens

• “Community acquired” resistance  
• Veterinary medicine not excluded



Modern medicine is built on 
the ability to control bacterial 

infections



Why the resistance crisis?

• Cumulative effect of widespread and 
extensive use in people and animals for 75 
years

• Ability of bacteria to become resistant, and 
of resistance genes to spread, sometimes 
rapidly 

• An underestimated “bystander” effect



Problem

• In the past, dealt with resistance by 
developing another antibiotic

• Most antibiotics are variants of drug 
classes discovered in the 1940s

• New antibiotics cost $1B to develop 
• Resistance is developing and spreading 

rapidly



• New drug development:  
$800,000,000 and 8 yrs

• Other markets are better
• Agency is indecisive
• Expectations are unclear
• Changes are common

No new antibiotic classes



Resistance is a global problem

Airline routes



O’Neill Report



O’Neill Report





O’Neill Report
Brilliant politics; fabulous road 

map 



The numbers are getting 
clearer and clearer



Attributable human deaths and 
DALY’s caused by AMR in EU, 

EEA, 2015 Cassini et al, 
2018



Burden of infection by AMR bacteria 
in DALYs, EU, EAA 2015

Cassini et al, 
2018



Disability-adjusted life years burden of 
infection with AMR-resistant bacteria

Cassini et 
al, 2018



What is antimicrobial resistance, 
and how does it develop?
Concept of fitness, and of survival 

of the fittest 



There is a high correlation 
between antimicrobial use and 
the development of resistance



Evolution of resistance
• Complex evolutionary process, natural 

selection
• Combination of genetic change and 
• Movement of resistance genes through 

different bacterial populations
• And spread of bacteria 
• Antibiotic selection required



Just natural selection?



Davies, J. et al. 2010. Microbiol. Mol. Biol. Rev. 74(3):417-433

Numbers of unique beta-lactamase enzymes identified since 
the introduction of the first penicillin antibiotics

2750 



Complex evolution of resistance

• Gene mutation
• Recombination 
• Transposons (“jumping genes”)
• Integrons
• Plasmids, often multiple, conjugative
• Bacteriophage
• Multiple genetic events in combination



MULTIPLE   ANTIBIOTIC RESISTANCE   
PLASMID



Antibiotic 
classes Genes Mechanism

Aminoglycosides
aac6’-Ib-cr

aadA5
Modify drug

β-lactams
blaCTX-M-15

blaOXA-1

blaTEM-1

Destroy drug

Chloramphenicol catB4 Modify drug

Macrolides mph(A) Efflux

Fluoroquinolones aac6’-Ib-cr Modify drug

Sulfonamides sulI By-pass

Trimethoprim dhfrXVII By-pass

Tetracycline tet(A) Efflux

ST131 UK epidemic E. coli : Multi-
resistance on one plasmid

Woodford, Carattoli et al. AAC



Evolution of resistance
• Not inevitable
• Clonal spread of multidrug resistant “fit” 

pathogens globally 
• Multiple resistance genes, co-selection by 

one antimicrobial



What has been the global response 
to the resistance crisis?



What has been the global response to 
the resistance crisis?

• Unprecedented national and international 
mobilization in medicine, public policy, 
veterinary medicine, and agriculture 

• All agree on the scale, complexity and 
multidimensional nature of AMR

• Increasing focus on the multiple 
international, national and local actions, 
including coordination and resource 
allocation, required to address AMR



G8 Science Ministers 
agree to collaborate 
on antimicrobial 
resistance, 2013



What is agriculture’s role in 
the resistance crisis?





Antibiotics used in animals and humans, Canada: 
80% of medically important antibiotics used in animals (2013)

32

Includes quantities of 
antimicrobials from community 
pharmacies and human 
hospitals

• based on kg active ingredients
• ionophores & chemical coccidiostats 

included



A One Health approach to AMR



There is overwhelming evidence 
that AM use in animals can lead 
to spread of resistant pathogens 

or their genes to humans

Examples: Campylobacter jejuni, 
EXPEC E. coli, MRSA, MRSP, 

Salmonella, VRE, etc



The SCALE and 
IMPORTANCE is unclear



The SCALE and 
IMPORTANCE is unclear

But we’ve moved beyond arguing 
this



Resistance anywhere is resistance 
everywhere



Voluntary 
withdrawal

Return to 
partial use Voluntary 

industry ban
(2014)

Ceftiofur use and resistance in Salmonella HeidelbergSalmonella Heidelberg story: 
CIPARS

38



E. coli retail resistance data: CIPARS 2008

By Health  
Canada’s 
antimicrobial 
importance 
classification 

Beef

Chicken Swine



Will One Health save us from 
AMR?



One Health 
is getting 
very strong 
international 
support



One Health problems are 
“wicked problems”

• So complex that no one individual, group 
or discipline can completely understand 
them

• Demand action
• Not living and working in silos  
• Solutions require a comprehensive and 

interdisciplinary strategy



Immense. 
Like climate 
change in its 
politics, 
complexity and 
multiple
dimensions.



The “One Health” approach 
moves us from blaming to

action
Limits adversarial responses, 
motivates all sides, accepts 

responsibility,  globally exemplary, 
moves to actions



The “One Health” approach 
moves us from blaming to

action
The “AMR One Health Global 

Consensus” will only be temporary 
if effective action is not taken

Codex Alimentarius Commission Task Force on AMR: George, 2019



Canadian Veterinary Journal quiz 
July 2018



Why is “treat with an approved 
cephalosporin” the wrong 

answer?



Categorization of antibiotics by importance 
for humans (Health Canada)

Cate
gory

Description Criteria (human) Examples

I Very high 
importance

Essential for serious 
human infections; few or 
no alternatives; may be 
last resort drugs

3rd, 4th generation 
cephalosporins (ceftiofur); 
amoxy-clavulanate; 
fluoroquinolones; 
vancomycin

II High 
importance

Variety infections, 
including serious,  
alternatives; spare Cat I

Aminoglycosides; 
macrolides; penicillins; 
TMS

III Medium 
importance

Alternatives generally 
available, or not used 
much

Bacitracin; 
sulphonamides; phenicols; 
tetracyclines

IV Low 
importance

Not used humans, no 
cross-resistance

Ionophores

Health Canada



Nov 2017



Dutch and French veterinary 
requirement for susceptibility testing 

before using critically important 
antibiotics (CIA)

Led to marked reduction CIA use



The challenges of 
antimicrobial resistance



Antimicrobial 
resistance
challenges

Global 
scale of 
AMR

Lack of data on 
stewardship 
actions 

Pressure to 
prescribe;
other 
pressures

How to measure 
success?

Complexity of 
delivery 
across 
different fields

Inertia of 
the change 
process

Leadership, 
co-ordination

Motivation, 
commitment

Rapid 
evolution and 
spread of 
AMR 



Leadership and coordination



Member states will prepare a 
National Action Plan with a 

One Health Approach (2017)





Introduction to AMR: Summary

• History is written by the winners
• “Resistance anywhere is resistance 

everywhere”
• Unprecedented national and international 

mobilization  
• Increasing focus on the multiple actions 

required to address AMR
• No one is exempt from the problem, or 

playing a part in the solution


