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Objectives 

● Impact and implications

● Antibiotics in ecosystems

● Epidemiology

● Origins of resistance

● Mechanisms of resistance

● Use and abuse

● Emerging threats  



What is  the impact of antimicrobial resistance ?

● Increase in morbidity and mortality initially 

confounded by other factors associated with a 

poor outcome 

● More recent studies have elucidated the health 

and economic impacts 













AMR IS REDUCING THE SIZE OF THE 

CANADIAN WORKFORCE



• AMR reduced Canada’s 

GDP by an estimated 

$2B in 2018

• Canada’s economy may 

lose an estimated $268-

$386B in GDP by 2050 if 

resistance rates remain 

constant or continue to 

rise to 40%

AMR IS REDUCING CANADA’S GDP



• The Canadian animal 

farming industry may 

lose $37B by 2050 due 

to a reduction in the 

labour force if resistance 

increases to 40%

• Additional losses due to 

decreases in animal 

productivity and exports 

could amount to $190B

AMR MAY IMPACT ANIMAL FARMING 

INDUSTRY



Costs related to: 

• lengthier hospital stays 

• longer courses of 

treatment 

• other expenses 

attributable to hospital-

acquired resistant 

infections

0.6% of national healthcare 

spending

AMR Already Costs The Canadian Healthcare 

System an Estimated $1.4 B In 2018



What are the implications of 

resistance at the individual level?

● Treatment failure due to wrong choice

● Use of more toxic alternatives

● Possibility of few or no alternate agents  (egs. 
vancomycin-gentamicin-ampicillin resistant 
enterococci, vancomycin-resistant S. aureus and 
TDR-Mtb)

● Rise of vancomycin and methicillin -resistant 

S aureus an illustration – now multiple cases globally 



Inappropriate antibiotic therapy is a risk factor 

for mortality among patients in the ICU

Kollef et al. Chest 1999;115:462–474 
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Propensity for Spread in a Shrinking World 

MacPherson D, Gushulak B et al .Population Mobility, Globalization

and Antimicrobial Resiatnce . Emerg Inf Dis 2009; 15: 1727-31
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IDSA’s 2004 

Report:                         

“Bad Bugs, 

No Drugs :  

As Antibiotic 

Discovery 

Stagnates, A 

Public Health 

Crisis Brews”



No Drugs: Pipeline is Dry and 

Shortages Abound  

Source: Spellberg et al. Clinical Infectious Diseases, May 1, 2004 

www.canadadrugshortage.com

http://www.canadadrugshortage.com/


No Drugs : New Antibacterial Agents 

Approved Since 1998
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HOST

MICROBE DRUG

Antimicrobial

Utilization

→ Transmission

Surveillance

Antimicrobial resistance and the classic host-

microbe-drug paradigm

 Elderly, compromised





Broad 

spectrum

Medical devices →

Less 
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hygiene
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Mutations
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Veterinary 

medicine
Human medicine

Agriculture

Community

Hospital

Animal feed additives

Plant protection

Treatment & prophylaxis

ANTIBIOTIC  ECOSYSTEMSANTIBIOTIC  ECOSYSTEMS

Environment





Food Animal Sources and Animicrobial 

Resistance 

80% infections with Salmonella and Campylobacter in 

humans  acquired from food animals 

Estimates of 4.5 million infections/yr NA due to 

Salmonella and Campylobacter and 50% resistant

Implicated are the 24 million tons subtherapeutic use A/Bs 

used each year as growth promoters 

US FDA found 20% pork , turkey, beef and chicken 

samples Washington area + for Salmonella of which 84 % 

resistant to at least 1 antibiotic, including ceftriaxone 

NEJM Oct 18,2001



Aquaculture Sources and Animicrobial 

Resistance 

Recent studies farmed shrimp ( raw or frozen) Switzerland  

revealed 41% of 17 different samples mostly from SE Asia 

+ for MDR organisms mainly ESBL E. coli and K. 

pneumoniae

Testing of 121 seafood products originating in Asia 

purchased from retail groceries in Canada 

bla OXA-48 were isolated from 4 (3.3%) of the samples 

tested from China (n=2) and Korea (n=2) and included 

squid, sea squirt, clams and seafood medley

Morrison B, Rubin J. Carbapenemase producing bacteria in the food supply 

escaping detection. PLoS One 2015; 10(5): e0126717



Source, identification and antimicrobial susceptibility of 

organisms producing carbapenemases

Seafood Product Seafood 

Medley
*

Clams Sea Squirt Squid

Market 

Location

Saskatoon Saskatoon Vancouver Toronto

Country of 

Origin

China China Korea Korea

Bacterial 

Species

Stenotrophomon

as maltophila

Myroides 

odoratimimus

Stenotrophomon

as spp.

Pseudomonas 

putida

bla Gene OXA-48 OXA-48 OXA-48 OXA-48

E-test MIC 

(μg/ml)

Ertapenem >32 0.75 >32 3

Meropenem >32 3 >32 1.5

Tigecycline 1 1.5 0.38 3

Colistin >256 16 0.5 1

Morrison B, Rubin J. Carbapenemase producing bacteria in the food supply 

escaping detection. PLoS One 2015; 10(5): e0126717



Sampling Sites Sewage and Boxplots of AMR 

Fragments/KB/106 Fragments in each Sample

Hendriksen R et al. Global monitoring of antimicrobial resistance based on 
metagenomics analyses of urban sewage. Nature Comm. March 2019
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WHO optimal use of antimicrobials in food   

producing animals to protect global health   

Reference :



Antimicrobial Resistance and

Susceptible  Populations

Elderly   

Organ transplantation /immunosuppression

Cancer/chemotherapy

HIV/AIDS

Chronic renal/hepatic disease 

Chronic organ dysfunction

Alcohol/substance abuse

Multiplicity/complexity of medical devices                                    



Factors that may Increase Antimicrobial Resistance 

in Hospitals

Ineffective infection control and isolation practices and 

compliance

Increased use of antimicrobial prophylaxis

Increased empiric polymicrobial antimicrobial therapy

High antimicrobial usage per geographic area per unit 

time

Modified from McGowan JE Jr. Is antimicrobial resistance in hospital microorganisms 

related to antibiotic use?  Bull NY Acad Med  1987;63:253-268.

DM Shlaes, et al.  Society for Healthcare Epidemiology of America and Infectious Disease

Society of America Joint Committee…  Infect Contr & Hosp Epidemiol 1997;18(4)275-91.



Community-acquired

Hospital-acquired

Gram-negative rods

Enterococcus sp.

Shigella sp.

N. gonorrhoeae

H. influenzae
M. catarrhalis

S. pneumoniae

19501960197019801990

S. aureus

Emergence of Antibiotic Resistant  Bacteria 

1950-2020

Source: Cohen;Science 1992;257:1050

2020



Emergence of Penicillin Resistant S aureus 1946-76

Chambers et al EID 2001



S. aureus Resistance Timelines
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1st use methicillin 1959

1st MRSA 1961

Europe, UK 

Aus, India Vancomycin 2002





1st MRSA US

Outbreak



USA ,Aus

Ireland 

Worldwide



The  Changing Epidemiology of

MRSA in the 21st Century

Until the 1990s, community acquired-MRSA cases HCF-
related or 2° IVDU

Increasing reports of CA-MRSA without usual identifiable 
risk factors US and France 

- MMWR 1999 Minnesota/ND cases with a Type IV  

SCCmec – 4 deaths children and national attention

- High infection rate among <16 year old subjects

- Now widespread US and  Western Canada 

Conly J, Johnston L Can J Inf Dis 2003

Gilbert et al CMAJ 2006





Emerging Trends in Resistance 

2018



Selection of AROs

Multiple factors

Predicted as early as 1942 by Rene Dubos

Importance of maintaining ecological balance 

paramount

Overuse of antibiotics provides selective pressure 

for emergence of resistant organisms



Evolution, Microbes and Humans

Bacteria 3.5-3.8 billion years

Mammals 60 million years

Homo erectus 2.5 million years 

Homo sapiens 125,000 years

Antimicrobials 70 years



Evolutionary Changes in Microbes

Arrival of first bacteria 3.5 billion years ago

Constant evolution

Selection pressure “survival of the fittest”

Comparison of  rRNA divergence between E. coli

and Salmonella suggests a common ancestor 120-

160 million years ago at same time as the 

evolving of mammals



Genetics of Antimicrobial Resistance

Microevolutionary change-minor change in DNA; 

point mutation e.g. alters target site

Macroevolutionary change-major change in 

DNA; large segment rearrangement; inversion 

duplication e.g. new protein production

Acquisition of new DNA-plasmids; phages; 

transposable elements (unlimited capacity to 

adapt and change)



Biochemical mechanisms

of resistance and their genetic basis

Biochemical

mechanism

Antibiotic

Examples

Genetics

Mutation Gene

acquisition

Example

Organisms

Inactivation

of drug

Aminoglycosides

-Lactams

Chloramphenicol

+

+ +

+

Enterococci , E. coli

Enterococci ,S. aureus

, E. coli

Staphylococci



Biochemical

mechanism

Antibiotic

Examples

Genetics

Mutation Gene

acquisition

Example

Organisms

Alteration

of target

Erythromycin + S. pneumoniae

Fluoroquinolones + S. aureus , E. coli

Rifampin + Staphylococci,

Enterococci

Tetracyclines

-Lactams

Vancomycin

+

+

+

N. gonorrhoeae

S.aureus,S. pneumoniae

Enterococci

Biochemical mechanisms

of resistance  and their genetic basis



Biochemical

mechanism

Antibiotic

Examples

Genetics

Mutation Gene

acquisition

Example

Organisms

Active efflux Erythromycin + Staphylococci,

S. pneumoniae

Fluoroquinolones + P. areuginosa

Tetracyclines + Enterococci , S. aureus ,

E. coli

Reduced

permeability

Aminoglycosides

-Lactams

+ +

+ +

P. aeruginosa, E coli

P.aeruginosa,

Enterobacter sp.

Bypass step Sulphonamides + S. pneumoniae, E. coli



Selected current problems with 

antimicrobial drugs, according to organism

Organism Problem

Gram-positive cocci Methicillin-resistant Staph aureus

and coagulase-negative staphylococci;

penicillin-resistant pneumococci; 

macrolide-resistant streptococci;

vancomycin-resistant enterococci

Gram-negative cocci Penicillin-resistant meningococci;

quinolone-resistant gonococci

ceftriaxone resistant gonococci 



Selected current problems with 

antimicrobial drugs, according to organism

Organism Problem

Acid-fast bacilli Multidrug-resistant Mycobacterium

tuberculosis; multidrug-resistant M. 

avium complex



Selected current problems with 

antimicrobial drugs, according to organism

Organism Problem
Gram-negative bacilli Enterobacter and other Enterobacteriaceae 

with chromosomal B-lactamases; 

multidrug- resistant Pseudomonas and S        

maltophilia;Enterobacteriaceae with  ES                                          

B-lactamases; multidrug-resistant diarrheal 

pathogens (shigella species, salmonella 

species, Escherichia coli, campylobacter 

species); carbapenemase producing  

organisms



Headlines Aug 11 2010 NDM-1 New Superbug 



NDM1 and Pan-Resistance  



Global Spread NDM1

Note : Visitors, medical tourism, and intracountry secondary transmissions  



Global Spread CROs [KPCs 

NDMs, Oxa-48] 

Vasoo S et al. Mayo Clin Proc. March 2015;90(3):395-403 

http://dx.doi.org/10.1016/j.mayocp.2014.12.002





New Delhi metallo-β-lactamase-1(MBL)

Enzyme which confers resistance to one of the most potent 

classes of antibiotics, known as carbapenems

Part of broad family of β-lactamase enzymes, carried by 

many microorganisms

4 major classes acting by a serine or zinc based mechanism

Major serine -β-lactamase carbapenemase is the KPC (Klebsiella

pneumoniae carbapenemase)

Major metallo-β-lactamase carbapenemase : IMP- type, VIM-

type and now NDM-1 type

What is NDM-1?



Multi co-resistance carriage 

Co-carriage of up to 14 other resistance traits (ß-

lactamase genes, quinolone resistance genes, and 16S 

RNA methylase genes)

Pan resistance in some strains 

Present in common bacteria 

E. coli  most common cause UTI worldwide

Multiple other species of high public health 

importance – Shigella, Vibrio , Salmonella 

Highly mobile and promiscuous plasmids  

Why is NDM-1 Different?



Presence in environment and potable water 

Carriage in large segment of population

Propensity for rapid spread 

No geographic/political boundaries for 

microorganisms

Unabetted and massive use of antibiotics in all 

sectors of society 

Paucity of drugs available 

Why is NDM-1 Different?





Reference: WHO Feb 2017 



But ..... Can We Wait ?
➢ Finding of highly

drug-resistant Salmonella 

Enterica serotype 

Kentucky ST198-X1 

France and Morocco

➢ CTX-M-1, CTX-M-15.

CMY-2, OXA-48, VIM-2

In cipro-resistant isolates 

of S Kentucky from the 

Mediterranean basin 

since 2009

➢ Origins East and North

Africa, Middle East, India

Le Hello et al Lancet Infect Dis 

2013;13: 672–79

http://dx.doi.org/10.1016/

S1473-3099(13)70124-5





Summary Key Points 

● Antimicrobial resistance is a predictable outcome 

associated with antimicrobial use

● Appropriate antimicrobial use is the most 

important strategy to limit resistance

● Basic infection-control strategies - hand hygiene 

and appropriate cleaning of the environment and 

shared equipment, reduce the transmission of 

AROs 



Discussion Questions

● Is human use or animal use the major source of 

antimicrobial resistance ?

● What should be done to curtail inappropriate 

antibiotic use across the spectrum of One Health ?


