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1. Executive Summary
The Communicable and Infectious Disease Steering Committee (CIDSC) Task Group on
Antimicrobial Use (AMU) Stewardship was mandated by the CIDSC to elaborate the stewardship
component of a pan Canadian approach, identify potential sub-components and activities as well
as mechanisms for promoting stewardship across jurisdictions. The Task Group contributed to and
endorses this report for submission to CIDSC in fulfillment of this mandate. It broadly defines
stewardship from a human health perspective in a manner that could be adopted across sectors,
examines evaluated stewardship undertakings at a high level, and identifies recommendations
related to the key components of stewardship which could be implemented collaboratively by
jurisdictions.
Antimicrobial stewardship can be thought of as co-ordinated interventions designed to promote,
improve, monitor, and evaluate the judicious use of antimicrobials in order to preserve their future
effectiveness and promote and protect human health. Because stewardship encompasses activities
outside the human health sector in a “One Health” approach, and involves multiple jurisdictions
and regulators, a common understanding is needed, and the development of a common glossary,
including shared objectives, should be considered in the development of stewardship initiatives
and activities.
A review of examples of promising stewardship programs suggests that strong interdisciplinary
public health action and political engagement can lead to a measurable decrease in antimicrobial
resistance (AMR) and improved optimal AMU in health care settings. While more research is
clearly needed to validate this and related findings in community settings, four key components of
promising antimicrobial stewardship programs and initiatives emerged:






Leadership: successful stewardship undertakings are grounded in accountability,
appropriate and sustained resources and expertise, adequate support, and training and
involve specialists in an interdisciplinary manner.
Interventions: effective stewardship interventions are multi-pronged and comprehensive.
They consist of awareness, education, and guidance and include diagnostic and other types
of tools, providing evidence-based timely information, and engage multiple target groups
for maximum effect.
Monitoring and Evaluation: the literature consistently identifies the critical role of
benchmarks, audit and evaluation systems to establish the appropriate use of
antimicrobials.
Knowledge Creation, Translation and Mobilization: expertise from across research
disciplines must be leveraged in order to address information gaps, and ensure that
evidence is available and applied for greatest impact.

Recommendations to the CIDSC which serve to promote stewardship across jurisdictions include:
 that a national infrastructure (e.g. governance, network, resources, etc.) be put in place to
support provinces and territories in the development of stewardship programs for
implementation within their jurisdictions, with further suggestions for key roles that federal,
provincial and territorial partners and other stakeholders could fulfill;
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 that best practices, benchmarks or standards for education and awareness activities require the
engagement of multiple prescribers (including dispensers) groups, and a dual focus on
prescribers and users;
 that the consistency and availability of guidance, information, tools and training for
prescribing professionals and users be improved to support prescribers in their efforts to
prescribe more appropriately at the local level;
 that universities, colleges and technical schools that train future prescribers incorporate
mandatory stewardship education, and continuing education curricula for prescribing
professionals;
 that evidence-based audit and feedback tools be developed to support prescribers in their
efforts to prescribe more appropriately at the local level, and that guidance for prescribers be
evaluated, adapted and implemented at regional and local levels;
 that benchmarks be established for optimal use by type of infection, and populations at
greatest risk for infection, and that jurisdictions work together to establish performance
targets for stewardship in hospital and other settings; and that timely evaluations of
stewardship programs be conducted and publicly accessible;
 that further evidence about prescribing professions be collected, shared and mobilized so that
specific interventions for these professions can be implemented; and
 that changes be made to healthcare practitioners’ practice regulations and that further
evidence will need to be gathered to guide and support such changes.
This report reflects literature searches, informal surveys, information available in the public
domain, and references supplied by task group experts between the period of February and August
2015. Implementation of the report recommendations will need to take into account current
developments in the policy and program research domains.
Finally, the Task Group suggests that the evaluation of stewardship programs and initiatives be
promoted to granting agencies, and included as part of AMR/AMU priorities for funding.

2. Background
This section positions the report and its recommendations within the context of Canadian federal,
provincial and territorial (F/P/T) work on antimicrobial resistance and proposes a common
understanding of stewardship, drivers and related factors of antimicrobial use and resistance in
Canada.
Antimicrobial resistance (AMR) is recognized as an important global public health concern with
impacts on health, trade, agriculture, and environment sectors. The rapid spread of multi-drug
resistant bacteria is reaching a point where preventing, controlling and treating infection or
diseases will be severely compromised. In Canada, the emergence of antimicrobial resistant
organisms has been identified as a major concern in healthcare settings and among at-risk human
populations, as well as in animals and related settings.
The Pan-Canadian Public Health Network (PHN), established in 2005, is Canada’s national public
health infrastructure to address such public health concerns. The PHN is the key
intergovernmental mechanism used to strengthen and enhance Canada's public health capacity,
6

enable F/P/T governments to better work together on the day-to-day business of public health, and
anticipate, prepare for, and respond to public health events and threats.
In 2014-2015, the PHN began identifying components of a pan-Canadian public health framework
on AMR, focussing its attention on priority data needed to support a robust surveillance system,
and the key elements of stewardship in antimicrobial use in human health. The PHN is
accountable to the Conference of Federal/Provincial/Territorial (F/P/T) Deputy Ministers of
Health, and this work supports one of the PHN’s key objectives, the prevention and control of
persistent and emerging infectious disease, through its Communicable and Infectious Disease
Steering Committee (CIDSC) and its task groups.
In fall 2014, the Public Health Agency of Canada (PHAC) sought feedback from members of the
CIDSC on a proposed AMR federal framework comprised of three pillars: Surveillance,
Stewardship, and Innovation. All members agreed that stewardship was a priority, and that
greater collaboration on this issue would be beneficial. As a result, in December 2014 the CIDSC
agreed to the establishment of a Task Group composed of technical experts to elaborate the
stewardship component of a framework for action on AMR and antimicrobial use (AMU), and
ways to promote it across jurisdictions1. CIDSC has also established a Task Group on AMR
surveillance in human health tasked with identifying key information and data about top priority
organisms. This work will help inform effective AMR programs and policies in Canada and
enable more systematic monitoring for specific AMR organisms.

2.1 Objective of Report
The report identifies key components of antimicrobial stewardship programs and initiatives in
human health settings and highlights promising programs and initiatives underway in Canada and
other countries. Antimicrobial stewardship initiatives and related programs typically address
issues related to antimicrobial use in order to limit the spread of antimicrobial resistance and
conserve the effectiveness of existing antimicrobials. The report also highlights key challenges
and existing knowledge gaps and presents a series of recommendations for consideration of the
CIDSC.

2.2 Scope of Report
The Task Group has focused specifically on the prudent use of antimicrobials in human healthcare
settings (e.g., hospitals, long-term care facilities, long-term acute care facilities, ambulatory
surgical centres, and private practices). Promising initiatives have been determined based on
review of published and grey literature, including evaluations of programs in Canada and other
countries.
While the focus of this report is on reducing and ultimately finding ways to eliminate
unnecessary/inappropriate prescribing, the Task Group also acknowledges that patient safety,
avoidance of unwanted side effects, and effective infection prevention and control are important
factors in antimicrobial stewardship. The focus of the report is also limited to human health
settings; at the same time, the Task Group recognizes that parallel action is needed in veterinary
and food animal health, and in the agriculture sectors, as part of a One Health approach. In the
veterinary health sector, initiatives are underway to strengthen regulation and oversight, including
7

control of importation of antimicrobials for personal and own-use importation, and post-market
monitoring of approved antimicrobials2,3. Work is also underway to remove growth promotion
claims of medically-important veterinary antimicrobial drugs4.

2.3 Methods and Approach of the Task Group
Search strategies were developed to identify published literature, grey literature, and relevant
websites, and are outlined in Annex G. This information was reviewed, and the resulting content
was organized into Annexes A-F. Annexes provided the basis for discussions concerning
antimicrobial users and prescribers and dispensers of antimicrobials, as well as promising
practices for stewardship programs and initiatives, while the Task Group’s technical experts
provided additional suggestions for content. Task Group members convened for regular meetings
via teleconference to provide direction on the report and its recommendations.

2.4 Antimicrobial Stewardship – A Common Understanding
Antimicrobial stewardship can be broadly described as the responsible planning and management
of resources in order to prevent and moderate the development of antimicrobial resistance5. For
the purposes of this report, antimicrobial stewardship is defined as “co-ordinated interventions
designed to promote, improve, monitor, and evaluate the judicious use of antimicrobials in order
to preserve their future effectiveness and promote and protect human health”6.
The Task Group acknowledges that there are a variety of lenses through which antimicrobial
stewardship can be viewed. Each of the following descriptions is inherently built into the above
definition.
Governance (FPT) - how governments and other social organizations interact, how they relate to
citizens and how they make decisions7. The governance perspective addresses stewardship in
terms of “a national coordinated legislative or regulatory approach designed to optimize use of
antimicrobial therapy”8. Government agencies across jurisdictions (local, provincial/territorial,
national, international) focus on policy development, coordination and collaboration on a variety
of strategies and initiatives that can be implemented across sectors.
Systems - defined in terms of key stakeholders who map and measure health systems, identify
where some of the key blockages and challenges lie, and design sound, synergistic and systemready interventions targeting those weaknesses9. Health systems involve all stakeholders –
government, non-governmental organizations (NGOs), healthcare organizations, academic
institutions, professional institutions, and the general public. Coordinated interventions are part of
a systems-based approach, in that they are designed to improve and measure the appropriate use
of antimicrobials by promoting the selection of the optimal antimicrobial drug regimen, dose,
duration of therapy, and route of administration10.
Public health - defined as the organized efforts of society to keep people healthy and prevent
injury, illness and premature death and disability, improving health and well-being and reducing
inequalities in health. It focuses on preventing disease and optimizing the health of the population
rather than addressing the illnesses of individuals, and is the combination of programs, services
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and policies that protect and promote health11.
Clinical - defined within the context of care and treatment of an individual/patient as: “the optimal
use of antimicrobials (including selection, dose, and duration of use) for the treatment or
prevention of infection in order to achieve the best clinical outcomes with minimal patient toxicity
and minimal adverse events12. It is also “the commitment to always use antibiotics appropriately
and safely—to use the right antibiotic at the right time, at the right dose, and for the right
duration”13. It may also include the commitment to use an antibiotic for the right reason14.

2.5 Current Environment – Antimicrobial Resistance
This section discusses antimicrobial resistance in human healthcare settings and at-risk
populations, potential impacts of travel and human and financial costs.
The emergence of antimicrobial-resistant organisms is a major public health concern in Canada,
particularly in health care settings and in vulnerable populations15. The Public Health Agency of
Canada’s surveillance programs have identified that these organisms appear to be thriving in both
health care and community settings and are capable of causing severe, life-threatening infections
that may be more difficult to manage because of limited treatment options16. This leads to the use
of more expensive, last-recourse antimicrobials. Because AMR may emerge in bacteria as a
response to selective antimicrobial pressure, there is a potential risk that fewer and fewer
antimicrobials will remain effective in the future17. The use of last-recourse antimicrobials to treat
serious infections (after all other treatment options have failed) is becoming more common in both
health care and community settings18.
Unnecessary antibiotic treatment, such as for asymptomatic urinary tract infections (UTIs) and in
viral infections in children has been shown to account for a substantial burden of inappropriate
antimicrobial use and unnecessary drug/treatment regimens in Canadian long-term and acute care
settings 19,20,21,22. Organisms in health care settings that cause infections acquired during
hospitalization or as the result of health care provided in hospitals or alternate settings such as
outpatient clinics, physician/dental offices and long-term care facilities can cause severe, lifethreatening infections, especially in the elderly, young infants and patients who have weakened
immune systems due to other diseases, such as cancers and heart or kidney disease23.
AMR is particularly significant in these settings as the organisms spread easily from person-toperson within or between health care facilities and have been linked to large hospital outbreaks. In
addition, patients are prescribed antimicrobial agents for other infections or for prevention of
infection, which may lead to the emergence of novel AMR. Many of these organisms are now
emerging in community settings as well as in individuals with no recent exposure to health care
settings24.
Resistance among common pathogens causing community and hospital-associated infections is
increasing worldwide, though regional patterns of resistance vary25. Significantly, resistance to
last-resort antibiotics has led to an epidemic of hard-to-treat infections, such as MRSA, ESBLproducing Enterobacteriaceae, CRE, NDM-1, VRE, and gonorrheal infections26. These infections
have the potential to spread quickly through international trade and travel. C. difficile, an infection
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that can occur following antibiotic treatment, is another serious threat to human health related to
antibiotic use27.
Certain antibiotics used in high doses or over a prolonged period of time will increase the chance
of developing resistant infections28. The presence of C. difficile bacteria, together with a large
number of patients receiving antibiotics in healthcare settings, can lead to frequent C. difficile
outbreaks. In healthcare settings, C. difficile infections can be limited through careful use of
antibiotics and strict adherence to infection prevention and control measures29.
Clostridium difficile, multi-drug-resistant Enterobacteriaceae (including Extended spectrum betalactamases (ESBL) and Carbapenem-resistant Enterobacteriaceae (CRE), methicillin resistant
Staphylococcus aureus (MRSA, and vancomycin-resistant Enterococci (VRE)) are all organisms
of clinical significance in Canadian hospitals30. These organisms are also responsible for hospital
outbreaks and contribute to the overall burden in Canada’s publicly-funded healthcare system.
Incidents of many of these organisms are decreasing or remaining stable31. However, continued
monitoring is essential to identify changes or emerging trends.
Gonorrhea infections are also of particular concern. The World Health Organization announced in
2012 that millions of people with gonorrhea may be at risk of running out of treatment options
unless urgent action is taken32. Global surveillance has led to the detection of extensively drug
resistant strains of gonorrhea in Australia, France, Japan, Norway, Sweden, and the United
Kingdom.
In Canada, gonorrhea infections have doubled since 1997. The infection particularly affects youth
and adults from both sexes and is particularly high in Nunavut, the Northwest Territories, Yukon,
and the Prairie provinces33.
The risk of untreatable gonorrhea emerging in Canada remains high with treatment failures being
observed across the country. As a result, the Public Health Agency of Canada has updated its
treatment guidance for gonorrhea to recommend combination therapy, specifically stating that
monotherapy should be avoided. In particular it states that quinolones such as ciprofloxacin and
ofloxacin are no longer recommended for the treatment of gonococcal infections in Canada, and
should only be given as an alternative treatment if antimicrobial susceptibility testing is available
and quinolone susceptibility is demonstrated; or if local quinolone resistance is under 5% and a
test of cure can be performed34.
Since 2009, overall infection rates for MRSA in Canada have been decreasing, especially in
hospital settings; however, current MRSA case numbers still exceed those in the early 2000’s,
suggesting that further effort to reduce rates is warranted. The annual number of cases of
infections resistant to Carbapenem antimicrobials, a class of last line antimicrobials, has tripled
since surveillance began in 201035.
Multi-drug resistant (MDR)-TB is of significant concern because it is difficult to treat. The
prevalence of TB in vulnerable populations is high and the introduction of MDR-TB in
community groups such as those living on First Nation reserves and incarcerated individuals can
lead to significantly increased morbidity and mortality.
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In December 2014 the United Kingdom Review on Antimicrobial Resistance reported that unless
action is taken to address global AMR, it could cost the world at least an additional 10 million
lives a year by 2050, more than the number of people who currently die from cancer. Research,
development, and commercialization of antimicrobials are costly, and investment in development
of new antimicrobials is decreasing. Resistance would have a cumulative cost of at least $100
trillion USD, more than one and a half times annual world GDP today36.
In conclusion, AMR poses a high risk to human health, including at risk populations. AMR
related morbidity and mortality places an increased burden on the public healthcare system and on
the economy.

2.6 International and Government of Canada Activities to Reduce Antimicrobial
Resistance
This section presents common themes from reports, conferences, strategies, and plans which
address AMU stewardship in Canada and elsewhere. More detail about these reports and activities
can be found in Annexes B and C.
2.6.1 National Level Conferences and Strategies
Over the past two decades, antimicrobial stewardship has been recognized in Canada as a key
component of a multifaceted approach in preventing the spread and emergence of AMR. The
term “antimicrobial stewardship” was formally used in 1997 at the first Canadian Consensus
Conference on Antimicrobial Resistance, jointly sponsored by Health Canada and the Canadian
Infectious Disease Society (now Association of Medical Microbiology and Infectious Disease
Canada). Recommendations were made regarding AMU in healthcare settings, improving public
perception of the risks/benefits of antimicrobials, the need for timely surveillance data to detect
AMR in healthcare settings, and mobilizing leadership mechanisms. An action plan for public and
health professionals was developed with plans to measure its effectiveness, identify obstacles, and
provide suggestions for ways to overcome them37. A series of one day seminars on AMU
stewardship across Canada followed with the objective of developing strategies to optimize
antimicrobial prescribing in the acute care settings.
Subsequent conferences, meetings, and seminars have been held over the years in Canada, each
one aiming to raise awareness, promote discussion on AMR and AMU, and “kick start” action on
stewardship. Key recommendations called for stronger leadership in the area of AMR
surveillance and stewardship, a coordinated and integrated AMR and AMU surveillance system,
more timely reporting, improved AMR data from the community, and education for healthcare
professionals.
A National Policy Conference in 2002 provided recommendations related to antibiotic use in
human and animal health, and the need for national standards for antibiotic use in humans and
practice specific guidelines on prudent use of antimicrobials in animals38. In 2004, the Canadian
Committee on Antimicrobial Resistance (CCAR) made recommendations on antibiotic prescribing
practices, surveillance, appropriate interventions and improved communication39.
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In 2009, the Report from the Pan-Canadian Stakeholder Consultations on Antimicrobial
Resistance discussed improper use of antibiotics and antivirals in humans and animals. Specific
antimicrobial stewardship recommendations identified the need for a lead steward to provide easy
access to antimicrobial usage guidelines and surveillance data on antimicrobial utilization and
antimicrobial resistant organisms for/to stakeholders; build on education and training, then
combine with regulations, and; increase collaboration between schools and institutions40.
Although the consultations noted that progress had been made over the preceding decade,
considerable work was still required, particularly in developing a universally agreed to definition
of stewardship, understanding stewardship across the continuum of care, and developing a
coordinated and integrated interdisciplinary pan-Canadian approach to antimicrobial stewardship.
Consultations also highlighted the need to develop and promote public and professional awareness
of AMU stewardship responsibilities, ensure that AMU is based on best available evidence, and
develop a comprehensive way of measuring AMU that is consistent across Canada, across the
continuum of care, and across sectors. A number of solutions were also suggested, including
setting standard guidelines through the creation of a National AMR Stewardship Working Group,
and addressing communication, education and enforcement, and surveillance approaches41.
Another important development in Canada took place in 2012 when Accreditation Canada
released the Antimicrobial Stewardship “Required Organizational Practice” (ROP) for assessment
on-site beginning in January 2013 for organizations providing inpatient acute care. To comply
with this ROP, organizations must implement an antimicrobial stewardship program to optimize
antimicrobial use42.
In 2014, the NCCID/AMMI report on surveillance of AMR and AMU in Canada included two
recommendations pertaining to AM stewardship. The first one focused on the development of
methods that would collect data on indications for prescribing in human and animal health AMU
surveillance systems, to support the development of methods for prescriber audit and feedback for
education and AMR control. The second recommendation focussed on the development and
dissemination of AMR and AMU education materials for medical and veterinary health
professions and the public43.
Some common themes from the work of Canadian stakeholders to reduce AMR emerge:


Leadership and collaboration for optimal antimicrobial use requires multi-sectoral
engagement across human, animal health and food production industry, as well as
collaboration across all levels of government (FPT), professional organizations, nongovernmental organizations serving the human health sector, and the private sector. Good
communication among all stakeholders is also important.



Leadership, accountability, and oversight in healthcare settings require a sufficient number of
qualified human resources. Specific expertise is needed in order to achieve the successful
establishment of coordinated, integrated, and interdisciplinary stewardship teams to address
AMR, and to provide feedback to prescribers and users of antimicrobials.
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Stewardship undertakings should be formalized through policy and regulatory mechanisms.
Canada began to formalise its commitment to stewardship through policy and regulatory
mechanisms in its 2015 Federal Action Plan on Antimicrobial Resistance and Use in Canada:
Building on the Federal Framework for Action, which included milestones for specific work
with F/P/T partners and other stakeholders in human and animal health.



Investment in population-based surveillance programs and electronic tools coordinated at the
national and FPT level are required to capture necessary data and information on emerging
trends and regional variances. Timely information and data from all settings (including the
community) are important.



Data from surveillance programs can be used to monitor and evaluate stewardship program
outcomes, including impact on infection prevention and control, appropriateness of AMU,
clinical outcomes, and prescribing practices. This can be done across healthcare settings.



Promotion of education and awareness for both prescribers and the general public (e.g.
provide antimicrobial stewardship training for prescribers as part of the formal education
curriculum, including post-graduation and continuing education credit programs; provide
awareness and educational campaigns for the general public). The use of evidence-based,
practice-specific guidelines is also recommended.

In conclusion, the last two decades of consensus-based and multi-stakeholder activities in Canada
have resulted in recommendations with implications for future antimicrobial stewardship
programs and initiatives. Key themes that emerge are: the need for strong leadership, appropriate
levels of qualified human resources as well as material resources (i.e. databases), investment in
surveillance programs, monitoring and evaluation of stewardship activities, education and
awareness for prescribers and users, evidence-based, practice specific-guidance, and further
formalization through policy, legislative and regulatory mechanisms.
These are consistent with themes emerging from recent recommendations concerning the
implementation of stewardship activities to reduce antimicrobial resistance, as outlined in the
United Kingdom’s Five Year Antimicrobial Resistance Strategy 2013 to 2018, and in the United
States’ 2014 National Strategy for Combating Antimicrobial Resistant Bacteria.
2.6.2 International strategies and plans from other countries
The World Health Organization (WHO) serves as the key global entity to raise awareness about
AMR in healthcare settings, and successfully sought the adoption of the World Health Assembly
Resolution to Combat AMR in May 2014. The WHO is currently working with key partners to
develop the draft Global Action Plan (GAP), approved by its Member States at the World Health
Assembly (WHA) in May 2015, whose goal is to ensure the continuity of successful treatment and
prevention of infectious diseases with effective and safe medicines. The Global Action Plan
identifies a set of principles, and five strategic objectives, two of which focus on key stewardship
concepts: to improve awareness and understanding of antimicrobial resistance; and optimizing the
use of antimicrobial agents. Member countries are being urged to implement the global action
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plan and adapt it to meet national priorities and specific contexts, and to mobilize additional
resources for its implementation.
Since 2008, countries have identified varying degrees of progress in response to global dialogues
and calls for action. Through the adoption of the global action plan, governments all committed to
have in place by May 2017 a national action plan on AMR that is aligned with the global action
plan. Governments and global health institutions have supported coordinated action across sectors
and countries to promote AMU stewardship. The United Kingdom (UK), United States (U.S.),
and European Commission (EC) have developed detailed plans with significant financial
investments.


The UK 5 Year Antimicrobial Resistance Strategy 2013 to 2018 includes actions specific
to stewardship such as optimisation of prescribing practices through good antibiotic
stewardship, promoting better use of antibiotics and new diagnostics; improving
professional education, training, and public engagement to improve practice and increase
understanding44.



The U.S. National Action Plan for Combating Antimicrobial Resistant Bacteria focuses on
slowing the overuse and misuse of antimicrobials in health and agricultural settings,
dissemination of information to the public, control of infection transmission across
community and healthcare settings, and improving international collaboration and capacity
for AMR prevention, surveillance, control, and research and development45.



The EU Action Plan against the Rising Threats from Antimicrobial Resistance includes
national mechanisms for coordination, national guidelines on prudent use of
antimicrobials, public awareness, and surveillance of antibiotic consumption46.

Common themes of these strategies include:
 Political engagement;
 Jurisdictional securement of resource allocations; and
 Coordinated, comprehensive, multi-year action plans to address AMR/AMU.
National advisory councils of leaders and experts have been established to guide the development
of action plans with targets and commitments to report progress.
Countries also agree that the optimization of the use of antimicrobial medicines in human health
involves better understanding the evidence concerning the increasing use of antimicrobial agents,
better data about antimicrobial use at point of care, strengthened regulation and research into the
distribution and use of antimicrobials, effective and evidence-based diagnostic tools, including at
point of care, that are easily integrated into clinical and pharmacological practice, and better
regulation of over the counter and internet sales of antimicrobial agents47.
And finally, countries, including Canada, support the principle of sustainability, wherein country
action plans on antimicrobial resistance include an assessment of resource needs. The
implementation of these plans will require long-term investment in surveillance, operational
research, laboratories, human and animal systems, competent regulatory capacities, and
14

professional education, training, and feedback on prescribing profiles, in both the human and
animal health sectors.
By signing on to the WHO Global Action Plan, countries agree that the improved use of
antimicrobials means: committing resources to ensure sustainability; effective communication,
training and education for prescribers in the form of professional education and certification;
raising awareness of AMU-related issues; and surveillance and research to strengthen knowledge
and evidence bases for effective action. The U.S., U.K., and EC have developed national
strategies with identified investments, targets and mechanisms for reporting on related action
plans.

2.7 Stewardship – A Shared Responsibility
This section outlines the roles and responsibilities of various organizations and stakeholders
regarding antimicrobial stewardship.
Stewardship is an ethic that organizations and individuals alike can adopt, and adopting this ethic
means committing to the responsible use of resources, as well as conserving and ensuring that
those resources or better are available to future generations.
Better managing antimicrobial use is a shared responsibility among multiple stakeholders
including public health and healthcare professionals, healthcare organizations, local, provincial,
territorial, national, the research community, and others who provide and use antimicrobials and
who care for the people who use them. The development, promotion, and implementation of
initiatives to promote optimal use of antimicrobials across Canada will require collaboration
among all of these stakeholders, helping to create synergies in order to effectively combat
antimicrobial resistance.
The general public - individual users of antimicrobials and their care providers are responsible
for decisions affecting their own health, and the health of children and others they may be
entrusted with. At the same time, they are users of antimicrobials, including those prescribed by
regulated healthcare providers, and consumers of both healthcare services and health information.
Regulated healthcare providers such as physicians are required by law to deliver competent,
ethical and professional services, and are accountable to the public through their respective
colleges. Responsibilities for AMR/AMU include investment in building/maintaining professional
capacity and demonstrating leadership to address AMR/AMU through oversight, training,
capacity building (e.g. prescription practices, patient counseling on AMU), and systematic
education/accreditation/ standards concerning AMR/AMU targeted for their professionals.
Healthcare delivery organizations engage multi-disciplinary teams to deliver healthcare services
and provide a measure of leadership and oversight by informing and developing guidance (e.g.
clinical pathways); developing policies and procedures, outbreak response coordination and
technical expertise; monitoring and reporting; and oversight of professional accreditation,
education and auditing. Specific responsibilities concerning AMR/AMU focus on: clinical
elements, including prudent prescription practices, infection prevention and control practices, and
patient counselling on antimicrobial use.
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Local public health authorities can have roles in outbreak response coordination, the
administration of health promotion and disease prevention programs, immunization, food
premises inspection, healthy growth and development including parenting education, health
education for all age groups and selected screening services.
Community-care settings play a role in patient and public awareness of AMR/AMU issues,
oversight of practices and protocols in terms of administration and operations concerning transfer,
care and treatment, adherence to care and access to services, accommodations, hygiene and food
practices and response to AMR occurrences.
Health professional organizations are mandated with oversight of professional healthcare
providers, including professional regulation, licensing and accreditation, education and auditing.
Responsibilities for AMR/AMU include the provision of leadership regarding formal and
continuing education, professional standards, practitioner competencies and certification, other
learning opportunities, and research, with the overall goals to ensure a high quality healthcare
system and provide high-quality healthcare for patients and their communities.
Provincial/Territorial governments play a key role by virtue of their responsibility for the
delivery of healthcare, public health programs and services, and approval of medical coverage for
antimicrobials. P/T governments develop policy and share promising practices through a range of
methods, including webinars and guidance tools for public health and healthcare professionals,
and awareness initiatives targeted for the public.
The Public Health Agency of Canada is responsible for providing leadership on the public
health aspects of antimicrobial resistance and antimicrobial use, and engaging with other federal
organizations in food, agricultural, and health sectors to regulate, develop policy, and invest in
research. The Public Health Agency of Canada works with domestic and international partners in
laboratory services, surveillance, public awareness and guidance development.
The Pan-Canadian Public Health Network (PHN) is Canada’s key intergovernmental
mechanism to strengthen and enhance Canada's public health capacity, enable F/P/T governments
to better work together and anticipate, prepare for, and respond to public health events and threats.
It has a role in developing components of the pan-Canadian framework antimicrobial resistance.
In conclusion, antimicrobial stewardship is a shared responsibility among many stakeholders
including governments, health professional organizations, community care providers, clinics and
hospitals, regulated healthcare providers, prescribers and users. Government, private and civil
society organizations, and individuals can all have active roles in antimicrobial stewardship.

3. Users and Prescribers of Antimicrobials in Canada
This section discusses populations groups in Canada that are being dispensed higher levels of
antimicrobials, populations where the risk of outbreak of antimicrobial resistant infections is
higher, and Canadian prescribers of antimicrobials. It also outlines evidence about prescribers
who dispense high numbers of antimicrobials, and settings where dispensing rates are highest.
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Suggestions are made where future stewardship undertakings may be developed, and targets may
be set for greater impact.

3.1 Users of Antimicrobials
Antimicrobials are prescribed to all age groups among the general population. There are certain
groups within the population that use antimicrobials more frequently than others. In 2013,
evidence indicates that antimicrobials were dispensed at higher levels among the youngest (0-5
years old) and oldest (65+ years old) age groups across Canada48, as well as the elderly, pregnant
women, patients with concurrent conditions/comorbidities, or those in certain institutional
environments (i.e., burn units, long-term care facilities, intensive care units)49.
The social determinants of health also play a role in higher rates of AMU. Evidence shows that
factors linked to high AMU include low-income, high unemployment, and lower socioeconomic
standing50. There is also a higher risk of outbreak of resistant infections among at-risk populations
when environmental factors and hygienic conditions play a role.
This was the case in First Nations communities in northern Saskatchewan when low-quality
running water resulted in an onset of community-acquired MRSA (CA-MRSA) in 200251. In
2004, another CA-MRSA outbreak in Calgary, Alberta specifically affected individuals with a
history of illicit drug use, homelessness, or recent incarceration52. Outbreaks of antimicrobial
resistant infections in at-risk populations can be difficult to control, and may become endemic.
In conclusion, evidence shows that certain population groups have a higher risk for AMU and
contracting antimicrobial resistant infections. Tailoring stewardship initiatives to the needs of
these populations may lead to greater gains than more generalized activities. Consideration of
specific, targeted interventions to meet AMR infection prevention objectives could be warranted,
as they are for other interventions to prevent and control infectious diseases. Finally, education
directed to parents would be beneficial, as they are a key intermediary group between young
children and seniors, populations with high rates of AMU53.

3.2 Prescribers of Antimicrobials
Prescribers of antimicrobials work in various human health settings. In hospital settings, the key
prescribers are general practitioners, specialist physicians, pharmacists, and nurse practitioners. In
the community setting, many more professionals prescribe antimicrobials, such as physician
assistants, pharmacists, midwives, optometrists, clinical nurses, nurse practitioners, dentists,
dental surgeons, dental hygienists, naturopaths and podiatrists.
Of these prescribing professionals, some prescribers may play a key role in stewardship54. For
instance, physicians often establish a diagnosis, provide treatment, and educate their patients on
taking medication. General practitioners and specialist physicians in hospital settings generally
prescribe AMs on a more consistent basis than other health professionals55. Pharmacists also play
a key role by dispensing medications, providing follow-up education to patients, and providing
alternatives to antimicrobials, and often overseeing hospital stewardship programs.
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There is evidence of potentially inappropriate prescribing practices in some professional groups.
Between 1966 and 2013, British Columbia observed a 62% increase in rate of prescribing by
dentists by population56, leading some experts to suspect that dentists and dental surgeons are high
prescribers. A linkage was also made between prescribing and resistance in Prince Edward Island,
with dental prescribing being linked to community-based C. difficile57. Prescribing practices of
naturopaths in British Columbia are highlighted as potentially problematic, with more than 3
times the average number of days of therapy per prescription than that of any other profession58.
Since the average prescription from a naturopathic doctor is for a much longer course of therapy,
there is concern whether their prescribing is guideline concordant. Canadian public opinion
research on antibiotics in 2008 suggested that physicians were also overprescribing, while more
recent analysis of human antimicrobial drug use in Canada suggest guidance and other
stewardship activities continue to be relevant for this prescribing group.
Consistent overprescribing of antimicrobials may be a concern in particular settings. For example,
in an ambulatory care centre in Southwestern Ontario, older patients (66+ years old) with chronic
kidney disease were prescribed doses of antimicrobials that were higher than the recommended
amount listed in the guidelines59. It appears that overprescribing antibiotics for chronic kidney
disease may be common60.
In conclusion, certain prescribing professions may benefit from tailored stewardship education,
especially if they have been identified as key sources of health information for Canadians, and if
they have been identified as overprescribing. Stewardship interventions could include tools that
would enable those who commonly overprescribe to both use antimicrobials more judiciously and
to resist patient or consumer pressure for antimicrobials. In order to mitigate overprescribing in
setting-specific situations, it is important that consistent information be available and accessible
for all prescribing professionals to ensure that there is a common understanding about AMU.
4. Promising Stewardship Initiatives and Programs from Canada and Other

Countries
This section outlines common components of evaluated stewardship initiatives and programs in
Canada and other countries, in hospital and community settings. It is not a complete list. Key
components drawn from promising stewardship initiatives both within Canada and from other
countries are summarized, and the information can be used to inform future stewardship strategies
as well as recommendations. Details can be found in Annex F.
It is important to note that antimicrobial stewardship programs and infection prevention and
control programs can be mutually beneficial. Actions such as identifying reported trends and
outbreaks of epidemiologically significant organisms can provide relevant information to both
programs. Healthcare providers can also be educated about infection prevention policies in the
course of interaction with stewardship approaches61.
Infection prevention practitioners and hospital epidemiologists play a joint role in benefiting
antimicrobial stewardship programs by providing support and guidance in surveillance for
organisms of interest, implementing interventions to guide the delivery of evidence-based
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practices, and translating and communicating data and infection rates to healthcare providers and
prescribers, including hospital administrators.
This section highlights only programs that have been evaluated. It should be noted that of the
stewardship undertakings reviewed, evaluations are often not conducted, or are not publicly
available. Therefore, this section may not capture the full landscape of promising stewardship
components.

4.1 Canada
4.1.1 Do Bugs Need Drugs? (Scope: provincial)
The community-based education program Do Bugs Need Drugs? (DBND) began in Grande
Prairie, Alberta, with the objective of raising awareness of AMR issues, including appropriate
prescribing practices and optimal AMU. The program has a dual focus: 1) to provide educational
resources to physicians, nurses, and pharmacists in community hospitals and long-term care
facilities; and 2) to provide public education on AMR risk and AMU to the general public, such as
students of all ages, parents, caregivers, teachers, employers, and employees62,63. DBND uses a
multimedia approach, encompassing print materials, awareness campaigns, public and continuing
education64.
Evaluations of DBND have shown a reduction in the rate of community prescribing, especially for
respiratory tract infection in children in British Columbia, and in long-term care centres in
Alberta. This was achieved by educating staff and providing feedback on antibiotic prescription
rates. The awareness campaign evaluations demonstrated increased public knowledge that viral
infections do not require antibiotics; increased awareness and practice of hand washing; and
increased awareness of AMR.
Evaluations conclude that based on the success of DBND, a multimedia approach using print
materials, advertising campaigns, and continuing education and awareness for all ages and a
variety of health professionals results in a positive reach to many target audiences.
4.1.2 Pilot Antimicrobial Resistance Awareness Campaign (Scope: national)
The Public Health Agency of Canada’s Antimicrobial Resistance Awareness Campaign pilot took
place in November 2014. The objective was to improve knowledge and awareness of prudent and
responsible AMU in the Canadian public (parents, children, and seniors), as well as in Canadian
general physicians65.
Various knowledge products, including webinars, campaign and health promotion materials (i.e.,
brochures, posters, and infographics), and web tools were disseminated through various
promotion mediums, including social media, news outlets, online, radio, and print. An evaluation
survey was conducted in February 2014 to assess the campaign’s impact to physicians and the
public.
Results showed that the majority of physicians are aware and knowledgeable about AMU and
AMR, and can regularly and confidently address these topics with patients; however, physicians
were also less likely to counsel patients on topics related to infection prevention and control, and
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some had false knowledge regarding causes of resistance. Post-campaign surveys indicate that
47% (n = 354) of surveyed physicians recalled receiving messages from the Government of
Canada during the campaign period. Physicians and the Canadian public had good uptake of
campaign materials beyond Antibiotic Awareness Week66.
Overall, evaluations concluded that using various methods of dissemination targeted specifically
at particular audiences is effective. To better communicate with Canadian physicians, information
should be disseminated at conferences, in scientific literature, and online.
4.1.3 Hospital-based initiatives (Scope: site-specific)
There are a number of examples of hospital-based stewardship programs. This report highlights
three due to the availability of their evaluations: Mount Sinai Hospital-University Hospital
Network (MSH-UHN)67, Toronto East General Hospital (TEGH)68, and Niagara Health Services
Antimicrobial Stewardship Program (NHS)69. These three programs have the shared objectives of
reducing AMU, especially broad-spectrum antimicrobials, while MSH-UHN and TEGH also aims
to reduce C.Difficile infection rates. The target audiences are hospital prescribing professionals.
The main intervention techniques are prospective audit and feedback in the ICUs and the use of an
infectious disease physician or pharmacist leader. Both MSH and TEGH distributed educational
materials to relevant in-hospital healthcare professionals prior to implementing the stewardship
program.
Evaluations of MSH and TEGH show a reduction in antimicrobial drug costs ($27,917 less than
the same period in the previous year) and reduction in the use of broad-spectrum pseudomonal
antimicrobial agents by 38.9%. During the pilot, there were no cases of C.Difficile, and only one
case post-pilot, as well as no differences in mortality or illness severity. The NHS program also
saw a decrease in broad-spectrum antibiotic use by 21.2% and reduction in antipseudomonal use
by 20.6%.
Overall, creators of these stewardship programs highlight the importance of appropriate human
resources for effective leadership, the value of prospective audit and feedback in reducing AMU,
as well as knowledge exchange, peer-to-peer communication, and decision support as key factors
in success.
4.1.4 Multipronged Educational Strategy on Antibiotic Prescribing (Scope: provincial)
The program “Multipronged educational strategy on antibiotic prescribing” was implemented
following a significant rise of C. difficile infection in the province of Québec70. The focus of this
strategy was on education, particularly on implementing user-friendly guidelines targeted to
outpatient physicians and community pharmacists.
Guidelines were disseminated using a multidisciplinary and mostly web-based strategy, including
having downloadable versions on a dedicated website, and promotion by professionals and experts
during educational events. They also had strong acceptance by the pharmaceutical industry. The
guidelines themselves emphasized proper antimicrobial regimens, not prescribing antimicrobials
when a viral infection was suspected, and prescribing the shortest treatment duration possible.
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After guideline dissemination, evaluations found that antimicrobial use in the rest of Canada was
23.3% higher per capita than in Québec71. Antibiotic costs also fell by $134.5/1000 Québec
inhabitants, compared to the rest of Canada72.
These results show that user-friendly guidelines that are based on scientific content, concise,
prepared by credible organizations, endorsed by professional organizations, and actively promoted
have a significant impact on reducing inappropriate antimicrobial prescribing practices in the
community, as well as reducing costs.
4.1.5 Pilot study for appropriate anti-infective community therapy: Effect of a guidelinebased strategy to optimize use of antibiotics (Scope: provincial)
A community-wide, multidisciplinary educational strategy was used in Ontario with the objectives
of enhancing adoption of clinical guidelines and improving AMU73. Target audiences were health
professionals, pharmaceutical representatives, and the general public.
Educational strategies included a public educational campaign (such as town halls, pamphlets
distributed by local pharmacists, and presentations to schools and community groups) for the
general public. Health professionals also received continuing medical education, including
educational packages containing guidelines, relevant scientific literature, and materials from
pharmaceutical companies. Physicians also received a “non-drug prescription pad” to use during
patient visits. The two main messages disseminated were to not use antibiotic for viral respiratory
infections, and to use drugs recommended in the “Anti-infective Guidelines for CommunityAcquired Infections”.
Evaluations show that the total number of antibiotic claims decreased by 9.4% during intervention
time, with the most significant decrease occurring with upper respiratory tract viral infections
(especially bronchitis)73. Physicians were found to be 29% less likely to prescribe second-line
antibiotics, and more than twice as likely to prescribe first-line antibiotics after receiving
education73. Participating physicians were also more likely to follow drug recommendations
outlined in published guidelines, and patients were more willing to accept viral diagnoses.
The authors of the evaluation concluded that synchronizing educational efforts to the public and
professionals are important in facilitating improved AMU. Innovative elements of the
intervention also included leadership by motivated local health professionals in coordinating
educational elements, support for these leaders, and using user-friendly and credible materials73.

4.2 Other Countries
4.2.1 European Antibiotic Awareness Day (Scope: multi-national)
European Antibiotic Awareness Day (EAAD), held since 2008, raises awareness regarding AMR
and appropriate prescribing74. The target audience for this campaign is health professionals and
the general public, including school-aged children and parents. Key messages, logos, slogans, a
media and education toolkit, as well as a multimedia campaign (using webpages, booklets, and
pamphlets) were all mechanisms used to reach target audiences.
Evaluations show that repeated campaigns can lead to greater involvement of professional
organizations. For instance, the 2011 campaign saw an increase of more than 25% and 50% in
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orders for leaflets and posters respectively, compared to 2010 75. In addition, 20 countries
reported experiencing a positive change attributed to EAAD, including greater AMR awareness,
more prudent AMU, more political support, decrease in antimicrobial consumption, and creation
of national plans against AMR76.
Overall, evaluations of EAAD have also shown these initiatives to be cost-effective and
successful in raising awareness of AMR and AMU issues, and in driving behavioural changes.
4.2.2 Get Smart: Know When Antibiotics Work (Scope: national)
The United States Center for Disease Control’s campaign Get Smart: Know When Antibiotics
Work had the objectives of reducing the rates of AMR by promoting appropriate prescribing
guidelines, decreasing antibiotic demand for viral upper respiratory infections, and increasing
adherence to prescribed antibiotics for upper respiratory infections77.
The campaign led to the generation of materials and strategies for key partners (state and local
health departments) to assist them in running local stewardship campaigns. Products include
guidelines for healthcare professionals in both outpatient and inpatient settings; information for
patients and pharmacists; continuing education and curriculum opportunities such as free online
courses for healthcare professionals, medical students, and pharmacists; and awareness initiatives,
such as Get Smart about Antibiotics Week.
Evaluations from “Get Smart Colorado” conclude that these interventions have shown a 3.8% net
decrease in retail pharmacy antibiotic dispenses per 1000 people, an 8.8% decrease in managed
care-associated antibiotic dispenses (per 1000 people), with the highest decline occurring with
pediatric members, with an associated decline in pediatric office visit rates78. Overall, the media
campaign was associated with a reduction in community AMU, a decrease in office visit rates for
pediatric patients; the campaign also appeared to be cost-saving79.
4.2.3 Belgian Antibiotic Policy Coordination Committee (Scope: national)
The Belgian Antibiotic Policy Coordination Committee (BAPCOC) has the overall objective of
promoting judicious use of antimicrobials in humans and animals, and to promoting infection
control and hospital hygiene to reduce AMR rates. Prescribers and users in both community and
hospital settings are targeted80.
In the hospital setting, national campaign actions include promotion of hand hygiene in hospitals,
publication of clinical practice guidelines, and staffing and technical support for all antimicrobial
management teams in all Belgian hospitals. Community setting activities include multimedia
campaigns to promote proper community AMU, such as the use of media, booklets, handouts,
posters, prime-time television, radio, websites, and personalised letters to physicians. BAPCOC
also promotes research and surveillance programmes on AMR-AMU in humans.
Evaluations have shown that public awareness campaigns led to a 36% decrease in AMU during
the winter seasons, with macrolide resistance decreasing from 17% in 2001 to 2% in 2007. Hand
hygiene compliance increased from 53% to 69% between the first and second campaigns. Ninety
percent of Belgian hospitals have the infrastructure in place for proper antibiotic management and
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infection control, and since 2004 there has been a 35% reduction of nosocomial MRSA infections
in acute care patients81.
Overall, BAPCOC initiatives have resulted in a measurable decrease in AMR and AMU in the
community and hospitals. It can be concluded that strong interdisciplinary public health,
scientific, and political engagement will lead to evidence-based interventions, resulting in a
decrease in AMR-AMU in the community and hospitals.
4.2.4 Swedish Strategic Program for the Rational Use of Antimicrobial Agents and
Surveillance of Resistance Program (Scope: national)
The Swedish Strategic Program for the Rational Use of Antimicrobial Agents and Surveillance of
Resistance Program (Strama) was created to address increasing use of antibiotics and the spread
of resistant pneumococcal clones in the early 1990s. Strama is a multidisciplinary and
multisectoral program which has developed into a coordinated national effort. Initial activities
targeted penicillin resistance in S.Pneumoniae in the community, and initiatives have since
expanded to include primary care, hospital care, nursing homes, day-care centres, as well as
clinical trials82.
Local Strama groups are independent networks, coordinated by each county department for
communicable disease control. They are comprised of specialists in various fields including
infectious diseases, microbiology, infection control, general medicine, and pharmacy. These local
groups are the drivers of Strama programs, which typically focus on providing prescribers with
feedback on local or individual data for comparison with other prescribers and prevailing therapy
recommendations.
A national office supports local groups, coordinates different initiatives, supplies national data,
and manages a national website. Strama also has regular collaboration with news media,
brochures, mobile applications, posters, on websites, and television spots, as well as education in
children’s health centers and schools. Other aspects of Strama include therapeutic guidelines,
quality diagnostic procedures with quick turnaround, stewardship programs specific to ICU, and
continuing education for prescribers83.
Evaluations have shown increased awareness as a result of Strama, and a continuous decrease in
total antibiotic sales in general practice in Sweden from the 1990s until 2004. Strama’s
multidisciplinary program has contributed to a decrease in antibiotic use without measurable
negative consequences84.
Overall, the evaluation concludes that factors of success include the use and early involvement of
pre-existing structures and resources (such as communicable disease officers), using a
multidisciplinary approach, collaboration with local drug and therapeutics committees and
microbiology laboratories, and political support at a national level.
In conclusion, based on a review of promising and evaluated stewardship programs and initiatives,
it appears that multidisciplinary programs, including those that target multiple audiences, use
multiple methods of information dissemination, and that incorporate a number of approaches,
appear to be most effective. More specifically, stewardship programs with appropriate expertise
and clear leadership, and multiple interventions such as audit and feedback, evidence-based and
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user-friendly guidelines, and parallel educational and awareness initiatives for both users and
prescribers, have shown positive outcomes. Interventions should be targeted to specific target
audiences as necessary (for instance, high risk users and/or high prescribers). As seen in Annex F,
stewardship programs with evaluations represent only a small portion of overall existing
programs. Therefore, systematic evaluations of stewardship programs need to be conducted
regularly.

5. Challenges and Knowledge Gaps
This chapter identifies important challenges and knowledge gaps emerging from the review of
promising stewardship programs and initiatives and discussion with Task Group members.

5.1 Appropriate expertise
The success and sustainability of stewardship undertakings requires appropriate and sustained
resourcing, particularly, appropriate expertise, something which may not always be possible in a
given setting or jurisdiction.

5.2 Prescriber Resources
Most evidence-based treatment guidelines include when and how much to prescribe, without
focusing on which pharmaceutical drugs to prescribe. Most treatment guidance does not focus on
when not to prescribe antibiotics, as this function has generally been led by awareness campaigns.
More research is required to determine if this type of guidance exists, whether producing
prescriber guidance on when not to prescribe antibiotics will be beneficial, and how to implement
it.
Accessibility of guidelines is another challenge. Canadian physicians have reported having
difficulty locating relevant resources regarding AMR in general and regarding testing protocols85.
Different guideline documents are available for different prescribing professionals. It would be
important to have one or more specific sources for treatment guidelines to ensure these are
standard across the country and align with the needs of provinces and territories, and the state of
AMR at a local level.
Experts have expressed concern that treatment guidelines are not being used consistently across
Canada. Guidance is produced at national, provincial/territorial, regional, and local level. Various
guidelines can cause confusion at the prescriber level on how to treat an infection, possibly
leading to suboptimal treatment. For example, physician level data shows that current
antimicrobial treatment practices for gonorrhea do not follow the revised national guidelines from
the Agency86.
Gaps in counselling activities of general practitioners on AMR topics may be due to their belief
that other healthcare professionals, such as pharmacists or nurses, are addressing these issues with
their patients87. Educational and training initiatives regarding stewardship should therefore be
targeted at all prescribing professionals to help address this gap.
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A scan of professional colleges and associations’ websites for prescribing professionals (Annex
C) showed that the majority do not have information on their public-facing websites regarding
AMR or AMU stewardship. A challenge lies in determining the most effective way to engage
colleges and associations within their mandates, and in clarifying their roles in promoting issues
related to AMR and AMU stewardship to prescribing professionals.
Therefore, further work is needed to increase the consistency and availability of guidance on
when, how and why to prescribe antimicrobials. Evidence is needed to support the development of
effective guidance on when not to prescribe. Finally, information about antimicrobial prescribing
and effective uptake for more categories of prescribing professionals is needed in order to support
awareness, education and training among a greater number of professionals prescribers of
antimicrobials.

5.3 Evaluation of Diagnostic Technologies
According to the WHO March 2015 Draft Global Action Plan, rapid diagnostic tools that
distinguish bacterial from viral infections and identify and characterize resistant bacteria are
needed to help guide appropriate use of antimicrobials in human medicine. Evidence-based
prescribing and dispensing is also recommended as the standard of care. In order for rapid
diagnostic tools to be effectively and efficiently incorporated into stewardship initiatives,
guidance and further research on implementation of new technologies is needed.
Integration of test-of-cure (re-culturing at the site of infection to determine if infection is still
present) into guidance documents may help to increase awareness in physicians and shift
prescribing practices over time. Physician-level data from the community has shown that
individuals diagnosed with sinusitis and bronchitis has the highest percentage of antimicrobial
recommendations provided for treatment, even though these infections are caused by viruses.
This signals a misuse of antimicrobials requiring further review, and a need to promote
appropriate diagnostics, leading to more appropriate AMU. Innovation in diagnostic testing is
evolving in Canada and other countries. Ideally, primary care physicians would be equipped with
rapid diagnostic tools which allowed for definitive diagnosis between bacterial and viral
infections, and detection of drug resistance in a timely manner, allowing for correct prescriptions
to be provided to patients. Such tests have been successfully incorporated into some stewardship
programs and may become important additions to future stewardship efforts. There is some
evidence suggesting they are of particular value in low-resource settings. The UK national
strategy on AMR allocates resources for AMR research, including clinical research infrastructure
and collaboration between relevant stakeholders, while the US national strategy calls for the
relevant stakeholders to be provided with the clinical isolates and technical tools needed to
address test development, validation, review, and reimbursement of rapid diagnostic tools.
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5.4 Monitoring and Evaluation
5.4.1 Monitoring of Prescribing Practices
Antimicrobial stewardship programs are most effective when there is a surveillance system or
audit feedback in place. Audit or surveillance systems are crucial for the success of a program as
they can provide retrospective or prospective data on antimicrobial use88,89.
In the community setting, little is known about some professions in which the use of
antimicrobials has been increasing over time, such as pharmacists or dentists90. There is also
limited data around AMU correlations categorized by prescriber category. There is a need for
research to gather evidence of prescribing habits of various health professionals.
Available information on indication and antimicrobial recommendations has shown that diseases
that are more likely to be caused by viruses, such as bronchitis or sinusitis, have high levels of
antimicrobials being recommended for treatment. In addition, AMU varies significantly across
long-term care facilities, indicating that there is no standardized approach to treatment in these
settings91. It is estimated that about half of long-term care facility prescriptions for antimicrobials
are unnecessary or inappropriate92,93. Many gaps still exist in the surveillance of AMR among
different healthcare settings, with the biggest current gap being AMR surveillance in the
community. Antimicrobial resistant organisms in the community are of particular concern as these
can be common and easily transmitted. Improved monitoring of AMU in these settings may
therefore be useful, in order to develop stewardship programs effective in long-term care and
other community settings.
5.4.2 Need for Standardized Data
Information and data regarding AMR and AMU in Canada is obtained through surveillance and
monitoring. Challenges exist in obtaining the data that is necessary to provide an accurate picture
of the issue. Although various groups at different levels (i.e. local, regional, provincial, federal)
are carrying out collection and integration of resistance data, the challenge lies in the absence of
standardized methodology and definitions for resistant strains. This makes it difficult to compile
and analyze information from various locations. The types of data collected and the settings in
which surveillance is conducted can impact public health decision-making on AMR issues, which
in turn will influence public health actions and activities.
5.4.3 Benchmarks for Optimal Use
Benchmarking optimal, appropriate, or judicious use of antimicrobials is difficult, because it
depends on the patient’s diagnosis, the antimicrobial used, and resistance. Optimal use should not
be measured as a whole (i.e. total prescriptions) but instead at the individual drug type level; for
instance, changes may not be observed in total use but this could be masking large changes in the
use of individual drugs which might be of concern. Since each patient case is looked at
individually to determine the best course of action, there is currently no standardized benchmark
for optimal use. Consideration should be given to establishing optimal use and guidance by type
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of infection, and by other factors, such as those associated with populations at particular risk of
infection with AMR organisms.

5.5 Knowledge Creation and Future Research
5.5.1 Prescribing Professionals
Antimicrobial stewardship programs generally require a multidisciplinary team including
infectious disease specialists, pharmacists, physicians, and nurses. Future research, educational
initiatives, and guidance products should focus on all prescribing professionals. Since
administering antimicrobials and patient education falls into the scope of practice of each
prescribing professional, it is important that each professional group is knowledgeable about
antimicrobial stewardship programs. Further information about professional groups prescribing
antimicrobials is warranted, in order to appropriately target guidance products and other
resources.
5.5.2 Regulatory Changes in Healthcare Practice
Further research is needed to determine whether changes are required to the regulation of
healthcare practices.
5.5.3 Assessing Effectiveness of Public Awareness Campaigns
Awareness campaigns focussing on educating the public and health professionals about AMR and
AMU have been undertaken in Canada and internationally. However, the lack of standardized
indicators makes it difficult to determine the effectiveness of the campaigns94. Behaviour change
related to outcome is usually difficult to measure. The most common indicators to determine the
actual effectiveness of AMR campaigns are those that measure campaign reach, as defined by
various web analytics measures, uptake of KTE tools, awareness of campaigns, number of
knowledge products distributed, and prescription rates. Campaigns are most effective when using
staged and increasingly targeted approaches, to build awareness and support behaviour change
over a number of years (e.g. smoking cessation, impaired driving); Overall, further research into
standardized indicators for awareness and behavior change campaigns in the context of
antimicrobial stewardship, and the need for more rigorous stewardship program evaluations in
general, should be considered.

6. Conclusion
Leadership, appropriate interventions, monitoring and evaluation, the need for more knowledge
about effective stewardship, and the evidence-base that will advance it - knowledge creation,
translation and mobilization, have been identified in this report as key components of promising
antimicrobial stewardship programs and initiatives. Key challenges and existing knowledge gaps
have also been determined, along with a series of recommendations for consideration of the
CIDSC.
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While an intersectoral approach is needed, and characterized by the “One Health” approach, a
common understanding or lexicon could be helpful to jurisdictions and other stakeholders to
support common understanding of key components and objectives for stewardship going forward.
On an international level, in signing on to the WHO Global Action Plan, Canada and other
countries agree that the improved use of antimicrobials means committing resources to ensure
sustainability; effective communication, training and education for prescribers in the form of
professional education and certification; raising awareness of AMU-related issues; and
surveillance and research to strengthen knowledge and evidence bases for effective action95.
Countries also agree that the optimization of the use of antimicrobial medicines in human health
involves better understanding the evidence concerning the increasing use of antimicrobial agents,
better data about antimicrobial use at point of care, strengthened regulation and research into the
distribution and use of antimicrobials, effective and evidence-based diagnostic tools for guiding
use that are easily integrated into clinical and pharmacological practice, and better regulation of
over the counter and internet sales of antimicrobial agents.
The provisions of these agreements align well with the findings of this report. Antimicrobial
stewardship programs that are grounded in strong leadership and appropriate expertise can lead to
successful and sustainable outcomes. Programs in health care settings require accountability,
appropriate human resource capacity and expertise, adequate support, training, and appropriate
level of compensation.
At a systemic level, a multipronged approach that incorporates a number of program elements has
been shown to be promising. Programs that include a variety of interventions such as education
and awareness, and the use of knowledge products such as evidence-based guidance and reference
tools have demonstrated positive outcomes.
Expert and peer-led programs appear among the most promising of those evaluated. Experts in a
broad range of disciplines including epidemiology, infection prevention and control, information
technology, and microbiology will help to strengthen these programs. As in the case of the
Belgian Antibiotic Policy Coordination Committee initiative, strong interdisciplinary public
health, scientific, and political engagement can lead to a measurable decrease in AMR and
improved AMU in the community and hospitals.
Promotion of education and awareness for both prescribers and the general public, and provision
of antimicrobial stewardship training for prescribers as part of the formal education curriculum,
including post-graduation and continuing education credit programs, can lead to more successful
outcomes and greater sustainability. Education efforts targeted towards the public and
professionals need to be synchronized, consistent and accessible in terms of information provided
so that users and prescribers are working towards common objectives. The development of
innovative knowledge-based interventions can also be led by health professionals who can
recommend how to make these types of tools accessible, and how to support their use.
Multimedia approaches using print materials, advertising campaigns, and continuing education
and awareness for all ages and a variety of health professionals have been shown to reach many
target audiences. Finally, using various methods of dissemination targeted specifically at
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particular audiences has been shown to be effective. To better communicate with Canadian
prescribers, information should also be disseminated at conferences, in scientific literature, and
online.
Certain prescribing professions may also benefit from targeted interventions, especially if they
have been identified as providers of health information for Canadians, and where there is evidence
of overprescribing96. In order to mitigate overprescribing in setting-specific situations, it is
important that consistent information be available and accessible for all prescribing professionals
to promote a common understanding about when to use antimicrobials. Stewardship interventions
could include tools that include information on judicious use of antimicrobials and information on
how to deal with patient pressure to receive antimicrobials.
Certain population groups are prescribed more antibiotics and are at greater risk of contracting
AM resistant infections. Therefore stewardship initiatives may have greater impact if they include
population-specific focusses. Education programs directed to parents may be beneficial because
parents are key intermediaries between young children and seniors.
New and improved interventions such as rapid diagnostic tools need to be made available to
professional prescribers and effectively and efficiently incorporated into stewardship initiatives.
Guidance and further research on implementation of these technologies is needed in order to
facilitate and improve prescribing practices.
It is important to point out that few existing stewardship programs have been systematically
monitored or evaluated. This is therefore a clear area for further research. As a result, it is
difficult to determine whether policies and guidelines are being used as expected, and it is equally
challenging to determine whether interventions have resulted in improved antibiotic use and
reduced resistance in important organisms. The last two decades of consensus-based and multistakeholder activities in Canada have resulted in recommendations with implications for
monitoring and evaluation of stewardship activities, consistent with international strategies and
activities. Monitoring and evaluation are critical in order to identify opportunities for
improvement and assess the impact of improvement efforts.
The hospital-based stewardship program evaluations demonstrated a number of successful
outcomes in this regard. The creators of these programs highlight the value and importance of
appropriate human resources for effective leadership, the value of prospective audit and feedback
in reducing AMU, as well as knowledge exchange, peer-to-peer communication, and decision
support as key factors in success. It can be concluded that sharing of best practices and lessons
learned both internally and publicly are important factors that can lead to more successful
stewardship programs.
The value of monitoring and evaluation is highlighted in the example of the Belgian Antibiotic
Policy Coordination Committee (BAPCOC). Its overall objective is to promote judicious use of
antimicrobials in humans and animals, and to promoting infection control and hospital hygiene to
reduce AMR rates. Overall, BAPCOC initiatives have resulted in a measurable decrease in AMR
and AMU in the community and hospitals. Strong interdisciplinary public health, scientific, and
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political engagement can lead to evidence-based interventions, and can result in a decrease in
AMR, and more appropriate AMU in the community and hospitals.
Monitoring and evaluation of guidelines is essential in order to determine how they can be
improved and whether they are being used consistently and effectively. Evaluations would help to
increase the consistency and availability of guidance on when, how and why to prescribe
antimicrobials. Evidence is needed to support the development of effective guidance on when not
to prescribe. A good example of how evaluation can serve to inform the development of strong
guidelines can be found in the Quebec based program “Multipronged educational strategy on
antibiotic prescribing” that implemented user-friendly guidelines targeted to outpatient physicians
and community pharmacists across the province. Evaluation of the guidelines showed that userfriendly guidelines that are based on scientific content, concise, prepared by credible
organizations, endorsed by professional organizations, and actively promoted have a significant
impact on reducing inappropriate antimicrobial prescribing practices in the community, as well as
reducing costs.
Standardized benchmarks for optimal use currently do not exist. It can be concluded that the
establishment of optimal use and guidance by type of infection, and by other factors, such as those
associated with populations at particular risk of infection with AMR organisms would help
prescribers determine the best course of action.
Federal, provincial and territorial governments play a key role in the collection of data and the
monitoring of stewardship initiatives, and can provide support for carrying out intervention
monitoring and evaluation. Surveillance data should be used to monitor and evaluate stewardship
initiatives, including monitoring processes and outcome measures of hospital and community
stewardship programs in order to assess their impact. Appropriate targets and indicators are
required for this activity, and the activity would need to involve individuals with expertise in these
data systems/analyses. Surveillance data would therefore help target stewardship interventions
towards identified outliers and problem areas.
In conclusion, a successful and sustainable antimicrobial stewardship program should be based on
a multi-sectoral / multi-pronged approach involving a wide range of stakeholders at the national,
provincial/territorial, and healthcare organizational level. Findings of this report are based on the
review of promising initiatives in human health settings in order to identify components of
stewardship that could be promoted across sectors, enabling a more systematic approach to
addressing antimicrobial stewardship in Canada. These findings have informed specific
recommendations for the consideration of the Communicable and Infectious Disease Steering
Committee and are provided in Section 7.

7. Recommendations
This section presents recommendations for future antimicrobial stewardship initiatives and
programs for consideration by CIDSC, drawing on common themes from reports and consensus
statements from Canada and other countries, reviews of promising stewardship undertakings and
challenges and gaps emerging from the literature and identified by experts from the Task Group.
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7.1 Recommendations for Core Components of a Stewardship Program or Initiative
7.1.1 Leadership
Leadership has been identified as a key component of stewardship programs and interventions
themselves. Stewardship programs should be grounded in strong leadership, accountability,
appropriate human resource capacity, adequate support, training, and compensation and involve a
variety of specialists across departments in an interdisciplinary manner at all stakeholder levels
including national, provincial/territorial, and at the health care organization level. Investments by
all jurisdictions will be needed.
1. It is recommended that a national infrastructure be put in place to support provinces
and territories in their efforts to develop effective antimicrobial stewardship programs
for implementation in healthcare settings and in communities within their jurisdiction.
A national infrastructure could include, for example, the establishment of networks, governance
mechanisms, and/or platforms with appropriate sustainable resources in order to communicate and
share information, identify and implement promising practices/tools across health jurisdictions in
Canada. The Public Health Network should play a key role in the establishment of such an
infrastructure. Federal, provincial, and territorial governments, as well as national healthcare and
professional associations would also play key roles.
Accountability for outcomes, and for reporting on progress towards outcomes, in the development
of this infrastructure, should be assigned to a specific entity or jurisdiction.
While an intersectoral approach is needed, and characterized by the “One Health” approach, a
common understanding or lexicon could be helpful to jurisdictions and other stakeholders and
support a common understanding of key components and objectives for stewardship going
forward.
7.1.2 Interventions: Education, Awareness and Tools for Prescribers and Users
Facility-specific institutions (e.g., hospitals, long-term care facilities, ambulatory surgical centres,
and private practices) could benefit from stewardship program leaders who are responsible for
program outcomes. A physician champion as lead with a pharmacist co-lead has been shown to be
especially effective. If in-house experts are unavailable, an external consultant could be used to
assist with implementation. Provincial and territorial healthcare associations could play key roles
in implementation.
Less information is available about leadership for successful stewardship programs in community
settings, and additional information is required to identify promising practices in this area.
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2. It is recommended that best practices for leading the successful implementation of
stewardship programs in facilities and in communities be developed and shared, as part
of a national infrastructure to support provinces and territories.
Education and awareness activities should target multiple prescriber groups, across both hospital
and community settings. This will help ensure that individuals receive consistent messaging about
appropriate use of antimicrobials from all prescribing professionals (i.e. from the prescriber as
well as the dispenser of the antimicrobial). Education initiatives should also have a dual focus of
both prescribers and users, both in hospital and community settings, to ensure that the same
message is being received by both groups.
3. It is recommended that best practices, benchmarks or standards for education and
awareness activities within the context of stewardship programs require 1) the targeting
of multiple prescriber groups and 2) a dual focus on users and prescribers.
Guidelines should be made more easily accessible and available in a timely manner to all
prescribers and dispensers. Professional organizations, colleges, and associations, can play a key
role in the dissemination of these resources and information through various media techniques
(i.e. websites, conferences). General public awareness initiatives should also use various media
techniques to reach the widest audience possible. For example, an algorithm with the most
common inappropriate prescribing practices for viral infections could support prescribers in their
decision making.
Health care workers (health professionals, staff in health care settings) should be given baseline
training in infection prevention and control practices as part of antimicrobial stewardship
programs, and this knowledge should be maintained at provincial and regional levels to
significantly improve the overall situation in health care settings. Professional colleges can play a
key role in this initiative since they have a role in establishing best practices.
4. It is recommended that the consistency and accessibility of materials, training in
infectious disease prevention and control, and related tools for prescribing professionals
and users be improved, to facilitate appropriate prescribing practices.
These products must be developed on the basis of evidence from surveillance and related
activities.
5. It is recommended that universities, colleges, and technical schools that train future

prescribers incorporate mandatory antimicrobial stewardship education as part of their
training for students and residents, as well as continuing education curriculums for all
prescribing professionals.
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7.1.3 Monitoring and Evaluation
Federal, provincial and territorial governments play a key role in collection of data and the
monitoring of stewardship initiatives, and can provide support for carrying out intervention
monitoring and evaluation.
Surveillance data should be used to monitor and evaluate stewardship initiatives, including
monitoring processes and outcome measures of hospital and community stewardship programs in
order to assess their impact. Appropriate targets and indicators are required for this activity, and
the activity would need to involve individuals with expertise in these data systems/analyses.
Surveillance data would therefore help target stewardship interventions towards identified outliers
and problem areas.
Individual healthcare facilities can include surveillance of AROs in their mandates, based on their
capacity for data collection and access to hospital laboratory services. AMR and AMU data
should be used to inform population-specific stewardship approaches, such as programs targeted
at those at highest risk for acquiring antimicrobial resistant organisms.
6. It is recommended that evidence-based audit and feedback tools and mechanisms be
developed to support prescribers in their efforts to judiciously prescribe at the local
level, including recommending alternatives to antimicrobials to their patients.
7. It is recommended that guidelines for prescribers be evaluated, adapted and
implemented at provincial and regional levels. Provinces, territories and regional
jurisdictions should be responsible for ongoing monitoring and evaluation of the
guidance once implemented.
Tools such as audit forms and drug use evaluations and feedback will help to standardize
evaluations of stewardship programs. The jurisdiction responsible for the stewardship program
should be responsible for conducting evaluations.
8. It is recommended that benchmarks be established for optimal use by type of infections,
and populations at greater risk for infection.
9. It is recommended that federal, provincial and territorial governments work together to
establish performance measurement targets in hospital and community settings for
consideration by jurisdictions.
10. It is recommended that timely evaluations of stewardship programs be conducted and
that the results be made publicly accessible so that best practices can be shared.
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Consideration should be given to the federal role in recommending to granting agencies that
evaluation of stewardship projects be included as a priority for funding.
7.1.4 Future Research: Knowledge creation, translation and mobilization
11. It is recommended that further evidence be gathered on the prescription profiles of all
prescribing professionals. This would help determine the need and type of stewardship
interventions for these professions, such as guidance or education. Federal, provincial,
and territorial jurisdictions governments should be responsible for collection, analysis
and mobilization of this information.
12. Finally, changes to healthcare practitioners’ practice regulations are recommended;
however further evidence should be gathered to support such a change.

34

8. References
1

Pan-Canadian Public Health Network. Communicable and Infectious Disease Steering Committee. Task Group on
Antimicrobial Use Stewardship. Terms of Reference. 2015.
2
Public Health Agency of Canada. Antimicrobial Resistance and Use in Canada: A Federal Framework for Action.
2014.
3
Public Health Agency of Canada. Federal Action Plan on Antimicrobial Resistance and Use in Canada. Building on
the Federal Framework for Action. 2015.
4
Ibid.
5
Public Health Agency of Canada. Canada Communicable Disease Report. CCDR Supplement June 18, 2015. vol 41
S-4
6
This definition is closely aligned with the UK Committee Task Group on Antimicrobial Use Stewardship
released on Aug 18, 2015: Antimicrobial Stewardship: Systems and Processes for Effective Antimicrobial Medicine
Use. https://www.nice.org.uk/guidance/ng15
7
Graham J, Amos B, Plumptre T (2003). Principles of good governance in the 21st century. Ottawa, Institute on
Governance.
8
Infectious Disease Society of America. Promoting Antimicrobial Stewardship in Human Medicine.
http://www.idsociety.org/stewardship_policy/
9
World Health Organization. Alliance for Health Policy and Systems Research. Systems Thinking for Health
Systems Strengthening. http://www.who.int/alliance-hpsr/alliancehpsr_overview_fr_eng.pdf
10
Infectious Disease Society of America. Promoting Antimicrobial Stewardship in Human Medicine.
http://www.idsociety.org/stewardship_policy/
11
Public Health Agency of Canada. The Chief Public Health Officer's Report on the State of Public Health in
Canada, 2014: Public Health in the Future. http://www.phac-aspc.gc.ca/cphorsphc-respcacsp/2014/intro-eng.php#a1
12
Gerding DN. The search for good antimicrobial stewardship. Jt Comm J Qual Improv. 2001;27(8):403-404.
13
United States. White House. National Action plan for combating antibiotic resistant bacteria.
https://www.whitehouse.gov/sites/default/files/docs/national_action_plan_for_combating_antiboticresistant_bacteria.pdf
14
Additional wording recommended by Task Group, June 2015.
15
Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System (CARSS) Report 2015.
http://healthycanadians.gc.ca/alt/pdf/publications/drugs-products-medicaments-produits/antibiotic-resistanceantibiotique/antimicrobial-surveillance-antimicrobioresistance-eng.pdf
16
Ibid.
17
Ibid.
18
Ibid.
19
Wang E, Einarson T, Kellner J, Conly J. Antibiotic prescribing patterns for respiratory tract infections in preschool
children in Saskatchewan: Evidence for overprescribing for viral syndromes. CID, 1999; 29:155-60.
20
L. E. Nicolle, "Infection prevention issues in long-term care," Current Opinion in Infectious Diseases, vol. 27, no.
4, pp. 363-369, 2014.
21
S. A. Silver, L. Baillie and A. E. Simor, "Positive urine cultures: A major cause of inappropriate antimicrobial use
in hospitals?," Canadian Journal of Infectious Disease and Medical Microbiology , vol. 20, no. 4, pp. 107-111, 2009.
22
J. A. Leis, G. W. Rebick, N. Daneman, G. L. Wayne, S. M. Poutanen, P. Lo, M. Larocque , K. G. Shojania and A.
McGeer, "Reducing Antimicrobial Therapy for Asymptomatic Bacteriuria Among Noncatheterized Inpatients: A
proof-of-Concept Study," Clinical Infectious Disease, vol. 58, no. 7, pp. 980-983, 2014.
23
Ibid.
24
Ibid.
25
Center for Disease Dynamics, Economics & Policy. 2015. State of the World’s Antibiotics, 2015. CDDEP:
Washington, D.C. https://cddep.org/sites/default/files/swa_2015_final.pdf
26
Ibid.
27
Ibid.
28
Ibid.
29
Public Health Agency of Canada. Fact Sheet - Clostridium difficile (C. difficile), 2014. http://www.phacaspc.gc.ca/id-mi/cdiff-eng.php

35

30

Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System (CARSS) Report 2015.
http://healthycanadians.gc.ca/alt/pdf/publications/drugs-products-medicaments-produits/antibiotic-resistanceantibiotique/antimicrobial-surveillance-antimicrobioresistance-eng.pdf
31
Ibid.
32
WHO: Urgent action needed to prevent the spread of untreatable gonorrhoea.
http://www.who.int/mediacentre/news/notes/2012/gonorrhoea_20120606/en/
33
Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System (CARSS) Report 2015
http://healthycanadians.gc.ca/alt/pdf/publications/drugs-products-medicaments-produits/antibiotic-resistanceantibiotique/antimicrobial-surveillance-antimicrobioresistance-eng.pdf
34
Public Health Agency of Canada. Canadian Guidelines on Sexually Transmitted Infections. Section 5 Management and Treatment of Specific Infections. Gonococcal Infections: Revised July 2013. http://www.phacaspc.gc.ca/std-mts/sti-its/cgsti-ldcits/section-5-6-eng.php#toc361210468
35
Public Health Agency of Canada. Canadian Antimicrobial Resistance Surveillance System (CARSS) Report 2015
http://healthycanadians.gc.ca/alt/pdf/publications/drugs-products-medicaments-produits/antibiotic-resistanceantibiotique/antimicrobial-surveillance-antimicrobioresistance-eng.pdf
36
Neill, J. (2014). Antimicrobial resistance: Tackling a crisis for the health and wealth of nations. London: Review on
Antimicrobial Resistance: Tackling drug-resistant infections globally, December 2014.
37
Health Canada. Controlling antimicrobial resistance. An integrated action plan for Canadians. Can Comm Dis Rep
1997; 23 (Suppl 7):1-32.
38
National Policy Conference on Antibiotic Resistance, October 5-7, 2002: Summary of proceedings. In: Canada
Communicable Disease Report. 29:18 2003 Sep 15, pp. 153-7. Canadian Committee on Antibiotic Resistance.
http://www.collectionscanada.gc.ca/webarchives/20071214154059/http://www.phac-aspc.gc.ca/publicat/ccdrrmtc/03vol29/dr2918ea.html
39
Canadian Committee on Antibiotic Resistance. Proposed national action plan to address antibiotic resistance.
(2004). Canadian Committee on Antibiotic Resistance. 2004
40
Canadian Committee on Antimicrobial Resistance. The Pan-Canadian Stakeholder Consultations on Antimicrobial
Resistance. September 2009. http://www.designit.ca/ccar/english/pdfs/CCAR-Pan-CanadianAMR.pdf
41
Ibid.
42
Accreditation Canada. Required Organizational Practices (for on-site surveys starting in 2016).
http://accreditation.ca/sites/default/files/rop-handbook-2016-en.pdf
43
Grant, J., & Saxinger, L. Patrick, D., Surveillance of antimicrobial resistance and antimicrobial utilization in
Canada. Prepared for the National Collaborating Centre for Infectious Diseases. 2014.
http://www.ammi.ca/download/reports/surveillance_of_antimicrobial_resistance_and_utilization_in_canada/Surveilla
nce%20of%20Antimicrobial%20Resistance%20and%20Utilization%20in%20Canada.pdf
44
United Kingdom. Department of Health. The UK Five Year Antimicrobial Resistance Strategy 2013-2018.
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/244058/20130902_UK_5_year_AMR_
strategy.pdf
45
The White House. U.S. National Action Plan for Combating Antimicrobial Resistant Bacteria. Washington. March
2015. https://www.whitehouse.gov/sites/default/files/docs/national_action_plan_for_combating_antiboticresistant_bacteria.pdf
46
European Commission. Communication from the Commission to the European Parliament and the Council. Action
plan against the rising threats from Antimicrobial Resistance. Brussels, November 15, 2011.
http://ec.europa.eu/dgs/health_food-safety/docs/communication_amr_2011_748_en.pdf
47
World Health Organization/World Health Assembly Resolution A68/20, March 27, 2015, pp 7-10.
http://www.collectionscanada.gc.ca/webarchives/20071214154059/http://www.phac-aspc.gc.ca/publicat/ccdrrmtc/03vol29/dr2918ea.html
48
Public Health Agency of Canada. Human Antimicrobial Use Report. 2012/2013. http://www.phacaspc.gc.ca/publicat/hamdur-rumamh/2012-2013/02-eng.php
49
MacPherson DW, Gushulak BD, Baine WB, Bala S, Gubbins PO, Holtom P, et al. Population mobility,
globalization, and antimicrobial drug resistance. Emerg Infect Dis. 2009; 15(11):1721-1731.
http://www.cdc.gov/EID/content/15/11/1727.htm

36

50

F. Marra, S. Mak, M. Chong and D. Patrick, "The relationship among antibiotic consumption, socioeconomic
factors and climatic conditions," Canadian Journal of Infectious Disease and Medical Microbiology, vol. 21, no. 3, pp.
e99-e106, 2010.
51
Paediatr Child Health. 2005 Nov; 10(9): 557–564. PMCID: PMC2722643
Methicillin-resistant Staphylococcus aureus in First Nations communities in Canada.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2722643/
52
Gilbert M, MacDonald J, Gregson D, Siushansian J, Shang Kun Yan, Elsayed S, et al. Outbreak in Alberta of
community-acquired (USA300) methicillin-resistant Staphylococcus aureus in people with a history of drug use,
homelessness or incarceration. Can Med Assoc J 2006; 175(2): 149-154. Doi: 10.1503.cmaj.051565
53
Public Health Agency of Canada. Centre for Communicable Diseases and Infection Control. 2014 Pilot AMR
Awareness Campaign: When you need them, will antibiotics work? Evaluation summary report. 2015.
54
Ibid
55
Health Canada. It’s Your Health: Antibiotic resistance. March 2012
56
Patrick DM, Marra F, George D, Chong M, O’Keefe J, Blondel-Hill E. What Accounts for a Large Increase in
Prescribing by Dentists? ID Week Oct 7-11, 2015, San Diego. Abstract 156
57
Greg German, Task Group member, PEI
58
BC PharmaNet data as analyzed by the Do Bugs Need Drugs Program at BCCDC
59
Farag A, Garg AX, Li L, Jain AK. Dosing errors in prescribed antibiotics for older persons with CKD: A
retrospective time series analysis. Am J Kidney Dis. 2014 Mar;63(3):422-8
60
Ibid.
61
Moody, J., Cosgrove, S.E., Olmsted, R.N., Septimus, E., Aureden, K., Oriola, S. et al, Antimicrobial stewardship: a
collaborative partnership between infection preventionists and healthcare epidemiologists. Am J Infect
Control. 2012;40:94–95.
62
McKay RM, Vrbova L, Fuertes E, Chong M, David S, Dreher K et al. Evaluation of the Do Bugs Need Drugs
program in British Columbia: Can we curb antibiotic prescribing? Can J Infect Dis Med Microbiol, 2011;22(1):19-24
63
Carson M, Patrick DM. Do Bugs Need Drugs? A community education program for the wise use of antibiotics.
CCDR Supplement, 18 June 2015; Vol 41 S-4.
64
British Columbia Centre for Disease Control. Do Bugs Need Drugs? Annual Evaluation Report 2013/14.
http://www.bccdc.ca/NR/rdonlyres/2CE3760F-4A41-4F7E-89DC2F8CD39A6F92/0/201314DBNDAnnualEvaluationReport_FINAL_amended.pdf
65
Public Health Agency of Canada. Centre for Communicable Disease and Infection Control. 2014 Pilot AMR
Awareness Campaign: When you really need them, will antibiotics work? Evaluation Summary Report. November
2014-March 2015
66
Ibid.
67
Nakamachi Y, West S, Dresser L, Morris AM. Developing and expanding hospital antimicrobial stewardship: The
Ontario experience. CCDR Supplement, 18 June 2015; Vol 41 S-4.
68
Leung V, Gill S, Sauve J, Walker K, Stumpo C, Powis J. Growing a “positive culture” of antimicrobial stewardship
in a community hospital. Can J Hosp Pharm, 2011;64(5):314-320
69
Ali K, Fleming GD, Ma K, D’Sa R, Powis J. Skills Learned During Critical Care Prospective Audit and Feedback
are Utilized Outside of the Stewardship Environment. Paper presented at ICAAC 2014. Proceedings of the 54th
Interscience Conference of Antimicrobial Agents and Chemotherapy (ICAAC); 2014 Sept 5-9. Washington, D.C.,
United States of America https://idsa.confex.com/idsa/2014/webprogram/Paper46869.html
70
Weiss K, Blais R, Fortin A, Lantin S, Gaudet M. Impact of a Multipronged Education Strategy on Antibiotic
Prescribing in Quebec, Canada. Clinical Infectious Diseases, 2011; 53(5):433-439.
71
Ibid.
72
Ibid.
73
Stewart J, Pilla J, & Dunn L. Pilot study for appropriate anti-infective community therapy. Effect of a guidelinebased strategy to optimize use of antibiotics. Canadian Family Physician, 2000; 46:851-859.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2144801/
74
Bhattacharya A, Budd E, Ashiru-Oredope D. European Antibiotic Awareness Day (EAAD) 2013 Evaluation
Report. May 2014. Retrieved from:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/318933/European_Antibiotic_Awarene
ss_Day_2013_Evaluation_Report.pdf

37

75

National Collaborating Center for Infectious Diseases. An International Scan of Activities Related to Increasing
Public Awareness of Antimicrobial Resistance. March 2013.
76
Ibid.
77
United States. Centers for Disease Control and Prevention (CDC). Get Smart: Know when Antibiotics Work
http://www.cdc.gov/getsmart/community/index.html
78
Gonzales R, Corbett KK, Wong S, Glazner JE, Deas A, Leeman-Castillo B et al. “Get Smart Colorado”: Impact of
a mass media campaign to improve community antibiotic use. Med Care 2008; 46(6):597-605.
79
Ibid.
80
Goossens H, Coenen S, Costers M, de Corte S, de Sutter A, Gordts B, Laurier L, Struelens MJ. Achievements of
the Belgian Antibiotic Policy Coordination Committee (BAPCOC). Eurosurveillance, 2008;13(46). Retrieved from:
http://www.eurosurveillance.org/images/dynamic/EE/V13N46/art19036.pdf
81
Coenen S, Gielen B. , et al. Appropriate international measures for outpatient antibiotic prescribing and
consumption: recommendations from a national data comparison of different measures. J Antimicrob Chemother.
2014 Feb; 69(2): 529–534.
82
Mölstad S, Cars O, Struwe J. Strama - a Swedish working model for containment of antibiotic resistance . Euro
Surveill. 2008;13(46). http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19041; accessed August 5,
2015
83
National Board of Health and Welfare. Swedish Plan of Action Against Antimicrobial Resistance. 2000. Retrieved
from: http://soapimg.icecube.snowfall.se/strama/SPAR,_engelsk_version.pdf
84
Mölstad S, Cars O, Struwe J. Strama - a Swedish working model for containment of antibiotic resistance . Euro
Surveill. 2008;13(46). http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19041; accessed August 5, 2015
85
Public Health Agency of Canada. Survey of Prescribers. 2014 AMU Campaign
86
Canadian Antimicrobial Resistance Surveillance System Report 2015.
http://healthycanadians.gc.ca/publications/drugs-products-medicaments-produits/antibiotic-resistanceantibiotique/antimicrobial-surveillance-antimicrobioresistance-eng.php
87
Public Health Agency of Canada. Awareness, knowledge, and behaviours of Canadian physicians on the use of
antibiotics and antimicrobial resistance: Results from a two-cycle national survey in 2014 and 2015. August 2015.
88
Vettese N, Hendershot J, Irvine M, Wimer S, Chamberlain D, Massoud N. Outcomes associated with a thriceweekly antimicrobial stewardship programme in a 253-bed community hospital. J Clin Pharm Ther. 2013 October
2013;38(5):401-4.
89

Piacenti FJ, Leuthner KD. Antimicrobial stewardship and clostridium difficile-associated diarrhea.
Journal of Pharmacy Practice. 2013 October 2013;26(5):506-13.
90

DM Patrick et al. What accounts for a large increase in antibiotic prescribing in dentists? BC Centre for Disease
Control. 2015. Poster Presentation.
91
Daneman N, Andrea G, Newman A, Hadas FD, Bronskill SE, Rochon PA, Anderson GM, Bell CM, "Antibiotic use
in long-term care facilities," Journal of Antimicrobial Chemotherapy, vol. 66, no. 12, pp. 2856-2863, 2011.
92
Dellit TH, Owens RC, McGowan JE Jr., et al. Infectious Diseases Society of America and the Society for
Healthcare Epidemiology of America guidelines for developing an institutional program to enhance antimicrobial
stewardship. Clin Infect Dis 2007;44:159-77. doi:10.1086/510393.
93
Hecker MT, Aron DC, Patel NP, et al. Unnecessary use of antimicrobials in hospitalized patients: current patterns
of misuse with an emphasis on the antianaerobic spectrum of activity. Arch Intern Med 2003;163:972-8.
doi:10.1001/archinte.163.8.972.
94
Huttner B, Goossens H, Verheij T, Harbarth S. Characteristics and outcomes of public campaigns aimed at
improving the use of antibiotics in outpatients in high-income countries. The Lancet Infectious Diseases. 2010
1;10(1):17-31.
95
WHO/WHA ResolutionA68/20, March 27, 2015, pp7-10
96
Public Health Agency of Canada. Centre for Communicable Diseases and Infection Control. 2014 Pilot AMR
Awareness Campaign: When you need them, will antibiotics work? Evaluation Summary Report. 2015.

38

