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Publisher’s Note
On behalf of the National Collaborating Centre for Infectious Diseases, I am pleased to
introduce the Surveillance of Antimicrobial Resistance and Antimicrobial Utilization in
Canada report. We commend its authors and their multidisciplinary project team for their
work in addressing this important subject.
We are confident that this report can serve at least three purposes. First, it informs public
health decision-makers and other stakeholders of past and recent achievements and the
current status of surveillance in Canada. Second, it provides comparative information
with respect to surveillance systems in other countries. Third, it identifies strengths and
weaknesses of surveillance today as well as opportunities for further improvements.
This report and the recommendations of the authors can be found by visiting the AMMI
website at www.ammi.ca.
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Preface
Antimicrobial Resistance in Canada –
Paused at a Crossroads
This report, on the current status and future possibilities for antimicrobial resistance and
utilization surveillance in Canada, was commissioned by the National Collaborating
Centre for Infectious Diseases. Our group, based in the Association of Medical
Microbiology Infectious Disease Canada, drew extensively on the expertise of many
colleagues involved in animal, human, and public health across the country.
Many countries have completed or are in the midst of similar reviews of surveillance.
Why? The threat of antimicrobial resistance has been understood since the dawn of the
antibiotic era. Sir Alexander Fleming, accepting the 1945 Nobel prize for the discovery
of penicillin, presciently sounded a warning note about resistance in the event of
improper penicillin use.1 Over the years, as common bacterial pathogens evolved the
genetic arsenals that now allow them to withstand our antibiotics, we kept a step ahead by
developing new antimicrobials, and thus maintained the remarkable medical miracle of
antibiotic therapy.
However, in recent years, increasing resistance rates and new, quickly spreading and
highly resistant microbes, in concert with reduced new antimicrobial development, have
rightfully raised a global alarm.2 Within the past year, the U.S. Centers for Disease
Control and Prevention, the European Centre for Disease Prevention and Control, the
World Health Organization, and the World Economic Forum have all released reports or
held meetings addressing the dangers of antimicrobial resistance (AMR).3-6 The latter
group, in its 2013 annual report on global risks concluded “arguably the greatest risk . . .
to human health comes in the form of antibiotic-resistant bacteria. We live in a bacterial
world where we will never be able to stay ahead of the mutation curve. A test of our
resilience is how far behind the curve we allow ourselves to fall”.6
The World Health Organization has made AMR a priority, and has issued centralized
direction for member nations. The key messages from an AMR group at the 2013 World
Health Assembly concisely stated: “Antibiotic resistance is a rapidly evolving health
issue extending far beyond the human health sector. Awareness of the seriousness of the
situation and the need for urgent action is required at the highest political level, globally
and at country level. A cross-sectoral approach including agriculture, fisheries,
development and economics is required for effective action at global and national
levels”.4

In Canada, establishing effective surveillance of AMR with its cause and counterpart,
antimicrobial utilization has been hampered, perhaps by the very nature of our nation: a
geographically vast, culturally diverse, and medically advanced nation, with multiple
jurisdictions of public health and government. To be able to address this public health
problem, however, we must understand its scope and actively monitor its spread. Gaps in
our current surveillance are clear. We have some sound elements that address aspects of
the needed surveillance, but we lag behind many international counterparts. We need to
align and combine our existing provincial and federal surveillance resources – which
fortunately are many – for cohesive, integrated, accountable national surveillance that can
evolve and expand to meet the AMR challenge. At its core, public health surveillance is
information for action. It is the foundation we need to develop our response to this threat
to modern medicine, preserve the precious resource that is antibiotic therapy, and protect
the health of Canadians now and in the future.

Dr. Lynora Saxinger
Chair, Antimicrobial Stewardship and Resistance Committee
Association of Medical Microbiology and Infectious Disease Canada

ii

Surveillance of Antimicrobial Resistance and Antimicrobial Utilization in Canada

Executive Summary
This report summarizes the results of a 2012-2013 project sponsored by the National
Collaborating Centre for Infectious Diseases. The task set forth was both to assess the
current status of surveillance of antibiotic or antimicrobial use (AMU) and antimicrobial
resistance (AMR) in Canada, and to provide recommendations * to advance Canadian
surveillance.

Both ‘antimicrobial’ and ‘antibiotic’ utilization are terms in common use, but the broader
term, antimicrobial, will be preferred in this report. It is implicitly understood throughout
this report that the surveillance of antimicrobial resistance as a public health threat must
be accompanied by surveillance of its main modifiable driver, antibiotic utilization.
This project had three main components:
1. A systematic literature search (Appendix A) was performed to identify, describe
and evaluate Canadian and international AMR and AMU surveillance programs,
with analysis of their attributes. A structured evaluation method was applied to
exemplar Canadian and international systems, and more a detailed analysis review
of two models of surveillance (Denmark’s DANMAP program and the European
Centre for Disease Control and Prevention’s EARS-Net and ESAC-Net programs)
was performed to identify their relevance, strengths and weaknesses in potential
application to a Canadian context.
2. A semi-structured interview protocol (Appendix C) surveyed Canadian experts
from key stakeholder groups (including but not limited to public health and
infectious diseases physicians, physician and PhD microbiologists, antimicrobial
pharmacists, veterinarians, and representatives of the food animal industry) to
ensure a full understanding of current functioning Canadian AMR and AMU
surveillance in all sectors, to identify perceived strengths, and weaknesses, and to
identify perceived needs.
3. A review of previous Canadian antimicrobial resistance and surveillance
consensus meetings, reports and recommendations to inform the development of
an actionable set of recommendations (Appendix E).
The findings of each component were complementary in evaluating the past, present, and
potential future of AMR and AMU surveillance in Canada. The systematic review of 20
databases and grey literature reviewed 8931 studies, selected 129 studies for analysis, and
*

Recommendations developed from this report are available through www.ammi.ca.
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identified 11 Canadian and 58 international surveillance programs and projects, including
all programs identified in the expert surveys. Review of the major Canadian programs
and detailed comparison with select international programs revealed that in spite of focal
high quality surveillance components, Canadian public health AMR and AMU
surveillance can be seen as having significant gaps, incomplete integration, with no one
defined accountable body responsible for surveillance, and no single national mandate.
Specific shortcomings in the scope of current Canadian AMR and AMU surveillance
programs include: constricted focus (by pathogen or population), a lack of public-healthbased data on evolving community and hospital AMR (beyond antibiotic resistant
organisms of interest to infection control), and challenging but improving access to
antibiotic utilization data to inform development of antimicrobial stewardship in human
and agri-food/veterinary populations. The most significant gap in surveillance data that
can be immediately addressed is community-based AMR surveillance, as all extant
published surveillance data are from non-public-health collations of hospital
microbiology laboratory bacterial susceptibility data. In identifying a way forward, we
noted that the most highly evaluated international public health surveillance programs,
despite different structures, have integrated oversight of national and regional
surveillance, across veterinary, food animal and human medicine (that is, with food
agency and public health agency collaboration). We conclude that the complex ecology
of antimicrobial resistance development requires a cross-sectoral, trans-disciplinary,
integrated approach for appropriate surveillance to inform control efforts.
Finally, the review of Canadian reports and conferences (including the relevant reports of
the Auditor General of Canada) addressing antimicrobial resistance and surveillance over
the last 17 years allowed an assessment of their impact and identified challenges that may
interfere with future progress (see Appendix E for summarized recommendations). The
reports range from the 1997 Controlling Antimicrobial Resistance: An Integrated Action
Plan for Canadians, through to the most recent Canadian Committee on Antimicrobial
Resistance (CCAR, now disbanded) reports of 2004 and 2009. Repeated
recommendations from an increasing range of sources portray a history of consistently
known goals that have not yet been met. A review of the reports of the Auditor General
of Canada pertaining to Health Canada’s (and later PHAC’s) surveillance activities
suggests that the lack of an effective provincial-territorial-federal agreement structure and
surveillance framework is relevant to the lack of progress observed. Increasingly specific
calls have been made for national, public health-based coordination of true national AMR
and AMU surveillance. We contend that the protection of public health from
consequences of antimicrobial resistance in microorganisms is a shared responsibility
including federal leadership for a strong national, public health based coordination of
surveillance, with engagement and collaboration of provincial and territorial health
agencies, professional associations, animal health, and food animal-industry stakeholders.
iv
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It is our hope that this report appropriately builds on the work of predecessors, integrates
the valuable experience of international colleagues, and will help establish the structure,
collaborations, and momentum required to appropriately track (and therefore permit us to
address) antimicrobial resistance as an evolving public health threat in Canada.

Principal Investigators
Dr. Lynora Saxinger, Dr. Jennifer Grant, Dr. David Patrick
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1. Introduction
•

This report aims to explore the current systems of surveillance of antimicrobial
resistance and antibiotic utilization in Canada and abroad, and to make
recommendations ‡ for improving surveillance programs in Canada.

•

Increasing occurrence of antimicrobial resistance in bacteria is a global public health
risk.

•

Changes to systems for the surveillance of antimicrobial resistance and antimicrobial
utilization (AMR-AMU) in Canada could be improved based on the review presented
here as well as on the recommendations from past work..

1.1.Purpose
In the context of the increasing international and national recognition of the imminent
threat to public health presented by antimicrobial overuse and resistance, a project to
explore ways to optimize surveillance of antibiotic use and antimicrobial resistance in
Canada was commissioned by the National Collaborating Centre for Infectious Diseases.
Specifically, the project was designed to meet the following objectives:
•

To determine core elements of antibiotic use and AMR surveillance initiatives
worldwide through systematic search and review of published and grey literature
related to surveillance of antibiotic use and antimicrobial resistance in human and
veterinary medicine.

•

To summarize current national, provincial, and regional AMR surveillance programs
and initiatives as well as current national, provincial, regional, and private
antimicrobial use monitoring programs/initiatives in Canada.

•

To prepare a comprehensive list of existing regional, provincial and national
surveillance programs summarizing details of which data are collected, for how long
they have been collected, and the specific definitions used for data collection and
reports resulting from these data.

‡

Recommendations developed from this report are available through www.ammi.ca.
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•

To identify missing elements in existing surveillance programs in Canada and to
describe the barriers to the operation of an ideal program through expert reviews and
key informant interviews.

•

To provide recommendations § for implementing optimal antimicrobial use monitoring
and resistance surveillance programs in Canada.

1.2.Background
Bacteria have perfected adaptive strategies for species survival for about three billion
years, including the development of antimicrobial compounds and resistance to those
compounds as part of inter-microbial battles for dominance. Strains isolated from
Siberian permafrost sediments dating back millions of years have demonstrated multidrug resistance to tetracycline, streptomycin and chloramphenicol – all antibiotics that are
commonly used in medical therapy today.7 Resistance genes developed to allow bacteria
to cope with ever-changing biophysical, chemical and ecological conditions of their
habitat and are involved in a variety of processes including detoxification, metabolic
function and signal trafficking.8 All forms of precursors to resistance elements including
bacteria and genes make up the “resistome,” and we now appreciate that the mechanisms
that allow resistance determinants to be transferred to human pathogens after exposure to
antibiotics were present long before broad therapeutic use.8,9
However, with their intensive use of antibiotic drugs typically administered to patients
since the dawn of the clinical antibiotic era has led to selection of some pathogens that
are unaffected by them. Well-known pathogens that were previously easily treatable are
demonstrating concerning trends of developing antimicrobial resistance, in some cases
leading to re-emergence. For example, Canadian surveillance of susceptibilities to
Neisseria gonorrhoeae has been systematically collected as part of Public Health
Sexually Transmitted Infection surveillance. Data from 2000-2009 have demonstrated
that there has been a significant increase in antimicrobial resistance among N.
gonorrhoeae isolates to a point where therapeutic use of quinolones is no longer an
effective treatment option,10 prompting a change in the national treatment guidelines and
demonstrating the importance of resistance surveillance.

§
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As the effectiveness of antibiotics against certain pathogens declines, the morbidity and
mortality in human patients as a result of these infections increases. Moreover, the health
care costs associated with antibiotic resistant infections also increases.11,12
Among contemporary global issues, the public health risk associated with the
development of antimicrobial resistance in clinically important bacteria species has
carved a distinct share of concern in the minds of health professionals, policy-makers,
and citizens at large. In 2013, the Chief Medical Officer for England, Dame Sally Davies,
stated: “Antimicrobial resistance is a ticking time-bomb not only for the U.K. but also for
the world. We need to work with everyone to ensure the apocalyptic scenario of
widespread antimicrobial resistance does not become a reality. This threat is arguably as
important as climate change.” The European Commission presented its first action plan to
tackle AMR on November 17, 2011, noting that some 25,000 patients die each year in the
European Union from infectious caused by drug-resistant bacteria. A 2013 AMR risk
stratification report published by the United States Centers for Disease Control and
Prevention (CDC) estimated that at least 23,000 Americans die from antibiotic resistant
infections. Although estimates are highly variable, $20 billion in excess direct healthcare
costs are linked to antibiotic-resistant illness.3 There is widespread agreement among the
scientific, medical and public health community that the time to address this health risk is
now.
Antibiotic use is not restricted to human populations. In animals, antimicrobials are used
for therapeutic treatment (treatment of animals with a bacterial infection), prophylaxis
(treatment of animals to prevent the development of a bacterial infection), metaphylaxis
(use of antibiotics to decrease the chances of illness) and antimicrobial growth promotion
(use of antibiotics to increase the tonnage of meat produced, unrelated to illness).13 The
precise amount of antimicrobial agents used in animal populations is unknown, with
some estimates suggesting that agricultural use alone comprises about 80% of overall use
by weight of drug.
Veterinary use of antimicrobial agents that are used in human medicine or have a human
analogue increases the likelihood that human bacterial pathogens with food animal
reservoirs will develop resistance or cross-resistance to antibiotics that are approved for
use in human medicine.14 Zoonotic transfer of antimicrobial-resistant pathogens from
animals to humans via meat products is well established.15 Although some antimicrobial
agents used in animals belong to classes that do not have counterparts in human
medicine, commonly used antibiotics, including the tetracyclines, penicillins, macrolides
and sulphonamides, are frequently used in both human and veterinary medicine.13 In
addition to the impact on human health, antimicrobial resistance in animal pathogens has
a deleterious effect on animal health, including substantial economic impact on the foodproduction sector.
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The newest global AMR challenge, carbapenemase-producing enterobacteriaceae,
provides a wake-up call to the potential of AMR organisms to spread globally in a short
period of time and seriously challenge the capabilities of modern medical therapy. These
bacteria, which are resistant to most, and sometimes all, available antibiotics, also
illustrate the pervasive nature of AMR organisms in the environment, and the need to
monitor resistance outside human health settings as well as within. Carbapenemasecarrying bacteria have been found in non-human sources (although it is unclear if the
resistant bacteria were derived from human sources), and can extensively contaminate the
environment – especially in settings with poor sanitation. One study revealed
carbapenemase-carrying bacteria in multiple water samples from the streets of New
Delhi.16 As carbapenems are our last good defence against many resistant Gram-negative
bacteria, the need to limit the rise and spread of these bacteria is urgent. Active
surveillance in health care, as well as in the food chain and other non-human sources has
been emphasized. Until the complex ecology of resistance in human and animal health,
food production, and the environment is better understood, ongoing monitoring in all of
these spheres remains crucial to allow development of control efforts.
Acknowledging the inextricable interconnection between human health, animal health
and overall ecosystem health, the One Health Initiative is a worldwide strategy intended
to build a stronger bond between human medicine and veterinary medicine.17 Recent
reports from the One Health Initiative highlight the importance of adopting this approach
to addressing the public health risk linked to antimicrobial resistance in microorganisms
stating that, “there is a significant need to coordinate surveillance efforts at a global
scale”.18 Increasingly, the One Health approach to formulating policies and actions is
being promoted to facilitate early detection of new diseases that emerge from animal and
insect reservoirs, and also to offer potential means for improving food safety and
preventing the emergence of antimicrobial resistance in humans and animals.
The World Health Organization defines public health surveillance as the continuous,
systematic collection, analysis and interpretation of health-related data needed for the
planning, implementation, and evaluation of public health practice. Such surveillance
can:
•

serve as an early warning system for impending public health emergencies;

•

document the impact of an intervention, or track progress towards specified goals;

• monitor and clarify the epidemiology of health problems, to allow priorities to be set
and to inform public health policy and strategies.19

4
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The World Health Organization outlines
five key advantages for establishing a
national or regional surveillance network:
• Surveillance of antimicrobial resistance can

serve as an indicator of the quantitative use
of antibiotics in the catchment area covered
by the network
• Antimicrobial resistance information, when

regularly provided to prescribers, improves
the selection process for treatment of
community-acquired or nosocomial
infections.
• Managers of national or international

programs for treatment of infectious
diseases, such as acute respiratory infection,
diarrheal diseases, sexually transmitted
infections, require timely, reliable
information related to resistance patterns in
causative agents to provide treatment
options.
• Regular monitoring of resistance patterns in

nosocomial infections is necessary to
develop guidelines for the use of prophylactic
antibiotics in surgery.

Many organizations have recognized the
importance of surveillance programs to,
among other objectives, assist patient
diagnosis and treatment, enable infection
control in hospitals and communities, and
support infection control measures at the
regional, national and global levels, to
address food safety concerns and to
inform drug policy and healthcare
decisions.19-21 Surveillance is recognized
as the first step to understanding current
states and progression of resistance over
time. For example, the Danish
DANMAP’s surveillance efforts have
confirmed that there is an association
between the quantities of antibiotics used
and the occurrence of resistance in
certain bacteria.22 Internationally,
surveillance with a broad view of
antimicrobial ecology has become
recognized as a critical first step to
controlling growing resistance.

Analysis of resistance trends from
surveillance data has provided
resistance patterns is necessary in order for
considerable evidence in support of the
health authorities to track epidemics and to
association between antibiotic use and
make sound recommendations to control
incidence of antimicrobial resistance in
outbreaks of infectious disease.
human patients.23-25 For example,
surveillance of carbapenem-resistant
Enterobacteriaceae (CRE) revealed an
incidence (particularly in Klebsiella spp.)
of 4.6% in hospitals and 17.8% in longterm care facilities for the first half of
2012 (U.S. CDC, 2013). In addition,
surveillance programs have identified a significant increase in Streptococcus
pneumoniae’s resistance to antimicrobial agents such as penicillins, cephalosporins,
macrolides, trimethoprim/sulfamethoxazole, clindamycin, tetracyclines, and
chloramphenicol.26-30
• Information on local or worldwide changes in
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Assessing the patterns of antibiotic use over time establishes trends that may be compared
with patterns of resistance. In concert, these data can inform decisions to implement
strategies to control the development of antimicrobial resistance. Evidence from several
surveillance initiatives demonstrates a correlation
between consumption of antibiotics and the
Surveillance is….DATA FOR ACTION
development of antimicrobial resistance.31-33 Ideally,
bacterial resistance data should be reported using
…the systematic collection, consolidation,
suitable denominators and stratification to ensure that
and evaluation of relevant data in order to
34
relevant indicators are established. Surveillance
…determine patterns of antibiotic
systems should reliably link diagnosis, pathogens and
consumption
antibiotic use in order to provide a more informative
basis for public health decisions.35 Thoughtful design
….determine the trends of incidence,
of surveillance systems reduces bias, improves
abundance, diversity and distribution of
interoperability (i.e., the ease of integration of one
antibiotic resistant bacteria and
system with another), and promotes usefulness (the
antimicrobial resistance genes.
ability to take action to protect health based on the
Monitoring refers to the regular, continuous
information provided by the surveillance system).
measurement of i) antibiotic use in human or
Consideration of development of performance
animal patients and ii) measurement and
indicators to monitor the progress of surveillance is
analyses of specific antibiotic susceptibility in
also a valuable model.
target organisms to discern trends in
For the specific question of antimicrobial resistance
and utilization surveillance, such systems allow the
recognition of worrying resistance trends, recognize
connections between utilization and resistance, and
identify targets for intervention.
.
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epidemics of antimicrobial resistance.
Better surveillance is required to both gauge
the true scope of the problems and to gain a
better understanding of the complex interplay
of factors that lead to the development of
antimicrobial resistance in human pathogens.
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1.3.A Canadian Perspective on Antimicrobial Utilization and
Resistance Surveillance
In Canada, there have been a number of reports dealing with aspects of AMR and AMU
issued over the past years, as reviewed in Appendix E. The reports range from the 1997
Controlling Antimicrobial Resistance: An Integrated Action Plan for Canadians through
to the most recent Canadian Committee on Antimicrobial Resistance (CCAR, now
disbanded) reports, including the National Action Plan on AMR in 2004 and the Pan
Canadian AMR Consultation Report in 2009. Key recommendations have included:
1. Monitoring of antimicrobial usage in various settings, human and animal.36-39
2. Optimizing appropriateness of antimicrobial usage.40
3. Developing and using standardized formats for surveillance data analysis and
dissemination.37
4. Supporting the development of professional competency in antibiotic use.37
5. Developing practice-specific guidelines for prudent use of antimicrobials in humans
and animals.36,37
6. Developing a real-time feedback loop to prescribers.41
7. Ensuring that existing and emerging resistance is monitored and that laboratory
methodologies are standardized.37 Monitoring of antimicrobial usage in various
settings, human and animal.
These past reports have concluded that Canada’s system lags behind other countries in
collecting and reporting emerging antimicrobial resistance in Canadian communities, and
on data on utilization of these critical medications across human and animal populations.
This current project involved two main data collection methods: a systematic review of
published and grey literature on surveillance activities in Canada and internationally, and
in-depth interview based surveys of national key experts representing various
professional domains. The final component was a review of previous Canadian AMR and
AMU reports and publications to inform development of a workable action plan.
It is the aspiration of all participants in this project that this document will serve as a call
to action and a road-map for evolving a comprehensive AMR and AMU surveillance
program in Canada, starting with integration and collation of existing data as a foundation
for the expansion of comprehensive reporting to inform public health actions.
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2. Methods
•

This project used two data collection modalities – a comprehensive literature review
of published and grey literature and an in-depth interview based surveys of national
key experts representing various professional domains.

•

A systematic search protocol was developed to collect relevant literature gathered
from 20 data bases. There were 8931 records identified related to surveillance of
antimicrobial resistance and antibiotic utilization, which after screening revealed 129
papers that satisfied most inclusion and quality criteria. Programs described in these
papers were analysed.

•

The survey questionnaire was prepared, pilot tested and issued to 272 experts located
in all Canadian provinces and territories. Of these, 146 experts completed the survey
questionnaire either in person or by telephone interview.

2.1 Systematic Literature Review
Very few critical evaluations of the major AMR surveillance and antimicrobial use
monitoring programs within Canada have been conducted.42 The principal aim of this
literature review was to identify and describe the strengths and weaknesses of the major
AMR surveillance and antibiotic utilization monitoring programs in Canada,
concentrating on antibacterial agents used in human patients and major food animals
(poultry, swine and cattle), and to provide a basis for recommendations for improving
these programs. A systematic search protocol (Appendix A), designed with a professional
medical research librarian, was developed to assemble key information related to AMR
and antibiotic use surveillance in Canada and to provide examples from existing
programs from around the world for comparative purposes.
Published literature, conference proceedings, and grey literature reports were searched
using defined keyword combinations within the limits of specific inclusion and exclusion
criteria. Key contacts through academic and professional affiliations provided valuable
information regarding research that was not accessible in the published literature.
Evidence was gathered to provide answers to the following questions:
1. What exists for surveillance of antibiotic-resistant organisms in Canada, federally,
provincially/territorially, and locally?
2. What exists for surveillance of antimicrobial usage in Canada, federally, provincially
territorially, regionally, institutionally, and locally?
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3. For the above surveillance systems, what information is gathered? To whom is it
reported? How quickly is it reported?
4. What international models exist for the collection, reporting and use of the data in
monitoring resistance and guiding utilization practice?
5. What provincial/national/international models for legislation and restrictions of use of
antimicrobials exist?
6. What surveillance systems for both usage and AMR surveillance have been tried in
Canada, what has worked, what has failed and why has it worked/failed?
Twenty databases were searched and a total of 8931 records related to surveillance of
antimicrobial resistance and antibiotic utilization were identified. Screening of the search
results yielded 580 records for which 335 full-text documents were assessed for
eligibility. Two reviewers independently assessed references using a structured form and
established process to undertake the quality assessment. Final selected papers were
reviewed using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system43-45 for assessment of quality of evidence. Information
collected from a total of 129 documents (Appendix B) met inclusion criteria and data
quality objectives and served as the evidence source for the literature review.

2.2 Expert Opinion Survey
A semi-structured survey questionnaire for telephone or in-person interviews was
developed to gather information directly from experts who have current knowledge
related to surveillance of antibiotic use and antimicrobial resistance in Canada. Following
consultation with members of the project steering committee, the initial survey
instrument was designed based on answers to some key questions, prepared and pilot
tested with anonymous volunteers who were both knowledgeable in the subject matter
and in the methodology of conducting qualitative surveys. Five volunteers (including two
physicians and one pharmacist) participated in the pilot test phase of the survey
preparation that was conducted between October 2012 and December 2012. Some
questions were reworded for clarity and redundant questions were eliminated based on
comments received from the pilot survey volunteers. The revised survey questionnaire
was reviewed and approved for use in the interviews beginning in January 2013 and
concluding in May 2013. The survey questionnaire is provided in Appendix C.
Initial key informants were identified from health agencies and institutions across
Canada, and included participants in previous conferences, reports and during the
systematic search stage of the literature review. They were invited via e-mail to
10
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participate in the interviews. By April 2013, respondents from all provinces and
territories in Canada had been contacted or interviewed. The survey questions were
shared with the participants at the time of receiving their consent and of scheduling the
meeting or phone interview. The last question of the survey requested the names of two
other experts whose judgments would be valuable for the survey as a ‘snowball’
sampling strategy for enlarging the pool of key informants.
Every interview was transcribed and the data collected were analysed using NVivo 10.0
qualitative analysis software (QSR International Pty Ltd). All survey transcripts were
read to determine the overarching themes that emerged. A list of core topics was
developed with similar code topics clustered together. The preliminary analysis was
conducted by tabulating the frequency at which certain words or phrases were used. As
new codes emerged, these were placed in existing theme categories (where appropriate)
or a new sub-theme was created. Participants were grouped by discipline (broadly
‘human medicine specialist’ or ‘veterinary medicine specialist’). All findings were
compiled and described in narrative form by theme, sub-theme and supporting codes.
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3. Description of Canadian and International
Surveillance Systems identified in the Literature
Review
•

Worldwide, there are at least 58 surveillance programs for AMR in human medicine
and 21 surveillance programs that track veterinary AMR. Of these surveillance
programs, some are/were independently funded projects of finite duration while others
are government-sponsored surveillance programs that have been in existence for at
least fifteen years.

•

There are relatively few surveillance programs monitoring AMU.

•

Systematic search of the literature identified 11 Canadian and 58 international ongoing
surveillance programs which were evaluated and compared in this report.

•

In addition to AMR and AMU surveillance programs, there are several initiatives in
Canada and worldwide that are dedicated to knowledge transfer related to the public
health threat of antimicrobial resistance.

3.1 Introduction
Many surveillance programs worldwide attempt to map trends in antibiotic use and/or
antimicrobial resistance, ranging from small studies of finite duration to large, multi-year
ongoing national surveillance initiatives. Our systematic review of 20 databases and grey
literature identified 129 papers and reports (out of 8931), with 11 Canadian and 58
international programs described in tabular format in Appendix B. These included
surveillance projects of defined duration and some pharmaceutical funded longitudinal
resistance studies. Our search captured all programs identified in the expert surveys.
More detailed review of a collection of the identified programs is included to provide a
good description of existing Canadian initiatives and surveillance models that can supply
quality data to health authorities, stimulate cooperation among stakeholders and serve as
a platform for exchange of educational information. For readers who want a more
exhaustive assessment of international AMR and AMU programs, we direct them to
published assessments available.46-49
It is clear there are a number of examples that could serve as models of infrastructure and
funding for Canada. Summarized below are examples of ongoing antimicrobial resistance
surveillance programs and specific projects from Canada and around the world. Certain
programs are highlighted as examples of completeness (DANMAP, NethMap), models
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for a decentralized model potentially more comparable to the Canadian provincial-federal
model (EARS-Net), and examples of innovative funding models (BSAC, CBSN) or
because of comparable geography (NARMS). All sustained Canadian projects are
included. Other international programs are included here for completeness of the review,
but with less detail. For the purposes of this report, “comprehensive” refers to any
program that collates resistance and utilization data in a single report or uses a “One
Health” model concerning resistance of bacteria across human and animal populations.
Summary tables have been created from data extracted during the literature review and
reflect only those data that are publicly available. Where possible for Canadian programs,
contact has been made with project leaders to add further information about ongoing and
new work that may not be reported. The information from those conversations is included
in the text, but not in the summary tables. The criteria for evaluation are based on
information extracted from expert interviews (e.g. choice of organisms and
antimicrobials) on the components of ideal programs, with support from the literature on
the definitions of surveillance. The criteria for evaluation were further vetted by the
steering committee.
In Canada, there is one federally funded nation-wide program that looks at both
antimicrobial resistance of enteric pathogens in the food chain, and utilization in animals
and humans (CIPARS), as well as a regional program that concentrates on human
resistance and utilization. In addition, there is a federally funded nation-wide surveillance
program for monitoring nosocomially acquired resistant organisms (CNISP) in the setting
of overall nosocomial infection surveillance in sentinel hospitals across Canada, which
has begun to gather data on utilization, but has not published results to date. Another two
programs are collaborations between academic institutions and pharmaceutical industry
partners that conduct voluntary prospective sampling from centres located across Canada
for AMR surveillance. While some provinces collect data of varying scope in support of
surveillance for AMR, to date, only British Columbia provides a formal report of those
data. There are provincial and local programs that also provide information locally and
initiatives that are being developed for which data are not yet available.
The assessment below addresses specifically the appropriateness of these initiatives as
they pertain to comprehensive AMR and AMU surveillance to determine population
utilization of and prevalence of resistance to antimicrobials, both overall and in specified
microbes and sub-populations of patients. Since these programs may not have been
created for that purpose, our assessment is not intended to be a critique of their value for
their intended purpose, but rather their contribution to a comprehensive, national AMR
and AMU report.
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3.2 AMR-AMU Programs in Canada
Canadian Integrated Program for Antimicrobial Resistance Surveillance
(CIPARS)
http://www.phac-aspc.gc.ca/cipars-picra/
CIPARS collects information on antimicrobial resistance in the three most frequently
isolated serovars of Salmonella: S. enteritidis, S. heidelberg, and S. typhimurium (S.
newport is sometimes included), from all human clinical isolates through provincial
reference laboratories. No data are provided about the provenance of the organisms
among human populations. However, given the comprehensive nature of the data (all
isolates in Canada), they can be thought to be representative of the population at risk.
In addition, data related to the use of antibiotics in human medicine are retrieved via
an agreement with IMS Health in Canada (also known as IMS Brogan). IMS Health
in Canada is a private company that collects data from retail pharmacies on
prescriptions of oral antimicrobials and uses sampling and modelling to predict the
overall use of antimicrobials (and other drugs). Data are analyzed by drug and by
province. Neither indication nor demographics are included. Data from hospitals are
not available, although CIPARS is currently working to gather those data (personal
communication).
The CIPARS program also integrates information on the incidence of antimicrobial
resistance in food animals into the broader surveillance program by testing
susceptibility in enteric pathogens at the on-farm, abattoir and retail levels. At
present, there are five veterinary AMR surveillance components within the CIPARS
programs: retail meat surveillance (beef, chicken, and pork); abattoir surveillance
(beef cattle, chickens, and pigs); farm surveillance (pigs); surveillance of animal
clinical isolates (cattle, chickens, pigs, turkeys, and horses); as well as feeds and their
ingredients. The target population of consumers of retail meat products in Canada is
represented in the retail surveillance component of the program that monitors
bacteria of interest and collects information on AMR in the food chain prior to
human consumption. The key bacteria of interest in chickens and turkeys are
Campylobacter spp., Salmonella spp., Enterococcus spp. (discontinued in 2010), and
E. coli while only Salmonella spp. and E. coli spp. are monitored in pork and in beef.
Data on antimicrobial utilization were gathered from the Canadian Animal Health
Institute (CAHI), which records 95% of licensed animal pharmaceutical products
distributed for sale. Data are aggregated on a class level and cover food, companion
and sport animals, as well as fish. However, approximately 30-40% of antimicrobials
are used through own-use importation or active pharmaceutical ingredient products
which are not recorded. Gross tonnage is reported, but assessment of animal
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population data is missing. Data on antibiotic use in pigs on CIPARS sentinel farms
in the five major swine-producing provinces has been available in CIPARS since
2007; and antibiotic use in broiler chickens is assessed in 2013 data (personal
communication).
Quarterly summaries, short reports (containing raw data without interpretation),
surveillance bulletins and full annual reports for CIPARS surveillance activities were
available on the dedicated website two years after the completion of the data period,
however in 2013, it appears that CIPARS reports are now available by request only
(i.e. no longer freely accessible on the dedicated website).

British Columbia Centre for Disease Control (BCCDC)
http://www.bccdc.ca/prevention/AntibioticResistance/default.htm
In collaboration with laboratories around the province, the BCCDC produces an
annual compilation of resistance trends across a broad array of organisms and
antibiotics. These are reported by bug/drug combination and broken down by
region/lab. Data are drawn from community and hospital laboratories and reported
according to the source of the information. Most B.C. hospital labs provide data to
BCAMM, the British Columbia Association of Medical Microbiologists (see page
20), rather than the BCCDC, so these data are more community focused. There is no
explicit mention or analysis of sub-populations (e.g. children, elderly) with respect to
antimicrobial resistance, however since data concerning most of the population of the
province are captured in a similar manner they are likely to be representative of the
population as a whole. In addition, it is likely inherent to the data source
(laboratories) that demographics cannot be extracted. BCCDC also provides an
annual report on antibiotic utilization in the province using data extracted from the
B.C. PharmaNet prescription drug database which tracks all outpatient prescriptions
for antibiotics (and other drugs) as they are filled at the pharmacy level. This source
limits the assessment of utilization to those drugs that are available orally and
excludes those used in hospital. These data are analyzed by sex, age and region and
compared to relevant benchmarks. Where possible, utilization with respect to
indication is assessed. There are no data specifically on the First Nations population,
who may be excluded from community pharmacy data due to the federal
responsibility for their medical care. No data are available on veterinary resistance or
utilization. Available reports are dated 2012 in which resistance data are current to
2012 and utilization data are current to 2010.
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3.3 Programs Reporting Antimicrobial Resistance in Humans in
Canada
Canadian Nosocomial Infection Surveillance Program (CNISP)
http://www.phac-aspc.gc.ca/nois-sinp/survprog-eng.php
The Canadian Nosocomial Infection Surveillance Program (CNISP) collects
information from 54 sentinel Canadian institutions located in ten provinces. CNISP is
designed specifically to assess the rates of acquisition of nosocomial pathogens and
nosocomial infections.50-52 Thus, the program provides information on incident
infections in hospitalized patients and specifically excludes prevalent and
community-acquired infections. Population coverage of CNISP includes all of
Canada’s major urban centres and the data compare well to provinces with universal
surveillance for nosocomial infections, based on an internal review of
representativeness. However, CNISP participants are larger, more urban and more
academic than the Canadian average, with over-representation from British
Columbia, under-representation from Quebec, and with no representation from the
territories (personal communication). Paediatric hospitals are included as well as
hospitals that have mixed adult/paediatric population. Elderly and Aboriginal
populations are not documented as special populations by CNISP, but should be
included (i.e., identifiable) in the general hospital population commensurate with
their use of hospitals within large urban centres.
The organisms reported by CNISP are focused on antimicrobial resistant organisms
(ARO) of specific concern in nosocomial transmission, including MRSA, VRE, C.
difficile and most recently carbapenemase producing organisms (CPOs), as well as
specific hospital-acquired infections (not related to specific organisms). Further,
because of the nature of the surveillance, limited organism-drug combinations are
reported (e.g. S. aureus to methicillin, Enterococcus to vancomycin), instead of more
complete susceptibility data that would be necessary for comprehensive hospital
surveillance of evolving AMR. CNISP appropriately reports nosocomial infection
rates over a denominator of patient days; however it does not report rates of
resistance (resistance per number of organisms) or prevalence of resistance (percent
of patients carrying a resistant organism). No data are currently available regarding
antimicrobial utilization, although data have been gathered from participating
hospitals and there is an intention to include these data in future reports (personal
communication). Data are current to 2011 on the PHAC website.
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FoodNet Canada (formerly C-EnterNet)
http://www.phac-aspc.gc.ca/foodnetcanada/index-eng.php
This surveillance initiative includes two components: it measures selected pathogens
in retail food, agricultural operations and water sources at sentinel sites (one in the
Waterloo region of Ontario and one in the Fraser Health Region in British
Columbia); and it measures data on cases of food and water borne illness for which
there is a legal requirement to report (campylobacteriosis, giardiasis, listeriosis,
shigellosis, salmonellosis, and verotoxigenic E. coli). No data are provided about the
(human) population provenance of the organisms. However, given the
comprehensive nature of the data (all isolates reported to public health labs in
Canada), they can be thought to be representative of the population at risk. Specific
animal populations at the sentinel sites include: dairy and beef cattle, swine, and
broiler chickens. It may be that two sentinel sites are not representative of animal
populations across the country. The most recent report available to the public is from
2009.

Canadian Bacterial Surveillance Network (CBSN)
http://microbiology.mtsinai.on.ca/research/cbsn/default.asp
The Canadian Bacterial Surveillance Network (CBSN) performs voluntary
prospective collection of isolates from participating clinical laboratories from ten
provinces in Canada targeting specific organisms of interest. The dataset includes
susceptibility data for Streptococcus pneumoniae and Haemophilus influenzae. Also
collected, although not reported on publicly available sources, are resistance of E.
coli and Klebsiella species to third-generation cephalosporins, enterobacteriaceae to
carbapenems and enterococci to ampicillin (personal communication). Isolates are
collected by voluntary submission of all isolates or the first specified number of
consecutive isolates of the particular target organism in the study period. Data on
patient demographics are not reported in publications accessed, nor is there detail on
the nature of the participating laboratories (community, hospital, private, etc.). The
latest data available are from 2010.

Canadian Ward Surveillance Study (CANWARD)
http://www.can-r.com/
Beginning in 2007, the Canadian Ward Surveillance Study (CANWARD) is an
ongoing, multi-year program that follows trends of antimicrobial resistance in
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specific hospitals (10-15 participating hospitals in 8 provinces). Patient information
(demographics) is not available in published reports, although the nature of the ward
and site of infection is. Isolates representing community populations are only
available through isolates submitted in hospital emergency rooms and outpatient
clinics.53,54 The program is a pharmaceutically-funded, academic institution
partnership.
CANWARD provides antimicrobial susceptibility data on the most comprehensive
number of organisms (including most from the list of target organisms) and has an
interactive website that allows assessment by region of origin. Specific patient
populations are not mentioned in reports, although the study is designed to gather a
representative sample of the organisms cultured by participating laboratories.
Multiple peer reviewed publications have resulted looking at trends in antimicrobial
activity.55-68 This program follows the most comprehensive number of organisms of
interest. However, the participating institutions may not be representative of the
population overall, and a time-interrupted methodology may miss emerging trends.
Data are current to 2011.

Toronto Invasive Bacterial Diseases Network (TIBDN)
http://tibdn.ca/
The Toronto Invasive Bacterial Diseases Network is a population-based surveillance
program for selected serious bacterial and viral infections in the Toronto and Peel
regions. It was established under contract from the U.S. CDC and includes
collaboration between 25 hospitals and 19 microbiology laboratories thought to
capture the totality of the region. Current surveillance includes reporting of resistance
in invasive isolates of Streptococcus pneumoniae, to specific antibiotics – penicillin,
tetracycline, erythromycin, trimethoprim/sulfamethoxazole, amoxicillin, and
ceftriaxone. Additional data have included serotypes of Group A Streptococcus,
Group B Streptococcus and Neisseria meningitidis. Because invasive (sterile site)
isolates are collected, the data may be skewed towards more invasive or pathogenic
strains of the bacteria tested. Data regarding population sub-groups is not available;
however since this study captures all invasive disease in a geographic area, it can be
considered to be representative of that area. Available data are current to 2011 but
may have limited distribution.
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British Columbia Association of Medical Microbiologists (BCAMM)
http://www.picnet.ca/picnet-publications/2/reports-from-other-organizations
The British Columbia Association of Medical Microbiologists (BCAMM) report
laboratory data (community and hospital) related to antibiotic resistant organisms –
VRE, MRSA, S. pneumoniae and ESBLs – throughout the province. These data
encompass a defined set of nosocomially important specific bacteria-antimicrobial
combinations, similar to the CNISP program, but rates of resistance (resistant
isolates/total isolates) are available. Reporting has been conducted annually since
2002 and information is made available to the Provincial Health Officer, the BCCDC
and other groups interested in surveillance of antimicrobial resistance in the specified
pathogens. These data are included in the BCCDC report on antimicrobial resistance
as well as in a free-standing report. The report and its content are a voluntary
production of a professional organization, done without funding. The most recent
available report provides data from 2011.

3.4 International Comprehensive AMR-AMU Programs
Comprehensive surveillance systems of AMR and AMU are generally viewed as the ideal
state (see experts survey below). These programs collect data on human and animal AMR
and AMU, and many adopt the One Health approach of including veterinary and human
populations in reports. These initiatives are most developed in Europe, although initial
attempts to develop aspects of such programs have extended to North America (CIPARS
in Canada and NARMS in the U.S.A.). Some developing nations (e.g. India, Columbia)
have begun to initiate such surveillance programs as well.

DANMAP
http://www.danmap.org
DANMAP has adopted the ‘farm to fork’ approach for conducting surveillance
activities which allows antimicrobial resistance in zoonotic and indicator species
(organisms that are ubiquitous in animals, food and humans) of bacteria to be tracked
along the food chain and monitors antibiotic consumption in animals and humans.69
It is a collaboration between the Danish Ministry of Food, Agriculture and Fisheries
and the Danish Ministry of Health which produces an annual report that examines
Antimicrobial resistance in human and animal pathogens, zoonotic bacteria and
indicator species.70
Bacterial isolates are collected from healthy animals at the time of slaughter in
addition to diagnostic submissions and some subclinical cases. The DANMAP
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program includes surveillance of pet animals (dogs, cats, birds, mice and guinea pigs)
and horses, in addition to food-producing animal species (poultry, cattle and swine).
Bacteria from food samples (both produced in Denmark and imported) are regularly
collected by the regional veterinary and food control authorities.
Clinical bacteria in humans are captured from microbiology laboratories from 12 out
of 13 departments, representing 95% of the population of Denmark. Organisms
isolated in blood, urine, and CSF samples (depending on the organism) from humans
that are monitored for antimicrobial resistance include Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Streptococcus, Enterococci, Bacteroides
fragilis and Staphylococcus aureus. In addition, ESBL-producing bacteria, Neisseria
gonorrhoeae and Clostridium difficile have been included in the surveillance
program since 2009. Antimicrobial resistance monitoring in zoonotic bacteria focuses
on Salmonella spp., C. difficile and Campylobacter spp. in both human and animal
hosts, including an analysis of the likely species origin of human disease. Indicator
species monitoring includes sampling for resistance patterns of E. faecium,
E. faecalis, and E. coli in animal fecal samples and retail meats.
The DANMAP surveillance program collects data on antimicrobial agents registered
for use to treat bacterial infections in humans from all five health care regions in
Denmark. The Danish Medicines Agency (the Lægemiddelstyrelsen, similar to the
U.S. Food and Drug Administration) has monitored antibiotic drugs prescribed to
individual patients since the early 1990s. Over time, DANMAP has reported usage
data together with antimicrobial resistance data.. This has allowed specific problems
connected with antimicrobial consumption on human therapy to be identified.69 Data
are collected from primary care settings and hospitals and reported in terms of
defined daily doses (DDDs) as the primary unit of measure. Consumption data for
primary care and for hospitals are reported as DDD per 1,000 inhabitants per day
(DID), DDD per 100 occupied bed-days (DBD) and DDD per 100 admissions
(DAD). Usage data are converted to kilograms of active ingredients of antimicrobial
agent to allow comparison between consumption of antimicrobials in human and in
animal patient populations.
Given the breadth of coverage of the country by surveillance (>95% of the
population), these data are representative. However, in the publicly available reports
there is no breakdown by demographic group or sub-population, and so, for example,
results for Denmark’s Inuit (i.e., Greenlanders), cannot be compared directly to
Canadian Inuit populations.
Data related to antimicrobial use in animals have been reported since 2001.71 In
Denmark, prescriptions are required for all therapeutic medicines and VetStat, a
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national registry, collects the data for all medicines prescribed by veterinarians for
use in animals including the Nordic Item Number, veterinarian identity, amount, date
of sale, farm or practice identity, species, age group and disease group.72
Consumption is measured in grams of active ingredient or in number of doses and
this value describes the numerator in consumption rate equations. The doses are
species-specific and described in terms of “Defined Animal Daily Doses” (ADD).
For overall consumption comparisons, kilograms of active ingredient are reported for
veterinary antibiotics. The denominator that is used in DANMAP is described in
terms of animal production, either by kilograms of meat produced or number of
animals produced.73 The denominator used for comparing selection pressure between
species describes the population at risk (biomass-year-at risk). This value accounts
for differences in both lifespan and in body mass and is similar to the denominator
used in human pharmaco-epidemiology (inhabitant days, DID) with the exception of
the time interval (year vs. 1000 days).72
DANMAP has produced annual reports summarizing results and program activities
every year since 1996. Many reports of individual studies have been published over
the years and research associated with the DANMAP surveillance system has made
significant contributions to the peer-reviewed literature.73-78 The latest available data
are from 2012.

The European Centre for Disease Prevention and Control
http://www.ecdc.europa.eu/en/Pages/home.aspx
The ECDC runs four projects to create a human AMR and AMU surveillance
program:
 EARS-Net (formerly The European Antimicrobial Resistance Surveillance
System) collects and collates data on isolates from human blood and cerebral
spinal fluid cultures including Streptococcus pneumoniae, Staphylococcus
aureus, Enterococcus faecalis, Enterococcus faecium, Escherichia coli,
Klebsiella pneumoniae, Acinetobacter and Pseudomonas aeruginosa from 28
member countries;
 The European Surveillance of Antibiotic Consumption (ESAC) monitors
antibiotic consumption in both ambulatory and hospital care in 24 (and two
non-member states) member countries of the European union.79
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 The Centre européen d’études pour la santé animale (CEESA), in
collaboration with EARS-Net, conducts pharmaceutical industry sponsored
veterinary surveillance of antimicrobial resistance in food animals.
 The European Surveillance of Veterinary Antimicrobial Consumption
(ESVAC) gathers data on antimicrobial consumption in animals.
The European Antimicrobial Resistance Surveillance System (EARSS) was
transferred to the European Centre for Disease Prevention and Control in January
2010 and renamed EARS-Net. This program is a part of The European Surveillance
System (TESSy), and is supported by European Union legislation (Decision No.
2119/98/EC). Annual reports including trend analyses are published by the ECDC
and are publicly available on the ECDC website. There is significant heterogeneity in
terms of the proportion and make-up of the patient population covered in each
member country and over time. Because of annual differences in coverage within the
same country, sensitivity analyses are performed to test the robustness of trend data.
Because of the invasive nature of the specimens, the data may be skewed towards
more invasive or pathogenic strains of the bacteria tested. Further use of data is
possible as the metadata set of all variables that are reported through the TESSy
system are available for the use of European Union member states. The most recently
published report is from 2012.
ESAC data are collected from national sales and/or reimbursement data for
medications given systemically (excludes topical agents). Data provided by different
countries differ according to the ability of individual countries to collect data,
however almost all countries report population coverage close to 100%.80 Data are
collated centrally and calculated as defined daily doses (DDDs) per 1,000 inhabitantdays for community and hospital prescriptions. Coverage of specific antibiotics is not
as comprehensive, nor is it as finely focused as individual country reports. However,
this likely represents the geographically large area covered by the report, and the
differences in consumption between countries. ESAC also reports on the
consumption of antimycotic and antiviral agents. There are no data linking
consumption to indication, except for antiviral drugs, nor on specific patient
populations. Veterinary populations are not included in this report.
Surveillance of antimicrobial resistance in animals by the ECDC combines four
programs: VetPath (follows antimicrobial susceptibility of major bacterial pathogens
in food animals); European Antimicrobial Susceptibility Surveillance in Animals
(EASSA) (monitoring susceptibility in food-borne and commensal bacteria in food
animals); ComPath (examining antimicrobial susceptibility in major bacterial
pathogens in companion animals); and MycoPath (evaluating antimicrobial
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susceptibility of major disease-causing mycoplasma species from food animals).49
Isolates are collected from healthy and diseased animals originating in several
participating countries in Europe. Species studied are Salmonella spp.,
Campylobacter spp., E. coli and Enterococci.
ESVAC collects data from nine European nations through multiple mechanisms
including wholesalers, pharmacies, veterinarians and marketing authorization
holders. Species covered include pigs, poultry, cattle, sheep, goats and horses and are
expressed as milligrams per population.
The most recent reports for ESAC and EARS-Net provide data from 2010, while
reports from ESVAC provide data to 2009.

NethMap and MARAN
www.maran.wur.nl
The Netherlands now has a comprehensive single report including data on human and
animal resistance since 2012, combining two programs, NethMap and MARAN.
NethMap is the program name for a cooperative effort between members of SWAB
(Stichting Werkgroep Antibioticabeleid) and the Centre for Infectious disease control
(Cib) at the National Institute for Public Health and the Environment (RIVM) that
conducts surveillance on antibiotic use and antimicrobial resistance in common
human pathogens isolated in the Netherlands. Patterns of antimicrobial resistance are
reported for Escherichia coli, Klebsiella spp., Enterobacter spp. Proteus mirabilis
and Pseudomonas aeruginosa, staphylococci, enterococci and respiratory pathogens;
occurring either in particular patient populations (e.g. ICU) or infection types (e.g.
urinary tract). Patient populations that are monitored include hospitalized patients,
patients visiting general practitioners, patients in nursing homes and outpatient
departments. Data are separated by demographics (i.e. age) and type of care (e.g.
community, long-term care, intensive care units, etc.) however children are not a subpopulation that is specifically targeted.
The surveillance program that monitors antimicrobial resistance and antibiotic usage
in food animals in the Netherlands is named MARAN. Salmonella spp. and
Campylobacter spp. are the principle food-borne pathogens measured in poultry and
in swine. Broilers (chickens), eggs, dairy cattle, milk, veal calves, pork and turkeys
are monitored for the selected pathogens with testing conducted at the reference
laboratory. E. coli and enterococci are monitored for resistance as indicator
organisms for the commensal gut flora.81 Listeria monocytogenes has been included
in the surveillance program since 2004. In cattle, E. coli, Staphylococcus aureus,
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Klebsiella spp. and Enterobacter are monitored for resistance. Resistance in isolates
of Salmonella spp. collected from animal feed, turkeys, horses, ducks, pigeons and
reptiles are also reported. In addition to Campylobacter spp. and Salmonella spp.,
Shiga-toxin producing E. coli and ESBL isolates are monitored in cattle and in
human isolates.82 E. faecalis and E. faecium isolates are now included in the
indicators of commensal gut flora and these are monitored in raw meat products,
vegetables, fruits and herbs. The MARAN surveillance program also collects
resistance data for important veterinary pathogens including bovine mastitis
pathogens E. coli, coliform bacteria (Enterobacter, Klebsiella and other species),
Staphylococcus aureus, Brachyspira hyodysenteriae and Mycoplasma synoviae.
Since 2004, the Netherlands has collected data through a continuous monitoring
program at the farm level that is managed by the Agricultural Economics Research
Institute (LEI) for the usage of antibiotics at dairy, pig and broiler farms. Sales data
from the pharmaceutical companies offer a general estimate of the veterinary usage
of antibiotics with more detailed information provided from the ‘Farm Accountancy
Data Network’. This data network provides information related to exposed animal
populations, specific species, characteristics of the farms and total number of
animals. Veterinary medicines incorporated into animal feed are included in this sales
data.
Rather than express the exposure data of veterinary drugs as kilograms of active
substance (the numerator), the unit of measurement is the number of daily doses.
This is calculated as the quantity of the veterinary medicinal product divided by the
approved dose of the given medicine.81 The denominator describes the population at
risk and the period of time during which consumption is measured. This is calculated
as total number of animals at risk of being exposed to antibiotic per year.
The total number of kilograms of antibiotics (as active ingredient) sold in the
Netherlands at the level of pharmaco-therapeutic group is reported by the Federation
of the Dutch Veterinary Pharmaceutical Industry (FIDIN). The usage data are based
on the sales data of FIDIN members. Prior to 2009, sales data provided information
for total sales of active ingredient for all animals. However, since the implementation
of the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC)
data collection protocol, the levels of active antibiotic ingredients take into account
salt and ester formulations as well and all calculations are expressed in international
units.82 More detailed information about usage patterns on a per-animal species basis
is also available.
The most recent report available is for 2012 (as a joint report between NethMap and
MARAN).
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National Antimicrobial Resistance Monitoring System (NARMS)
http://www.cdc.gov/narms/pdf/2011-annual-report-narms-508c.pdf
NARMS is collaboration between the U.S. Food and Drug Administration (FDA), the
Foodborne diseases active surveillance Network (FoodNet) of the CDC and the U.S.
Department of Agriculture (USDA). The program collects specimens of Salmonella
from all 50 state laboratories and Campylobacter, derived from a representative
sample of human clinical cases from participating state laboratories (representing
approximately 15% of the population). Human samples of E. coli 0157 and Vibrio
samples are also gathered through the FoodNet program and reported with NARMS
data.
Since 1997, the animal component of the program has collected data from animal
isolates of Salmonella as the sentinel organism with other key pathogens included in
subsequent years (Campylobacter (1998), E. coli (2000), and Enterococcus (2003)).
The animal isolates are gathered from federally inspected slaughter and processing
facilities and USDA National Animal Health Monitoring studies on farms located
across the country. Diagnostic animal specimens, food-producing animals at time of
slaughter and healthy on-farm animals are the sources of the isolates monitored in the
NARMS program.
Since 2002, monitoring retail meat has been a component of the NARMS program
through cooperation between the CVN, CDC and FoodNet laboratories. Some
selected sites also culture retail meat samples for E. Coli and Enterococcus. NARMS
data are available for the monitoring of animal isolates as annual reports
summarizing data collected from chickens, turkeys, cattle and swine (since 2005);
summary tables and reports for individual bacterial organism categorized by major
animal source, clinical status and years; and interactive data query pages. Annual
reports are available on-line since 1996. Demographics are not available for human
isolates, but based on random sampling methodology is likely to be representative of
the population in the participating states. Data are not available on antimicrobial
consumption in the NARMS report; however a complementary FDA report provides
gross tonnage of antibiotics purchased for use in food-producing animals. Linkages
to use in specific animals species are not provided. Component reports are current to
2011.
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Norwegian Surveillance System for Antimicrobial Drug Resistance
(NORM) and NORM-Vet
www.vetinst.no/ENG/Publications/
This surveillance program has been collecting data since 2000 and is managed by the
Norwegian Institute for Public Health. Isolates are tested through the Infection
Control program at the University Hospital of North Norway and reported through
NORM. In addition to antimicrobial resistance data, the NORM program collects
information related to antibiotic use in hospitals and long-term care facilities. This
surveillance system provides the data for antibiotic use in Norway and reports data
related to resistance in key pathogens and nosocomial infections to the ESAC. The
program has participated in the European EARS-Net since 2004.
NORM-Vet data are publicized in the same report, and include data on indicator
bacteria in animals and food (E. coli from meat, MRSA from bovine mastitis and
swine, and ESBL from swine and wild reindeer.) AMU data includes sales of
antimicrobial veterinary medicinal products for therapeutic use in food animal
production, companion animals and farmed fish. Cocciodostat feed additives are
reported as well. No antimicrobial growth promoters have been used in Norway since
the food animal production industry abandoned their use voluntarily in 1997.

Swedish Strategic Programme against Antibiotic Resistance (STRAMA)
and Swedish Veterinary Antibiotic Resistance Monitoring (SVARM)
http://en.strama.se/dyn/,84,,.html and www.sva.se
SWEDRES began as a joint venture of STRAMA and SVARM, providing joint
reports of antibiotic utilization and resistance in humans and resistance in animals.
Data are gathered on antimicrobial consumption, reported by age stratum and
geographic region with some data on indication for specific infections (e.g.
respiratory). Resistance data are reported for specific bug-drug combinations (e.g. S.
aureus), and more comprehensively for organisms of interest (e.g. E. coli in urinary
tract infections). In addition to surveillance, STRAMA is a model which combines
surveillance, stewardship, feed-back of own data and performance, public benchmarking against “STRAMA indicators”, point-prevalence and diagnose-prescribing
surveys, and compliance to national treatment guidelines. STRAMA has conducted
several large-scale diagnosis-prescription surveys in hospitals, in primary care
settings and in nursing homes.83 The pharmacy monopoly in Sweden has enabled the
collection of a well-defined data set on the sales of antibiotics throughout the
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country, although inadequate IT systems have, in some cases, impaired the
surveillance system.84 SVARM collects data on antimicrobial usage in animals from
overall sales data. The two programs provide a combined report since 2012, and that
is the date of the most recent reported data.

Finnish Study Group for Antimicrobial Resistance (FiRe Network) and
Finnish Veterinary Resistance Monitoring and Consumption of
Antimicrobial Agents (FINRES-Vet)
http://www.thl.fi/ktl/portal/english/projects/fire (portal)
The Finnish Study Group for Antimicrobial Resistance has operated as a nationwide
network since 1991 to monitor antimicrobial resistance in clinically important human
pathogens and antimicrobial consumption. The program tracks resistance in isolates
of several important human pathogens derived from urinary tract, respiratory tract,
soft tissue and blood borne infections of hospitalized patients and outpatients.85-89
Data on the consumption of antimicrobials has been collected by the National
Agency for Medicines and the statistics were usually derived from sales data from
wholesalers to pharmacies. The data represent the annual consumption levels from
each central hospital district expressed in defined daily dose (DDD) per 1000
inhabitants, per day. At the community level, the consumption of antibiotics for
outpatient care in some central hospital districts in Finland was also monitored. In
addition, Finland has a data network to collect data on veterinary resistance and
antimicrobial consumption which provides annual reports, the most recent of which
is from 2009. Data from the human program appear to be reported in peer-reviewed
publications rather than in regular reports.

COIPARS: Columbian Integrated Program for Antimicrobial Resistance
Surveillance
http://coiparsamr.wix.com/coipars#
This developing program has so far published on Salmonella in retail chicken and
broiler farms in Columbia, in 2010 and 2011, and is operating under a One Health
approach.

3.5 International Programs that Report Antimicrobial Resistance in
Humans
Surveillance programs that monitor antimicrobial resistance in pathogens have been
conducted for many years in the United States, European countries, Russia, Japan,
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Australia, New Zealand, South Africa and some Asian countries. The World Health
Organization has been responsible for surveillance efforts undertaken in developing
nations although in many cases, national surveillance programs for individual countries
do not exist. Moreover, in several regions of the world antibiotics can be sold without
prescription or oversight by any health-care professional thereby making efforts to reduce
the risk to public health of development of antimicrobial resistance particularly
challenging.90 A recent initiative in India, The Chennai Declaration, has started to
address the issue of over-the-counter antimicrobials and resistance.
The WHONET software was developed by the WHO Collaborating Centre for
Surveillance of Antimicrobial Resistance (Harvard University) for the management and
analyses of antimicrobial susceptibility laboratory data. The database software has been
implemented in local and national surveillance programs of more than 90 countries thus
far.

British Society for Antimicrobial Chemotherapy Resistance Surveillance
Project (BSAC)
www.basc.org.uk
Surveillance of resistance in the United Kingdom and Ireland has been conducted by
the British Society for Antimicrobial Chemotherapy Resistance Surveillance project,
which employs a ‘consortia-style’ funding model in cooperation between
pharmaceutical companies and the BSAC. The program monitors antimicrobial
resistance in community-acquired respiratory tract and bloodstream infections.91 Two
distinct programs are part of the surveillance project: the Bacteraemia program
gathers 7-14 consecutive samples of the most commonly isolated organisms (S.
aureus, CNS, S. pneumoniae, Streptococci, Enterococci, E. coli, Klebsiella spp.,
Proteas spp., Pseudomonas spp., Enterobacter spp. and Serratia spp.) from 40
representative centres. The Respiratory program collects isolates of communityacquired pathogens (S. pneumoniae, H. influenzae, M. catarrhalis) and samples of
isolates of hospital-acquired lower respiratory infections (S. aureus, Pseudomonas
spp., Acinetobacter spp., enterobacteriaceae) from the same centres during a limited
time period annually. Samples are tested in a centralized laboratory for antimicrobial
susceptibility. Demographics including ward or outpatient clinic, site of infection,
and patient demographics are collected. There are no formal reports; rather
information is transmitted in an interactive antibiogram on the website, which has
data to 2012, and through peer-reviewed publications. The most recent publications
for bacteremia data are from 2011 and for elements of respiratory pathogen data are
available from 2012.
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Active Bacterial Core (ABC) Surveillance System, CDC Division of
Bacterial and Mycotic Diseases
http://www.cdc.gov/abcs/index.html
This program determines the incidence, epidemiological characteristics, and
microbiology of invasive disease due to Haemophilus influenzae, Neisseria
meningitidis, group A Streptococcus, group B Streptococcus, Streptococcus
pneumoniae and methicillin-resistant Staphylococcus aureus in numerous large
diverse U.S. populations, which represent a population of about 42 million. All
laboratories in the geographic area participate and there is central laboratory
confirmation, to minimize surveillance bias. Population census data are used as
denominator data, which is a fairly unique characteristic of this system. Data are
provided by yearly reports of each pathogen (with approximately 18 months lag time)
with age, race, geography, and clinical syndrome data, and in scientific publications.
There are ongoing special projects for pathogens of particular interest.

Greek System for the Surveillance of Antimicrobial Resistance
http://www.mednet.gr/whonet/
The rates of antimicrobial drug resistance in Greece are among the highest reported
in Europe.92 In Greece, the National Electronic for the Surveillance of Antimicrobial
Resistance has collected data primarily from hospitals but also outpatient settings
since introduction of the program in 1997.93 The WHONET software has been used
to process the data and information resulting from the surveillance efforts in Greek
hospitals for resistance of several key pathogens to antibiotics including ampicillinsulbactam, piperacillin-tazobactam, ceftazidime, cefepime, imipenem, amikacin and
ciprofloxacin.94 Carbapenem-resistant Gram-negative species, pan-resistant
Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa are
now reported,95-97 as well as the on-going monitoring of MRSA and VRE in
hospitalized patients and extended care facilities.
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3.6 Surveillance of Antimicrobial Resistance in Veterinary
Medicine
Human and veterinary medicine have the shared responsibility for preserving the efficacy
of antibiotics used for treatment of infections and preventing the spread of antimicrobial
resistant organisms. Animals and humans can act as hosts to the same species of bacteria
and thus the same classes of antibiotics, and in some cases the same drugs, are used for
similar therapeutic purposes. Furthermore, farm animals represent a model system where
the potential of candidate policies for reduction of antimicrobial usage can be evaluated
at the population level, with further relevance to policies in humans.98 Early discussions
focused on surveillance of antimicrobial resistance in bacteria of animal origin in Europe
proposed three levels: i) veterinary pathogens that are considered to be bacteria under
greater selection pressure; ii) bacteria of the intestinal flora that are considered to be a
reservoir of bacteria under the indirect selection pressure exerted by exposure to
antibiotics; and iii) the zoonotic bacteria that can be transmitted to humans via direct
contact or consumption of contaminated food products.99
Review of national surveillance programs have recommended harmonization among the
various programs with respect to testing methods that are used, bacteria species that are
monitored and the antibiotics that are tested.100
Leading health organizations and agri-food businesses agree that national and
international surveillance systems for veterinary antibiotic use and antimicrobial
resistance in animals must be developed and/or improved to preserve human food safety.
Recommendations have been made to incorporate surveillance of farmed aquaculture
species into existing Canadian pathogen-based surveillance programs at modest cost in
order to ensure seafood safety.101
A ranking system, originally introduced by the Australian Joint Expert Committee on
Antibiotic Resistance102 was developed to describe the range of human health
consequences of exposure to antibiotic drugs used in veterinary treatment of food
animals. This ranking system formed the basis for categorization of antibiotic drugs
developed by the Veterinary Drug Directorate of Health Canada (Appendix F). The
category I drugs listed in Appendix F are those that are most important for treatment of
life-threatening infections in human medicine while category IV drugs are not used in
human medicine.
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3.7 Veterinary Antimicrobial Resistance Monitoring Programs in
Canada
Ministère de l'Agriculture, des Pêcheries et de l'Alimentation du
Québec (MAPAQ)
http://www.mapaq.gouv.qc.ca
Beginning in 1993, the Ministry of Agriculture, Fisheries and Food of Quebec
(MAPAQ) has collaborated with the Faculty of Veterinary Medicine at the
University of Montréal to conduct surveillance of antimicrobial resistance in food
animals. Passive surveillance was undertaken between 1993 and 1998 to evaluate
trends of antimicrobial resistance in food-borne pathogens of importance to public
health including Salmonella spp., Escherichia coli and Staphylococcus spp. in
poultry, cattle and swine. A number of studies have been conducted through MAPAQ
and since 2004 surveillance data of Salmonella spp. in food animal products and
retail meats in Quebec have been contributed to the CIPARS program. On-going
active surveillance activities in the province of Quebec are conducted by MAPAQ
and the Faculty of Veterinary Medicine at the University of Montréal, with reports
summarizing antibiograms, resistance patterns, and resistance profiles in important
zoonotic and veterinary pathogens for poultry, swine and cattle now produced on an
annual basis.103

Université de Montréal – Faculté de médecine vétérinaire
Among the research conducted through the Faculty of Veterinary Medicine at the
University of Montreal are projects that investigate the incidence and transmission of
antimicrobial resistance in animals. Some of these studies are funded by NSERC and
involve active surveillance of antimicrobial resistance in poultry, swine and small
companion animals. Few current studies involve passive surveillance and only in
some cases is information related to the use of specific antibiotic drugs included in
the projects. Several studies are conducted in collaboration with MAPAQ and include
surveillance of MRSA, Enterococcus spp. and Clostridium perfringens.
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University of Guelph – Ontario Veterinary College
The Centre for Public Health and Zoonosis (CPHAZ) is part of the Ontario
Veterinary College located at the University of Guelph. Antimicrobial resistance is
one of the six core thematic areas of study at CPHAZ where Canada’s largest
capability in AMR research at the human-animal-environment interface has operated
for many years. Some research projects conducted at the Ontario Veterinary College
include active surveillance of antimicrobial resistance in livestock, companion and
sport animals and some exotic animal species. CPHAZ hosts an extensive on-line
database of publications focused on antimicrobial resistance in animals with specific
information on risk assessment, diagnostic methods, prevalence of zoonotic
infections, molecular epidemiology, humans associated with animals, antimicrobial
drug use and therapy, and antimicrobial guidelines and policy.

B.C. Ministry of Agriculture
The British Columbia Ministry of Agriculture (formerly the Ministry of Agriculture,
Food and Fisheries) collects data for the surveillance of antimicrobial resistance,
primarily for isolates from poultry and fish aquaculture. Some monitoring activities
provide information for the CIPARS and FoodNet Canada programs as well.
BCMAFF is also engaged in antimicrobial stewardship activities that target the
agricultural and veterinary communities. Some data are publicly available and some
provincial surveillance data is available upon request.

3.8 International Veterinary Antimicrobial Resistance Monitoring
Programs
National surveillance programs for monitoring antimicrobial resistance in veterinary
medicine have been in existence for several years in Europe (including Austria, Belgium,
Denmark, Finland, France, Germany, Ireland, Italy, the Netherlands, Portugal, Spain,
Sweden, and the United Kingdom), the United States, Canada and Japan. However, there
is a lack of harmonization between many of these programs which makes global
comparison of data and resistance trends among countries problematic.104 Monitoring
programs can vary considerably between nations based on differences in agricultural
practices, monitoring needs and antimicrobial uses and guidelines.105 It has been
observed that antimicrobial surveillance systems for monitoring resistance in veterinary
medicine in some European nations are not harmonized with respect to methodology,
interpretive criteria, epidemiological cut-off values or even an agreed upon definition of
resistance.106 Some surveillance programs do have commonalities. For instance, the same
antimicrobial agents are monitored for Salmonella (i.e. gentamicin, chloramphenicol,
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nalidixic acid and oxytetracycline) in DANMAP, JVARM, NARMS, MARAN and
CIPARS.107

GERM Vet/BfT-GermVet monitoring program
The German national monitoring program (GERM Vet) is conducted by the Federal
Office of Consumer Protection and Food Safety (Bundesamt für Verbraucherschutz
und Lebensmittelsicherheit, or BVL) in Berlin. GERM Vet has been operating since
2001, and concentrates its surveillance efforts on target bacterial pathogens
associated with infectious disease conditions in food-producing animals.
GERM Vet is complemented by the BfT-GermVet monitoring program, under the
direction of the Federation for Animal Health (Bundesverband für Tiergesundheit, or
BfT). The BfT-GermVet monitoring program has been collecting susceptibility data
of bacterial pathogens from companion animals since 2003.108 It tests isolates
collected from horses, dogs, and cats, and bacteria from diseased pigs and cattle that
have not already been tested in the GERM-Vet program for susceptibility to several
antimicrobial agents and combinations of antimicrobials.109 Specific resistance genes
are also measured in isolates collected from food animals and companion animals in
these surveillance programs.

Italian Veterinary Antimicrobial Resistance Monitoring (ITAVARM)
Like most other European Union member countries, Italy began its program for
monitoring antimicrobial resistance in 2001 following the commencement of the IV
EC Framework Program on Antibiotic Resistance in Bacteria of Animal Origin
(ARBAO). Prior to this time, there was little standardization among testing methods
and antibiotics that were monitored and few quality control measures were used to
ensure the precision and accuracy of the data. Since 2001, considerable
improvements have been made in veterinary antimicrobial resistance surveillance in
Italy in these aspects of testing and data collection. Italy is among the European
Union member nations who participate in the European Union-wide ARBAO
surveillance initiative. The Veterinary Reference Centre for Antibiotic Resistance, in
collaboration with the Istituti Zooprofilattici Sperimentale, monitor food animals
(cattle, swine and poultry) and companion animals (dogs, cats, horses) for three
categories of bacteria from isolates collected from animals throughout all regions of
Italy.109 The three bacterial categories are: animal pathogens (Pasteurellaceae,
coagulase-positive staphylococci, Streptococci, Escherichia coli); zoonotic bacteria
(Salmonella spp., E. coli); and indicator bacteria (Enterococcus spp., E. coli).
Information related to the veterinary use of antibiotics is not collected through this
program.
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Japanese Veterinary Antimicrobial Resistance Monitoring System
(JVARM)
http://www.nval.go.jp/taisei/taisei.html
Established in 1999, the Japanese Veterinary Antimicrobial Resistance Monitoring
System (JVARM) collects data to study trends in resistance and the association
between use of antimicrobial agents and resistance and for risk assessment and
management. The JVARM program tracks bacteria primarily categorized as animal
pathogens (generally derived from diseased animals) and zoonotic and commensal
bacteria (collected from apparently healthy animals). Key bacteria species that are
monitored in this longitudinal program include Salmonella, Campylobacter, E. coli,
Enterococci and some animal pathogens.49,110,111 The zoonotic and indicator bacteria
are isolated from faecal samples collected from cattle, pigs, broilers and layers. Six
samples per animals are collected in each prefecture every year. In addition, the
JVARM program collects information related to the quantities of veterinary
antibiotics that are used, based on calculations from sales records from
pharmaceutical companies that they
are required to submit to the National
Veterinary Assay Laboratory
Conversations related to the use of antibiotics in
fish are often focused on treatment of infections
(NVAL) under the Pharmaceutical
112
in finfish species raised through aquaculture.
Affairs Law. This information
However, antibiotics are frequently used for
includes data on the annual sales
therapeutic treatment of ornamental fish species
volume (weight of active compound)
kept as pets and several common drugs such as
by substance, class, and animal
tetracyclines, amoxicillin,
species. Data from JVARM reports
sulfamethoxazole/trimethoprim and
have demonstrated a relationship
ciprofloxacin are available over-the-counter at
many large pet supply chains. In fact, some
between therapeutic antimicrobial
internet blogs and related fora (e.g.
use and the incidence of
preparednesspro.com or outdoorsdirectory.com)
antimicrobial resistance in bacteria
list pet supply businesses that sell antibiotics
collected at the farm level.113,114 The
intended for treatment of aquarium fish, and
Ministry of Agriculture, Forestry and
discuss the potential for human use of these
Fisheries (MAFF) in Japan is
products, describing them as the same as what
responsible for animal husbandry but
physicians prescribe, but cheaper.
not food hygiene, and thus bacterial
isolates are collected from food
animals at the farm level but not in
food products.
There are 195 Livestock Hygiene Services Centres which report to prefecture offices
throughout the country that participate in the JVARM program. The NVAL serves as
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the national reference laboratory, is responsible for compiling and analysing data to
be reported to MAFF and conducts research into mechanisms of antimicrobial
resistance and molecular epidemiology. Standardized techniques are used for the
isolation, identification and susceptibility testing of the target bacteria.

Other veterinary antimicrobial resistance surveillance programs include:
•

French Antimicrobial Resistance Monitoring in Bacteria of Animal Origin (Farm)

•

Veterinary Monitoring of Antimicrobial Resistance in Spain (VAV)

•

U.K. Animal Health and Veterinary Laboratories Agency (AHVLA)

•

Belgium Veterinary and Agrochemical Research Centre

•

National Reference Laboratory (Ireland) (Antimicrobial Resistance, Food, Feed &
Health)

•

Global Foodborne Infection Network (formerly Global Salm-Surv)

3.9 Surveillance of Antibiotic Utilization in Veterinary Medicine in
Canada
Veterinarians are responsible for ensuring the well-being of animals that are under their
care while protecting the health of human and animal populations. In doing so,
veterinarians have an obligation to promote strategies in disease prevention, to encourage
prudent use of antimicrobials, and to communicate the potential consequences of
antimicrobial therapy (including the development of AMR) to animal owners and
managers.112 Reliable data for antimicrobial utilization in animals are not publicly
available, and thus it is difficult to determine the actual quantities of the various antibiotic
drugs and the purpose for which they were used.115,116 Some studies have been conducted
through existing surveillance programs worldwide to evaluate veterinary antimicrobial
use, usually by reviewing sales data that is reported in various countries.
Recommendations have been made that ideally, usage data should be collected for each
animal species and for each product category while taking into account the dosage for
each antimicrobial used and the duration of treatment.117
Currently in the United States, there is no comprehensive surveillance system for
gathering data on antimicrobial use in animals with the exception of limited data
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collected by the National Animal Health Monitoring System (NAHMS) and the U.S.
Department of Agriculture.118

Canada
There are no nationwide surveillance programs for collecting data related to the
utilization of antibiotics in veterinary medicine in Canada. Antibiotics that can be
added to livestock feed under Canadian regulations are listed in the Compendium of
Medicating Feed Ingredients Brochures (CMIB). The lists are specific to each animal
species to treat specific conditions and include the required withdrawal times for safe
drug clearance after treatment is completed. Currently, antibiotics can be purchased
directly by animal owners and food animal producers for their own use without
prescription by a veterinarian. Therefore, it is not possible to accurately estimate the
amount of antibiotics that are purchased for own use and there are no programs or
standards currently in place to assure quality of the purchased products. For several
years in Canada, recommendations have been made that this ‘own-use loophole’
should be closed.
CIPARS has obtained preliminary information on the crude mass of antibiotics used
in some sectors of Canadian agriculture. In addition, some information related to the
use of antibiotics in food animals in Quebec is available through MAPAQ.

British Columbia Ministry of Agriculture
The Ministry of Agriculture in British Columbia monitors use of antibiotic drugs in
poultry and in salmon aquaculture. Of note in the province of British Columbia, the
salmon aquaculture industry has voluntarily adopted the practice of administering
antibiotics with prescription from veterinarians since 2006.

The University of Guelph – Ontario Veterinary College
Some studies conducted through the Ontario Veterinary College at the University of
Guelph have collected data related to the use of antimicrobials in animals. Most of
the utilization data are linked to projects that are finite in duration (one to four
years). Recent reports include investigations of antibiotic use in dogs and cats in
Ontario,119 sheep in Ontario,120 and swine in Alberta.121
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3.10 Knowledge Translation Programs
Canada
National Collaborating Centre for Infectious Diseases (NCCID)
www.nccid.ca
The National Collaborating Centre for Infectious Disease (NCCID) is one of six
centres that are funded by the Public Health Agency of Canada. The NCCID has a
mandate to foster linkages between health professionals engaged in activities related
to the protection of the Canadian population from infectious disease. The NCCID
facilitates knowledge translation and research on infectious disease to provide the
basis for sound evidence-based decision making in public health programs and the
policy arena.

Comprehensive Antibiotic Resistance Database (CARD)
http://arpcard.mcmaster.ca/
Hosted by the Michael G. DeGroote Institute for Infectious Disease Research at
McMaster University, the Comprehensive Antibiotic Resistance Database (CARD) is
a bioinformatics database of resistance genes, their products and associated
phenotypes. As part of a collaborative project between the United Kingdom and
Canada, the database is intended to provide a unified source of information about
resistance genes including molecular, clinical and surveillance data. At the genome
and plasmid level, CARD has focused on MRSA and Acinetobacter baumannii as
well as a few examples of other bacterial species. The database was developed as a
tool to study the genetics and genomics of antimicrobial resistance and how it affects
bacterial populations, ecology and clinical therapy.122

gFARAD
http://www.farad.org/about/gfarad.asp
The global Food Animal Residue Avoidance Databank (gFARAD) program is a
database intended to provide veterinarians with accurate guidance and information
for food animal producers on the disposition of drugs or chemicals in animals prior to
slaughter. In Canada, two regional centres participate in this program, based at the
Western College of Veterinary Medicine in Saskatoon and the Faculté de médecine
vétérinaire de l’Université de Montréal in St. Hyacinthe, Quebec. The services
provided by gFARAD are intended to provide veterinarians with case-by-case
information on withdrawal periods for veterinary drugs and on extra-label use of
veterinary medications. This program also provides information regarding veterinary
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treatment for niche market food animals, exotic or minor use species in Canada for
which no data exists regarding application of licensed drugs or appropriate
withdrawal times.

International
Alliance for the Prudent Use of Antibiotics (APUA)
http://www.tufts.edu/med/apua/
Hosted by Tufts University and guided by Dr. Stuart Levy, the Alliance for the
Prudent Use of Antibiotics was created through the combined efforts of individuals,
groups, institutions and countries with a shared concern for preserving the efficacy of
antibiotic drugs and managing the health risks associated with the development of
antimicrobial resistance. In existence for over 32 years, the mission of the Alliance
remains unchanged: to improve and strengthen society’s defences against infectious
diseases through improved antimicrobial availability and use.

Antimicrobial Resistance Management (ARM) Program
http://www.armprogram.com/
This on-going project based out of the University of Florida collects data from
volunteer participating institutions to document trends in antimicrobial susceptibility
in human patients and to determine associations between antibiotic use and rates of
resistance in specific human pathogens. The ARM program gathers data from
inpatient and outpatient isolates from six geographic regions across the United States.
There are nearly four hundred participating institutions that provide information
primarily related to Escherichia coli, Staphylococcus aureus and MRSA,
Pseudomonas aeruginosa, Klebsiella pneumoniae and Streptococcus pneumoniae.
The database enables comparisons in antimicrobial resistance trends over time,
between hospitals, between geographic locations and between states and national
data.

Global Antibiotic Resistance Partnership (GARP)
http://www.cddep.org/projects/global_antibiotic_resistance_partnership
Funded by the Bill and Melinda Gates Foundation, the Global Antibiotic Resistance
Partnership (GARP) is an initiative of the Center for Disease Dynamics, Economics
& Policy at Resources for the Future in Washington, DC. The primary goal of this
project is to develop strategies to delay the spread of antibiotic resistance – including
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strategies to reduce the need for antibiotics – in five low- and middle-income
countries (India, Kenya, South Africa, Vietnam, and China).

3.11 Elements of an Optimal Surveillance Program for Monitoring
Antibiotic Resistance
Examination of current surveillance programs for monitoring antibiotic utilization and
antimicrobial resistance from various regions of the world reveals both strengths and
shortcomings. There are, however, some key features that typify an optimal surveillance
program. The Danish Integrated Antimicrobial Resistance Monitoring and Research
Program (DANMAP) is often distinguished as the ‘gold standard’ for similar surveillance
programs. This program represents a serious commitment on the part of the Danish
government to support an ongoing longitudinal monitoring effort that collects data for
human medical use and veterinary medical use of antibiotics and the incidence of
antimicrobial resistance.
To optimize the value of surveillance efforts to monitor antibiotic use and antimicrobial
resistance, programs need to be well-designed, adaptable, properly managed and able to
detect significant shifts in microbial susceptibilities.123 Continuous surveillance of
emergent pathogens and antimicrobial resistance is necessary in order to detect trends in
real time and to characterize molecular mechanisms of resistance.124 For both nationallevel and international-level surveillance programs, there needs to be consistency in
sampling and testing methods, pathogens, drugs, quality control measures and education,
in order to compare trends in antimicrobial resistance and to assess effectiveness of
prevention and control practices.125 Consideration of potential bias must be incorporated
into the design and evaluation of antimicrobial resistant organism surveillance in terms of
denominator data, case definitions, identification of all episodes that meet a case
definition, sampling bias, reporting multiple occurrences of the same infectious case and
bias related to laboratory analyses.126
For Canada the most important aspect of a surveillance program is that it be sustainable.
While comprehensive programs such as DANMAP, NethMap and other Scandinavian
programs are ideal, they are based on heavy commitment from a strong central
government with almost total control over health care, prescriptions and agriculture.
Canada’s power is more decentralized with much more provincial autonomy, especially
concerning health and agriculture. Models such as EARS-Net and NARMS are much
more realistic models for Canada, where a central organization sets case definitions and
supports data collection and analysis, but regional authorities collect and control samples
based on agreed-upon criteria. Use of pharmaceutical funds, while possibly functional in
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some systems (e.g. Britain), would not be acceptable for long-term funding of a
surveillance system in Canada.
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4. Program Evaluation, Comparison and Analysis
•

An evaluative framework based on surveillance literature was applied to major
Canadian AMR surveillance programs and compared with selected exemplar
programs.

•

Comparison of attributes and descriptions of pathogens of interest are presented in
comparison tables for human AMR, human AMU, veterinary AMR and
veterinary AMU.

•

DanMAP, NethMap and the ECDC EARS-Net stand out as exemplar programs
for AMR surveillance.

•

All national Canadian programs are inherently limited in scope, and AMR
surveillance data is overwhelmingly focused on hospitalized patients.

•

The performance characteristic of “integration” was lacking for all Canadian
programs.

•

Utilization surveillance in Canada has only been reported for community AMU,
derived from a proprietary data purchased from IMS Canada and reported
nationally by CIPARS.

•

Utilization surveillance of the exemplar national programs, DANMAP and
NethMap, was rated as being quite comprehensive and complete.

•

Animal AMR surveillance is most complete from Denmark and the European
Union but the North American systems compare reasonably well. CIPARS and
FoodNet Canada perform surveillance of enteric pathogen resistance in beef, pork
and poultry production and retail meat. There are no data from veterinary
microbiology for pathogens from diseased food animals or companion animals.

4.1 Program Ranking System
Selected attributes of major Canadian AMR surveillance programs and selected exemplar
programs are displayed in Tables 4.1 – 4.4. The attribute structured evaluation tool
(rubric) was developed based on core public health literature on the evaluation of
surveillance,127 divided into system descriptors and performance characteristics. These
attributes were compared with the elements of ideal surveillance identified in the
Canadian expert interviews, confirming that all identified characteristics were
encompassed. The program descriptions of pathogens of interest in surveillance were
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derived from review of the surveillance parameters of major programs and the pathogens
of interest in AMR surveillance were identified by the experts interviewed.
A colour based ranking system was applied.
•

Red indicates that the surveillance system does not have the listed characteristic
or does not perform the function.

•

Yellow indicates partial presence or performance of the listed characteristic or
function.

•

Green indicates the system has or performs the characteristic or function within its
known mandate and scope.

•

Black indicates that the attribute or function lies outside the intended program.

The evaluation was applied by four team members (the principle investigators and project
manager) with any discordant rankings resolved by iterative discussion and research on
additional details on program attributes. The trans-disciplinary steering group also
reviewed the final ranking tables, although there were some recent (April 2014) changes
made to reflect intervening improvements in timeliness or new information. Descriptions
of program characteristics for all programs on the tables are available in the systematic
review discussion.
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4.2 Results
Table 4.1: AMR – Human
Evaluation of Surveillance Systems for
Antimicrobial Resistance

CNISP

CANWARD

CBSN

CIPARS

C-ENTER
Net

TIBDN

BCCDC

ABC CDC (US)

EARS Net

DANMAP

NethMap

NARMS

BSAC

Canada

Toronto
and Peel
Region

British
Columbia

United States,
10 geographic
regions, 42
million

EU member
countries

Denmark

Holland

United
States

UK

PHAC

Pharma
&
Provincial
provincia
l

European Union

National

National

National

National

Attribute
Geographical
Scope

Canada

Canada

Canada

Hospitalized patients

*

*

Community patients

*

*

Canada

Description of
System

Children
Elderly
Aboriginal populations
Funding Source(s)

Data on ethnicity
PHAC

Pharma &
University

University &
Pharma

PHAC

CDC

C. difficile
E. coli

H7-0157 only

0157 only

E. faecium
Organisms of
InterestSusceptibility
green = for 80100% of relevant
organism/drug
combos,
yellow = for 50%
to 80% of relevant
organism/drug
combos,
red = for less than
50% of relevant
organism/drug
combos.

Performance
Characteristics

H. influenzae
K. pneumoniae/oxytoca

Not reported

N. gonorrhoeae
P. aeroginosa
S. aureus

Not reported

S. pneumoniae
S. pyogenes

Not reported

Salmonella
MRSA

Not reported

VRE
CRE
ESBL

Not reported

Other organisms

Not reported

Definition

N. meningitis
Group B strep

Evaluation of Surveillance Systems for
Antimicrobial Resistance

CNISP

CANWARD

CBSN

CIPARS

Attribute

C-ENTER
Net

TIBDN

BCCDC

ABC CDC (US)

EARS Net

DANMAP
Breadth of data
makes
reproduction
difficult

Simplicity

Is the structure and
operation of the system
appropriately
parsimonious?

Conceptually
simple,
operation-ally
complicated

Flexibility

Can the system
accommodate change in
elements under
surveillance or case
definition?

Limited by data
availability in
participating
countries

Case Definitions

Are case definitions clear
and standardized?

Denominator
Defined

Is the denominator for
rate calculations clearly
defined and are data
presented as rates or
proportions?

Data Quality

Are the variables under
surveillance complete and
valid?

Acceptability

Are people and
organizations willing to
participate?

Limited
participation from
smaller
centres

Voluntary with
limited
participation

Sensitivity

Can the system pick up
important trends early?

Limited by
pre-defined
areas of
surveill-ance

Time sampling
Limited by
Limited
method limits
small
tested
ability to discover
sampling area organ-isms
trends quickly

Predictive Value
Positive

If there is a signal from
the system, does it reflect
a real event?

Representativenes
s (Pop)

Are patterns seen in the
system reflective of those
in the target human
population?

Larger
hospitals
over-represented

Representativenes

Are the organisms of

IPC-

Sampling
method-ology
relation-ship
to population
unclear
Limited data
collected
affiliated with
specimens

Limited data
collected
affiliated with
specimens

NethMap

NARMS

BSAC

Not clear,
based on
state
reporting,
but limited
to participating
states

Sampling
method-ology
relationship to
population
unclear

Limited by data
quality in
participating
countries
3 sites participating
nationally

Limited sample
base limits
genera-lizability

Limited
sample base
limits
generalizability

10-15 hospital
laboratories
participate

Representativeness is not
clear
Limited

Limited tested
organisms

Variable
coverage of
population
depending on
country

Limited scope
for clinical
human AMR
Single

Time
sampling
method limits
ability to
discover
trends quickly

Limited

Limited

Limited

Depends
on participating
states
Limited to
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CNISP

CANWARD

CBSN

CIPARS

organisms
reported from
the list of
organisms
studied

organism

Attribute
s (Micro)

interest representative of
those causing morbidity
in humans?

Timeliness

Are results available in a
timely way to inform
action? (Within 12
months)

Stability

Is there stable funding
and infrastructure for the
system?

Availability

Data available by website
or published reports

nosocomial
focus

Unable to
Latest data in assess due
abstracts from to lack of
2010
availability

Academic-private

C-ENTER
Net
organisms
reported

Annual report
not available
on website.
Last report
2009.

BCCDC

organism
s
reported

Data
from
2011
available
Depends
on
Academi collaborati
c-private on with
data
sources

Academicprivate

Reports
available in
abstract form

TIBDN

Data have
been
removed
from
website.

Reports
difficult to
access

ABC CDC (US)
organisms
reported

Delayed
collation

EARS Net

DANMAP

NethMap

NARMS
enteric
pathogens

BSAC

Rating Scale
Green

System performs well within its scope

Yellow

System performs partially according to characteristic but could improve.

Red

System does not perform well against this characteristic which is within its scope.

Black

Outside the scope of the system/no data

Grey

Not relevant

* CANWARD and CBSN draw from hospital microbiology labs and thus may include "community" isolates in resistance reporting, however this is not fully explicated in existing reports, although it may be
possible for these systems to delineate hospital and community isolates in future reporting.
CNISP provides data on presence of isolates in a patient population, based on patient/days. Data are not intended to provide information on rates of resistance.

Table 4.2: AMU – Human
Evaluation of Surveillance Systems for Antimicrobial Utilization

CIPARS/IMS

BCCDC

ESAC

Canada

B.C.

EU

3rd only

3rd only

DANMAP

NETHMAP

Description of System
Hospitalized patients

In progress

Community patients
Children
Elderly
Aboriginal populations
Geographical Scope

Greenland

Funding Source(s)
Penicillins
Cephalosporins 1st and 2nd Generation
Cephalosporins 3rd and 4th Generation*
Anti-pseudomonal penicillins*
Carbapenems*
Macrolides
Antibiotics of interest

Tetracyclines
Quinolones
Aminoglycosides*
Lincosamides
Lipopeptides*
Oxazolidinones
Sulfonamides
Reported according to indication

Performance Characteristics

Definition

Sensitivity

Can the system pick up important trends early?

Predictive Value Positive

If there is a signal from the system, does it reflect a real event?

Representativeness

Are patterns seen in the system reflective of those in the target human population?

Timeliness

Are results available in a timely way to inform action? (within 12 months)

Stability

Is there stable funding and infrastructure for the system?

Availability

Are data available for analysis and assessment

Limited reporting impedes
sensitivity

Limited by data
availability in
participating
countries

Reports delayed

Latest data from
2011

Reports not available

Denmark

Holland

Rating Scale
Green

System performs well according to this characteristic

Yellow

System performs partially according to characteristic but could improve.

Red

System does not perform well against this characteristic.

Black

Outside the scope of the system/no data

Grey

Not relevant

* Primarily IV medications that are not dispensed regularly in the community

Table 4.3: AMR – Veterinary
Evaluation of Surveillance Systems for Antimicrobial Resistance

CIPARS

C-ENTER Net

DANMAP

MARAN

NARMS

ITAVARM

JVARM

EARS-Net

Geographical Scope

Canada

Canada

Denmark

Holland

United States

Italy

Japan

European Union

Funding Source(s)

PHAC

PHAC

Gov't

Gov't

Gov't

Gov't

Gov't

EU

Sheep, veal
calves, fish

Sheep, veal calves

Fish

Sheep, veal
calves

Attribute
Description of System

Poultry
Pork
Beef, dairy cattle
Horses
Animal Population of Interest

Companion animals
Other
Healthy animals
Diseased animals
C. difficile
Campylobacter
E. coli

Organisms of Interest

E. faecium
S. aureus
Salmonella
Other organisms

Performance
Characteristics

Definition

Simplicity

Is the structure and operation of the system
parsimonious?

Flexibility

Can the system accommodate change in
elements under surveillance or case
definition?

Case Definitions

Are case definitions clear and standardized?

Denominator Defined

Is the denominator for rate calculations
clearly defined and are data presented as
rates or proportions?

Data Quality

Are the variables under surveillance
complete and valid?

Acceptability

Are people and organizations willing to
participate?

Sensitivity

Can the system pick up important trends
early?

Pasteurella-ceae
Giardia duodenalis,
Cryptosporidium spp.
Listeria spp.

Klebsiella spp.

Some veterinary
pathogens

Some
veterinary
pathogens
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Attribute
Predictive Value Positive

If there is a signal from the system, does it
reflect a real event?

Representativeness (Pop)

Are patterns seen in the system reflective of
those in the target animal population?

Representativeness (Micro)

Are the organisms of interest representative
of those causing morbidity in humans and
animals?

Timeliness

Are results available in a timely way to
inform action?

Stability

Is there stable funding and infrastructure for
the system?

Availability

Are data available for analysis and
assessment

C-ENTER Net

DANMAP

MARAN

NARMS

ITAVARM

JVARM

EARS-Net

Recent improvement

Rating Scale
Green

System performs well according to this characteristic

Yellow

System performs partially according to characteristic but could improve.

Red

System does not perform well against this characteristic.

Gray

Not applicable

Limited: EU
members

Table 4.4: AMU - Veterinary
Evaluation of Surveillance Systems for Antimicrobial Utilization

CIPARS

DANMAP

FDA

MARAN

JVARM

ESVAC

Geographical Scope

Canada

Denmark

USA

Holland

Japan

EU countries

Funding Source(s)

PHAC

Gov't

Gov't

Gov't

Gov't

E. U.

Sheep, veal calves

Fish

Sheep

Attribute:
Description of System

Poultry
Pork
Beef
Animal Population of Interest

Horses
Companion animals
Others
Penicillins
Cephalosporins 1st and 2nd Generation
Cephalosporins 3rd and 4th Generation
macrolides
Tetracyclines
Quinolones
Aminoglycosides

Antibiotics of interest

Lincosamides
Ionophores
Pleuromutilins
Polymixins
Sulfonamides
Reported according to indication

Performance Characteristics

Definition

Sheep, veal calves, fish

*

Evaluation of Surveillance Systems for Antimicrobial Utilization
CIPARS

Attribute:

DANMAP

Recent improvement

Data limited to overall
tonnage

Sensitivity

Can the system pick up important trends early?

Predictive Value Positive

Data are imprecise –
If there is a signal from the system, does it reflect
more detail may be
a real event?
available/not reported

Representativeness

Are patterns seen in the system reflective of
those in the target animal population?

Species data not
available, represents
~60% of use

Unable to relate to overall
animal population

Timeliness

Are results available in a timely way to inform
action? (Say within 6 months of end of period
under reporting).

Recent improvement
(previously delayed)

Data limited to overall
tonnage

Stability

Is there stable funding and infrastructure for the
system?

Availability

Are data available for analysis and assessment

Not freely available

Rating Scale

*

FDA

Green

System performs well according to this characteristic

Yellow

System performs partially according to characteristic but could improve.

Red

System does not perform well against this characteristic.

Gray

Not applicable

Black

No data collected

E.U. Countries: Czech Republic, Denmark, Finland, France, the Netherlands, Norway, Sweden, UK, Switzerland

MARAN

JVARM

ESVAC

Data limited to
overall tonnage

Unable to relate to overall
animal population
Limited by
participating
countries
Available English
report from 2007

Website in Japanese

Improving

4.3

Discussion of Human AMR Surveillance
Canadian Programs
The visualization of attributes in the preceding tables clearly demonstrates that key
elements of AMR and AMU surveillance are not addressed on a national basis by
current systems. All national Canadian programs are inherently limited in scope. This
limitation is conferred in one of two ways:
1)

By the patient population from which the resistance organisms under surveillance
were collected.

In Canada, this is overwhelmingly focused on hospitalized patients. CNISP is
dedicated to Infection Prevention and Control, and its surveillance is focused on
nosocomially-acquired infections including some pathogens of AMR relevance. The
longstanding, pharmaceutical company-supported CANWARD program performs
prospective sampling of pathogens from clinical specimens submitted by network of
tertiary hospital microbiology laboratories. Emergency room-based and clinic-based
isolates would be considered community derived, but comprise a small subset that is
not routinely analyzed and reported.
2) By the pathogens under surveillance, as a function of the program design and
intent.

The CIPARS resistance surveillance is designed to evaluate the impact of
antimicrobial use in food animal production, and thus is focused on Salmonella
resistance surveillance in abattoirs, retail meat and eggs, and also surveillance of
provincially submitted human salmonellosis isolates. This intersects somewhat with
the FoodNet program, which performs enteric disease surveillance, including farm,
water, and retail meat surveillance, as well as capturing enteric diseases that are
notifiable to Public Health, at three sentinel communities across in Canada.
As evident from the tables, the organisms under national public health surveillance in
Canada include AROs, which are followed as nosocomial pathogens by CNISP, and
enteric pathogens, and are limited in number as well as scope.
The performance characteristic of timeliness has been a problem across public health
and some academic surveillance programs, with challenges related to delays in the
public availability of data posted on federal websites, and also related to public health
and academic program reports being available only as presentations at scientific
meetings and in scientific publications. Thus, they are subject to the timing of
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conferences and the processes of journal peer review and publication. There has been
a notable increase in the volume of data and speed of posting available federally since
late 2013, which resulted in changes to the original ranking in the rubric.
Finally, the performance characteristic of “integration” was lacking for all Canadian
programs. In this rubric, “integration” was the term used to indicate that that the
described system is a functioning part of a coordinated, public health based AMR
surveillance system.
Our review of optimal systems resulted in the identification of the three following
characteristics that were used to evaluate surveillance program integration: 1) explicit
ties identifiable between surveillance system components; 2) a unified governance
structure that is charged with coordination of surveillance programs as components of
overall AMR surveillance for the jurisdiction, and determination of overall AMR
surveillance needs and development; and 3) ties to AMR control programs, such as
stewardship programs and policy development bodies that require AMR surveillance
data to design interventions.

Strengths of Exemplar International Programs
The international exemplar surveillance programs identified by the literature review
and by our expert interviews were all found to have stronger performance in the
evaluation rubric. DANMAP and BSAC provided the most comprehensive (organism
based) surveillance, and DANMAP and NethMap had the strongest community AMR
surveillance. The EARS-Net program of the European Union had a shorter list of
pathogens under surveillance but was notable for its effective coordination across
multiple jurisdictions and provision of current, accessible, and useful (i.e. informs
action and has impact) data.

Models of Development of AMR Surveillance:
It is illustrative to expand upon the characteristics and evolution of the exemplar
programs, focusing on DANMAP, NethMap and the ECDC EARS-Net, and compare
them with the Canadian AMR surveillance systems.
INFRASTRUCTURE
All have internal structures that acknowledge and explicitly tie together national
jurisdictions in public health and agriculture-food safety. In smaller countries,
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surveillance programs were created by combining aspects of both of these as a
surveillance program, under a new, crosscutting umbrella- e.g. DANMAP. Across the
geographically broad and diverse European Union, where separate unit (country)
level infrastructures had to be combined, participating units were given the tools
required to submit data after appropriate agreements were developed, with ongoing
reporting on data collection and results reinforcing compliance through generation of
useful data reports and comparisons. In this case, the human AMR surveillance and
the AMU surveillance, despite having analogous data collection tools, are handled
separately. That is, we believe the agencies reporting different types of data do not
necessarily directly connect within the country.
DATA SHARING
Exemplar programs also exhibit clarity of data availability and predictably timely
reporting. This is accomplished through making data publicly available in regularly
issued public reports, or in the case of the European Union, in published reports with
interpretation and searchable databases – these are presented in a user-friendly
fashion, with appropriate acknowledgement of the limitations of the data.
Data sharing is meant to involve multiple stakeholders and the public, and is
specifically not restricted to policymakers and only those involved in data collection
and analysis. We note that the European Union members derive useful observations
and impetus for positive change from seeing their own data contextualized and
compared with other countries, and that this model may be appropriate across the
provincial /territorial structures within Canada.
PROGRAM CREATION AND EVOLUTION
The ECDC programs were essentially piloted in core countries then expanded with
corresponding, simultaneous infrastructural development. An excerpt from the ECDC
website describes it thus:
“The European Antimicrobial Resistance Surveillance System (EARSS), established
in 1998, is the predecessor of the current EARS-Net.
“Following years of increasing concern for the occurrence and spread of
antimicrobial resistance, the European Commission invited scientists, doctors and
public health specialists to a ‘Microbial Threat Conference’ held in Denmark in
September 1998. One conclusion of the conference was that a European surveillance
system for antimicrobial resistance should be established.
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“EARSS was initially funded by the European Commission’s Directorate General for
Health and Consumer Affairs (DG SANCO) and the Dutch Ministry of Health,
Welfare and Sports (RIVM). The network steadily grew and involved an increasing
number of European countries. In 2001 a follow-up EU conference was held in
Sweden and it was decided that all EU Member States should join the EARSS
initiative.
“The EARSS network aimed to serve as a basis for an integrated public health
strategy for containing antimicrobial resistance. In pursuing this, EARSS
collaborated closely with other EU-funded projects e.g. the European Surveillance of
Antimicrobial Consumption (ESAC) and Antibiotic Resistance Surveillance and
Control in the Mediterranean Region (ARMed). EARSS also worked in partnership
with the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) and in particular with two of the society’s subcommittees: the European
Committee on Antimicrobial Susceptibility testing (EUCAST) and the Study Group for
Antimicrobial Resistance Surveillance (ESGARS).
“By January 1st, 2010, the administration and coordination of EARSS was
transferred from RIVM to the European Centre for Disease Prevention and Control
(ECDC). The network was renamed to ‘European Antimicrobial Resistance
Surveillance Network (EARS-Net)’.” *
In contrast, the exemplar nationally based programs –NethMap, and DANMAP –
were created by the formation of national structures and the development of the scope
and authority to carry out the surveillance, as appropriate for their respective
countries. DANMAP was established by two Danish national ministries (see below),
whereas NethMap was the result of a consortium of national professional societies
(infectious diseases specialists, pharmacists and medical microbiologists) forming a
nidus, which was then supported by the national health and wellness ministry,
through the ECDC.
DANMAP
The Danish Integrated Antimicrobial Resistance Monitoring and Research
Programme (DANMAP) was established by the Danish Ministry of Food, Agriculture
and Fisheries and the Danish Ministry of Health in 1995.

T he objectives of the

program are:
•

to monitor the consumption of antimicrobial agents for food animals and humans;

*

Taken from: http://www.ecdc.europa.eu/en/activities/surveillance/EARSNet/about_network/Pages/history.aspx
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•

to monitor the occurrence of antimicrobial resistance in bacteria isolated from
food animals, food of animal origin and humans;

•

to study associations between antimicrobial consumption and antimicrobial
resistance;

•

to identify routes of transmission and areas for further research studies.

NethMap
NethMap was an initiative that started with professional societies in collaboration
with and infrastructural support from federal public health.
“NethMap is a product of cooperative efforts of members of The Netherlands Society
for Infectious Diseases, The Netherlands Society of Hospital Pharmacists and the
Netherlands Society for Medical Microbiology. In 1996 the three societies created the
Dutch Working Group on Antibiotic Policy, known as SWAB (Stichting Werkgroep
Antibiotica Beleid).
SWAB, in collaboration with the RIVM, the National Institute for Public Health and
the Environment of the Netherlands publishes the NethMap reports. SWAB is fully
supported by a structural grant from the Ministry of Health, Welfare and Sports of
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the Netherlands. The information presented in NethMap is based on data from
ongoing surveillance systems on the use of antimicrobial agents in human medicine
and on the prevalence of resistance to relevant antimicrobial agents among medically
important bacteria isolated from patients in the community and from patients
admitted to hospitals.

Because of the multidisciplinary composition of SWAB, this foundation can be
considered the Dutch equivalent of the Intersectoral Coordinating Mechanisms
(ICMs), recommended by the European Union (2001), to control emerging
antimicrobial resistance and promote rational antibiotic use.
SW A B has started
several major initiatives to achieve
its goals.A m ong
for the rational prescribing of antimicrobial drugs, development of evidence based
prescription guidelines, the implementation of tailor made hospital guides for
antibiotic prophylaxis and therapy and an integrated nationwide surveillance system
for antibiotic use and antimicrobial resistance. These initiatives are corresponding
well with the recommendations from the Dutch Council of Health Research (2001).
Following these recommendations SWAB’s work was and still is made possible by
structural funds provided
by the M inistry o
the Dutch Centre for Infectious Diseases Control (Centrum voor
Infectieziektenbestrijding, CIb) in The National Institute of Public Health and the
Environment (RIVM).
SWAB’s mission is to manage, limit and prevent the emergence of resistance to
antimicrobial agents among medically important species of microorganisms in the
Netherlands, thereby contributing to the quality of care in the Netherlands.” **

North American (U.S. and Canada) Surveillance Programs –
Room to Grow
American and Canadian surveillance programs identified by the literature review and by
our expert interviews are observed to have some clear parallels.

**

From: NethMap 2013 Report. Consumption of antimicrobial agents and antimicrobial resistance among
medically important bacteria in the Netherlands.
http://www.wageningenur.nl/upload_mm/7/8/9/52388c6c-858c-483c-b57d227029fe778a_005738_Nethmap_2013%20def_web.pdf
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1. The U.S. and Canada both have reasonable surveillance of enteric pathogen resistance
in the context of agri-food (“from farm to fork”) through NARMS and CIPARS
respectively.
2. The lack of Public Health surveillance of community level antimicrobial resistance in
key pathogens is an easily identified weakness in both Canada and the U.S. Both
countries have non-public health based community AMR surveillance via private
company or pharma-academic partnerships.
a. In Canada, the CARA Alliance/CANWARD study has collected data
prospectively from 10-15 academic hospital based laboratories, which send
consecutive isolates for a set period of time yearly, based on an algorithm.
While this generates useful data that attempts to address an important gap, this
is a pharmaceutical -academic partnership, with no public health mandate or
reporting. In addition, the proportion of truly community-based isolates is not
clear in most reports from this data set. However, its wide geographic
coverage and time trends make this program notable.
b. U.S. community based resistance indicators come from two sources:
The Surveillance Network (TSN), an “extensive collection of microbiological
susceptibility test results used for surveillance of antimicrobial resistance.
TSN is a private company that was established in 1994 - its data set is quite
extensive and to some extent mirrors the methodology of EARS-Net. In the
absence of public health based information, researchers at the CDC, U.S.
Food and Drug Administration (FDA), and Clinical and Laboratory,
Standards Institute (CLSI) have drawn on its resources. Via direct technologic
linkages, information is submitted on a daily basis from a selected network of
some 300 clinical laboratories in nearly 200 zip codes. All laboratories
adhere to CLSI standards. Participation is voluntary. Although certain states
have no participating laboratories, TSN is considered representative at the
national and census division levels.”
In addition, a population based public health data on a set of invasive
pathogens is available through ABC Surveillance at the CDC, which engages
all microbiology labs in select, large geographically defined areas. Although
AMR evolution was not a primary driver in the creation of the system,
resistance data are collected on the pathogens under surveillance.
3.

The intersection of AMR and Infection Control Surveillance is observable in both
countries.
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a. In Canada, the CNISP Program collects valuable, longitudinal, population
denominator-based surveillance of resistant pathogens of importance in
nosocomially acquired infection.
b. Similarly, in the U.S., the National Healthcare Safety Network (NHSN)
System of the CDC aggregates nosocomial infection data as a voluntary,
hospital-based reporting system established to monitor hospital-acquired
infections and guide the prevention efforts of infection control practitioners.
The NHSN (formerly NNIS) system establishes a national risk-adjusted
benchmark for nosocomial infection rates by using uniform case definitions
and data-collection methods.
In both countries, the AMR data collected through infection prevention and control
programs focus on nosocomial AROs, a group of pathogens that tend to be distinguished
by 1) hospital acquisition of colonization or infection; and 2) distinct strains with distinct
phenotypes, which are known to spread within hospitals and may be controllable through
hygiene measures and isolation precautions. Thus, these organisms, when acquired by
patients in health care environments, are already resistant to certain antibiotics, regardless
of patients’ antibiotic exposures. This should be distinguished from the type of AMR that
develops upon patient exposure to antimicrobials, either in the hospital or community.
This latter type of resistance is a major data need, to guide appropriate antibiotic
stewardship and guidelines development. (Another way of describing this is by
differentiating nosocomial-resistant organisms which are “born” such as Staphylococcus
aureus strains that are genetically methicillin resistant (regardless of antibiotic use in
individual patients), and whose spread can be tracked through populations, versus
resistance that is “made”, such as selection of resistant E. coli urinary tract infections in
which antibiotic use in a patient increases the likelihood of their pathogen developing
resistance. Overall antibiotic use in the community selects increasing community-wide
resistance to that antibiotic.)
This latter kind of resistance tends to be complex and unpredictable, with the diverse
inputs and selective pressures in the respective “microecosystems”. This type of AMR
has not characteristically been tracked by IPC programs, whose mandate is focused on
hospital-based spread of defined resistant bacterial strains in order to develop effective
control programs.
In the Canadian context, it is important to acknowledge the need for nosocomial ARO
tracking, and define how this can differ from community and hospital based AMR
surveillance as tied more closely to antibiotic utilization pressures. An optimal system of
surveillance will benefit from both data sources, and areas of overlap may be exploited to
allow fruitful collaboration and best use of available infrastructure and federal expertise.
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4.4

Human AMU Surveillance
Canadian Programs

Utilization surveillance in Canada has only been performed and reported for community
AMU, derived from a proprietary data purchased from IMS Canada and reported
nationally by CIPARS. These reports provide useful and important data but until very
recently, timeliness of reports and thus ability to address emerging problems was limited.
Further use of these data with more extensive sub-analysis and integration with provincial
public health and antimicrobial stewardship initiatives, would improve the utility.
Although it was understood that hospital purchasing data are under analysis by CIPARS
and that a subset of the CNISP hospitals are engaged in hospital utilization data
collection, no reports were available at the time of writing.
On a provincial level, the BCCDC deserves mention as a potential Canadian model
system. The BCCDC reports demonstrate the utility of non-proprietary data and linked
data systems. There is a capability for integrating utilization data from PharmaNet, a
provincial system which tracks all dispensed prescriptions and resistance data from
sources previous described (predominantly community data). This allows development of
responsive provincial guidelines, as well as the possibility of prescriber based audit and
feedback, which has potential to be a powerful tool in improving utilization.

International Programs
Utilization surveillance of the exemplar national programs DANMAP and NethMap was
rated as being quite comprehensive and complete, and similar to the AMR surveillance.
The utilization data collected by the ECDC for the European Union was seen as useful
and timely but had a relatively restricted list of antibiotics under surveillance. There were
no U.S. antibiotic utilization surveillance programs for direct comparison.

4.5

Animal AMR-AMU Surveillance
Canadian Programs

CIPARS and FoodNet Canada perform surveillance of enteric pathogen resistance in
beef, pork and poultry production and retail meat. There are no data from veterinary
microbiology (pathogens from diseased food or companion animals). CIPARS reports
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some utilization data based on purchasing, which is not available in all reporting years.
The current oversight and control of animal antibiotics in Canada imposes significant
limitations in being able to track and assess animal antibiotic utilization, with importation
loopholes that are difficult to track without regulatory authority (the Own Use provision,
and importation of API (active pharmaceutical ingredients).

International Programs
Animal AMR surveillance, as seen in table 4.3, is most complete from Denmark and the
European Union, but the North American systems still compare reasonably well. The
surveillance of antibiotic use in animals is much more complex given the multiple
classifications of use, variety of users and prescribers, and various purchasing/regulatory
systems that can exist.
DANMAP and ESVAC have the most comprehensive utilization data across animal
populations and across antimicrobials tracked. It is noteworthy that the Danish approach
to tracking and regulation of animal antibiotic use has resulted in 21% reduction of
antibiotic use in pigs and is held as a standard.128 Thus, a more detailed description is
provided. The Danish VetStat program collected data from veterinarians, pharmacies, and
feed mills since 2000, monitoring prescription medicine in production animals as the use
of coccidiostatics, with data collected at the farm level including animal species, age of
animal, disease, farm identification number, veterinarians' number, drug identification
number, amount of medicine, and date for use of medicine. Today VetStat enables
authorities to assess usage patterns at the level of the individual herd and individual
prescriber. Furthermore, many veterinarians use VetStat daily as a tool in relation to their
service for their clients (farmers). Because all data are converted to defined animal daily
doses (ADDs) it is possible to compare the use of antibiotics on one farm with a similar
average for the whole country. In 2010 the Danish Veterinary and Food Authority
(DVFA) introduced the “Yellow Card Initiative” based on VetStat, in which threshold
limits for antimicrobial consumption in pigs were established; if thresholds are exceeded,
the DVFA may issue an order or injunction (the yellow card) compelling the owner of the
holding, in collaboration with the veterinary practitioner, to reduce the antimicrobial
consumption in the holding below the threshold limits within nine months.
The total use of antimicrobials in swine has been reduced by 21 per cent in Denmark,
following the introduction of the Yellow Card Initiative, when comparing national data
on usage for the years 2009 and 2011, respectively.
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4.6

Summary: Outstanding Issues and Next Steps

This project has described Canadian and international programs of surveillance for AMR
and AMU. In Chapter 3, eleven programs in Canada were described in terms of their
coverage, responsibilities and reporting. Chapter 4 summarized how well select programs
meet the criteria for process and content considered “best” by expert reviewers. Where
possible, Chapter 4 also provided information about the infrastructure and the funding
models for those programs. Although all programs could be strengthened in some ways,
there are good examples which Canada, with its federated systems, can adapt for
surveillance of AMR and AMU in this country.
According to our criteria, DANMAP and BSAC provide the most comprehensive
surveillance in terms of selected organisms, and DANMAP and NethMap are the
strongest programs found in terms of community-level surveillance of AMR. Although
covering a short list of pathogens, the European Union EARS-Net program effectively
coordinates surveillance across many jurisdictions, collects data from both human- and
animal-related systems, and makes its current data available As noted, these three
programs have sustained infrastructure and also have mechanisms and processes to share
data publicly through timely and regular reporting.
In comparison, Canada’s surveillance systems have not yet achieved the
comprehensiveness, integration and coordination of the four strongest European
surveillance programs. As noted, surveillance of enteric pathogen resistance in agri-food
is good, as is surveillance of nosocomial AROs in hospitals, but there is still a gap in
comprehensive surveillance for human specimens in the community. Surveillance of
human AMU in the community is hampered by delays in the release of data and reports
and the current inability to make comparisons among the provinces. The development of
national data-sharing agreements, collaborative development of agreed-upon antibiogram
processes, definitions, and technical infrastructure would enable better data collation and
comparison. Support for distinguishing in-hospital from community isolates would
complement that data available on hospital-driven AMR, and provide for anonymized
line listed data by isolate.
Reviewing the recommendations that emerged in previous reports (Appendix F), it is
evident that these issues have been identified before and require thoughtful action to
address them as soon as feasible. These previous reports reflected on the need for
dedicated federal leadership infrastructure, full engagement of the provinces and
territories, and shared responsibility to create or enhance the infrastructure needed in all
the jurisdictions. Meeting these three criteria will enable national collaboration and
coordination that includes the provincial and territorial ministries for health and
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agriculture (including veterinary services). Additionally, the earlier recommendations
have noted the need for benchmarks which can be monitored with regular and timely
release of data. Our analysis of programs in this report supports those recommendations.
The solutions to these problems build upon the existing programs and surveillance
systems. Canada can look to the European models described above to develop a
coordinated effort among federal, provincial and territorial governments that can enhance
the mechanisms and processes in place at sentinel sites and in hospitals, expanding them
to include AMU and AMR surveillance in the community including long term care
facilities, laboratories and in agriculture.
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5. Conclusion
We suggest that the status of Canadian surveillance of Antimicrobial Resistance and
Antimicrobial Utilization is at a critical point, as AMR is becoming a preeminent
worldwide threat to the public health. Current systems do not track evolving AMR in the
community or hospital and thus cannot support development of meaningful responses
through better stewardship of antimicrobial use in community or hospital settings, or in
veterinary and in food animal production. We have limited information on antibiotic use
in many settings, and thus establishing controls and evaluating the impact of intervention
becomes impossible. Simply put, we need more comprehensive data to be able to analyze
the problem, develop a response, and then look for effectiveness of that response.
We must acknowledge that the weaknesses and gaps identified in this report exist for a
reason: the challenge of national surveillance is a truly difficult problem in our health
care system, with even the “ownership” of the problem, and the response, seeming
unclear. The delivery of health care is primarily an area of provincial jurisdiction, but
clearly public health surveillance requires national coordination, to allow integration of
the most appropriate data into a national AMR-AMU picture.
The process of review, analysis, comparison, and discussions during our companion
trans-Canadian, transdisciplinary expert survey helped focus the recommendations
presented on two key issues: who is accountable, and how to model the evolution to
comprehensive surveillance.
By building up from the strongest surveillance components we have at a national level,
CIPARS and CNISP, we would hope use the successes of these programs in establishing
national frameworks and collaborations. Bringing these two programs, which represent
very different areas of AMR-AMU surveillance together could centralize existing
expertise, and start to integrate government AMR portfolios in a direction towards “One
Health.”
The area of accountability which has been brought forth prominently here is the
importance of provincial and territorial governments and public health agencies in
supporting and creating a framework that can benefit all, under a public health mandate.
As the need for useful data has become more apparent, we have seen the creation of
organism-based, geography-based, and short term surveillance projects to fill the gaps.
But what is required is a strong collaborative body to bring the groups together to refine
exactly what we need to collect and then share to inform Canadian public health.
Potentially the most important task ahead seems the most prosaic – confirming Provincial
and Territorial support for AMR–AMU surveillance coordination, and forging
agreements on areas such as: which AMR and AMU data are to be prioritized for
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collection, the development of collaborations to further create and then share needed
processes, with division of tasks based existing programs and expertise and parameters
for data reporting
For the potential benefits, the monetary investments needed are relatively small, but the
goodwill and collaboration needed are large. However, history may judge us harshly
should we fail to protect the effectiveness of antimicrobials in animal and human health.
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Appendix A. Systematic Search Protocol
The following description provides details of the systematic search protocol that was
developed to review available literature related to Canadian and international
examples of AMR and AMU surveillance programs.
The principal aim of this literature review was to identify and describe the strengths and
weaknesses of the major AMR surveillance and antibiotic utilization monitoring
programs in Canada, concentrating on antibacterial agents used in human patients and
major food animals (poultry, swine and cattle) and to provide recommendations for
improving these programs. A systematic search protocol, through collaboration with a
professional medical research librarian, was developed to assemble key information
related to AMR and antibiotic use surveillance in Canada and to provide examples for
comparative purposes from existing programs from around the world.

Specific objectives of the review
4. To determine the core elements, including organisms surveyed, data collected and
methodological differences, of antimicrobial resistance (AMR) surveillance
programs in Canada and around the world (national and international review of
existing programs);
5. To summarize current national, provincial, and regional AMR surveillance
programs/initiatives within Canada;
6. To summarize current national, provincial, regional, and private antimicrobial use
monitoring programs/initiatives in Canada;
7. To identify gaps in the areas of both antimicrobial use and resistance surveillance
based on existing international model systems; and
8. To recommend strategies for optimizing antimicrobial use monitoring as well as
AMR surveillance programs.

Clarification of the research questions and the scope of the review
The antibacterial agents for human and veterinary uses and agri-food are included in the
report. Evidence was gathered to answer the following questions:
9. What exists for surveillance of antibiotic-resistant organisms in Canada, federally,
provincially/territorially, and locally?
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10. What exists for surveillance of antimicrobial usage in Canada, federally,
provincially territorially, regionally, institutionally, and locally?
11. For the above surveillance systems, what information is gathered? To who is the
data reported? How quickly is it reported?
12. What international models exist for the collection, reporting and use of the data in
monitoring resistance and guiding utilization practice?
13. What provincial/national/international models for legislation and restrictions of
use of antimicrobials exist?
14. What surveillance systems for both usage and AMR surveillance have been tried
in Canada, what has worked, what has failed and why has it worked/failed?

Inclusion and exclusion criteria
Inclusion criteria:
Agent:
•

Only studies and surveillance systems focusing on antibacterial agents were
considered

Types of studies:
•

Peer-reviewed studies, which are broadly defined to include both quantitative and
qualitative investigations, reviews, position papers, and guidelines on antibacterial
agents only.

•

Credible “grey literature” (e.g. technical reports from government agencies or
scientific research groups, working papers from research groups or committees,
research conference presentations, etc.)

•

Surveillance reports

Study population:
•

•

Human surveillance programs
i.

Antibacterial drug utilization

ii.

Antibacterial drug resistance

Veterinary surveillance programs (Poultry (including turkeys), swine, cattle, fish)
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i.

Antibacterial drug utilization

ii.

Antibacterial drug resistance

Types of interventions:
•

Studies and surveillance systems examining prescription of antibiotics

•

Stewardship/monitoring the use of antibiotics

•

AMR surveillance programs

•

AMR prevention and control programs/policies

•

Studies on growth promotion in animals

•

Studies related to zoonotic transfer of resistant microorganisms to/from pets

•

Consequences of AMR in the environment

Outcomes:
•

Accurate representation of utilization patterns and resistance profiles of
antibacterials

•

Description of the effectiveness (evaluation) of the existing antibiotic use and
antibiotic resistance surveillance programs

•

Effective policies

Time and place:
•

Literature dating from 1990 to May 2013

•

Historical papers dating back to 1970 (or earlier in specific contexts) was included
based on references from the papers that met the inclusion criteria

Initial searches focused on studies conducted in Canada, Europe, the United States,
Australia, New Zealand, Japan, Brazil, India, China, Russia, Israel and South Africa.

Exclusion criteria:
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•

Popular press, news reports

•

Literature mentioning zoonosis but not focused on AMR

•

Literature that did not focus on antimicrobial resistance or utilization
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•

Literature the focused on antiviral use and antiviral resistance

•

Literature focusing on antifungal use and antifungal resistance

•

Literature focusing on disinfectant use and disinfectant resistance

•

Literature focusing on microbial resistance to metals (including mercury, trace
metal resistance on plasmids, etc.)

•

Literature focusing on topical antimicrobials, such as mupirocin, gramicidin,
polymyxin, bacitracin, fucidin, sulfamylon, silver sulfadiazine, and AG
sulfadiazine-CHG, etc.

•

Literature concerning plant agriculture

•

Literature concerning animals not mentioned in the inclusion criteria

Literature Search Strategy
In order to adequately address the six research questions in this systematic review,
multiple approaches were employed. Additional information was secured through grey
literature searches and by contacting relevant organizations and government ministries.
The names of key authors and published papers provided by the research team supported
the development of the search strategy both for the published and grey literature. The
core committee the systematic search protocol prior to execution to ensure all relevant
terms had been included. Multiple searches were conducted as an iterative process as new
information was revealed based on the information gathered from previous searches.
Documentation was maintained such that all searches are reproducible for the purposes of
transparency.

Published Literature
The three key concepts for searching the bibliography databases focused on surveillance,
drug utilization and drugs/infections (included drug resistance and antimicrobial cross
resistance). Drug resistance was also combined with drugs/infections. A preliminary list
of anti-infective agents and infections was compiled. Preliminary search models were
constructed (Figures 2.1 and 2.2) with the search initially limited to Canada. Preliminary
searches combining the concepts indicated that the number of studies was quite small for
all combinations of the concepts. Subsequent searches removed the Canadian studies and
initially limited to reviews and then focused the search on aspects of the research
questions that were not covered or were insufficiently covered through reviews. The
concepts for ‘veterinary surveillance’ and ‘drug use’ were similar but focused on animal
diseases and veterinary drugs. The concept described by the term ‘animals’ included food
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animals and companion animals. The concept ‘animals’ when combined with drug
utilization or drug resistance also indicated relevant papers when preliminary searches
were performed.

Figure 1: Preliminary search model for human surveillance/drug utilization
*Drug resistance was also combined as: Drug resistance AND (anti-infective agents OR infection OR antimicrobial resistance OR
colonization)

86

Surveillance of Antimicrobial Resistance and Antimicrobial Utilization in Canada

Surveillance
Veterinary
drugs

OR
AND

OR
Animal
diseases

Drug
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Canada
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Drug
Resistance

Drug Utilization
Animals
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OR

AND

Canada

Drug Resistance

Figure 2: Preliminary search model for veterinary surveillance/drug utilization

Both subject headings and keywords were included in the searches. A template search
was created in MEDLINE (OvidSP), which also incorporated relevant terms as keywords
from other sources. This template search was translated into other databases using the
appropriate syntax. There was no language restrictions placed on search results. When the
searches were completed, the team decided whether complete translation was required for
papers not in English, French, Spanish and Chinese that met the inclusion criteria. The
searches were not limited to specific countries (other than the initial Canadian searches)
as this would have reduced the sensitivity of the searches. Searches focused on the time
period of 1990 to the present (2012) as most studies prior to the 1990s may not be
applicable. Important historical papers back to the 1970s were examined once the main
search was completed.
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The key subject areas that the review encompassed included biology, medicine, nursing,
pharmacy, public health, veterinary medicine and environmental health. These subjects
cover a variety of databases which are listed below. The review was not limited to these
databases. Monographs were also searched for comprehensive and historical information
relating to the research questions. Subject terms were used to search the key concepts in
the library databases. Initial searches focused on libraries at the national level which, in
some cases, led to others searches on specific authors or titles.
To increase the sensitivity of database searches other approaches were used to capture
missing papers from the published literature. The research team provided a list of authors
who are experts in the subject areas pertinent to this review. These names were searched
in the appropriate databases and their CVs for any missing papers. The references from
papers that met the inclusion criteria were also reviewed to capture missing papers. All
papers meeting the inclusion criteria were searched in the Web of Science, SCOPUS and
MEDLINE for cited and related papers to ensure papers were not missed. New papers
found through these methods went through the same selection process as those found in
the database searches.

Grey Literature
Internet searches were the primary means for identifying applicable grey literature. Initial
searches were conducted using Google but other search engines were also employed as
some are better for languages other than English. A list of the main search engines was
reviewed (http://www.thesearchenginelist.com/) and selected as needed.
The websites of key organizations were searched through the Internet for research
articles, position papers and other relevant literature pertaining to the research questions.
These sites were also reviewed for academic, government, community and other
appropriate contacts. The associations related to the following subjects were searched:

88

•

Microbiology

•

Infectious diseases

•

Public health

•

Medical and dental

•

Pharmaceutical

•

Veterinary medicine

•

Environmental health

Surveillance of Antimicrobial Resistance and Antimicrobial Utilization in Canada

•

Agriculture (including provincial and regional)
o

Dairy

o

Meat and meat products

o

Poultry and poultry products

o

Fish and seafood

o

Livestock

o

Pet food and animal feed

Websites from Canadian government agencies at both the federal and provincial level
were also searched as well as specific public health agencies. Key websites from
government agencies and NGOs in specified countries were also included.
Conference proceedings were searched for papers, abstracts, and researchers using the
key search concepts. These searches occurred through several databases including
PapersFirst, ProceedingsFirst and the Web of Science. The websites of proceedings from
selected associations were searched for relevant conference papers.

Professional Contacts
Key contacts through academic and professional affiliations and surveillance programs in
Canada and other countries provided valuable information regarding research not
accessible in the published literature, programs that are involved in surveillance and
monitoring drug resistance and access to other contacts.
Study Selection
Papers were selected by means of a two-step process. Once a search had been
completed and duplicates removed, titles and abstracts were reviewed by two
reviewers independently. Their selection was based on broad inclusion criteria.
The reviewers compared their selection and resolved any disagreements by
discussion and when needed with a third party’s participation. The full text of
selected papers was retrieved and the reviewers repeated the process when
selecting the papers that met the inclusion criteria. Reviewers were not blinded to
any components of the papers during their review.
Stage 1
Two reviewers independently reviewed titles and abstracts and made their
selection based on 1) meeting the inclusion criteria 2) possibly meeting the
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inclusion criteria and were included for consideration 3) did not meet our
inclusion criteria. 1 and 2 were automatically selected and articles from 3
are excluded. Selection was based on a broad view of the inclusion criteria
as initially only titles and abstracts were read. Both reviewers made their
selection, compared them and consulted with the principle investigators
before final inclusion.
Stage 2
The process was repeated with the selected references from stage 1 but
review of the full text of these papers was conducted by the two reviewers
independently. Each paper had to meet critical aspects of the inclusion
criteria by using a checklist of necessary components. Reasons for papers
being excluded were recorded on the checklist. All papers not meeting the
inclusion criteria were kept and archived with project records. Reviewers
were not blind to authors in either stage in order to reduce selection bias.
Data Extraction Strategy
Two reviewers independently extracted the data using a pre-designed data
extraction form. The data extraction form was pilot tested with several studies by
the two reviewers to ensure all critical data was extracted and that decision rules
and coding are completed in a similar manner. Disagreements were resolved by
discussion with consultation with a third party in the case of further disagreement.
Data from studies with multiple publications was extracted and reported as a
single study.
The following data were extracted:
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•

Details of the study population and baseline characteristics of research
groups

•

Details of the care setting (e.g., physicians, dentists, nurses, midwives,
veterinarians, pharmacists)

•

Objective of the study

•

Study methodology

•

Study outcomes

•

Specific information concerning antimicrobial resistance.
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Quality Assessment Strategy
Two reviewers independently used a structured form and established process to
undertake quality assessment. Final selected papers were reviewed using the
Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system for assessment of quality of evidence. For the purposes of this
review, the GRADE system classified the quality of evidence in one of three
levels—high, moderate, and low (the very low classification level that is typically
included in the GRADE system was combined into the ‘low’ level.
Disagreements were resolved by discussion and with consultation with third party
in the case of remaining disagreement. The information on quality assessment was
presented in table form and summarised within the text of the reports. The quality
of studies were assessed using a validated checklist appropriate to the study type
(i.e. quantitative versus qualitative).
Methods of analysis/synthesis
Initial literature analysis involved creation of a series of surveillance program
comparison tables. Separate comparison tables for surveillance of antibiotic use,
antimicrobial resistance in both human and veterinary medicine were prepared.
These comparison tables were categorized as Canadian or international
surveillance programs and studies. Data from these preliminary comparisons was
then synthesized into the narrative summaries included in the formal literature
search. The narrative summary of the studies included an explanation of the
characteristics and findings of each of the included studies and the results for each
of the specified outcome measures that were abstracted from the publications.
Documentation
The review process was tracked through a number of methods to provide
thorough documentation. MS Word was used to record all search strategies
through databases and the Internet. Unpublished documents and citations from
database searches were downloaded or manually entered into RefWorks. Counts
from citation results were recorded and dated and tracked throughout the
identification of research papers. The research process was documented at each
step to demonstrate the rigour of the review and to ensure study replication or
updating if required. The PRISMA Statement (Figure 2.3) was used to report
applicable aspects of this systematic review.
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Results of the systematic literature search
A total of twenty databases were searched using the keywords and inclusion/exclusion
criteria defined in the search protocol. Reference records were added electronically or
manually into a RefWorks account for screening and evaluation. Duplicates were
removed before all reference records were assembled. The electronic databases that were
searched included:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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MEDLINE
Cochran Database of Systematic Reviews (CDSR)
EMBASE (OvidSP)
Web of Science
BIOSIS Previews
CINAHL - Cumulated Index to Nursing and Allied Health Literature
TOXNET
LILACS
Informit (AGIS Plus Text)
CCOHS Web Information Service
JSTOR Collection
Environmental Sciences & Pollution Management
Pollution Abstracts
CAB Direct (CAB Abstracts & Global Health)
AGRICOLA
Canadian Periodical Index
Food Science and Technology Abstracts – FSTA
WAVES (Fisheries & Oceans Canada)
ASFA - Aquatic Sciences & Fisheries Abstracts
Google Scholar
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Figure 3: PRISMA 2009 Flow Diagram – AMU/AMR Surveillance
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Primary Search Terms
Antibiotics – drugs
Minocycline
Monobactam
Moxifloxacin
Nalidixic acid
Neomycin
Netilmicin
Nitrofuran
Tetracycline
-Chlortetracylcine
-Oxytetracycline
-Demeclocyline
-Doxycycline
-Lymecycline
-Meclocycline
-Methacycline
-Minocycline
-Rolitetracycline
Thiamphenicol
Ticarcillin
Tigecycline
Tobramycin
Trimethoprim
TrimethoprimSulfamethoxazole (Cotrimoxazole) (TMP-SMX)
Vancomycin
Amoxicillin/clavulanate
Ampicillin/sulbactam
Piperacillin/tazobactam
Ticarcillin/clavulanate

Antibiotics
Aminoglycoside
Amoxicillin
Amoxicillin trihydrate
Ampicillin (ampicillin
sodium)
Arsphenamine
Azlocillin
Azithromycin
Aztreonam
Bacitracin
Beta-lactam
Carbapenems
Carbenicillin
Cefaclor
Cefadroxil
cefepime
Cefixime
Cefdinir
Cefditoren
Cefotaxime
Cefovecin
Cefpodoxime
Ceftazidime
Ceftibuten
Ceftriaxone
Cefepime
Ceftaroline fosamil
Ceftiofur
Ceftobiprole
Cefprozil
Cefuroxime
Cephalexin
Cephalosporin
Chloramphenicol
Ciprofloxacin

Clarithromycin
Clindamycin
Clotrimazole
Colistin
Daptomycin
Demeclocycline
Dicloxacillin
Doripenem
Doxycycline
Enoxacin
Enrofloxacin
Ertapenem
Florfenicol
Flucloxacillin
Fosfomycin
Furazolidone
Fusidic acid
Gatifloxacin
Gentamicin
Geldanamycin
Glycopeptide
Glycylcycline
Herbimycin
Imipenem/Cilastatin
Kanamycin
Levofloxacin
Lincomycin
Lincosamide
Linezolid
Lipopeptide
Lomefloxacin
Macrolide
Mafenide
Meropenem
Methicillin
Metronidazole
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Surveillance
National program
Provincial program
Territorial program
Laboratory
Monitoring
Canada
United States
World
European countries

Use
Prescription
Human
Animal

Veterinary
Animal
Food animal
Farm
Companion animal
Pets
Wildlife
Zoonosis
Growth promotion

Antibiotic resistance – Antimicrobial resistance
Humans
Animals
Agronomy
Agriculture
Environment

Human health
Hospital case
Community case
Health care
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Animal health
Hospital case
Community case

Infection/pathogen
Campylobacter
Carbapenem-resistant enterobacteriaceae (CRE)
VIM
NDM-1
KPC
Clostridium difficile (CDAD)
Enterococci
Extended-spectrum B-lactamase (ESBL)
Methicillin-resistant Staphylococcus aureus (MRSA)
Salmonella
Streptococcus pneumoniae
Vancomycin intermediate Staphylococcus aureus (VISA)
Vancomycin-resistant enterococci (VRE)
Vancomycin resistant Staphylococcus aureus (VRSA)
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Appendix B. References Identified in the Systematic
Search Protocol
The following list contains the 129 references that met all or nearly all of the
inclusion criteria and the quality criteria as defined in the systematic search
protocol. Many, but not all, of these documents are referenced in the final report of
the project.
1.

Adam, HJ; Louie, L; Watt, C; Gravel, D; Bryce, E; Loeb, M; Matlow, A; McGeer,
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Appendix C. Survey Questionnaire
Antibiotic Use and Antimicrobial Resistance Surveillance in
Canada
This survey represents part of a National Collaborating Centre for Infectious Diseases
funded project, with the ultimate aim of developing recommendations for an optimized,
comprehensive Canadian program of antimicrobial use and resistance surveillance. Our
data collection phase involves a systematic literature review of available use and
resistance surveillance systems, and this questionnaire which we are administering to key
informants in public health, microbiology and biology, and human and veterinary health.
The goal of this questionnaire is to identify “what is missing” in the areas of
antimicrobial use and resistance surveillance. All information you provide is confidential
and will be used for the purposes of this research project only.
For more detailed information about the project or if you have any questions, please
contact Dr. Patricia Keen at plkeenpl@civil.ubc.ca.
Project Team Leaders:

Dr. Lynora Saxinger, University of Alberta
Dr. Jennifer Grant, Vancouver General Hospital
Dr. David Patrick, University of British Columbia

Project Team:

Dr. Patricia Keen, University of British Columbia
Ms. Diana Kao, University of British Columbia

Your participation in this interview implies consent to provide information for our study.
You may stop this interview and survey at any time.
Please describe your role in public health, antimicrobial use or resistance work:
1. Name:
M/ F
Profession/discipline:
Years of practice:
Specialization:
Role(s) pertaining to Antimicrobial Use and Resistance:
Province/country:
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2.

To understand your interactions with these types of data, please describe:
a. What information do you access about antibiotic use and antibiotic
resistance in your patient population? (either human or veterinary)
b. How do you access this information?
c. How do you use this information?
d. What information, that you view as valuable, about antibiotic use do you
feel is currently missing or inaccessible?
e. What information, that you view as valuable, about antibiotic resistance do
you feel is currently missing or inaccessible?
f. How would you like to access information?
g. If you are a holder of data, what barriers do you see to sharing data for the
purposes of reporting and how do you think these barriers could be
overcome?

3. Do you think that:
a. Surveillance of antimicrobial use and antimicrobial resistance in human
medicine is a reasonable priority on which we should spend resources?
Why or why not?
b. Surveillance of antimicrobial use and antimicrobial resistance in veterinary
and agri-food settings is a reasonable priority on which we should spend
resources? Why or why not?
4. What Canada wide, other country wide, or international systems are you aware
of (or do you participate in) that collect data in the area of:
a. Human antimicrobial use (Canadian or international)
b. Antimicrobial resistance in human pathogens (Canadian or international)
c. Veterinary and agri-food antimicrobial use (Canadian or international)
d. Antimicrobial resistance in veterinary pathogens (Canadian or
international)
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Of those, do you feel any should be highlighted as an exemplary data collection system?
Why?
5. What do you think are the KEY elements of a human/veterinary antimicrobial
USE monitoring system?
6. What do you think are the KEY elements of a human/veterinary antimicrobial
RESISTANCE monitoring system?
7. For questions 5 & 6 (use and resistance surveillance) please prioritize (1-4) the
following “key elements” of resistance and utilization in Canada
•

Timely (give reporting frequency and maximum delay for reports)

•

Comprehensive (putting use, resistance, human and veterinary together)

•

Coordinated (Done provincially, nationally or with identified priorities across
populations)

•

Making raw data available for assessment by interested groups

•

Issuing reports with analysis included

•

Actionable (reported to a group that has responsibility and oversight)

8. Please rate Canadian surveillance systems based on information you encounter
through your work in relevant fields. The ratings will be on a scale of 10, with
one representing “poor or nonexistent” surveillance systems and 10 representing
“excellent” surveillance. Please indicate if you do not know or prefer not to give
an opinion.
a. How would you rate Canadian human antibiotic USE surveillance? Please
comment on why you gave this rating.
b. How would you rate Canadian human antibiotic RESISTANCE
surveillance? Please comment on why you gave this rating.
c. How would you rate Canadian VETERINARY and AGRI-FOOD
antimicrobial USE surveillance? Please comment on why you gave this
rating.
d. How would you rate Canadian VETERINARY antimicrobial resistance
surveillance? Please comment on why you gave this rating.
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9. In your opinion, who should be responsible (e.g. government (which level or
ministry?), professional group etc.) for the collection and dissemination of
antimicrobial use/resistance data?
10. In your opinion, should there be restrictions on who has access to data or should
collected data be made fully public? If restricted, to whom should it be
restricted?
11. Are there priority organisms for surveillance? If yes, please specify which
organisms you think are most important.
12. Are there priority drugs for surveillance? If yes, please specify?
13. Do you think any specific human populations should be a priority for
surveillance of antimicrobial use? Of antimicrobial resistance? (e.g. specific
hospital units, specific infection risk group, specific exposures) (allow not to
answer if not familiar with human medicine).
a. If yes, what populations?
b. Why?
14. Do you think specific veterinary populations should be a priority for
surveillance of antimicrobial use? Of antimicrobial resistance? (e.g. poultry,
swine etc.)? (Allow not to answer if not familiar with veterinary medicine and/or
agri-food).
a. If yes, what populations?
b. Why?
15. Should there be reporting of antimicrobial utilization in human medicine? In
veterinary medicine?
a. If yes – should reporting be mandatory or voluntary? Why?
b. Should reporting, either mandatory or voluntary, depend on the indication
of the prescription or regardless of purpose of the prescription?
16. Do you think veterinary and human antimicrobial utilization data should be
reported together or separately? What about antimicrobial resistance data?
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17. Specifically in veterinary antimicrobial use/resistance surveillance, do you feel a
distinction should be made between antimicrobial use and resistance in the
context of growth promotion, prophylactic therapy or treatment of illness?
a. If you think there is a distinction to be made, please provide your
rationale.
18. We are asking our participants to identify two other individuals who might be
able to provide additional perspective on human and animal antimicrobial
resistance and antimicrobial utilization monitoring in Canada. Please can you
suggest two colleagues who may also be willing to answer these questions?
Thank you for your participation in this project.
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Appendix D. Survey and Results
A total of 272 experts were invited to participate in the survey interview process
between January 2 and May 10, 2013 with 147 completing the survey questionnaire
yielding a response rate of 53%. Figure 1 represents the experts from various
domains in human medicine who were contacted and who completed the survey,
and Figure 2 shows the same data for the animal health community.

Figure 1 : Number of human medical professionals who completed the survey interview relative to the total
number of individuals invited to participate in the survey.

Figure 2 : Number of veterinary medical professionals who completed the survey interview relative to the
total number of individuals invited to participate in the study.
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Figure 3: Distribution of survey participants by province

Key informants representing a broad range of sectors and disciplines with interest in the
health consequences of use of antibiotics and development of antimicrobial resistance in
pathogens in both human medicine and veterinary medicine were invited to participate in
the survey via in-person or telephone interviews. The total number of survey participants
was 146 (104 human medical professionals and 42 veterinary medical professionals) and
the overall survey response rate was 56%. Regional distribution of the survey
respondents are illustrated in Figures G.1 – G.3 with distribution by province presented in
Appendix D. Some key respondents represented North American or global organizations
with offices in the United States but their professional role required an involvement in
issues related to antibiotic use or antimicrobial resistance surveillance in Canada.
The survey instrument is reproduced in Appendix B.
Selected results of the data are summarized here, and a more comprehensive qualitative
data summary will become available in a separate report.

When asked whether antibiotic use data or AMR data should be reported together or
separately, the respondents from veterinary and agri-food sectors were more in favour of
integrated reporting.
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Data should be

Respondents-Human

Respondents –

Total Respondents

Health

Veterinary/Agri-food

25%

64%

37%

63%

19%

50%

Reported Together
Data should be
reported Separately

A majority of the respondent from both sectors were in favour of mandatory reporting
over voluntary reporting. Survey participants were asked whether reporting in human
medicine should be voluntary or mandatory:
Respondents-Human

Respondents –

Health

Veterinary/Agri-food

Total Respondents

Mandatory Reporting 64%

71%

66%

Voluntary Reporting

2%

13%

17%

The same question in veterinary reporting had a similar distribution (79% human
medicine respondents and 71% veterinary respondents) of those in favour of mandatory
reporting
Participants were asked should if reporting on antimicrobial utilization in human
medicine, either mandatory or voluntary, should depend on the indication of the
prescription or regardless of purpose of the prescription, and respondents (69% human
medicine respondents and 71% veterinary-agri-food respondents) were in favour of
reporting regardless of prescription indication. An even higher proportion were in favour
of reporting regardless of prescription indication in veterinary medicine (75% and 76&
respectively.)
When asked which institutions should be responsible for the collection and dissemination
of antimicrobial use/resistance data, respondents expressed different opinions regarding
partnerships between federal government, provincial government and professional
groups: Sixty-seven percent of human medicine respondents identified the federal
government plus or minus provincial governments and professional groups as the
responsible group, and 13% and 14% identified provincial governments and professional
groups as the sole responsible groups respectively. Ninety-one percent of veterinary and
agri-food respondents identified the federal government plus or minus provincial
governments and professional groups as the responsible group, with a larger proportion
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identified a federal-provincial and industry collaboration, and only 2% identifying the
provincial governments as responsible.
Responsibility for
AMR-AMU
surveillance

RespondentsHuman Health (%)

Respondents –
Veterinary/Agri-food
(%)

Total Respondents

Federal

35

33

34

Federal plus
Provincial

28

36

30

Federal plus
professional group

3

10

5

Federal Provincial
And Industry

1

12

4

Professional Groups 14

0

10

Provincial

2

10

10

(%)

Respondents were asked whether there should be restrictions on who has access to
surveillance data or should the collected data be made fully public, with a fairly even
proportion in each sectors in favour of fully public and partially restricted data.
Surveillance Data

Respondents-Human

Respondents –

Availability

Health

Veterinary/Agri-food

Fully Public

49%

48%

49%

Some Restrictions

51%

52%

51%
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Figure 4: Regional distribution of total survey respondents

Figure 5: Regional distribution of human medicine related respondents
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Figure 6: Regional distribution of veterinary medicine related respondents
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Appendix E. Recommendations of Previous Canadian
AMR Conferences and Proceedings
This section contains excerpts and summaries from a variety of previous reports,
conferences, and policy papers, sometimes renumbered for ease of reference.

Controlling Antimicrobial Resistance: An Integrated Action Plan
for Canadians Health Canada and Canadian Infectious Disease
Society, 1997
This report arose from a large national Consensus Conference in Montreal in 1997. The
following recommendations are provided verbatim from the original document since they
remain highly relevant to antimicrobial stewardship.
1.1. To identify structures and key human resources at the care-setting and (local)
regional levels that are/will be most responsible for coordinating the care of
clients/patients/consumers affected by antimicrobial resistant organisms.
1.2. To improve funding and access to expert resources on antibiotic use in all
Canadian health care settings. This will be accomplished by the creation of
expert panels to promote local antibiotic-use protocols and to provide case
consultations as an adjunct to existing provincial/territorial or regional public
health networks.
1.3. To establish antibiotic stewardship and antibiotic use teams in all Canadian
hospitals by:
a.

incorporating them into accreditation standards;

b.

obtaining support from the medical and administrative leadership.

1.4. To establish antimicrobial usage, monitoring, and intervention programs at the
long-term care institutional level.
1.4.1.

Short term: monitoring of antimicrobial usage

1.4.2.

Intermediate term: monitoring antimicrobial appropriateness

1.4.3.

Long term: optimizing antimicrobial use

1.5. To reduce overall antimicrobial usage (prescriptions) by 25% within 3 years by
focusing on community-acquired respiratory infection.
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2. National Action Plan to Address Antibiotic Resistance,
Canadian Committee on Antibiotic Resistance (CCAR), 2004
This report reflected on the lack of progress since the initial meetings in 1997 and
included recommendations on surveillance in the context of an AMR response, excerpted
below.
A summary of actions identified in the four key areas of surveillance, infection
prevention and control, optimal use and research have been identified… a number of
these actions include the revitalization of earlier initiatives that were overtaken by other
public health issues…During 2004, CCAR will actively solicit the endorsement of this
Action Plan by all of the key organizations that must take a leadership role as well as
those responsible for the Action Plan implementation.

Surveillance:
2.1. Current surveillance systems, including CNISP and CIPARS, will be expanded
to include a wider variety of facilities and organisms. Health Canada, the
Canadian Hospital Epidemiology Committee and CCAR will consider a pilot
project for a new real time surveillance system to monitor resistance patterns in
one key area of interest by the end of 2004.
2.2. In 2005, Health Canada, provincial Ministries of Health, the Canadian Hospital
Epidemiology Committee, CCAR and IMS Health will discuss mechanisms to
collect, analyze and compare antibiotic use data from human health care
facilities, retail pharmacies and other private and public databases that are
available.
2.3. Health Canada and key provincial Ministries of Health and Agriculture, in
conjunction with CCAR and other stakeholders, will form or revitalize Steering
Committees on Surveillance in 2004 to escalate current efforts to monitor
antibiotic use and resistance in human health and agri-food settings.
2.4. CEQA-AGAR, with support from Health Canada and provincial laboratories,
will restart their efforts by the end of 2005to ensure existing and emerging
resistance is monitored and that laboratory methodologies are standardized.
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3. Obstacles to Developing a Multinational Report Card on
Antimicrobial Resistance for Canada: An Evidence Based Review
(Stephens et al., Microbial Drug Resistance 13: 4, 251-259), 2007
This publication reviewed the possibility of comparing Canada’s AMR data to other
countries- basically, developing a “report card” to allow comparisons between countries
AMR programs. It is included, even though it was a literature search/grey literature piece,
because it extensively reviewed Canadian programs.
Commentary pertinent to Canadian AMR surveillance included:
3.1. Canadian program objectives have not been precisely articulated, and measurable
performance objectives are lacking in most AMR programs.
3.2. Information for Canadian programs was dispersed through various locations
(web sites, peer reviewed press, institutional memory). Whereas many individual
programs provided useful data on specific issues for specific times and locations,
differences in methods, funding and infrastructure created obstacles to
integrating all results into a single comprehensive national picture.
3.3. The lack of explicit thresholds or targets for success in Canadian and most
international AMR programs made it impossible to determine if a country was
more or less effective in meeting their goals when compared with Canada
3.4. Programs developed for local or provincial planning tended not to be connected
with similar programs in other Canadian jurisdictions. The lack of coordination
was a fundamental obstacle to developing a comprehensive, ongoing national
picture.
3.5. The most common method for disseminating AMR results outside a jurisdiction
was through the scientific press or at scientific meetings (with limited access to
full text reports and significant time lags).
3.6. Canada did not have a single comprehensive program for collecting and
integrating data on AMR, drug use, and infection control, resulting in a
patchwork of projects with varying methodologies (many with unexamined
potential for significant selection and sampling bias), interpretation,
sustainability, finding and objectives that are not effectively knit together.

4. Pan Canadian Stakeholder Consultations on Antimicrobial
Resistance, 2010
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Prior to the disbanding of the Canadian Committee on Antibiotic Resistance (CCAR)
group, the AMR Consultation process was held, and the findings summarized in a report
in September 2009. Noteworthy excerpts are below, including a discussion of the barriers
to implementation faced after the 2004 CCAR report, and a summary of the
recommendations.
4.1. CHALLENGES
…a number of specific challenges were faced by the CCAR as it sought to meet
its mandate:
1.1.1. There was not an adequately staffed infrastructure (i.e. secretariat) to
coordinate and/or integrate AMR activities nationally and there was a
lack of fulltime employees to assist with implementation. Historically,
when actions were identified they were implemented on a voluntary basis
by the CCAR Board and the community of practice at large;
1.1.2. There was no identified lead for AMR within the federal government.
The current link between the CCAR and the federal government was not
at an appropriate level to move policy items ahead and ensure AMR
issues were being heard by senior officials within government; and
1.1.3. The funding provided to the CCAR was not sufficient given the breadth
of responsibilities falling under its mandate. There was little additional
funding directed towards the National Action Plan, let alone new and
emerging priorities.
4.2. SURVEILLANCE: There is a need to appoint a lead to oversee AMR
surveillance activities across Canada. The lead organization should develop an
AMR Surveillance Working Group and oversee the development and
implementation of a Pan-Canadian AMR Surveillance Plan that integrates
surveillance activities across the multiple sectors (i.e. animal, human,
environmental) and is standardized, timely, easily accessible and responsive to its
multiple users (e.g. local, rural, laboratories, pharmacies, governments, etc) and
the Canadian public at large.
4.3. ANTIMICROBIAL STEWARDSHIP: It was determined that Canada needs to
establish a lead for antimicrobial stewardship who – in partnership with key
stake- holders - will oversee the development and implementation of a
comprehensive Pan-Canadian Antimicrobial Stewardship Plan. Stakeholders
require, among other things, easy access to antimicrobial usage guidelines and
surveillance data on antimicrobial utilization and antimicrobial resistant
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organisms. As well, enforcement of appropriate antimicrobial use in both the
human and animal sectors needs to be coordinated.
4.4. EDUCATION and TRAINING: Canada must build on existing AMR
education/training campaigns, combine education/training with other strategies
such as regulation, and support increased collaboration between schools and
institutions. There was strong support for a rollout of the Do Bugs Need Drugs?
(DBND) campaign and the Bugs & Drugs antimicrobial reference guide on a
national scale.
4.5. GOVERNANCE: The participants encouraged the Public Health Agency of
Canada to take the lead in moving AMR forward within the federal government
of Canada. Several common themes were identified that should be incorporated
into the new governance model for AMR. The themes include:
4.5.1. Secure funding from multiple agencies/government departments;
4.5.2. Develop a secretariat/coordinating body responsible for overall
coordination & integration;
4.5.3. Link to a high level governmental decision making body; and
4.5.4. Build the governance model around existing successful AMR activities
and existing action plans.

2. British Columbia Public Health Office (British Columbia PHO, 2000).
In 2000, the B.C. PHO issued a statement summarizing a series of actions specific to
surveillance efforts to manage human health risks associated with antimicrobial
resistance. This was the only specific province statement that was found dealing with
AMR. The planned actions included:
1.1. Developing a coordinated provincial plan for surveillance of antibiotic use and
antimicrobial resistance in human and non-human settings.
1.2. Identifying and coordinating source data related to antimicrobial resistance and
associated impacts on morbidity and mortality.
1.3. Defining and standardizing definitions and methods for surveillance data.
1.4. Developing integrated computer systems and database networks.
1.5. Developing platforms for the dissemination of information and the publication of
regular reports.
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2. Canadian Medical Association Annual Meeting Resolutions (2010)
Since 2010, the resolutions approved at the annual meeting of the CMA include specific
recommendations related to addressing the issue of antimicrobial resistance in agriculture
and veterinary medicine in Canada.
The approved CMA resolutions that pertain to antibiotics in animals are:
2.1. The Canadian Medical Association recommends that the Food and Drugs Act
and its regulations be amended to close the "own use" provision for the
unmanaged importation of antibiotics for agricultural use.
2.2. The Canadian Medical Association supports the development of a national
system to identify and report the identities and quantities of antibiotics acquired
domestically or imported for use in food animals.
2.3. The Canadian Medical Association supports regulations to severely limit the use
of medically important antibiotics on animals being raised for human
consumption.
2.4. The Canadian Medical Association recommends that a prescription from a
veterinarian be required for all antibiotics used in the raising of farm animals or
for any other agricultural purpose.
2.5. The Canadian Medical Association calls on the federal government to investigate
animal husbandry techniques that decrease the need for antibiotics in animals and
to support techniques proven to be effective.
2.6. The Canadian Medical Association, in collaboration with provincial/territorial
medical associations, will work with Health Canada and the Public Health
Agency of Canada to investigate the agriculture-related release of antibiotic
resistant organisms and residual antibiotics into earth and water ecosystems, as
well as the role they play in the emergence of antibiotic resistant organisms in
humans.
2.7. The Canadian Medical Association will encourage Health Canada and
Agriculture and Agri-Food Canada to work with other relevant government or
non-government agencies to develop a comprehensive national strategy to
combat antimicrobial resistance.

7. Policy Paper: When Antibiotics Stop Working, Ontario Medical
Association, 2013
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Recommendations in the report included: encouraging the federal government to provide
funding for research, strengthened surveillance, and educational campaigns focused on
antibiotic resistance, to promote the use of electronic records to allow physicians to
compare patients’ past prescriptions and diagnoses, to close the ‘own-use loophole’ of
antibiotic use in agriculture, and to establish surveillance in areas where it does not exist
(agriculture) and strengthened in areas where it does exist (medicine) in order to collect
data and gain a firmer understanding about antibiotic resistance in both humans and
animals.
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Appendix F. Categorization of antimicrobial drugs
based on importance in human medicine (CIPARS,
2008)
Category of importance in human
medicine

I

Very High Importance

II

High Importance

III

Medium Importance

Appendices

Antimicrobial class
Carbapenems
Cephalosporins - the 3rd and 4th generations
Fluoroquinolones
Glycopeptides
Glycylcyclines
Ketolides
Lipopeptides
Monobactams
Nitroimidazoles (metronidazole)
Oxazolidinones
Penicillin-β-lactamase inhibitor combinations
Polymyxins (colistin)
Therapeutic agents for tuberculosis (e.g. ethambutol,
isoniazid, pyrazinamide, and rifampin)
Aminoglycosides (except topical agents)
Cephalosporins - the first and second generations
(including cephamycins)
Fusidic acid
Lincosamides
Macrolides
Penicillins
Quinolones (except fluoroquinolones)
Streptogramins
Trimethoprim-sulfamethoxazole
Aminocyclitols
Aminoglycosides (topical agents)
Bacitracins
Fosfomycin
Nitrofurans
Phenicols
Sulfonamides
Tetracyclines
Trimethoprim
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Category of importance in human
medicine
IV
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Low Importance

Antimicrobial class
Flavophospholipols
Ionophores
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