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Introduction to antimicrobial resistance
Antimicrobials, particularly antibiotics, are an essential component of modern medicine that 
are routinely used to treat, prevent, and control infections. Antimicrobial resistance (AMR) 
occurs when bacteria, viruses, fungi and parasites evolve over time to withstand the effects 
of antimicrobials used to cure or prevent infections1. Antimicrobial-resistant infections are 
increasingly difficult to treat, and are often associated with increased disease severity, 
medical complications and sometimes even death. While AMR is a natural phenomenon, 
using antimicrobials in humans and animals can accelerate this process. This is why it’s 
important to only use them when necessary. AMR is a complex problem, requiring a One 
Health solution. It can spread between people and animals, either through direct contact or 
through the food chain and the environment2. 

Of organisms considered for AMR surveillance, the Public Health 
Agency of Canada estimates that one priority infection is identified 
for every 220 patients admitted to sentinel acute-care hospitals 

The impact of AMR on Canada
Resistant infections have a significant impact on human health, and in some cases, these 
infections are becoming more frequent. The Council of Canadian Academies considers 
it likely that the proportion of human infections resistant to first-line antimicrobials could 
increase from 26% in 2018 to 40% by 2050. In this scenario, the number of deaths in 
Canada attributable to AMR would increase to 13,700 per year3. Of organisms considered 
for AMR surveillance, the Public Health Agency of Canada (PHAC) estimates that 1 priority 
infection is identified for every 220 patients admitted to sentinel acute-care hospitals. 
This includes methicillin-resistant Staphylococcus aureus (MRSA) blood stream infections 
(BSIs), vancomycin-resistant Enterococcus (VRE) BSIs, Clostridioides difficile (CDI), and 
carbapenemase-producing Enterobacteriales (CPE). 

Left unchecked, global economic costs could surpass $100 trillion by 2050, with Canada 
seeing a decrease in gross domestic product upwards of $20 billion3. Healthcare costs 
are an important contribution to this amount. For example, Canadian evidence suggests 
that an antimicrobial-resistant infection caused by MRSA costs over $8,000 more than a 
susceptible infection. This estimate does not consider mortality or additional economic 
impact3. If AMR reduces animal farming productivity and animal product exports by 10%, 
the industry could lose another $190 billion over 30 years3. 
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Key surveillance findings (2017 to 2021)
As reported in previous CARSS publications, some 5-year AMR indicators in humans 
continue to worsen. The rate of healthcare-associated (HA) VRE BSI increased by 33%. 
For patients diagnosed with this AMR infection, approximately 1 in 3 died within 30 days 
(all-cause mortality). Following a decrease until 2019, HA-CDI increased between 2019 and 
2020. CPE infection rates have remained low. However, an increase was observed from 
2017 to 2018 (0.03 to 0.06 infections per 10,000 patient days). The incidence of community-
associated (CA) MRSA BSI detected in patients admitted to hospital increased by nearly 
70%. The rate of HA-MRSA BSI remained stable. While overall resistance remained stable in 
tuberculosis (TB), PHAC was notified of a case of extensively drug-resistant (XDR) TB in 2021.

Indicators of antimicrobial use by humans also continue to worsen. The quantity of 
antimicrobials dispensed in the community sector has increased to near pre-pandemic 
levels. The dispensing of reserve-class antibiotics, as defined by the World Health 
Organization, increased by 14%. In participating Canadian healthcare facilities, nearly one-
fifth of prescriptions were considered inappropriate or suboptimal. 

Indicators of antimicrobial use in animals remains stable. The quantity of antimicrobials 
sold for use in animals did not change between 2020 and 2021. However, reported AMU on 
sentinel volunteer farms increased for broiler chickens and grower-finisher pigs.

As PHAC continues to integrate national data on AMR and AMU beyond the year 2021, the 
effects of the COVID-19 pandemic on these indicators will be assessed.

Key trends of antimicrobial resistance 2017–2021 trend 
summary

Methicillin-resistant Staphylococcus aureus bloodstream infections (Healthcare-associated) Trending up

Methicillin-resistant Staphylococcus aureus bloodstream infections (Community-associated) Trending up

Vancomycin-resistant Enterococcus Trending up

Carbapenemase-producing Enterobacterales infection Trending up

Clostridioides difficile infections Trending down

Drug-resistant Neisseria gonorrhoeae infections Trending up

Drug-resistant Mycobacterium tuberculosis infections Stable

Multidrug-resistant vaccine-preventable invasive Streptococcal pneumoniae diseases Trending down

Multidrug-resistant invasive Group A Streptococcal infections Trending down

Typhoidal and non-typhoidal Salmonella enterica infections Trending up
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Strengthening national surveillance of  
AMR through the Pan-Canadian Action  
Plan on AMR 
Public health surveillance forms the basis of Canada’s ability to mitigate the effects of AMR. 
The Canadian Antimicrobial Resistance Surveillance System (CARSS), launched in 2015, 
works to raise the national profile of AMR in Canada. It also serves as a national focal point 
for AMR surveillance activities, showcasing AMR evidence and antimicrobial use (AMU) 
trends generated by PHAC and its partners. CARSS aims to provide relevant, accessible, 
timely, accurate and comprehensive information to stakeholders, researchers, healthcare 
practitioners, policymakers and the public. This information guides public health research, 
policies and action on AMR and the reduction of inappropriate AMU. Inappropriate AMU is 
an important driver of AMR. 

In June 2023, the federal, provincial and territorial ministers of health and agriculture 
released the Pan-Canadian Action Plan on Antimicrobial Resistance (PCAP)4. The PCAP is 
a 5-year (2023 to 2027) blueprint to coordinate an accelerated pan-Canadian response to 
address AMR. It has 10 dedicated shared priority actions across 5 pillars: 

• Research and Innovation

• Surveillance

• Stewardship

• Infection Prevention and Control (IPC) 

• Leadership

The surveillance pillar includes 2  
outcomes, each with specific actions.

RESEARCH & 
INNOVATION

SURVEILLANCE

STEWARDSHIPINFECTION 
PREVENTION  
& CONTROL

LEADERSHIP

10
 PRIORITY ACTIONSThe  
Pan-Canadian  
Action Plan on  
Antimicrobial 
Resistance
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PAN-CANADIAN ACTION PLAN SURVEILLANCE PILLAR

Improving Canada’s ability to monitor AMR and AMU through PCAP coordination will 
build on an existing robust foundation rooted in many surveillance collaborations that 
already exist. These include partners across federal, provincial and territorial jurisdictions 
and industry sectors. The results of these collaborations are closely linked to other pillars. 
These include research and innovation, stewardship, and IPC. Evidence and data support 
and inform actions, reveal trends and gaps, and help measure the effect of interventions.

Desired outcome 1:
Canada has robust, integrated 
One Health AMR/AMU 
surveillance infrastructure with 
data that are accessible, reliable, 
timely, nationally representative 
and capable of detecting 
emerging threats

Desired outcome 2:
Canada has a comprehensive 
understanding of AMR and 
AMU trends at national, regional 
and local levels to support 
evidence-based decision-making 
and to monitor the impacts of 
interventions

Action: 
Expand sources, coverage  
and integration of AMR and 
AMU surveillance data, including 
the use of modern laboratory 
technologies and standardized 
reporting, to help monitor AMR/
AMU across One Health sectors.  
It has specific focus on: 

• improving data from the 
environment

• transmission pathways 
between sectors

• population groups 
disproportionately impacted by 
AMR and inappropriate AMU

Action: 
Work with partners to:

• establish baselines and targets 
for national, provincial and 
territorial levels of AMR and 
appropriate AMU in human 
health

• establish baselines, goals 
and measures of progress 
for increasing appropriate 
AMU and reducing AMR in 
the agriculture and agri-food 
sectors
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Opportunities to advance PCAP surveillance actions
Canada, alongside many other countries, has adopted a One Health approach to detect, 
understand, and act against AMR. PCAP helps coordinate One Health surveillance actions 
to limit the emergence and spread of AMR in humans, animals, plants and crops, and their 
shared environment. 

Expanding sources, coverage and integration of AMR and 
AMU surveillance data in humans

Participation in national AMR laboratory surveillance for human health has 
formally expanded to include British Columbia, Saskatchewan, Ontario, Prince 
Edward Island and the Northwest Territories. Plans are well underway to enroll all 
remaining provinces and territories. The sharing of de-identified laboratory data is 
an excellent opportunity for public health partners to accelerate the implementation 
of PCAP. These data are often routinely available and have the potential to be fully 
comprehensive for all AMR diagnoses in Canada. Additionally, these data will support 
the advancement of other PCAP actions, such as antimicrobial stewardship and the 
development of antimicrobial-resistant infection baselines in humans.

Improving the use of modern laboratory technologies to help 
monitor AMR and AMU across One Health sectors

PHAC is making progress on the use of modernized laboratory technologies 
through investments in the routine use of whole genome sequencing for all 
Neisseria gonorrhoeae isolates submitted to national surveillance programs. This 
results in novel data that can help prevent spread through enhanced outbreak and 
treatment failure investigations. National surveillance of Neisseria gonorrhoeae 



— 9 —

has identified isolates with multi-drug and extensive drug resistance to the 
antimicrobials currently recommended for use as treatment. This supports cross-
pillar stewardship action on the review of treatment guidelines. 

The use of modernized laboratory technologies is also helping PHAC monitor how 
AMR may be spreading between animals and humans through the food chain. 
For example, preliminary evidence using newly acquired genetic data is showing 
that some resistant isolates of Salmonella in humans are highly similar to those in 
animals or food. 

Improving access to data on environmental exposures

PHAC is working with partners to better understand the relationship between the 
environment and sources of AMR, including pathways of transmission between 
humans and animals. These important activities can include the testing of 
environmental samples (such as freshwater) for genetic markers linked to AMR and 
concentrations of antimicrobial residues and degradation products. 

Exploring methods for developing national performance 
indicators and targets

PHAC is actively engaging with international partners to learn how they’re 
identifying national baselines, performance indicators and targets for infection 
incidence rates and the consumption of antimicrobials by humans and animals. 

These efforts represent important first steps. PHAC remains committed to work with 
partners to identify additional activities and work towards implementation for improved One 
Health AMR/AMU surveillance in Canada.
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The way forward: using evidence to identify and overcome 
data gaps
Specific AMR threat events continue to be detected in Canada. Between June 2022 and 
October 2023, PHAC assessed 5 AMR-related events that met specific threat assessment 
criteria. In the healthcare sector, an investigation into AMR fungal infections (Candida 
auris) was conducted. This organism is an emerging multi-drug resistant pathogen with 
the potential for rapid and extensive spread in hospitals. Candida auris is associated 
with severe illness and death in hospitalized patients, with mortality rates up to 60%. In 
the community sector, the emergence of XDR Shigella was identified. This particularly 
affected the two-spirit, gay, bisexual and other men who have sex with men (2SGBMSM) 
community, and was associated with sexual transmission. A case of ceftriaxone-resistant 
gonorrhea that was not associated with travel outside of Canada was identified. This 
is noteworthy, as these cases are most commonly associated with international travel. 
Finally, antimicrobial-resistant infections caused by Salmonella led to the identification of 
2 different serotype clusters. One of these Salmonella clusters was identified as XDR, and 
nearly half of those affected were children.

To help prepare national surveillance efforts for emerging AMR signals, PHAC is 
developing a Canadian risk ranking of all pathogens associated with AMR. It will be 
informed by such considerations as overall burden to human health and residual risk of 
disease. This prioritization exercise will build on the previous prioritization conducted in 
20155. It will help identify national AMR surveillance gaps and focus the implementation of 
PCAP surveillance objectives. 

National surveillance of antimicrobial consumption has shown that use in humans continues 
to increase in the community sector. Preliminary results from 2023 indicate that these trends 
have nearly eclipsed quantities reported pre-pandemic. To help understand the reasons 
for this increase, and the impact this may have on rates of AMR, PHAC is developing 
surveillance in key areas known to be at higher risk for the overuse of antibiotics. These 
include long-term care and primary care settings. 

The quantity of antimicrobials sold for use in animals has remained stable since 2019, and 
AMU on sentinel farms in some sectors appears to be decreasing since 2017. However, 
between 2020 and 2021, reported AMU on sentinel volunteer farms increased for broiler 
chickens and grower-finisher pigs. 
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Monitoring the quantity of antimicrobials consumed by humans and animals is an important 
component of AMR surveillance. However, only limited data exist about why these 
antimicrobials are being used, or in some cases, if their use is appropriate. To overcome 
these limitations, PHAC is developing national surveys on the use of appropriate antibiotics 
in hospital inpatients. It’s also drawing information from sentinel volunteer farms for the 
major food animal species. These data will be important to inform targeted antimicrobial 
stewardship programs. These programs are designed to reduce inappropriate prescribing 
and antimicrobial consumption. 

Evidence from remote, northern and isolated regions remains a challenge, given the 
difficulty of data collection and barriers to accessing healthcare. To help overcome this 
limitation, PHAC is investigating the feasibility of using wastewater surveillance for AMR 
and the detection of antibiotic residues. 

AMR and AMU amongst equity deserving populations
PHAC recognizes that AMR disproportionately impacts certain key human populations 
and socio-demographics in Canada. Enhanced surveillance and tailored approaches are 
necessary to ensure programs and initiatives are equitable and mitigate disproportionate 
impacts of AMR. 

Residents of long-term care facilities (LTCF) are at higher risk for antimicrobial-resistant 
infections. International evidence from the Organisation for Economic Co-operation and 
Development indicates that as many as 75% of antimicrobial prescriptions in LTCFs could 
be considered inappropriate6. This is due to multiple factors linked to patients, health 
care providers and health care systems. PHAC is working to improve AMR surveillance 
in Canadian LTCFs to help generate Canadian data to enhance our understanding of this 
complex issue.
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The emergence and transmission of AMR in the community is linked to important health 
inequities. While approximately 10% of all TB cases are drug-resistant in Canada, those 
born outside of Canada are overrepresented. In 2021, this group accounted for three-
quarters of TB cases and almost 90% of resistant cases7. Multidrug-resistant (MDR) TB 
remains rare in Canada, but almost exclusively affects people born outside of Canada8. 

The 2SGBMSM community is disproportionately affected by antimicrobial-resistant 
Mycoplasma genitalium, a common sexually transmitted bacterial infection first identified 
in 19819-11. In Canada and in many international contexts, this community also bears a 
disproportionate burden of drug-resistant and MDR gonorrhea and of XDR shigellosis12-13.  

People who inject drugs have a high and disproportionate burden of serious antimicrobial-
resistant infections. This includes invasive group A streptococcus (iGAS) infections and 
MRSA BSIs14-17. BSIs can lead to endocarditis (an infection of the heart). Numerous 
regions in Canada have reported increasing rates of endocarditis among people who inject 
drugs18-21. Some Canadian evidence suggests that 1 in 5 of these cases is caused by 
MRSA22. 

Data are lacking on the full and distinct burdens of AMR among Inuit, First Nations and 
Métis. However, existing data demonstrates that Indigenous people face an increased risk 
for some infections known to be associated with AMR, including invasive pneumococcal 
disease (IPD) and of iGAS17,23–25. For example, people in Arctic communities in Canada 
are more than 3 times as likely to contract iGAS compared to those in non-Arctic 
communities25. In some First Nations communities, the incidence of iGAS infections is 
estimated to be 10 times the national level. These communities report higher levels of 
resistance to erythromycin and clindamycin than in non-Indigenous communities17.

While this list is not exhaustive, PHAC continues to explore AMR and AMU considerations 
affecting key populations, equity groups and settings. PHAC remains committed to 
enhancing data availability on these populations, which will help to inform timely and 
effective public health interventions, programs, guidelines, and policies.
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Improving access to national data on AMR and AMU
To help improve the availability and timeliness of national data on AMR and the use of 
antimicrobials in Canada, PHAC has launched an online dashboard. This dashboard will 
describe the most recent surveillance findings on AMR and AMU data collected by PHAC 
and its partners. It will also enable stakeholders to access relevant data in an accessible 
manner. The dashboard will be routinely updated as new information becomes available, 
including data on AMR health inequities and emerging AMR threats. 

While these data are necessary to support all pillars of PCAP, results cannot be 
achieved without involvement from partners across One Health sectors, guided through 
coordinated actions. 

We encourage all partners across One Health sectors to engage at the federal, provincial, 
territorial, and regional levels to better identify AMR trends, and improve the appropriate 
use of antimicrobials in Canada. 
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Abbreviations
AMR Antimicrobial resistance

AMU Antimicrobial use

BSI Bloodstream infection

CA Community-associated

CARSS Canadian Antimicrobial Resistance Surveillance System

CPE carbapenemase-producing Enterobacterales

CDI Clostridioides difficile 

iGAS Invasive Group A streptococcus

IPC Infection prevention and control

IPD Invasive Pneumococcal Disease

LTCF Long-term care facilities

MDR Multi-drug resistant

MRSA Methicillin-resistant Staphylococcus aureus

PCAP Pan-Canadian Action Plan on Antimicrobial Resistance 

PHAC Public Health Agency of Canada

TB Tuberculosis

2SGBMSM Two-spirit, gay, bisexual and other men who have sex with men

VRE Vancomycin-resistant Enterococcus

XDR Extensively drug-resistant
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— 17 —

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-López M, Carrillo-Quiróz B, Alpuche-Aranda CM. Antimicrobial 
resistance: One Health approach. Vet World. Published online March 28, 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. 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

5. Amaratunga K, Tarasuk J, Tsegaye L, Archibald C. Advancing surveillance of antimicrobial resistance: 
Summary of the 2015 CIDSC Report. Can Commun Dis Rep. 2016;42(11):232-237. doi:10.14745/ccdr.
v42i11a03

6. Eze N, Cecchini M, Oliviera Hashiguchi t. Antimicrobial Resistance in Long-Term Care Facilities.; 2022. 
doi:doi.org/10.1787/e450a835-en

7.  Public Health Agency of Canada. Tuberculosis Surveillance in Canada - Summary Report:  2012-2021.; 
2023. https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/diseases-
conditions/tuberculosis-surveillance-canada-summary-2012-2021/tuberculosis-surveillance-canada-
summary-2012-2021.pdf

8.  Mounchili A, Perera R, Lee RS, Njoo H, Brooks J. Chapter 1: Epidemiology of tuberculosis in Canada. 
Canad J Respir Critic Car Sleep Med. 2022;6(Suppl 1):8-21. doi:10.1080/24745332.2022.2033062

9. Tully JG, Cole RM, Taylor-Robinson D, Rose DL. A newly discovered mycoplasma in the human 
urogenital tract. Lancet. 1981;1(8233):1288-1291. doi:10.1016/S0140-6736(81)92461-2

10. 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. In: Poster Presentations. BMJ Publishing Group Ltd; 2021:A159.1-A159. doi:10.1136/
sextrans-2021-sti.417

11. 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

12.  Mason LCE, Greig DR, Cowley LA, et al. The evolution and international spread of extensively drug 
resistant Shigella sonnei. Nat Commun. 2023;14(1):1983. doi:10.1038/s41467-023-37672-w



— 18 —

13.  Sánchez-Busó L, Golparian D, Corander J, et al. The impact of antimicrobials on gonococcal 
evolution. Nat Microbiol. 2019;4(11):1941-1950. doi:10.1038/s41564-019-0501-y

14. 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

15. Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System - Update 
2020.; 2020. https://www.canada.ca/content/dam/hc-sc/documents/services/drugs-health-products/
canadian-antimicrobial-resistance-surveillance-system-2020-report/CARSS-2020-report-2020-eng.pdf

16. 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

17. Bocking N, Matsumoto C lei, 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

18. Maguire DJ, Arora RC, Hiebert BM, Dufault B, Thorleifson MD. The epidemiology of endocarditis in 
Manitoba: A retrospective study. CJC Open. 2021;3(12):1471-1481. doi:10.1016/j.cjco.2021.07.014

19. Gomes T, Kitchen SA, Tailor L, et al. Trends in hospitalizations for serious infections among people 
with opioid use disorder in Ontario, Canada. J Addict Med. 2022;16(4):433-439. doi:10.1097/
ADM.0000000000000928

20. Mosseler K, Materniak S, Brothers TD, Webster D. Epidemiology, microbiology, and clinical outcomes 
among patients with intravenous drug use-associated infective endocarditis in New Brunswick. CJC 
Open. 2020;2(5):379-385. doi:10.1016/j.cjco.2020.05.002

21. Weir MA, Slater J, Jandoc R, Koivu S, Garg AX, Silverman M. The risk of infective endocarditis 
among people who inject drugs: a retrospective, population-based time series analysis. CMAJ. 
2019;191(4):E93-E99. doi:10.1503/cmaj.180694

22. Tan C, Shojaei E, Wiener J, Shah M, Koivu S, Silverman M. Risk of new bloodstream infections 
and mortality among people who inject drugs with infective endocarditis. JAMA Netw Open. 
2020;3(8):e2012974. doi:10.1001/jamanetworkopen.2020.12974

23. Tyrrell GJ, 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

24. Romney MG, Hull MW, Gustafson R, et al. Large community outbreak of Streptococcus pneumoniae 
serotype 5 invasive infection in an impoverished, urban population. Clin Infect Dis. 2008;47(6):768-774. 
doi:10.1086/591128

25. Huang G, Martin I, 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


