i . (L
*', Public Health Ag del t
I I A;er:?:y c?? Canada pugl?gl?e gu%ﬁgc?a Cana.da

Canadian Antimicrobial
Resistance Surveillance System
(CARSS):

2024 Key Findings




TO PROMOTE AND PROTECT THE HEALTH OF CANADIANS THROUGH
LEADERSHIP, PARTNERSHIP, INNOVATION AND ACTION IN PUBLIC HEALTH.

— Public Health Agency of Canada

Egalement disponible en francais sous le titre :
Systeme canadien de surveillance de la résistance aux antimicrobiens (SCSRA) :
2024 Principales conclusions

To obtain additional copies, please contact:

Public Health Agency of Canada
Address Locator 0900C2
Ottawa, ON K1A 0K9

Tel.: 613-957-2991

Toll free: 1-866-225-0709

Fax.: 613-941-5366

TTY: 1-800-465-7735

E-mail: publications-publications@hc-sc.gc.ca

© His Majesty the King in Right of Canada, as represented by the Minister of Health, 2024
Publication date: November 2024

This publication may be reproduced for personal or internal use only without permission
provided the source is fully acknowledged.

Cat.: HP37-21/1E-PDF
ISSN: 2817-8602
Pub.: 240641



Table of Contents

Introduction to antimicrobial resistance ... 4
The impact of AMR in Canada ........ccoooiiiiiiieiicirre e e 5
Key surveillance findings (2018 t0 2022)......ccccoeeiiiiee e e e e e e e e e e eeeeeeeaaees 6
The impact of the COVID-19 pandemic on antimicrobial prescribing................... 9
Strengthening national surveillance of AMR — Update on progress on the

Pan-Canadian Action Plan on AMR ... 10
AMR and AMU amongst equity deserving populations ...........cccceeeviieiiiieeiennnns 13
AU 1 T £ PP 16

R LY (= (= [ 01= - TSR 18



Introduction to antimicrobial
resistance

Antimicrobials are a cornerstone of contemporary medicine, frequently
employed to treat, prevent, and manage infections. Antimicrobial resistance
(AMR) arises when bacteria, viruses, fungi, and parasites adapt to survive the
effects of these drugs designed to eliminate or inhibit them?. Consequently,
infections resistant to antimicrobials become harder to treat and are often

linked to more severe outcomes, medical complications, and sometimes

death. Although AMR can occur in nature over time, the misuse and overuse

of antimicrobials in humans, animals, plants and crops can accelerate the
process. This is why the prudent and responsible use of antimicrobials is crucial.
AMR can spread between people and animals, either through direct contact or
through the food chain and the environment; it is a complex problem, requiring a
One Health solution?.
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The impact of AMR in Canada

Antimicrobial resistant infections significantly affect human health, and, in some
cases, the incidence of these infections is on the rise. The Council of Canadian

Academies projected that if the proportion of human infections resistant to first-
line antimicrobials increased from 26% in 2018 to 40% by 2050, the number of

deaths in Canada attributable to AMR would rise to 13,700 per year®.

Of the AMR infections monitored in Canadian hospitals, the Public Health
Agency of Canada (PHAC) estimates that 1 resistant infection is detected
for every 220 patients admitted to sentinel acute-care hospitals. A number
of priority infections are under surveillance and include methicillin-resistant
Staphylococcus aureus (MRSA) bloodstream infections (BSls), vancomycin-
resistant Enterococcus (VRE) BSls, Clostridioides difficile infections (CDI),
Candida auris and carbapenemase-producing Enterobacterales (CPE).

If AMR is not addressed, global economic losses could exceed $100 trillion

by 2050, with Canada potentially experiencing a reduction in GDP of more

than $20 billion®. Healthcare costs play a significant role in these figures; for
instance, evidence from Canada indicates that an antimicrobial-resistant
MRSA infection incurs over $8,000 more in healthcare costs compared to a
susceptible infection. This estimate excludes mortality and additional economic
consequences®. Furthermore, if AMR decreases productivity in animal farming
and exports of animal products by 10%, the Canadian industry could face
losses around $190 billion over the next 30 years®.

The increasing occurrence of resistant infections highlights the necessity for
rigorous AMR surveillance and an evidence-based use of antimicrobials to
reduce the risk posed by this complex One Health issue.




Key surveillance findings
(2018 to 2022)

Public health surveillance underpins Canada’s efforts to counter AMR.
Established in 2015, CARSS brings together data and findings from 10 different
surveillance programs based at PHAC, covering both human and animal health, in
collaboration with Health Canada’s Veterinary Drugs Directorate, the Department
of Fisheries and Oceans and the Canadian Food Inspection Agency.

CARSS serves as a national focal point for AMR surveillance activities, highlighting
evidence and trends from PHAC and partners, and providing relevant, timely,
accurate, and comprehensive information to stakeholders, to support research,
policies and actions against AMR and inappropriate AMU, a key driver of AMR.

2018 to 2022

Key trends trend summary

Vancomycin resistant Enterococcus bloodstream infections Trending up

Carbapenemase-producing Enterobacterales infections Trending up

Methicillin-resistant Staphylococcus aureus bloodstream infections

Stable
(Healthcare-associated)

Methicillin-resistant Staphylococcus aureus bloodstream infections

Trendi
(Community-associated) rending up

Clostridioides difficile infections Stable

Drug-resistant Mycobacterium tuberculosis infections Stable

Drug-resistant Neisseria gonorrhoeae infections Trending up

Multidrug-resistant vaccine-preventable invasive Streptococcus

Trending u
pneumoniae infections gup

Drug-resistant invasive Group A Streptococcal infections Trending up

Resistant Typhoidal and non-typhoidal Salmonella enterica infections

Trendi
(2019 to 2023) rending up

Candida auris Not available




As highlighted in prior CARSS reports, several 5-year AMR indicators in humans
continue to worsen between 2018 and 2022.

¢ The incidence of VRE BSls increased by 5.9% (from 0.34 to 0.36
infections per 10,000 patient days); the 30-day all-cause mortality was
34% among hospitalized patients with a VRE BSI.

e CPE rates (both infection and colonization) rose from 0.06 to 0.14 per
10,000 patient-days.

e Healthcare-associated (HA) MRSA BSI rates among hospital patients
remained stable over this 5-year period (ranged from 0.42 to 0.50 per
10,000 patient days) while community-associated (CA) MRSA BSI rates
increased between 2018 and 2022 (from 0.50 to 0.56 per 10,000 patient
days). Over this 5-year period, all-cause mortality rates ranged from 16.3
to 19.8 per 100 MRSA BSI cases for overall MRSA BSI, 19.4 to 25.7 for
HA-MRSA BSI and 12.3 to 17.6 for CA-MRSA BSI.

¢ The incidence of HA-CDI decreased from 3.95 to 3.66 infections per
10,000 patient-days. CA-CDI rates remained stable, ranging from 1.19
to 1.41 infections per 1,000 patient admissions over the five-year period.
Overall, CDI attributable mortality within 30 days of diagnosis remained
low and fluctuated between 1.2 and 2.7 deaths per 100 cases.

e Mycobacterium tuberculosis (TB) resistance remained stable with only
two cases of extensively drug-resistant TB reported during this time
frame. Resistance to any TB drug ranged between 8.2% and 10.5% and
reported multidrug-resistant cases counted for 0.6% and 1.4%.

e The 2022 national gonorrhea rate (similar to the rate from 2018 and 2019)
is three times higher than it was three decades ago. There are reports of
extremely drug-resistant (XDR) gonorrhea in Canada and, on average,
8.2% (range 6.1% to 11.7%) of Neisseria gonorrhoeae isolates collected
during this period demonstrated resistance to azithromycin (a nationally
recommended gonorrhea treatment prescribed as a part of dual therapy).




Multidrug-resistant invasive pneumococcal (IPD) infections increased by
93.2% between 2018 and 2022.

Since 2019, Salmonella isolates from human infections have shown
increased resistance to some key antimicrobials.

From 2012-2022, Canada experienced 43 cases of Candida auris infection
or colonizations, an emerging pathogen in Canada. 34.9% of these cases
were multidrug-resistant (resistant to 2 classes of antifungals).

More detailed findings can be found on the AMR Dashboard, which organizes
findings by pathogen.

Overall, human antimicrobial use (AMU) continues to decrease, however,
nearly one-fifth (18.4%) of prescriptions were deemed inappropriate

or suboptimal in participating Canadian healthcare facilities. Annual
antimicrobial prescriptions in the community sector declined by 6.6%
between 2019 and 20283.

The amount of antimicrobials sold for use in animals has plateaued since
2019. The reported AMU on volunteer sentinel farms increased for broiler
chickens, turkeys, and feedlot cattle between 2022 and 2023, while there
were decreases for grower-finisher pigs.

Antimicrobial use in aquaculture also increased between 2021 and 2022%.

More detailed findings on human and animal AMU can be found on the AMU
Dashboard, which organizes findings by settings.



https://health-infobase.canada.ca/carss/amr/
https://health-infobase.canada.ca/carss/amu/
https://health-infobase.canada.ca/carss/amu/

The impact of the COVID-19
pandemic on antimicrobial
prescribing

When COVID-19 began in March 2020, there was an immediate decrease in

the average monthly number of antimicrobial prescriptions in Canada. In the
early pandemic period (April 2020 to June 2021) before COVID-19 vaccines
were widely available, there was a decrease in antimicrobial prescribing by

33% compared to pre-pandemic levels. This was likely due to several factors
including reduced healthcare access, a shift to virtual care, and reluctance to
seek non-urgent medical attention. Social distancing and decrease in contact
with others, which reduced other viral infections, also played a role. Rates were
lowest during 2020-2021, but started rebounding by mid-2021, rising by 25.6%.
By the end of 2023, prescribing rates returned to pre-pandemic levels. Although
the pandemic temporarily reduced AMU, it did not lead to lasting change.
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Strengthening national
surveillance of AMR — Update
on progress on the Pan-
Canadian Action Plan on AMR

In June 2023, the federal, provincial and territorial Ministers of Health and
Agriculture released the Pan-Canadian Action Plan on Antimicrobial Resistance
(PCAP)*¢, a 5-year (2023 to 2027) blueprint to coordinate an accelerated pan-
Canadian response to address AMR. PHAC has identified ways to enhance
surveillance efforts under the PCAP through existing and strengthened
partnerships among federal, provincial, and territorial (FPT) authorities, as well
as industry sectors. A key action is to expand the sources, coverage, and
integration of AMR and AMU surveillance data. This includes leveraging modern
laboratory technologies and standardized reporting to monitor AMR and AMU
across One Health sectors. Specific attention will be given to improving data
from environmental sources, transmission pathways between sectors, and
populations disproportionately affected by AMR and inappropriate AMU.

One year after its release, the Pan-Canadian Action Plan on Antimicrobial
Resistance: Year 1 Progress Report (June 2023 to May 2024)” was published
to highlight FPT activities and advancements during the first year of
implementation. Some key surveillance milestones include:

e AMRNet, a national laboratory-based surveillance system that integrates
human and animal AMR data to support a One Health response to AMR,
expanded to seven provinces/territories.

» AMRNet submitted data on more than 300,000 isolates to World
Health Organization Global Antimicrobial Resistance and Use
Surveillance System.



https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance-year-1-progress-report-2023-2024.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance-year-1-progress-report-2023-2024.html

» AMRNet-Vet is the veterinary component of AMRNet. This pilot project
expanded to four veterinary laboratories and has reported on AMR trends
among felines, canines and bovines.

The Gonococcal Antimicrobial Surveillance Program (GASP - Canada) has
expanded AMR prediction testing of Neisseria gonorrhoeae clinical specimens to 10
provinces/territories, with a focus on northern and remote regions.

The Enhanced Surveillance of Antimicrobial-Resistant Gonorrhea (ESAG)
program expanded participation from 4 to 6 jurisdictions, which will provide further
detail on key populations affected by AMR-gonorrhea to target approaches in
gonorrhea prevention and treatment.

PHAC partnered with the Canadian Primary Care Sentinel Surveillance Network
(CPCSSN) to obtain access to de-identified primary healthcare electronic medical
records. This new data source is being used to help monitor how antibiotics are
being used in primary care. CPCSSN data are being explored, as a data source for
how primary care physicians diagnose infections, including AMR infections.

The Canadian Integrated Program for Antimicrobial Resistance Surveillance
(CIPARS) is a national program that collects, analyzes and communicates trends

in AMU and AMR for select bacteria from humans, animals and retail meat in
collaboration with federal, provincial, academia and private industry partners.
CIPARS has expanded to include whole genome sequencing phenotypic prediction
of AMR for Salmonella isolates from humans and diagnostic clinical animal samples
from 2018-2023, information on gram positive organisms from poultry, chicken layer
surveillance data, and AMR data on bovine respiratory pathogens. CIPARS has also
expanded to include on-farm feedlot cattle and dairy cattle surveillance components.




¢ For the first time, CARSS is including data on dairy and feedlot cattle:

» Collection of AMU data in feedlot cattle started in 2019 as a pilot
project. An expert panel, consisting of feedlot cattle industry
representatives, the major veterinary practitioners involved in
feedlot medicine across Canada and AMU and AMR experts,
was convened to work with CIPARS to draft a framework for the
collection of AMU data and samples for the detection of AMR from
the feedlot sector. Strong industry support for this initiative resulted
in this team receiving external funding to support the initiation and
continuation of this project. Following the conclusion of the pilot
phase in 2022, the core of the program transitioned into a CIPARS
component.

» Dairy cattle surveillance, under the Canadian Dairy Network for
Antimicrobial Stewardship and Resistance (CaDNetASR), started
in 2019 as a pilot in collaboration with 4 veterinary colleges
in Canada and CIPARS. This program was also supported by
industry, including support from the Dairy Research Cluster 3 grant.
Initially, the program aimed to enroll 30 herds across five selected
regions: British Columbia, Alberta, Ontario, Quebec, and the
Maritimes (specifically Nova Scotia). Following the conclusion of
the pilot phase in 2022, the program transitioned to a core CIPARS
component covering sampling in three regions: British Columbia,
Ontario, and Quebec.

e PHAC is continuing activities to strengthen the environmental component
of Canada’s One Health AMR response by enhancing FoodNet Canada’s
collection of surface water for AMR and antimicrobial testing, as well as
leveraging wastewater surveillance to investigate population-level AMR
and AMU trends and continue to work to determine its value-add and
overall impact in the realm of AMR.

AMR continues to be a global priority. A Political Declaration on AMR was
adopted at the UN General Assembly High-Level Meeting on AMR on
September 26, 2024. Priorities identified in the UN Political Declaration align well
to the commitments in Canada’s Action Plan, including enhancing integrated
One Health AMR and AMU surveillance.




AMR and AMU amongst
equity deserving populations

Equity is a key component of Canada’s strategy to combat AMR, as it affects
certain socio-demographic groups more than others. Initiatives are currently
in progress to enhance surveillance by integrating socio-demographic and
genomic data to better understand the unequal impacts of AMR in Canada.

Some key priority populations with increased risks for AMR infections and
adverse health outcomes from AMU include:

¢ Residents of long-term care facilities (LTCF) are at a higher risk for
antimicrobial-resistant infections and negative outcomes from avoidable
antibiotic use, with urinary tract infections (UTls) being a common reason
for unnecessary antibiotic use®®'°. LTCFs typically have less developed
antimicrobial stewardship programs when compared to other healthcare
facilities, like hospitals. The AMRTF is collaborating with PHAC’s
Behavioural Science Office on research to ensure best practices for
testing and treating UTIs, aiming to reduce unnecessary urine cultures
and antibiotic prescriptions.

e The gay, bisexual and other men who have sex with men (gbMSM)
community in Canada is disproportionately affected by several sexually
transmitted AMR pathogens concurrently circulating in Canada:
multidrug-resistant (MDR) Mycoplasma genitalium (M.genitalium),

XDR shigellosis and MDR gonorrhea''-'. Doxycycline is being used or
considered as a preventative measure against syphilis, gonorrhea and
chlamydia among gbMSM in some jurisdictions. While there is no routine
national surveillance of the AMR component of shigellosis, monitoring
XDR shigellosis and MDR M. genitalium signals within the gbMSM
community is important, as the widespread use of doxycycline for
prevention of other STls could facilitate spread of resistant strains'-'".




People who inject drugs (PWID) face a high risk of severe AMR
infections, including invasive Group A Streptococcal (iGAS) infections and
MRSA BSI'®2'. CNISP and the Enhanced iGAS Surveillance System (a
joint initiative between PHAC’s Centre for Emerging Respiratory Infections
and Pandemic Preparedness, the National Microbiology Laboratory and
provincial/territorial health) are currently collecting data on the incidence
of these infections among PWID, with findings forthcoming.

People born outside of Canada are disproportionately affected by both
TB and drug-resistant TB?2. The Canadian Tuberculosis Reporting System
(CTBRS) and Canadian Tuberculosis Laboratory Surveillance System
(CTBLSS) continue to monitor TB among people born outside of Canada
and AMR TB, respectively.

Indigenous people have higher rates of certain infections linked to AMR,
such as IPD and iGAS?*?4. In some Northern communities, antibiotic-
resistant gonorrhea presents a significant challenge?®. The expansion

of AMR prediction testing for gonorrhea clinical specimens, especially
targeting northern and remote regions, offers crucial data to help address
this issue.

Other equity deserving groups include sex workers, who can experience
higher levels of AMR-gonorrhea'®, and unhoused populations, among
whom there has been an outbreak of iGAS that included macrolide-
resistant infections?@,

Taking oral antibiotics without consulting a medical professional is one type
of misuse of antibiotics. An AMRTF analysis of data from a public opinion
survey found that self-medicating with oral antibiotics was more likely
among the following groups:

» individuals aged 35 years and younger
» males

» members of the LGBTQ+ community
» employed individuals

» Indigenous people

» rural residents

» individuals with lower household income

» individuals who have children




Having drug insurance coverage was found to protect against self-
medication with oral antibiotics, suggesting that drug coverage could be
one measure to reduce this AMR risk behavior in the community?®.

PHAC is enhancing efforts to understand and address health disparities related
to AMR and AMU in critical populations and settings. This information can
guide culturally appropriate and collaborative community-prevention strategies
to prevent AMR infections and develop targeted antimicrobial stewardship

interventions for key populations.




Authors

Stephanie Alexandre, Dr. Kahina Abdesselam, Dr. Kanchana Amaratunga, Dr.
Amrita Bharat, Dr. Carolee Carson, Dr. Anna-Louise Crago, Dr. George Golding,
Melissa Isada, Braden Knight, Tanya Lary, Lillian Lourenco, Irene Martin, Laura
Mataseje, Dr. Aboubakar Mounchili, Dr. Richard Reid-Smith, Dr. Wallis Rudnick,
Jayson Shurgold, Olivia Varsaneux

Antimicrobial Resistance Task Force (AMR Task Force)

Stephanie Alexandre, Dr. Kahina Abdesselam, Dr. Kanchana Amaratunga,
Jahanara Begum, Dr. Anna-Louise Crago, Drew Greydanus, Melissa Isada,
Braden Knight, Sigrun Kullik, Elizabeth Kunkel, Tanya Lary, Rachel Ma, Jami
Mackenzie, Robyn Mitchell, Lilian Moon, Pia Muchaal, Raymond-Jonas
Ngendabanka, Shaghig Reynolds, Jayson Shurgold, Shari Thomas

Antimicrobial Resistance Network (AMRNet)
Dr. Walllis Rudnick, Yi Qiao Liu

Canadian Integrated Program for Antimicrobial Resistance
Surveillance (CIPARS)

Dr. Agnes Agunos, Dr. Amrita Bharat, Dr. Angelina Bosman, Dr. Carolee Carson,
Dr. Sheryl Gow, Dr. Melissa MacKinnon, Kathryn McDonald, Ketna Mistry,
Dr. Richard Reid-Smith, Dr. Daniella Rizzo, Hailey Silver

Veterinary Antimicrobial Sales Reporting (VASR - Health
Canada Veterinary Drugs Directorate)*

Dr. Xianzhi Li, Mark Reist, Valentine Usongo




Canadian Nosocomial Infection Surveillance Program (CNISP)

Dr. Amrita Bharat, Joélle Cayen, Kelly Choi, Tim Du, Romaine Edirmanasinghe,
Dr. George Golding, Xiao Lisa Li, Cassandra Lybeck, Laura Mataseje, Melissa
McCracken, Erin McGill, Robyn Mitchell, Annie-Kim Nguyen, Anada Silva,
Olivia Varsaneux

Canadian Tuberculosis Laboratory Surveillance System
(CTBLSS)

Marie Lafreniere, Dr. Aboubakar Mounchili, Reshel Perera, The Canadian
Tuberculosis Laboratory Technical Network (CTLTN)

Enhanced Surveillance of Antimicrobial-Resistant Gonorrhea
(ESAG)

Norman Barairo, Genevieve Gravel, Maria Guirguis, Carmen Issa, Lillian
Lourenco, Irene Martin, Shelley Peterson, Robyn Thorington

National Laboratory Surveillance of Invasive Streptococcal
Disease in Canada (eSTREP)

Dr. Alyssa Golden, Irene Martin

Gonococcal Antimicrobial Surveillance Program - Canada
(GASP-Canada)

Norman Barairo, Irene Martin, Shelly Peterson, Robyn Thorington

National Microbiology Laboratory (NML)

Norman Barairo, Dr. Amrita Bharat, Tim Du, Romaine Edirmanasinghe, Dr.
Alyssa Golden, Dr. George Golding, Yi Qiao Liu, Irene Martin, Laura Mataseje,
Melissa McCracken, Ketna Mistry, Shelley Peterson, Dr. Wallis Rudnick, Robyn
Thorington

* The Veterinary Antimicrobial Sales Reporting (VASR) system is jointly
operated by both PHAC and HC. VASR is one surveillance component of
CIPARS.




References

1. Dadgostar P. Antimicrobial Resistance: Implications and Costs. Infect Drug Resist.
2019;Volume 12:3903-3910. doi:10.2147/IDR.S234610.

2. Velazquez-Meza ME, Galarde-L6pez M, Carrillo-Quir6z B, Alpuche-Aranda CM.
Antimicrobial resistance: One Health approach. Vet World. 2022:743-749. doi:10.14202/
vetworld.2022.743-749.

3. Council of Canadian Academies. When Antibiotics Fail.; 2019. https://cca-reports.ca/wp-
content/uploads/2023/05/Updated-AMR-report EN.pdf

4. Fisheries and Oceans Canada. National aquaculture public reporting data.; Accessed
November 2024. https://open.canada.ca/data/en/dataset/288b6dc4-16dc-43cc-80a4-
2a45b1f93383.

5. Public Health Agency of Canada. Pan-Canadian Action Plan on Antimicrobial

Resistance.; 2023. https://www.canada.ca/en/public-health/services/publications/drugs-
health-products/pan-canadian-action-plan-antimicrobial-resistance.html

6. Public Health Agency of Canada. Building momentum: Activities underway to address
antimicrobial resistance in Canada - Compendium to the Pan-Canadian Action Plan
on Antimicrobial Resistance.; 2023. https://www.canada.ca/en/public-health/services/
publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance/
building-momentum-activities-underway-address-antimicrobial-resistance-canada.html

7. Public Health Agency of Canada. Pan-Canadian Action Plan on Antimicrobial Resistance:
Year 1 progress report (June 2023 to May 2024).; 2024. https://www.canada.ca/en/
public-health/services/publications/drugs-health-products/pan-canadian-action-plan-
antimicrobial-resistance-year-1-progress-report-2023-2024.html

8 Penney CC, Boyd SE, Mansfield A, Dalton J, O’Keefe J, Daley PK. Antimicrobial use
and suitability in long-term care facilities: A retrospective cross-sectional study. JAMMI.
2018;3(4):209-216. doi: 10.3138/jammi.2018-0021.

9 Marra F, McCabe M, Sharma P, et al. Utilization of antibiotics in long-term care facilities
in British Columbia, Canada. J Am Med Dir Assoc. 2017;18(12):1098.e1-1098.e11. doi:
10.1016/j.jamda.2017.09.018.



https://open.canada.ca/data/en/dataset/288b6dc4-16dc-43cc-80a4-2a45b1f93383
https://open.canada.ca/data/en/dataset/288b6dc4-16dc-43cc-80a4-2a45b1f93383
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance/building-momentum-activities-underway-address-antimicrobial-resistance-canada.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance/building-momentum-activities-underway-address-antimicrobial-resistance-canada.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance/building-momentum-activities-underway-address-antimicrobial-resistance-canada.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance-year-1-progress-report-2023-2024.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance-year-1-progress-report-2023-2024.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance-year-1-progress-report-2023-2024.html

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Daneman N, Gruneir A, Newman A, et al. Antibiotic use in long-term care facilities. J Antimicrob
Chemother. 2011;66(12):2856-2863. doi: 10.1093/jac/dkr395.

Labbé A, Lambert G, Fortin C, et al. P382 High prevalence of macrolide and quinolone-resistance
mediating mutations in Mycoplasma genitalium among gay and bisexual men (GBM) in Montréal,
Canada. Sex Transm Infect. 2021:97(Suppl1):A159.1-A159. doi:10.1136/sextrans-2021-sti.417.

Gratrix J, Plitt S, Turnbull L, et al. Prevalence and antibiotic resistance of Mycoplasma genitalium
among STI clinic attendees in Western Canada: A cross-sectional analysis. BMJ Open.
2017;7(7):e016300. doi: 10.1136/bmjopen-2017-016300.

Public Health Ontario. Surveillance report: Shigella antimicrobial resistance.; 2023. https://www.
publichealthontario.ca/-/media/Documents/S/2023/shigella-antimicrobial-resistance.pdf

Direction régionale de santé publique de Montréal. Mise a jour : Progression de la shigellose
multirésistante a Montréal en 2023.; 2024. https://ccsmtlpro.ca/sites/mtlpro/files/media/document/
DRSP_AppelsVigilance 2024 06_04_Shigellose.pdf

Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System (CARSS):
Antimicrobial resistance — Neisseria gonorrhoeae.; 2023. https://health-infobase.canada.ca/carss/amr/
results.html?ind=12

Lefevre S, Njamkepo E, Feldman S, et al. Rapid emergence of extensively drug-resistant Shigella
sonnei in France. Nat Commun. 2023;14(1):462. doi: 10.1038/s41467-023-36222-8.

Bercot B, Charreau I, Rousseau C, Delaugerre C, Chidiac C, Pialoux G, Capitant C, Bourgeois-
Nicolaos N, Raffi F, Pereyre S, Le Roy C, Senneville E, Meyer L, Bébéar C, Molina JM; ANRS IPERGAY
Study Group. High Prevalence and High Rate of Antibiotic Resistance of Mycoplasma genitalium
Infections in Men Who Have Sex With Men: A Substudy of the ANRS IPERGAY Pre-exposure
Prophylaxis Trial. Clin Infect Dis. 2021;73(7):e2127-e2133. doi: 10.1093/cid/ciaa1832. PMID:
33305785.

Dickson C, Pham MT, Nguyen V, et al. Community outbreak of invasive group A streptococcus
infection in Ontario, Canada. Can Commun Dis Rep. 2018;44(7-8):182-188. doi: 10.14745/ccdr.
v44i78a06.

Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System - Update
2020. https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-
antimicrobial-resistance-surveillance-system-2020-report.html



https://www.publichealthontario.ca/-/media/Documents/S/2023/shigella-antimicrobial-resistance.pdf
https://www.publichealthontario.ca/-/media/Documents/S/2023/shigella-antimicrobial-resistance.pdf
https://ccsmtlpro.ca/sites/mtlpro/files/media/document/DRSP_AppelsVigilance_2024_06_04_Shigellose.pdf
https://ccsmtlpro.ca/sites/mtlpro/files/media/document/DRSP_AppelsVigilance_2024_06_04_Shigellose.pdf
https://health-infobase.canada.ca/carss/amr/results.html?ind=12
https://health-infobase.canada.ca/carss/amr/results.html?ind=12
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html
https://www.canada.ca/en/public-health/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-2020-report.html

20.

21.

22.

23.

24,

25.

26.

Golden A, Griffith A, Demczuk W, et al. Invasive group A Streptococcal disease
surveillance in Canada, 2020. Can Commun Dis Rep. 2022;48(9):407-414. doi:10.14745/
ccdr.v48i09a05.

Bocking N, Matsumoto C, Loewen K, et al. High incidence of invasive group A
Streptococcal infections in remote Indigenous communities in Northwestern Ontario,
Canada. Open Forum Infect Dis. 2017;4(1). doi:10.1093/ofid/ofw243.

Public Health Agency of Canada. Tuberculosis in Canada: 2012-2021 expanded
report.; 2024. https://www.canada.ca/en/public-health/services/publications/diseases-
conditions/tuberculosis-canada-expanded-report-2012-2021.html

Tyrrell GJd, Bell C, Bill L, Fathima S. Increasing Incidence of invasive group A
Streptococcus disease in First Nations population, Alberta, Canada, 2003-2017. Emerg
Infect Dis. 2021;27(2):443-451. doi:10.3201/eid2702.201945.

Huang G, Martin |, Tsang RS, et al. Invasive bacterial diseases in northern Canada, 1999
to 2018. Can Commun Dis Rep. 2021;47(11):491-499. doi:10.14745/ccdr.v47i11a09.

Singh AE, Pawa J, Kulleperuma K, et al. Molecular characterization and antimicrobial
resistance in Neisseria gonorrhoeae, Nunavut Region of Inuit Nunangat, Canada, 2018-
2019. Emerg Infect Dis. 2021;27(6):1718-1722. doi: 10.3201/eid2706.204407.

Privy Council Office and Behavioural Science Office, Public Health Agency of Canada.
HABIT: Health, attitudes and behavioural insights tracker (HABIT) survey.; 2024.



https://www.canada.ca/en/public-health/services/publications/diseases-conditions/tuberculosis-canada-expanded-report-2012-2021.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/tuberculosis-canada-expanded-report-2012-2021.html

