National surveillance
and reporting of

antimicrobial resistance
and antibiotic usage
for human hee
in Australia

June 2013 ;

Antimicrobial Resistance
Standing Committee



© Commonwealth of Australia 2013
ISBN 987-1-921983-47-4
June 2013

Ownership of intellectual property rights in this publication
Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication
is owned by the Commonwealth of Australia (referred to below as the Commonwealth).

Creative Commons Licence
This publication is licensed under a Creative Commons Attribution 3.0 Australia Licence.

(©MOoM

Creative Commons Attribution 3.0 Australia Licence is a standard form license agreement that allows you
to copy, distribute, transmit and adapt this publication provided that you attribute the work. A summary
of the licence terms is available from http://creativecommons.org/licenses/by/3.0/au/deed.en.

The full licence terms are available from http://creativecommons.org/licenses/by/3.0/au/legalcode.

The Commonwealth’s preference is that you attribute this publication (and any material sourced from it)
using the following wording:

e Source: licensed from the Commonwealth of Australia under a Creative Commons Attribution 3.0
Australia Licence.

e The Commonwealth of Australia does not necessarily endorse the content of this publication.

Citation

Shaban RZ, Cruickshank M, Christiansen K & the Antimicrobial Resistance Standing Committee (2013). National
Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia.
Antimicrobial Resistance Standing Committee, Australian Heath Protection Principal Committee: Canberra.

Inquiries regarding this publication should be directed to:

Chair, Antimicrobial Resistance Standing Committee
Australian Heath Protection Principal Committee

c/Australian Commission on Safety and Quality in Health Care
GPO Box 5480 Sydney NSW 2001

Email: mail@safetyandquality.gov.au

Acknowledgements

Professor Ramon Z. Shaban (Centre for Health Practice Innovation, Griffith Health Institute, Griffith University),
Dr Marilyn Cruickshank and Dr Keryn Christiansen (Emeritus Consultant, Royal Perth Hospital) convey their
sincerest thanks to:

e Dr Marilyn Cruickshank, Chair of the Antimicrobial Resistance Standing Committee, for her oversight
of this publication.

* Members of the Antimicrobial Resistance Standing Committee for their contribution to developing
this publication.

e Mr Geoff Simon, Mr Peter D. Coxeter and Ms Kerri Gillespie for their preparatory assistance.

Disclaimer

This document is a review of the available evidence with respect to the science and systems for the surveillance
and reporting of antimicrobial resistance and antibiotic usage. It is designed to provide information based on
the best evidence available at the time of publication to assist in decision making. The science of antimicrobial
resistance and antibiotic usage and the practices of surveillance and reporting are rapidly evolving. The authors,
members of the Antimicrobial Resistance Standing Committee and the Australian Commission on Safety and
Quality in Health Care give no warranty that the information contained in this document and any online updates
available on the Commission’s website or elsewhere is correct or complete, and shall not be liable for any loss
whatsoever whether due to negligence or otherwise arising from the use of or reliance on this document.



Table of contents

Figures and tables iii

Acronyms and abbreviations %
Preface Vi
Recommendations vii

1 Surveillance and reporting of
antimicrobial resistance and
antibiotic usage in Australia 1

1.1 Antimicrobial resistance and antibiotic
usage — a global threat to human health

1.2 Microbes, antimicrobials and antibiotics
1.3 The problem of antimicrobial resistance
1.3
1.3.2
1.3.3

Emergence of antibiotic resistance

a »~ A WO DN

Spread of antibiotic resistance

Factors contributing to antimicrobial
resistance

1.3.4
1.4 Reversing trends in antimicrobial resistance
1.4.1

1.4.2 Comprehensive and coordinated
surveillance

Cross-resistance and co-selection

N NN o

Lowering levels of antibiotic use

1.5 Antimicrobial resistance and Australia 10

1.6 Antimicrobial Resistance
Standing Committee 11

1.7 National Surveillance and Reporting of
Antimicrobial Resistance and Antibiotic
Usage for Human Health in Australia —
scope and specific questions 11

2 The global context: existing
programs and activities 13

2.1 An overview of global surveillance
and reporting systems 14

211 Supranational surveillance systems 14

2.1.2 WHO Surveillance Software —
WHONET 16

Other supranational surveillance
programs 17

21.3

214
21.5

National surveillance systems 17

Antimicrobial resistance surveillance
in the US 18

Antimicrobial resistance and antibiotic
usage surveillance in Australia 20

21.6

2.2 Key characteristics of existing systems 23
2.21 Program type 23
2.2.2 Program scope 23
2.2.3 Program status 23
2.2.4 Program focus 24
2.2.5 Geographic range of surveillance 24
2.2.6 Types of bacteria 24
2.2.7 Bacterial characteristics 28
2.2.8 Specimen types 28
2.2.9 Laboratory participants 28
2.2.10 Standardised laboratory practice 28
2.2.11 Basis of participation 29
2.2.12 Frequency of data gathering 29
2.2.13 Frequency and methods of reporting 29
2.2.14 Mandatory reporting 30
2.2.15 Population monitored 30
2.2.16 Funding source and governance 31

3 Options and models for the
Australian context 35

3.1 Objectives of international antimicrobial

resistance surveillance systems 36
3.2 Case studies — existing programs of most

relevance to the Australian context 37
3.2.1 European Centre for Disease

Prevention and Control 37
3.2.2 Asian Network for Surveillance

of Resistant Pathogens 44
3.2.3 The Surveillance Network 47
3.2.4 Danish Integrated Antimicrobial

Resistance Monitoring and

Research Programme 52
3.2.5 Swedish Strategic Program

against Antibiotic Resistance 56
3.2.6 Australian Group on Antimicrobial

Resistance 63
3.2.7 Centre for Healthcare Related Infection

Surveillance and Prevention 70
3.2.8 National Antimicrobial Utilisation

Surveillance Program 71

3.3 Critical elements contributing to
the success of existing systems 74

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Table of contents (continued)

4 National coordination in Australia:
systems, enablers and barriers 75

41 Setting the scene — a recent history 76

411 Report of the Joint Expert Technical
Advisory Committee on Antibiotic
Resistance, October 1999 76

41.2 Australian Government response to
the report of the Joint Expert Technical
Advisory Committee on Antibiotic
Resistance, 2000 76

41.3 Antimicrobial Resistance Summit 2011:
a call to urgent action to address the
growing crisis of antibiotic resistance,
Sydney, February 2011 77

41.4 National Health Reform Agreement 78

41.5 Australian Commission on Quality and
Safety in Health Care, 2011—-present 78

41.6 Antimicrobial Resistance Standing
Committee, 2012—present 79

41.7 Senate inquiry into the progress
towards the implementation of the
recommendations of the 1999 Joint
Expert Technical Advisory Committee

on Antibiotic Resistance, 2013 79
4.2 Australia’s recent history 80
4.3 Fundamentals to national coordination 80
4.31 A generic model for antimicrobial
surveillance 80
4.3.2 Extensions to the generic model 82
4.4 Strategic options and assumptions
for national coordination 84
4.5 Enabler and barrier analysis 85

i | Antimicrobial Resistance Standing Committee

5 Australia’s response - a national

coordinating centre 89
51 The proposal 90
5.2 QOverview of the status of

program components 94
6 Appendices 95
|
Appendix 1: Study design and methods 96

Appendix 2: Global program and activity analysis 98

7 References 123
=]



Figures and tables

Figures
Figure 1

Figure 2
Figure 3

Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10

Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17

Figure 18
Figure 19
Figure 20

Figure 21
Figure 22
Figure 23

Figure 24

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

Time lag between an antibiotic being introduced to clinical use and the first appearance
of resistance

Relationship between total antibiotic consumption and Streptococcus pneumoniae
resistance to penicillin in 20 industrialised countries

Seasonal patterns of high-use antibiotic prescriptions and Escherichia coli resistance
in the United States

A poster developed to raise awareness of antimicrobial resistance

World Health Organization geographical regions

Data flow chart from the European Antimicrobial Resistance Surveillance Network (EARS-Net)
Available types of European Centre for Disease Prevention and Control (ECDC) reporting data
Total outpatient antibiotic use in 33 European countries in 2009 in defined daily doses (DDDs)
The Asian Network for Surveillance of Resistant Pathogens (ANSORP), 1996-2012

Asian Network for Surveillance of Resistant Pathogens (ANSORP) themes
and numbers of papers

Cumulative annual change in Escherichia coli antimicrobial resistance in US outpatient urinary
isolates from 2001 to 2010

Relative frequency of bacterial species or groups encountered in clinical specimens
from inpatients

Relative frequency of bacterial species/groups encountered in clinical specimens
from outpatients

Methicillin-resistant Staphylococcus aureus (MRSA) trends according to patient location,
1998-2005

Inpatient (IP) and outpatient (OP) methicillin-resistant Staphylococcus aureus
prevalence, grouped by US Census Bureau Regions

Danish Integrated Antimicrobial Resistance Monitoring and Research Programme (DANMARP)
organisational structure

The relationship between the use of avoparcin and the proportion of resistant isolates
of Enterococcus faecium and Enterococcus faecalis in broiler chickens, 1994-2010

Increasing resistance of Escherichia coli to fluroquinolones in primary care, 2001-10
Fluoroquinolone use versus quinolone resistance in Escherichia coli, 2001-07

Proportion of Clostridium difficile isolates with resistance to moxifloxacin per county (2009-11)
and sales of moxifloxacin in defined daily doses/1000 inhabitants

The incidence of extended-spectrum beta-lactamase (ESBL) in Swedish counties, 2008-11
Resistance rates for urinary tract infection antibiotics in Escherichia coli, 2002—11'¢7

Examples of tables showing data for Klebsiella pneumoniae and Pseudomonas
aeruginosa isolates

Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections,
by county, age and sex

15
39
4
43
45

47

48

48

49

49

50

52

54
55
55

57
58
58

959

60



Figures and tables (continued)

Figure 25
Figure 26

Figure 27
Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33

Figure 34
Figure 35

Tables

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8

Table 9

Table 10
Table 11

Table 12
Table 13
Table 14
Table 15
Table 16
Table 17

Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections — trends over time
and summary data for 2012

Antibiotic use in number of prescriptions per 1000 inhabitants (inh) per year in Sweden,
by age group, 1987-2004

Data from the Staphylococcus aureus 2017 Antimicrobial Susceptibility Report

Data from the 2011 MRSA Typing and Epidemiology Report

Data from the Gram-negative Bacteria 2011 Hospital-onset Susceptibility Report

Data from the Gram-negative Bacteria 2011 Hospital-onset Susceptibility Report

Total hospital antimicrobial use by all contributors (all classes)

Total hospital usage of 3rd/4th generation cephalosporins, glycopeptides and carbapenems

Overview of elements of the action plan proposed from the Antimicrobial Resistance
Summit 2011, and interaction with a central management body

Generic schematic of an antimicrobial resistance surveillance system

Broader surveillance systems considerations

Mechanism of action of different groups of antibiotics

Areas of focus of a range of select programs

Organisms and organism groups monitored by existing AMR surveillance systems
Characteristics of antimicrobial resistance surveillance systems

Case studies examined in this report

Denominator data for EARS-Net

Asian Network for Surveillance of Resistant Pathogens (ANSORP) research projects

Distribution of resistance phenotypes among US inpatient and outpatient methicillin-resistant
Staphylococcus aureus, from 2002 to March 2005

Numbers and types of publications arising from Australian Group on
Antimicrobial Resistance studies

Formative enablers and barriers relevant to ‘enhance’ and ‘construct’ options

A high-level overview of the proposed program, comprising five elements developed
over three stages

Element 1 — Surveillance of antimicrobial resistance
Element 2 — Surveillance of antibiotic usage
Element 3 — Disease burden and outcomes
Element 4 — Analysis and action

Element 5 — Planning

Overview of the current status of key elements of the proposed program

iv. | Antimicrobial Resistance Standing Committee

61

62
65
66
67
68
72
73

77
81
83

25
26
32
37
39
46

51

69
86

90
91
91
92
92
93
94



Acronyms and abbreviations

ACSQHC
AGAR
AHPPC
AMR
AMRSC
ANSORP
ATC
CDC
CHRISP
DANMAP
DoD
EAGAR
EARS-Net
ECDC
ESAC-Net
ESBL
HA

ICU
JETACAR
LIS
MRSA
NARMS
NAUSP
ReLAVRA

STRAMA

TESSy
UK
us
VRE
WHO

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

Australian Commission on Safety and Quality in Health Care
Australian Group on Antimicrobial Resistance

Australian Health Protection Principal Committee

antimicrobial resistance

Antimicrobial Resistance Standing Committee

Asian Network for Surveillance of Resistant Pathogens

Anatomical Therapeutic Chemical

Centers for Disease Control and Prevention

Centre for Healthcare Related Infection Surveillance and Prevention
Danish Integrated Antimicrobial Resistance Monitoring and Research Programme
US Department of Defense

Expert Advisory Group on Antimicrobial Resistance

European Antimicrobial Resistance Surveillance Network

European Centre for Disease Prevention and Control

European Surveillance of Antimicrobial Consumption Network
extended-spectrum beta-lactamase

healthcare-associated infection

intensive care unit

Joint Expert Technical Advisory Committee on Antibiotic Resistance
laboratory information system

methicillin-resistant Staphylococcus aureus

National Antimicrobial Resistance Monitoring System

National Antimicrobial Utilisation Surveillance Program

Red Latinoamericana de Vigilancia de la Resistencia a los Antimicrobianos
(Latin American Network for Antimicrobial Resistance Surveillance)

Swedish Strategic Programme for the Rational Use of Antibiotic Agents and Surveillance
of Resistance

The European Surveillance System
United Kingdom

United States
vancomycin-resistant enterococci

World Health Organization

\



Preface

Antimicrobial resistance has been recognised

as a global health priority by the World Health
Organization. Australian governments have

also taken significant action in establishing two
committees to oversee national initiatives to prevent
and contain antimicrobial resistance in Australia.

In February 2013 the Department of Health and
Ageing and the Department of Agriculture, Fisheries
and Forestry formed the Australian Antimicrobial
Resistance Prevention and Containment Steering
Group bringing together the secretaries of

each Department, the Commonwealth Chief
Veterinary Officer and the Chief Medical Officer.
The Steering Group will provide governance and
leadership on antibiotic resistance and oversee the
development and implementation of a coherent
framework for current and future work related

to antimicrobial resistance.

In April 2012, the Australian Health Protection Principal
Committee, and subsequently Australian Health
Ministers Advisory Council endorsed the formation

of the Antimicrobial Resistance Standing Committee
(AMRSC). The standing committee was formed to
oversee antimicrobial resistance in Australia, provide
expert advice and recommend national priorities

on issues relating to antimicrobial resistance.

Membership of AMRSC brings together
representatives from the Commonwealth government
and its agencies in human, animal and agricultural
contexts, clinical experts and professional colleges.

The report — National Surveillance and Reporting

of Antimicrobial Resistance and Antibiotic Usage

for Human Health in Australia — was commissioned

in response to a gap analysis undertaken by a
multidisciplinary taskforce convened by the Australian
Commission on Safety and Quality in Health Care

in 2011. The gap analysis clearly demonstrated that
there are a number of activities developed by the
state and territory jurisdictions as part of their primary
responsibility for managing infection control and
some nationally coordinated surveillance activities
funded by the Commonwealth. The Australian
Commission on Safety and Quality in Health Care,

in collaboration with Commonwealth agencies and
professional organisations, is coordinating a national
healthcare associated infection prevention program
creating a mandatory national accreditation scheme
which means over 1500 hospitals and health services
will be taking active steps to address antibiotic
resistance, standardising surveillance definitions,
establishing a national hand hygiene initiative and
antimicrobial stewardship programs, and providing
education for clinicians.

vi | Antimicrobial Resistance Standing Committee

However, the gap analysis also demonstrated a
national surveillance system to determine how many
patients were infected with resistant bacteria, how
many died or had complications as a result of their
infection, or an alert system to notify clinicians and
policy makers of emerging and re-emerging highly
resistant bacteria was now required as a matter

of national importance.

Effective surveillance is the cornerstone of efforts

to control antimicrobial resistance. At the local level,
the data are used to formulate recommendations

for rational antibiotic use, to develop standard
treatment guidelines, and for ensuring that
healthcare providers comply with recommendations.
At a national level, data on resistance and use can
inform policy decisions such as development or
revision of essential medicines lists, and identification
of priorities for public health action to reduce the
impact of antimicrobial resistance, such as education
campaigns or regulatory measures. Conversely, lack
of surveillance can lead to misdirected and inefficient
policies, wasting of limited resources, inappropriate
therapy and ultimately human suffering and death
through the inability to provide an effective drug to
patients in need.

The report examines international antimicrobial
resistance surveillance models, current activities
undertaken by Australian surveillance units; activities
undertaken by the Australian Group on Antimicrobial
Resistance, and the National Antimicrobial Utilisation
Program, and examines how reports from routine
diagnostic laboratories might provide a source of
data to contain antimicrobial resistance.

While acknowledging the importance of
antimicrobial resistance and antibiotic use
in veterinary and agricultural practice, the
scope of this report is limited to bacteria in
the context of human health.

The report is consistent with Australia’s
Communicable Disease Control Framework, and
proposes options applicable to the Australian
context for short, medium and longer terms

actions. The recommendations centre on national
coordination using a ‘One Health’ framework linking
together data on resistance and antibiotic use from
humans, animals and agriculture to provide a national
picture of AMR to guide action on preserving the
effectiveness of antimicrobial agents.

Marilyn Cruickshank RN, PhD, FACN
Chair
Antimicrobial Resistance Standing Committee



Recommendations

AMRSC recommends the enhancement of existing Australian
systems of data gathering and reporting on patterns of AMR
and antibiotic use, and establishing national coordination
through a single national coordinating centre to oversee the
following activities:

1. Reporting on the number and outcomes of patients
infected with resistant bacteria, and establishing an alert
system to notify clinicians and policy makers of emerging
and re-emerging highly resistant bacteria.

2. Collecting and collating national data on AMR and
antimicrobial use in humans from healthcare facilities
and the community to provide information on resistant
organisms and illness due to these organisms, and the
impact of usage patterns on the development of bacterial
resistance that would inform national action.

3. Linking together resistance data from humans, animals
and agriculture to provide a national picture of AMR
to guide action on preserving the effectiveness of
antimicrobial agents.

4. Fostering and complementing scientific research in
Australia in the AMR field.

5. Providing advice to regulatory authorities (e.g. the
Therapeutic Goods Administration, Pharmaceutical
Benefits Committee, Australian Pesticides and Veterinary
Medicines Authority) when required to facilitate
optimum antibiotic availability and accessibility.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU) | vii



Executive summary

Antimicrobial resistance (AMR) is

a leading worldwide threat to the
wellbeing of patients, and the safety
and quality of health care.

Although they have been available only for the past
80 years, antibiotics are accepted as an essential
part of everyday health care, both in hospitals and

in the community. Indeed, many current medical
practices, such as major abdominal surgery,

cancer chemotherapy, organ transplantation, joint
replacement and neonatal care, are not possible
without their use — without antimicrobials, mortality
and morbidity during these procedures would be
too great. AMR is developing at an alarming pace.
Resistance often occurs within months of the release
of new antimicrobials, and the resistance incidence
rates outstrip drug discovery and the development
of new antibiotics. The world is now facing the very
real possibility of a return to non-treatable infections,
severe limitations on medical procedures and
escalating healthcare costs.

Surveillance and reporting of AMR and antibiotic
usage is central to their prevention and containment.
Data generated through surveillance of AMR and
antibiotic usage are complementary and fundamental
to everyday practices. At the local level, the data

are used to formulate recommendations for rational
antibiotic use and standard treatment guidelines. At a
national level, data on resistance and antibiotic use
inform policy decisions, such as antibiotic guideline
development or revision, and identify priorities for
public health action, such as education campaigns
or regulatory measures. Without comprehensive and
coordinated surveillance systems, efforts to prevent
and contain AMR may be misdirected and inefficient,
whereby poor practices such as inappropriate
therapy result in wasted limited resources, and harm
and human suffering through the inability to provide
an effective drug to patients in need.

| Antimicrobial Resistance Standing Committee

Globally, there are a number of different programs
for the surveillance of both AMR and antibiotic usage.
The most comprehensive and effective programs
identified are those run by the European Centre

for Disease Prevention and Control (combining the
European Antimicrobial Resistance Surveillance
Network [EARS-Net] and the European Surveillance
of Antimicrobial Consumption Network [ESAC-Net]),
the Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme, and the
Swedish Strategic Programme for the Rational Use
of Antibiotic Agents and Surveillance of Resistance.
Currently, Australia does not have a comparable
program. In Australia, states and territories

have primary responsibility for the surveillance

and management of infections in hospitals and
public health infection control, including ensuring
appropriate clinical treatment and managing the risks
of healthcare-associated infections. The Australian
Government has a similar responsibility in the areas
of aged care and general practice. A number of
AMR surveillance activities have been developed

by state and territory jurisdictions as part of their
primary responsibility for managing infection control,
and several nationally coordinated AMR surveillance
initiatives are funded by the government.



These include:

e state and territory government programs for
monitoring AMR, such as Healthcare Infection
Surveillance Western Australia, the Centre
for Healthcare Related Infection Surveillance
and Prevention (Queensland), the Victorian
Nosocomial Infection Surveillance System and the
Tasmanian Infection Prevention and Control Unit

e the Australian Group on Antimicrobial Resistance
(AGAR), which provides prevalence data on
important AMR pathogens in Australian hospitals
and the community

e the National Antimicrobial Utilisation Surveillance
Program (NAUSP), which collects data on
antibiotic consumption from hospitals in all
Australian states and territories

e Australia’s high-quality, accredited pathology
services, which contain key information on
bacteria and their resistance patterns. Some
of these laboratories contribute to regional
surveillance networks for monitoring AMR in the
Asia—Pacific region and South Africa through the
SENTRY antimicrobial surveillance program.

Although each of these programs contributes to
knowledge of resistance trends in Australia, there
is no overall national mechanism for correlating the
existing data to coordinate remedial interventions.
Examining the experience of overseas programs
would provide Australia with useful information

in establishing a comprehensive and nationally
coordinated system.

There have been previous attempts to establish a
nationally coordinated AMR management program
in Australia. The recommendations of the Joint
Expert Technical Advisory Committee on Antibiotic
Resistance and the Expert Advisory Group on
Antimicrobial Resistance were a blueprint for such
action; however, at the time, structures were not in
place to facilitate the complete adoption of those
recommendations. There have since been significant
scientific, technological and policy changes in
Australia, which have yielded a variety of enablers
for change and success. These include:

e an agreement between the Australian
Government and the state and territory
governments to pursue health reform, and
improve quality and safety using structured
processes and programs

e the establishment of the Australian Commission
on Safety and Quality in Health Care, which is
responsible for developing and implementing
initiatives related to quality and safety matters
in health care with high-level governmental and
industry support

e a multijurisdictional, interdepartmental
Antimicrobial Resistance Standing Committee
(AMRSC) from within the Australian Health
Protection Principal Committee under the Council
of Australian Governments’ Standing Council on
Health structure that is charged with developing
strategies to address AMR.

AMRSC prepared this report — National Surveillance
and Reporting of Antimicrobial Resistance and
Antibiotic Usage for Human Health in Australia — to
help Australia achieve comprehensive surveillance
of both AMR and antibiotic usage. It presents a
review and analysis of national and international
systems for the surveillance and reporting of AMR
and antibiotic usage relative to the needs and
characteristics of the Australian context. AMRSC
has determined that there are two broad options for
the future. The first is to enhance existing systems
and processes as the basis for a national platform,
and develop these systems to achieve national
objectives; and the second is to construct a new
national system ‘from the ground up’, with design
taking into consideration the desirable attributes of
Australian and existing international systems that
were identified in the literature review.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU) | ix



Executive summary

AMRSC recommends the enhancement of
existing Australian systems of data gathering and
reporting on patterns of AMR and antibiotic use,
and establishing national coordination through
a single national coordinating centre to oversee
the following activities:

1.

Reporting on the number and outcomes of
patients infected with resistant bacteria, and
establishing an alert system to notify clinicians
and policy makers of emerging and re-emerging
highly resistant bacteria.

. Collecting and collating national data on

AMR and antimicrobial use in humans from
healthcare facilities and the community to provide
information on resistant organisms and illness
due to these organisms, and the impact of

usage patterns on the development of bacterial
resistance that would inform national action.

Linking together resistance data from humans,
animals and agriculture to provide a national
picture of AMR to guide action on preserving
the effectiveness of antimicrobial agents.

Fostering and complementing scientific research
in Australia in the AMR field.

Providing advice to regulatory authorities

(e.g. the Therapeutic Goods Administration,
Pharmaceutical Benefits Committee, Australian
Pesticides and Veterinary Medicines Authority)
when required to facilitate optimum antibiotic
availability and accessibility.

x | Antimicrobial Resistance Standing Committee

For Australia, improving national AMR and
antimicrobial use surveillance is a critical next step
in an expanded strategy for the prevention and
containment of AMR. The surveillance will provide
ongoing data to give an accurate picture of what
is happening across the country, and provide
trends about changing patterns of resistance and
the impact on patients. National coordination in
the context of human health is central to AMR
management and, in time, should extend to

other organisms and contexts such as veterinary
usage and surveillance of bacterial resistance in
animals, agriculture and food. Linking data from
animals, agriculture and food with that of humans
is fundamental to the comprehensive prevention
and containment of AMR.

For Australia, improving national AMR
and antimicrobial use surveillance is

a critical first step in an expanded
strategy for the prevention and
containment of AMR.




Surveillance and
reporting of antimicrobial
resistance and antibiotic
usage in Australia




Surveillance and reporting of antimicrobial
resistance and antibiotic usage in Australia

1.1 Antimicrobial resistance and antibiotic usage -
a global threat to human health

Antimicrobial resistance (AMR) is not a recent phenomenon, but it is a critical health
issue today. Over several decades, to varying degrees, bacteria causing common
infections have developed resistance to each new antibiotic, and AMR has evolved
to become a worldwide health threat. With a dearth of new antibiotics coming

to market, the need for action to avert a developing global crisis in health care is
increasingly urgent ... The World Health Organization (WHQO) has long recognized
AMR as a growing global health threat, and the World Health Assembly, through
several resolutions over two decades, has called upon Member States and the
international community to take measures to curtail the emergence and spread of
AMR ... On World Heath Day 20711, WHO again highlighted AMR and urged countries
to commit to a comprehensive financed national plan to combat AMR, engaging

all principal stakeholders including civil society.

Antimicrobial resistance (AMR) is an important
global public health priority, with the World Health
Organization calling for urgent action." 2 Globally,

the threat of AMR features more and more in the
new and popular press. For example, in the United
States (US), a ‘Dead Brooklyn boy had drug-resistant
infection” (26 October 2007, New York Times?®). In
the United Kingdom (UK), there are warnings that
‘Antibiotic-resistant diseases pose “apocalyptic”
threat’ (23 January 2013, The Guardian®). In
Australia, AMR is reported to be the ‘Greatest threat
to human health’ (16 February 2011, Sydney Morning
Herald®) because of the ‘Rise of the superbugs’

(29 October 2012, Four Corners, ABC television®).
Some resistant bacterial pathogens that were once
primarily the concern of hospitals are now seen more
often in the community, and patients are arriving

in hospitals carrying resistant bacteria acquired

in the community setting. These bacteria cause
opportunistic infections that are difficult to treat, and
impact clinical care. AMR contributes to increased
patient morbidity and mortality, complexity and

2 | Antimicrobial Resistance Standing Committee

Dr Marie-Paule Kieny'

Assistant Director General, Innovation,
Information, Evidence and Research
World Health Organization

duration of treatments, and hospital stay, resulting in
substantial increases to healthcare system costs and
financial burden to the community.” 8

The evolving threat that AMR presents to human
health is demonstrated by international evidence
and data, which are validating an increase in AMR
pathogens responsible for infections in healthcare
facilities and in the community.® The number of
antimicrobial-resistant pathogens is increasing

at an alarming rate. Moreover, the prevalence of
resistance of human pathogens to all clinically
important antibiotics is rising at varying levels in
different parts of the world; the highest levels outside
of Europe are observed in Asia, Africa and South
America.” The situation is exacerbated by the ability
of many bacteria to share genetic material and pass
on resistance genes, as well as by international
travel and medical tourism. To understand the
challenges AMR presents to human health and
society more broadly, it is useful to explore its
scientific foundations.



?‘4‘:@

1.2 Microbes, antimicrobials and antibiotics

Microbe is a term used to describe organisms
that are too small to be seen with the naked eye.
The term can be used to encompass bacteria,
fungi, parasites and viruses. Although many
microorganisms exist in a symbiotic, commensal
or innocuous relationship with humans — some
are essential to life — others cause significant
morbidity and mortality. Some exist as part of the
‘normal flora’ of the human body under normal
circumstances, but can create opportunistic
infections in altered surroundings, such as after a
dental extraction or penetrating injury, or when a
person is immunocompromised due to illness or
chemotherapy. Under these circumstances, it is
desirable to either stop the replication or impede
the growth of the microorganism that is contributing
to a diseased state.

Some of the earliest antimicrobials were compounds
derived from a species of fungus, Penicillium
rubens.!° The discovery that, if grown on an
appropriate substrate, this species would inhibit the
growth of bacteria is credited to Scottish scientist
and Nobel Laureate Alexander Fleming in 1928.

An Australian Nobel Laureate, Howard Florey,

later worked with colleagues to transform this
discovery into a medicine, penicillin. Introduction

of sulfonamides or ‘sulfa drugs’ in the early 1930s
heralded the beginning of the modern era of
antibiotic discovery and use, which are fundamental
to contemporary health and medical practice today.

Antibiotics used against bacteria are the most
commonly recognised form of antimicrobials.
Other types of antimicrobials are used against

viruses (e.g. human immunodeficiency virus

[HIV] or influenza virus) or against parasites

(e.g. Plasmodium spp. that cause malaria), and

as disinfectants. For the purposes of AMR in this
document, the focus is on the antibiotics that are
used to treat bacterial infections. The importance
and role of antibiotics in medicine for the treatment
and control of infectious diseases in humans and
domestic animals are irrefutable. Antibiotics used
for treatment and prophylaxis are also critical to the
success of complex surgery, intensive care, organ
transplants, and survival of immunosuppressed
and older people.?

Antibiotics suppress the growth of bacteria and
the infections they cause by stopping bacterial cell
division (bacteriostatic), thus preventing bacterial
growth, or by killing the bacteria themselves
(bactericidal).There are a large number of antibiotics
available for the treatment of bacteria that cause
infections or infectious diseases (within differing
classes of structurally related agents and/or with
similar mechanisms of action — refer to Table 1).
The largest group are beta-lactam antibiotics, and
include penicillins, cephalosporins, carbapenems
and monobactams. Other antibiotic groups include
aminoglycosides, tetracyclines, macrolides,
fluoroquinolones and glycopeptides. Some
antibiotics are effective against a limited range

of infectious agents (narrow spectrum); others

are effective against many different pathogens
(broad spectrum). Antibiotics in the same families
are generally used in both human medicine and
animal husbandry.

Table 1: Mechanism of action of different groups of antibiotics

Mechanism of action

Inhibits cell wall synthesis

Antibiotic group

Beta-lactams (penicillins, cephalosporins, carbapenems,
monobactams), bacitracin, glycopeptides

Inhibits protein synthesis

Aminoglycosides, aminocycitols, amphenicols, macrolides,
lincosamides, streptogramins, tetracyclines

Interferes with cell membrane function

Polypeptides

Interferes with DNA or RNA synthesis

Quinolones, rifamcyins

Inhibits metabolism

Sulfonamides, sulfones, trimethoprim, nitrofurans, nitroimidazoles

Unknown

Polyethers

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

3



Surveillance and reporting of antimicrobial
resistance and antibiotic usage in Australia

It has long been assumed that the challenges of AMR
would be overcome by the ongoing development of
new compounds. Since the innovation of antibiotics,
new classes of antibiotics have been discovered,
existing antibiotics and synthetic components to
combat emerging resistant bacteria have been
modified and adjusted, and the clinical qualities of
existing antibiotics have been improved.? However,
for many bacterial pathogens, resistance to last-line
antibiotics, such as carbapenems, fluoroquinolones,
glycopeptides and third-generation cephalosporins,
is now commonly found in Australian hospitals and,
to an increasing extent, in the community."

In addition, there has been an alarming decline in
antibiotic development over time."

1.3 The problem of
antimicrobial resistance

The term ‘antimicrobial resistance’ is used to
describe microorganisms that have developed the
ability to resist the antibiotics or other antimicrobials
that have been in use. When antibiotics were first
introduced in the 1930s and 1940s, they were
regarded as ‘miracle drugs’ because they brought
about significant reductions in mortality due to
bacterial diseases that had high fatality rates,
offered faster recovery from infectious illnesses

and were used extensively during World War Il to
treat injuries. Antibiotic use then expanded into
prophylactic applications, where antibiotics are given
to prevent an infection — for example, during surgery,
when normally sterile body tissues are exposed to
non-sterile areas such as the mouth or gut. With the
advent of transplant surgery that requires artificial
immunosuppression of the patient to prevent
rejection of the transplant, antibiotics became
essential for preventing and treating infections in
people whose immune system was not able to
combat infections from bacteria that exist in the
normal environment.

However, within several years of the introduction of
antibiotics, bacteria began to develop mechanisms
to combat the antibiotics in use. In the presence
of the antibiotic, these bacteria gained a selective
advantage and then became predominant in the
changed environment. Bacteria have a number

of means of sharing genetic material, sometimes
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between unrelated species, and this led to further
expansion of the resistant strains. All antibiotics in
common use for human health have been impacted
by this phenomenon. Figure 1 shows the time lag
between clinical introduction and first appearance
of resistance for a range of antibiotics."

Although some antibiotics enjoyed several decades
of use before resistance was seen, for others the
time difference has been much shorter. Some
antibiotics, notably vancomycin, were highly valued
because of their ability to treat infections that

had become resistant to other commonly used
antibiotics. The level of vancomyin resistance now
seen is a cause for significant concern, and some
types of bacteria that carry this resistance, such as
vancomycin-resistant enterococci, have changed
their profile from being organisms of little concern
in human health to a cause of significant morbidity
and mortality, particularly in hospital settings.

If antibiotics continue down the path that has been
observed for the previous several decades and
lose their clinical power, diseases that once had a
high fatality rate and are now regarded as being of
minor health concern in developed societies have
the potential to become serious health threats once
again. The risk associated with many medical and
surgical procedures that have become relatively
commonplace will also dramatically increase.

In addition to the obvious cost to human health, there
are large financial implications for society, because
relatively low-cost therapies will be replaced with
high-cost drugs and other interventions to achieve
better health outcomes.

1.3.1 Emergence of antibiotic
resistance

The emergence of AMR is determined by a complex
(and largely uncertain) interaction of environmental,
epidemiological, clinical and behavioural factors.'®
There is overwhelming evidence that the use and
overuse of antibiotics has been a powerful selector
of resistance." AMR occurs when antibiotic levels
that would normally prevent the growth of or kill a
particular bacterium become ineffective because of
a change in the bacterium. An antibiotic is no longer
clinically effective when this occurs at a therapeutic
dose for treatment of infection.



Figure 1: Time lag between an antibiotic being introduced to clinical use and the first appearance of resistance
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resistance arises due to a mutation(s) in the
DNA sequence of the relevant gene(s) in the
bacterial chromosome, or because the existing
antibiotic resistance gene is transferred into
the bacterium from another resistant bacterium
(gene acquisition or horizontal gene transfer).

Selective advantage — once a resistance gene
or mutation is present (and expressed), the cells
containing it are able to grow in the presence of
the antibiotic and therefore increase in numbers
at the expense of susceptible cells. Naturally
resistant organisms are also favoured. The total
amount of antibiotic used is a general indicator
of the selection pressure and continuous
exposure to an antibiotic provides the strongest
selection pressure.
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1.3.2 Spread of antibiotic
resistance

Resistant bacteria can move from one environment

to another (e.g. animal to human or vice versa).
Such spread can occur through direct contact
(e.g. between animal and human) or indirectly

(e.g. in food or water). The global spread of resistant

organisms is well documented, and presumably

due to movement of hosts or contaminated products
between locations (including between continents).'®

Resistance due to mutations in the bacterial genome
is spread by transmission of the bacterium, whereas

horizontal gene transfer allows for resistance to
be spread between commensal and pathogenic

bacteria and vice versa, and also between different
species of bacteria. The most frequent mechanism

underpinning AMR is horizontal gene transfer
between a resistant bacterium and a susceptible
one. This occurs in the absence of selection.?

Cambridge Healthtech Institute, Needham, MA, 2008).
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1.3.3 Factors contributing to
antimicrobial resistance

Antibiotics are a key contributor to the development
and spread of AMR, but it is important to realise that
AMR is driven by both appropriate and inappropriate
use of antibiotics. Some issues of particular

concern include:

¢ the inappropriate use of antibiotics, such as
taking antibiotics to treat an upper respiratory
tract infection that is caused by a virus

* alack of compliance with appropriate antibiotic
therapy, such as missing doses or ceasing a
course of antibiotics before cure, in which case,
bacteria are exposed to less-than-effective doses
of the active agent, which facilitates their ability
to develop and spread resistance

e treatments that are prolonged beyond cure,
leading to resistance in commensal bacteria,
which can be transferred to pathogenic bacteria

e prolonged use of prophylactic antibiotics
e the use of antibiotics in primary industries.

More antibiotics are used on animals in Australia and
other developed nations than for human treatments.
According to the JETACAR Report, approximately
700 tonnes of antibiotics are imported each year
into Australia, and 550 tonnes (78%) are used

as ‘growth promoters’ in food animals or for the
treatment of sick animals."® This report discusses
the linkages that were reported between the use

of some antibiotics in animals and the increase in
resistance in bacteria isolated from humans; spread
was thought to occur either by direct contact or

via the food chain. The report also describes work
that has been done in Australia since the late 1990s
to address these linkages.

Much work has also been done to look at the
association between the level of use of antibiotics

in different countries, and the incidence of resistant
bacteria that are isolated. Figure 2 provides data
from a study that looked at total antibiotic use in

20 industrialised countries by defined daily dose per
1000 population per day, and showed how increased
antibiotic consumption correlated with a higher
percentage of Streptococcus pneumoniae isolates
that were resistant to penicillin."®

Figure 2: Relationship between total antibiotic consumption and Streptococcus pneumoniae resistance

to penicillin in 20 industrialised countries
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1.3.4 Cross-resistance and
co-selection

Many mutations or single transferable antibiotic
resistance genes confer resistance to some or all
members of an antibiotic family. Exposure to one
antibiotic can select for resistance to other antibiotics
of the same class (cross-resistance). Resistance can
be selected across structurally unrelated antibiotic
classes by co-selection. The fragments of genetic
material that carry antibiotic resistance determinants
often carry more than one resistance gene and
determine resistance to more than one antibiotic
group. When this genetic material transfers between
bacteria, all the resistance genes are transferred
together (co-transfer).? Exposure to one class

of antibiotic may then select for resistance to an
unrelated class.

1.4 Reversing trends in
antimicrobial resistance

One concern that affects AMR is the lack of new
antibiotics being developed. Two factors are thought
to contribute to this paucity of new products.

First, in the current world of complex treatments and
interventions, pharmaceutical companies pursue
more profitable causes than the development of
new types of antibiotics. Second, it is difficult to
justify the expenditure required for research and
development in a commercial environment when

it has been demonstrated that resistance to a new
antimicrobial is likely to emerge within a foreseeable
timeframe, rendering the new product less
marketable. Therefore, although we must find ways
to promote research into new antimicrobial agents,
we cannot rely on this alone to solve the problems.
Lowering levels of antibiotic use and comprehensive
and coordinated surveillance are two alternative
methods to combat AMR.

Although we must find ways to
promote research into new antimicrobial
agents, we cannot rely on this alone

to solve the problems.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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1.4.1 Lowering levels of
antibiotic use

A recently published nine-year study in the US
highlights the importance of taking action in both
hospital and community settings to address AMR,
and was done by correlating antibiotic consumption
levels against the detected level of AMR. Datasets
covering 70% of all antibiotic prescriptions were
correlated with antibiotic resistance data from

more than 300 microbiology laboratories across

the US from 1999 to 2007. Antibiotic prescribing
data indicated a higher use of certain antibiotics in
winter seasons each year. The seasonal upward and
downward trends in consumption of antibiotics were
matched by increases and decreases in certain AMR
patterns, with a one-month lag between the change
in consumption and change in resistance (Figure 3)."”
The chart shows the mean monthly seasonal
variation for aminopenicillin prescriptions, mapped
against Escherichia coli resistance to ampicillin.

Further, some European countries have banned the
use of certain types of antibiotics in food animals,
and other changes in practice have been achieved
through widespread but voluntary changes in farming
practice. This has been followed by a significant
reduction in the level of AMR in clinically important
bacteria. Such studies demonstrate that using fewer
antibiotics leads to lower prevalence of AMR in
certain populations, which is encouraging.”

‘Biological fitness cost’ may be one reason that a
change in the level of use of antibiotics results in
less resistance. For example, resistance may be
developed against an antibiotic that attacks the
bacteria’s cell wall. If a mutation changes one of

the amino acids used to make up a cell wall protein
— and the altered protein is resistant to the impact
of the antibiotic — the bacteria with the altered cell
wall protein will continue to divide and dominate the
bacterial population in the presence of the antibiotic.
The manufacture of the altered protein, however, may
be less efficient than the wild-type protein, resulting
in slowed growth of the altered bacteria, or may
require higher energy input and place greater stress
on the bacterial metabolism.’™ Once the antibiotic

is removed, the wild-type bacteria will then have

the selective advantage and can easily dominate
the population, potentially to the extent that, over
time, the resistance mutation disappears from

that population.
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Figure 3: Seasonal patterns of high-use antibiotic prescriptions and Escherichia coli resistance

in the United States
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1.4.2 Comprehensive and
coordinated surveillance

Comprehensive and coordinated surveillance

and reporting is the cornerstone of efforts to

control AMR.8 The information generated through
surveillance of AMR and antibiotic usage is
complementary. At the local level, the data are used
to formulate recommendations for rational antibiotic
use and standard treatment guidelines. At a national
level, data on resistance and antibiotic use together
inform policy decisions such as development

or revision of antibiotic guidelines, and identify
priorities for public health action, such as education
campaigns or regulatory measures. Conversely, lack
of surveillance can lead to misdirected and inefficient
policies, wasting of limited resources, inappropriate
therapy and, ultimately, human suffering and death
through the inability to provide an effective drug

to patients in need.
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The World Health Organization (WHQO) has been
active in antimicrobial resistance and antibiotic
usage for many years. In 1988, WHO announced

the Global Strategy for Containment of Antimicrobial
Resistance' to contain the spread of antimicrobial-
resistant bacteria and prevent new antimicrobial-
resistant bacteria from emerging. This strategy called
on Member States to implement programs to prevent
AMR, including surveillance, education and policy
development. Programs were encouraged to extend
surveillance to neighbouring countries or regions
where appropriate, including countries that are less
developed (Figure 4).

Comprehensive and coordinated
surveillance and reporting is the
cornerstone of efforts to control AMR.




2P 1

WHO recommended that the program’s priorities be
based on local epidemiology, and existing resources
and infrastructure; the specific features would

be largely dependent on the types of infections
seen most frequently and the local healthcare
setting. At a national level, priority objectives
included monitoring infection and resistance

trends; developing standard treatment guidelines;
assessing resistance-containment interventions;
and setting up an early alert mechanism for novel
resistance strains, and prompt identification and
control of outbreaks.?° To support surveillance at
multiple levels, the WHO Collaborating Centre for
Surveillance of Antibiotic Resistance developed and
supported WHONET software to manage and share
microbiology test results (see Section 2.1.2 for more
information on WHONET). WHONET is used in more
than 110 countries to support local and/or national
surveillance in more than 1700 laboratories (clinical,
public health, food and veterinary). In most of these
countries, the WHONET software is used as a core
component of the national surveillance program.2®

On World Health Day in 2011, WHO released a
six-point policy package calling on all countries to:

e commit to a comprehensive, financed
national plan with accountability and civil
society engagement

e strengthen surveillance and laboratory capacity

e ensure uninterrupted access to essential
medicines of assured quality

* regulate and promote rational use of medicines
in animal husbandry and to ensure proper
patient care

e enhance infection prevention and control
e foster innovations and research and development
of new tools.

In its 2012 report The Evolving Threat of
Antimicrobial Resistance: Options for Action,!
WHO identified the five most important areas to
control antibiotic resistance:

e surveillance

e rational use in humans

e rational use in animals

e infection prevention and control
e innovation and research.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

Figure 4: A poster developed to raise awareness
of antimicrobial resistance
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Political commitment is highlighted as one of
the policy actions in the 2011 World Health Day
six-point policy package and is recognised as
an indispensable prerequisite for action in the
five focus areas.

Many of the barriers to having a coordinated system
of surveillance and reporting, and the limitations of
existing antimicrobial containment initiatives, are
known. The surveillance of AMR pathogens may

be sporadic, largely due to technical and financial
constraints.’™ More informal networks may collect
selective information, albeit with considerable delay.'®
A lack of information technology (IT) infrastructure

is frequently cited as a barrier to the implementation
of comprehensive AMR surveillance and antibiotic
usage programs. Lastly, while several networks
provide guidance for reporting AMR, none have
successfully functioned as an early warning system.'s
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1.5 Antimicrobial resistance and Australia

Australia is a developed country, comparable

in geographic size to western Europe or the US
mainland, and has a population of approximately
22.7 million.?" The Australian health system
comprises a set of public and private service
providers in multiple settings, supported by

a variety of legislative, regulatory and funding
arrangements. Responsibilities for healthcare
costs are distributed across the three levels of
government, nongovernment organisations and
individual Australians. Public-sector service
provision is the responsibility of state and territory
governments for public hospitals; and a mixture

of Australian Government, and state, territory and
local governments for community and public health
services. From 2008 onwards there has been
extensive health system reform in Australia, affecting
the way services are delivered and funded.

Overall coordination of the public healthcare delivery
system is the responsibility of Australian Government
and state and territory government health ministers,
collectively referred to as the Standing Council on
Health (SCoH), supported by the Australian Health
Ministers’ Advisory Council (AHMAC). The major
health funding agreements are bilateral agreements
between the Australian Government and each state
and territory, with the broad parameters being
agreed multilaterally by SCoH. Strategic public health
and other partnerships are negotiated in similar ways.
There is a variety of organisations with strategic
function and oversight for health-related matters in
Australia. The National Health and Medical Research
Council advises governments, other organisations
and health workers on a wide range of health
matters, and allocates substantial medical research
funds provided by the Australian Government.

Other relevant government agencies include the
Health Care Committee, the Australian Health

Ethics Committee and the Research Committee

that oversees most Australian Government medical
research funding. The Australian Government
Department of Health and Ageing advises the
ministers with portfolio responsibility for health and
aged care. The Health Insurance Commission and its
Medicare offices administer enrolment in Medicare,
claims for Medicare benefits, pharmaceutical benefits
and other Australian Government programs. The
states and territories have varying arrangements for
advising their ministers, and for administering public
hospital and other healthcare programs.
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Between 2009 and 2010, Australia’s total public-
sector health expenditure was around $121.4 billion,
or 9.4% of its gross domestic product.?? During
this time, more than two-thirds of this expenditure
was funded by the Australian Government;

state, territory and local governments funded the
remaining amount. The Australian Government’s
major contributions include the two national subsidy
schemes — the Medicare Benefits Scheme (MBS) and
the Pharmaceutical Benefits Scheme (PBS, which
includes the Repatriation Pharmaceutical Benefits
Scheme [RPBS]). The Australian Government

and state and territory governments also jointly
fund public hospital services. These schemes are
supplemented by social welfare arrangements, with
larger rebates provided for individuals or families
who receive certain income-support payments
(such as for unemployment or disability). Additional
government programs aim to improve access to
health services in regional and remote Australia, or
provide access to allied health services for people
with chronic and complex conditions (such as
diabetes or mental illness). There are also special
healthcare arrangements for members of the
Australian Defence Force and their families, and for
war veterans and their dependants. Private health
insurance schemes contributed 8% of the funding
for the overall health system during 2009-10, with
accident compensation schemes contributing
another 5%. Finally, individuals make out-of-pocket
contributions to the costs of services, mostly in the
private sector, amounting to 18% of total funding
during 2009-10.22

Australia is well served by high-quality, accredited
pathology laboratory services in both the public
and private sectors, which generate key information
on bacterial isolates and their antibiotic resistance
patterns. Such data are critical to coordinated AMR
surveillance systems.

Australia, however, has no national coordination of
these data. Existing national and state-based AMR
surveillance activities are often voluntary, and they
operate without systematic oversight and leadership
at the national level. Before the formation of the
Antimicrobial Resistance Standing Committee
(AMRSC; see Section 1.6), there had been no
national coordination of activities, comprehensive
national reports on antibiotic use and resistance,
or capability to readily link antimicrobial usage

and resistance data at a national level. Moreover,
there is no single entity that fulfils such a role at

a national level.



One of the deficits in Australia’s ability to respond
to the threat of AMR is the lack of information on
how widespread the problems are, whether there
are different clinical practices in different places
that have produced better or worse outcomes,
and whether initiatives that seek to address AMR
are successful. This is primarily due to the lack
of comprehensive systems to measure antibiotic
consumption or AMR levels in different settings.

Australia has the data needed to measure AMR;
however, it exists within separate laboratory
information systems of the various private and public-
sector pathology providers across the country. For
example, large numbers of community and hospital
patient samples are submitted for bacterial culture
and antibiotic susceptibility testing of any potential
pathogens that are isolated and identified. The pattern
of susceptibility and resistance for individual bacterial
isolates is recorded in the laboratory computer
database as an antibiogram, with the information
then being returned to the treating clinician to guide
therapy. By retrospectively reviewing large amounts of
data over periods of time, a ‘cumulative antibiogram’
can be generated for each bacterial species of
interest. The cumulative antibiogram information

can then be used to guide empiric treatment
approaches, develop guidelines and monitor changes
in resistance patterns over time or between locations.
Data measuring antibiotic consumption are more
fragmented. Hospital usage is collected through

the National Antibiotic Usage Surveillance Program
(NAUSP), while most community usage data is
collected by Medicare Australia for the Department of
Health and Ageing. Some progress has been made in
recent years to improve the collection of hospital data
through NAUSP, which is explored further in Section
3.2.8. The integration within a comprehensive and
coordinated system of surveillance and reporting is
important to the efforts of NAUSP and DoHA.

1.6 Antimicrobial Resistance
Standing Committee

In 2011, the Antimicrobial Resistance Colloquia,
supported by the Australian Commission on Safety
and Quiality in Health Care (ACSQHC), was held

in Sydney. Using a gap analysis, the colloquia
established what interventions are in place for
monitoring and preventing AMR in Australia.
Surveillance was determined to be Australia’s largest
deficit, and it was widely recognised that strategies
to address AMR are needed. These strategies need
to include research, infection control interventions
and surveillance.

P
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Following on from the colloquia, the first AMRSC
meeting was held in Sydney in April 2012. The
function of AMRSC is to develop a national strategy
to address AMR. This includes overseeing an
integrative approach to the national strategy through
coordination of current national activities, such as:

e acomprehensive national surveillance and
reporting system for AMR and antibiotic
consumption

e education and stewardship programs
e infection prevention and control guidelines

e research into all aspects of AMR

a review of the current regulatory system
applying to antibiotics

e community and consumer campaigns.

AMRSC will oversee AMR management in Australia
under the auspices of the Australian Health
Protection Principal Committee (AHPPC), which
currently has five subcommittees: the Communicable
Diseases Network Australia, the Public Health
Laboratory Network, the Environmental Health
Standing Committee, the National Health Emergency
Management Standing Committee and the Blood
Borne Viruses and Sexually Transmissible Infections
Standing Committee. Now endorsed, the AMRSC will
join the other subcommittees reporting to AHPPC
and in turn to AHMAC.

1.7 National Surveillance and
Reporting of Antimicrobial
Resistance and Antibiotic
Usage for Human Health
in Australia - scope and
specific questions

Conducted within the auspices of AMRSC, this
report examines the current activities for the
surveillance of AMR and antibiotic usage within
Australia, to determine the enablers of, and barriers
to, establishing a nationally coordinated approach
to the surveillance of AMR and antibiotic usage. The
report is based on a study that was guided by three
key questions, all with respect to human health:

e What activities for the reporting and surveillance of
AMR and antibiotic usage currently occur globally?

* \What options or models for a nationally
coordinated approach to the reporting and
surveillance of AMR and antibiotic usage are
most applicable to the Australian context?

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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e What are the enablers of, and barriers to,
the establishment of a nationally coordinated
approach to the reporting and surveillance of
AMR and antibiotic usage in Australia?

Examining existing activities was central to the study
and this report, including activities undertaken by
state and territory surveillance units, as well as

by other groups, such as the Australian Group on
Antimicrobial Resistance (AGAR) and NAUSP. This
report also examines enablers and barriers to a
national coordinated approach to the surveillance
and reporting of AMR and antibiotic usage

across Australia.

This report examines the anticipated barriers

to national coordination of the surveillance and
reporting of AMR and antibiotic usage, such as
funding, antibiogram agreement and data ownership.
These barriers could be overcome by ongoing
activities and by facilitating dialogue on other salient
issues that may guide broader level strategic ideas.
This dialogue with key stakeholders within AMRSC
informed a set of assumptions that were used to
guide the study and preparation of this report:

e Scientific — each state and territory has a
different system(s) and agreement is essential on
what terms mean across the range of activities,
and these need to be able to be identified in a
scientific manner.

e Partnership — effective and ongoing collaboration

between interdisciplinary stakeholders from
various jurisdictions (e.g. Australian Government,
state and territory governments, nongovernment
organisations) is achievable to create a systemic
environment to enable users to undertake
clinical work.

e Technical - central (e.g. enterprise data
warehouse) and local IT infrastructure is available
to enable timely data exchange and analysis.

¢ Financial - the costs of maintaining a
comprehensive and prospective national AMR
surveillance program should not drain resources
from national health priorities, and should aim
to be cost neutral in line with international best
practice models.

e Governance and policy — work already
undertaken by various stakeholders in the field of
AMR is recognised and integrated where feasible,
especially where localised responses have
been developed to meet local needs.
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e Operational - the national model should be
driven by data from pathology laboratories (public
and private), and initially focused on human
health within a communicable disease control
framework. However, food and animal sources
of AMR remain important program components
that can be integrated into an existing structure
in the future.

AMRSC approved this study and its scope with the
following notations and recommendations:

* The scope of this study is limited to bacteria in
the context of human health in the first instance,
while acknowledging the importance of AMR in
other organisms and contexts, such as veterinary
usage and surveillance of resistance in animals.

e The study will focus on specific bacteria that
are of greatest significance, which are yet to
be determined.

e A critical function of the study and the report is
to inform audiences and stakeholders outside
of AMRSC and its members of the importance
of AMR, to leverage support and agreement
for the success of future strategies. The study
and ensuing report will assist both experts
and non-experts to contribute and participate
in the broader collective efforts. The study will
emphasise and draw on the significant existing
but disparate programs or work in promulgating
collaborative strategies for the future.

* An approach inclusive of both public and private
pathology sectors is important to the broader
success of the study and the ensuring strategy.

e The study and recommendations will be mindful
of, and sensitive to, the activities and programs
of authorities in the international and regional
contexts, in particular, WHO.

e The study and recommendations will be sensitive
to relevant technical, scientific, governance,
policy, financial and jurisdictional levers and
constraints. Fundamental to the success of
future strategies will be prudent, collaborative
agreement on the ownership of, access to,
and utility of data that are gathered, generated
and stored.

e The study and recommendations will be
consistent with Australia’s Communicable Disease
Control Framework and adopt the principle of
One Health.

e The final report will present possible and
preferred models and strategies for consideration.
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The global context: existing

orograms and activities

This section presents an analysis of global efforts and programs related to the
surveillance of antimicrobial resistance (AMR) and antibiotic use (Appendix 2
provides the basis for this analysis). It lists related programs in all regions of the
world at supranational, national and local levels, and provides information that is
in the public domain regarding the status, focus of activity and other parameters

for each.

Key question

What activities for the surveillance and reporting of antimicrobial resistance
and antibiotic usage currently occur globally?

2.1 An overview of global surveillance and reporting systems

AMR surveillance systems have been implemented
in many countries at regional, national and
supranational levels. However, few countries have
well-established national networks that regularly
report relevant and timely data on AMR and
antimicrobial usage trends. Activities undertaken
vary in their scope and magnitude; some focus on
specific species and a small number of antimicrobial
agents, while others are far more inclusive. Some
programs are sponsored by governments, and
others are funded by international bodies, industry
or learned societies.

2.1.1 Supranational surveillance
systems

In its 2001 publication WHO Global Strategy for
Containment of Antimicrobial Resistance,?® the World
Health Organization (WHO) lists AMR surveillance
as a key strategy to address the growing global
problems associated with AMR. WHO Member
States are grouped into six geographical regions:
the African Region, Region for the Americas,
Eastern Mediterranean Region, European Region,
South-East Asia Region and Western Pacific
Region? (see Figure 5). WHO is active in seeking
to create, promote, and support networks across
these six groups, with varying levels of success.

It is notable that the major WHO global strategy
seeking to galvanise international action to address
AMR was launched in September 2001. At the
same time, terrorist events and incidents — such

as the posting of anthrax spores through the US
mail service — shifted the attention of governments
and policy makers onto security and bioterrorism,2®
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taking energy and focus away from attempts to
implement the AMR strategy. The emergence

and potential for epidemics of antibiotic-resistant
bacteria, such as the highly resistant NDM1 enzyme-
containing ‘superbugs’ in India, Pakistan and the UK
in 2011,25 27 are helping to bring back a focus and
some urgency in addressing the AMR issue on a
global scale.

Africa

The 46 Member States of the WHO Regional

Office for Africa established the Integrated Disease
Surveillance and Response (IDSR) system in

1998 as a comprehensive regional framework for
strengthening national public health surveillance and
response systems in Africa. It is coordinated by the
WHO Regional Office for Africa. Initially, the system
arose in response to emerging severe outbreaks

of largely preventable diseases in African countries
during the 1990s and focused on a range of
infectious diseases. The scope of IDSR now extends
beyond the scope of communicable diseases,

and includes 40 priority diseases and conditions
with well-known and efficacious responses and
treatments available. The contribution by the African
Region Member States is variable, and is heavily
dependent on the level of resources available either
within the participating country or from external
funding support. The US Agency for International
Development and the Centers for Disease Control
and Prevention (CDC) provide financial support

and practical guidance to the African program.



Figure 5: World Health Organization geographical regions
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The Americas

The major surveillance program with WHO
involvement in the Americas is the Red
Latinoamericana de Vigilancia de la Resistencia a
los Antimicrobianos (ReLAVRA), coordinated by
the Pan American Health Organization. Using the
WHONET information system, 21 countries and
521 laboratories from North America and Latin
America contribute data to the program.?® Available
literature indicates that surveillance data related to
both community and nosocomial sources include
urinary tract infections, meningitis, diarrhoea and
food-borne diseases, respiratory tract infections and
sexually transmitted infections. Less information is
readily available on the specific organisms that are
monitored. A more comprehensive discussion of
activities in the US is in Section 2.1.5.

Eastern Mediterranean

Although there have been active AMR surveillance
programs in the Eastern Mediterranean Region in the
past, these programs are currently inactive. St Luke’s
Hospital, Malta, coordinated the Antimicrobial
Resistance in the Mediterranean (ARMed) program,
which operated between 2003 and 2006. ARMed
contributed data to the European network. The nine
countries that participated in the project were Turkey,
Tunisia, Egypt, Jordan, Morocco, Cyprus, Malta,
Algeria and Lebanon.?®

The WHO Regional Office for the Eastern
Mediterranean has an active program to develop
surveillance, forecasting and response capabilities
across the region. One of the stated goals of the
program is to support the establishment of centres of
excellence in the fields of epidemiology, surveillance,
infection control and laboratory diagnosis of
emerging infections.®® One initiative that started in
January 2012 is the provision of technical support
to the ministry of health in Afghanistan, to assess

its existing disease surveillance system and attempt
to qualify it so the same IDSR system used in the
African region can be implemented.

Europe

WHO’s European Strategic Action Plan on Antibiotic
Resistance, endorsed by the WHO Regional
Committee for Europe in September 2011,%'
recognises that a number of countries in the region
do not have systems for surveillance of AMR,
antibiotic use and hospital-acquired infections, but
agreed that a key strategic objective is to strengthen
AMR surveillance. The action plan cites the European
Antimicrobial Resistance Surveillance Network as
an example of good practice. Given that an active
supranational network exists in Europe, there is

less need for the direct involvement of WHO in
developing and supporting systems in this region.
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The pan-European system and some of the national
programs are of particular interest and relevance to
the Australian situation, and are discussed in greater
detail in case studies in Section 3.

South-East Asia

Although a coordinated strategy with WHO has

not been in place in the South-East Asia Region, a
regional strategy for 2010-15 on the prevention and
containment of AMR was launched by the WHO
Regional Office for South-East Asia in June 2010.
The strategy aims to comprehensively address
interventions involving the introduction of legislation
and policies that govern the use of antimicrobial
agents, establish laboratory-based networks for the
surveillance of resistance and assure rational use
of these drugs at all levels of health care.®? A key
objective is to institute a surveillance system that
captures the emergence of resistance, trends in its
spread and use of antimicrobials in different settings.
Where networks collecting data on AMR exist
within countries, the strategy will be to bring data
from those systems together; where no networks
exist, the program seeks to establish them. The
current situation and gaps have been assessed

for Bangladesh, Bhutan, Cambodia, Fiji, India,
Indonesia, Laos, Malaysia, Maldives, Mongolia,
Myanmar, Nepal, Papua New Guinea, Philippines,
Sri Lanka and Thailand.

Western Pacific

The Western Pacific Region, including Australia, is
another region where WHO-coordinated surveillance
programs have been active in the past. The Regional
Programme for Surveillance of Antimicrobial
Resistance was operated by the WHO regional office
from 1990 to 2000, and involved 14 laboratories in
13 countries reporting on 26 species of bacteria
across all sample types.®

A new working group has been formed to focus

on AMR and, in October 2011, the Western Pacific
Regional Committee asked Member States to

take urgent action, including the monitoring

and assessment of AMR across the region.3
Implementation of the global policy in the region is
constrained by lack of laboratory capacity to confirm
AMR, and weak surveillance systems to detect it

in a number of Member States. However, some
accomplishments have been made, including:

e developing a training package on the rational use
of antimicrobials for countries that are a part of
the Association of South-East Asian Nations
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e conducting national advocacy workshops on AMR

* increasing public advocacy on the rational use
of antimicrobials

e providing technical support for pilot
implementation of a minimum training package.

Future plans include finalising an AMR Technical
Strategic Framework, supporting joint ventures

to help countries develop comprehensive
multidisciplinary national plans to address AMR and
mobilising resources to support implementation

of the AMR Technical Strategic Framework.2®

2.1.2 WHO Surveillance Software
- WHONET

In 1998, the WHO Collaborating Centre for
Surveillance of Antimicrobial Resistance, based

at the Brigham and Women’s Hospital in Boston,
developed WHONET to help gather comparable AMR
data from across the world.2¢-%° This freely available
Microsoft Windows-based software can be used

to enter AMR data for individual patient samples
manually, or to capture data from automated
laboratory systems. WHONET can then be used

to analyse the results and forward them to wider
networks in a standardised format using the same
software. With WHONET, data can be analysed at a
hospital level, across a local network, at a national
level, or across one or more regions.

As many laboratories across the world, particularly
in developed nations, already have laboratory
information systems (LISs) and a certain level of
automation, WHO also developed the BaclLink data
conversion facility that can facilitate data transfer
from a LIS into WHONET, avoiding the need for
manual data entry. WHONET development is
ongoing, and notable recent progress includes
SaTScan being included in the WHONET package.
SaTScan is software that analyses spatial, temporal
and space-time data, and is designed to perform
geographical surveillance to detect clusters of
disease, and perform repeated time-periodic
disease surveillance for early detection of disease
outbreaks.*® 4 WHONET is currently used by more
than 1700 laboratories in more than 110 countries.?°
Many of these countries use WHONET as a core
component of their national surveillance program.
In Australia, WHONET and BacLink are used in
Tasmania and other states to develop cumulative
antibiograms.



2.1.3 Other supranational
surveillance programs

In addition to the programs in Sections 2.1.1 and
2.1.2, there are a number of other supranational
surveillance activities:

e Programs to monitor resistance of a proprietary
drug and clinically relevant comparators include
Prospective Resistant Organism Tracking and
Epidemiology for the Ketolide Telithromycin*?-4%
(1999-2008), Meropenem Yearly Susceptibility
Test Information Collection?*® 4" (1999-2008) and
Tigecycline Evaluation and Surveillance Trial.

* Programs that test the susceptibility of defined
pathogens include the Study for Monitoring
Antimicrobial Resistance Trends, Global
Landscape on the Bactericidal Activity of
Levofloxacin, SENTRY (1997-present), and
the Alexander Project‘® (1992-2001).

* Programs that collect data on all clinically
encountered pathogens that antibacterials
are prescribed for include The Surveillance
Network (1997—present) and Surveillance Data
Link Network.

Although some of these programs are publicly
funded and supported, others operate as
commercial ventures. Two of the programs have
history in Australia — SENTRY and The Surveillance
Network (TSN).

SENTRY Antimicrobial
Resistance Program

SENTRY was established in 1997 by the Jones
Group/JMI Laboratories through funding by
GlaxoSmithKline,*® and is designed to monitor the
predominant pathogens and AMR patterns for both
community-acquired and nosocomial infections

on a global scale. A number of pharmaceutical
companies, which vary from year to year, now fund
it. A range of bacteria isolated from specimen types
- including blood, respiratory, urinary, skin and
soft-tissue samples — are forwarded to a reference
laboratory for testing against a range of antibiotics,
including new classes under development. The
South Australian Women’s and Children’s Hospital in
Adelaide receives isolates from a range of countries,
including China, Taiwan, Japan, the Philippines,
Singapore and Australia. Since 2010, the Women’s
and Children’s Hospital laboratory has been the
reference centre for host laboratories in Brisbane,
Sydney, Melbourne, Perth and Auckland, as well as
for the whole of Australia and New Zealand. Data
from the SENTRY program compare AMR patterns

-
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with those of our regional neighbours. Globally,
the SENTRY program is grouped into four regions:
North America, Latin America, Europe and Asia—
Pacific (Asia, Australia and South Africa). There
are 35 countries involved, and between 100 and
140 laboratory participants.5°-%2

The Surveillance Network

TSN is an electronic surveillance database that
collects strain-specific, qualitative and quantitative
AMR test results daily from participating clinical
laboratories. TSN is used to detect resistance
patterns in real-time to answer key questions about
antimicrobial development. There are more than
300 participating institutions in the US and the
database holds continuous American records from
1998 to the present, and captures information on
all clinically relevant bacterial pathogens and all
available antimicrobial agents.>* A broad range of
reports are available to participants. The database
is believed to have captured 42% of all bacterial
susceptibility test results generated by Australian
laboratories between 1997 and 2004,% with more
than 14 million results captured between 1997

and 2002. Participants included 94 public-sector
and 9 private-sector pathology laboratories.
Participation was voluntary and the data collection
was government funded. The Australian TSN data
from 1997 to 2004 were purchased by the Australian
Society for Antimicrobials.®®

TSN is owned and operated by Eurofins, a private
company incorporated in Virginia, US, that also
provides laboratory services and support for

clinical trials. The company was known as Focus
Technologies at the time TSN was active in Australia.
TSN has been used in other countries and regions
outside the US, including Europe and Canada.

2.1.4 National surveillance
systems

Sophisticated national antimicrobial use and
surveillance programs exist. Denmark was the first
country to establish a systematic and continuous
monitoring program (Danish Integrated Antimicrobial
Resistance Monitoring and Research Programme;
DANMAPS7-%9) of antimicrobial drug consumption
and AMR in humans (alongside animals and
foodstuffs). DANMAP is widely recognised for
demonstrating a reduction in the overall prevalence
of antimicrobial-resistant bacteria through strategies
to control antimicrobial use. Other antimicrobial
agent resistance monitoring programs are now
established in other northern European countries,
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including Norway (NORM), Sweden (STRAMAS0-63),
Finland (FiRe, MIKSTRA®4) and the Netherlands
(NETHMAP®5 88), National eastern European AMR
surveillance coordination efforts are also operational
in Germany (SARI®-"®, MABUSE, KISS™, GENARS),
Bulgaria (BulSTAR™) and Austria (AURES™).

CDC coordinates many national current AMR
surveillance activities in the US, including NHSN"® 7®
(previously NNIS), NARMS®-82 Active Bacterial

Core Surveillance (ABCs), and national tuberculosis,
meningitis and gonococcal communicable disease
programs that actively use AMR surveillance.
Commercially funded US AMR surveillance programs
focus on susceptibility testing of isolates from defined
clinical infection samples (TRUST, AWARE, ARMOR,).

Nationally coordinated surveillance of AMR has
recently emerged in Canada through comprehensive
programs (CIPARS and CNISP®), communicable
disease surveillance activities (the Canadian
National Centre for Streptococcus and the Canadian
Tuberculosis Laboratory Surveillance System)

or coordinated surveillance studies (CANWARD,
CAN-ICU, CROSS, NAUTICA and CARS).8+ 8%

Substantial national AMR programs (current or
inactive) were also identified in Asian countries, such
as China (MOHNARIN, CHINET?®® 87 CARTIPS®),
Korea (KONSAR®&-94 KARMS), Thailand (NARST®5-101)
and Singapore (The Network for Antimicrobial
Resistance Surveillance).

National programs in other countries have
demonstrated the ability for a coordinated approach
to impact on AMR and improve both economic and
health outcomes.!

2.1.5 Antimicrobial resistance
surveillance in the US

In the US, AMR surveillance in bacteria of human
origin is performed by a range of organisations that
fall into three broad categories:

e government agencies surveying community
and hospital populations

e US Department of Defense (DoD)

e commercial bodies that may be drug
manufacturers, or may provide AMR surveillance
as a service.

Information on commercial bodies is included in
Section 3, and the following two sections focus on
national level activities of government and DoD.
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United States Government programs

CDC operates numerous surveillance systems

that collect AMR data.’®> The Emerging Infections
Program (EIP) is a network of 10 state health
departments, along with their collaborators in

local health departments, academic institutions,
public health and clinical laboratories, and other
federal agencies. EIP was established in 1995,
initially involving four states, and currently monitors
a population of approximately 41 million people,
which roughly represent the entire US population
with respect to a range of demographic indicators
including age, sex, race and urban residence,
along with health indicators such as population
density, and proportion at or below the poverty line.
A number of AMR-related subprograms fall within the
remit of EIP, including the following core elements:

e ABCs is active, population-based laboratory
surveillance for invasive bacterial disease
caused by Group A and Group B Streptococcus,
Haemophilus influenzae, Neisseria meningitidis,
Streptococcus pneumoniae, and methicillin-
resistant Staphylococcus aureus (MRSA).

For each case of invasive disease in the
population under surveillance, a case report is
submitted and bacterial isolates are sent to CDC
and other reference laboratories for additional
laboratory evaluation.'®

* FoodNet is active, population-based laboratory
surveillance to monitor the prevalence of food-
borne disease caused by seven bacterial and two
parasitic pathogens. Organisms monitored are
Escherichia coli O157:H7, and Campylobacter,
Listeria, Salmonella, Shigella, Yersinia, Vibrio,
Cryptosporidium and Cyclospora spp.

e Healthcare-Associated Infections-Community
Interface is active population-based surveillance
for Clostridium difficile and other healthcare-
associated infections (HAIs) caused by pathogens
such as MRSA, Candida, and multidrug-resistant
Gram-negative bacteria.

Other CDC programs include:

* The Gonococcal Isolate Surveillance Project
(GISP), which was established in 1986 to monitor
trends in AMR in Neisseria gonorrhoeae. It is a
collaborative project between selected sexually
transmitted infection clinics, five laboratories
and CDC.

* MeningNet, which consists of more than
10 state health departments working in
collaboration with CDC for passive surveillance
of sepsis or meningococcal disease caused
by N. meningitidis.



¢ National Antimicrobial Resistance Monitoring
System: Enteric Bacteria (NARMS:EB),
which is a collaboration of CDC, the Food and
Drug Administration and the US Department
of Agriculture, which monitors AMR of human
enteric bacteria, including Campylobacter,
Salmonella, E. coli 0157 and Shigella spp.
A component of NARMS is the National
Antimicrobial Resistance Surveillance Team,
which conducts AMR surveillance and applied
research in relation to both pathogenic and
commensal food-borne enteric bacteria from
food-borne disease outbreaks, focus studies
and human isolate submissions.'*4

* National Healthcare Safety Network, which
was established in 2005, facilitates the reporting
of HAls in patients and healthcare personnel.
Monitoring multidrug-resistant organisms and
C. difficile—associated disease is part of NHSN’s
patient safety component. NHSN arose from the
combination of three legacy surveillance systems
at CDC:

- National Nosocomial Infections
Surveillance system

- Dialysis Surveillance Network

- National Surveillance System for
Healthcare Workers.

¢ National Tuberculosis Surveillance System,
which has been in operation since 1953 to collect
information on each newly reported tuberculosis
case in the US.

The Interagency Task Force on Antimicrobial
Resistance (ITFAR) was initiated in 1999 following
a US congressional hearing about ‘Antimicrobial
resistance: solutions to a growing public health
problem’.'% It brings together multiple federal
agencies to address AMR. In 2001, ITFAR
published A Public Health Action Plan to Combat
Antimicrobial Resistance, and this document was
updated in 2012.1% The first focus area for activity
described in the plan is surveillance and includes
the following goals:

1. Improve the detection, monitoring, and
characterisation of drug-resistant infections in
humans and animals. Achievement of this goal will
be through a range of strategies and initiatives:

a. The enhancement of systems such as the EIP,
improved communications, query tools, and a
web-interface for NARMS, and the expansion
of GISP.

~
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b. Other initiatives to improve the accuracy
with which the burden of AMR in healthcare
settings can be assessed through the
improvement of existing systems including
EIP and NARMS.

c. Assessment of the presence of antimicrobial-
resistant organisms, such as MRSA, C. difficile
and vancomycin-resistant enterococci
(VRE) among food animals, retail meats
and household environments.

d. ldentification of patient populations colonised
or infected with AMR pathogens that are
important in causing human disease, and for
the transmission of resistance genes.

e. Strengthening and expansion of multistate,
national and international surveillance systems
to ensure adequate sentinel surveillance of
critical resistant phenotypes; more timely
dissemination of AMR data will be a goal.

f.  Work with public health associations to define
minimum surveillance activities at a number of
levels; improvements to the accurate detection
and identification of AMR by clinical and public
health laboratories.

g. Promotion of participation by microbiologists
and public health workers in the design of
systems to collect and disseminate AMR data.

h. Collaboration with surveillance systems
in other parts of the world to build global
surveillance of AMR organisms.

. Better define, characterise, and measure the

impact of antimicrobial use in humans and
animals in the US:

a. ldentify sources of antimicrobial use data for
humans, animals, agriculture, aquaculture
and other sectors. Develop a standard
for collecting and reporting antimicrobial
use data.

b. Develop mathematical models to guide studies
of use and resistance in humans and animals.

c. Implement systems to detect the development
and spread of resistance in microorganisms
when new programs are implemented
that may significantly impact antimicrobial
drug use.
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US Department of Defense programs

DoD has conducted international surveillance of
infectious diseases for many years. In 1998, DoD
surveillance activity was consolidated with the
Armed Forces Health Surveillance Center (AFHSC)
and Global Emerging Infections Surveillance and
Response System (GEIS) Division; the latter was
established in 1997 to coordinate surveillance
efforts. The program’s aim is to help protect all DoD
healthcare beneficiaries and the global community
through an integrated worldwide emerging infectious
disease surveillance system.'” AMR surveillance is
one of five key focus areas for AFHSC-GEIS.

Surveillance includes enteric pathogens in
South-East Asia, with a dramatic rise in AMR of

this group recorded over the past several years.!®
The program is also concerned with healthcare-
associated pathogens in operation theatres for the
US Defense Forces. More than 30 000 US military
personnel have been injured in Iraq or Afghanistan,
and many have been at risk of serious complications
from wound infections, often caused by Gram-
negative organisms. Using networks linked by

the program, laboratories have documented the
geographic spread of AMR in common organisms,
and this information has been used to advise local
and national healthcare leaders on appropriate
strategies. Surveillance has also been done in Egypt
and Jordan, with emphasis on intensive care units,
revealing a high prevalence of AMR in hospitals in
both countries. During the fourth quarter of financial
year 2012 (i.e. July—September), of 226 isolates
tested in Egypt, the extended-spectrum beta-
lactamase (ESBL) producer rate among E. coli

was 70%, and about 60 % of S. aureus isolates
were MRSA.1%°

Surveillance of antimicrobial-resistant strains in
the Middle East and Afghanistan has revealed

a significant rise in the prevalence of resistant
strains of Acinetobacter, Pseudomonas and
Klebsiella spp. and E. coli. Infections associated
with these organisms impact DoD and Veterans
Affairs healthcare institutions (due to prolonged
hospital stays) and, as a result, incoming patients
from Operation Iragi Freedom, Operation Enduring
Freedom (Afghanistan) and Africa were screened
for Acinetobacter; more than 500 isolates were
processed between October 2008 and March
20098 at the Landstuhl Regional Medical Center
in Germany. Molecular typing is being used to
understand the epidemiology and spread of

the resistant organisms, and to enable better
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characterisation of infections due to AMR organisms
from the point of injury, through the military
healthcare system to tertiary care referral hospitals
in the US.

The Navy Marine Corps Public Health Center takes
an electronic approach to surveillance, where
algorithms have been developed to interpret Health
Level 7 (HL7) data from the DoD Composite Health
Care System. Data are fed through the WHO
BacLink application to WHONET, and trends in
disease burden and AMR are analysed in close

to real-time. Emerging AMR in Acinetobacter
baumannii, Klebsiella pneumoniae, Pseudomonas
aeruginosa and other pathogens of public

health concern is identified rapidly, and action

can be initiated. WHONET is used to generate
facility-specific, DoD-wide and regional cumulative
antibiograms, allowing comparison between groups
and identification of trends over time.% % Electronic
studies have been undertaken of a range of
organisms, such as Acinetobacter spp., and various
conditions, such as respiratory tract infection.

2.1.6 Antimicrobial resistance and
antibiotic usage surveillance
in Australia

More than a decade ago, the Joint Expert Technical
Advisory Committee on Antibiotic Resistance'®
(JETACAR) recommended that an integrated
national management plan for AMR be established
in Australia, and include research, monitoring and
surveillance. The JETACAR Report'© outlined the
importance of surveillance in addressing AMR at

a national level by identifying changing trends and
emerging resistance, and providing data on the
magnitude and spread of AMR.

After the JETACAR Report, the Australian
Government established the Expert Advisory

Group on Antimicrobial Resistance (EAGAR), who
commissioned a report on how to improve Australia’s
AMR response. The EAGAR Informal Report™
recommended that a multidisciplinary, nationally
coordinated, integrated surveillance program be
developed, and that the program should consolidate
existing surveillance programs. EAGAR estimated
that AMR may cost the Australian healthcare

budget more than $250 million per year, and cost
the community as much as $500 million per year.
Section 4 of this report provides further information
regarding JETACAR and EAGAR.



There are several nationally coordinated AMR
surveillance initiatives occurring independently within
Australia. The Australian Group on Antimicrobial
Resistance (AGAR) is under the auspices of the
Australian Society for Antimicrobials, a learned
society, which initially attracted commercial support
and has been funded by the Australian Government
Department of Health and Ageing (DoHA) since
2002."> AGAR has recommended implementation
of a comprehensive, national, laboratory-based
surveillance system that uses both passive and
targeted surveillance with standard methodology.

It has a broad laboratory membership, representing
the major teaching hospitals in all Australian
capitals and private pathology laboratories in most
states. AGAR has provided prevalence data on
important AMR pathogens in Australian hospitals
and the community for the past 15 years (for more
information, see Section 4).

The National Neisseria Network (NNN) is funded

by DoHA to conduct resistance surveillance of

N. gonorrhoeae and N. meningitidis. NNN comprises
participating laboratories in each state and

territory, which collectively operate the Australian
Gonococcal Surveillance Programme and the
Australian Meningococcal Surveillance Programme.
This collaborative network of laboratories obtains
isolates from as broad a section of the community
as possible, and both public and private laboratories
refer isolates to regional testing centres.'®

The National Antimicrobial Utilisation Surveillance
Program (NAUSP) began in 2004 and collects data
on antibiotic consumption from all Australian states
and territories. NAUSP is funded by DoHA, initially
as a pilot study that was based on the existing South
Australian Antimicrobial Utilisation Surveillance
Program (AUSP). The South Australian Infection
Control Service (Communicable Disease Control
Branch, South Australian Government Department of
Health) centrally maintains the national and statewide
programs.'# 15 The Drug Utilisation Sub-committee
of the Pharmaceutical Benefits Advisory Committee
undertakes regular reviews on drug use in the
community, advises on changes in drug utilisation
patterns, disseminates information on drug utilisation
and contributes to educational initiatives that
promote the quality use of medicines.

Australian laboratories have contributed to
regional surveillance networks for monitoring
AMR in the Asia—Pacific region and South Africa
through SENTRY. As previously mentioned, TSN

~
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accumulated a comprehensive data collection in
Australia between 1997 and 2004, demonstrating the
potential for useful data to be collected in Australia.
Several Australian state and territory government
programs have been developed largely in isolation
for monitoring AMR surveillance: Healthcare Infection
Surveillance Western Australia (HISWA), the Centre
for Healthcare Related Infection Surveillance and
Prevention (CHRISP; Queensland), the Victorian
Nosocomial Infection Surveillance System (VICNISS)
and the Tasmanian Infection Prevention and Control
Unit (TIPCU). Despite the recommendations of
JETACAR and EAGAR, a comprehensive national
surveillance program on AMR is still absent

in Australia.

HISWA'"® was established as a voluntary program
for private and public healthcare facilities in 2005.
In 2007, the director general of health endorsed

the recommendation of the Healthcare Associated
Infection Council of WA (HICWA) that collecting key
HAI prevalence data be mandatory. This program
encompasses all public hospitals and licensed
private healthcare facilities providing services for
public patients in Western Australia. The HAI unit

at the Communicable Disease Control Directorate
manages HISWA, which coordinates a mandatory
reporting program that collects data on several
annually reviewed mandatory indicators. In addition,
MRSA is a notifiable organism in Western Australia
and all isolates are referred to a reference laboratory
(Australian Collaborating Centre for Enterococcus
and Staphylococcus Species (ACCESS) Typing and
Research). The laboratory reports to the Health
Department of Western Australia. Prevalence data
are obtained for all the regions of Western Australia,
and molecular typing provides information on local
and imported strains of MRSA and VRE."7

CHRISP'® guides and supports Queensland Health
facilities to develop standardised and validated
surveillance and analysis methods that allow

timely recognition and intervention of infection
problems. Data are used to estimate the magnitude
of nosocomial infections in Queensland Health
facilities, and detect trends in infection rates,

AMR and nosocomial pathogens. Aggregate and
de-identified data are reported to Queensland
Health. Signal Infection Surveillance methodology
has also been developed to provide a framework to
investigate HAI in small- to medium-sized inpatient
facilities and identify potential systemic issues
requiring improvement.
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VICNISS™® was established in 2002 and collects and
analyses data on HAI in acute-care public hospitals
in Victoria. The program for larger “Type 1’ hospitals
(i.e. more than 100 beds) is based on the National
Healthcare Safety Network (CDC) methodology.
Using clinically validated risk adjustment methods
is a cornerstone of the system. Smaller, or ‘Type 2’,
hospitals submit data on serious and antibiotic-
resistant infections. Surveillance activities are
targeted to patients who are at the highest risk of
HAI (such as patients after surgery, and patients

in adult and neonatal intensive care units). The
centre receives data from all acute-care public
hospitals in Victoria and began accepting data

from private hospitals on a voluntary basis in 2009.
Public hospitals are required to participate in the
state surveillance program and large hospitals

are expected to meet selected benchmarks or
levels of compliance. The VICNISS Coordinating
Centre analyses data from contributing hospitals,
and reports quarterly on aggregate, risk-adjusted,
procedure-specific infection rates to contributing
facilities and the Victorian Department of Health.
VICNISS collects antibiotic indicator data through the
Quality Use of Medicines program. This information
contributes to the development of accurate and
reliable benchmarks against which hospitals and
health services can assess their performance.

TIPCU™ coordinates and supports AMR and
antibiotic usage activities across a range of settings,
including the private sector. TIPCU monitors HAIs
and healthcare safety indicators, and releases
quarterly HAI surveillance reports of Tasmanian
public hospitals.

In New South Wales, the HAI program includes
requirements for the monitoring of specific
microorganisms in a number of settings, including
S. aureus bloodstream infections, and multiresistant
organisms such as MRSA in intensive care units
and C. difficile in acute-care settings. Some data
related to these infections are available in annual
reports from the NSW Health Department website.
The health department works with the NSW Clinical
Excellence Commission (CEC) on HAI and related
issues. CEC publishes information regarding AMR
prevention and management, and develops and
implements projects within clinical areas.

The South Australian Expert Advisory Group on
Antimicrobial Resistance (SAAGAR) has terms of
reference that include ‘champion the adoption and
funding of antimicrobial stewardship programs and
advise on the types of programs and components
that will be most useful for participating hospitals’.”?!
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SAAGAR provides expert advice and interpretation
on trends of antimicrobial usage. Much of the
focus of this group is on improving antimicrobial
usage. The SA HAI Expert Advisory Group reviews
surveillance data for multi-resistant organisms and
advises on trends and interventions in its scope

of activities. South Australia promotes the Signal
Infection Surveillance (SIS) approach for smaller
hospitals. Annual reports are published that contain
public and private-sector information for MRSA,
vancomycin-intermediate/resistant S. aureus,

VRE, ESBL-producing Gram-negative organisms,
multiresistant P. aeruginosa, carbapenem-resistant
Acinetobacter species, Enterobacteriaceae, plasmid-
mediated AmpC beta-lactamase producers and
metallo-beta-lactamase producers.

In the Australian Capital Territory, the Infection
Prevention and Control Unit includes HAI
surveillance, with ongoing monitoring of surgical site
and bloodstream infections. Clusters and infection
with unusual organisms are identified through the
review of microbiology reports, patient records and
regular ward rounds.'?2

Staphylococcus aureus bacteraemia (SAB) reporting
is mandatory in Australian hospitals. In December
2008, the Australian Health Ministers’ Conference
(AHMC) endorsed a recommendation from the
Australian Commission on Safety and Quality in
Health Care (ACSQHC) that all hospitals establish
surveillance of SAB. ACSQHC - in consultation
with health professionals, jurisdictions and expert
groups — developed and gained national agreement
for the SAB surveillance case definition and

dataset specification. All jurisdictions endorsed the
‘Demographic Surveillance System: Surveillance

of Hospital-Acquired SAB’ at the November 2012
meeting of the National Health Information and
Statistical Standards Committee. Subsequently,
the National Health Information and Performance
Principal Committee endorsed the dataset
specification for the surveillance of hospital-acquired
SAB for the purposes of surveillance, noting that
further work is required around performance
reporting. The dataset specification for healthcare-
associated SAB has been lodged in METeOR,'?3
the online repository of national data standards
operated by the Australian Institute of Health and
Welfare’s Metadata Unit. The National Healthcare
Agreement has included public hospital-associated
SAB as a performance indicator and related
benchmark since 2008, and this is reported

on the MyHospitals website.'?*



One of the most significant changes in relation

to AMR at the health service level is the work of
ACSQHC in development and implementation of
Standard 3 of the National Safety and Quality Health
Service Standards ‘Preventing and Controlling
Healthcare Associated Infection’. Standard 3
ensures that health services take active steps to
promote the appropriate prescribing of antimicrobials
and requires that all healthcare services have an
antimicrobial stewardship program in place; that

the clinical workforce prescribing antimicrobials has
access to current endorsed therapeutic guidelines
on antibiotics; that monitoring of antimicrobial
usage and resistance is undertaken; and that

action is taken to improve the effectiveness of
antimicrobial stewardship. From 1 January 2013,
the National Safety and Quality Health Service
Standards were mandated in all Australian hospitals
and health service organisations.”* ACSQHC is an
active contributor on antibiotic usage through the
Antimicrobial Stewardship Advisory Committee and
the Antimicrobial Stewardship Jurisdictional Network.

2.2 Key characteristics
of existing systems

Twenty years ago, Neu et al wrote in relation to

AMR surveillance that ‘there are no reliable data

in this area — simply fragments of information and
anecdotes that we use to draw an overall picture’.'?®
Since then, there has been much activity across the
globe to address the paucity of coherent information,
but the landscape is still fragmented. This section
outlines the key characteristics and range of
attributes exhibited by systems for AMR surveillance.
Appendix 2 indicates the level of detail that is readily
available about a large number of historic and current
programs and systems. Although there are many
programs described in Appendix 2, the range of
attributes exhibited by these programs is discussed
in more detail in Sections 2.2.1-2.2.16.

tw
-

B
AP

2.2.1 Program type

Internationally, a number of different types of
programs are concerned with monitoring aspects
of AMR. Of the programs listed in Appendix 2, the
majority monitor AMR, although the approach taken
varies. Some monitor and analyse antimicrobial
consumption in isolation, while others — such as the
broader European Centre for Disease Prevention and
Control (ECDC) program, including the European
Surveillance of Antimicrobial Consumption Network
—analyse both AMR and antimicrobial consumption,
and seek to link the selective pressures exerted by
antibiotic consumption in the community with the
occurrence of resistance.

2.2.2 Program scope

All of the programs listed in Appendix 2 deal

with data related to human health. Some notable
programs, such as DANMAP (Denmark), take a much
broader view and gather information from a range
of animal and food sources. These can include both
antimicrobial consumption and resistance data in
the case of animals, and the results of bacterial
screening in the case of food. Domestic farming
activities or imported foodstuffs can provide food
data. The data can describe pathogens, such as
Salmonella spp. or Campylobacter spp. isolates,

or focus on the AMR characteristics of sentinel
organisms that give an indication of the prevalence
and change in resistance patterns.

2.2.3 Program status

A notable feature of the list in Appendix 2 is the
number of programs that have ceased to operate.
In some cases, this appears to be because the
program operated as a project with a defined scope
and timeline, and has reached its conclusion.

In other cases, it appears that a failure of funding,
governance or enthusiasm has occurred. There
are, however, successful programs such as the
Swedish Strategic Programme for the Rational Use
of Antibiotic Agents and Surveillance of Resistance
(STRAMA) that have been running for more than a
decade and demonstrate consistent output from
year to year.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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2.2.4 Program focus

Programs vary significantly in their focus. For
example, some are clearly focused on food-related
and enteric organisms, and others are concerned
with invasive pathogens and only collect data
related to sterile sites and fluids. Some, such as

the European Antimicrobial Resistance Surveillance
Network (EARS-Net), concentrate on a defined list
of microorganisms, while others, including the British
Society for Antimicrobial Chemotherapy, focus on
disease-related groupings, such as upper or lower
respiratory tract infections. A number are concerned
with a single or very small range of pathogens — for
example, the European Gonococcal Antimicrobial
Surveillance Programme collects data on

N. gonorrhoeae susceptibility, while CTLSS (Canada)
collects surveillance data on Mycobacterium
tuberculosis and other Mycobacterium species.

A further set of program characteristics that can be
used to group and describe these programs is the
extent to which they focus on AMR surveillance, the
use of antimicrobials, HAI, and food and veterinary
sources of data. Table 2 provides an overview of a
range of programs and their main areas of focus.

2.2.5 Geographic range
of surveillance

Although some programs (such as EARS-Net

and ReLAVRA) bring together data from several
nations, others (including the Canadian Integrated
Program for Antimicrobial Resistance Surveillance)
concentrate on national datasets. There are a
number of programs that gather national data

and then provide a subset of information to a
supranational system, including DANMAP and
STRAMA, where a much broader level of information
is gathered at a national level than what is submitted
to ECDC EARS-Net.

Programs vary significantly in their
focus. For example, some are
clearly focused on food-related and
enteric organisms, and others are
concerned with invasive pathogens
and only collect data related to
Sterile sites and fluids.
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2.2.6 Types of bacteria

TSN and CHRISP OrgTRx are examples of programs
that collect data on all bacteria isolated from clinical
specimens. As indicated in Section 2.2.4, there

are other programs that collect data on one or a
few bacterial species. Between these extremes

are systems that collect data on a defined list of
organisms — for example, EARS-Net collects data
on seven organisms.

Table 3 lists and enumerates the organisms or
groups of bacteria monitored by 5 supranational,

15 national and 11 Australian programs. There are
many programs listed that monitor data on S. aureus
and MRSA, S. pneumoniae and E. coli, but fewer
that report on, for example, coagulase-negative
staphylococci or C. difficile.

Some programs gather data on sentinel organisms.
These are organisms that usually co-exist with
humans and animals without causing disease, but
may become the cause of infection under certain
circumstances. AMR data on sentinel organisms
generally result from active screening programs
involving humans, animals or food sources, rather
than clinical specimens being submitted.



Table 2: Areas of focus of a range of select programs

Supranational

EARS-Net (Europe) Y

Other ECDC programs Europe Y Y Y Y

ANSORP

IDSR (Africa)

CARTIPS (Asia)

SENTRY (Global)

ReLAVRA (Americas)

<|<|<|<|<|=

TSN (US, Canada, Europe, Aus)

National

DANMAP (Denmark)

NETHMAP (Netherlands)

_<
_<
<

STRAMA (Sweden)

<|<|=<|=

BUISTAR (Bulgaria)

FiRe (Finland)

NARMS (US - CDC)

ABCs (US -CDC)

TRUST (US)

CIPARS (Canada)

MOHNARIN (China)

CHINET (China)

SMART (China)

KONSAR (Korea)

NARST (Thailand)

<|<|<|=<|<|<|=<|<|<|<|<|<|<|<]|=<

NARS (Singapore)

Australian

AGAR (National)

<

CHRISP OrgTRx (Qld) Y Y Y

NAUSP (National)

<

DUSC (National) Y

HISWA (WA)

TIPCU (Tas)

VICNISS (Victoria)

<|=<|<|=<

SA HAI Surveillance Program Y

ABCs = Active Bacterial Core Surveillance; AGAR = Australian Group on Antimicrobial Resistance; ANSORP = Asian Network for
Surveillance of Resistant Pathogens; BulSTAR = Bulgarian Surveillance Tracking Antimicrobial Resistance; CARTIPS = Community-
Acquired Respiratory Tract Infection Pathogen Surveillance; CDC = Centers for Disease Control and Prevention; CHINET = Chinese
Tertiary Hospital; CHRISP = Centre for Healthcare Related Infection Surveillance and Prevention; CIPARS = Canadian Integrated Program
for Antimicrobial Resistance Surveillance; DANMAP = Danish Integrated Antimicrobial Resistance Monitoring and Research Programme;
DUSC = Drug Utilisation Sub-Committee; EARS-Net = European Antimicrobial Resistance Surveillance Network; ECDC = European
Centre for Disease Prevention and Control; FiRe = Finnish Study Group for Antimicrobial Resistance; HISWA = Healthcare Infection
Surveillance Western Australia; IDSR =Integrated Disease Surveillance and Response; KONSAR = Korean Nationwide Surveillance of
Antimicrobial Resistance; MOHNARIN =Ministry of Health National Antibacterial Resistance Investigation Net China; NARMS = National
Antimicrobial Resistance Monitoring System; NARS = Network for Antimicrobial Resistance Surveillance; NARST = National Antimicrobial
Resistance Thailand; NAUSP = National Antimicrobial Usage Surveillance Program; ReLAVRA = Red Latinoamericana de Vigilancia de la
Resistencia a los Antimicrobianos; STRAMA = Swedish Strategic Programme for the Rational Use of Antibiotic Agents and Surveillance
of Resistance; TIPCU = Tasmanian Infection and Prevention Control Unit; TRUST = Tracking Resistance in the United States Today;

TSN = The Surveillance Network; US = United States; VICNISS = Victorian Nosocomial Infection Surveillance System
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Pseudomonas aeruginosa
Haemophilus influenzae

Gram negative bacilli
Salmonella sp.

Escherichia coli
Klebsiella pneumoniae
Proteus mirabilis
Campylobacter

Vibrio cholerae

staphylococci
Enterobacter sp.
Acinetobacter sp.
Shigella
Citrobacter
Serratia sp.
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2.2.7 Bacterial characteristics

Programs that gather data and report on

AMR provide information based on laboratory
susceptibility testing of bacteria of interest. Some
programs, including AGAR, ACCESS Typing and
Research and the Asian Network for Surveillance of
Resistant Pathogens (ANSORP) also look at bacterial
genotypes. This information can provide greater
confidence and understanding of epidemiology

and spread of bacterial strains, but does require
additional levels of laboratory testing and expense.

Data from the Prospective Resistant Organism
Tracking and Epidemiology for the Ketolide
Telithromycin — US surveillance study demonstrated
that, out of more than 26 000 isolates of

S. pneumoniae, about 29% consistently expressed
resistance to erythromycin during a four-year
period. Molecular testing was able to demonstrate,
however, that a significant shift had occurred in

the mechanism of resistance. The most common
mechanism of resistance to erythromycin in

S. pneumoniae is mediated by the presence of

the mef(A) gene, which allows the organism to
pump antibiotic actively out of the cell; however,
the prevalence of this gene occurring on its own
decreased from 69% to 61% during the four years.
At the same time, an alternative mechanism of
resistance, involving a different gene in combination
with mef(A), increased in prevalence from 9% to
19%. The change was most marked in children
less than two years of age,'?® and would have gone
unobserved if molecular testing had not been used.
The finding is important because the organism’s
AMR differs depending on which genes conferring
resistance are carried by the bacteria, and can
therefore influence the choice of empiric therapy.

The frequency with which data are
gathered by surveillance networks
ranges from daily (TSN) to
annually (EARS-Neb).
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2.2.8 Specimen types

The TSN and CHRISP programs (Section 2.2.6)
collect data on all clinical specimen types as well
as all bacteria isolated. EARS-Net, by comparison,
only collects data from blood cultures and
cerebrospinal fluid specimens, as its focus is

on invasive organisms. Programs that focus on
particular disease states or organ systems, such
as those concentrating on respiratory or enteric
disease, collect data on specimens relevant to the
target organisms.

2.2.9 Laboratory participants

AMR data relating to humans come from pathology
laboratories. In Australia, both public and private
laboratories contribute data to AGAR, while the
CHRISP program only collects public-sector data.
In other countries, some participants are university
or reference laboratories, and others are clinical
facilities in either the public or private sector.

2.2.10 Standardised laboratory
practice

A common feature among international AMR
surveillance programs operating across or between
nations is the standardisation of laboratory practice.
For data to be combined between facilities and
across time, there needs to be confidence that the
results are comparable. Two approaches to this

are seen.

One method is to have many laboratories send
isolates of interest to a small number of reference
centres where the methodology used to study AMR
has been benchmarked. The Alexander Project — a
multicentre international study — initially required that
all isolates be sent to a single laboratory in the UK.
The addition of two more approved laboratories in
the US after several years allowed the program to
expand, but was accompanied by stringent cross-
validation and quality control, both at the outset
and throughout the operation of the study.*®

The other technique is to ensure that all clinical
laboratories that provide data are enrolled in
external quality assurance (EQA) programs, often
accompanied by broad agreement across the
network on the methodology that will be used for
bacterial identification and susceptibility testing.
Some AMR surveillance systems operate EQA
programs for participating laboratories, while others
require centres to be enrolled in independent

EQA programs.



2.2.11 Basis of participation

The level of participation in AMR surveillance
programs varies significantly between countries
where active programs exist. In Finland, a network
of 24 microbiology laboratories covering more than
95% of clinical laboratories that process blood
cultures contribute data to the Finnish Study Group
for Antimicrobial Resistance.'®”

The level of participation in a voluntary national
reporting system in Sweden is also high, with

data from more than 75% of the population being
provided to the EARS-Net system. With a population
of 9.5 million, Sweden claims to be the largest
contributor of data to the pan-European system.

By contrast, the national AMR surveillance data
from voluntary reporting networks in Germany
covers only 2% of the population. Despite having a
population of 81.7 million, in 2008, Germany ranked
last in terms of representation in the EARS-Net
dataset.'?® A strategy addressing many of the key
characteristics described here was implemented in
2008 to increase the level of reporting.

2.2.12 Frequency of data
gathering

The frequency with which data are gathered by
surveillance networks ranges from daily (TSN) to
annually (EARS-Net). This has a significant impact
on the purposes for which a system may be used,
as well as on the design of data-feeder mechanisms,
and the central system or agency that receives,
processes and reports information. A system

that requires annual data submission cannot, for
example, be used to detect and flag emerging
threats in a timely manner, but may be appropriate
for long-term, high-level policy making and planning.

?‘f;‘@

2.2.13 Frequency and
methods of reporting

A characteristic of some of the European programs,
such as DANMAP, STRAMA and EARS-Net,

is that significant, consolidated reports that

contain information on all surveillance activities

are produced annually. The reports disseminate
findings, and provide a level of analysis and opinion
on trends and projections for the future. Many peer-
reviewed journal articles arise from the work done
to gather and analyse surveillance data, and other
publications and conference presentations distribute
information to clinicians, public health bodies, policy
makers and the general population.

AGAR produces a number of specific reports

each year, reflecting the projects that have been
undertaken during the relevant time period. AGAR
activities have also led to many journal articles and
other publications, and contributions to conference
proceedings in Australia and overseas.

ANSORP undertakes a series of defined projects,
and results are primarily available in the peer-
reviewed literature. In some cases, articles are
freely available in the public domain, while access
to others requires subscription to the relevant
journal or purchase on a per-article basis.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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2.2.14 Mandatory reporting

The high level of participation and reporting to

the AMR surveillance network in Sweden may

be assisted by the legislative requirements for
mandatory reporting in that country. Both the
reporting laboratory and the treating physician
must report all cases of MRSA, VRE and penicillin-
resistant S. pneumoniae to the Swedish Institute
for Infectious Disease Control. Note that it is only
isolates with particular resistance characteristics
that must be reported in this case, and not all
isolates of a particular species of bacteria. A similar
situation exists in Denmark, where MRSA and
invasive S. pneumoniae isolates must be reported.
In the latter case, it is the specimen type that
drives mandatory reporting rather than the AMR
characteristics of the isolates.

In England, the reporting of MRSA has been
mandatory for all National Health Service acute
trusts since 2004, and has recently been improved
so that patient-level data are collected as well.

In 2011, the scheme was extended to include
surveillance of methicillin-sensitive S. aureus
(MSSA). The UK Health Protection Agency produces
counts of MRSA and MSSA monthly and annually.
The first annual MSSA data were published in

July 2012. Every quarter, the data collected in

the improved surveillance are used to produce
epidemiological commentaries, with the aim of
contributing to a better evidence base regarding risk
factors for infection.?® Worldwide, it is more common
to have pathogens of high public health importance,
such as M. tuberculosis and N. gonorrhoeae,
notifiable. In Australia, MRSA reporting is mandatory
only in Western Australia.

It is important to establish which
population groups are to be included in
a surveillance program, because this will
have important consequences for how
the data can be used.
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2.2.15 Population monitored

Although many programs monitor isolates from
hospital populations, others focus on community
settings, and some include a combination. It is
important to establish which population groups are
to be included in a surveillance program, because
this will have important consequences for how the
data can be used in different areas of interest and
importance. The focus of STRAMA was initially on
multiresistant pneumococci and arose because of
concerns in the medical and wider community about
the detection of such strains among young children
in day-care centres across the country. The program
subsequently expanded to monitor hospitals and

a broad range of community settings. In Germany,
there was national surveillance occurring at a low
level in maximum-care hospitals, and concerns
about the lack of a broader view of AMR led to the
expansion into ambulatory care.

The Alexander Project, which ran for ten years
from 1992 and gathered data from 27 countries, is
an example of a focused program. Its aim was to
elucidate information on resistance patterns in six
organisms isolated from adult community-acquired
respiratory tract infections.'® Hospital isolates
were only included if samples were collected within
48 hours of admission. Data collection ceased

on two organisms after two years, and a third

after five years, to allow the project to focus on

the three organisms most clinically relevant to the
Alexander Project: S. pneumoniae, H. influenzae
and Moraxella cattarhalis.*®



The Surveillance of Antimicrobial Use and
Antimicrobial Resistance in ICUs (SARI; Germany)
and the Intensive Care Antimicrobial Resistance
Epidemiology (US) Project are examples of focused
programs in the hospital setting; in both cases,
data are gathered on nosocomial pathogens from
intensive care units. A number of studies have
demonstrated a stepwise reduction in the prevalence
of AMR in different settings, from intensive care to
non-intensive care, and then ambulatory,®' so it

is important to consider the benefits to be gained
from monitoring each setting. For example, Sun

et al'” published a study that looked at laboratory
and antibiotic prescribing data for nine years in

the US. The prescribing data covered 70% of all
prescriptions filled by retail pharmacies, while the
microbiology data was drawn from TSN and covered
300 laboratories, and both inpatient and outpatient
isolates. The authors highlighted that ‘the strong
correlation between community use of antibiotics
and resistance isolated in the hospital indicates that
restrictions imposed at the hospital level are unlikely
to be effective unless coordinated with campaigns
to reduce unnecessary antibiotic use at the
community level’."”

Surveillance programs described in
this report obtain funding from a
range of sources. The funding source,
in turn, generally dictates the focus
and character of the program.

AP

2.2.16 Funding source
and governance

Surveillance programs described in this report obtain
funding from a range of sources. The funding source,
in turn, generally dictates the focus and character

of the program.

The multinational programs operated by the ECDC
aim to provide independent and authoritative advice
to member countries on threats to human health
from infectious disease. Programs funded by national
governments, such as the German SARI project,
seek similar outcomes for their populace.

Some programs, such as AGAR, have their genesis
in professional groups who initiate projects out of
concern for the emerging impact of AMR and take
action in the absence of other coordinated activity.
AGAR was initially funded through commercial
sponsorship, but has been principally sponsored
by the Australian Government since 2002. ANSORP
is an independent, not-for-profit, nongovernment
international network funded by the Asia—Pacific
Foundation for Infectious Diseases, which was
established to improve global health by strengthening
and coordinating research-related activities.

A number of surveillance networks are initiated and
funded by commercial entities. The multinational
SENTRY program was initially funded by
GlaxoSmithKline, and is now sponsored by a number
of pharmaceutical companies, which change from
time to time. The Meropenem Yearly Susceptibility
Test Information Collection (MYSTIC) is funded

and operated by AstraZeneca, a manufacturer

of meropenem (a broad-spectrum injectable
antimicrobial).

A summary of the key characteristics of AMR
surveillance systems and implications for an
Australian national system is presented in Table 4.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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Options and models for the Australian context

This section examines the elements that drive international programs and their
features that appear to be important for success, relevant to a national, coordinated
surveillance system in Australia. Select programs and activities of greatest

relevance are presented as case studies.

Key question

What options or models for a nationally coordinated approach to the reporting
and surveillance of antibiotic usage and antimicrobial resistance are most applicable

to the Australian context?

3.1 Objectives of international antimicrobial resistance

surveillance systems

The objectives of an antimicrobial surveillance
system for Australia need to be defined, as the
methods used to gather data and decisions
regarding data use will be driven by the objectives of
the system.'®? For example, if a system is to provide
real-time detection of an emerging threat, it will not
be satisfactory to design a system that requires
annual data collection.

The Centres for Disease Control and Prevention
Updated Guidelines for Evaluating Public Health
Surveillance Systems lists the following uses for data
taken from a surveillance system and used for public
health purposes:'s3

e guide immediate action for cases of public
health importance

* measure the burden of a disease (or other
health-related event), including changes in related
factors, the identification of populations at high
risk, and the identification of new or emerging
health concerns

e monitor trends in the burden of a disease
(or other health-related event), including
the detection of epidemics (outbreaks)
and pandemics

e guide the planning, implementation and
evaluation of programs to prevent and control
disease, injury or adverse exposure

e evaluate public policy

e detect changes in health practices and the effects
of these changes

e prioritise the allocation of health resources
e describe the clinical course of disease

e provide a basis for epidemiologic research.

36 | Antimicrobial Resistance Standing Committee

An overarching objective for antimicrobial
surveillance might be given as:

The ongoing generation, capture, assembly, and
analysis of all information on the evolving nature,
spread, and distribution of infecting microbes and
their resistance to antimicrobial agents and its full
use for actions to improve health.'**

When considering appropriate objectives for an
Australian system, it is informative to review those
of established systems. The stated objectives of
the European Antimicrobial Resistance Surveillance
Network (EARS-Net) are to:

e collect comparable and validated antimicrobial
resistance (AMR) data

e analyse trends over time

e provide timely AMR data that constitute a basis
for policy decisions

e encourage the implementation, maintenance
and improvement of national AMR
surveillance programs

e support national systems in their efforts to
improve diagnostic accuracy at every level
of the surveillance chain

* link AMR data to factors influencing the
emergence and spread of AMR, such as antibiotic
usage data

e initiate, foster and complement scientific research
in Europe in the field of AMR.



The Alliance for the Prudent Use of Antibiotics
provides suggested objectives for coordinated

AMR surveillance programs,'®® which demonstrate
significant concordance and overlap with both the
generic Centers for Disease Control and Prevention

(CDC) and EARS-Net objectives:

e characterise disease aetiologies and
resistance trends

e identify and investigate new threats in
resistance promptly

e guide policy makers in developing therapy
recommendations

e guide public health authorities in responding
to outbreaks of resistant organisms in hospitals

and the community

e evaluate the impact of therapy and infection
control interventions on infection rates and

cure rates

e strengthen laboratory capacity and national

communicable disease infrastructure through
a process of continuous quality improvement.

= .‘,IIL--'

3.2 Case studies - existing
programs of most
relevance to the
Australian context

This section provides case studies of a number

of systems that have relevance to the Australian
environment — that is, they have dealt with cross-
jurisdictional issues, supported surveillance in
nations with well-developed healthcare systems and/
or presented a model for broad surveillance across
human, animal and food-related sources of AMR. In
each case study, there are sections to describe the
model for data collection and processing, and the
ways in which data are made available to the public.
Table 5 summarises the case studies.

3.2.1 European Centre for Disease
Prevention and Control

The European Centre for Disease Prevention and
Control (ECDC) conducts surveillance for both

AMR and antimicrobial consumption. The two
programs are the European Antimicrobial Resistance
Surveillance Network (EARS-Net) and European
Surveillance of Antimicrobial Consumption Network

(ESAC-Net).
Table 5: Case studies examined in this report

Program Span Funding Governance
ECDC Supranational Government Government
ANSORP Supranational Independent foundation Professional body
TSN Supranational/national Commercial Commercial
DANMAP National Government Government
STRAMA National Government Government
AGAR National Government Professional body
CHRISP State Government Government

AGAR = Australian Group on Antimicrobial Resistance; ANSORP = Asian Network for Surveillance of Resistant Pathogens;

CHRISP = Centre for Healthcare Related Infection Surveillance and Prevention; DANMAP = Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme; ECDC = European Centre for Disease Prevention and Control; STRAMA = Swedish Strategic
Programme for the Rational Use of Antibiotics Agents and Surveillance of Resistance; TSN = The Surveillance Network

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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European Antimicrobial Resistance
Surveillance Network

EARS-Net is a Europe-wide network of national
surveillance systems, providing European reference
data on AMR for public health purposes. The
network is coordinated and funded by ECDC. It is
the largest publicly funded AMR surveillance system
in the European region. ECDC was established in
2005 as a European Union (EU) agency, aiming

to ‘... identify, assess and communicate current
and emerging threats to human health posed

by infectious diseases’.'*® It works in partnership
with existing national health protection bodies
across Europe.

European AMR surveillance data has been
collected since 1998 by the European Antimicrobial
Resistance Surveillance System (EARSS), which
was coordinated by the Dutch National Institute for
Public Health and the Environment (RIVM) between
1998 and 2009. Coordination of the network was
transferred to the ECDC in January 2010, and

the name of the network changed to EARS-Net.
Historical EARSS data was transferred to The
European Surveillance System (TESSy). TESSy is
the single point of access for European Member
States to enter and retrieve data.

In 2009, EARSS was funded by ECDC and the
Dutch Ministry of Welfare and Sport, at a cost of
€668 458 (approximately AU$815 000), to support
the external quality assurance program, organise

an annual plenary meeting and more frequent
scientific advisory board meetings, and undertake
data management and report generation.'® This cost
compares to an estimated 25 000 lives lost and
around €900 000 (approximately AU$1.1 million)
that is estimated to be spent each year on additional
healthcare costs related to a limited number of
resistant bacteria in the EU.'®®

In 2010, the first EARS-Net Reporting Protocol was
published, which guided participating institutions
on data collection, management, analysis and
validation, and provided case definitions. The
protocol provides detailed descriptions of data
elements that are captured by the system, and was
updated in 2012."° ECDC and EARS-Net are both
underpinned by Decisions and Regulations of the
European Parliament.

38 | Antimicrobial Resistance Standing Committee

On 30 October 2012, the World Health Organization’s
European Region signed an agreement with RIVM
(the original operators of the system that is now
EARS-Net) and the European Society of Clinical
Microbiology and Infectious Diseases to expand AMR
surveillance to all countries in the WHO European
Region. To date, EARS-Net has primarily covered
countries that are EU Member States. The Central
Asia and European Surveillance of Antimicrobial
Resistance network, which will use EARS-Net
methodology in collaboration with ECDC to permit
comparison of data from across all of Europe, was
established as a result of the EARS-Net expansion.'“?

Data collection and processing

The national networks across Europe collect data
from their own clinical laboratories. More than

900 laboratories report data from more than 1400
hospitals. In 2010, 19 of the 28 countries contributing
data to EARS-Net used WHONET software.'® Each
national network is responsible for uploading its data
to TESSy, and then validating and approving the
data before they are incorporated into the broader
dataset. Bacterial isolate data are collected on the
following seven organisms isolated from blood or
cerebrospinal fluid according to 37 data variables
described in the EARS-Net Reporting Protocol:

e Streptococcus pneumoniae
e Staphylococcus aureus
e Enterococcus faecalis
e Enterococcus faecium
e Escherichia coli
Klebsiella pneumoniae
* Pseudomonas aeruginosa.
The flow of isolate-specific data is represented in

the EARS-Net Reporting Protocol Version 2, 2012,
and is represented in Figure 6.

Denominator data are collected for laboratory

and hospital activity, and population or patient
characteristics. There are 19 data variables for
denominator data, including country and laboratory
location, population, and hospital or facility type,
size, and activity levels.

Examples of the denominator data variables
captured for laboratories and hospitals are shown
in Table 6.



Figure 6: Data flow chart from the European Antimicrobial Resistance Surveillance Network (EARS-Net)

Data flow-chart (Record type ‘AMRTEST’)

Original data

<4=mmm Data management at country level

Uploaded data

TESSy filter 1 according with the
list of bug/source/drug
— combinations included in the
AMR surveillance

Validation reports Validated data

Approved data
TESSy filter 2 to obtain one
<@mmmmmm record per patient,

bug/drug combination, year

Data for final reports

<mmmmm Analysis

Web maps/graphs/tables

&
final reports

AMR = antimicrobial resistance; TESSy = The European Surveillance System.

Table 6: Denominator data for EARS-Net

Laboratory variables Hospital variables

e | aboratory code e Year of report
e Town e Hospital code
e ZIP (post) code e Hospital type
e Catchment population e Catchment population

e Number of hospital beds

* Number of intensive care unit beds
e Number of hospital patient-days

e Annual occupancy rate

e Number of admissions

e Number of blood culture sets

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU) | 39
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Using denominator data allows comparisons to

be made between jurisdictions, and institutions of

different sizes and activity levels.

Data comparability between laboratories is
supported by the participation of contributing
laboratories in the UK National External Quality

Assurance Scheme. This occurs under a contracted
arrangement; the most recent three-year contract

was signed in 2010.

Data publication

EARS-Net data are publicly available online through
an interactive webpage, where the visitor can select
from a number of lists to generate the information of
interest. Query results can then be downloaded in

a number of formats, including graphs, tables and
maps. Three methods of displaying the susceptibility
of Enterococcus faecalis isolates to aminopenicillins
in participating countries during 2010 are presented

in Figure 7.

Annual reports are also produced and are publicly
available from the ECDC website. The annual reports

contain interpretations and conclusions regarding
trends in AMR across Europe.

Program impact

Individual countries, such as Ireland, indicate that

EARS-Net data are used ‘to monitor the impact of

interventions, such as improved infection control

and antibiotic stewardship programmes’.'*?> The Irish
Health Protection Surveillance Centre website carries
a range of information and articles that are based on
participation in EARS-Net. For example, revelations
from the Enhanced EARS-Net Surveillance: Report
for 2011 Data With Special Focus on Enterococcal
Bloodstream Infection contains information on the
origin of vancomycin-resistant enterococci (VRE):"3

In a study of the last six years’ enhanced data,
most VRE BSls [bloodstream infections] were
hospital-acquired: 87% of the E. faecium VRE
and 67% for E. faecalis VRE were acquired in
the reporting hospital.

Analysis of the data has also facilitated the
elucidation of risk factors for VRE:3

The most common risk factors included
underlying malignancy/immunosuppression,
intensive care unit stay and recent surgery.
Recent surgery as risk factor had been
increasing in VRE since 2006, however,

this decreased sharply in 2011.
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Such information, facilitated by the collection of risk
factors, sources of infection and patient outcome, is
then used to guide changes in clinical guidelines and
practice. Planning for the future of EARS-Net has
focused on three key questions:'®

e What will be major public health challenges
caused by AMR in Europe within the next
5-10 years?

e Are the current surveillance systems capable of
providing sufficient data for risk assessment and
risk management to control these hazards?

e Which changes are needed in order to ascertain
such capability?

Data generated by EARS-Net and its predecessor,
and the systems monitoring antimicrobial usage
have demonstrated considerable differences in
consumption and correlated this with differences in
resistance patterns. In 2008, for example, a four-fold
difference in antimicrobial use was demonstrated
between the highest (Greece) and lowest
(Netherlands and Latvia) consumers. Such findings
support a range of initiatives promoting the prudent
use of antimicrobials, and Belgium and France have
demonstrated declining resistance in S. pneumoniae
(penicillin and erythromycin resistance) and

S. pyogenes (erythromycin resistance).

The most recent annual report from EARS-Net paints
the following picture:™4

e The most alarming evidence of increasing
AMR came from data on combined resistance
(resistance to third-generation cephalosporins,
fluoroquinolones and aminoglycosides) in E. coli
and in K. pneumoniae.

e The high and increasing percentage of combined
resistance observed for K. pneumoniae means
that, for some patients with life-threatening
infections, only a few therapeutic options remain
available (e.g. carbapenems); however, the
increasing prevalence of carbapenem resistance
in some countries is exacerbating the situation.

e Other trends of AMR indicate that national
efforts on infection control and containment
of resistance are effective, as illustrated by the
trends for methicillin-resistant S. aureus (MRSA),
antimicrobial-resistant S. pneumoniae and
antimicrobial-resistant enterococci, for which
the situation appears generally stable or even
improving in some countries.

Such consolidated information, which can be used
to develop and promote strategies to address
specific issues, is unobtainable in the absence

of a comprehensive system such as EARS-Net.
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Figure 7: Available types of European Centre for Disease Prevention and Control (ECDC) reporting data
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Options and models for the Australian context

European Surveillance of
Antimicrobial Consumption Network

ESAC-Net was initiated in 2001 as an international
network of surveillance systems to collect
comparable and reliable data on antimicrobial

use in Europe to accompany analogous AMR
surveillance programs.

Coordinated by ECDC since 2007, ESAC-Net now
collects reference data on the consumption of
antimicrobials for systemic use in the European
community and hospital sector. Former ESAC
subprojects, involving data collection on antimicrobial
use in hospitals and in long-term care facilities, are
now continued as ECDC-coordinated and/or funded
projects within the Healthcare-Associated Infections
Surveillance Network (HAI-Net). Specifically, patient-
level antimicrobial use prevalence data are provided
through a European-wide point survey of healthcare-
associated infections (HAIs) and antimicrobial use

in acute-care hospitals, and data on the prevalence
of antimicrobial use in residents at long-term care
facilities is collected by the HALT-2 project.

Data collection and processing

Data sources are national sales and reimbursement
data, including information from national drug
registers. The WHO Anatomical Therapeutic
Chemical (ATC) classification system is used for
the allocation of antimicrobials into groups. Data
are collected nationally and subnationally based on
the Nomenclature of Territorial Units for Statistics
(NUTS) classification. Data on antimicrobial
consumption is collected at the product level

on the following antimicrobials:

e antibacterials for systemic use (ATC group J01)
e antimycotics for systemic use (ATC group J02)
e antimycobacterials (ATC group J04)

e antivirals for systemic use (ATC group J0O5).

In addition, a few other antimicrobials outside of
ATC group J are collected to complete the picture
of antimicrobial consumption in Europe.

Antimicrobial consumption in Europe is monitored
by a network of national surveillance networks in the
EU, and European Economic Area and European
Free Trade Association countries through annual
data calls. Data are uploaded from these national
networks to a central database (TESSy). After
uploading, each country approves its own data

for reporting, and the results are made available

on the ECDC website.
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Antimicrobial consumption is expressed as the
number of WHO defined daily doses (DDD) per 1000
inhabitants per day. The number of packages per
1000 inhabitants per day is also reported, depending
on the availability of data. Information on packages
improves the understanding and interpretation of
differences in the levels and trends in antimicrobial
consumption observed between and within
countries, as the ATC/DDD data cannot take into
account changes in package content. Denominator
(population) data are obtained from Eurostat or
national statistics reports. When consumption data
do not reflect the whole population, contributing
countries will provide data on the population covered
by antimicrobial consumption surveillance data.

The total outpatient antibiotic use in 33 European
countries in 2009 is presented in Figure 8.

Data publication

The ECDC maintains and facilitates its data reporting
by ensuring:

e validation of community and hospital-sector data,
including data from the national drug registers
derived from national surveillance networks

e analysis of the trends in antimicrobial
consumption overall and in the different ATC
groups, as well as comparisons between
countries and regions

e public access to information on antimicrobial
consumption in Europe through an ESAC-Net
interactive database.

Program impact

ESAC-Net data enable countries to audit their
antibiotic use by creating and maintaining a
comprehensible, comparable and reliable reference
database. ESAC data have been shown to be a
valuable resource not only for ecological studies

on the relationship between antibiotic use and
resistance, but also to evaluate adherence

to guidelines and policies, and to assess the
outcomes of national and regional interventions.
Moreover, collating regional data in a meaningful
way complements national consumption statistics.
For example, subnational data collected for Ireland,
ltaly, Portugal, Sweden and the UK, using the
three-level NUTS classification, found differing
rates of penicillin use within Italy, a high-consuming
country, with much higher volumes of total outpatient
antibiotic (mainly penicillins) use in the south

(e.g. 39.9 DDD in Campania and 34.9 DDD in Sicily)
compared with the north (e.g. 16.1 DDD in Bolzano).
Similar gradients have also been demonstrated in
low-consumption countries such as Sweden.'*s



Figure 8: Total outpatient antibiotic use in 33 European countries in 2009 in defined daily doses (DDDs)
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Relevance to Australia

During consultation, key Australian AMR
stakeholders identified that the strengths of the
ECDC program comprise a comprehensive,
coordinated and publicly funded AMR surveillance
and antibiotic consumption program that operates
across many international jurisdictions. The majority
of respondents felt that limiting AMR surveillance to
seven clinically important organisms and samples
(e.g. from blood cultures and cerebrospinal fluid)
was an asset, while others felt that restricting the
scope of pathogens was a limitation. Stakeholders
acknowledged that the availability of data at
supranational, national or state/provincial levels
allowed more targeted and timely identification

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

of emerging issues. Data capture (including
denominator data on laboratory/hospital activity
and patient characteristics), within both hospital
and community settings, was highly regarded by
respondents. Stakeholders also noted the program
could quantify improvement or maintenance of
resistance rates for certain organisms (including
Gram-negative organisms). Program strengths

also included the availability of external quality
assurance support for contributing laboratories, and
accessibility of reports to hospitals and the public.
The exclusion of animal, food or environmental data
was proposed as a program limitation.
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3.2.2 Asian Network for
Surveillance of Resistant
Pathogens

The Asian Network for Surveillance of Resistant
Pathogens (ANSORP) is an independent, not-for-
profit, nongovernment international network for
collaborative research on antimicrobial agents

and infectious diseases in the Asia—Pacific region.
It is supported by the Asia—Pacific Foundation for
Infectious Diseases.'*® ANSORP began in 1996

in Seoul, South Korea; the first project was the
surveillance of pneumococcal resistance in Asia.
Growth in the number of participating investigators,
centres and geographical areas from 1996 to 2010
is illustrated in Figure 9.

Data collection and processing

Participating hospitals forward isolates to a limited
number of reference laboratories, where laboratory
testing is performed using standard protocols. In a
range of peer-reviewed articles reviewed from 2004
through to 2012, all isolates were referred to the
Samsung Medical Centre, Seoul, South Korea.?* 148 149
In one case from 2012, Chinese hospitals referred
isolates to reference laboratories at the Beijing Union
Medical College Hospital and Beijing Children’s
Hospital,'*® while hospitals from outside China referred
isolates to Seoul. No specific discussion is included
on how data are collected and processed within the
ANSORP network. The work of ANSORP is based on
a series of defined research projects, and it has grown
through five phases as described in Table 7.

Data publication

Publication in peer-reviewed journals, conference
posters and conference presentations appear to be
the prime methods for releasing research outcomes.
Articles appear primarily in microbiology, infectious
diseases and chemotherapy journal titles. No
evidence of annual reports or other regular or routine
methods by which ANSORP distributes findings has
been identified. The ANSORP website'' contains

a list of 134 papers that are mainly based on
ANSORP studies. The papers fall under the themed
groupings illustrated in Figure 10. The strong focus
on clinical issues associated with AMR is notable,
and this theme forms the largest single group, with
40 papers published.
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Program impact

All five ANSORP project phases have either focused
on, or included surveillance of, S. pneumoniae;
hence, a significant proportion of the program output
relates to AMR in pneumococcus. Phases that

are more recent have included S. aureus, enteric
organisms and a broader review of hospital-acquired
and ventilator-associated pneumonia.

A range of earlier papers describe genetic mutations
that covey AMR, and the different resistance patterns
that arise from small variations in genetic coding.'?
Other studies describe the change in resistance
patterns over time and variance among Asian
countries.'s®

Some recently published ANSORP studies explore
the change in S. pneumoniae serotypes observed
across Asia following the introduction of the 7-valent
pneumococcal conjugate vaccine (PCV7). There are
at least 93 different capsular serotypes with different
propensities to develop AMR and cause disease,
and relationships between pneumococcal serotypes
and differences in AMR are reviewed. One paper
describes an increase in the prevalence of serotypes
not covered by PCV7, including a serotype (19A) with
high levels of macrolide resistance.’®* This shows
that the change in AMR profiles being observed is
influenced by vaccination programs as well as the
use of antimicrobials, and highlights the need to
evaluate the application of vaccination programs

as well as antibiotic use in this context.

A range of earlier papers describe outcomes of
research identifying genetic mutations that convey
AMR, and the different resistance patterns that arise
from small variations in genetic coding.’®? Other
studies describe the change in resistance patterns
over time and variance between Asian countries.'®?

Recent ANSORP papers about S. aureus include:

* AMR topics, such as the first report of
vancomycin-intermediate resistance in sequence
type 72 community-genotype MRSA'5®

e clinical conditions, including 300 community-
associated MRSA cases in Korea'®®

¢ links between community-acquired and
hospital-acquired MRSA'®®

e clinical outcomes - for example, clinical features
and outcome of S. aureus infection in elderly
versus young-adult patients's’

e examination of characteristics and relationships
of S. aureus isolates from humans, raw meat
and soil.'s8



Figure 9: The Asian Network for Surveillance of Resistant Pathogens (ANSORP), 1996-2012
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Other recent publications relate to AMR, genetics, Relevance to Australia

clinical outcomes and epidemiology for enterococci .

and a range of other Gram-negative bacteria. Australian AMR stakeholders noted that the

In total, ANSORP projects contribute to greater strengths of the ANSORP program lie in it being
understanding of AMR and approaches to managing an independent, collaborative and not-for-profit

AMR more effectively.

surveillance program. Program strengths included
having contributors from multiple geographically
linked countries or regions, and laboratory testing

in reference laboratories using standard protocols.
Respondents also highlighted its focus on addressing

Table 7: Asian Network for Surveillance of Resistant Pathogens (ANSORP) research projects

Phase

1

Year

1996-97

Research project

The first organised surveillance study of the prevalence of drug-resistant
Streptococcus pneumoniae in the Asian region. A total of 996 isolates of

S. pneumoniae collected consecutively from clinical specimens in 14 centres in
11 Asian countries were tested. Data revealed that pneumococcal resistance
is a serious problem in some Asian cities.

1998-99

Surveillance of the nasopharyngeal carriage of drug-resistant pneumococci in Asian
children. As pneumococcal disease follows nasopharyngeal carriage, previous
studies showed that the antimicrobial susceptibility profile of nasopharyngeal strains
reflects that of invasive strains.

2000-01

Assessment of the clinical impact of AMR among invasive pneumococcal pathogens
in Asian countries. The study was performed in 25 centres in 13 countries in Asia
and the Middle East.

2002-05

Four projects were undertaken:

e Epidemiology and clinical characteristics of community-acquired pneumonia
in Asian countries (2001-03).

* Molecular characterisation of macrolide-resistant or fluoroquinolone-resistant
S. pneumoniae from Asian countries (2002) to characterise the prevalence of
macrolide resistance genes (erm and mef) and fluoroquinolone resistance genes
(gyrA, gyrB, parC, and parE) among Asian pneumococcal strains.

e Surveillance of AMR among enteric pathogens from Asian countries (2002-03)
to investigate AMR among Salmonella and Shigella strains.

e Epidemiology and clinical impact of community-acquired MRSA in Asian
countries (2005—present) to investigate the emergence of these strains in the
Asian region.

2006-
present

Three projects are currently under way:
e Community-acquired methicillin-resistant Staphylococcus aureus.

e A prospective multinational surveillance of hospital-acquired pneumonia and
ventilator-acquired pneumonia in adults in Asian countries, and the aetiology,
clinical outcome and impact of AMR.

e Prospective, hospital-based, multinational surveillance on AMR and serotypes
of S. pneumoniae and disease burden of pneumococcal infections in Asian
countries in the era of pneumococcal conjugate vaccines.

AMR = antimicrobial resistance

Source: Asia Pacific Foundation for Infectious Diseases'
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key clinical issues or problems, and dissemination

of findings in peer-reviewed publications. The limited
number of organisms reviewed was considered a
limitation of the program. Other perceived limitations
included that data may not be broadly representative
(voluntary not mandatory contribution) and the
absence of antimicrobial consumption monitoring.

3.2.3 The Surveillance Network

The Surveillance Network (TSN) is a commercially
operated system that collects AMR test results

on a daily basis from clinical laboratories across

the US. More than 300 geographically dispersed
laboratories from all nine US Census Bureau Regions
contribute data'” that cover both community and
hospital sources, and a range of hospital sizes and
patient populations. Historically, TSN has operated
in a range of countries outside the US, including
Canada, parts of Europe and Australia; however,
recent literature refers primarily to operations in

the US. Eurofins, the operator of TSN, promotes
global participation on their website. The current US
dataset is continuous from 1998 to the present day.

Between 1997 and 2004, 94 public- and 9 private-
sector pathology laboratories in Australia submitted
data to the TSN database in Virginia.

Data collection and processing

Participating laboratories submit data electronically
to the central TSN database on a daily basis.
Publications indicate that all participating laboratories

adhere to the Clinical Laboratory Standards Institute
(CLSI) standards for testing. TSN performs regular
checks on data quality and consistency, and screens
for duplication of isolate submissions.

Although participation is voluntary, laboratories that
submit data are required to provide information for

all clinical isolates. TSN indicate that all clinically
encountered bacterial pathogens (covering 597 taxa)
and 119 antimicrobial agents are represented in the
database.’® Participating sites vary from year to

year; however, the annual change is no more than
10%. Data can be stratified according to inpatient/
outpatient status, as well as by geographical location.

Data publication

Eurofins’ website lists 26 peer-reviewed journal
articles and 68 posters since 2008 that have used
TSN data.'®® Researchers at the Centers for Disease
Control and Prevention (CDC), US Food and Drug
Administration (FDA) and CLSI have drawn on TSN
data for major scientific publications.’ The TSN
database has been used to produce more than

150 manuscripts, abstracts and posters since
1998."%° Journals carrying these articles include those
concerned primarily with chemotherapeutic agents,
as well as general microbiology and infectious
diseases publications, and some concerned with a
clinical discipline such as ophthalmology. Examples
of the presentation of TSN data in peer-reviewed
publications include those shown in Figure 11 to
Figure 158" and Table 8.2

Figure 10: Asian Network for Surveillance of Resistant Pathogens (ANSORP) themes and numbers of papers

ANSORP themes

Number of papers published

Antimicrobial resistance in Streptococcus pneumoniae in Asia

Antimicrobial resistance in Staphylococcus aureus in Asia

Antimicrobial resistance in enterococci in Asia

Antimicrobial resistance in Gram-negative bacteria

Clinical issues related to resistance

Basic research papers and novel species identification

45
Source: Asia Pacific Foundation for Infectious Diseases''
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Figure 11: Cumulative annual change in Escherichia coli antimicrobial resistance in US outpatient urinary
isolates from 2001 to 2010
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Figure 12: Relative frequency of bacterial species or groups encountered in clinical specimens from inpatients

Staphylococcus aureus 18.8
Escherichia coli 17.3

Enterococcus spp.
Coagulase-negative staphylococci
Pseudomonas aeruginosa
Klebsiella pneumoniae

Proteus mirabilis

Enterobacter cloacae

Serratia marcescens
Acinetobacter baumannii
Streptococcus pneumoniae
Enterobacter aerogenes
Klebsiella oxytoca

Citrobacter freundii

Viridans group streptococci
Stenotrophomonas maltophilia
Beta-hemolytic streptococci
Morganella morganii

Citrobacter koseri

Haemophilus influenzae

o ; " o 2 - 3‘0 - P
% of all bacterial isolates encountered

Note: Data are cumulative from 1998 to March 2005, and are based on a total of 3 209 413 bacterial isolates.

Source: Sanchez et al'®

Antimicrobial Resistance Standing Committee




Figure 13: Relative frequency of bacterial species/groups encountered in clinical specimens from outpatients
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Figure 14: Methicillin-resistant Staphylococcus aureus (MRSA) trends according to patient location, 1998-2005
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Figure 15: Inpatient (IP) and outpatient (OP) methicillin-resistant Staphylococcus aureus prevalence, grouped

by US Census Bureau Regions
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TSN participants can extract reports for their
institution and information can be grouped by:

drug or class

target organism

sites of infection

patient demographics (age, sex, patient location)
time and geographic trends

institution type

test methodology.

Program impact

TSN’s strengths include the large number of isolates
captured, the variety of antimicrobials represented

in the dataset, the large number and geographic
dispersion of participating institutions, and the long
time periods over which studies can be performed.'®’
The nature of the program means that it can be used
to elucidate changes in resistance patterns over time,
as well as indicate current levels of AMR.

50 | Antimicrobial Resistance Standing Committee

Studies published in 2012 that rely on TSN data
have demonstrated:

a temporal relationship between the level of
antibiotic prescribing in the community and
changes in AMR over a nine-year period, showing
a seasonal rise and fall in antibiotic sales being
followed by a matching rise and fall in resistance
to some antimicrobials'”

an increase in resistance patterns for urinary

E. coli isolates across the US over a 10-year
period for some commonly used antimicrobials,
while the patterns of resistance for other
antibiotics have remained relatively unchanged.'®"

Such information guides policy and guideline
development that cannot be achieved without
datasets of this nature.

Given that TSN operates on a commercial basis, the
data also answer questions about AMR development
and the marketing potential of antimicrobial agents,
in addition to contributing to the broad understanding
and monitoring of AMR."*® The goal of the former is to
help researchers and drug manufacturers design and
market new antimicrobials.



Table 8: Distribution of resistance phenotypes among US inpatient and outpatient methicillin-resistant

Staphylococcus aureus, from 2002 to March 2005

Inpatient Outpatient
Category Resistance phenotype n (%) n (%)
Susceptible to all other agents - 418 4.1 245 (5.7)
Single-drug resistant Eryth 1409 (13.7) 1200 (27.8)
Cipro 232 (22) 92 .1)
Gent 8 .1) 3 0.1)
Clinda 4 (0.0)c 5 0.1)
Double-drug resistant Cipro, Eryth 1854 (18.0) 870 (20.2)
Eryth, Clinda 114 (1.1) 104 (2.4)
Cipro, Clinda 62 (0.6) 23 (0.5)
Cipro, Gent 8 .1) 12 (0.3)
Cipro, SXT 14 ©.1) 2 (0.0)c
Eryth, SXT 2 (0.0)c | (0.0)c
Eryth, Gent 10 .1) | (0.0)c
Gent, SXT 2 (0.0)c 0 (0.0)
Multidrug-resistant Cipro, Eryth, Clinda 4915 (47.6) 1417 (32.8)
Cipro, Eryth, Gent 30 0.3) 18 0.4)
Cipro, Eryth, SXT 23 0.2) 7 (0.2)
Cipro, Gent, SXT 18 0.2) 10 (0.2)
Eryth, Clinda, Gent 5 (0.0) 5 ©.1)
Cipro, Clinda, Gent 6 0.1) 3 0.1)
Eryth, Clinda, SXT 2 (0.0)c | (0.0)c
Eryth, Gent, SXT 0 0.0 | (0.0)c
Cipro, Clinda, SXT 2 (0.0)c 0 (0.0)
Cipro, Eryth, Lin 3 (0.0)c 0 (0.0)
Cipro, Eryth, Clinda, Gent 858 (8.3) 214 (5.0
Cipro, Eryth, Clinda, SXT 58 (0.6) 14 0.3)
Cipro, Eryth, Gent, SXT 12 .1 4 .1)
Eryth, Clinda, Gent, SXT 2 (0.0)c 0 (0.0)
Cipro, Clinda, Gent, SXT 2 (0.0)< 0 (0.0)
Cipro, Eryth, Clinda, Gent, SXT 247 (2.4) 63 (1.5)
Total n 10,320 4,315

bCumulative data 2002 — March 2005
<n < 0.1% of total

Source: Sanchez et al'®'

2Analysis included the following agents: gentamicin (Gent), erythromycin (Eryth), clindamycin (Clinda), trimethoprim-sulfamethoxazole (SXT),
ciprofloxacin (Cipro), vancomycin (Vanc), and linezolid (Lin). Multi-drug resistance included resistance to three or more of the agents listed.

Relevance to Australia

Australian AMR stakeholders recognised TSN as a
passive surveillance program that collects inpatient
and outpatient data from a wide range of organisms
and other relevant information. Stakeholders viewed
the program as reputable, as evident in its use by
CDC and FDA, and in the peer-reviewed literature.
Acknowledged strengths of the program included
daily submission of electronic data from contributing
laboratory information systems (LISs), allowing
trends to be detected quickly; the presentation of
data in a format that captures multidrug resistance;
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and reporting flexibility. Respondents also valued the
central coordination that facilitates routine quality
assurance processes and performs screening for
duplicates. Perceived limitations of TSN were that
data may not be broadly representative (voluntary,
not mandatory contribution) and that surveillance

of antimicrobial consumption is not included.
Furthermore, the commercial interests of TSN were
noted, and data are hard to access (due to complex
systems) and are not publicly available.
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3.2.4 Danish Integrated to fork to sickbed’.'®® DANMAP’s establishment

.- . . was supported by concerns that the use of the
Antimicrobial Resistance growth-promoting antimicrobial avoparcin might be

Monitoring and Research associated with the occurrence of VRE in humans,
Programme which came to light in 1994 and 1995.5¢ DANMAP

. . ) . participants are:
The Danish Integrated Antimicrobial Resistance

Monitoring and Research Programme (DANMAP) * Statens Serum Institute

was established in 1995 by the Danish Ministry of » Danish Veterinary and Food Administration
Food, Agriculture and Fisheries, and the Danish
Ministry of Health. The first of its kind in the world,
it provides surveillance of antimicrobial consumption ¢ National Veterinary Institute
and resistance in bacteria from animals, food e National Food Institute.
and humans, ‘covering the entire chain from farm

Danish Medicines Agency

Figure 16: Danish Integrated Antimicrobial Resistance Monitoring and Research Programme (DANMAP)
organisational structure

Organisation of DANMAP

DANMAP, the Danish Integrated Antimicrobial Resistance Monitoring and Research Progamme,
collects data from a variety of sources and is part of cross-sector collaboration between scientists and
authorities where risk assessment and risk management are separated.
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The objectives of DANMAP are to:

* monitor the consumption of antimicrobial agents
for food animals and humans

* monitor the occurrence of AMR in bacteria
isolated from food animals, food of animal origin
and humans

e study associations between antimicrobial
consumption and AMR

e identify routes of transmission and areas for
further research.

DANMAP has provided and analysed data on
antimicrobial usage and the occurrence of AMR in
bacteria, facilitating practice and legislative changes
in Denmark, and more broadly in Europe. These
changes have led to restrictions in the use of some
antimicrobials and an associated reduction in

AMR levels.%”

Data collection and processing
Figure 16 illustrates the flow of data into DANMAP
from all sources.

Data on AMR of bacteria isolated from human
clinical samples are gathered by voluntary reporting
from Danish departments of clinical microbiology.'®
Exceptions are MRSA and invasive S. pneumoniae,
which are notifiable. For these organisms, data

are obtained from the reference laboratory at the
Statens Serum Institute.

Resistance data and discussion presented in
annual reports include the following bacteria of
human importance:

e Enterococcus spp.

e Escherichia coli

* Klebsiella pneumoniae

e Pseudomonas aeruginosa

e Salmonella spp.

e Campylobacter spp.

e Yersinia enterocolitica

e Streptococcus spp.

e Staphylococcus aureus

e coagulase-negative staphylococci.

Other relevant factors relating to the data include:

e all human data are from specimens submitted
for clinical reasons

* no data are submitted from screening samples
on healthy humans

e bacteria have been isolated from a range
of specimen types, including urine, faeces,
cerebrospinal fluid and blood

e laboratories use standardised methods of
bacterial identification and antimicrobial testing

e data are extracted from a range of LISs from
a number of LIS vendors

e only data for the first isolate each year for
an individual patient or bacteria combination
are included.

Scientists associated with DANMAP are exploring
the potential to use bacterial genome data in AMR
surveillance, and this may be incorporated into the
program in future.

Data publication

Since 1997, data from the key areas of interest have
been published in annual reports. The bacteria of
human interest in which AMR is monitored and
reported include the categories of ‘human pathogen’
and ‘indicator bacteria’. The latter category, which
includes enterococci and E. coli, is included as these
bacteria are widespread in both humans and the
environment, and have the ability to readily develop
and transfer resistance in response to the selective
pressure exerted by antimicrobials.

Scientific data generated from DANMAP create
the basis for action and cross-sector collaboration
between scientists and authorities.
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Program impact

Antimicrobial use in animal production continues to
decline in Denmark, with a decrease between 2010
and 2011 of 15%. During the same period, total
antimicrobial use in humans remained constant, with
90% of the consumption related to primary health
care. Arise in use in primary health care during the
period was balanced by a fall in hospital use.

Avoparcin use was banned in 1995, which led to a
succession of both legislative bans and voluntary
cessation of the use of antibiotics as growth
promoters in Danish food production industries.
The use of antimicrobials in food production has
been restricted to therapeutic use, by prescription
only, since January 2000.'% Evidence to support
such initiatives and the consequential change in
AMR profiles in humans can only be achieved with a
comprehensive surveillance system. DANMAP has
confirmed the association between the occurrence
of resistance and the quantities of antimicrobials
used.%® Figure 17 shows the relationship between
avoparcin use and the proportion of resistant isolates
of E. faecium and E. faecalis in broiler chickens.'®

The AMR program in Denmark has been able

to demonstrate that the use of antibiotic growth
promoters in food animals can be discontinued and
the risk to human health reduced, without impacting
animal health or the production economy.®'

In the human setting, DANMAP demonstrated a
230% rise in the use of fluoroquinolone antibiotics in
hospitals from 2001 to 2007, and mapped increasing
resistance of E. coli to this group of antimicrobials

in bloodstream infections. Increased resistance of
E. coli isolates to ciprofloxacin and nalidixic acid,
which belong to the fluoroquinolones group, has
also been demonstrated in urine samples collected
in primary health care. Figures 18 and 19 show an
association between increased use of an antibiotic
and increased resistance in E. coli.

Such evidence underpins initiatives to bring about
changes in clinical practice.

Figure 17: The relationship between the use of avoparcin and the proportion of resistant isolates
of Enterococcus faecium and Enterococcus faecalis in broiler chickens, 1994-2010
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Figure 18: Increasing resistance of Escherichia coli to fluroquinolones in primary care, 2001-10
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Figure 19: Fluoroquinolone use versus quinolone resistance in Escherichia coli, 2001-07
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Relevance to Australia

AMR stakeholders acknowledged DANMAP as a
comprehensive and successful publicly funded
model that includes both AMR surveillance and
antibiotic consumption monitoring from human
(hospital and community), animal and food sources.
One quarter of respondents ranked DANMAP as an
entirely suitable model for an Australian program.
The ability to link and demonstrate associations
between antimicrobial consumption with AMR was
considered a strength of the program. The collection
of isolates from a range of sources (i.e. urine, faeces,
blood, cerebrospinal fluid) was considered an asset,
and supported by use of standardised methods of
identification and testing. The annual reporting of
data and dissemination of data in peer-reviewed
publications was also well regarded.

A perceived weakness of DANMAP was that only a
limited number of organisms are included, and it may
therefore not detect emerging resistance in other
organisms. The lack of facility-level or state-level data
on resistance or consumption of antimicrobials was
also considered to be a limitation.

3.2.5 Swedish Strategic
Program against Antibiotic
Resistance

The Swedish Strategic Program against Antibiotic
Resistance (STRAMA) was founded in 1995 as

a result of discussions between the Swedish
Reference Group for Antibiotics, the Medical
Products Agency, the National Board of Health

and Welfare, the Swedish Institute for Infectious
Disease Control and others.'®® The detection of
several multiresistant pneumococcal strains among
young children in day-care centres in the early
1990s alarmed the medical profession and medical
authorities, and provided impetus for developing
STRAMA.®" The overall aim of STRAMA is to preserve
the effectiveness of antimicrobial agents.

STRAMA developed as a network of nodes based

in 21 counties, coordinated by each county’s
department for communicable disease control.
Overall coordination is provided at a national level

by a national executive working group, which has
responsibilities including identifying knowledge gaps,
designing and initiating actions, arranging meetings
and disseminating surveillance results. Health care in
each county is organised into primary and secondary
care, with tertiary care being provided at eight
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regional university hospitals.®® Local STRAMA groups
are funded by their local county in many instances,
while the national STRAMA group is funded by the
Swedish Government. The chair of the national group
is appointed by the government and reports directly
to the Ministry of Health and Social Affairs.

In 2000, STRAMA was involved in the preparation

of an action plan to contain AMR, which was later
developed into a Bill and was passed by the Swedish
Parliament in 2006.%% At that time, STRAMA was
reorganised to become a collaborative body, working
on interdisciplinary collaboration in issues related to
safeguarding the effective use of antibiotics in human
and veterinary bacterial infections, and to initiate
measures that primarily affect human health. From

1 July 2010, STRAMA has had the role of advisory
body to assist the Swedish Institute for Infectious
Disease Control in:

e matters regarding antibiotic use and containment
of AMR

e facilitating an interdisciplinary and locally
approved working model, ensuring involvement
by all relevant stakeholders including national and
local authorities and not-for-profit organisations.

In STRAMA'’s early history, the main focus was on
surveillance and actions related to community-
acquired infections, with penicillin resistance in

S. pneumoniae isolated in the community being the
first target. More recently, activities have expanded
and now include a greater number of healthcare
situations, including hospital care, intensive care
units, nursing homes, day-care centres and clinical
trials. The range of microorganisms being monitored
has also expanded.

The Swedish Communicable Diseases Act 2004
requires notifications of infections or colonisation
with certain bacteria, which helps AMR surveillance.
Four bacterial species are included in the
Communicable Disease Act by virtue of their
specific resistance mechanisms:'®”

* MRSA

* S. pneumoniae with reduced susceptibility or
resistance to penicillin

e vancomycin-resistant E. faecalis and E. faecium)

e bacteria belonging to the family
Enterobacteriaceae that carry one of three
different kinds of extended-spectrum
beta-lactamase (ESBL).



Data collection and processing

Most of the STRAMA data are based on voluntary
reporting from routine investigations of clinical
samples in approximately 30 microbiology
laboratories.®® Three-quarters of the laboratories
also report data on invasive isolates to EARS-Net.
Antimicrobial susceptibility testing methods have
been standardised throughout the laboratories
through collaborative processes, and all laboratories
participate in external quality assurance programs to
optimise the comparability of results.

Data publication

Data have been published each year since 2001
in SwedReS — A Report on Swedish Antibiotic
Utilisation and Resistance in Human Medicine.
The 2011 report'® contains detailed information
on the following:

e Staphylococcus aureus including MRSA

e Streptococcus pneumoniae

e Enterococcus faecalis and Enterococcus faecium
e ESBL Enterobacteriaceae

e Escherichia coli

e Kilebsiella pneumoniae

e Pseudomonas aeruginosa

* Acinetobacter spp.

-
APy

e Haemophilus influenzae

e Streptococcus pyogenes

e Streptococcus agalactiae

e Clostridium difficile

e Helicobacter pylori

e Salmonella and Shigella spp.
e Campylobacter spp.

e Neisseria gonorrhoeae

e Neisseria meningitidis

*  Mycobacterium tuberculosis.

Report data are presented as maps, graphs
and tables; see Figure 20 to Figure 23 for
some examples.

Some data are also made available from
Smittskyddsinstitutet (SMI), a government agency
with a mission to monitor the epidemiology of
communicable diseases among Swedish citizens,
and to promote control and prevention of these
diseases. Much of SMI's information about AMR
refers to the incidence per 100 000 population

over time, rather than the levels of resistance being
observed. Data are presented over time, and by
county, age, sex, trends in reporting rates and county
of infection. Figure 24 and Figure 25 illustrate data on
penicillin-resistant pneumococcus infection.'®®

Figure 20: Proportion of Clostridium difficile isolates with resistance to moxifloxacin per county (2009-11)
and sales of moxifloxacin in defined daily doses/1000 inhabitants
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Figure 21: The incidence of extended-spectrum beta-lactamase (ESBL) in Swedish counties, 2008-11
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Source: Swedish Institute for Communicable Disease Control'®”

Figure 22: Resistance rates for urinary tract infection antibiotics in Escherichia coli, 2002-11'¢"

2002 2003 2004 M 2005 WM 2006
2007 2008 M 2009 W2010 M 2011

% Resistance

Ampicillin Mecillinam Cefadroxil Nitrofurantoin Nalidixic acid Trimethoprim

Note: Nalidixic acid was used as a screening disk for detection of resistance to fluoroquinolones.
Source: Swedish Institute for Communicable Disease Control'®”
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Figure 23: Examples of tables showing data for Klebsiella pneumoniae and Pseudomonas aeruginosa isolates

TABLE 4.11. Resistance among invasive isolates of Klebsiefla pneumoniae
(number of isolates tested and percentage R). Data from Sweden 2006-
2011, reported to ECDC/EARS-Net And retrieved from the EARS-Net data-
base 2012-05-23.

TABLE 4.12. Resistance among invasive isolates of Pseudomonas aerugi-
nosa (number of isolates tested and percentage R). Data from Sweden
2006-2011, reported to ECDC/EARS-Net And retrieved from the EARS-Net
database 2012-05-23.

Year  Cefotaxime-R Amino- Fluoro- Total number Year Ceftazidime- Carba- Amino- Fluoro- Total
(ESBL) glycoside- quinolone- of isolat R (%) penem- glycoside- quinolone number of
R (%) * I/R (%) ** R (%) * R (%) ** -I/R (%) *** isolates
2006 15 0.3 8.5 610 2006 5.7 4.7 0.5 7.7 297
2007 1.4 1.1 10.8 649 2007 4.5 7.1 0 10.4 335
2008 23 1.1 12.9 826 2008 5.2 4.0 0 7.6 309
2009 1.8 1.0 12.2 755 2009 6.9 7.7 0 10.1 326
2010 2.3 2.0 8.5 908 2010 29 6.7 3 101 337
2011 2.2 2.1 5.0 934 2011 5.2 7.2 1 7.0 402

*gentamicin or tobramycin, ** ciprofloxacin

Source: Swedish Institute for Communicable Disease Control'®”

* imipenem, meropenem, ** gentamicin, tobramycin, *** ciprofloxacin
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Figure 24: Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections, by county, age and sex
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Figure 25: Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections - trends over time and

summary data for 2012
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Program impact

In 2008, STRAMA'’s activity between 1995 and 2004
was published, and listed several outcomes from
that decade:®'

¢ Antibiotic use for outpatients decreased by 20%
from 157 to 126 defined daily doses per 1000
inhabitants per day.

* Antibiotic prescription presentation fell by 23%,
from 536 to 410 per 1000 inhabitants per year
(see Figure 26). In 2010, this figure had fallen even
more, to 390 prescriptions per 1000 inhabitants
per year.?’

* There was a 52% reduction in antibiotic use in
children aged 5-14 years.

e The antibiotic class showing the greatest decline
in use were macrolides, for which consumption
fell by 65%.

e The epidemic spread of penicillin-resistant
S. pneumoniae in southern Sweden was curbed.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

e The number of hospital admissions for
acute mastoiditis, rhinosinusitis and quinsy
(peritonsillar abscess) was stable or declining;
this was assumed to mean that there was
no underprescribing and no measurable
negative consequences.

The changes noted above occurred despite a period
of increasing antibiotic use in Sweden during the
1980s and early 1990s. Although the review notes
that there is no scientifically validated control against
which to measure these outcomes, during the

same period (i.e. 1995-2004) in the neighbouring
countries of Denmark, Norway and Finland, there
was no reduction in antibiotic use. Authors credit the
success of the program as being primarily due to:

e coordination of different professions
and authorities

e the dissemination and implementation of
guidelines through a decentralised organisation
with regional groups

¢ the development of new knowledge.
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Figure 26: Antibiotic use in number of prescriptions per 1000 inhabitants (inh) per year in Sweden,

by age group, 1987-2004
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In 2010, officers from ECDC visited Sweden to
discuss that country’s approach to dealing with
AMR, and reported that overall antibiotic use in
Sweden is below the EU average and has been
stable for the previous decade, and there has been a
shift from broad spectrum to more narrow spectrum
antibiotic use.?® AMR in zoonotic pathogens, and in
indicator bacteria from food animals, was noted to
be remarkably low. Several outbreaks of multidrug-
resistant bacteria have been controlled due to rapid
and effective interventions. Plans were under way to
establish an integrated system, SVEBAR, which is
designed to collate data from laboratory systems to
allow early warning of emerging multidrug resistance.

SVEBAR is designed to gather all daily culture results
from microbiology laboratories, and generates
automatic alarms when adverse changes in the
incidence of particularly widespread resistance

are detected.®® Seven laboratories were online by

the end of 2011, with a further 10-12 to be linked
during 2012. The goal is to have all Swedish clinical
microbiology laboratories online by the end of

20183. The cost per laboratory of implementation is
estimated to be €4000-8000 (AU$5000-10 000).%!
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The ECDC report notes a number of aspects of the
Swedish program that contribute to its success:

* There are national guidelines for the treatment
of common infections in the community.

e National guidelines are adapted by local drug and
therapeutics committees and by local STRAMA
groups for use by general practitioners (GPs).

e There is evidence of significant adherence
to these guidelines by GPs.

e At a hospital level, infectious disease specialists
and medical and surgical specialists agree to
the guidelines. This level of communication
and interaction contributes to a high level of
adherence to local best practice guidelines.

e Educational programs on prudent antibiotic use
have been developed at both national and local
levels, and delivered to a range of healthcare
settings and professionals.

e STRAMA provides educational feedback to
primary-care physicians based on monitoring
of antibiotic prescribing and use.

e There is good knowledge about antibiotics in
the general population.

e STRAMA regularly addresses national media
about AMR and prudent use of antibiotics.



The ECDC identified the following areas for further
progress in Sweden:

e To improve clarity of coordination and give
a strong signal that action on the prevention
and control of AMR is cross-sectoral and
multidisciplinary, a national cross-sectoral group
should be established.

* A multiyear action plan, clearly identifying the
tasks for each stakeholder body in the national
group, should be developed and published.

e A reference laboratory structure for confirmation
and typing of antibiotic-resistant bacteria should
be developed.

e A clear framework for the structure and functions
of infection control policy and implementation in
hospitals should be put in place.

e The country should consider establishing a
national surveillance system for monitoring HAIs.

e A national structure and process indicators
for quality of infection control and antibiotic
stewardship, including a national standard
methodology, should be developed.

The ECDC team also recorded a number of
elements exhibited by the Swedish approach that
are instructive to other countries seeking to achieve
best practice in the area:

* long-term commitment to AMR prevention
and control

e organisation of AMR prevention and control
by a national body

e good interaction between the national body
and local stakeholders, bridging primary and
secondary care

e a work culture of professional accountability and
of reaching consensus among professionals
about best practice

¢ high-level commitment to patient safety and
transparency of patient care practices

¢ high-level awareness, involvement and
commitment of all stakeholders about AMR and
infection control

* seamless collaboration between different levels
of health care

¢ high-level resources committed to the prevention
and control of AMR, including staff and their
qualifications, facilities and equipment.

-~
T

Relevance to Australia

Consultation with key Australian AMR stakeholders
on the applicability of the STRAMA program to
inform an Australian framework identified a number
of perceived strengths and weaknesses, which were
similar to those suggested by ECDC. Strengths
identified included:

e alevel of coordination and collaboration between
national groups and relevant stakeholders that is
not currently seen in Australia

e the reach of the program into the primary health
care sector and general practice

e standardised AMR testing with external quality
control, and the daily capture of data

¢ the inclusion of education programs that support
the overall aim of the program.

Australian stakeholders felt that the program fell
short in regards to the voluntary nature of data
contribution, and felt that a larger number of
organisms should be reviewed.

3.2.6 Australian Group on
Antimicrobial Resistance

The Australian Group on Antimicrobial Resistance
(AGAR) is a collaboration of clinicians and scientists
from major microbiology laboratories around
Australia. Resistance surveillance started in 1985
when the program, involving 14 capital city teaching
hospitals, was known as the Staphylococcus
Awareness Program. There are now 30 institutions,
including four private laboratories, that contribute
data on the level of AMR in bacteria that cause
clinically important and life-threatening infections
across Australia.
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AGAR participants have agreed to use standardised
methodology for testing, and this allows comparison
of AMR rates across the country for long periods of
time, and in different geographical and healthcare
settings. Surveys are conducted according to

a schedule established by the AGAR Executive
Committee. Some organisms are surveyed
continually, while others are monitored every one,
two or three years, or occasionally.'®® Organisms
surveyed include the following from hospital and
community sources:

e Staphylococcus aureus including MRSA

e Streptococcus pneumoniae

e Enterococcus spp.

e Escherichia coli

* Klebsiella spp.

* Acinetobacter spp.

e Haemophilus influenzae

e Enterobacter spp.

In addition to the surveys that focus on AMR and
the epidemiology of resistant organisms, in 2011
AGAR started a program concentrating on the
clinical consequence of bacteraemia associated with
Enterococcus spp. The objectives of the Australian
Enterococcal Sepsis Outcome Program (AESOP)

are to monitor enterococcal bacteraemia through
the prospective assessment of:'70

e clinical impact, as measured by 7-day and
30-day mortality

e evolving AMR patterns, especially VRE
* the dominant clones, their distribution
and evolution.

In addition to information about the bacterial isolates,
this program collects data on patient demographics,
risk factors and outcomes. To remain active
members of the group, laboratories must participate
in the annual staphylococcal surveillance and
Gram-negative monitoring programs, and AESOP.'"!

Survey reports, which are publicly
available online, demonstrate a change
in resistance patterns over time and
between participating institutions.
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Data collection and processing

Participating laboratories use standardised
procedures to optimise the comparability of results.
Each laboratory is responsible for entering survey
data manually via a webpage maintained by AGAR.
In the case of AESOP, denominator data comprising
‘occupied bed-days’ is collected annually. Two rates
are required:'°

e total occupied bed-days, including emergency,
renal, rehabilitation, mental health and so on,
as provided by the hospital information system.
This rate includes all single and multiday stays

e only multiday stays. This is defined as a
patient who stays overnight or longer, and is
used to calculate hospital-onset enterococcal
sepsis rates.

Data publication

Survey reports, which are publicly available online,
demonstrate a change in resistance patterns

over time and between participating institutions.
Reports contain significant amounts of information
on methods and bacterial strains, as well as the
interpretation and the significance of findings.
Although reports indicate which institutions have
contributed data, results are generally grouped

by state and territory, with data from small
jurisdictions often coalesced with a larger state to
preserve anonymity. Where the results for individual
institutions are given, a numerical code is used rather
than the name of the laboratory. The level and type
of detail in the published reports varies depending
on the focus of the survey. Examples of some tables
from the Staphylococcus aureus 2011 Antimicrobial
Susceptibility Report are illustrated in Figure 27.

Other report types for S. aureus include the annual
MRSA Typing and Epidemiology Report."? This
report focuses on molecular typing of MRSA strains,
and differentiates hospital-acquired and community-
acquired isolates. Results are presented as graphs
and maps.

Figure 28 provides extracts from the 2011 MRSA
Typing and Epidemiology Report, depicting the
change in proportions of healthcare-associated
MRSA and community-associated MRSA from 2005
to 2011, and the number of different clonal types
recovered from each state and territory in 2011.



Figure 27: Data from the Staphylococcus aureus 2017 Antimicrobial Susceptibility Report

Table 5. Proportion of MRSA by institution

Table 3. Source of 5. aureus isolates

Region Lab Code % MRSA Specimen Source n % 95%C1
NSWIACT 1 15.0 Skin and Soft Tissue 1661 705 68.6.72.3
2 35.5 Respiratory 404 17.1 156-18.7
3 236 Blood 153 6.5 5576
4 36.0 Urine 88 ar 3046
5 410 Sterile Body Cavity 49 21 1527
6 56.0 CSF 2 01 0.0103
7 50.0 Tatal 2,357 100
] 430 Invasive 204 a7 7599
IdNT 10 51.0 Non-Invasive 2153 A 90.1-92.4
1 25.0
12 20 Tabie &, Proportion of $. aureus that are MRSA by specimen type
12 242 a
g if: Source of Infection N % 95%cH
Skin and soft lissue 4821661 200 26.8-31.3
* 0 Respiratory 136004 337 201385
sA 14 3.2
Blood/CEF 46155 27 226-37.5
::: 2:: Urine 32188 364 26A4ET
VerTas s it Sterile Body Cavity 17448 M7 17496
18 420
21 10.4 _Table 7. Age by methicillin suscaplibility of 5. aursus
22 242 MRSA MSSA
2 287 Agefyy M Row% Column% n  Row% Column%
3 T 0-1 2 12 31 174 888 106
a2 386 218 15 156 21 81 844 48
WA 24 24 1740 100 299 140 244 708 148
3 160 4161 146 283 205 I/ TLT 224
26 250
. 130 624101 430 357 60.3 716 643 472
Aus 203 Total T2 303 100 1644 697 100
Table 9. Proportion (%) of 5. aureus that are MRSA, 2005 to 2011
NSWIACT  QLONT SA Vic/Tas Wa Aus
2005 434 6.7 247 36 225 e
2007 413 .0 w2 333 19.0 329
2009 414 307 273 45 282 338
2011 368 305 27 327 188 303
P 0.0172 0.1627 0.5235 0.5108 0.8577 0.3856
X Tor trend 5673 1.949 0.4070 04325 0.03215 0.7527

ACT = Australian Capital Territory; Aus = Australia; MRSA = methicillin-resistant Staphylococcus aureus; MSSA = methicillin-
sensitive Staphylococcus aureus; NSW = New South Wales; NT = Northern Territory; Qld = Queensland; SA = South Australia;
Tas = Tasmania; WA = Western Australia; Vic = Victoria
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Figure 28: Data from the 2011 MRSA Typing and Epidemiology Report

40

35
L, 30 @2005
g 2 @2007
T o 2000
"E 10 m2011
£ s

0

ACT/ASW
NTHCHA
SA
Tas/Vie
WA

Aust

Percentage of K. avrens charpcterised
as HA-MRSA

ST ] ERAAA o Barnio NS National: 60.9% of MRSA

B AT [IA] (EMPEACD or AusdY EMRAA)

I 576 (28] fHerw Yiooiudapan ENRBA or LBASGT)
(I ST [IA] (EMAEA 18 or UBAION)

Trrribor Unrewsland
ll/'" T -
T NI
|
'ph-—n
T ,,..... e
7 ot (4 chemi
{ ) ,/"‘u i
{
) L
'l'-nu-l-*
19 reakatrs- {1t -
1% of MERA
Wkderia T remen"
[ T ———
el NINAL \
.
Healthcare-Associated MRSA

Tas = Tasmania; WA = Western Australia; Vic = Victoria

40
35
30
2 25
T
5 15
“ 10
# 54
-
= = .;E L - T
w = =
z £ % <
E < =
-
Percentage of X awrews characterised
as CA-MRSA
Mational: 39.1% of MRSA
B STV ] (AT}
I STHOV [BA]" Oy
W ST [ (WAL}
N STTAV (28] piAZ)

STV [BCT) (WaRa)
] STaoav (287 {9WF)

N oTHER [ —
16 ek 8
ey
; . . PRy w—
Nm e W oakes
g i tates (K set]
[P — ’h-rm
e ———— i y
T ol AEEA
CA-MRSA ol Vo

"FVL posilive clones B WTEAL

ACT = Australian Capital Territory; Aust = Australia; CA = community-acquired; HA = healthcare-acquired; MRSA = methicillin-
resistant Staphylococcus aureus; NSW = New South Wales; NT = Northern Territory; Qld = Queensland; SA = South Australia;

Survey reports for Gram-negative organisms,

along with discussion and expert analysis, typically
contain significant amounts of detailed information
in tabular form, allowing readers to analyse,
understand and interpret the findings. The focus of
surveys now alternates annually between hospital-
onset and community-onset infections by sentinel
Gram-negative pathogenic bacteria. Some examples
of findings from the Gram-negative Bacteria 2011
Hospital-onset Susceptibility Report are presented
in Figure 29 and Figure 30.
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Figure 29: Data from the Gram-negative Bacteria 2011 Hospital-onset Susceptibility Report

Table 2. isolates Tested Table 3. Species included
Murmber of £ coll Enterabocter  Kle i Group Crganism Total
Institutions - Spcieg E. cali E colf 1,827
Naw South Wales (NSW) Klabslella K. pneumoniae 396
Australian Capital Territory ] 538 71 145 754 &, poptace 1%
[ACT) K. poeumoniae subsp oraence 3
Kiebsieta not speciated, 1
Nerthern Territory [NT) 7 467 ] 139 675 Total S37
Queensland [QLD) Entercbacter £ cloocor 180
£ aerogenes 2 ]
South Australla [SA) 3 163 30 50 43 Ea or 3
victorla E. gergovioe F
mll;“r::.ﬂ ? e &0 123 64 Enterobacter not speciated, 1
Total 269
‘Western Australia [WA) 4 P EL] 80 37
Total 9 1,827 269 537 2,633

Tabde 4. Antimicrobhals Tested

Antimicrobial Agent AST N149 Concentration range CLSI Breakpoints (mgfL)*
Ampicillin 52,4, 8, 16, 232 8 18 =32
Co-amonyclay %2/1,4/2, 8/4, 16/8, $32/16 84 16f8 316
Phlrlﬂlwmm' £4/4, 8/4, 16/4, 32/4, 64/4, 2128/4 £16/4 32f4-64/4 2128/4
Ticarcillin/clavulanate SB/2,16/2, 3242, 6472, 2128/2 2162 AX2-6412 212812
Cafazolin® 54, 8, 16, 32, 264 52 4 ]
Cefepime 51,2, 4,8 16, 32, x64 =8 16 =32
Caftrianone 51,2, 4,8 16,32, x64 5l F] E)
Cefoxitin 54,8, 16, 32, 264 B 16 232
Caftazidime 51,2, 4,8, 16, 32, w64 4 ] zl6
Il-'hplll'ltm' £0.002 to 232 0.5 1 22
Meropenem £0.25,05,1,2, 4, 8,216 =1 2 =4
Gentamicin 51,2, 4,8, 216 =4 B 216
Tabramycin 51,2, 4,8 218 =4 B =16
Amikacin 52,4, 8,16, 32, x64 %16 EF) £
Ciprofioxacin £0.25,0.5,1, 2, 24 51 3 24
HNorfloxacin 505, 1,24, 8 216 =4 ] zl6
Nitrafurantoin £16, 32, 64, 128, 256, 2512 532 64 2128
Malidixic Acid 52,4, 8, 16, 232 216 - =32
Trimethoprim/sulphamethoxazole £1/19, 238, 4/76, 8/152, 216,304 238 - 476
Trimethoprim 05,1, 24,8 216 =8 - =16

* The breakpoints selected to determine resistance are described in Performance Standards for Antimicrabial
Susceptibility Testing: Twentieth information Supplement, CLSI document M100-522, January 2012,
Although included In the Vitek cand, results were supressed due to a global recall by BloMérieu

For analysis, breakpoints of 54, 28 were appled dwe 1o the MIC range available on the Vitek card, recognising
that the January 2011 breakpodnt ks actually susceptible = 2 mgfL

Ertagenem MICs performed using Etest strips (Biodérieux).

Talve 5. Source of lsolates

Enterabacier Elebsialla

Uring 1448 75.3% 118 439% 317 58.0% 1883 T1.5%
Respiratory a2 5.0% 65 24.5% a1 16.9% 249 9.5%
Blood ar 4.85% FF] BI% ) 1.3% 128 5.6%
Skin & soft tise 81 4.4% 26 7% a0 14% 147 5.6%
Other 50 1.™% 15 5% FF) 4.1% LE] 3.3%
Intra-osbdominal 47 1.6% | 0% 18 3.4% 73 L%
Bone & Joint 10 0.5% & L% 3 0.6% 13 0.
Intravascular line 4 0.2% 4 1.5% -] 11% 14 0.5%
Stevile site -] 0.43% 3 11% 1 0.2% 12 0.5%
Total 1827 269 5337 2633

AST = active surveillance testing; CLSI = Clinical Laboratories Standards Institute
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Figure 30: Antibiotic profiles from the Gram-negative Bacteria 2011 Hospital-onset Susceptibility Report

Tadve 6. Ampiclllin

Spacien NIWACT OLDfNT WIC/TAS Australia
E. coli el 06% 13% 0.0% 13% 11% 0.9%
MR 55.0% 50.5% 52.1% 4B.0% 43.9% 50.5%

APPENDIX 2. ANTIBIOTIC PROFILES BY FREQUENCY

Enterobacter species  (n = 269)

Antiblotic Profile Region
CErCazcpadenimk TrpHLiCipier AUS  CLDNT NSWAAC VICITAS 54 WA
Hit 107 30 30 15 12 20
CexCaz Hik 12 10 15 2 B8
-1 11 10 5 4
Teplit T a 2 2 2
CtrCaz 3 4 4 E: | 1
CerCaz Gen Tmphit 4 T 2
cEr Wikt 1 2 2 2
cerCaz Tmphiit 2 1
CtrCaz Gen Tmp 1 1 2
CtrCazCpmlen  TmpMivCip 3
CrrCazCpaGeniekTep Cip 2

Top
Gen  TepMieCip
Ga&n

Caz Hik 1
cer 1
ckr TmpHik 1
cer Tepiiecip 1
a4 4 Gan  TepHic 1
cercaz Tep 1
ctrfar TepRicCip 1
Cercaz  Genm 1
Cercaz  Gen Mar 1
CtrCazr Oen  TepHiecip 1
CerCazCpn 1
CrrCazipa Hit 1
CerCazlpa Tmp Cip 1

.—.-i-ia‘,
B e e Y L L L L " I Y IR E ] -4

CErCazipnien TepHit

Ctr = ceftrianone, Caz = ceftazidime, Cpm = cefepime, Gen = gentamicin, Amk = amilsacin, Trp = trimethoprim, Nit=
nitrofurantoin, Cip = ciprofloxacin, Mer = meropenem

ACT = Australian Capital Territory; Aus = Australia; NSW = New South Wales;
NT = Northern Territory; Qld = Queensland; SA = South Australia; Tas= Tasmania;
WA = Western Australia; Vic = Victoria

Data from AGAR are also promulgated via published
papers and articles in peer-reviewed journals,

and both oral paper and poster presentations at
conferences in Australia and internationally. Table 9
shows the numbers and types of publications listed
on the AGAR website, from 1989 to 2012.'7
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Table 9: Numbers and types of publications arising from Australian Group on Antimicrobial Resistance studies

Year Journal articles Conference - Conference — posters Total
and papers oral papers
1989 1 1
1990 0
1991 1 1
1992 3 3
1993 1 1 1 3
1994 1 1
1995 1 2 3
1996 2 1 3
1997 1 2 3
1998 2 1 3
1999 0]
2000 1 1 2
2001 2 2
2002 1 3 4
2003 2 2
2004 3 1 4
2005 1 1
2006 1 1
2007 4 1 4 9
2008 1 1 2
2009 1 1
2010 2 3 5
2011 1 1 2
2012 3 3
Total 24 17 18 59

Source: AGAR™
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Program impact

Between its inception in 1985 and the present
day, AGAR has contributed significantly to the
standardisation of methodologies and achieving
comparability of clinical microbiology testing
across Australia.

The structure of AGAR surveys means that data are
available to monitor changes in AMR trends for long
periods, and that comparisons in AMR prevalence
can be made between different states and territories,
and between hospital and community settings.
Among the benefits realised has been the ability to
promote more rational use of antibiotics based on
Australian data.®® The AGAR survey reports provide
a platform for the dissemination of learned opinion
and advice in addition to analysis of the submitted
laboratory data. Reports also carry information
comparing the Australian results and trends with
those seen by ECDC and ANSORP.'

Relevance to Australia

AMR stakeholders considered AGAR to be a

source of stable long-term comparable data for
Australia. Collaborative laboratory participation and
standardised reporting procedures are fundamental
to the program’s operation. AGAR was seen to break
down barriers between public and private, and states
and territories, to enable high-level discussion and
collaboration. Limitations for this program were

the scope, funding sustainability, data reporting
inconsistencies, and the lack of development for
teaching protocols, audit or treatment.

Between its inception in 1985 and the
present day, AGAR has contributed
significantly to the standardisation

of methodologies and achieving
comparability of clinical microbiology
testing across Australia.
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3.2.7 Centre for Healthcare
Related Infection
Surveillance and Prevention

Queensland Health, within the Division of the Chief
Health Officer, initiated the Centre for Healthcare
Related Infection Surveillance and Prevention
(CHRISP) Program in February 2001. CHRISP

is now part of the Health Service and Clinical
Innovation Division (HSCID) of Queensland Health,
and provides support and guidance to Queensland
public hospitals in developing, implementing

and maintaining standardised surveillance and
analysis methods that allow timely recognition of
infection problems. CHRISP aggregates, analyses
and provides de-identified data, and reports

to and advises Queensland Health hospitals.'®
Surveillance data are collected to:

e enable a valid estimate of the magnitude of HAI
in Queensland Health facilities

e permit recognition of trends in infection rates,
AMR and healthcare-associated pathogens

* monitor trends in Queensland Health employees’
exposure to blood and body fluids

e identify risk factors for exposure to blood and
body fluids among health professionals.

For smaller hospitals, CHRISP recommends the use
of Signal Infection Surveillance (SIS) methodology,
which is designed to identify potential systemic
issues requiring improvement. The events or
‘signals’ in the SIS framework include bloodstream
infection, surgical site infection, multiresistant
organisms, urinary tract infection (catheter related),
gastrointestinal tract infection and occupational
exposure investigation. In addition to CHRISP’s
focus on HAI, the program oversees the operation
of OrgTRx. OrgTRx uses statewide public
pathology laboratory data to generate consolidated
antibiograms and provide information at a range

of levels from state level (through geographical,
hospital and ward groupings) to individual patients.
OrgTRx operates on the Queensland Health
Decision Support System (DSS), which is based
on Panorama, a commercial business intelligence
software platform. At the heart of DSS are data
cubes, and a powerful data linkage and analysis
capability that allow data to be viewed from a
range of different perspectives. This enables the
development of cumulative antibiograms, and the
investigation of resistance trends and patterns
across time, and among wards or hospitals.



Data collection and processing

For the broader CHRISP program, participating
hospitals are required to submit data electronically
on key HAIl indicators every six months. These
indicators include surgical site infections, healthcare-
associated bloodstream infections, percutaneous
and nonpercutaneous occupational exposures to
body substances, and indicator organisms. OrgTRx
collects susceptibility data from the Queensland
Health statewide pathology laboratory information
system (AUSLAB) and makes a data cube available
through DSS. Because all laboratory data are
obtained from a single, statewide database, there
are no issues related to the standardisation of data
between sites.

Data publication

Results of the broader HAI program are collated
and analysed by CHRISP staff, Individual hospital
reports are produced every six months, and
aggregate reports once per year. Infection rates are
risk-adjusted, where possible, to better reflect the
differences in size and clinical case-mix between
participating hospitals. Hospitals are encouraged to
regularly review and analyse their own data and to
apply their findings locally in a timely manner.'”®

Clinicians with responsibility for antimicrobial
surveillance, such as infectious diseases physicians,
clinical and laboratory microbiologists, and specialist
pharmacists, have access to the OrgTRx data,
which they use to inform their local antimicrobial
surveillance program. Cumulative antibiograms are
generated annually by Pathology Queensland and
made available to Queensland Health staff on their
intranet site.'”® Data and reports from OrgTRx are
not generally available outside of the Queensland
Health network.

Program impact

Information gleaned from the CHRISP OrgTRx
system is used across the Queensland public
hospitals network to assist the prevention and
control of AMR. Goals of CHRISP surveillance
programs include the valid estimation of the
magnitude of nosocomial infections, and allowing
trends to be established for infection rates, AMR
and the prevalence of nosocomial pathogens.''®

-
APy

Relevance to Australia

Similar to statements relating to other programs,
stakeholders valued the availability of data on a
statewide basis, and the accessibility of annual
reports. Other benefits of the CHRISP program
included the surveillance of public laboratory

data and use of antimicrobials in public hospitals.
Stakeholders felt that for a program such as CHRISP
to succeed, a statewide database for laboratory
results, electronic data submission, and use of the
Queensland Health DSS and resources to collate and
analyse data at a national level must be available.

3.2.8 National Antimicrobial
Utilisation Surveillance
Program

The National Antimicrobial Utilisation Surveillance
Program (NAUSP) commenced in 2004 and collects
data on antibiotic consumption from all Australian
states and territories. NAUSP is funded by the
Australian Government Department of Health and
Ageing, initially as a pilot based on the existing
South Australian Antimicrobial Utilisation Surveillance
Program (AUSP). The national and statewide
programs are centrally maintained by the South
Australian Infection Control Service, Communicable
Disease Control Branch, South Australian
Department of Health.!13-115

Data collection and processing

NAUSP collects data on antibiotic consumption
from tertiary referral centers (public hospitals) and
large private hospitals from all Australia states and
territories. "® Currently more than 70 hospitals
contribute to NAUSP, including 41 A1 tertiary
referral or large private hospitals. The number of
participating hospitals is increasing.

‘A4
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Data publication

NAUSP provides reports of hospital inpatient
antimicrobial usage to contributing hospitals and
the Australian Government Department of Health
and Ageing. Separate usage rates are currently
reported for intensive care units (ICUs) from a subset
of 39 hospitals. Usage rates for six antimicrobial
classes, and individual agents within those classes,
are reported bimonthly and in detailed annual
reports. Antimicrobial usage rates are calculated
using the number of defined daily doses consumed
each month per 1000 occupied bed-days."

Some examples of findings from the Antimicrobial
Utilisation Surveillance in Australian Hospitals,
September 2008 to August 2012 report are
presented in Figure 31 and Figure 32. Total hospital
antimicrobial use by all contributors (all classes)

is presented in defined daily dose.

Program impact

Antimicrobial usage data can be used to guide
safety and quality improvements at the local level

by a hospital or health service, and can provide
useful information at state and national levels.

Data related to antimicrobial use in hospitals have
been used to promote positive health outcomes

in several ways. First, by providing an Australian
peer-group benchmark, hospitals can compare their
usage with similar hospitals and identify areas of
antimicrobial use that require more in-depth analysis.
Hospitals and area health services that have a high
antimicrobial consumption can initiate antimicrobial
stewardship programs. High use of particular classes
of antimicrobials has triggered individual drug audits
and been used to tailor interventions. Second,
longitudinal antimicrobial usage data have been used
by hospitals to measure the effects of antimicrobial
stewardship strategies and provide feedback

to prescribers.'

Figure 31: Total hospital antimicrobial use by all contributors (all classes)
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Surveillance data on antimicrobial usage also provide
information for determining the impact of usage
patterns on bacterial resistance. For example, linking
longitudinal usage data with resistance data, at both
national and hospital levels, may be used to identify
reduction in resistant organisms and emerging
patterns of resistance."

Relevance to Australia

Key Australian AMR stakeholders identified a number
of the strengths of NAUSP, including the Australia-
wide review of antimicrobial use, and the ability for
participating hospitals to compare antimicrobial
consumption with the national peer-group
benchmark. The accessibility of bimonthly reports for
contributing hospitals was also acknowledged. A key
weakness of NAUSP identified by stakeholders was
an absence of reports for all states and territories,

as well the lack of AMR surveillance. With regard to
antibiotic consumption, identified limitations of the
program were that only antimicrobial use in ICUs
and total hospitals are reviewed for six antimicrobial
classes. A comprehensive annual report containing
data on usage in over 20 antimicrobial classes

is produced for the A1 hospital peer group.
Contributors are provided with a code so they can
benchmark their use of all agents against similarly
peered hospitals annually. Furthermore, contributing
hospitals are primarily tertiary referral centres

and large hospitals. Therefore, no outpatient data
are collected.

Figure 32: Total hospital usage of 3rd/4th generation cephalosporins, glycopeptides and carbapenems
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3.3 Critical elements contributing to the success

of existing systems

AMR surveillance systems that demonstrate high
levels of uptake and produce information that is
useful at both local and national levels for driving
developments in policy and practice across broad
networks and geographies typically exhibit most
or all of the following features:

centralised coordination and direction setting,
involving clinical experts and policy makers

standardised datasets derived from pathology
laboratory systems

quality assured laboratory services providing
the data

structured data submission and
management protocols

a defined set of organisms, antibiotics and
specimen sites for which data are gathered
(which may be narrow or broad)

a high level of participation from pathology
laboratories in all sectors

a centralised database that receives laboratory
data, preferably online

a centralised data-processing location that
is resourced to undertake analysis and
facilitate reporting

publicly available online access to reports and
information that addresses a range of priorities
and purposes

defined funding support, usually from government

the ability to link with data from other systems,
such as those monitoring antimicrobial use,
and AMR in animal and food sources

the ability to demonstrate trends across
time, between geographic locations and
between population groups, such as
inpatients and outpatients

the ability to promptly detect and support
investigation of emerging threats
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e outputs that support policy development at
a national level, and guideline development
and modification at a local level

e regular reports that measure and report on
the impact of interventions.

Where effective national and supranational
surveillance systems exist, high-level political
support appears to be critical for success. Such
support is important for establishing program
priorities, encouraging engagement by laboratories
and healthcare providers, and supporting funding
mechanisms to develop effective and comprehensive
systems. High-level political support can also
facilitate linkages between groups independently
concerned with policy and practical matters
concerning human, animal and food management.

The European decision, announced in October
2012, to create the Central Asian and Eastern
European Surveillance of Antimicrobial Resistance
(CAESAR) network is informative in considering
critical elements of wide-scale systems that aim to
detect, monitor and support action to address AMR.
CAESAR’s aim is to establish gradually a network

of national surveillance systems, including the
European countries that are not among the 29 that
currently contribute data to EARS-Net."” CAESAR

is intended to enable comparable AMR data from

all 53 European and central Asian countries to be
brought together, analysed and reported together.
To make such comparisons meaningful, laboratory
processes, data collection and data submission must
be standardised across participants, and EARS-Net
methodology will be used in close collaboration

with ECDC.




National coordination
iNn Australia: systems,
enablers and barriers




National coordination in Australia:
systems, enablers and barriers

The purpose of this report is to support the work and deliberations of the
Antimicrobial Resistance Standing Committee (AMRSC). AMRSC commissioned
the study to examine the current activities for the surveillance of antimicrobial
resistance (AMR) and antibiotic usage within Australia and around the world, and
determine the enablers and barriers to a proposed nationally coordinated approach

to AMR and antibiotic usage surveillance.

Key question

What are the enablers and barriers to the establishment of a national coordinated
approach for the reporting and surveillance of antibiotic usage and antimicrobial

resistance in Australia?

To consider the enablers and barriers to the development and implementation of a national coordinated
approach to surveillance and reporting, it is instructive to review the recent history of activities and progress
on antimicrobial resistance (AMR) and antibiotic usage in Australia.

4.1 Setting the scene - a recent history

AMR has been recognised as a problem in Australia
for more than 25 years, and various working

groups and committees have provided advice to
the Australian Government Department of Health
and Ageing.

4.1.1 Report of the Joint
Expert Technical Advisory
Committee on Antibiotic
Resistance, October 1999

In 1997, the Joint Expert Technical Advisory
Committee on Antimicrobial Resistance (JETACAR)
was convened to review the linkage between
antimicrobials in food-producing animals, and the
emergence and spread of resistant microorganisms
to humans. A wide-reaching report was published
in 1999, with 22 recommendations, including
several relating to surveillance.
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4.1.2 Australian Government
response to the report of
the Joint Expert Technical
Advisory Committee on
Antibiotic Resistance, 2000

The Australian Government responded to
JETACAR’s recommendations in 2000. Although
some of the recommendations were instituted,
including the formation of the Expert Advisory

Group on Antimicrobial Resistance (EAGAR) under
the auspices of the National Health and Medical
Research Council, there were barriers that prevented
the full implementation of all recommendations.

In 2008, EAGAR was disbanded. During the ensuing
four years, the loss of momentum in addressing AMR
prompted a summit by two learned societies, the
Australian Society for Antimicrobials (ASA) and the
Australasian Society for Infectious Diseases (ASID).



4.1.3 Antimicrobial Resistance * education
Summit 2011: a call to urgent ¢ stewardship
action to address the growing « infection prevention and control strategies
crisis of antibiotic resistance, * research

Sydney, February 2011 « regulation.
The summit on 7-8 February 2011, convened by ASA An urgent call to action was predicated on the threat
and ASID, brought tog.ethfe‘r an mtgrdlsc:lpllngry group of multiresistant bacteria being ‘a critical public
of experts from the scientific, medical, veterinary and health issue that requires a coordinated, multifaceted
public health sectors to establish priorities and a joint response’.’”® The creation of a national AMR body
plan for action to face the increasing challenges of to coordinate the response was proposed, with the
AMR. Entitled the ‘Antimicrobial Resistance Summit role of this entity to include (also see Figure 33):

2011: a call to urgent action to address the growing
crisis of antibiotic resistance’, the meeting aimed

to create a dialogue for national control strategies
and formulate an agenda for minimising AMR in e coordinating education and stewardship programs
the future.””® o

* implementing a comprehensive national
resistance monitoring and audit system

implementing infection prevention and

The summit proposed a plan of action that was control guidelines

published in the Australian Medical Journal in e expanding funding to support research into
March 2011.'”° The plan includes elements of: all aspects of AMR
e surveillance of antimicrobial use e reviewing and upgrading the current regulatory

« surveillance of AMR system applying to antibiotics.

Figure 33: Overview of elements of the action plan proposed from the Antimicrobial Resistance Summit 2011,
and interaction with a central management body

An agenda for addressing antimicrobial resistance

Intervention

Surveillance

Resistance surveillance Regulation

e Human isolates Registration
(hospital, community) \ / Reimbursement

e Animal isolates .. . Animal use
Ant":mcrOblal Access to new drugs
. resistance
Usage surveillance management
* Human (hOSpltaL body Infection prevention
community) e Infection control
* Animal health e Immunisation
® Healthcare epidemiology
Disease burden ¢

Education
e Stewardship programs

e Prescribers
e Consumers
e (Clinical practice guidelines

Disease outcome

Research

Basic science
Epidemiology

Social drivers
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According to Gottlieb and Nimmo, ‘the scourge of
antimicrobial resistance has increased inexorably
over the years. We believe that the window for
overcoming antimicrobial resistance is still open, but
we must act decisively now — Australia cannot bury
its head in the sand any longer and hope that the
problem will just go away’.'™

4.1.4 National Health Reform
Agreement

On 2 August 2011, it was announced that agreement
had been reached between the Australian
Government and all Australian states and territories
to cement the commitment made at the Council of
Australian Governments meeting on 13 February
2011 to see all governments work together to reform
the health system. Under the National Health Reform
Agreement, all governments have agreed to major
reforms to the organisation, funding and delivery

of health and aged care.'® In addition to outlining
the roles of Local Hospital Networks and Medicare
Locals, the agreement sets out the establishment of
several national bodies, including the Independent
Hospital Pricing Authority, National Health Funding
Pool and National Health Funding Body and the
National Health Performance Authority.°

4.1.5 Australian Commission on
Quality and Safety in Health
Care, 2011-present

In 2011, the Australian Government established the
Australian Commission on Safety and Quality in

Health Care (ACSQHC) as a permanent, independent

statutory authority under the Commonwealth
Authorities and Companies Act 1997. The National
Health Reform Agreement describes the remit of the
ACSQHC as follows:

B80. The role of the ACSQHC is to:

- lead and coordinate improvements
in safety and quality in health care
in Australia by identifying issues and
policy directions, and recommending
priorities for action;

- disseminate knowledge and advocate
for safety and quality;

- report publicly on the state of safety
and quality including performance
against national standards;
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- recommend national data sets for safety
and quality, working within current
multilateral governmental arrangements
for data development, standards,
collection and reporting;

- provide strategic advice to the Standing

Council on Health on best practice thinking
to drive quality improvement, including
implementation strategies; and

recommend nationally agreed standards
for safety and quality improvement.

B81. The ACSQHC will expand its role of

developing national clinical standards and
strengthened clinical governance. These
arrangements will be further developed in
consultation with States.

B82. The ACSQHC will:

i. formulate and monitor safety and quality
standards and work with clinicians to
identify best practice clinical care, to
ensure the appropriateness of services
being delivered in a particular health
care setting; and

ii. provide advice to the Standing Council
on Health about which of the standards
are suitable for implementation as
national clinical standards.

B83. The ACSQHC does not have regulatory

functions.

Part 2.2 of the National Health Reform Act 2011
describes the establishment, powers and functions
of ACSQHC. It says, in part:

(1) [ACSQHC] has the following functions:

(a) to promote, support and encourage the
implementation of arrangements, programs
and initiatives relating to health care
safety and quality matters;

(b) to collect, analyse, interpret and
disseminate information relating to
health care safety and quality matters;

(c) to formulate model national schemes
that relate to health care safety and
quality matters;



The Act includes requirements that ACSQHC consult
with clinicians, governments, carers, consumers and
the public when developing standards, guidelines
and indicators. The Act also provides that ‘the
Minister may give directions to [ACSQHC] in relation
to the performance of its function and the exercise
of its powers’.

4.1.6 Antimicrobial Resistance
Standing Committee,
2012-present

As part of the restructuring of the Australian Health
Ministers’ Advisory Council committees in early
2012, a new committee known as the Antimicrobial
Resistance Standing Committee (AMRSC) was
endorsed to oversee activities relating to AMR in
Australia. The Australian Health Protection Principal
Committee (AHPPC) endorsed the formation,

chair and membership of AMRSC on 19 April 2012.
The role of AMRSC is to:

e advise AHPPC on matters relating to AMR

e provide expert advice and assistance on
issues relating to AMR

* recommend national priorities relating to AMR
for action.

AMRSC’s purpose is to develop a national strategy
to minimise AMR. This includes supporting an
integrative approach through coordination of national
activities such as:

e a comprehensive national AMR and usage
surveillance system

e education and stewardship programs
¢ infection prevention and control guidelines

e community and consumer campaigns researching
AMR and its prevention

e areview of the current regulatory system that
applies to antimicrobials.

The membership of AMRSC includes representatives

from the following organisations:

¢ National Health and Medical Research Council

e NPS MedicineWise (formerly NPS [National
Prescribing Service])

e Australasian Society for Infectious Diseases
e Australian Society of Antimicrobials

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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e Australasian College for Infection Prevention
and Control

e Communicable Diseases Network Australia

e Public Health Laboratory Network

e Therapeutic Goods Administration

e Pharmaceutical Benefits Advisory Committee

e Australian Government Department of Health
and Ageing
e ACSQHC

e Australian Pesticides and Veterinary
Medicines Authority

e Australian Government Department of Agriculture,

Fisheries and Forestry.

4.1.7 Senate inquiry into the
progress towards the
implementation of the
recommendations of the
1999 Joint Expert Technical
Advisory Committee on
Antibiotic Resistance, 2013

On 29 November 2012, the Senate referred the
progress of JETACAR’s 1999 recommendations

to the Senate Finance and Public Administration
Committees for inquiry and report. A period for
public submissions closed on 17 February 2013, and
the reporting date for the inquiry is 21 March 2013.
The terms of reference for the Senate inquiry are

to assess:'®!

Progress in the implementation of the
recommendations of the 1999 Joint Expert
Technical Advisory Committee on Antibiotic
Resistance, including:

(a) examination of steps taken, their timeliness
and effectiveness;

(b) where and why failures have occurred;

(c) implications of antimicrobial resistance on
public health and the environment;

(d) implications for ensuring transparency,
accountability and effectiveness in future
management of antimicrobial resistance; and

(e) any other related matter.
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4.2 Australia’s recent history

It is clear that, in the period since the release of the
JETACAR Report — where there have been structural
elements to develop and implement initiatives to
address the JETACAR recommendations — outcomes
have been achieved. For example, Australia has
sound regulatory agencies and structures that
effectively dealt with regulatory issues raised by
JETACAR in a timely manner.

On the other hand, where structures did not exist,
attempts were made to develop and progress
initiatives by linking responsibilities to organisations
that were not designed or equipped to deliver the
desired outcomes. Much good work has been done
and contributors are to be commended, both for
dedication to the task and for leaving a legacy of
documentation relating to the issues and proposed
solutions. However, the potential outcomes remain
unrealised in a number of areas, particularly those
relating to antimicrobial use and AMR surveillance.
It is necessary to ask whether there have been
changes that create an environment where progress
may now be feasible.

The National Health Reform provides a structure

and mechanism to pursue the goals of JETACAR,
which did not exist during 1999-2008 when previous
efforts were made to develop a national approach

to addressing AMR. There is now:

e agreement between the Australian, and state and
territory governments to pursue health reform,
and improve quality and safety using structured
processes and programs

* anational body, ACSQHC, that is charged with
developing and implementing initiatives related
to quality and safety matters in health care

e provision for the minister to direct ACSQHC
to coordinate this work

e a multijurisdictional, interdepartmental Standing
Committee under the Council of Australian
Governments’ Standing Council on Health
structure that is charged with developing
strategies to address AMR

e arequirement for ACSQHC to engage with
governments, clinicians, carers, consumers
and the public when developing and
implementing initiatives.

AMRSC is pursuing the goals of JETACAR.
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4.3 Fundamentals to national
coordination

Having reviewed a range of surveillance programs
relevant to the Australian context, this section
presents high-level elements that should be
considered when developing a national system.

4.3.1 A generic model for
antimicrobial surveillance

AMR surveillance systems across the world have a
number of components in common. Various aspects
need to be considered for a successful national
coordination; the modules and processes of which
are illustrated in Figure 34 and discussed in the
following sections.

Laboratory testing

A surveillance system for AMR is driven by laboratory
data. To ensure that data are comparable, two
approaches are taken:

e send isolates to a limited number of reference
laboratories for analysis and reporting

e standardise protocols across the participating
laboratories, and enforce participation in external
quality assurance programs.

Pathology database

In developed nations, laboratories invariably use
laboratory information systems (LISs), which may
capture data directly from testing equipment, or
data may be entered manually. Two approaches are
common for the storage of laboratory testing data:

e each laboratory or network has a proprietary
or commercial LIS

e data are captured into a WHONET database
at the local site.



Figure 34: Generic schematic of an antimicrobial resistance surveillance system
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Data extraction, standardisation,
entry and validation

Data from the laboratory system must be
extracted, manipulated to meet the data format
and structure required by the database that holds
aggregated data from all of the sources, added
to the aggregated dataset, and then validated

by the participating laboratory or organisation.
Factors to be considered include:

e data standards must be developed, promulgated
and maintained

e organisations must be resourced to extract,
manipulate, enter and validate data

¢ the frequency of data submission will impact
both inputs to (e.g. resources needed), and
outputs from (e.g. ability to monitor in real-time),
the system.

Aggregated laboratory dataset

Aggregated laboratory datasets can exist at several
levels — for example, as networks of:

e laboratories across an organisation

e organisations within a jurisdiction or
geographical region

e jurisdictions or regions within a nation

e nations within a supranational system.

Each level has resource requirements, and the
architecture of aggregation will have implications
for the development and maintenance of systems,
as well as for a range of data ownership, privacy
and other considerations.

Data analysis

The end uses of aggregated data need to be
considered, as this will be an important driver of the
data analysis requirements, and the data structures
that may be necessary to allow specific analyses

to be undertaken. A clear set of objectives for the
system will assist in identifying and prioritising the
end uses of the data.
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Public reporting

Publicly available reporting from existing systems
takes a number of forms, including:

e annual reports

e gpecific reports on particular projects
and activities

e articles in peer-reviewed journals

e papers and articles available in other types
of publications and online

e conference presentations (oral papers
and posters)

e selected data that can be displayed in real-time
online (e.g. tables, graphs and/or maps showing
organism or antibiotic susceptibility).

Restricted reporting

Some systems report that additional access is
available to participating organisations online via
secure log-ins. In other cases, organisation-specific
or institution-specific reports are generated centrally
and issued to participants. This allows highly focused
interventions to be pursued, and the local impact of
projects and initiatives to be measured and reported.

4.3.2 Extensions to the
generic model

When considering the requirements for an AMR
surveillance and reporting system for human health
as outlined above, additional factors should be
taken into account, such as those depicted in
Figure 35. Although surveillance of resistance in
animals, agriculture and food are beyond the scope
of current consideration, they should be borne in
mind when considering the longer term trajectory
of a national system for surveillance and bringing
about improvements in AMR.



Figure 35: Broader surveillance systems considerations
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Non-laboratory human data

In addition to the laboratory-sourced data on
bacterial isolates, and their molecular and AMR
characteristics, a number of systems and programs
also collect data that support the analysis of
patient clinical outcomes, or that can be used as
denominator data to compare rates of infection

or resistance. These data are typically:

e clinical outcome and patient risk data gathered
from patient records, clinical or patient
information systems, or by interview with
patients or treating clinicians

e demographic data, such as age, sex and location

e institutional data such as hospital size, occupied
bed-days and other measures of hospital activity,
or gross population data in community settings.

Human antimicrobial
consumption data

Many programs bring data on antibiotic prescribing
and/or consumption patterns in hospital and/or
community settings alongside AMR data to create
dynamic and persuasive datasets that can be

used to influence clinical practice and promote
public health.

Animal and food datasets

Data on antimicrobial consumption and resistance
have been used to great effect in Europe to bring
about changes in legislation and practice that

has demonstrated improvements in national AMR
profiles. Such data include:

e antimicrobial consumption as growth promoters
in food production animals

e antimicrobial consumption for animal treatment
in the domestic and farming environments

e AMR patterns in bacteria isolated from animals,
usually through sentinel surveillance programs.

Some countries also undertake sentinel surveillance
of food products to monitor both the presence

of indicator and pathogenic bacteria, and their
AMR patterns. This can then be linked to farming
practices in the host nation, or used to evaluate

the potential impact of imported foodstuffs on the
local population.
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4.4 Strategic options and
assumptions for national
coordination

To maximise the utility and effectiveness of an
Australia-wide coordination of AMR and antibiotic
usage surveillance and reporting, a clear set of high-
level objectives must be established and articulated.
We drew on the stated objectives of existing systems
(as detailed in Section 3.2) to make a list of potential
objectives for a national system. We then prioritised
the list:

1. Strengthen the capacity of states and territories
to conduct effective AMR surveillance activities
and improve the flow of surveillance information.

2. Integrate bacterial isolate and resistance data
from multiple databases to provide standardised
reporting, and comparative and validated
information sets.

3. Improve the use of information to detect changes
in resistance patterns over time, and between
geographical areas and institutions.

4. Improve the use of information to support rapid
detection and response to emerging threats.

5. Provide guidance to public health authorities in
responding to community and hospital outbreaks
of resistant organisms.

6. Monitor the impact of interventions undertaken
to reduce the levels of AMR.

7. Evaluate the impact of therapy and infection
control interventions on infection rates and
cure rates.

8. Strengthen laboratory capacity and performance
through quality activities and review of reporting.

9. Provide timely AMR data that constitutes a
basis for policy decisions at both state and
national levels.

10. Provide the capacity to link AMR data from
healthcare settings with information from other
systems associated with antibiotic use, and
veterinary and food industries.

11. Initiate, foster and complement scientific research
in Australia in the field of AMR.

12. Provide advice to regulatory authorities on the
availability and accessibility of antimicrobials
based on the potential for resistance selection.



To develop a national system, the following
assumptions are made:

e Existing systems and databases will be
examined for their potential to feed data to
a national system.

e Systems developed will be capable of future
integration with other relevant data, information
and analysis relating to AMR surveillance of
food and animal sources.

e Proposals will build on the previous work
of JETACAR and EAGAR.

e A national coordinating centre with the
responsibility for the development and
implementation of strategies is essential.

To determine the best way forward for future
national coordination of AMR and antibiotic usage
surveillance and reporting, two high-level strategic
options are considered:

* Enhance - use existing systems and processes
as the basis for a national platform, and develop
these systems to achieve national objectives.

e Construct — design a new national system
‘from the ground up’, and consider the desirable
attributes of Australian and international systems
discussed in Section 3.

&
%

These strategic options were selected to stimulate
high-level consideration of enablers and barriers

to the development of a national AMR surveillance
system. By using a combination of real examples and
generic information, it is hoped that a discussing a
range of options and solutions will lead to a focuses
and achievable outcome.

4.5 Enabler and
barrier analysis

Table 10 presents commentary on formative enablers
and barriers relevant to the ‘enhance and construct’
options in Section 4.4. These enablers and barriers
have been developed after analysing the examples

in Section 3 and discussing options with members
of AMRSC.
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National coordination in Australia:
systems, enablers and barriers

Nominated representatives of key Australian
stakeholders were asked about perceived enablers
and barriers to the success of proposed models
executed in an Australian context. Several themes
have emerged in the stakeholder survey to date.

Important features identified by respondents
towards implementing a successful Australian
program comprise:

e recognising AMR containment as a national
health priority with a long-term commitment
to improving surveillance

e establishing clear roles and responsibilities for
national coordination (including clarifying the
role of state and territory organisations)

e establishing effective national leadership to
coordinate decisions and agreement among
key sectors

e confirming availability of dedicated government
(public) funding.

Adequate funding and resourcing (including i
education and equipment) were considered
necessary to support the participation of competing
laboratories financially, and to develop protocols

for identification and timely processing of isolates. =
Stakeholders believed agreement must be reached ‘\..
on key organisms and parameters for surveillance. —aul
Other aspects of a successful program in Australia

were considered to be the effective coordination

and collaboration among contributing laboratories,

adoption and expansion of existing laboratory

information systems, and the use of pharmacy

systems to submit hospital-based and community-

based consumption data to a national database.

The accessibility of data to hospitals and the public ’
is important to inform policy and guidelines. L
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Australia’s response -
a national coordinating centre

For Australia’s national coordinating centre on antimicrobial resistance (AMR) and
usage surveillance and reporting, the Antimicrobial Resistance Standing Committee
(AMRSC) recommends:

1. That existing systems and processes be expanded and improved, a national
coordinating centre for the surveillance and reporting of AMR and antibiotic
use be established, with oversight from AMRSC,

2. That responsibility for establishing the centre rests with the Australian
Commission on Safety and Quality in Health Care (ACSQHC) as it is well placed
to undertake the responsibility of establishing national coordination.

3. That a program of work be developed based on supporting, improving and
linking existing systems that have statewide or national application, and bringing
into play contemporary technologies, systems and assets that together can
achieve the desired objectives.

5.1 The proposal

The Antimicrobial Resistance Standing Committee (AMRSC) proposes a three-stage program comprising
five elements of activity. It is proposed that the program elements be developed, implemented and funded
over three stages, as outlined in Table 11 to Table 16.

Table 11: A high-level overview of the proposed program, comprising five elements developed over three stages

m Stage 1 - short term Stage 3 - long term

Element 1

Surveillance of

Leverage existing systems
Expand capacity and include

Build new capacity
Link to nonhuman data

Complete comprehensive
system capturing human,
animal and food data

Surveillance of
antibiotic usage

Expand capacity and include
additional participants and
data sources

Link to nonhuman data

antimicrobial additional participants and
resistance data sources
Element 2 * Leverage existing systems Build new capacity « Complete comprehensive

system capturing human,
animal and food data

Element 3

Disease burden
and outcomes

Strengthen hospital and
community programs

Set up new initiatives for
specific disease entities

Improve existing initiatives

Set up new initiatives for
specific disease entities

Improve existing initiatives

Plan for Stage 3

Element 4 e Establish definitions and Improve analytic and * |Leverage emerging science
Analysis and standards reporting capability and technology
action * Scope analytic and reporting Reinforce standards and * Increase capacity and
requirements guidelines authority for action
Identify research priorities * Set research priorities
Demonstrate progress ¢ Demonstrate progress
Element 5 * Map complete program Evaluate Stage 1 * FEvaluate Stage 2
Planning e Plan for Stage 2 Confirm program direction ¢ Plan international participation

Be a One Health leader
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Table 12: Element 1 - Surveillance of antimicrobial resistance

Rationale

It is essential to measure the extent and trends in antimicrobial resistance in the
community and hospitals if effective interventions are to be developed, and outcomes
from interventions demonstrated.

Proposed approach

* Review available and potential data sources
¢ Develop and promulgate standard approaches
¢ Develop existing systems and mechanisms that are operating or have the

Stage 1

potential to operate at a national level

Passive surveillance — real-time public
and private laboratory data

Targeted surveillance
Alert — emerging pathogens

* New initiatives — explicit aim is to
receive data from external entities.
The Australian Commission on

Comprehensive passive, targeted and
alert systems for:

* humans
° animals
food and agriculture.

Safety and Quality in Health Care
will not assume authority for
animals and food, but may lever ©
funding from existing government
departments for animal, food and
nonbacterial microorganisms
(fungi and viruses) surveillance.

* Improve existing initiatives
— extend targeted and alert
surveillance systems

Table 13: Element 2 - Surveillance of antibiotic usage

Rationale

Understanding where and to what extent antibiotics are used is key to developing
strategies to address a range of issues, from appropriateness of prescribing to
demonstrating links between use and emerging resistance.

Proposed approach

* Review available and potential data sources
¢ Develop and promulgate standard approaches
e Build on existing systems that operate or have the potential to operate nationally

Stage 1

NAUSP:

e report at local level in real-time

* increase national participation of all
hospitals, including paediatric.

Community data from Pharmaceutical
and Repatriation Subsidy Schemes,
BEACH, Medicine Insight and others.

New initiatives: Comprehensive indication data

e secure human community data systems for:
e animal usage data ° humans
* indication data for community, ° animals
hospital and animal. ¢ food and agriculture.
Improve existing initiatives: Integrated human and community usage
«  NAUSP is inclusive of all hospitals systems for:
e build on existing work (e.g. point ° humans
prevalence) for wider antimicrobial ° animals.

resistance.

BEACH = Bettering the Evaluation and Care of Health; NAUSP = National Antibiotic Utilisation Surveillance Program

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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Table 14: Element 3 - Disease burden and outcomes

Rationale

A range of measures from hand hygiene to vaccination have been demonstrated to be
effective in reducing disease burden from microorganisms. None, however, focus on

resistant organisms.

Proposed approach

¢ Build on existing standards, systems and programs
e Improve coordination, participation and reporting

Stage 1

Hospital level:

* hand hygiene audit and data

* hospital-acquired infection
surveillance and others

e antimicrobial stewardship data

e targeted surveillance of specific
infections.

Community level:

e targeted surveillance of specific
infections and disease.

New initiative:

e target program for specific
disease entities.

Improve existing initiatives:
e continue existing work.

New initiative:

e target program for specific
disease entities.

Improve existing initiatives:
* continue existing work.

Table 15: Element 4 — Analysis and action

Rationale

Once data sources have been developed and systems implemented, the improvement
of health outcomes is dependent on high-quality analysis of the datasets, and action

plans being developed and implemented.

Proposed approach

¢ Resource the national coordinating centre for antimicrobial resistance strategy
to undertake appropriate analysis and planning

e Leverage national resources such as the enterprise data warehouse to develop

analytical capacity

e Use the mandate of the Standing Committee on Health to promulgate

guidelines, advice and standards

e Use analysis to drive improvement initiatives and research

Stage 1

Analysis and action from datasets

Determine what other

elements or programs need

to be included or established
(e.g. hospital-acquired infections)

Establish definitions
(e.g. denominator data)

Establish reporting methods
Develop policies

Develop guidelines, advice, standards,
particularly education

Recommend research priorities

Identify the burden of disease and
disease outcomes

Examine scope and opportunity of

the National Antibiotic Utilisation
Surveillance Program to include hospital
and community within one entity

Make recommendations to
regulatory authorities

Continue existing work
Review emerging science and technology

Increase capacity and authority for
analysis and action

Develop guidelines, advice and
standards, particularly education

Influence and set research priorities

Continue existing work
Review emerging science and technology

Increase capacity and authority for
analysis and action

Develop guidelines, advice and
standards, particularly education

Influence and set research priorities
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Table 16: Element 5 - Planning

Rationale

Effective planning is essential to coordinate strategies and implementation, identify
and apply resources, ensure outcomes are measured and deliver improvement

Proposed approach

* Resource the national coordinating centre for antimicrobial resistance strategy
to undertake appropriate planning

comprehensive program

Stage 1

Plan for Stage 2 Evaluate Evaluate

Map ultimate program Plan for Stage 3 Set up international participation
Scope and determine ultimate Plan for full system Be a One Health leader

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)
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5.2 Overview of the status of program components

Table 17 provides an overview of the perceived current status of key elements of the proposed program.
It presents a subjective viewpoint, and represents a consensus view of the members of AMRSC.

Table 17: Overview of the current status of key elements of the proposed program

Example system

Element Attribute or organisation Status

1 - Surveillance of Passive surveillance, public sector CHRISP OrgTRx 4

antimicrobial resistance Passive surveillance, private sector CHRISP OrgTRx
Targeted surveillance, public sector AGAR 6
Targeted surveillance, private sector AGAR 6
Multiresistant organism surveillance, public sector | CHRISP OrgTRx
Multiresistant organism surveillance, private sector | CHRISP OrgTRx
Links to animal and food data

2 - Surveillance of Surveillance, public hospital sector NAUSP 6

antibiotic use

Surveillance, community sector

PBAC, DUSC, BEACH,
Medicine Insight

Links to primary industries data

3 - Disease burden Hand hygiene audit ACSQHC
and outcomes Healthcare-associated infection surveillance ACSQHC
Patient and disease outcome data AGAR/ASA, AESOP, ANZCOSS
4 - Analysis and action Establish data definitions ACSQHC
Guidelines and standards ACSQHC
Reporting frameworks New centre 1
Research frameworks New centre 1
5 - Planning Plan Stage 1 ACSQHC
Plan Stage 2 New centre
Plan Stage 3 New centre
Legend:
No existing system or planning 4 Exists, operates at a state or quasi-national level,

. Some ideas exist on how to proceed
3 Significant planning has been done .

needs negotiation and development

Exists, operates at a national level, concept needs
development

ﬂ System element exists, needs expansion to achieve a
comprehensive level

ACSQHC = Australian Commission on Safety and Quality in Health Care; AESOP = Australian Enterococcal Sepsis Outcome Program;
AGAR = Australian Group on Antimicrobial Resistance; ASA = Australian Society for Antimicrobials; ANZCOSS = Australian New
Zealand Cooperative on Outcomes in Staphylococcal Sepsis; BEACH = Bettering the Evaluation and Care of Health; CHRISP =
Centre for Healthcare Related Infection Surveillance and Prevention; DUSC = Drug Utilisation Sub-Committee; NAUSP = National
Antimicrobial Utilisation Surveillance Program; PBAC = Pharmaceutical Benefits Advisory Committee

ltems that are towards the higher end of the ‘status’
spectrum might be regarded as established systems
with proven protocols and methodologies, and could o

be seen as the ‘low-hanging fruit’ in terms of making

progress. Iltems at the lower end of the spectrum

intellectual

degree of resourcing to progress. Resources that will
need to be applied include:

e information technology

are in formative stages with significant planning and °* management and governance

development required. Not all will require the same

e funding.
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Appendix 1: Study design and methods

Project approach and methods

The study that was the basis for this report
comprised two phases.

Phase 1: Integrative literature

review, including document

and policy analysis

The purpose of the literature search was to identify

global national and supranational programs for the
monitoring and surveillance of AMR and antibiotic

usage. Furthermore, key program components were
elicited to inform potential models appropriate for the

Australian healthcare system at a national level.

Databases included for the search were the
Cochrane Library, MEDLINE (via EBSCOhost),
CINAHL (via EBSCOhost), Web of Science
(Thomson, ISI), Scopus (Elsevier Science), Health

Management Information Consortium (HMIC; Ovid),

TRIP and Google Scholar.

The search aimed to identify relevant records
within several electronic databases, and the syntax
and search strategies used were optimised for
individual databases. Duplications were discarded,
and retained literature imported into reference
management software (EndNote X4). Additional
records were obtained from the bibliographies

of retrieved articles. Titles and abstracts were
assessed for relevance and context. Grey literature
(government reports and relevant professional
association publications) relating to antimicrobial
use and resistance published internationally were
identified and reviewed.

The following caveats are noted with respect
to the search of the literature:

Many antimicrobial surveillance and monitoring
activities are reported in the grey literature rather
than in the peer-reviewed literature.

The dynamic and emerging nature of AMR and
antibiotic usage makes reporting challenging, and
the detail and reporting accuracy of information
available can be inconsistent. However, it

is considered that substantive international
programs would be presented in the literature.

Referenced grey literature (government or
agency reports, etc.) and identified websites
provided valuable depth to program detail.
However, it is acknowledged that program
funding or infrastructure limitations also make
the information that can be elicited from these
sources variable.

This review focused on key Australian and
international systems and experience in the
context of a potential national system for the
surveillance of antibiotic resistance in bacteria
important to human health. Although critically
important, other factors and strategies, including
the surveillance of antibiotic use in humans, and
systems to gather data and analyse antimicrobial
use and resistance trends in animals and food
sources, are not the subject of this review.

A comprehensive review of global activities
has meant some information is only available
in languages other than English and currently
not accessible.

Phase 1 comprised an integrative review of the
international and national literature coupled with
national activity analysis using document and policy
analytic methods outlined by Silverman.'®?
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Phase 2: Enabler and barrier analysis

Telephone interview and/or survey engagement with
key stakeholders in AMR and antimicrobial usage
across Australia was conducted. Key Australian
AMR and antibiotic usage stakeholder organisations
identified for consultation included:

e Australian Association of Pathology Practices

e Australian Commission on Safety and Quality
in Health Care

e Australian Government Department
of Health and Ageing

e Australian Group on Antimicrobial Resistance

e Australian Pesticides and Veterinary
Medicines Authority

e Australian Society for Antimicrobials
e Australian Society for Microbiology

e Australasian College for Infection Prevention
and Control

e Australasian Society for Infectious Diseases

e Centre for Healthcare Related Infection
Surveillance and Prevention

e Communicable Diseases Network Australia

e Healthcare Infection Surveillance
Western Australia

e National Antimicrobial Utilisation
Surveillance Program

e National Coalition of Public Pathology
¢ National Health and Medical Research Council
e National Neisseria Network

e national pathology services
(Healthscope Ltd, QML, Sonic Healthcare Ltd,
Primary Health Care Ltd)

e Northern Territory Department of Health

e NPS MedicineWise
(formerly NPS [National Prescribing Service])

e NSW Clinical Excellence Commission
e NSW Ministry of Health

B
AP

¢ Pathology Queensland

e Pharmaceutical Benefits Advisory Committee
e Public Health Laboratory Network

¢ Queensland Health

¢ Royal College of Pathologists of Australasia

e SA Health Communicable Diseases
Control Branch

e SA Health

e Tasmanian Department of Health
and Human Services

e Tasmanian Infection Prevention and Control Unit
e Therapeutic Goods Administration

e Victorian Department of Health

¢ Victorian Infection Surveillance Service

¢ Western Australia Health.

The Griffith University Human Research Ethics
Committee (HREC/NRS/28/12) provided
approval to conduct this project with respect
to stakeholder engagement.

Phase 2 data have been analysed thematically
according to techniques described by Silverman'®?
and techniques to enhance trustworthiness and
credibility of data — including, but not limited to,
member checking, peer review and the use of an
audit trail as described by Holloway and Wheeler.'®3

AMRSC identified 28 key AMR and antimicrobial
usage stakeholders across Australia to participate in
a survey regarding proposed models for a nationally
coordinated approach. An early insight into emerging
themes can be based on the current response
levels of 32.1%, which comprise views representing
national-level and state-level AMR or antibiotic use
surveillance and pathology sectors. Engagement
with stakeholders is ongoing as a future national
system for the surveillance and reporting of AMR
and antibiotic usage is introduced and evolves.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU) | 97



Global program

and activity analysis

Appendix 2

spodal [enuue

(681 0zHINY JO

‘(sonoignue Gl—v) doueg|leAINg
901JJ0 [euoIbal JOo} Weibold
0} Alenuue 2ouepodwl [euoiboy
pajiode erep Liesy ofjand, OHM Ag doug||ilBAINS (seuoyeI0qE] 171) oddm)
aoue)sisal Bnig Be/u 10 BUslORq 9Z e/u e/u e/u pa1eUINI00D) HINY VY ols) SOUIUN0D g oddm
(S002-1002
(4SO pue poojq ‘scPOINYY
‘susboyred AJBULIO} iz HINY
J AJawioy) JO 80UE|IoAINS
pasodoud (sedAy Jo} Weibold
o|dwes |e) 0an3 8oug||IeAINS [euolbey OHINT)
B/uU Be/u sel0ads gz Be/u e/u e/u AQ pepun4 HAY | pesodoid e/u OdInN3
uondwnsuoo
[elgoJolwnue
(OHVd pue (9661
(sedAy sjdwes |fe) /OHINY) OHM | ®due|ionins o0UIS) ((SeLoYeIo0e| 61S) | (gsr 0 VHAVY 19H)
Be/u Be/u susboyred 9| e/u e/u e/u | AQ pereuiploon HAY uauND S9LUN0D |2 OHVd
sel(8BZUBNYUI H
‘agiuowinaud °S)
eluownaud pue
BaoyLIouob
‘ploJoueyo
‘aBlIBIUBSAD °S
‘sisojnoJagny
‘eleew (co0e (g1 0zdSAl
{szSuabouyred OHM 8oug||leAINS 20uls) od4v)
B/U B/U |suoid-oiwepids, g B/u e/u osessiq | AQ pejeulploo) HINY UV ols) S8IUNOD £ o4d4v
(srexdsoy oow 1
esouibnise o Jono Buinies
eejuownaud "y S91I01eJOCE|
00 g uondwnsuoo Uyesy olignd
suopeolignd wnjooe) 3 (SSEIN) (0Log ®@oUIs | [elqosolLnUE 006) AeMION | gg: ‘cer 11 (ON-IVH
pemelnal-iead ‘sijeooe) ‘3 asegelep 0a03 Aq pepuny pue pue pue|ao| 1ON-OVS3
‘spodal lenuue ‘snaine 'S [eJued 01 [eudsoy pue pareuIpJoog) aoue||ileAINs ‘S91IUNOD ‘1ON-SHV3)
‘elsgem D03 Be/u ‘eeiuowneud S | psepeojdn eleq |pue Alunwiwo) | wsiuebiQ | pepuny Ajolgnd HINY uelNy | Jequisw N3 /2 o1 020HN3
S821140 |euolbay OHM
2ND3 2D.JO eleq o Ol}E a0d 0 2P0 z 2 DID3Y JO 21001

|leuoljeueldns Jo |euoileuIDIU|

Antimicrobial Resistance Standing Committee

98



..-—

»

spodal [euoneu

Kouanbauy

wisiuebio

/3dfypioday  sjqeunoN

adAy
uonoaj|0d
ejeq

uone|ndod

snooy

weuboud

Buipung

Jo adA 0

snjejs
weuboud

uoibay 10
Aiunop

/IV1SOdN3
wioJ} e1ep
Joreujuwousp
suodes (rdnoib OLv (e-1vH)
[enuuUB ‘8lsgem OHM 9pIsINo Saly|10.} 8480 (eyep (srendsoy jo
Qo3 ‘Aep Jad sleigoJolunue wie)-buo) aousjenald Asuea e Jano
puUe sluelgeyUl maj e snid) ul 108foid Joj eyep Buinies sae|
000}/sebexoed s[ele10eqOAWIUE | ‘seudsoy aleo (LLOZ @0UIS EIIEYETEY yyesy olignd
‘ou ‘Aep Jad pue ‘asn olweIsAs jeinoe uesedoing 0an3 Ag ueadoung) o(diynw) AemioN
Ssjuelgeyul JoJ S[edinue pue Ul shkeains papuny pue obesn pue pue|a9|
000L/aaaq sonooAWInUE aouserald |sbumes [endsoy pP81euUIPJo0D) [elgoJolwinue ‘S81IUN0D
01V OHM e/u ‘S[eus1oequuy julod | pue Ajunwiwio) - | pepunAjoland Bunoyuop usuny | Jequiswi N3 L2 | < ¥®N-OVS3
(Ajuo piny
[euldsoige.ied
‘ainynd poojq) (sfexdsoy oo+
esouibnise o SuoRoBUI Jano Buinies
sgjuownaud "y SAISBAUl YlIM sge| Yesy
/oo 3 | ejdoed woy (orog (N 4oy olland 006)
wnjoeg) '3 pa1elos! 20UIS DADT | Brep aousJsel RemIoN
Sieose; 3 susboyred AQ pepuny pue ueadoun3g) pue pue|a9| (1,6,.SSHV3a
slJiodal [enuue Shaine *S ele1oeq Jo S1s81 P81BUINI00D) aoue||leAINs ‘S91JUNOO Aawiioy)
‘alisgem Q03 B/u eguownsud g | Augndeosng feydsoH | wsiuebio | pspuny Ajpliand HAY weung | Jequisw N3 /g 119N-SHV3
06:0a03
s)4omiau (jeuoibau) jeuoneueadns oyl
(czWo1SAS
aoue||lenINg
[euoibey
pue [euoneN
soue|leAINs Odv3s)
B/uU e/u Be/u e/u e/u e/u e/u HIAY | pesodoid e/u odv3as

weaboid

99

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

uolun
ueadoin3 ay} Jo

Sejels Jaquiewl
ul sfendsoy ul
sonoignue Jo
asn ejeudoidde
Jo} selbejens
onoignue
Bunuswedwly,
(8002 | seyels Jequisw g6 261
uonRdwNsuoo -9002) ueadoing g | |euoneusau]
B/u e/u Be/u e/u e/u - B/U | [eIgoJolnuY BAlJoBU| Ul sfeydsoH sav
(uopuon
pue uleg
IVH ‘euojgoleg
yum sjusired ‘sjpssnug)
wioJ} pare|os! 1BN-IVH Jepun aoue||leAINs sanIsul yieay
suabouyied Jo MOU pue 33d| uonoaul 2ljgnd [euoiyeu
Alngndeosns AQ paleulpiood ays [eoibins N3 ¥ UIypm
E/U e/u E/U [elqosoinuy e/u uonosy| Aisnoineid pue \vH SAljoey| S8LUN0O G 26+ 0ct'SOIMIH
Sld3 IVHAV
surejurew
‘el D
pUE (saljioe}
aJe0 W.ey-buo|
pue snol) IvH
‘(seuoberen
[ea1bins /)
uono8UI SUS
[ealbins Jo
SUONOBUI YIS aoue||leAINs (s1o0eloud
[ealbuns snO| | ‘sjendsoy a.eo pue seniAloe
Ul [vH ‘senijioe} amnoe Ul asn aoue||leAINs
84e0 wJsy-buo) [elgosolwinue (Mlomiau 34| SNoLen)
pue sjeydsoy pue |\vH sanioe} Apewiio)) 8002 90UE|loAINS
2Jed 8)Nde Ul Jo fonins | ared wusy-buoy QouIs a3 Agq uonodUI
spodal [enuue asn [e|qoJoIuiue aousenald pue sjeydsoy | wsjueblo P81BUIPI00D) a)is [ealbins
-apsgem D03 e/u pue \vH juiod 8/e0 9JN0Y | /UOROB| | papuny Ajdlland pue yH usung B9N0QE SY 92 ¥ON-IVH

Kouanbauy
/2dA} 1ioday

wisiueb.io
S|qelioN

adAy
uoI99J|0d
eleq

uonendod

Sh20}
weuboud

|opow
Buipun4

(panunluod) |euoljeueldns JO |euoljeulalu|

Aianoe
Jo adAL

snje}s
weuboud

uoibay Jo
Anyunon

weiboid

Antimicrobial Resistance Standing Committee

100



.-—

»

019
‘geoelIs)oeqOJeIUS
Buonpo.d
asewr1oe-e19q
wnoads |puuosJad
-pepusxs “dds 80INIBS
1810BqQO18UI0Y pasifendsoy (-o18 ‘uepiop
suopeolignd ‘VSHIN | Wwol} psielos (1dAB3 1dA63)
pamainal-iead :9ouepoduw susboyred | ‘ueplor ‘nied) asusje( Jo suonendod
‘spodal [lenuue Aseyiw jo Jo Bunse) suofneu 1soy Juswpedeg SN aoue||leAINs uoneu-1soy S ED)
"OHSAOM B/u susBoured | Awigndeosng pue AeaiN | wsiuebio | eurAg pepund | IvH PUB HINY juaung pue Areyiin -OSH4V
(uuodsoreydao
‘urpAwoiynze
‘auljohoenel
‘uroexoyjoldio
‘ulioluad *6e)
s[eigoJolwinue Jo
abuel e jsurebe (1SS3 J0
pa1se] sulelis (epd0OY.LIOUOD salels Jequuiaw [Jusuodwod (ge))
suoleo|ignd eBaoy.LIouob N Aljandeosns ‘N) Baly OlLOU0O] ABojolgo.oiw)
pamainal-iead 10 o|dwes [elqosolwinue 6002 Woli DaN3 20UE|loAINS ueadoin3/uoiun 961 61
‘spoday B/u aAeIUBSaIdey |eBaoy.LIouob N AoreiogeT asess|q | Aq psejeulpioo) HAV usun) ueadoing /| dSvH-o4ng
SuonRoBUI
[eulwopge
-BAUI WOJ)
pa1e|os! |10eq (edoun3 pue
anebau-weln eoLswy YHoN
JO susened (-oul 0D “eolly-1se]
Ayjiqndeosns ' MOIBN JO SIPPIN ‘eolBWY
noeq [eupnyBuO Aselpisans) ‘dion ure] ‘ooed
anebau-wels) pue s1598] awyoq  dreys -eISy) suolbal g
suoneolgnd aAne)noe) Ayigndeosns Mol AQ pepuny aouE|[leAINs ul S8LUN0o
pamaInel-1eed Be/u pue o|qoJay oA U| [eudsoH | wsiuebiO Alerosewwo) HINY weuny | Bunedoed gz s6-e5. LHVINS

Kouanbauy
/2dA) 1ioday

wisiuebio
a|qeljoN

adAy
uonoaj|0d
ejeq

uone|ndod

Sn20}
weuboud

Jo o.n>._.

snjejs
weuboud

uoibay 10
Aiunop

weaboid

101

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

selioeIoge)|

aouaJ9el
[euolyeu pue
ss|jousbe yyesy
senuoyine yiesy oland ‘N
ollgndy/sfendsoy Ul spadxe
0} UojeuIojul ‘sisifeloads
JO uoiNQqUIsIP aseas|p
pide. ayey|ioe} Sere|os! snonosyul
‘susboyied Jo Bunsel ‘sysibojoiwepids
HAY Buibiewe Algndeosns ‘s18160|01qOIOIW (baoe
suoneolgnd 10} wieisAs pue [eo1ul|o Jo aoue||leAINs S8UIUN0D GE | PaoUBIWOD)
pamaInal-1aad Be/u Buiusem Apeg uoneoynusp| [susired feudsoH | wsiuebiQ wn(JosuoD HIAY BAIOBU| | Ul S[BUASOY GEL | poz ez HVIASNI
ABojopoyrew
pasipJepue)s
suoneolgnd pue
Ayiuowiq S81I0]EI0qE]
pue sbunsaw [punuas Buisn adoing useiseq
01933 ybnoayy aouelsisal Jo SElieilelel=] (0002 pue wielsep
UonBuUILBSSIP swis|uefio swisjueyosw | [eolBojoIqosoiw 0193 aoue||leAINs —6661) | Ul SBUO1EIOE
Jenbai ‘elsgep e/u 19646} pue Loy | pue 8ouspIou| ueadoing | wsiuebiO AQ pepun4 HAVY SAjoBU| | [22IB0I0Iq0IOIW G 00z 20: VS
(SNol flenpiaipul
sjuebe pue Syiomisu
a1sSqam esouibnise o [elgoJolwinue uondwnsuoo NDI [euorreu
‘shep-paq nuuewneq 'y uowIwI09 0} [elgqoJolwinue Bunedion.sed)
paIdnoo0 snaine 'S susboyjed pue (1o0eloud $8NUN0o
0001/aad sgjuownaud - | NI Jo Bunsel aoue||leAINs 1011d) ueadoin3
:uopdwnsuo) E/U j0o 3 | Aungndeosng | sno| uesdoing uonosyu| E/u dAV SAJoBU| WOl sNOISE | 1zNDI-THVI
salolj0d
puiguoseid
onoiquue pue
suoleo|ignd saolj0d |0U0D
pamainal-iead uonoBjUI
(avms pue ‘uondwnsuoo (@mnos3
anNos3 Agq [elgosolwnue uonRdwnNsuoo 10 sdnoJb
PB1SOY-09) ‘spoyewl UOISSILUWOD [elgoolwinue Apnis Jnoy AQq
80UBJBJU0D puidAy ueadoing pue (¥002 S[endsoH pa10oNPUOD
SNSUssuUod ‘@ousienaid ‘yosessal Hg aoug||lenns -2002) ueadoing 108(04d)
-BNSOPM e/u e/u HAV LSV e/u | wsluebio Aq pepund dAV AL 0 MIoOMIeN o0z '66: VA HV

Kouanbauy
/2dA} 1ioday

wisiueb.io
S|qelioN

adAy
uoI}99J|0d
eleq

uonendod

Sn20}
weubo.ud

|apow
Buipung

(panunluod) |euoljeueldns JO |euoljeulalu|

Aianoe
Jo adAL

snjejs
weuboud

uoibay Jo
Anunop

weiboid

Antimicrobial Resistance Standing Committee

102



.-—

»

elep
Algndeosns
[elgoJoiunue
s[elgoJolwnue Q0 OJYA Ul JO SEeelel=]
‘sel0ads [elsloeq | ©24N0S8J Blep /SeNuU8d VIAHI AQ pepuny aoue||leAINs
spodal ‘elsgepn e/u 00Z Ueyl 8o\ | peseg-1eulaiy| [eudsoH | wsiueBiO Aeiolawuwon HINY Yol SPIMPIOAA zN1dS
S[elgoJolwnuy
Joy A181003
uelensny sy Aq
paseyoind sem
Blep pue s|gein
Va4 SN 8y} 1o} paispisuco Jou
elep Aljigndeosns SEM “JaNaMoy
[elgosolwinue Jo ‘¥002—/66
20JN0Ss Adewd wioJ] elensny
‘(B11) swuebe Ul peresedO
a|qe|lene [elgouoiwnue erep (suseped ‘puelesz MeN
Ajplgnd 1ou B1ep pue (exe} /6G) Algndeosns aoue)sIsal Jo puUe ellelisny
‘suoneolgnd susboyred [elqosolwinue 90UE|IBAINS ‘adoung
pamainal-iead [eusioeq OJIIA Ul JO SEleN=dele) ] suloINg anissed) ‘epeue)
pue Seous.aJu0d palelunoous | ©0IN0Sal Blep /S9NU80 AQ pepuny aoue||leAINs osfe Ing ‘SN
RIISeEIY e/u Alroluio Iy | peseg-jeulsiu feydsoH | wsiuefio | Ajelosewwon HIAY elnD Arediduld | oz voz 0z »sNS.L
Sjuslbe
[elgoJoiunue
paquosald
Auowwod
1surete
susboyred sBumes
siey.ered y\ 1oely Aojesdsas | jusiredino pue 90z ‘sezweaboad
suoneolgnd oeezUBNyUI ‘H | Ao Jo Bunsey Ssall|Io.} 84ed papuny aoue||leAINs aoue||IanINs
pamaInel-1eed Be/u sgjuownsud 'S | Ayigndeosng | wue-buol ‘nND| | wisiuebip Aeiolawwon HIAY Y gl S8UUN0D G| 1vgao1o

Kouanbauy
/2dA) 1ioday

wisiuebio
a|qeljoN

adAy
uonoaj|0d
ejeq

uone|ndod

Sn20}
weuboud

Jo o.n>._.

snjejs
weuboud

uoibay 10
Aiunop

weaboid

103

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

sfelqosolunue

Joresedwod
pue ‘auljohosbi
‘DUI[OAO|AOAIB
O] uonosyul (elsy
paUBWINO0P pue adoing
B yum sjuened ‘eousuy
WwoJ} p81o8]|00 une ‘sn)
Sules)s |sele|os| paulep S8UIUN0D
suoleo|ignd anebau-wels) |jo Aljigndeosns SEeiiNelel2] "0u| Jaziid Buiredionred
pamainal-1ead pue aAlsod-wels) [elgoJolunue /Senusd AQ pepuny aoue||leAINs wioJy
‘DUSOBM Be/u SnoLeA QYA U [exdsoH | wsiuebiO AfeioJswuwon HIAY s SENTE e Nglell o12'602LS3L
S91e|0S|
[2000001da.s
onAlowsey-g
(Lo0z eous)
pue susboyred
siusjusolsed
{seye|0s| 10841
Areuun pue
suolo8UI
9NSSI} YOS/UDS
‘sejuownaud
‘(sirey.Lered
‘sezuBNyUl ‘H SUOIOBUI
suoieo|ignd ‘agiuowinaud °S) paJinboe (seys uelensny
pamainal-iead suonodBjUI 1oB] -AIunwwoo Buipnjoul
‘spodal [enuue Asoyesdsal pue |vH ‘selj|Ioey}
‘uonewoUl paJinboe Buisneo qqinbg Jusedino pue
aousjenald iod -AIunwwoo susboyred suonendod sIBAN|OISLgG S81I0JeJOCE| |(QYVVYD 10 Med)
Aurew sspiroid ‘uoio8Ul uowIwIo9 Jo ANUNwwoo uonosyul AQ pepuny aoue||leAINs 90UBIBIRY) | piz-60z 02 502 ‘€02
YOIym ‘©USOoM e/u wealispoolg spuss AV pue [eydsoH | ‘wsiuebio Aferoiswiwio dAV juslng SBUIUNOD OF |oe1 ‘25 1sAHLNIS

Kouanbauy
/2dA} 1ioday

wisiueb.io
S|qelioN

adAy
uoI99J|0d
eleq

uonendod

Sh20}
weuboud

|opow
Buipun4

(panunluod) |euoljeueldns JO |euoljeulalu|

Aianoe
Jo adAL

snje}s
weuboud

uoibay Jo
Anyunon

weiboid

Antimicrobial Resistance Standing Committee

104



..-—

»

suoposyu vaz(BAIEINUL JO
[BILUIODOSOU weibo.d) Apnis
suoieo|ignd pue Jakeg AQq pepuny @oue||IanIns
pamalnal-1oad e/u Be/u Alunwwo) e/u e/u Ae1olawwon e/u anoBY| e/u vddan
spunoduwod
Jo ebues e 0}
SuoRoByU| 10BY
Aojeadsel
painboe
-AIUNWwoo
Ylim synpe Apnis (@dvvD jo ped)
siey.Leed Jo} elep SEeelel=] BUIMUYNWSOXE|D) aoue||leAINs 22222 102
suoleo)gnd eezusnjul ‘H | Auligndeosns /S81uad AQ papuny HINY oz ‘og1 'gr¥09l01d
pamaInal-1oad e/u egjuownsud 'S | [eIqoIoILNUY [eudsoH | wsiueBiO Aeiolawuwon [eupnubuo] BAlJoRU| SOLIUNOD /g |I9puexaly ayl
UIDAWoIYN|B}
0} SUOIOBUI
10eJ} Alojesidsal (uoibeu
paJinboe olydeibosb
-AIunwwoo pue swi} Jano
yum syuaied spuaJ} pue
wioJ) susboyred swisiueyosw
ejep Ayiqndeosns Aiojeudseu HINY) Apnis 1ze-212 01 'sr-20 (SN
[elgo.onue uowwoo saloeloge] SNUBAY-IJOUBS 9oUE|[IoAINS (elensny 1M3104d
suoieo|ignd Joresedwoo pue JO Blep /SeJjued AQ pepuny HAY Buipniour) pue)
pamaInal-1esd B/u uoAwoiynel | Algndeosng [eudsoH | wsiuebiO Alelosewio) [euipnybuo anoeU| SOUIUN0D B 1M3104d
surelis snnebsu (suterred
-Uels pue obesn
aAlIsod-wels) [elgo.oiwnue
snoleA Jsurete ‘susbouyred
s[elgoJoiunue uowIuIo9 pue
Joresedwod | (spJem [esousb wieuadosew
pue | pue ‘snD| pue Buowe spuaiy wauadosew
wsusdoisw JO olusedoJinau [euoneulay| HIAY) Apnis Buiguose.d
suoleo|ignd surels Algndaosns | ‘sisolqy onsAko BosUdZBIISY 20UE|loAINS AjeAioe sanuad |(qyvvo Jo Led)
pamainal-iead anebau-weln) [elgoolwnue ‘6-9) seued AQ pepuny HAVY [eoipaw 912812 102 ‘502 ‘802
‘DUSTBM B/U |pue aAlsod-wels) oA U| [eudsoH | wsiuebiO Aerolawuwon [eupnubuoT] aAjoBY| SPIMPHUOM | 01 v DILSAIN

Kouanbauy

wisiuebio

/3dfypioday  sjqeunoN

adAy
uonoaj|0d
ejeq

uone|ndod

Sn20}
weuboud

Jo adA 0

snjejs
weuboud

uoibay 10
Aiunop

weaboid

105

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

sepisooA|Boulwe

‘sapndadooA|b
‘sasewe}oe|-e1aq (1ontos) wieishs
suoleo|ignd ‘100000jAyders uoiewIoUl
pemaInal-Joad e/u 100000WNaUd e/u e/u | wsiueblio e/u HINY aAjoBY| e/u 122 10zNHVYM
suened
suoneolgnd 8Jed SAISUSIUI aouE|[lenINs 1zzdnoJy Apnig
pamaInel-1eed e/u Be/u WwioJ} S81e|0s| e/u | wsiuebip e/u HIAY aAloBY| e/u | no| ueadoang
S81e|0S|
24n)No aulN pue elep
suoleolignd poo|q P8109||00 Algndeosns 20UE|loAINS (seuoreloge)
pamaInal-1oed e/u AeAINOasSu0D) [B1I00JoIWnUY e/u | wsiuebio e/u HINY BAloBU| | /€) SBLIUNOD Y| 2z 0. HVOST
/661
B0UIS AHINAS
B/uU e/u B/u e/u B/U | wWsIuebiQ | Yum psuiguioD e/u aAloRY| e/u »ozIHVYNI
(0In3 OHM
/0Q03) MHomieN _ Soue]
aoue|lenINg uoibey SIEHUES SIS
sisojnoJegn|. uesadoing op Inisu| 5L Ag
ueadoun3g Aq [sisojnosegn; yy OHM 84} JO peisoy Aiswuio)
B/u e/u sIsojnaJeqny e/u e/u 9seas|q [Pereulpiood MON | JO 8oug|IeAINg aNoBU| SOUIUN0D £G voz81 04n3
JsyoeqojAdwen susboyjed
Jj00 3 Buonpoud [eunssuionsed
UIXO)101A0040A O @oUue||lBAINS (oN-wres
)00 3 susboyjed uonosul |DAD3 AQ pepuny | Aioyesoge| pue SOIUN0o Apsunioy)
B/u e/u olUsbix0) BOIUS |[eunsaiulolises) B/u | JwsiueBbiO |pue pareuipioo) | ABojoiwspidg aAloBY| Jequiew N3 | podPu-Y3 1IN
SHIOMIBU
20UE|loAINS
dAV
[euoneugns
(seuunoo 10 [euoleu
aUOoUI-a|pPIW ‘leuonBUINW
pue -Mmo| wioJ} e1ep
Buipnjoul) exep |sbupes [eudsoy Aungndeosns v0z(OHM)
Be/u Be/u e/u | Augndeosng | pue Ayunwwio) | wsiuebip OHM perebaibby BAI1oBU| SPIMPUOAA | Yuegoyul Y

Kouanbauy

wisiueb.io

/2dA} 1i0day s|qenioN

adAy
uoI99J|0d
eleq

uonendod

Sh20}
weuboud

|opow
Buipun4

(panunluod) |euoljeueldns JO |euoljeulalu|

Aianoe
Jo adAL

snjejs
weuboud

uoibay Jo
Anyunon

weiboid

Antimicrobial Resistance Standing Committee

106



.-—

»

sjusbe
[elgoJojwnue Jo

abuel e jsurebe (o214 weJsboid
SUONOBJU| 1084} 019 ‘g0av ‘sfeonedewleyd | uonosiul 10e (18N-OVS3
AJoyesidsal Jamo| dvD :weJboud 1sIgnD ‘esdwa) Alojeidsel JO} 8J1u8d
pue suonosjul Aiorelidsay ‘eonneoeulieyd JOMO| pue Buneuipiood
WiBaJispoo|q Wod) Soe|0S! 'SUORoBJUI es|ised :2102) weJlboid ueadoun3)
suoneolignd paje|os! susboyred | Alojesidsel pue paJsinboe sJosuods uonoajul puejaJ| pue szz¥00load
pamainal-iead JoBunse) | selweeisioRq |-A1IUNWIWOD pue [BI0JOWILIOD |  Weaspoo|q) pueaJ| UIBYLION | oouejiaaing
‘Se0UBIBJUOD Augndeosns O uonosep VH :weiboud | wsiueblo [esonss Aq 8ouE|[lenINs ‘PUBNOOS aoue)sisay
‘B1ISqaM B/U | pue uoeoiiusp| paseq-geT] elwselseloeg | /uonosiu| papun4 HIAY weNy | ‘sefep) ‘puelbul ovsg
(108loud
(ssiomyeu [L1Bngeq]
[eoIuljo ABojouyos|
egjuownsud 'S [euoneulNW uonewolu|
shaine ‘g ssoJoe Buleys Buisn eus1oeg
HOYV3S esouibnise o awweibold | uoiew.IOoUl JO} Buireuiug
pue 18N aejuownaud "y Momawel MJomawely) pue Bunosie(
-S4V Jj00 g yiueneg uolun weisAs oy} Jo 1ed se
suoieo|ignd 1surebe wniose) '3 ueadoin3g ayy 20UE|loAINS (sevs /21) padojenap)
pemainel-ised peleplien sifeose] 5 e/u e/u e/u Aq pepund dAV usung $8IUNOO 6Y s2zSINI LUV
seusboAd 90UE|loAINS ,czdnoJ Apnig
B/U Be/u $N00000}d8.11S e/u e/u | wsiuebip e/u HIAY aAjoBY| e/u |gyo ueadoung

Kouanbauy
/2dA) 1ioday

wisiuebio
a|qeljoN

adAy
uonoaj|0d
ejeq

uone|ndod

Sn20}
weuboud

|opow
Buipung

Jo o.n>._.

snjejs
weuboud

uoibay 10
Aiunop

weaboid

107

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

selpnis
(NIL3S/NIHIS pue
19SBIEp HY-SIS|
WIOJL PaALIBP

BlEep S0UR|IIBAINS

aoue)sISal GYAMS,

susboyred (punom
Aloresidsal pue | pue auun 48D
100000J8JUS | ‘uonosjul oel} | sfendsoy pue (JuswuoaAug
‘100000jAydess Aiojesdsal | (sjuswpedep a2yl pue YiesH
spodal [enuue ‘Bsouibniee J | Jamo| ‘poojq) siredino ol|gnd 10}
‘shep juengeyul ‘siiqeiiw snejoid |sejdwes usied ‘sswioy anyisu| leuoleN) | uondwnsuoo
000L/aaa “dds usjoeqoisiug woJj seye|os| | Buisinu ‘s4o) Q1D Ag Buipuny | onoigiue pue
Buisn papodal “dds gjaisqey 10 Bunsel Aunwiwiod wol GYMS A | @ouejleains
uopduwnsuo) Be/u 900 -3 | Amiqudeosng ulsjueied | wsiuebio psjeuIpIooD) YAV ey | spuelsyleN 99 'sodBINHLAN
(syusired jeydsoy
pue AIUNWWOD)
seusboAd 'S |  $824N0S POO)
‘100000jAydess pue [ewiue
anebau ‘uewiNy WoJ}
-9seinbeod | uopdwnsuoo
‘agiuownaud s onoiginue Jo (seuaysiq
‘VSHIN ‘Snaune 'S Buuoyuow pue ainynouBy
spodal [enuue Yeporqoifdwe) | pue swsiuetio ‘0004 JO AsIUllN | uondwinsuod
‘elep asn ‘BlloUOW|BS [ela10Eq (ueredino ysiueg eyl | [elqosolwiue
Alqiuow ‘shep {(Auunwiwo9) [SRIREETEN pue Ayyesuy) pue yjjesH Jo pue
peg 000L/add /|00 '3 'sjjeose) 3 Jo Bunse} Ajunwwoo ANSIUIN Usiueq) | eoueienins £65-162 108 V0L
uondwnsuo) e/u ‘wryosey '3 | Aigndeosng | pue feydsoH | wsiueBiQ | psepun Apland HAY | eun) Sewuaq | g es-,sd VINNVA
Dan3 AJuNwwiod
1ON-SHV3 WO} (selwsels1oeq pue a1eo
Blep puejoos VSSIN pue Arewnd sszdwweaboud
sapnjou| VSHIN Buipniour) ‘srendsoy @oue||IanINs
‘spodal [enuue selwselsioeq 9nde-uou 90UE|[IsAINS elwae.iajoeq
pue Auspen e/u ‘snaine 'g e/u pue a1ndy uonosyu| | pepuny AoIgnd IVH e/u puepoos | snaine 'S SdH

Kouanbauy
/2dA} 1ioday

wsiueb.io
9|qeliioN

adAy
UuoI99]|00
eleq

uonendod

snooy
weusboid

|apow
Buipung

Ajanoe
Jo adAL

snjels
weuboud

J1J109dg AJauno) ueadoung

uoibay 10
Aiyunosn

weiboid

Antimicrobial Resistance Standing Committee

108



.

»

sejuownaud

/00 3 ([snl3gvol
egjuownaud 'S 0} Jejiwis
ejydoyew s H(SSIM) weishs
luuewneq y 9oUE|IaAINS
SUB9s8BW 'S -SuoRe|
‘dds Jep0eqoiyD -Sneyusyuey|
oBOBOJO ‘g soolgnue uewan) ay} Ul
esouibnise 4 |1surebe sare(os| Buiredionsed
suopreolgnd wnjosg) ‘3 [eLs}oEq SND| WO} elep
pamainal-iead Sieose; 3 Jo Bunse annoadsoid
‘shep juened 100000jAydels Ajagndeosns uondwnsuod Bunos|j00
000L/aaa aAebau | pue sousploul (JuswuIBA0Y) | Onolgiue pue (snol PaOUBWILLIOD)
se papodal -ose|nfeod ‘obesn uewsn) | eoug|leAINs uewlsn Oy) p——
uonpdwnsuo) B/u snaine 'g [elgosolwnuy | snO| rendsoH | wsiueblo Buipuny ol1and HAY N Auewiien o161 1-60 10l HV'S
JdA pue
eejuownsud g
e|andeosnsuou ([oaoal
-ufoued SIIGHIP O sonoiqiue 18N-sJeq 0} ejep
‘VSHIN esouibnise 4 |1surebe sare(os| S9INQLIU0D {[JINS]
‘(ee80ELRI0Eq snaine 'S [eLs}oEq |0AJU0D 8sessIq
Aep Jad -0Jejug sgjuownaud "y 10 Bupsey SNoNosjU| Jo}
pue sjuejgeyul Buonpo.d Jj00 '3 Ajjandeosns uondwnsuod 2IN}ISU| YsIpams
000} Jod aaQg |eseweloel-eiaq apzUBNyUl ‘H | PuUe 8duspIoUl (JuswuIEA0Y) | onolgiue pue By} pue VAVHLS
uonRdwnNsuoo wnJoeds seusboAd g ‘abesn AJunuwwod ysipamg) |  eouejieAINs JO 1oday)
‘spodal ol1and -papusixg sgiuownaud 'S | [eIgoJolWnuyY | pue seidsoH e/u Buipuny ognd HINY aungD uspams 1,0S3HAIMS
(leNseyd
— osegelep
BA}oBJBYUI O} SHUI|)
suopeolgnd saseweioe|-e1aq sonoigiue
pamainal-iead wnuoads |jsurebe ssye|os!
((S34aams) -papus)xe lelisyoeq
spodal [enuue ‘uonoayul 10 Bunse
‘Aleresedss JYA ‘uonosUI Agudeosns uoioBjUI uondwnsuod
pauodal ND)| 100000WnNaud | pue souspIoul painboe (Juewuien0n) | opolginue pue 2910(VINVHLS
‘skep juaned juBlSIsal-ujioiuad ‘abesn -AuNWwwiod Usipams) | douejleAINs -ND| Buipnoul)
000k/add E/U ‘uonosul YSHIN felgosoluiuy | pue [endsoH | wsiuebio Buipuny al1gnd diAY usuno uspamg VINVHLS

Kouanbauy
/2dA) Loday

wsiuebio
9|qelyjoN

adAy
uoI109]|02
eleq

uone|ndod

SNooy
weuboud

Auanoe
Jo adA]

snjels
weuboud

uoibay 10
Anunop

weiboid

109

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

([ABerens

20UB]SISaY
snaine 'S SOSSE[0 (sreydsoy onoIgqIuY
esoulbnise o onoIgiue Gg sfendsoy Auslanun 9 ueuwsn] 14va
siiqeiw o |1surebe sere(os| Alssoniun ul 100loud ul sae| JO YJomawely
suolneolgnd oeoR0o/0 '3 1o Bunse) sqe| ABojoiq 20UE||loAINS Bojoiqo.oiw) ayl uIyim)
pamaInal-1aed Be/u Jjoo 3 | Aungndeosng -0I0IN | wisiuebiO e/u YAV VYol Aueuwlan 0czSHYNID
ainusu|
sjue|dsuel) o0y 1egoy 8yl
92 W8S POOIq pue suonosjU|
reseyduad [EILUIODOSON JO
/MOJIBeW auoq 9oUE||leAINS (Isnl
SND| Uew.an pue Asebins 2y} J0} 8U8D SINN U0 paseq
JOJ eseqelep BuioBispun o0ousJojeY Ajleoibojopoyiew
ERIVEYETEY sjusied [euoneN sy Aq ‘SSIMVSHN
[euoljeu e pue sND| [e1=T0][eYlele%g) ‘o|npow oyoads
palspIsuod [E}eUOsU ‘SO "(UnesH jo “VSHIN Yim
s8lel 8ouspIoUl :sjusuodwod SuonRo_jUI ANSIUIN UBWIBY)) |  ©OUB|lBAINS pajuswe|ddns)
uoio8jU| Be/u B/U | S0ouB|leANsS [BILUOOOSON uonoBU| Buipuny o110nd HAY uaunD Auewian +62SSIM
INSSETRETISEIN
-Sdv3 0} peMun
‘(ase0 AdoyRINQUIR ([ABerens
(piny pue [endsoy) souelsisey
reuidsolgelso | senijioe) jJusiedino onoiguuy
pue pooiq ui) pue jusiyedul uewlien)] 14va
VSYHIN 10 ul sueboyred eep JO YJomawel}
uoleolIoU | [eusloeq Juensal [endsoy pue aoue||leAINs ayl uIyim)
1odas [enuuy Aoineis Ao Be/u Aoeinquy | wsiueblo Arejun|op YAV iUV olg) Auewen) »ezWO)SAS SHY
suoneolgnd
pamainal-iead
‘sesop Ajep a0UE|IoAINS
paquosald 0} Blep (JuswuIen0n) HIAV pue
uolIppPe Ul pasn [fendsoy pue uewJsn) | uondwnsuoo 62 A0MIBU
aJe sgada OHM Be/u Be/u e/u Aloreinquuy e/u Buipuny oIgnd | [BIgOJOIWINUY uaunD Auewian 3IsNnaviN

Kouanbauy
/2dA} 1ioday

wsiueb.io
S|qeliioN

adAy
UuoI}99]|00
eleq

uonendod

snooy
weuboid

|opow
Buipung

(panuiluod) ol12adg A1auno) uesadodng

Ajanoe
Jo adAL

snjels
weuboud

uoibay 10
Aiyunon

weiboid

Antimicrobial Resistance Standing Committee

110



.-—

»

sISojnasegn: Y\
‘VSHN

wniose) ‘g

“dds gjpuowjes

$91e|0S|
[eoluljo sunno.
Jo Bunsey

oBa0y.LIoUoD N Ajjandeosns (seuoreIOqE]
eezusnyul ‘H | onoignue pue AJUNWIWIOD aouE||IeAINS 82)
e/u Be/u eejuownsaud g uoneoyuep| | pue eudsoH | wsiuebio e/u HAY e/u puejuq w2 w04
ez orzollgnday
109z wody
uoljewJojuj
oaoue)sIsal ol|gnday aoue)sisay
e/u Be/u Be/u Be/u Be/u e/u e/u HAY e/u yoazn |eiqoJoiwnuy
suoneolgnd ([oao3]
pemeinal-iead 19N-SJeg O] erep
‘spodai aoue)sisal S8INQIIU0D)
ol|gnd [enuuy Be/u Be/u e/u e/u e/u e/u HAY uaunD AemioN sz 1o INHON
pini
snaine 'S | |euildsoigeled
sjiqew o pue sainyno (Aleresedas
Jj00 '3 poo|q WOy pauodal) (YiNoA pue | uondwnsuod (Ioan3]
suoeolgnd epzUBNUI "H S9]e|0S| J0]08S 8Jed Ajlwed ‘UiesH Jo | onoignue pue 19N-SHVY3 O}
pamainal-iead sgjuownsud ‘g 1o Bunse) Arewud pue | wsiueBiQ | Ansiui [elepad) | 8due|leAINS Elep selnguUiuo)
‘spodad olgng Be/u seusboAd 's | Algndeosng seudsoH | yuonosul | pepuny A0Nand YAV sy Busny ,834NY
sejdwes
puUNOM pue auun
“0e4] Alojedidsal
suoneolgnd Jamo| pue saddn
pamainal-iead ‘pINy} reuidsolgeied
‘lIsgem ‘pO0|q WO} (seuorelIOqE]
‘shep paq pa1e|os! (YyesH | uondwnsuod aleaud g pue
00L/adad OHM swisjueBioolol Bunser jo Asiu | onolgnue pue leydsoy Gy
se papodal JueolubIS Aujigndeosns ueuefing) | eouejieAINS ‘oIgnd 82)
uopdwnsuoD Be/u Areoo |1v puUe uone|os| sfeudsoH | wsiuetiQ Buipuny o1gnd HAY VYol euebing ,Hvising

Kouanbauy
/2dA) Loday

wisiuebio
9|qeljoN

adAy
uoI}09]|02
eleq

uonejndod

Snooy
weuboud

|apow
Buipung

Auanoe
Jo adA]

snjels
weuboud

uoibay 10
Anunop

weaboid

M

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

100 3
BOOIAXO "y S91e|0S|
egjuownaud "y | [eoluljo eunnoi (seuoreloqe)
21ISgom wniose; '3 1o Bunse) ABojoiqoJoiw
ENETSCTIR=I syeose) '3 | Aujondeosns [eolulo
seliojeloge| 01 egjuownsud 'S | onolgiue pue aoue|leAINs [eudsoy 0/)
1U8s s}Nsay Be/u snaine ‘g uoneouuap| seudsoH | wsiuebiQ e/u YAV anioeU| Aey 2SSI-HV
(eremyos
aoue||leAINs
uonosajul
sNoNUUOD)
Apnis
@oue|lenns (sno1 Gek) | (WAL Asnoinedd)
e/u Be/u B/u e/u e/u uonosju| e/u HAY e/u Ay srzeeniaybiey
(leN-sdv3
ul seredioned)
So)e|os| ‘ooue)sisal
[BOIUljO BUlNOJ [eiqoJolwnue Jo
1o Bunse) (Arepljos [e100s 90UE||IBAINS BU}
Aligndeosns pue yyesH JO} W8ISAS yo8.0)
olj0IgiRuUe pue Jo Alnsiuy) | eouejieAns 212 152909945
e/u Be/u Be/u uoneouusp| eudsoH | wsiuebiQ | papuny Apland YAV ey 900810 1INOHM
weSlelqoolunuy
0} aouejlsisay
|eusjoeg jo
ABojoiwapidg
ayrjo
Kioyenrasqo
leuolleN
aounep-lules
aoue||IonINg
YijeaH adljqnd
do} aynpsuj
e/u Be/u B/u e/u e/u e/u e/u e/u e/u aouel Jeuonen ayL

Kouanbauy
/2dA} 1ioday

wsiueb.io
S|qeliioN

adAy
UuoI}99]|00
eleq

uonendod

snooy
weuboid

(panuiluod) ol12adg A1auno) uesadodng

Ayanoe snjels
jJoadA] weiboid

uoibay 10
Aiyunon

weiboid

Antimicrobial Resistance Standing Committee

112



o
~

(youeug
sesessiq (800g &ouls
a|gejuanaId 90UE|[IBAINS
SUIOOBA puE HIAY 10NpuUoo
sBuusi S, 00D 0] pasealoul
sipbulusW N pue sjuswipedap | (sipmbuiusw sem 1oNBuIus|p
40 Uiesy o¥ess O} 'N) (senio gz) jo Ayoedeo)
SelIqdeosns Aunwiwoo aseas|p UseMaq |  dUE|IBAINS seeIs 20.(0ag)
e/u Be/u sipbuuaw N | [eIgosowUY /lendsoH | /wisiueBio uoneJIogE(0D HINY Wwaung panun 19NBuluapy
0Qo pue
SIsoinoJagn; W\ sjuswpedap 20, WB)SAS
suopeolgnd 10 Uiesy a1e1s aoue||IdnINg
pamainal-toad saligndaosns Agunwiwod aseasip UseMlaq | SduE|loAINS sereIs siso|noJaqny
‘{spodal 8)ISgap Be/u SISOIN2JegN: Wy | [e1qoIOIWIRUY /lendsoH | /wisiueBio UONeJI00E(|0D HINY Waung panun |euonen
VSHN
egjuownaud °g | se1e|os| [BoIUljO (eseosip
suoneolgnd ‘SNo00001d8/S 10 Buisel [eus10eq
pamainal-iead g pue y dnoi) Algndeosns (uolw zv) SAISeAUl)
‘suodal [enuue sippbuusW ‘N pue peseq | wsiuebio a0ug||IpAINS SOlEIS
-8)SO9M E/U sezusnjjul 'H uoneounusp| -uoneindod | /uonosju| E/U dIAV jusing pajuNn 20809V
/SLO )00 5 0do
suoneolgnd alejos! gebiys | sisAjeue pualy pue sjuswipedsp
pamainal-iead 1IYdA1 gouowes | ‘sere|os| [eoluljo Uieay arels
‘suodal [enuue gllouowes 10 Buisel useMaq |  8duUE|IoAINS serIS
-8)ISO9M e/u 14dA3 's-UON | Aliandeosng e/u | wsiuefiQ uoneloge|oD dAV uslnd PSUUN  [zg-08 0.8 SINHVN
(semioey ared
w.ey-buo|
pUE S8Jjusd
uonosjul Aiebins
10} SI0JOB) NSl Aloreinquue
(serousbe ‘susbouyred pue sisAfeIp (weyshs
yyesy olignd ‘') oloads Jo snedino 8oUg||IeAINS
Saus Jayjo pue | ABojoiwepide ‘(qeyss pue paseq
senjioe} 8seoyiesy ‘susbouyred |yoAsd ‘seijioe) BTN
spodal [enuue usamiaq ebueyoxe HIAY Ul |81e0 wusy-Buo) ‘2Inoss {|vH) (1 9 SINN
‘Buniodau uonewloul Alpwin spuali {IvH pue a1noe) uonoayu| a0 ‘doHa | eduejienIns SOlElS Ajawiioy)
[BUORBU ‘8USgSAA B/u Jo} Ayoeden O 80ouBpIoy| sfeydsoH | /wsiuebiQ Aq pabeuely HAV AU olg) pauun ssNSHN
(@) uonuanaid pue |01,u0) aseasi 10} SINUID
9ND3 D.JO eleq =Te OllE 00 0 =Jolo 2. z OIPD3Y JO 21001
o oo O O < O dlele D D 0 90 PAD0O O

epeur) pue sa1e1s palun

113

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

s[eusloeqRUR
esouibnise 4 |1ueasjal 1surebe
eezusnjul ‘H suonosul
egjuownaud 'S Je|nNo0 WO} (1ouIpaN (suonnmupsul
‘100000jAyders SaJe|os| suljoINg ‘quio g %)
suoneolgnd anebau-esenbeod Jo ayoud suonnisul | wsiueBio | yosneg) pepuny Apnis salels
pamalnal-1aad e/u snaine 's | Ayigndeosng aJedyjesH | /uonosjul A[erosewiwoD | 82ue|IsAINg waungy pauun 1zHOINHY
sJo1eedwod (senuseo
pUE 8ul|0Je}e0 [esipaw |/
1sureBe seje|os] ‘suolbe.
weanspoo|q SNSU8d
sieyered | 1o Aioyesdsel SN e) sreueapoad
suoneolgnd ezuaNjul ‘H 10 Bunsel papuny aouelsisal serIs aoue||IaAINs
paMaINaJ-1a8d Be/u sgjuownsud 'S | Ayigndeosng sfeydsoH | wsiuebiQ Ajeiosawwo) HAY wauny payun JUHYMV
uolbal
olydesbosb
pue awiy (seuoreIOqE)
JONO spua pasiesuad
aoue)sisal suonnusul
{SUOnosUI 1081 aseoyyeay
Sifey.Le1Rd Y\ Aojeadsel ¥E~)
suoneolgnd eezusnjul ‘H 10} e1Ep wsiuebio pspun} | 8ouUg|(IBAINS seeIs
pamaINaI-1aad Be/u egiuownsud g | Auigndeosng sfeudsoH | /uonosu| Allelosswwio) HAY iU olg) pauun ez ez 00 LSNYL
(NSHN o 1ed
OHM Ol paJajip 00 5 MOU ‘SINN JO
aaq Bunuodai sejuownaud suodwod ND|
JO poylew ‘dds Jejoeqoleiug uondwnsuod wioJ} sjeydsoy
‘suoireolgnd esouibn.ise o S91e|0S| onjoIgIUEe pue JO 19sQNs)
pamainal-1ead ‘dds snooooosBLT | [EDIUND JO BIED Buipuny |  ouUEIBAINS serIS 1 515 UG
{91SOBMN B/u snaine 'S | Aligndeosng e/u e/u arelodio) HINY BAJoBU| PANUN | 0 THVYDI 303[04d
0dO 8yl pue
suoneolgnd oBo0y.LI0uU0H ‘seli01eloqe) | (eesoy.iouohb
pamainal-iead ‘N O suess Jo [euoiBaJ ‘sojulo ‘N)
‘spodal [enuue salIqndeosns Aunwiwoo aseas|p LS Usemiaq | 8due|lenIns seeIS
{91ISaBM Be/u oBo0Y.LIOUOL N | [elqoJOILNUY /lendsoH | /wsiueBio uoneJIogE(|0D HINY Wwaung pajyun 20.dSID

Aouanbauy
/2dA} 1oday

wsiueb.io
S|qeliioN

adAy
uo}99J|0d
eleq

uone|ndod

snooy}
weuboid

|apow
Buipung

Ajanoe

snjels

JoadA] weiboid

(PoNuUUOD) epeue) pue sa1e1s Palun

uoibay 10
Anunop

weiboid

Antimicrobial Resistance Standing Committee

114



p—

aezUBN|UI "H
‘Bluownsaud ‘g

suopeolgnd JO S81e|0S| 90Ud||90x3
pamalnal-toad [eolulo Jo 10}
{siene|smau ezuBNyul ‘H punsel S8l01eI0qE] pepun} | 8ouUE(IBAINS saua) Jo
OUSABM Be/u sgjuownsud 'S | Ayigndeosng | ABojoiqosoly | wisiueblO Aleiojawwio) HAY BAI}OBU| [SHIOMIBU G| 0zNSED
(smoq
npadiuuid py sBnip
noJojw Wy sisojnoJegny
oerideo -nue aul-1sii 2z W9)SAS
suoneolgnd neurd | 1suebe seiejos] saouinold aoue||IdanINg
pamainal-tead winueoLe ‘W | sIsojnaseqny uejpeue) Ul Kiojesoqgen]
‘spiodal [enuue :$9109ds Jayj0 pue) Jo Bunsel Ayunwwoo /oseas|p (DVHd) | &ouejienins SElile=alele]2]] sisojnaJaqgny
‘91SOBMN B/u sisojnajegny W | Aljandeasng /lendsoH | JwsiueBlo | pspuni Aplignd HAY sy |Bunedionted ueipeue)
S91e|0S|
SN22020.8)UTF
suoneolgnd pue SOLI0RIOE| |g,,SN20000)daNlS
pamainal-1ead $N000001d8./S TNV ETEY 10} d13u8)
‘suodal [lenuue SN20020.J8)UF Jo Bunsael AJunwwod (DVHd) | eoue|ieAINs uelpeue) |euoneN
{0)SOaMN B/U | pue snoooooidesis | Aligndeosng /lendsoH | wsiueBblo | pepuni Apgnd HAV uauny | JO YIOMIBN ueipeue)
(sennebou-weln (seouinoud
Anue eyep peseq JUBISISa ‘9ljoIip "0 IVH oL ul
-gom :sajel 79S3 'IHA | JO Spusiy pue (v661 s[eydsoy
[euolreu pue ‘VSYIN) suaboyred |(Buprewyousq) wssiueblo (DVHd) | @eouejienins 20UIs) | |punuss ¥g)
feuoiBel ‘alsaep E/u [BILUOOOSON serey [exdsoH | suonosjul | papuny Apliand IVH usino Epeue) ovz 'sred SIND
$80JN0S POO} pue
[ewiue ‘uewny
sAep jusired wioJ) pae|os! ('dds
000L/aaa Jsjoeqofdwen So1e|0S! uonduwnsuoo
‘spodal [enuue “dds gjeuowies | [eoluo uewny [elqoJolwinue
pue salewwns JH:/GLO Jo2 3) Jo Bunsal pue
Apspenb swisiueblo Ayigndeosns Aunwwoo | wsiuebio (DVHd) | @eouejienins
-8lSO9M B/U | [elsl0oeq pelos|es sepnjou] | pue [eydsoH | /uonosill | papuny Ajpliand dAVY usino EpPEUED oz 22 SHVIOD
(epeue) jo Aouaby yiesH ad1qnd) OVHd
2ND3 o¥ e leq o0 one|naod 0 oPO P B OID3Y IO P1DO0.1d
ol oo O O < O eAD0 o ) D 90 eAD0 O

15

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

suoneolgnd
pemainal-iead
-BlSGOM

Kouanbauy
/9dA) poday

e/U

wsiueb.io

9|qelnoN

SNOBUB||BoSIN
eezusnjul ‘H
egjuownaud g

SO1.|0S! [BIUlj0
Jo Bunsel
Awjigndeosng

adAy
uol}09)|0d
eleq

Ayunuwwod
/lendsoH

uonendod

wsiuebio

snooy}
weuboud

papun}
Allelojewwio)

|epow
Buipuny

sa|pn}s
uondwnsuoo
onoignue pue
90UE|loAINS
dAV

Ainnoe
Jo adAL

sjendsoy

weunD | ueipeue)

snjels uoibay Jo
weuboud Aiyunon

(sdvO
PUe YOILNYN

‘SSOHO ‘NOI-NVO

‘A4YMNVYD se
Uons salpnis
HINYV [euoljeu
0] S8JNQLIUOD)
srzVHVO

weiboid

(paNuIUOD) epeur) pue s21e1s Pallun

Antimicrobial Resistance Standing Committee

116



p—

(seno 6
10002 SO)e[0S] ‘sreydsoy 9OUE|[IBAINS (sooz
suoneolgnd ansod-wels) | [eoiuo Jo Bunsel Buiyoeal g|) AV 20uls)
pamalnal-1eed e/u uowwoD Aujiondeosng [eudsoH | wsiuebiO e/u [eupnuBuoT Y gle) eulyD «zSHdD
So)e(0S| salpnis
suolneo)gnd [eaiulo Jo Bunsey 92UE|[IBAINS
pameInal-1aad e/u e/u Ajandeosng reudsoH | wsiuebio e/u HAY uauND B'ulyn 2z LHVINS
S8)e[0S salpn1s
uoneognd [eaiulo Jo Buise} SOUE([ISAINS
pamalnel-1eed e/u e/u Aujiondeosng [eudsoH | wsiuebiO e/u HINY Y gle) euyD 2z HINVIS
sBunes
AJunwwoo Jo
ase0 Asewd ul
HIAY 40} JUN02oE
10U Se0p Elep
S0OUE|IoAINS S91E(0S| salpnis (sreydsoy
‘suoieoygnd [eaiulo Jo Bunsel aouE||leAINS Areey 1.2)
pamalnai-1aad e/u e/u Ayigndeosng [eydsoH | wsiueBiQ e/u HIAY WwaungD eulyo zLANIHD
spodal S8]e|0s! selpn1s (sfeydsoy
[fenuue ‘feudnofl [ealulo Jo bunsel 90UE|IoAINS Arenel 6g1)
pamaInal-1oed e/u e/u Aynandeosng |(snOi) leudsoH | wisiuefio e/u dAV usuno eulyo 1zNIHVNHOIN
‘dds
$N22000}de.1S SUONO/UI JOBI}
VSSIN syuebe AloreJidsal
sejuownaud [elgosolnue paJinboe
sieyLeed | 1surebe selejos| -AIUNnWwod
suolneolgnd eezuBNjUI *H | [ed1ulo Jo Bunssl [exdsoy uonosul J0 Apnis
pamaInal-1oad e/u egjuownaud ‘g Alpgndeosng | /Aunwwio) | /wsiuebip B/U |aoue)sisal YA uaunD B'ulyn sSdILYVD
suonoayul
reooooownsud
So)e(0S| paJnboe
[eooooownaud Aunwiwod
suoneolgnd sgluownaud ‘g Jo Bunsel rendsoy uonosjUI uo seipnis
pamalnel-1eed e/u VSHIN Auigndeosng | /Aunwiwod | /wsiueBiQ B/U |8ouelsIsal HINY Yol elsy 0czdHOSNV

Kouanbauy
/2dA) 1ioday

wisiuebio
a|qeljoN

ejeq adA} uonosjjod

ejeq

uone|ndod

Sn20}
weuboud

|apow
Buipung

Auanoe
Jo adA}

snjels
weuboud

uoibay 10
Anunop

weaboid

eIsy

17

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

"dds Jsjoeqojeuroy (sreydsoy
esouibn.ise o aJed «z(210debulg)
agjuownaud "y Alepuooas aoue||lonIng
‘dds snooooousiug so]e|0S] (IvH) pue 81noe aoue)sisay
[reuinof J/00 3 | [eoluo 10 Bunsey sfeudsoy aoue||leAINs olgnd) |elqoJoiwnRuy
pamalnal-1ead e/u snaine 'S Ayigndeosng aleo-a1ndy | wWsiueblo e/u HIAY Wwaung alodebuls | 40§ J40MI}aN aYL
swsjueBioosolw
SNOLEBA JO sejuownaud ‘g
reusnol Agndeosns uoo8jul 10 Aynisues (sfeydsoy 1o yeweaboad
pamalnai-1aad e/u e/u [elqoIOILNUY sfeydsoH | /wsiueBlo e/u [BIGOIOIWINUY Wwauny | gg) puejey 1SHVN
sjuebe
paquosald
Auowwoo suaboyredoin
01 snsAo [eus10eq
pareoldwooun paJinboe
wioJ} See|os! -AIunwwoo (senueo
[reusnof [ea1ulo Jo Bunssy S8U8d uonosyul 1O 90UE||IBAINS [eolpaw #¢)
pamalnai-1aad e/u e/u Ayigndeosng [eoIpaiN | /wsiuebio e/u HIAY auny | Baloy yinos »zSINHYA
seje|os! (snoil selpnis (srendsoy
suoleolgnd [eolulo Jo bunsel Buipniour) a0UuE|IoAINS Buiredionsed sweaboud
pamaInal-1esd e/u Be/u Aandeosng [eudsoH | wsiuebiO e/u YAV N 7¢) BOI0Y HVYSNOM

Kouanbauy

/9dA) 1ioday

wisiuebio
SlqelioN

ejeq adA} uonosjjoo

eyeqg

uonendod

snooy
weaboid

|apow
Buipuny

Ajianoe
Jo adA|

snjels
weaboid

uoibay 10
Anunop

(penuiluod) eisy

weiboid

Antimicrobial Resistance Standing Committee

118



.

»

uoAwoiyze
10 shenins

(8072002 &ouUis) JuspiwIsul pue
swiwelBold souloAoee]
aoue||leAINg 0] 8ouB)SISal
[elgoJolwinuy [enal-udiy
[BO0000UOL) ‘uioAwounoads
dV3S PUE ddM pue
uo Ajlenuue uloeX00IdIo
spodais osfe ‘auoxeled (pueleaz maN
‘oouabl|jeu| ‘suyroiued Jo puUe SeuoIs)
sesess|(] suswlifal 8sop /serels
8|geoiuUNWIWOD) -o|6buIs 1surebe uelensny (e
01 spodal [enuue oB80Y.LI0UOD N 10 S8lI0JRIOE|
pue Auapenb Jo Bunsel Aunwwiod | wsiuebio 90OUE|IoAINS SRIVEYETEY))
‘alIsgoM e/u | eesoyuouob ‘N | Anjandeosng /lendsoH | /uonosiul YHoQ AQ pepund HAY eund [euoneN a5z 252d SOV
dgo oook/daa
paulep OHM
se palioda. SUONBUIGUIOD
uondwnsuoo JOYQIyul 8seWRlOE| youelg (seuoIe]
‘spodal lenuue -B19Q Yum ujioluad |041U0D 8sessIq pue saje;ls |e
pue Ajyiuowiq [reuowopnasd 8|ge2IUNWWOD Bunuasaidal
‘OHOSOV -ljue pue ‘90INIBS [0JU0D areAld abue| 1o
pue yHoq 01 SOpPISOOA|BoUIWE SEISSET) uonosyu| [elislel Aelel
palioda. elep ‘ssuojouinboion|) [eigoJolwnue uellensny yinosg L7 Buipnoul
a1eba.Ibbe ‘sapndadooA|b g Jo} seel AQ pareulpiood Buoyuow sfendsoy 0/
payiuspl-ap ‘supodsofeydso | ebesn ND| pue ‘'YHoa Ag asn ‘leuoneu)
-8)ISOoM e/u |uoneleush yy/pig | [eHdsoy ejol [eydsoH - pspund | [elqoJolwnuy uslnd elensny zt s vnd SNVN
(seuoyLI8)
2se0 Aewd pue sajels
pue senjjioe) ueleasny e
aleAld ul AV (Areoiponiad) Bunuesaidal
Joyuow o1 Aljige eezusNyul ‘H *dds S81I01eIOgE)
‘suoneluasaid SN20020.48)UT | Spoylew BuidAl a1eaud  pue
80UBJBIU0D sgjuownsud g | jo Ayjigeoldde suolinsul
‘suopeolignd (Airenuue) | suleired HNY (co0z-g861) AN oland og
pamainal-iead ‘dds Jejoeqossiug 1O skenins 113 "68) Buipuny {S8LI01BI0qE)
‘shkenins ‘dds gjjeisqeyy | ‘serejos! [ealuljo anpoddns [eaiBojolqo.oIw
olpouad pue Jj00 g JO Bunsel Aunwiwoo aWos fYHoQ | eoug|ieAIns [euoneu)
[enuue ‘a)lSgapn e/u snaine ‘g Anigndaosng /lendsoH | wsiuetio AQ pepun4 HAV VY olg) eleAsny a5z v, HVYOV

Kouanbauy
/9dA) 1ioday

wisjuebio
S|qelyioN

adA}
uoI}93]|00
ejeqg

uonendod

snooj
weaboid

[epow
Buipung

Ayanoe
Jo adA|

snjels
weaboid

uoibay 1o
Anunon

weiboid

eljessny

119

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



Global program

and activity analysis

Appendix 2

aseqelep
[EUOITeU JO} BIEp
apinoid ‘seiioe)
WiNpaW-0}-flews

Joj} (yyesH
dno o) eyep
[BILUOOOSOU suaboyred
apImalels [BILUIODOSOU
perebaibbe pue pue YAY
ejep juaned ‘saje) uonosyul UiesH (srendsoy g weaboud
[enpIAIpUl U1 spua.y pue wsiuebio pue|suseNy | eoug|iIeAINS algnd Gg) aoue|IdnINg
-8)ISOoM E/U E/U uoneoynuspl feydsoH | /uonosju| ‘diosH IVH uslnd puglsussnd dSIHHO
skep-paq
pa1dnooo
00ok/aad suoneuIquiod
Buisn papodal JOYQIYUI 8SEWERLOE| youelg
uondwnsuoo -B1eqg yum ujjjioluad |01U0D 8sessI(
‘spodal reuowopnasd 9|ge2IUNWIWOD
Ayiuowiq -lJue pue ‘90IAJIBG |041U0D
‘Blep OpIMalelS SOpISO0A|Boulwe ST uonosju|
peebaibbe pue ‘sauojouinboion)y [elgooiwnue ueleJisny yinos (sreudsoy
elep uaed ‘sepndedooA|6 g J0} sajel AQ pereulpiood areaud 9
[enpiApUl ‘supodsofeydeo | ebesn NO| pue ‘wvHod Aq uonesi|in pue oland /) ooz e SNV
HoelTVY B/uU |uonessusb Yiy/pig | [eudsoy [e1o] [eudsoH - pepun | [eigoJoiunuy alN) | eleliSNY YINOS | uelesisny yinos
SuonoB/UI
uoneoo| Siolip "O pue
Juened pue VSHIN ‘Suoiosul arelo10ai1q
alIs uswioads weanspoo|q |01U0D 8sessI(
Ad paiirens (VSSIN/VYSHIN) 8|geoluNWWoD (semioey
sejel ‘spodai snaine 'S ay} 1e NIvH aJedyieay
ajebalbbe pue suonosyul BuidAy AQ pebeuew arenud pue
spodal [eydsoy ol O |sishlelpowsey ‘eul| Jejnosjow 1SepUred pue sfendsoy
[enpIAIpUl pue JYA | [enusd ‘suonosiul pue Bunsel wsiuebio BWUIBAOB | 8due|leAINS olignd) elensny
-8)ISOoM ‘YSHIN ays [eolbing | Ayiandeosng feydsoH | /uonosjul | WAA AQ pepung IVH uslnd UIISop o VMSIH

Kouanbauy
/2dA} 1ioday

wisiuebio
SlqelioN

adfy
uon23J|0d
eleq

uone|ndod

snooy}
weuboud

|opow
Buipuny

Aianoe
Jo adA|

snjels
weuboud

uoibay 1o
Aiunon

(penuiluod) eljesisny

weiboid

Antimicrobial Resistance Standing Committee

120



-

»

ajouP "0 (43vd

-dIN 'aND-HO awin Jeno
suonosjul OHIN ‘0 diAV 19S3) spusi
pue (gvs 'joul) SNOUIN Pelos|es pue seley (srendsoy
ISg 40} spoda) UONESIUO|0D suonosyul 2Jed a)noe
PRIFEISP [ENUUY pue uoiosjul asedyyesy sws|uefio areAld pue weiboad
SNHT 01 spoda. JYA B YSHIN uo elep ol1oads Qoue||leAINS ollgnd sepnjoul) aoue||loaIns
IdM Alyuo suou | dvs pulisg v [ens] Jusied [eydsoH | /suonosyu| UiesH vs IVH uslny | elesisny Yinog IVH VS
sjendsoy
2Jed a1noe U asn $92INIBS UBWNH
dlolqiue JoJuow pue yiesH Jo
0} spodal ainminy | 34A ‘pooiq Juswiedaq (srendsoy
‘spodal Apspenb | wiol peyejos YA ‘S0P "D wssiueblo uUBlUBWSE| | 80UR|IoAINS 2l|gnd 81nok)
‘01SgoM snaine ‘g ‘sneine 'S e/ jeudsoH | /uonosyy AQ pepun4 IVH Wwelny eluewise| 0zNOdIL
Buniodal [enuue
pue AjLuowiq SJIoIHIP O YiesH Jo
‘elep apimalels ‘snaine 'S 1uswLedaq
perebaibbe pue ‘suonosjul elep JUBLIUIBAOY)
ejep juaned [BILUODOSOU sixe|Aydoud UBLIOIOIA ‘9.1u80
[enpIAIpUl ‘suoiosul | onRoIgiRue pue wsiuetio Buneuipiood | eoue|IBAINS
-8)SOoM E/u ayis [eolbing IVH JO seley feudsoH | /uonosju| SSINOIA IVH using BLIOIOIA 6 SSINDIA

Kouanbauy
/9dA) 1ioday

wisiuebio
a|qeljoN

adAy
uonoaJ|0d
eleg

uonendod

sSnooy
weuboud

Aunnoe
Jo adA]

snjels
weuboud

uoifbay 10
Aiunop

weaboid

121

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



122 | Antimicrobial Resistance Standing Committee



References




References

10.

World Health Organization. The evolving threat
of antimicrobial resistance: options for action.
Geneva: World Health Organization; 2012.

Acar JF, Moulin G. Antimicrobial resistance:
a complex issue. Revue Scientifique et
Technique (International Office of Epizootics).
Apr 2012;31(1):23-31.

Chan S. Dead Brooklyn Boy Had Drug-Resistant
Infection. The New York Times. 2007. http://
cityroom.blogs.nytimes.com/2007/10/26/dead-
brooklyn-boy-had-drug-resistant-infection/.
Accessed 30 October 2012.

Sample |. Antibiotic-resistant diseases

pose ‘apocalyptic’ threat, top expert says.

The Guardian. 2013. http://www.guardian.co.uk/
society/2013/jan/23/antibiotic-resistant-diseases-
apocalyptic-threat. Accessed 30 January, 2013.

Australian Associated Press. Greatest Threat
to Human Health. The Sydney Morning Herald.
2011. http://www.smh.com.au/lifestyle/diet-
and-fitness/greatest-threat-to-human-health-
20110216—1awai.html. Accessed February 16.

Thompson G, Jolley MA. Rise of the Superbugs.
Four Corners. 2012. http://www.abc.net.
au/4corners/stories/2012/10/25/3618608.htm.
Accessed 30 October, 2012.

Frimodt-Moller N, Hammerum AM, Bagger-
Skjot L, Hessler JH, Brandt CT, Skov RL,
Monnet DL. Global development of resistance —
secondary publication. Danish Medical Bulletin.
May 2007;54(2):160-162.

Hunter PA, Reeves DS. The current status of
surveillance of resistance to antimicrobial agents:
report on a meeting. The Journal of Antimicrobial
Chemotherapy. 2002;49(1):17-23.

Kern WV, de With K, Steib-Bauert M, Fellhauer
M, Plangger A, Probst W. Antibiotic use in
non-university regional acute care general
hospitals in southwestern Germany, 2001-2002.
Infection. Oct 2005;33(5-6):333-339.

Houbraken J, Frisvad JC, Samson RA. Fleming’s
penicillin producing strain is not Penicillium
chrysogenum but P. rubens. International
Mycological Association Fungus. 2011;2(1):8.

124 | Antimicrobial Resistance Standing Committee

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Antimicrobial Resistance Surveillance
Network (EARS-Net). http://www.ecdc.europa.
eu/en/activities/surveillance/EARS-Net/Pages/
index.aspx. Accessed 29 August, 2012.

Pray L. Antibiotic R&D: resolving the paradox
between unmet medical need and commercial
incentive. Needham, MA: Cambridge Healthtech
Institute;2008.

Coast J, Smith RD. Antimicrobial resistance: cost
and containment. Expert Review of Anti-Infective
Therapy. 2003;1(2):10.

Australian Commission on Safety and Quality in
Health Care. National Safety and Quality Health
Service Standards. Sydney: ACSQHC; 2011.

Wernli D, Haustein T, Conly J, Carmeli Y,
Kickbusch |, Harbarth S. A Call for Action:

The Application of the International Health
Regulations to the Global Threat of Antimicrobial
Resistance. PLoS Medicine. Apr 2011;8(4).

Albrich WC, Monnet DL, Harbarth S.

Antibiotic selection pressure and resistance in
Streptococcus pneumoniae and Streptococcus
pyogenes. Emerging Infectious Diseases.
2004;10(3):3.

Sun L, Klein EY, Laxminarayan R. Seasonality
and temporal correlation between community
antibiotic use and resistance in the United States.
Clinical Infectious Diseases. Sep 2012;55(5):
687-694.

Olofsson SK, Cars O. Optimizing drug
exposure to minimize selection of antibiotic
resistance. Clinical Infectious Diseases.
2007;45(Supplement 2):7.

World Health Organization. WHO Global Strategy
for Containment of Antimicrobial Resistance.
2001; http://www.who.int/csr/resources/
publications/drugresist/en/EGlobal_Strat.pdf.
Accessed October 25, 2012.

Grundmann H, Klugman KP, Walsh T, Ramon-
Pardo P, Sigauque B, Khan W, Laxminarayan

R, Heddini A, Stelling J. A framework for global
surveillance of antibiotic resistance. Drug
Resistance Updates: Reviews and Commentaries
In Antimicrobial And Anticancer Chemotherapy.
2011;14(2):79-87.



21

22.

23.

24,

25.

26.

27.

28.

29.

30.

Austalian Bureau of Statistics. Population Clock.
http://www.abs.gov.au/AUSSTATS/abs@.nsf/
Web+Pages/Population+Clock?opendocument#f
rom-banner=LN. Accessed October 25, 2012.

Australian Institute of Health and Welfare.
Australia’s Health 2012. Canberra: AIHW;2012.

World Health Organization. Strategy for
Containment of Antimicrobial Resistance.
2001; http://www.who.int/drugresistance/
WHO_Global_Strategy_English.pdf.
Accessed October 25, 2012.

World Health Organization. WHO Regional
Offices. http://www.who.int/about/regions/en/
index.html. Accessed October 25, 2012.

Editorial. The endless struggle. Lancet Infect Dis.
Apr 2011;11(4):253.

Gu Y, Kaku M. How can we fight against
antimicrobial-resistant bacteria in the World
Health Organization Western Pacific Region?
Western Pacific Surveillance and Response
Journal. 2012;3(3):40-42.

Conly J. Antimicrobial resistance: revisiting

the “tragedy of the commons”. Bulletin of the
World Health Organization. http://www.who.int/
bulletin/volumes/88/11/10-031110/en/index.html.
Accessed October 25, 2012.

Red LatinoAmericana De Vigilancia De La
Resistencia A Los Antimicrobianos (ReLAVRA).
Antimicrobial Resistance Surveillance in

the Americas. http://www2.paho.org/hqg/
dmdocuments/2011/1_Marcelo%20Galas_
DMS_2011.pdf. Accessed October 25, 2012.

Borg MA, Cookson BD, Zarb P, Scicluna EA,
ARMed Conhsensus Conference. Antibiotic
resistance surveillance and control in the
Mediterranean region: report of the ARMed
Consensus Conference. Journal of Infection in
Developing Countries. Oct 2009;3(9):654-659.

World Health Organization. Surveillance,
forecasting and response. http://www.
emro.who.int/surveillance-forecasting-
response/about/about-the-programme.html.
Accessed October 25, 2012.

-
AP

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

World Health Organization, Regional Committee
for Europe. European strategic action plan on
antibiotic resistance; prevention and control.
Baku, Azerbaijan, 12—15 September 2011.

World Health Organization. Regional Strategy
on Prevention and Containment of Antimicrobial
Resistance: 2010-2015. 2010; http://www.
searo.who.int/LinkFiles/BCT_hlim-407.pdf.
Accessed October 25, 2012.

World Health Organization, Western Pacific
Region. Emerging disease, surveillance

and response. http://www.wpro.who.int/
emerging_diseases/Surveillance/en/index.html.
Accessed October 25, 2012,

World Health Organization, Regional Committee
for the Western Pacific. Resolution WPR/
RC62.R3 Antimicrobial Resistance. http://
www2.wpro.who.int/rcm/en/archives/
rc62/rc_resolutions/WPR_RC62_R3.htm.
Accessed October 25, 2012.

World Health Organization, Western Pacific
Region. Informal consultative meeting on
antimicrobial resistance prevention and control
in emergencies/disasters. Manila, Philippines,
29-30 November 2011.

Agarwal A, Kapila K, Kumar S. WHONET
software for the surveillance of antimicrobial
susceptibility. Medical Journal Armed Forces
India. 2009;65(3):264—-266.

Sharma A, Grover PS. Application of WHONET
for the surveillance of antimicrobial resistance.
Indian Journal of Medical Microbiology.
2004;22(2):115-118.

O’Brien TF, Stelling JM. WHONET: an information
system for monitoring antimicrobial resistance.
Emerging Infectious Diseases. 1995;1(2):66—-66.

World Health Organization. WHONET
Software. http://www.who.int/drugresistance/
whonetsoftware/en/. Accessed October 25, 2012.

Software for the spacial, temporal and space-
time scan statistics (SaTScan). http:/www.
satscan.org/. Accessed October 25, 2012.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

| 125



References

4,

42.

43.

44,

45.

46.

47.

48.

49.

50.

Stelling J, Yih WK, Galas M, Kulldorff M, Pichel
M, Terragno R, Tuduri E, Espetxe S, Binsztein N,
O’Brien TF, Platt R. Automated use of WHONET
and SaTScan to detect outbreaks of Shigella
spp. using antimicrobial resistance phenotypes.
Epidemiology and Infection. 2010;138(6):
873-883.

Marchese A, Schito GC. Recent findings
from multinational resistance surveys:

are we ‘PROTEKTed’ from resistance?
International Journal of Antimicrobial Agents.
2007;29 Suppl 1:52-S5.

Rybak MJ. Increased bacterial resistance:
PROTEKT US - An update. Annals of
Pharmacotherapy. 2004;38(9 Suppl.):S8-S13.

Inoue M. What can PROTEKT tell us at
a local level? Journal of Chemotherapy.
2002;14 Suppl 3:17-24.

Gruneberg RN. Global surveillance
through PROTEKT: the first year. Journal of
Chemotherapy. 2002;14 Suppl 3:9-16.

Rhomberg PR, Jones RN. Summary trends

for the Meropenem Yearly Susceptibility Test
Information Collection Program: a 10-year
experience in the United States (1999-2008).
Diagnostic Microbiology and Infectious Disease.
2009;65(4):414-426.

Mutnick AH, Rhomberg PR, Sader HS,

Jones RN. Antimicrobial usage and resistance
trend relationships from the MYSTIC
Programme in North America (1999-2001).
Journal of Antimicrobial Chemotherapy.

Feb 2004;53(2):290-296.

Felmingham D, White AR, Jacobs MR,
Appelbaum PC, Poupard J, Miller LA, Gruneberg
RN. The Alexander Project: the benefits from a
decade of surveillance. Journal of Antimicrobial
Chemotherapy. Oct 2005;56:3-21.

Sentry Antimicrobial Surveillance Program.
http://www.fda.gov/ohrms/dockets/ac/03/
slides/3919S2_03_Carnevale/sld030.htm.
Accessed October 25, 2012.

Flamm RK. The Challenge of Antimicrobial
Resistance in Human Health. http://www.
animalagriculture.org/Solutions/Proceedings/
Symposia/2011%20Antibiotics/Flamm,%20
Robert.pdf. Accessed October 25, 2012,

126 | Antimicrobial Resistance Standing Committee

51.

52.

53.

54.

55.

56.

o7.

58.

59.

60.

Sader HS, Jones RN, Gales AC, Silva JB,
Pignatari AC. SENTRY antimicrobial surveillance
program report: Latin American and Brazilian
results for 1997 through 2001. The Brazilian
Journal of Infectious Diseases. 2004;8(1):25-79.

Bell J, Turnidge J. SENTRY Antimicrobial
Surveillance Program Asia-Pacific region
and South Africa. Communicable Diseases
Intelligence. 2003;27 Suppl:S61-S66.

Pfaller MA, Jones RN. Global view of
antimicrobial resistance. Findings of the SENTRY
Antimicrobial Surveillance Program, 1997-1999.
Postgraduate Medicine. 2001;109(2 Suppl):10-21.

The Surveillance Network (TSN). http://www.
eurofins.com/pharma-services/pharma-services/
pharma-central-laboratory/laboratory-testing-
capabilities/global-infectious-disease-services/
the-surveillance-network.aspx. Accessed
October 25, 2012.

Turnidge J, McCarthy LR, Master RN, Kepner
DE, Weslock J. TSN Database Australia, a
new tool to monitor antimicrobial resistance in
Australia. Communicable Diseases Intelligence.
2003;27 Suppl:S67-S69.

Montgomery J, Bywater, J., King, H., Howden,
B. Cefoxitin versus oxacillin for the detection
of oxacillin resistance in Staphylococcus
aureus: Australian Society for Antimicrobials;
Newsletter No. 20 March 2005.

Hammerum AM, Heuer OE, Emborg H-D,
Bagger-Skjet L, Jensen VF, Rogues A-M, Skov
RL, Agersg Y, Brandt CT, Seyfarth AM, Muller
A, Hovgaard K, Ajufo J, Bager F, Aarestrup
FM, Frimodt-Maller N, Wegener HC, Monnet
DL. Danish integrated antimicrobial resistance
monitoring and research program. Emerging
Infectious Diseases. 2007;13(11):1632-1639.

Bager F. DANMAP: monitoring antimicrobial
resistance in Denmark. International Journal of
Antimicrobial Agents. 2000;14(4):271-274.

The Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (DANMAP).
APMIS. Jun 1998;106(6):605.

Struwe J. Fighting antibiotic resistance in Sweden
— past, present and future. Wiener Klinische
Wochenschrift. 2008;120(9-10):268-279.



61.

62.

63.

64.

65.

66.

7.

68.

69.

Modlstad S, Erntell M, Hanberger H, Melander E,
Norman C, Skoog G, Lundborg CS, Sdderstréom
A, Torell E, Cars O. Sustained reduction of
antibiotic use and low bacterial resistance:
10-year follow-up of the Swedish Strama
programme. The Lancet Infectious Diseases.
2008;8(2):125-132.

Molstad S, Cars O, Struwe J. Strama - a
Swedish working model for containment of
antibiotic resistance. Euro Surveillance: European
Communicable Disease Bulletin. 2008;13(46).

Mdlstad S, Cars O. Major change in the use

of antibiotics following a national programme:
Swedish Strategic Programme for the Rational
Use of Antimicrobial Agents and Surveillance of
Resistance (STRAMA). Scandinavian Journal
of Infectious Diseases. 1999;31(2):191-195.

Nissinen A, Huovinen P. FiRe works — the Finnish
Study Group for Antimicrobial Resistance (FiRe).
Euro Surveillance: European Communicable
Disease Bulletin. 2000;5(12):20.

Prins JM, Degener JE, de Neeling AJ, Gyssens
IC. Experiences with the Dutch Working Party
on antibiotic policy (SWAB). Euro Surveill.

Nov 13 2008;13(46).

Verbrugh HA. Mapping antibiotic use and
resistance in the Netherlands: SWAB and
NethMap. The Netherlands Journal Of Medicine.
2003;61(11):341-342.

Meyer E, Gastmeier P, Schroeren-Boersch B,
Schwab F. Seven years of SARI (Surveillance of
Antimicrobial Use and Antimicrobial Resistance
in Intensive Care Units; 2001-2007. International
Journal of Medical Microbiology. Sep
2009;299:89-89.

Meyer E, Gastmeier P, Schroeren-Boersch

B, Schwab F. Escherichia coli in German
Intensive Care Units (2001-2007): Data from
the project Surveillance of Antimicrobial Use
and Antimicrobial Resistance in Intensive Care
Units (SARI). International Journal of Medical
Microbiology. Sep 2008;298:56-56.

Meyer E, Schwab F, Gastmeier P, Rueden H,
Daschner FD, Jonas D. Stenotrophomonas
maltophilia and antibiotic use in German intensive
care units: data from Project SARI (Surveillance
of Antimicrobial Use and Antimicrobial Resistance
in German Intensive Care Units). The Journal

of Hospital Infection. 2006;64(3):238-243.

-
AP

70.

71.

72.

73.

74.

75.

76.

Meyer E, Schwab F, Gastmeier P, Rueden H,
Daschner FD. Surveillance of antimicrobial
use and antimicrobial resistance in German
intensive care units (SARI): a summary of
the data from 2001 through 2004. Infection.
2006;34(6):303-309.

Meyer E, Schwab F, Gastmeier P, Jonas D,
Rueden H, Daschner FD. Methicillin-resistant
Staphylococcus aureus in German intensive
care units during 2000-2003: data from Project
SARI (Surveillance of Antimicrobial Use and
Antimicrobial Resistance in Intensive Care Units).
Infection Control and Hospital Epidemiology:

The Official Journal of The Society of Hospital
Epidemiologists of America. 2006;27(2):146-154.

Meyer E, Schwab F, Jonas D, Ruden H,
Gastmeier P, Daschner FD. Temporal
changes in bacterial. resistance in German
intensive care units, 2001-2003: data from
the SARI (surveillance of antimicrobial use
and antimicrobial resistance in intensive care
units) project. Journal of Hospital Infection.
Aug 2005;60(4):348-352.

Meyer E, Schwab F, Jonas D, Rueden H,
Gastmeier P, Daschner FD. Surveillance of
antimicrobial use and antimicrobial resistance in
intensive care units (SARI): 1. Antimicrobial use
in German intensive care units. Intensive Care
Medicine. Jun 2004;30(6):1089-1096.

Meyer E, Schroeren-Boersch B, Schwab F,
Jonas D, Ruden H, Gastmeier P, Daschner FD.
Quality assurance in intensive care medicine.
SARI - Surveillance on antibiotic use and bacterial
resistance in intensive care units. Anaesthesist.
May 2004,;53(5):427-33.

Gastmeier P, Meyer E, Schwab F, Geffers

C, Ruden H, Daschner F. KISS and SARI:
Benchmarking and reference data for nosocomial
infections, antibiotic usage and resistance in
German intensive care units. Intensive Care and
Emergency Medicine. 2004;41(3):133-138.

Petrov M, Hadjieva N, Kantardjiev T, Velinov
T, Bachvarova A. Surveillance of antimicrobial
resistance in Bulgaria — a synopsis

from BUISTAR 2003. Euro Surveillance:
European Communicable Disease Bulletin.
2005;10(6):79-82.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



References

7.

78.

79.

80.

81.

82.

83.

84.

Strauss R, Muchl R, Metz-Gercek S, Sagl M,
Allerberger F, Hrabcik H, Mittermayer H. AURES
— the first Austrian report on antimicrobial
resistance — perspective of the human sector.
Euro Surveillance: European Communicable
Disease Bulletin. 2007;12(12):EQ71213.071212.

Edwards JR, Pollock DA, Kupronis BA, Li W,
Tolson JS, Peterson KD, Mincey RB, Horan
TC. Making use of electronic data: the National
Healthcare Safety Network eSurveillance
Initiative. American Journal Of Infection Control.
2008;36(3 Suppl):S21-S26.

Centers for Disease Control and Prevention.
National Healthcare Safety Network (NHSN).
http://www.cdc.gov/nhsn/about.html.
Accessed 3 October, 2012.

Crump JA, Medalla FM, Joyce KW, Krueger
AL, Hoekstra RM, Whichard JM, Barzilay

EJ. Antimicrobial resistance among invasive
nontyphoidal Salmonella enterica isolates

in the United States: National Antimicrobial
Resistance Monitoring System, 1996 to 2007.
Antimicrobial Agents and Chemotherapy.
2011;55(3):1148-1154.

Gilbert JM, White DG, McDermott PF. The US
national antimicrobial resistance monitoring

system. Future Microbiology. 2007;2(5):493-500.

Ginevan ME, Thornsberry C, Fedorka-Cray
P. Assessment of the National Antimicrobial
Resistance Monitoring System (NARMS)
and its value in critical decision-making.
International Journal of Infectious Diseases.
2002;6(Suppl. 3):358-3515.

Mataseje LF, Bryce E, Roscoe D, Boyd DA,
Embree J, Gravel D, Katz K, Kibsey P, Kuhn

M, Mounchili A, Simor A, Taylor G, Thomas E,
Turgeon N, Mulvey MR, Canadian Nosocomial
Infection Surveillance Program. Carbapenem-
resistant Gram-negative bacilli in Canada
2009-10: results from the Canadian Nosocomial
Infection Surveillance Program (CNISP).

Journal of Antimicrobial Chemotherapy.

Jun 2012;67(6):1359-1367.

Conly J. Antimicrobial resistance in Canada.
Canadian Medical Association Journal.
2002;167(8):885-891.

128 | Antimicrobial Resistance Standing Committee

85.

86.

87.

88.

89.

90.

91.

Blondeau JM, Vaughan D. A review of
antimicrobial resistance in Canada. Canadian
Journal Of Microbiology. 2000;46(10):867-877.

Zhang VY, Ni Y, Sun J, Zhu D, Hu F, Wang F,
Jiang X, Yu'Y, Yang Q, Sun Z, Jian C, Xu 'Y, Sun
H, Hu Y, Xiaoman A, Shan B, Du Y, Su D, Zhuo
C, Shen J, Wang C, Wang A, Jia B, Huang

W, Wei L, Wu L, Zhang C, Ji P, Zhang H, Li

W. CHINET 2009 surveillance of antimicrobial
resistance in Pseudomonas aeruginosa in China.
Chinese Journal of Infection and Chemotherapy.
2010;10(6):436-440.

Zhu DM. CHINET 2005 surveillance of antibiotic
resistance in Staphylococcus in China. Chinese
Journal of Infection and Chemotherapy.
2007;7(4):269-273.

Wang H, Chen M, Xu 'Y, Sun H, Yang Q, Hu Y,
Cao B, ChuY, LiuY, Zhang R, Yu 'Y, Sun Z, Zhuo
C, Ni'Y, Hu B, Tan TY, Hsueh P-R, Wang J-H,
Ko W-C, Chen Y-H, Wahjono H. Antimicrobial
susceptibility of bacterial pathogens associated
with community-acquired respiratory tract
infections in Asia: report from the Community-
Acquired Respiratory Tract Infection Pathogen
Surveillance (CARTIPS) study, 2009-2010.
International Journal of Antimicrobial Agents.
2011;38(5):376-383.

Song JH, Joo EJ. The crisis of antimicrobial
resistance: Current status and future strategies.
Journal of the Korean Medical Association.
2010;53(11):999-1005.

Lee K, Lee MA, Lee CH, Lee J, Roh KH, Kim

S, Kim JJ, Koh E, Yong D, Chong Y. Increase

of ceftazidime- and fluoroquinolone-resistant
Klebsiella pneumoniae and imipenem-resistant
Acinetobacter spp. in Korea: analysis of KONSAR
study data from 2005 and 2007. Yonsei Medical
Journal. 2010;51(6):901-911.

Lee K, Lim CH, Cho JH, Lee WG, UhY, Kim

HJ, Yong D, Chong Y. High prevalence of
ceftazidime-resistant Klebsiella pneumoniae and
increase of imipenem-resistant Pseudomonas
aeruginosa and Acinetobacter spp. in Korea:

a KONSAR program in 2004. Yonsei Medical
Journal. 2006;47(5).634-645.



92.

93.

94.

95.

96.

97.

98.

Lee K, Kim YA, Park YJ, Lee HS, Kim MY, Kim
EC, Yong D, Chong Y. Increasing prevalence of
vancomycin-resistant enterococci, and cefoxitin-,
imipenem- and fluoroquinolone-resistant gram-
negative bacilli: a KONSAR study in 2002.
Yonsei Medical Journal. 2004;45(4):598-608.

Lee KW, Kim MY, Kang SH, Kang JO, Kim

EC, Choi TY, Chong YS. Korean nationwide
surveillance of antimicrobial resistance in 2000
with special reference to vancomycin resistance
in enterococci, and expanded-spectrum
cephalosporin and imipenem resistance in
gram-negative bacilli. Yonsei Medical Journal.
2003;44(4):571-578.

Lee K, Chang CL, Lee NY, Kim HS, Hong KS,
Cho HC. Korean Nationwide Surveillance of

Antimicrobial Resistance of Bacteria in 1998.
Yonsei Medical Journal. 2000;41(4):497-506.

Tishyadhigama P, Dejsirilert S, Thongmali O,
Sawanpanyalert P, Aswapokee N, Piboonbanakit
D. Antimicrobial resistance among clinical isolates
of Staphylococcus aureus in Thailand from 2000
to 2005. Journal of the Medical Association

of Thailand. 2009;92 Suppl 4:58-S18.

Paveenkittiporn W, Apisarnthanarak A,
Dejsirilert S, Trakulsomboon S, Thongmali O,
Sawanpanyalert P, Aswapokee N. Five-year
surveillance for Burkholderia pseudomallei

in Thailand from 2000 to 2004 prevalence
and antimicrobial susceptibility. Journal

of the Medical Association of Thailand.
2009;92 Suppl 4:546-S52.

Mootsikapun P, Trakulsomboon S,
Sawanpanyalert P, Aswapokee N, Suankratay
C. An overview of antimicrobial susceptibility
patterns of gram-positive bacteria from
National Antimicrobial Resistance Surveillance
Thailand (NARST) program from 2000 to 2005.
Journal of the Medical Association of Thailand.
2009;92 Suppl 4:587-S90.

Dejsirilert S, Tienkrim S, Ubonyaem N,
Sawanpanyalert P, Aswapokee N, Suankratay C.
National antimicrobial resistance surveillance
among clinical isolates of Streptococcus
pneumoniae in Thailand. Journal of the

Medical Association of Thailand. 2009;92

Suppl 4:519-S33.

A

99.

100.

101.

102.

103.

104.

105.

106.

-
=

Dejsirilert S, Tiengrim S, Sawanpanyalert P,
Aswapokee N, Malathum K. Antimicrobial
resistance of Acinetobacter baumannii: six
years of National Antimicrobial Resistance
Surveillance Thailand (NARST) surveillance.
Journal of the Medical Association of Thailand.
2009;92 Suppl 4:534-5S45.

Dejsirilert S, Suankratay C, Trakulsomboon S,
Thongmali O, Sawanpanyalert P, Aswapokee
N, Tantisiriwat W. National Antimicrobial
Resistance Surveillance, Thailand (NARST)
data among clinical isolates of Pseudomonas
aeruginosa in Thailand from 2000 to 2005.
Journal of the Medical Association of Thailand.
2009;92 Suppl 4:568-S75.

Apisarnthanarak A, Buppunharun W, Tiengrim
S, Sawanpanyalert P, Aswapokee N. An
overview of antimicrobial susceptibility patterns
for gram-negative bacteria from the National
Antimicrobial Resistance Surveillance Thailand
(NARST) program from 2000 to 2005. Journal
of the Medical Association of Thailand.
2009;92 Suppl 4:591-594.

Centers for Disease Control and Prevention.
CDC Surveillance Systems. http://www.
cdc.gov/drugresistance/surveillance.html.
Accessed September 12, 2012.

Centers for Disease Control and Prevention.
Active Bacterial Core surveillance (ABCs).
http://www.cdc.gov/abcs/index.html.
Accessed November 28, 2012.

Centers for Disease Control and Prevention.
National Antimicrobial Resistance Surveillance
Team (NARST). http://www.cdc.gov/
ncezid/dfwed/edlb/teams/narst.html.
Accessed November 28, 2012.

Centers for Disease Control and Prevention.
Interagency Task Force on Antimicrobial
Resistance. http://www.cdc.gov/drugresistance/
actionplan/taskforce.html. Accessed

November 28, 2012.

Centers for Disease Control and Prevention.
Interagency Task Force on Antimicrobial
Resistance. A public health action plan to combat
antimicrobial resistance: 2012 update. 2012.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



References

107. Armed Forces Health Surveilllance Center. Global
Emerging Infections Surveillance & Response
System (GEIS) Operations. http://www.afhsc.mil/
geis. Accessed November 28, 2012.

108. Meyer WG, Pavlin JA, Hospenthal D, Murray
CK, Jerke K, Hawksworth A, Metzgar D, Myers
T, Walsh D, Wu M, Ergas R, Chukwuma U,
Tobias S, Klena J, Nakhla |, Talaat M, Maves
R, Ellis M, Wortmann G, Blazes DL, Lindler
L. Antimicrobial resistance surveillance in the
AFHSC-GEIS network. BMC Public Health.
2011;11 Suppl 2:58-S8.

109. Armed Forces Health Surveilllance Center.
Antimicrobial Resistant Organisms.
http://www.afhsc.mil/geisAntiMicro.
Accessed November 28, 2012.

110. Joint Expert Technical Advisory Committee on
Antibiotic Resistance (JETACAR). The Use of
Antibiotics in Food-Producing Animals: Antibiotic-
Resistant Bacteria in Animals and Humans.
Canberra, Australia; Commonwealth Department
of Health and Aged Care & Commwealth
Department of Agriculture, Fisheries and
Forestry;1999.

111. Expert Advisory Group on Antimicrobial
Resistance (EAGAR). A Comprehensive
Integrated Surveillance Program to Improve
Australia’s Response to Antimicrobial Resistance.
Canberra, Australia: National Health and
Medical Research Council;2006.

112. Australian Group on Antimicrobial Resistance
(AGAR). What is AGAR? 2012; http://agargroup.
org/. Accessed 20 October, 2012.

113. National Neisseria Network. The National
Neisseria Network 1979-200? Communicable
Diseases Intelligence. Vol 24. 2000.

114. McNeil V, Cruickshank M, Duguid M. Safer
use of antimicrobials in hospitals: the value of
antimicrobial usage data. The Medical Journal
Of Australia. 2010;193(8 Suppl):S114-5S117.

115. National Antimicrobial Utilisation Surveillance
Program (NAUSP). http://www.health.sa.gov.au/
INFECTIONCONTROL/Default.aspx?tabid=199.
Accessed October 25, 2012.

130 | Antimicrobial Resistance Standing Committee

116.

17.

118.

119.

120.

121.

122

123.

124.

125.

Healthcare Associated Infection Surveillance
Western Australia (HISWA). http://www.public.
health.wa.gov.au/3/277/3/surveillance_hiswa.pm.
Accessed October 25, 2012.

Coombs G, Pearson J, Christiansen K. Western
Australia Methicillin-Resistant Staphylococcus
aureus (MRSA) and Vancomycin Resistant
Enterococcus (VRE) Epidemiology and Typing
Report (MRSA and VRE). 1 July 2010 to

30 June 20171. Australian Collaborating Centre
for Enterococcus and Staphylococcus Species
(ACCESS) Typing and Research, Microbiology
and Infectious Diseases Department, PathWest
Laboratory Medicine WA — Royal Perth
Hospital & Molecular Genetics Research Unit,
Curtin University;2012.

Centre for Health Related Infection Surveillance
and Prevention (CHRISP) Surveillance Program.
http://www.health.gld.gov.au/chrisp/surveillance/
about_surv.asp. Accessed October 25, 2012.

VICNISS Healthcare Associated Infection
Surveillance. http://www.vicniss.org.au/Default.
aspx. Accessed October 22, 2012.

Tasmanian Infection Prevention and Control
Unit (TIPCU). http://www.dhhs.tas.gov.au/peh/
tasmanian_infection_prevention_and_control_
unit. Accessed October 25, 2012.

Commonwealth Disease Control Branch.
South Australian Expert Advisory Group on
Antimicrobial Resistance (SAAGAR). Terms
of Reference. Australia: Government of South
Australia; 2012.

. ACT Government Health. Infection Prevention and

Control: What We Do. http://health.act.gov.au/
health-services/canberra-hospital/our-services/
medical-services/infection-prevention-and-
control/what-we-do. 2013.

Metadata Online Registry (METeOR).
Surveillance of healthcare associated infection:
Staphylococcus aureus bacteraemia DSS.
http://meteor.aihw.gov.au/content/index.phtml/
itemld/391133. Accessed November 14, 2012.

National Health Performance Authority. My
Hospitals. Commonwealth of Australia; 2013.

Neu HC, Duma RJ, Jones RN, McGowan JEJ,
O’Brien TF, Sabath LD, Sanders CC, Schaffner
W, Tally FP, Tenover FC, et al. Antibiotic
resistance. Epidemiology and therapeutics.
Diagn Microbiol Infect Dis. 1992(15):53S-60S.



126. Farrell DJ, File TM, Jenkins SG. Prevalence and
antibacterial susceptibility of mef(A)-positive
macrolide-resistant Streptococcus pneumoniae
over 4 years (2000 to 2004) of the PROTEKT US
Study. J Clin Microbiol. Feb 2007;45(2):290-293.

127.
Estimating the burden of healthcare-associated
infections caused by selected multidrug-resistant
bacteria, Finland, 2010. Antimicrobial Resistance
and Infection Control. Oct 19 2012;1(1):33.

Federal Ministry of Health. DART German
Antimicrobial Resistance Strategy. Berlin 2008.

128.

129. Health Protection Agency. Mandatory
surveillance of Staphylococcsus aureus
bacteraemia. http://www.hpa.org.uk/web/
HPAweb&Page&HPAwebAutoListName/
Page/1191942169773. Accessed

November 14, 2012.

130. Masterton R. The importance and future of
antimicrobial surveillance studies. Clinical

Infectious Diseases. 2008;47 Suppl 1:521-S31.

131. Morris AK, Masterton RG. Antibiotic resistance
surveillance: action for international studies.

J Antimicrob Chemother. Jan 2002;49(1):7-10.

132. Lewis D. Antimicrobial resistance surveillance:
methods will depend on objectives. J Antimicrob

Chemother. Jan 2002;49(1):3-5.

138. Centers for Disease Control and Prevention.
Updated Guidelines for Evaluating Public
Health Surveillance Systems. July 27, 2001,
50(RR13);1-35. http://www.cdc.gov/mmwr/
preview/mmwrhtml/rr5013at1.ntm. Accessed

October 25, 2012.

134. O’Brien TF, Stelling J. Integrated multilevel
surveillance of the world’s infecting microbes and
their resistance to antimicrobial agents. Clinical

Microbiology Reviews. 2011;24(2):281-295.

135. The Alliance for the Prudent Use of Antibiotics.
Framework for Use of Antimicrobial Resistance
Surveillance in the Development of Standard
Treatment Guidelines. Arlington, VA,

USA April 2008.

136. European Centre for Disease Prevention
and Control. About us. http://www.ecdc.
europa.eu/en/aboutus/Pages/AboutUs.aspx.

Accessed October 25, 2012.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

Kanerva M, Oligren J, Hakanen AJ, Lyytikainen O.

A

137.
138.

139.

140.

141.
142.

143.

144.

-
=

World Health Organization Regional

Office for Europe. Expert consultation on
antimicrobial resistance. Report on a meeting.
Copenhagen 2011.

World Health Organization Regional Office
for Europe. European strategic action plan
on antibiotic resistance. Baku, Azerbaijan,
12—15 September 2011.

European Centre for Disease Prevention and
Control. European Antimicrobial Resistance
Surveillance Network (2012) Reporting protocol:
EARS-Net 2010, Version 2. 2012; http://www.
ecdc.europa.eu/en/activities/surveillance/EARS-
Net/Documents/2010_EARS-Net_Reporting%20
Protocol.pdf. Accessed 4 January, 2013.

World Health Organization Regional Office for
Europe. Antibiotic resistance surveillance network
extended throughout European region. http://
www.euro.who.int/en/what-we-do/health-topics/
disease-prevention/antimicrobial-resistance/
news/news/2012/11/antibiotic-resistance-
surveillance-network-extended-throughout-
european-region. Accessed November 13, 2012.

European Centre for Disease Prevention and
Control. Antimicrobial resistance surveillance
in Europe 2010. Annual report of the European
Antimicrobial Resistance Surveillance Network
(EARS-Net). Sweden: European Centre for
Disease Prevention and Control;2010.

Department of Children and Youth Affairs.
Inventory of Data Sources on Children’s Lives.
A49 Antimicrobial Resistance Surveillance
(EARS-Net) http://www.dcya.gov.ie/inventory-
of-data-sources-on-childrens-lives/Document.
aspx?CID=48. Accessed November 13, 2012.

Health Protection Surveillance Centre.

Enhanced EARS-Net Surveillance: Report for
2011 data with special focus on enterococcal
bloodstream infection. 2011; http://www.hpsc.ie/
hpsc/A-Z/MicrobiologyAntimicrobialResistance/
EuropeanAntimicrobialResistanceSurveillance
SystemEARSS/EnhancedBacteraemia
Surveillance/PublicationsandPresentations/
File,2291,en.pdf. Accessed November 13, 2012.

European Centre for Disease Prevention and
Control. Antimicrobial resistance surveillance
in Europe 2011. Annual Report of the European
Antimicrobial Resistance Surveillance Network
(EARS-Net). Stockholm: ECDC;2012.

| 131



References

145. Adriaenssens N, Coenen S, Versporten A,
Muller A, Minalu G, Faes C, VankerckhovenV,
Aerts M, Hens N, Molenberghs G, Goossens H,
Grp EP. European Surveillance of Antimicrobial
Consumption (ESAC): outpatient antibiotic use
in Europe (1997-2009). Journal of Antimicrobial
Chemotherapy. Dec 2011;66:3-12.

146. Asia Pacific Foundation for Infectious
Diseases (APFID). About ANSORP.
http://www.ansorp.org/01_apfid/apfid_01.htm.
Accessed October 25, 2012.

147. Asia Pacific Foundation for Infectious Diseases
(APFID). Asian Network for Surveillance
of Resistant Pathogens (ANSORP). http://
www.ansorp.org/06_ansorp/ansorp_01.htm.
Accessed November 13, 2012.

148.Song JH, Ko KS, Lee MY, Park S, Baek JY, Lee
JY, Heo ST, Kwon KT, Ryu SY, Oh WS, Peck KR,
Lee NY. In vitro activities of ertapenem against
drug-resistant Streptococcus pneumoniae
and other respiratory pathogens from 12 Asian
countries. Diagnostic Microbiology and Infectious
Disease. Dec 2006;56(4):445-450.

149. Song JH, Jung SI, Ko KS, Kim NY, Son JS,
Chang HH, Ki HK, Oh WS, Suh JY, Peck KR,
Lee NY, Yang Y, Lu Q, Chongthaleong A, Chiu
CH, Lalitha MK, Perera J, Yee TT, Kumarasinghe
G, Jamal F, Kamarulzaman A, Parasakthi N,
Van PH, Carlos C, So T, Ng TK, Shibl A. High
prevalence of antimicrobial resistance among
clinical Streptococcus pneumoniae isolates in
Asia (an ANSORP study). Antimicrobial Agents
and Chemotherapy. Jun 2004;48(6):2101-2107.

150. Kim SH, Song JH, Chung DR, Thamlikitkul V,
Yang Y, Wang H, Lu M, So TM, Hsueh PR, Yasin
RM, Carlos CC, Pham HV, Lalitha MK, Shimono
N, Perera J, Shibl AM, Baek JY, Kang Cl, Ko
KS, Peck KR. Changing trends in antimicrobial
resistance and serotypes of Streptococcus
pneumoniae isolates in Asian countries: an Asian
Network for Surveillance of Resistant Pathogens
(ANSORP) study. Antimicrob Agents and
Chemotherapy. Mar 2012;56(3):1418-1426.

151. Asia Pacific Foundation for Infectious Diseases
(APFID). Publications. http://www.ansorp.
org/t03_publication/t03_01.htm. Accessed
October 25, 2012.

132 | Antimicrobial Resistance Standing Committee

1562.

153.

154.

1565.

156.

1567.

158.

159.

National Antimicrobial Utilisation Service
Program. Antimicrobial Utilisation Surveillnace
in Australian Hospitals, May 2007 to

April 2012; 2012,

Infection Control Service, Communicable
Disease Control Branch, Government of South
Australia, Department of Health. April 2012
report of antimicrobial utilisation surveillance
in South Australian hospitals. 2012.

Infection Control Service, Communicable Disease
Control Branch, Government of South Australia,
Department of Health. National Antimicrobial
Utilisation Surveillance Program: Annual report
2010-20171. Adelaide.

Song JH, Hsueh PR, Chung DR, Ko KS, Kang
Cl, Peck KR, Yeom JS, Kim SW, Chang HH, Kim
YS, Jung SI, Son JS, So TM, Lalitha MK, Yang'Y,
Huang SG, Wang H, Lu Q, Carlos CC, Perera JA,
Chiu CH, Liu JW, Chongthaleong A, Thamlikitkul
V, Van PH. Spread of methicillin-resistant
Staphylococcus aureus between the community
and the hospitals in Asian countries: an ANSORP
study. Journal of Antimicrobial Chemotherapy.
May 2011;66(5):1061-1069.

Sohn KM, Chung DR, Baek JY, Kim SH, Joo EJ,
Ha YE, Ko KS, Kang CI, Peck KR, Song JH. Post-
influenza Pneumonia Caused by the USA300
CommunityAssociated Methicillin-Resistant
Staphylococcus aureus in Korea. Journal of
Korean Medical Science. 2012;27:313-316.

Kang C-I, Song J-H, Ko KS, Chung DR, Peck KR.
Clinical features and outcome of Staphylococcus
aureus infection in elderly versus younger adult
patients. International Journal of Infectious
Diseases. 2011;15(1):e58-e62.

Ko KS, Lim SK, Jung SC, Yoon JM, Choi JY,
Song JH. Sequence type 72 meticillin-resistant
Staphylococcus aureus isolates from humans,
raw meat and soil in South Korea. Journal of
Medical Microbiology. 2011;60:442-445.

Centre for Disease Dynamics, Economics and
Policy. ResistanceMap. http://www.cddep.
org/ResistanceMap/about#.UKsL.TOT5yrZ.
Accessed November 13, 2012.



160. Eurofins. Antiinfective Publications and Posters.

http://www.eurofins.com/pharma-services/
pharma-services/pharma-central-laboratory/
laboratory-testing-capabilities/global-
infectious-disease-services/publications.aspx.
Accessed November 13, 2012.

161. Sanchez GV, Master RN, Karlowsky JA, Bordon

JM. In vitro antimicrobial resistance of urinary

Escherichia coli isolates among U.S. outpatients

from 2000 to 2010. Antimicrobial Agents and
Chemotherapy. Apr 2012;56(4):2181-2183.

162. Styers D, Sheehan DJ, Hogan P, Sahm DF.
Laboratory-based surveillance of current
antimicrobial resistance patterns and trends
among Staphylococcus aureus: 2005 status
in the United States. Annals of Clinical
Microbiology and Antimicrobials. 2006;5:2.

163. Data for action: The Danish approach to
surveillance of the use of antimicrobial agents
and the occurrence of antimicrobial resistance
in bacteria from food animals, food and
humans in Denmark. http://www.danmap.
org/Downloads/~/media/Projekt%20sites/
Danmap/DivDownloads/Data_for_action.ashx.
Accessed October 25, 2012.

164. DANMAP 2011: Use of antimicrobial agents and
occurrence of antimicrobial resistance in bacteria
from food animals, food and humans in Denmark.

http://www.danmap.org/Downloads/~/media/

Projekt%20sites/Danmap/DANMAP%20reports/
Danmap_2011.ashx. Accessed October 25, 2012.

165. Dibner JJ, Richards JD. Antibiotic growth
promoters in agriculture: History and mode of
action. Poult Sci. 2005;84(4).634-643.

166. Swedish Strategic Programme against Antibiotic

Resistance (STRAMA). http://en.strama.se/

dyn/,85,3,70.html. Accessed October 25, 2012.

167. Swedish Institute for Communicable Disease

Control. SWEDRES 2010: A Report on Swedish

Antibiotic Utilisation and Resistance in Human
Medicine. Sweden2011.

168. Smittskyddsinstitutet. Penicillin-resistant
pneumococci infection (PRP). http://www.
smittskyddsinstitutet.se/in-english/statistics/
penicillin-resistant-pneumococci-infection-

prp/#statistics-nav. Accessed October 25, 2012.

A

-
=

169. The Australian Group on Antimocrobial

170.

171.

172.

173.

174.

175.

176.

177.

Resistance (AGAR). AGAR Surveillance.
http://www.agargroup.org/files/
AGAR%20STUDIES%20v2011.pdf.
Accessed October 25, 2012,

The Australian Group on Antimocrobial
Resistance (AGAR). Australian Enterococcal
Sepsis Outcome Programme (AESOP). April
2012; http://www.agargroup.org/aesop/AESOP_
Protocol.pdf. Accessed October 25, 2012.

The Australian Group on Antimocrobial
Resistance (AGAR). Operating Procedures.
May 2012; http://www.agargroup.org/
documents/Terms%200f%20Reference.pdf.
Accessed October 25, 2012,

Coombs G, Pearson J, Nimmo GR, Christiansen
K. SAP 2011: Hospital MRSA Epidemiology and
Typing Report. Perth, Australia: The Australian
Group on Antimicrobial Resistance;2012.

The Australian Group on Antimocrobial
Resistance (AGAR). Publications.
http://www.agargroup.org/publications.
Accessed October 25, 2012.

Australian Group on Antimicrobial Resistance
(AGAR). http://www.agargroup.org/.

The Centre for Healthcare Related Infection
Surveillance and Prevention (CHRISP)
Surveillance Program. http://www.health.qld.
gov.au/chrisp/surveillance/SM09_S1.pdf.
Accessed October 25, 2012.

The Centre for Healthcare Related Infection
Surveillance and Prevention (CHRISP)
Surveillance Program. Antimicrobial Stewardship
Information for Clinicians. http://www.health.
gld.gov.au/chrisp/surveillance/SM09_S1.pdf.
Accessed October 25, 2012.

World Health Organization Regional Office for
Europe. Central Asian and Eastern European
Surveillance on Antimicrobial Resistance
(CAESAR). http://www.euro.who.int/en/what-
we-do/health-topics/disease-prevention/
antimicrobial-resistance/central-asian-and-
eastern-european-surveillance-on-antimicrobial-

resistance-caesar. Accessed November 28, 2012.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

| 133



References

178. Australasian Society of Infectious Diseases
and Australian Society for Antimicrobials.
Antimicrobial Resistance Summit 2011:

A Call to Urgent Action to Address the
Growing Crisis of Antibiotic Resistance;
Sydney, 7-8 Feb 2011.

179. Gottlieb T, Nimmo GR. Antibiotic resistance is an
emerging threat to public health: an urgent call
to action at the Antimicrobial Resistance Summit
2011. Medical Journal of Australia. 2011;194(6):3.

180. Australian Government Department of Health
and Ageing. National Health Reform Agreement:
Australian Government Department of Health
and Ageing;2011.

181. Parliament of Australia. Inquiry into the progress
in the implementation of the recommendations
of the 1999 Joint Expert Technical Advisory
Committee on Antibiotic Resistance.
Parliamentary Business. 1999.

182. Silverman D. Interpreting qualitative data:
Methods of analyzing talk, text, and interaction.
London: Sage Ltd.; 2006.

183. Holloway |, Wheeler S. Qualitative Research
in Nursing and Healthcare. 3rd ed. Oxford:
Blackwell; 2010.

184. World Health Organization Regional Office for
Europe. Antimicrobial resistance. http://www.
euro.who.int/en/what-we-do/health-topics/
disease-prevention/antimicrobial-resistance.
Accessed November 14, 2012.

185. European Centre for Disease Prevention
and Control. European Surveillance of
Antimicrobial Consumption Network (ESAC-Net).
http://www.ecdc.europa.eu/en/activities/
surveillance/ESAC-Net/Pages/index.aspx.
Accessed November 14, 2012.

186. European Centre for Disease Prevention and
Control. Healthcare-Associated Infections
Network (HAI-Net). http://www.ecdc.europa.eu/

en/activities/surveillance/HAIl/Pages/default.aspx.

Accessed November 14, 2012.

187. World Health Organization Regional Office
for Africa. Integrated Disease Surveillance
in the African Region: a regional strategy for
communcable diseases 1999-2003;2001.

134 | Antimicrobial Resistance Standing Committee

188. Pan American Health Organization, Regional
Office for the World Health Organization.
Antimicrobial resistance. http://www.paho.
org/English/HCP/HCT/EER/antimicrob.htm.
Accessed November 14, 2012.

189. World Health Organization Western Pacific
Region. Emerging disease surveillance and
response. http://www.wpro.who.int/emerging_
diseases/Surveillance/en/index.html. Accessed
3rd October, 2012.

190. European Centre for Disease Prevention and
Control. http://www.ecdc.europa.eu/en/Pages/
home.aspx. Accessed 11th September, 2012.

191. Gagliotti C, Balode A, Baquero F, Degener J,
Grundmann H, Gur D, Jarlier V, Kahimeter G,
Monen J, Monnet DL, Rossolini GM, Suetens
C, Weist K, Heuer O. Escherichia coli and
Staphylococcus aureus: bad news and good
news from the European Antimicrobial Resistance
Surveillance Network (EARS-Net, formerly
EARSS), 2002 to 2009. Euro Surveillance:
European Communicable Disease Bulletin.
2011;16(11).

192. Mertens R, van den Berg JMJ, Fabry J, Jepsen
OB. HELICS: A European Project to Standardise
the Surveillance of Hospital Acquired Infection
1994-1995. Eurosurveillance. 1996;1(4):154.

193. Baquero F, Cercenado E, Cisterna R, De La
Rosa M, Garcia-Rodriguez JA, Gobernado
M, Pérez JL, Manchado P, Martin R, Pascual
A, Picazo J, Prats G, Rubio C, Snyder TA,
Sanz-Rodriguez C. Patterns of susceptibility
to antibiotics of Enterobacteriaceae causing
intra-abdominal infections in Spain: SMART
2003 study outcomes. Patrones de sensibilidad
a antimicrobianos de Enterobacteriaceae
causantes de infecciones intraabdominales en
Esparia: Resultados del estudio SMART 20083.
Rev Esp Quimioter. 2006;19(1):51-59.

194. Guembe M, Cercenado E, Alcala L, Marin M,
Insa R, Bouza E. Evolution of antimicrobial
susceptibility patterns of aerobic and facultative
gram-negative bacilli causing intra-abdominal
infections: results from the SMART studies
2003-2007. Revista Espafiola de Quimioterapia.
2008;21(3):166-173.



195.

196.

197.

198.

199.

Hawser SP, Badal RE, Bouchillon SK, Hoban
DJ. Trending eight years of in vitro activity of
ertapenem and comparators against Escherichia
coli from intra-abdominal infections in North
America — SMART 2002-2009. Journal of
Chemotherapy. 2011;23(5):266-272.

Paterson DL, Rossi F, Baguero F, Hsueh P-R,
Woods GL, Satishchandran V, Snyder TA,
Harvey CM, Teppler H, Dinubile MJ, Chow JW.
In vitro susceptibilities of aerobic and facultative
Gram-negative bacilli isolated from patients with
intra-abdominal infections worldwide: the 2003
Study for Monitoring Antimicrobial Resistance
Trends (SMART). The Journal of Antimicrobial
Chemotherapy. 2005;55(6):965-973.

Cole MJ, Unemo M, Hoffmann S, Chisholm

SA, Ison CA, van de Laar MJ. The European
gonococcal antimicrobial surveillance
programme, 2009. Euro Surveillance: European
Communicable Disease Bulletin. 2011;16(42).

Cole MJ, Chisholm SA, Hoffmann S, Stary A,
Lowndes CM, Ison CA, Strauss R, Crucitti T,
Sasse A, Hadjianastassiou C, Cowan S, Uuskdula
A, Voiko R, Hiltunen-Back E, Goulet V, Sednaoui
P, De Barbevrac B, Kohl P, Hamouda O, Konte
V, Tzelepi E, Sigmundsdattir G, Hauksdottir

G, O'Hora A, Barry H, Stefanelli P, Suligoi B,
Pirsko J, Lavrinovica E, Barbara C, Melillo JM,
Linde I, Van Der Sande M, Klovstad H, Skogen
V, Azevedo J, Borrego MJ, Mikas J, Klavs |,
Andlovic A, Vazquez J, Diez M, Blaxhult A,
Velicko |, Fredlund H, Unemo M, Altan P, Wallace
L, Young H, Catchpole M, Hughes G, Savage E.
European surveillance of antimicrobial resistance
in Neisseria gonorrhoeae. Sexually Transmitted
Infections. 2010;86(6):427-432.

MacKenzie FM, Struelens MJ, Towner KJ,
Gould IM, ARPAC Steering Group. Report of the
Consensus Conference of Antibiotic Resistance,
Prevention and Control (ARPAC). Clinical
Microbiology and Infection. 2005(11):938-954.

200. Antimicrobial Resistance; Prevention and

Control (ARPAC). http://www.abdn.ac.uk/arpac/.
Accessed 29 August, 2012.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)

-
AP

201. Hanberger H, Arman D, Gill H, Jindrak V, Kalenic
S, Kurcz A, Licker M, Naaber P, Scicluna EA,
Vanis V, Walther SM. Surveillance of microbial
resistance in European Intensive Care Units:

a first report from the Care-ICU programme
for improved infection control. Intensive Care
Medicine. 2009;35(1):91-100.

202.Gould IM, Krcmery V, Helmerking M. European
surveillance of antibiotic resistance (ESAR)
a European commission funded project.
Antiinfective Drugs and Chemotherapy.
2000;17(1):1-4.

203. Giske CG, Cornaglia G. Supranational
surveillance of antimicrobial resistance:
The legacy of the last decade and proposals
for the future. Drug Resistance Updates:
Reviews And Commentaries in Antimicrobial and
Anticancer Chemotherapy. 2010;13(4-5):93-98.

204.Monnet DL. Toward multinational antimicrobial
resistance surveillance systems in Europe.
International Journal of Antimicrobial Agents.
2000;15(2):91-101.

205.Mendes C, Kiffer CRV, Blosser-Middleton RS,
Jones ME, Karlowsky JA, Barth A, Rossi F,
Andrade S, Sader HS, Thornsberry C, Sahm
DF. Antimicrobial susceptibility to levofloxacin
and other antibacterial agents among common
respiratory pathogens — a Brazilian perspective
from the GLOBAL Surveillance Initiative
2001-2002. Clinical Microbiology and Infection.
2004;10(6):521-526.

206.Sahm DF, Brown NP, Thornsberry C, Jones
ME. Antimicrobial susceptibility profiles among
common respiratory tract pathogens: a
GLOBAL perspective. Postgraduate Medicine.
2008;120(3 Suppl 1):16-24.

207. Bax R, Bywater R, Cornaglia G, Goossens H,
Hunter P, Isham V, Jarlier V, Jones R, Phillips |,
Sahm D, Senn S, Struelens M, Taylor D, White
A. Surveillance of antimicrobial resistance —
What, how and whither? Clinical Microbiology
and Infection. 2001;7(6):316-325.

208.Surveillance Data Link Network. http://www.
ihmainc.com/pages/surveillance_data_link_
network/16.php. Accessed November 14, 2012.

| 135



References

209.Loza E, Morosini MI, Pascual A, Tubau F, Alcala J,

210.

211.

212.

213.

214.

215.

216.

Linares J, Hernandez-Bello JR, Baquero F, Perea
E, Martin R, Jones RN, Cantén R. Comparative in
vitro activity of daptomycin against Gram-positive
microorganisms: SENTRY surveillance program,
Spain (2002-2006). Actividad comparativa

de daptomicina frente a microorganismos
grampositivos: Programa SENTRY Espafia
(2002-2006). Antimicrobial Agents and
Chemotherapy. 2008;26(8):489-494.

Sader HS, Castanheira M, Mendes RE, Toleman
M, Walsh TR, Jones RN. Dissemination and
diversity of metallo-beta-lactamases in Latin
America: report from the SENTRY Antimicrobial
Surveillance Program. International Journal

of Antimicrobial Agents. 2005;25(1):57-61.

Deshpande LM, Fritsche TR, Jones RN.
Molecular epidemiology of selected multidrug-
resistant bacteria: a global report from the
SENTRY Antimicrobial Surveillance Program.
Diagnostic Microbiology and Infectious Disease.
2004,;49(4):231-236.

Stephen UM, Toleman MA, Walsh TR, Jones RN.
Salmonella bloodstream infections: report from
the SENTRY Antimicrobial Surveillance Program
(1997-2001). International Journal of Antimicrobial
Agents. 2003;22(4):395-405.

Critchley IA, Karlowsky JA. Optimal use of
antibiotic resistance surveillance systems. Clinical
Microbiology and Infection. 2004;10(6):502-511.

Davis SR. The state of antibiotic resistance
surveillance: an overview of existing activities
and new strategies. Military Medicine.
2000;165(7 Suppl 2):35-39.

Bertrand X, Dowzicky MJ. Antimicrobial
susceptibility among gram-negative isolates
collected from intensive care units in North
America, Europe, the Asia-Pacific Rim, Latin
America, the Middle East, and Africa between
2004 and 2009 as part of the Tigecycline
Evaluation and Surveillance Trial. Clinical
Therapeutics. 2012;34(1):124-137.

Rhomberg PR, Jones RN. Contemporary
activity of meropenem and comparator broad-
spectrum agents: MYSTIC program report
from the United States component (2005).
Diagnostic Microbiology and Infectious Disease.
2007;57(2):207-215.

136 | Antimicrobial Resistance Standing Committee

217.

218.

219.

220.

221.

222.

2283.

224.

225.

Doern GV, Brown SD. Antimicrobial susceptibility
among community-acquired respiratory tract
pathogens in the USA: data from PROTEKT

US 2000-01. The Journal of Infection.
2004;48(1):56-65.

Felmingham D, Reinert RR, Hirakata Y, Rodloff A.
Increasing prevalence of antimicrobial resistance
among isolates of Streptococcus pneumoniae
from the PROTEKT surveillance study, and
compatative in vitro activity of the ketolide,
telithromycin. The Journal of Antimicrobial
Chemotherapy. 2002;50 Suppl S1:25-37.

Goossens H. Surveillance of resistance
among major pathogens causing respiratory
tract infections in the United States.
Infectious Diseases in Clinical Practice.
2006;14(4 SUPPL. 4):S2-S5.

Hoban D, Felmingham D. The PROTEKT
surveillance study: antimicrobial susceptibility

of Haemophilus influenzae and Moraxella
catarrhalis from community-acquired respiratory
tract infections. The Journal of Antimicrobial
Chemotherapy. 2002;50 Suppl S1:49-59.

Karchmer AW. Increased antibiotic resistance in
respiratory tract pathogens: PROTEKT US - an
update. Clinical Infectious Diseases: An Official
Publication of the Infectious Diseases Society
of America. 2004;39 Suppl 3:5142-S150.

Jacobs MR. Assessing the quality of the
Alexander Project. Journal of Chemotherapy.
1999;11 Suppl 1:26-34.

Mera RM, Miller LA, Daniels JJD, Weil JG, White
AR. Increasing prevalence of multidrug-resistant
Streptococcus pneumoniae in the United States
over a 10-year period: Alexander Project.
Diagnostic Microbiology and Infectious Disease.
Mar 2005;51(3):195-200.

Harbarth S, Emonet S. Navigating the World
Wide Web in search of resources on antimicrobial
resistance. Clinical Infectious Diseases.
2006;43(1):72-78.

Domboscb K, Mider GH, Hare RS, Shaw KJ,
and the ESGAR Study Group. Resistance to
aminoglycoside antibiotics in Gram-negative
bacilli and staphylococci isolated from blood.
Report from a European collaborative study.
Journal of Antimicrobial Chemotherapy.
1990;26:131-144.



226.Hanberger H, Garcia-Rodriguez J, Goossens
H, Gobernado M, Nilsson LE, Struelens MJ,
and the European ICU-Study Group. Antibiotic
Susceptibility Among Aerobic Gram negative
Bacilli in Intensive Care Units in 5 European
countries. JAMA. 1999; 281:67-71.

227. Schindler J, Schindler Z, Schindler J, Jr. A
WWW-based information system on resistance
of bacteria to antibiotics. Med Inform (Lond).
Jul-Sep 1998;23(3):179-185.

228.Teodoro D, Pasche E, Gobeill J, Emonet S,
Ruch P, Lovis C. Building a transnational
biosurveillance network using semantic web
technologies: requirements, design, and
preliminary evaluation. Journal of Medical
Internet Research. 2012;14(3):e73—-e73.

229. The British Society for Antimicrobial
Chemotherapy. Surveillance of antimicrobial
consumption. http://bsac.org.uk/surveillance/
about-esac/. Accessed 13 January 2013.

230.Health Protection Scotland. The Annual
Surveillance of Healthcare Associated Infections
Report January—-December 2010. http://www.
hps.scot.nhs.uk/haiic/sshaip/publicationsdetail.
aspx?id=47876. Accessed 12 September, 2012.

231. DANMAP. Resistance monitoring in Denmark,

1997 — DANMAP. Weekly Epidemiological Review.

Apr 23 1999:74(16):125-127.

232. Aarestrup FM, Bager F, Jensen NE, Madsen
M, Meyling A, Wegener HC. Resistance to
antimicrobial agents used for animal therapy in
pathogenic-, zoonotic- and indicator bacteria
isolated from different food animals in Denmark:
a baseline study for the Danish Integrated
Antimicrobial Resistance Monitoring Programme
(DANMAP). APMIS: Acta Pathologica,
Microbiologica, Et Immunologica Scandinavica.
1998;106(8):745-770.

233.Monnet DL, Hemborg HD, Andersen SR,
Scholler C, Sorensen TL, Bager F. Surveillance
of antimicrobial resistance in Denmark.
Eurosurveillance. Dec 2000;5(12):129-132.

234. Schweickert B, Noll I, Feig M, Claus H, Krause
G, Velasco E, Eckmanns T. MRSA-surveillance
in Germany: data from the Antibiotic Resistance
Surveillance System (ARS) and the mandatory
surveillance of MRSA in blood. European Journal
Of Clinical Microbiology and Infectious Diseases.
2012;31(8):1855-1865.

-
AP

235. Elisabeth M, Jonas D, Schwab F, Ruden
H, Gastmeier P, Daschner F. MRSA and
antimicrobial use in German intensive care
units: Data from the Surveillance system of
Antimicrobial Use and Antimicrobial Resistance
(SARI). International Journal of Medical
Microbiology. Sep 2004;294:113-113.

236.Meyer E, Jonas D, Schwab F, Rueden H,
Gastmeier P, Daschner FD. Design of a
surveillance system of antibiotic use and bacterial
resistance in German intensive care units (SARI).
Infection. 2003;31(4):208-215.

237. Kern WV, Freiburg D. Medical antibiotic use
surveillance networks in Germany. Paper
presented at the 15th European Congress
of Clinical Microbiology and Infectious
Diseases (ECCMID), Copenhagen, Denmark.
2-5 April 2005.

238.German Network for Antimicrobial Resistance
Surveillance. Project Home. 2012; http://www.
genars.de/. Accessed 1 October 2012.

239.Simonsen GS. [Surveillance and prevalence of
antimicrobial resistance in Norway]. Tidsskrift For
Den Norske Leegeforening: Tidsskrift For Praktisk
Medicin, Ny Reekke. 2009;129(7):623-627.

240. Antimicrobial Resistance Information from Czech
Republic. About Antimicrobial Resistance. 2012;
http://www.szu.cz/. Accessed 1 October 2012.

241. European Centre for Disease Prevention
and Control. Partner Agencies — External
sites. 2012; http://www.ecdc.europa.eu/en/
activities/surveillance/EARS-Net/external_sites.
Accessed 1 October 2012.

242, Vatopoulos AC, Kalapothaki V, Legakis NJ.
Bacterial resistance to ciprofloxacin in Greece:
results from the National Electronic Surveillance
System. Greek Network for the Surveillance of
Antimicrobial Resistance. Emerging Infectious
Diseases. 1999;5(3):471-476.

243. Malacarne P, Boccalatte D, Acquarolo A,
Agostini F, Anghileri A, Giardino M, Giudici D,
Langer M, Livigni S, Nascimben E, Rossi C,
Bertolini G. Epidemiology of nosocomial infection
in 125 ltalian intensive care units. Minerva
Anestesiologica. 2010;76(1):13-23.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)



References

244,

245,

246.

247.

248.

249.

250.

Fridkin SK. Intensive Care Antimicrobial
Resistance Epidemiology (ICARE) Surveillance
Report, Data Summary from January 1996
through December 1997. American Journal of
Infection Control. 1999;27(3):279-284.

Thornsberry C, Sahm DF, Kelly LJ, Critchley

IA, Jones ME, Evangelista AT, Karlowsky JA.
Regional trends in antimicrobial resistance among
clinical isolates of Streptococcus pneumoniae,
Haemophilus influenzae, and Moraxella catarrhalis
in the United States: results from the TRUST
Surveillance Program, 1999-2000. Clinical
Infectious Diseases. 2002;34 Suppl 1:54-S16.

Flamm RK, Sader HS, Farrell DJ, Jones

RN. Summary of ceftaroline activity against
pathogens in the United States, 2010: report
from the Assessing Worldwide Antimicrobial
Resistance Evaluation (AWARE) surveillance
program. Antimicrobial Agents And
Chemotherapy. 2012;56(6):2933-2940.

Haas W, Pillar CM, Torres M, Morris TW, Sahm
DF. Monitoring antibiotic resistance in ocular
microorganisms: results from the Antibiotic
Resistance Monitoring in Ocular micRoorganisms
(ARMOR) 2009 surveillance study. American
Journal Of Ophthalmology. 2011;152(4):567-574

Conly JM. Antimicrobial resistance programs
in Canada 1995-2010: a critical evaluation.
Antimicrobial Resistance and Infection Control.
2012;1(10).

Nicolle LE. Control of antimicrobial

resistance in Canada: any lessons to learn?
Antimicrobial Resistance and Infection Control.
2012 Feb 2012;1(1):6-6.

Lee NY, Song JH, Kim S, Peck KR, Ahn KM, Lee
SI, Yang Y, Li J, Chongthaleong A, Tiengrim S,
Aswapokee N, Lin TY, Wu JL, Chiu CH, Lalitha
MK, Thomas K, Cherian T, Perera J, Yee TT,
Jamal F, Warsa UC, Van PH, Carlos CC, Shibl
AM, Jacobs MR, Appelbaum PC. Carriage of
antibiotic-resistant pneumococci among Asian
children: a multinational surveillance by the Asian
Network for Surveillance of Resistant Pathogens
(ANSORP). Clinical Infectious Diseases.
2001;32(10):1463-1469.

138 | Antimicrobial Resistance Standing Committee

251.

252.

253.

254.

255.

256.

257.

258.

259,

Xiao Y-H, Giske CG, Wei Z-Q, Shen P, Heddini

A, Li L-J. Epidemiology and characteristics

of antimicrobial resistance in China. Drug
Resistance Updates: Reviews and Commentaries
in Antimicrobial and Anticancer Chemotherapy.
2011;14(4-5):236-250.

Xiao M, Wang Y, Yang QW, Fan X, Brown M,
Kong F, Xu YC. Antimicrobial susceptibility of
Pseudomonas aeruginosa in China: a review
of two multicentre surveillance programmes,
and application of revised CLSI susceptibility
breakpoints. International Journal of
Antimicrobial Agents. 2012.

Zhao C, Sun H, Wang H, LiuY, Hu B, Yu Y, Sun
Z, ChuY, Cao B, Liao K, Lei Je, Hu Z, Zhang L,
Zhang X, Xu 'Y, Wang Z, Chen M. Antimicrobial
resistance trends among 5608 clinical Gram-
positive isolates in China: results from the Gram-
Positive Cocci Resistance Surveillance Program
(2005-2010). Diagnostic Microbiology and
Infectious Disease. 2012;73(2):174-181.

Lee S-J, Lee DS, Choe HS, Shim BS, Kim CS,
Kim ME, Cho Y-H. Antimicrobial resistance in
community-acquired urinary tract infections:
results from the Korean Antimicrobial Resistance
Monitoring System. Journal of Infection and
Chemotherapy. 2011;17(3):440-4486.

Hsu LY, Tan T-Y, Jureen R, Koh T-H, Krishnan
P, Tzer-Pin Lin R, Wen-Sin Tee N, Tambyah
PA. Antimicrobial drug resistance in Singapore
hospitals. Emerging Infectious Diseases.
2007;13(12):1944-1947.

Nimmo GR, Bell JM, Collignon PJ. Fifteen years
of surveillance by the Australian Group for
Antimicrobial Resistance (AGAR). Communicable
Diseases Intelligence. 2003;27 Suppl:S47-S54.

Australian Gonococcal Surveillance Programme.
Annual report of the Australian Gonococcal
Surveillance Programme, 2011. Communicable
Diseases Intelligence. 2011;36(2):E166-E173.

Australian Gonococcal Surveillance Programme.
http://www.health.gov.au/internet/main/
publishing.nsf/Content/cda-surveil-surv_sys.
htm#gono. Accessed 12 September 2012.

South Australian Antimicrobial Utilisation
Program. http://www.health.gov.au/internet/
main/publishing.nsf/content/cda-pubs-annirpt-
gonoanrep.htm. Accessed 4 January 2013.









	National surveillance and reporting of antimicrobial resistance and antibiotic usage for human health in Australia
	Table of contents
	Figures and tables
	Acronyms and abbreviations

	Preface
	Recommendations
	Executive summary
	1. Surveillance and reporting of antimicrobial resistance and antibiotic usage in Australia
	2. The global context: existing programs and activities
	3. Options and models for the Australian context
	4. National coordination in Australia: systems, enablers and barriers
	5. Australia’s response – a national coordinating centre
	Appendices
	Appendix 1: Study design and methods
	Appendix 2: Global program and activity analysis
	References




