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Overview

• Emerging/Ongoing AMR Issues in ARNI

• Genomics

• New AMR Surveillance Programs
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Candida auris – Dr. Amrita Bharat
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Number of C. auris cases in Canada, 2012-2022 
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Rapid Response to MDR C. auris in Canada
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2017 Canadian Nosocomial Infection Surveillance Program (CNISP) C. 

auris Interest Group
Co-led by Allison McGeer, Amrita Bharat, Robyn Mitchell

• ~45 participating hospitals

2017 Canadian Public Health Laboratory Network (CPHLN) 

Mycology Working Group

Co-led by Philippe Dufresne and Amrita Bharat

Linda Hoang, BC Centres for Disease Control, BC

Tanis Dingle, Alberta Health Services, AB

Kathy Malejczyk, Saskatchewan Shared Health, SK

David Alexander, Cadham Provincial Laboratory, MB

Julianne Kus, Public Health Ontario, ON

Caroline Sheitoyan-Pesant, Centre Hospitalier 

Universitaire Dr Georges-L.-Dumont, NB 

David Haldane, QEII Health Science Centre, NS

Lei Jiao, Eastern Health, NL

Greg German, Health PEI, PEI

CANWARD Mycology Surveillance

Drs. Jeff Fuller and George Zhanel

Ended 2016 



Genomic Clades of C. auris
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D. DeLuca et al. 2022. Medical Mycology. 60:myab079. doi: 10.1093/mmy/myab079

Travel Status, if known (n=14) # cases

No travel 4

HC in Hong Kong 1

HC in India 3

Migrated from India 1

HC in South Africa 1

HC in USA (Florida) 2

HC in USA (Nevada) 1

South Asian

East Asian

African

South American



Antifungal resistance was associated with clades I and III

~ one-third of isolates 

each were resistant to 

– 0 classes 

(susceptible)

– 1 class (azoles)

– 2 classes (azoles 

and Amphotericin B) 

MDR

• All MDR isolates were 

in clade I
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USA C. auris cases in 2022

311

54

220



N. gonorrhoeae Cases in Canada, 2000 to 2020: Irene Martin
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Rates of gonorrhea doubled between 2014 and 2019:
➢ 2014 = 45.89 per 100,000 population

➢ 2019 = 94.28 per 100,000 population

➢ 2020 = 81.06 per 100,000 population
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Emerg Infect Dis. 2021;27(6):1718-1722

Sexually Transmitted Diseases Vol 45, February 2018



Ceftriaxone-resistant gonorrhea

• Five high-level ceftriaxone resistant gonorrhea cases 

have been identified in Canada

– First was identified in 2017

History of reported ceftriaxone-resistant GC internationally:
• H041 strain: Japan 2009 (Ohnishi et al. Emerg Infect Dis 2011)

• F89 strain: France 2010 & Spain 2011 (Unemo et al. AAC 2012 

& Camara et al. JAC 2012)

• A8806 strain: Australia 2013 (Lahra et al. NEJM 2014)

• FC428 strain: Japan 2015 (Nakayama et al. Emerg Infect Dis 

2016)

Rare but seeing related to 

FC428 reported around the 

world, including the 5 

Canadian cases

Jan 19 2023 – First isolate in USA identified that 

demonstrated resistance or reduced susceptibility to all 

drugs recommended for treatment



CANWARD ESBLs in Canadian Hospitals
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Lagacé-Wiens. ASM Microbe, Accepted 2023.

ESBL E. coli increased 3.4% (2007) to 15.1% (2021) P<0.0001

ESBL K. pneumoniae increased from 1.5% (2007) to 9.3% (2021) P<0.0001



CPE in Canada: CPHLN Data. L. Mataseje
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CNISP CPE and CPA Surveillance
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AMMI/CACMID 2023

P036 R. Mitchell et al.

P042 L. Matasje et al.



CIPARS: Carbapenemase Surveillance
Drs. Amrita Bharat and Audrey Charlebois

• Only Canadian human case S. London OXA-48, NB, travel history to Morocco (2018)

• Only Canadian animal case S. London IMP-64 clinical pig isolates MB (2016)
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Gene Description Speciation           n 
Origin of sample 

(n)
Sample Types

blaNMC
Enterobacter cloaceae

Enterobacter aerogenes 

2

1

Vietnam (2);   

Bangladesh (1) CIPARS retail shrimp  

n=832
blaVCC Vibrio cholerae 2 India (2) 

Niche market seafood

blaNDM, blaTEM, blaOXA-1 Enterobacter cloaceae 2 Vietnam (2) Clams n=101

blaNMC Enterobacter cloaceae 3 Vietnam (3)

Imported Seafood 2,584 samples screened 10 CPE identified (2011-15)

Janecko et al., 2016 Emerg Infect Dis 22:1675-77
Mangat et al., 2016  AAC 60:1819-25
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Increased Cefiderocol Reference Testing Requests: Laura Mataseje

• Cefiderocol is an injectable siderophore 4th gen cephalosporin active against many Gram-neg producing β-

lactamases including both serine-type (KPC, OXA) and Ambler class B metallo-β-lactamases (VIM, IMP, NDM).

Zhanel et al. 2019 Feb;79:271-289. 
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Overview of CNISP

CNISP is a collaboration between the

❑ Public Health Agency of Canada (PHAC) including the National 

Microbiology lab (NML) 

❑ Association of Medical Microbiology and Infectious Disease (AMMI) 

Canada

❑ Sentinel hospitals across Canada

In 2022, CNISP has expanded to include 88 hospitals in 10 provinces 

and 1 territory including rural, community and northern hospitals

In 2023, potential expansion to 110 hospitals

Canadian Nosocomial Infection 

Surveillance Program (CNISP)

Dr. George Golding (CNISP Co-chair)
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CNISP rates per 10,000 patient days, 2012 to 2021

117%CPE infection MRSA BSI

VRE BSI HA-YAF-CDI136% 46%

0.02 to 0.08
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Declining Fluoroquinolone Resistant Strain Types and 

Emerging Susceptible TypesCDI

93.1% MoxR 86.1% MoxR 5.6% MoxR 8.0% MoxR
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CNISP: Antibiotics with the greatest absolute decreases 

• Stewardship highlight for C. difficile NAP1
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Ciprofloxacin Levofloxacin
Cloxacillin



CNISP VRE
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AMMI/CACMID 2023 P033 McCracken et al.

Blood isolates



ARNI Genomics
• Isolates being sequenced and/or analysed at ARNI for surveillance:

– All human Salmonella isolates sequenced by PulseNet Canada and Enteric Disease 

Program

– Most Salmonella food and animal isolates

– All CNISP VRE (1999-present) and MRSA (2018-present) blood isolates, C. difficile 

(on-going), and all CNISP CPE and CPA (2010 onward)

– All N. gonorrhoeae being sequenced (Nov 2022 onward)

– All S. pneumoniae and Group A Strep (Nov 2022 onward)

– All C. auris sequenced 

• Also sequencing all outbreak isolates submitted to ARNI

• Vision is to sequence all isolates submitted to ARNI Lab

• Incorporating machine learning into our bioinformatics tools (AMR prediction and 

surveillance/outbreak analysis)
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Genomics AMR Prediction

• Predicting AMR for surveillance:

– Salmonella harmonized with NARMS USA Program

– S. pneumoniae

– N. gonorrhoeae

– Build safeguards to detect new resistance mechanisms

• Studies for predicting AMR

– Escherichia coli (SIR validation)

– Campylobacter (SIR validation)

– Pseudomonas aeruginosa

– Enterococcus spp.

25

Genomics Clinical Diagnostics



ARNI Nosocomial Outbreak Reports
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Collaboration with Dr. Hoang BCCDC
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• PHAC-funded lab-based AMR surveillance program 

under development

• Collaboration between PHAC, provincial/territorial 

public health, and human/animal labs

• Captures existing information on antimicrobial 

susceptibility testing from human clinical and veterinary 

labs

• Includes all bacterial and fungal organisms

• One-health, integrated approach 

Drs. Wallice Rudnick, Shamir Mukai, and Michael Mulvey



Agreements with 6 

provinces/territories 

Where we are now….

16.7 million human

& 200K vet results

CCDR overview  

& publication of 

AMRNet data in 

CARSS Report

Daily automatic 

data transfers

AMRNet webpage

https://health-infobase.canada.ca,amrnet/

https://sante-infobase.canada.ca/resram/

Rudnick et al. 2022 48:522-28

about:blank
about:blank


National data on 

interactive website

3 additional 

provinces/territories

In the next year….

Summary reports for 

stakeholders

Integration of pilot 

vet data

WHO GLASS 

submission



National data on 

interactive website

3 additional 

provinces/territories

In the next year….

Summary reports for 

stakeholders

Integration of pilot 

vet data

WHO GLASS 

submission

Mock Data

Mock Data



National data on 

interactive website

3 additional 

provinces/territories

In the next year….

Summary reports for 

stakeholders

Integration of pilot 

vet data

WHO GLASS 

submission
Data requested 

by WHO in 2022 

= combinations submitted by AMRNet (267k isolates) 

AMRNet data 

visualized in 

2022 CARSS 

report



• Early days

• Stable long-term funding

• Very positive responses and early support at FTP 

level

• Pilot: SES factors collaboration with StatCan and 

SK

• Data sharing/requests: 
– Human: WHO GLASS, PHAC programs (CARSS, CNISP), 

Non-profit

– Vet: CIPARS, industry-affiliated network

• AMRNet Vet pilots with ON, SK & PEI 

• Federal data: C. difficile (CNISP), N. gonorrhoeae 

(ESAG), Salmonella (CIPARS) data transfer 

approved

Summary



Wastewater AMR: Dr. Chand Mangat
• New surveillance program for AMR in wastewater

• Community-based surveillance is a gap in our current complement of tests

• Near-term technical goals

– Develop a robust/stable method for tracking AMR genes, pathogens and plasmids (2 year)

• qPCR panel to begin and transitioning to omics

Development plan

• qPCR -> metagenomics -> quantitative metagenomics - > long-read

• 20 sites to be tested for weekly

• Technically aligned with developing US-CDC program

– US-CDC qPCR panel is below, will choose 8 indicators

– mcr-1, vanA, NDM, KPC, VIM, CTX-M (group 1), CMY-2, TEM, SHV, intl1, tetW, IMP
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Establishment of a Phage Biobank at NML

• Alternatives to antimicrobial therapy

• Funding requested to establish a new lab to identify phage active against highly drug 

resistant AMR pathogens

• Phage therapy recently being approved for treatment of difficult to treat infections 

(compassionate use)

– USA first case 2018

– Canada first case 2022

– Other countries ahead of Canada and USA

– Clinical trials underway

• Why NML? Perfect location.

– AMR pathogen collection for over 30 years

– Wastewater collections and manure samples for isolation of phage

• Working with AMMI Canada Phage WG

• More info to come
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Summary

• The Antimicrobial Resistance and Nosocomial Infections 

Laboratory (ARNI) is here to support your laboratories

35



36

What is Keeping Dr. Mulvey Awake at Night?
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