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Objectives

1. Identify the important public health threat from antimicrobial resistance (AMR)
2. Describe the risks of antibiotic overuse
3. Interpret recent data on the effectiveness of antibiotic audit and feedback in 

primary care
4. Discuss the implications for incorporating antibiotic audit and feedback into 

AMR action plans and antimicrobial stewardship 
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Antimicrobial Resistance (AMR)

“AMR is a slow tsunami that threatens to undo a century of medical progress”

Dr. Tedros, Director-General, WHO
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AMR Has Many Devastating Impacts

5



PublicHealthOntario.ca

AMR and Mortality

• 4.95 million deaths associated with 
bacterial AMR in 2019

• 1.27 million deaths attributable to 
bacterial AMR

Murray CJL, Shunji Ikuta K, Sharana F, Swetschinski L, Robles Aquilar G, Gray A, et al. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet. 
2022;399(10325):629-55. Available from: https://doi.org/10.1016/S0140-6736(21)02724-0 
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In Canada

• 26% resistance to 1st line 
antimicrobials

• Projected to reach 40% by 2050

• GDP decline of $388 billion

• 6 deaths per day in Ontario 
attributable to AMR

Council of Canadian Academies. When antibiotics fail. Ottawa, ON: Expert Panel on the Potential Socio-Economic Impacts of Antimicrobial Resistance in Canada; 2019. Available from:
https://www.cca-reports.ca/wp-content/uploads/2023/05/Updated-AMR-report_EN.pdf 
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Antibiotic Prescribing
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Antibiotic Prescribing in a Canadian Primary Care Setting
Unnecessary Antibiotic Prescribing in a Canadian Primary Care Setting: A Descriptive Analysis Using 
Routinely Collected Electronic Medical Record Data

Schwartz KL, Langford BJ, Daneman N, Chen B, Brown KA, McIsaac W, et al. Unnecessary antibiotic prescribing in a Canadian primary care setting: a descriptive analysis using routinely collected 
electronic medical record data. CMAJ Open. 2020;8(2):E360-E369. Available from: https://doi.org/10.9778/cmajo.20190175 
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Kitano T, Langford BJ, Brown KA, Pang A, Chen B, Garber G. The association between high and unnecessary antibiotic prescribing: a cohort study using family physician electronic medical records. 
Clin Infect Dis. 2021;72(9):e345-e351. Available from: https://doi.org/10.1093/cid/ciaa1139 
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Antibiotic are Prescribed for Too Long

Shuldinger J, Schwartz KL, Langford BJ, Ivers NM. Optimizing responsiveness to feedback about antibiotic prescribing in primary care: protocol for two interrelated randomized 
implementation trials with embedded process evaluations. Implementation Sci. 2022;17(17). Available from: https://doi.org/10.1186/s13012-022-01194-8.1093/cid/ciy1130 

Fernandez-Lazaro CI, Brown KA, Langford BJ, Daneman N, Garber G, Schwartz KL. Late-career physicians prescribe longer courses of antibiotics. Clin Infect Dis. 2019;69(9):1467-75. 
Available from: https://doi.org/10
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Antibiotic Use  AMR
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AMU ≈ AMR at individual and population levels

• Systematic review and metaanalyses
• 24 studies in individuals who received antibiotics, OR=2.5 (95%CI; 2.1-2.9) 
• 243 studies on population level, OR=2.3 (95%CI; 2.2-2.5)

• Neighbourhood fluoroquinolone use and FQ resistant E. coli

Costellow C, Metcalfe C, Lovering A, et al. Effect of antibiotic prescribing in primary care on antimicrobial resistance in individual patients: systematic review and meta-analysis. BMJ 
2010;340:c2096. Available from: doi:10.1136/bmj.c2096 

Bell BG, Schellevis F, Stobberingh E, et al. A systematic review and meta-analysis of the effects of antibiotic consumption on antibiotic resistance. BMC Infectious Diseases 2014;14:13. 
Available at: http://www.biomedcentral.com/1471-2334/14/13

Low M, Neuberger A, Hooton TM, Green MS, Raz R, Balicer RD. Association between urinary community-acquired fluoroquinolone-resistant Escherichia coli and neighbourhood antibiotic 
consumption: a population-based case-control study. Lancet Infect Dis. 2019;19(4):P419-428. Available from: https://doi.org/10.1016/S1473-3099(18)30676-5
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COVID-19 Antibiotic Prescribing and AMR

• 17% attributable 
fraction of AMR

• 4% population 
attributable fraction

McFadden DR, Langford BJ, Leung EL, et al. The impact of peri-COVID-19 antibiotic prescribing on downstream antimicrobial resistance in older adults: a population-wide cohort study. Forthcoming.
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Curran J, Lo J, Leung V, Brown K, Schwartz KL, Daneman N, Garber G, et al. Estimating daily antibiotic harms: an umbrella review with individual 
study meta-analysis. Clin Micro Infect. 2022;28(4):P479-490. Available from: https://doi.org/10.1016/j.cmi.2021.10.022 
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Poll

Who is responsible for antimicrobial stewardship in the community?

1. Government (e.g. MOH)

2. Public Health Agencies (e.g. PHAC, PHO)

3. Public Health Units (e.g. TPH)

4. Physician offices

5. 1, 2, 3 and 4

6. Someone else

7. I don’t know
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Core Elements of Outpatient Antibiotic Stewardship

Sanchez GV, Fleming-Dutra KE, Roberts RM, Hicks LA. Core elements of outpatient antibiotic stewardship. MMWR Recomm Rep. 2016;65(RR-6):1-12. Available from: 
https://www.cdc.gov/antibiotic-use/community/pdfs/16_268900-A_CoreElementsOutpatient_508.pdf 
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Factors Influencing Antibiotic Over Prescribing by Primary 
Care Physicians

Rose J, Crosbie M, Stewart A. A qualitative literature review exploring the drivers influencing antibiotic over-prescribing by GPs in primary care and recommendations to reduce 
unnecessary prescribing. Perspect Public Health. 2021;141(1):19-27. Available from: https://doi.org/10.1177/1757913919879183 
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Audit and Feedback

Audit and Feedback = Measuring an individuals professional practice 
compared to standards or targets. 

Ivers N, Jamtvedt G, Flottorp S, Young JM, Odgaard-Jensen J, French SD, et al. Audit and feedback: effects on professional practice and healthcare outcomes. Cochrane Database 
Syst Rev. 2012;(6):CD000259. Available from: https://doi.org/10.1002/14651858.CD000259.pub3 
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Mailed Antibiotic Feedback Trial - 2018

Schwartz KL, Ivers N, Langford BJ, Tajaard M, Neish D, Brown KA, et al. Effect of antibiotic-prescribing feedback to high-volume primary care physicians on number of antibiotic 
prescriptions: a randomized clinical trial. JAMA Intern Med. 2021;181(9):1165-73. Available from: https://doi.org/10.1001/jamainternmed.2021.2790 
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Mailed Antibiotic Feedback Trial - 2018
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Feedback Letter Impact

↓147,000 antibiotic prescriptions

↓84,000 prolonged duration prescriptions

↓$2,700,000 in drug costs
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Can We Improve Audit and Feedback?

Response to feedback

“my patients are different”

Imbalance of risk

“I prescribe antibiotics just to be safe”
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Mailed Audit and 
Feedback Letter 
Trial #2

Schwartz KL, Shuldiner J, Langford BJ, et al. Mailed antibiotic prescribing feedback to primary care physicians for patients 65 years of age and older: A pragmatic factorial randomized controlled trial. BMJ. 
Forthcoming.
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Mailed Audit and Feedback Letter Trial #2
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Mailed Audit and Feedback Letter Trial #2
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Results
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Comparison of Prescribing Outcomes at 6-months
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*Pinteraction=0.018
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Fidelity Assessment

• Up to 2 phone calls to 135 randomly selected physicians

• 76 (56.3%) could not be reached

• 41 (30.4%) either did not receive or were unsure if they received the 
intervention

• Only 18 (13.3%) confirmed receipt
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Limitations

• Implemented post COVID with rising antibiotic use

• Excluded MDs already interested in feedback
• Generalizable to relatively unengaged group of physicians

• Contamination possible between factors
• Not powered for factorial trial

• Did not evaluate safety of antibiotic reduction

• Data limited to patients 65+
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Re-analyzing Trial Results in All Age Groups

Cohort/age group Relative Rate (RR) (95%CI)

ICES 65+ 0.948 (0.937-0.959)

IQVIA

All ages 0.938 (0.935 0.942)

<18 years male 0.976 ( 0.955- 0.997)

<18 year female 0.915 (0.896-0.935)

18-64 year male 0.920 (0.913- 0.928)

18-64 year female 0.959 (0.953- 0.965)

65+ year male 0.962 (0.951-0.973)

65+ year female 0.960 (0.952- 0.969)

Not published – Courtesy of Dr. Kiran Saqib
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Discussion
• Significant reduction in prescribing

• Low engagement

• Intervention modifications unsuccessful
• Adjusted data too complex?
• Paradoxically reinforce cognitive bias?
• Harms messaging not new or provocative enough?
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Systematic Review and Meta-analysis
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PRISMA Flow Diagram

Records identified through 
Feb 2022 update database search 

(n = 4457)

Duplicates removed 
(n = 10)

Records screened with titles and 
abstracts (n = 4447) 

Full texts assessed for eligibility 
(n = 222)

Irrelevant records excluded 
(n = 4225)
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PRISMA Flow Diagram
Full texts assessed for eligibility 

(n = 222)

A&F trials included in the 
Cochrane review 

(n = 293)

Full texts excluded (n = 171)
Ineligible study design (n = 84)

Ineligible outcomes (n = 67)
Ineligible intervention (n = 19)

Ineligible participant (n = 1) Additional A&F trials identified 
from the update database search  

(n = 51)

Eligible studies from Cochrane 
review (n = 32)

Eligible studies from updated 
search (n = 12)

Studies included in the systematic review
(n = 49) 

Excluded due to ineligible study 
setting and no antibiotic 

prescribing outcomes (n = 39)

Excluded due to ineligible 
study setting and no 
antibiotic prescribing 
outcomes (n = 261)
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Eligible studies from reference 
reviews (n = 5)
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Results: Total Prescribing Volume (n=18)
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Results: Inappropriate Initiation (n=16) 
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Results: Prolonged Duration (n=3) 
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Results: Broad-spectrum Antibiotic Selection (n=14)
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Results: Stratified Effect Estimates
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Summary of Key Findings

42 studies directly compared A&F vs. no A&F  included in the meta-analyses

•    Total volume of antibiotic prescriptions 
• N=18, adjusted RR=0.89, 95%CI 0.82, 0.96

•     Inappropriate antibiotic initiation
• N=16; adjusted RR = 0.77, 95% CI 0.68 to 0.88

•     Prolonged antibiotic prescription 
• N=3; adjusted RR = 0.91, 95%CI 0.86 to 0.96

•     Broad-spectrum antibiotic selection 
• N=14; adjusted RR = 0.84, 95%CI 0.76 to 0.93
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Conclusion

Antibiotic prescribing feedback should be 
a routine quality improvement expectation 

for all primary care prescribers
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Outstanding Questions

• Improving audit and feedback
• How can we improve engagement?

• Co-interventions

• Integrating into policy
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Co-interventions and Building an Antimicrobial Stewardship Program
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Do Bugs Need Drugs?
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BC Has the Lowest Antibiotic Use in Canada

Public Health Agency of Canada. Canadian antimicrobial resistance surveillance system report. Ottawa, ON: Her Majesty the Queen in Right of Canada, as represented by 
the Minister of Health; 2021. Available from: https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/drugs-health-products/canadian-
antimicrobial-resistance-surveillance-system-report-2021/canadian-antimicrobial-resistance-surveillance-system-report-2021.pdf 
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Public Communications

• 14 controlled studies

• Range of 14% to 30% reduction 
in antibiotic use for respiratory 
tract infections

Cross ELA, Tolfree R, Kipping R. Systematic review of public-targeted communication interventions to improve antibiotic use. J Antimicrob Chemother. 
2017;72(4):975-87. Available from: https://doi.org/10.1093/jac/dkw520 
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CRP to Reduce Antibiotic Prescribing

• 13 trials

• >10,000 participants
• 23% children

• 12/13 CRP POCT

• 23% relative reduction
• RR=0.77 (95%CI; 0.69-0.86)

• No difference in time to symptoms 
recovery or mortality

• Uncertain cost-effectiveness 
(D’hulster JAC 2023)

Smedemark SA, Aabenhus R, Llor C, Fournaise A, Olsen O, Jørgensen KJ. Biomarkers as point-of-care tests to guide prescription of antibiotics in people with acute 
respiratory infections in primary care. Cochrane Database Syst Rev. 2022;10(10):CD010130. Available from: https://doi.org/10.1002/14651858.CD010130.pub3 
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Impacting Policy and Next Steps
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Pan Canadian Action Plan

Public Health Agency of Canada. Pan-Canadian action plan on antimicrobial resistance. Ottawa, ON: His Majesty the King in Right of Canada, as represented by the Minister of Health; 2023. 
Available from: https://www.canada.ca/en/public-health/services/publications/drugs-health-products/pan-canadian-action-plan-antimicrobial-resistance.html  
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CANBUILD-AMR

To support and build capacity for a 
coordinated nationwide programme of 
provincial or territorial-level antibiotic 
prescribing feedback in primary care. 
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JPIAMR - PAAN
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Joint Programming Initiative on Antimcrobial Resistance-Primary Care Antibiotic Audit and Feedback Network (JPIAMR-PAAN). About [Internet]. Olso: University of Olso; 2023 [cited 2024 Apr 12]. 
Available from: www.jpiamr-paan.org    

Schwartz KL, Xu AXT, Alderson S, Bjerrum L, Brehaut J, Brown BC, et al. Best practice guidance for antibiotic audit and feedback interventions in primary care: a modified Delphi study from the 
Joint Programming Initiative on Antimicrobial resistance: Primary Care Antibiotic Audit and Feedback Network (JPIAMR-PAAN). Antimicrob Resist Infect Control. 2023;12:72. Available from: 
https://doi.org/10.1186/s13756-023-01279-z 

56

http://www.jpiamr-paan.org/
https://doi.org/10.1186/s13756-023-01279-z


PublicHealthOntario.ca

Evidence-To-Policy

• Knowledge mobilization

• Policy briefs

• Opt out approach

• World AMR Awareness Week
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World AMR Awareness Week November 18-24

World Health Organization (WHO). Go blue campaign [Internet]. Geneva: WHO; 2024 [cited 2024 Apr 12]. Available from: https://www.who.int/campaigns/world-
antimicrobial-awareness-week/2021/go-blue-campaign
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Partnerships
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Summary

• AMR is a public health threat causing morbidity, increased mortality, and 
economic loss for Canadians

• Most antibiotics are prescribed in primary care, and ¼ prescriptions are 
unnecessary which is contributing to rising AMR

• Prescriber audit and feedback with peer comparison is effective at 
reducing antibiotic prescribing in primary care and is cost saving

• Antimicrobial stewardship is about improving quality of care, should be 
multifaceted, and requires diverse stakeholder engagement
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