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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. 

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
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Recommendations
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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. 



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.

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. 

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.
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These include:

•	 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

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

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

•	 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:

•	 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

•	 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

•	 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.
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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.

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.

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

Antimicrobial resistance (AMR) is an important 
global public health priority, with the World Health 
Organization calling for urgent action.1, 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 Times3). In 
the United Kingdom (UK), there are warnings that 
‘Antibiotic-resistant diseases pose “apocalyptic” 
threat’ (23 January 2013, The Guardian4). In 
Australia, AMR is reported to be the ‘Greatest threat 
to human health’ (16 February 2011, Sydney Morning 
Herald5) because of the ‘Rise of the superbugs’ 
(29 October 2012, Four Corners, ABC television6). 
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 

duration of treatments, and hospital stay, resulting in 
substantial increases to healthcare system costs and 
financial burden to the community.7, 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.9 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.7 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.

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 (WHO) 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 2011, 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.

Dr Marie-Paule Kieny1 
Assistant Director General, Innovation,  

Information, Evidence and Research 
World Health Organization
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1
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.10 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.2

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 Antibiotic group

Inhibits cell wall synthesis 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
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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.2 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.11

In addition, there has been an alarming decline in 
antibiotic development over time.11

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 II 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 

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.12

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.13 
There is overwhelming evidence that the use and 
overuse of antibiotics has been a powerful selector 
of resistance.14 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.
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There are two stages in the emergence of antibiotic-
resistant bacterial strains:

1.	 �Genetic mutation or gene acquisition – 
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).

2.	 �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.

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).15

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.2
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Figure 1: Time lag between an antibiotic being introduced to clinical use and the first appearance of resistance

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  5



Surveillance and reporting of antimicrobial 
resistance and antibiotic usage in Australia

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

•	 a lack 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

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

•	 prolonged use of prophylactic antibiotics

•	 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.110 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.16
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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).2 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.

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).17 
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.17

‘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.18 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.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  7



Surveillance and reporting of antimicrobial 
resistance and antibiotic usage in Australia

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.

The World Health Organization (WHO) has been 
active in antimicrobial resistance and antibiotic 
usage for many years. In 1988, WHO announced 
the Global Strategy for Containment of Antimicrobial 
Resistance19 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.
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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
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.20 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.20

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

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

•	 strengthen surveillance and laboratory capacity

•	 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

•	 enhance infection prevention and control

•	 foster innovations and research and development 
of new tools.

In its 2012 report The Evolving Threat of 
Antimicrobial Resistance: Options for Action,1 
WHO identified the five most important areas to 
control antibiotic resistance:

•	 surveillance

•	 rational use in humans

•	 rational use in animals

•	 infection prevention and control

•	 innovation and research.

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.15 More informal networks may collect 
selective information, albeit with considerable delay.15 
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.15

Figure 4: A poster developed to raise awareness 
of antimicrobial resistance
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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.21 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.

Between 2009 and 2010, Australia’s total public-
sector health expenditure was around $121.4 billion, 
or 9.4% of its gross domestic product.22 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.
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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 Quality 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.

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:

•	 a comprehensive national surveillance and 
reporting system for AMR and antibiotic 
consumption

•	 education and stewardship programs

•	 infection prevention and control guidelines

•	 research into all aspects of AMR

•	 a review of the current regulatory system 
applying to antibiotics

•	 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:

•	 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?
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resistance and antibiotic usage in Australia

•	 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:

•	 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.

•	 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.

•	 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.

•	 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.

•	 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.

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

•	 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.

•	 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.

•	 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.

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

•	 The final report will present possible and 
preferred models and strategies for consideration.
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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,23 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 
Region24 (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,25 

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 2011,26, 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.

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?
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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.28 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.29

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.30 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 2011,31 
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. 

WHO African Region

WHO Region of the Americas

WHO South-East Asia Region

WHO European Region

WHO Eastern Mediterranean Region

WHO Western Pacific Region

Figure 5: World Health Organization geographical regions
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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.32 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.33

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.34 
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:

•	 developing a training package on the rational use 
of antimicrobials for countries that are a part of 
the Association of South-East Asian Nations

•	 conducting national advocacy workshops on AMR

•	 increasing public advocacy on the rational use 
of antimicrobials

•	 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.35

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.36–39 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 BacLink 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.40, 41 WHONET is currently used by more 
than 1700 laboratories in more than 110 countries.20 
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.

16  |  Antimicrobial Resistance Standing Committee 



2
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:

•	 Programs to monitor resistance of a proprietary 
drug and clinically relevant comparators include 
Prospective Resistant Organism Tracking and 
Epidemiology for the Ketolide Telithromycin42–45 
(1999–2008), Meropenem Yearly Susceptibility 
Test Information Collection46, 47 (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 Project48 (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,49 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 

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.50–53

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.54 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 2004,55 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.56

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; 
DANMAP57–59) 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 (STRAMA60–63), 
Finland (FiRe, MIKSTRA64) and the Netherlands 
(NETHMAP65, 66). National eastern European AMR 
surveillance coordination efforts are also operational 
in Germany (SARI67–75, MABUSE, KISS75, GENARS), 
Bulgaria (BulSTAR76) and Austria (AURES77).

CDC coordinates many national current AMR 
surveillance activities in the US, including NHSN78, 79 
(previously NNIS), NARMS80–82, 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 CNISP83), 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).84, 85

Substantial national AMR programs (current or 
inactive) were also identified in Asian countries, such 
as China (MOHNARIN, CHINET86, 87, CARTIPS88), 
Korea (KONSAR89–94, KARMS), Thailand (NARST95–101) 
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.1

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:

•	 government agencies surveying community 
and hospital populations

•	 US Department of Defense (DoD)

•	 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.

United States Government programs
CDC operates numerous surveillance systems 
that collect AMR data.102 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:

•	 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.103

•	 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.

•	 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.
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•	 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 O157 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.104

•	 National Healthcare Safety Network, which 
was established in 2005, facilitates the reporting 
of HAIs 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’.105 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 2012.106 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.

	 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.	� Identification 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.

2.	� Better define, characterise, and measure the 
impact of antimicrobial use in humans and 
animals in the US:

	 a.	� Identify 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.107 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.108 
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.109

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 Iraqi Freedom, Operation Enduring 
Freedom (Afghanistan) and Africa were screened 
for Acinetobacter; more than 500 isolates were 
processed between October 2008 and March 
2009108 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 

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.38, 39 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 Resistance110 
(JETACAR) recommended that an integrated 
national management plan for AMR be established 
in Australia, and include research, monitoring and 
surveillance. The JETACAR Report110 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 Report111 
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.

20  |  Antimicrobial Resistance Standing Committee 



2
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 
2002.112 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.113

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.114, 115 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 

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.

HISWA116 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.117

CHRISP118 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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VICNISS119 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.

TIPCU120 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’.121 

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.122

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,123 
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.124
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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.14 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’.125 
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.

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.
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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.

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

AMR 
surveillance

Antibiotic 
usage

Healthcare-
acquired 
infection

Food Veterinary

Supranational

EARS-Net (Europe) Y

Other ECDC programs Europe Y Y Y Y

ANSORP Y

IDSR (Africa) Y

CARTIPS (Asia) Y

SENTRY (Global) Y

ReLAVRA (Americas) Y Y

TSN (US, Canada, Europe, Aus) Y

National 

DANMAP (Denmark) Y Y Y Y Y

NETHMAP (Netherlands) Y Y Y Y Y

STRAMA (Sweden) Y Y Y Y Y

BulSTAR (Bulgaria) Y Y

FiRe (Finland) Y

NARMS (US – CDC) Y

ABCs (US – CDC) Y

TRUST (US) Y

CIPARS (Canada) Y Y Y Y

MOHNARIN (China) Y

CHINET (China) Y

SMART (China) Y

KONSAR (Korea) Y

NARST (Thailand) Y

NARS (Singapore) Y Y

Australian

AGAR (National) Y

CHRISP OrgTRx (Qld) Y Y Y

NAUSP (National) Y

DUSC (National) Y

HISWA (WA) Y

TIPCU (Tas) Y

VICNISS (Victoria) Y

SA HAI Surveillance Program Y 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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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,126 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-Net). 

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.48

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.
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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.127

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.128 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.

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.
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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.129 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.

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.130 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.48
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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,131 so it 
is important to consider the benefits to be gained 
from monitoring each setting. For example, Sun 
et al17 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’.17

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.

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)  |  31



The global context: existing 
programs and activities

Ta
b

le
 4

: C
h

ar
ac

te
ri

st
ic

s 
o

f 
an

ti
m

ic
ro

b
ia

l r
es

is
ta

n
ce

 s
u

rv
ei

lla
n

ce
 s

ys
te

m
s 

C
ha

ra
ct

er
is

ti
c

E
xa

m
p

le
s 

o
f t

he
 r

an
g

e 
o

f a
tt

ri
b

ut
es

 d
is

p
la

ye
d 

by
 e

xi
st

in
g 

sy
st

em
s

Im
p

lic
at

io
ns

 fo
r 

A
us

tr
al

ia
 

P
ro

g
ra

m
 t

yp
e

•	
P

ro
gr

am
 s

ur
ve

illa
nc

e 
is

 o
f A

M
R

.
•	

P
ro

gr
am

 s
ur

ve
illa

nc
e 

is
 o

f a
nt

im
ic

ro
bi

al
 c

on
su

m
pt

io
n.

•	
S

ur
ve

illa
nc

e 
of

 b
ot

h 
an

tim
ic

ro
bi

al
 c

on
su

m
pt

io
n 

an
d 

re
si

st
an

ce
 o

cc
ur

s.

S
om

e 
na

tio
na

l p
ro

gr
am

s 
an

d 
sy

st
em

s 
fo

r m
on

ito
rin

g 
an

tib
io

tic
 c

on
su

m
pt

io
n 

ac
ro

ss
 A

us
tr

al
ia

 e
xi

st
 o

r a
re

 in
 d

ev
el

op
m

en
t. 

Th
e 

gr
ea

te
st

 d
efi

ci
t a

t t
hi

s 
tim

e 
is

 in
 th

e 
co

or
di

na
te

d 
m

on
ito

rin
g 

of
 A

M
R

. C
oo

rd
in

at
ed

 n
at

io
na

l s
ur

ve
illa

nc
e 

w
ou

ld
 e

na
bl

e 
lin

ki
ng

 a
nt

im
ic

ro
bi

al
 re

si
st

an
ce

 w
ith

 a
nt

ib
io

tic
 u

sa
ge

 d
at

a.

P
ro

g
ra

m
 s

co
p

e
•	

P
ro

gr
am

 c
on

ta
in

s 
hu

m
an

 d
at

a.
•	

P
ro

gr
am

 c
on

ta
in

s 
an

im
al

 d
at

a.
•	

P
ro

gr
am

 c
on

ta
in

s 
da

ta
 fr

om
 fo

od
 s

tu
ffs

.
•	

P
ro

gr
am

 c
on

ta
in

s 
da

ta
 fr

om
 t

w
o 

or
 th

re
e 

of
 th

e 
ab

ov
e.

It 
is

 e
nv

is
ag

ed
 th

at
, w

hi
le

 th
e 

fo
cu

s 
of

 th
e 

A
nt

im
ic

ro
bi

al
 R

es
is

ta
nc

e 
S

ta
nd

in
g 

C
om

m
itt

ee
 is

 o
n 

th
e 

im
pl

ic
at

io
ns

 fo
r h

um
an

 h
ea

lth
, a

w
ar

en
es

s 
m

us
t b

e 
m

ai
nt

ai
ne

d 
of

 th
e 

po
te

nt
ia

l t
o 

co
rr

el
at

e 
hu

m
an

 d
at

a 
w

ith
 a

ni
m

al
 a

nd
 fo

od
 

da
ta

 in
 th

e 
fu

tu
re

, w
hi

ch
 c

an
 c

om
pl

et
el

y 
co

ve
r a

ll 
po

ss
ib

le
 s

el
ec

tiv
e 

pr
es

su
re

s 
co

nt
rib

ut
in

g 
to

 A
M

R
.

P
ro

g
ra

m
 s

ta
tu

s
•	

P
ro

gr
am

 h
as

 c
ea

se
d.

•	
P

ro
gr

am
 is

 a
ct

iv
e.

•	
P

ro
gr

am
 is

 b
ei

ng
 p

la
nn

ed
 b

ut
 is

 n
ot

 y
et

 o
pe

ra
tio

na
l.

P
la

nn
in

g 
fo

r a
 s

us
ta

in
ab

le
 n

at
io

na
l A

M
R

 s
ur

ve
illa

nc
e 

sy
st

em
 n

ee
ds

 to
 o

cc
ur

.

P
ro

g
ra

m
 fo

cu
s

•	
P

ro
gr

am
 h

as
 a

n 
or

ga
ni

sm
 fo

cu
s 

(e
.g

. M
R

S
A

 o
r 

N
ei

ss
er

ia
 g

on
or

rh
oe

ae
).

•	
P

ro
gr

am
 fo

cu
se

s 
on

 o
ne

 o
r 

m
or

e 
di

se
as

e 
en

tit
ie

s 
(e

.g
. r

es
pi

ra
to

ry
 tr

ac
t 

in
fe

ct
io

ns
 o

r 
en

te
ric

 p
at

ho
ge

ns
).

Th
e 

pr
og

ra
m

 fo
cu

s 
w

ill 
be

 in
flu

en
ce

d 
by

 d
ec

is
io

ns
 re

ga
rd

in
g 

th
e 

nu
m

be
rs

 a
nd

 
ty

pe
s 

of
 o

rg
an

is
m

s,
 a

nt
im

ic
ro

bi
al

s 
an

d 
sp

ec
im

en
s 

to
 b

e 
m

on
ito

re
d.

G
eo

g
ra

p
hi

c 
ra

ng
e 

of
 s

ur
ve

ill
an

ce
•	

P
ro

gr
am

 c
ov

er
s 

a 
co

un
ty

 o
r 

st
at

e.
•	

P
ro

gr
am

 c
ov

er
s 

a 
na

tio
n.

•	
P

ro
gr

am
 c

ov
er

s 
a 

gr
ou

p 
of

 n
at

io
ns

 in
 a

 r
eg

io
n.

Th
e 

A
us

tr
al

ia
n 

sy
st

em
 s

ho
ul

d 
be

 n
at

io
na

l, 
w

ith
 in

vo
lv

em
en

t o
f a

ll 
st

at
es

 a
nd

 
te

rr
ito

rie
s 

th
at

 a
re

 re
sp

on
si

bl
e 

fo
r d

at
a 

co
lle

ct
io

n 
fro

m
 p

ub
lic

 h
ea

lth
ca

re
 

fa
ci

lit
ie

s.
 A

us
tr

al
ia

’s
 c

ur
re

nt
 a

nd
 p

ot
en

tia
l c

on
tr

ib
ut

io
n 

to
 m

ul
tin

at
io

na
l s

ys
te

m
s 

sh
ou

ld
 b

e 
ev

al
ua

te
d.

N
um

b
er

 o
f b

ac
te

ri
a

•	
P

ro
gr

am
 g

at
he

rs
 d

at
a 

on
 o

ne
 p

at
ho

ge
ni

c 
or

ga
ni

sm
 

(e
.g

. M
yc

ob
ac

te
riu

m
 tu

b
er

cu
lo

si
s)

.
•	

P
ro

gr
am

 g
at

he
rs

 d
at

a 
on

 a
 g

ro
up

 o
f p

at
ho

ge
ni

c 
or

ga
ni

sm
s 

re
la

te
d 

to
 

a 
di

se
as

e 
en

tit
y 

(e
.g

. S
al

m
on

el
la

, V
ib

rio
 c

ho
le

ra
e,

 C
am

py
lo

b
ac

te
r 

je
ju

ni
 

an
d 

ot
he

r 
fo

od
 p

oi
so

ni
ng

 o
rg

an
is

m
s)

.
•	

P
ro

gr
am

 g
at

he
rs

 d
at

a 
on

 a
ll 

pa
th

og
en

s 
is

ol
at

ed
 fr

om
 c

lin
ic

al
 s

pe
ci

m
en

s.
•	

A
M

R
 d

at
a 

ar
e 

co
lle

ct
ed

 fo
r 

se
nt

in
el

 o
rg

an
is

m
s.

Th
e 

m
os

t e
ffe

ct
iv

e 
w

ay
 to

 in
iti

at
e 

a 
pr

og
ra

m
 m

ay
 b

e 
to

 fo
cu

s 
in

iti
al

ly
 o

n 
a 

de
fin

ed
 s

et
 o

f o
rg

an
is

m
 a

nd
 s

pe
ci

m
en

 ty
pe

s,
 a

nd
 la

te
r e

xp
an

d 
th

e 
sc

op
e.

B
ac

te
ri

al
 

ch
ar

ac
te

ri
st

ic
s

•	
P

ro
gr

am
 g

at
he

rs
 d

at
a 

on
 a

nt
ib

io
tic

 r
es

is
ta

nc
e 

fr
om

 la
bo

ra
to

ry
 b

re
ak

po
in

t 
or

 m
in

im
um

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
n 

te
st

in
g 

us
in

g 
a 

va
rie

ty
 o

f m
et

ho
ds

.
•	

P
ro

gr
am

 g
at

he
rs

 d
at

a 
fr

om
 m

ol
ec

ul
ar

 te
st

in
g 

of
 b

ac
te

ria
l g

en
es

.

La
bo

ra
to

ry
-g

en
er

at
ed

 d
at

a 
on

 A
M

R
 te

st
in

g 
ar

e 
es

se
nt

ia
l. 

La
bo

ra
to

rie
s 

ne
ed

 
to

 b
e 

ev
al

ua
te

d 
to

 d
et

er
m

in
e 

th
ei

r c
ap

ac
ity

 to
 u

nd
er

ta
ke

 m
ol

ec
ul

ar
 g

en
et

ic
 

te
st

in
g 

of
 is

ol
at

es
 b

ey
on

d 
th

at
 c

ur
re

nt
ly

 p
er

fo
rm

ed
. I

t m
ay

 b
e 

ap
pr

op
ria

te
 to

 
br

in
g 

ex
is

tin
g 

m
ol

ec
ul

ar
 te

st
in

g 
da

ta
 c

on
tr

ib
ut

ed
 to

 s
ur

ve
illa

nc
e 

pr
og

ra
m

s 
un

de
r t

he
 s

am
e 

um
br

el
la

 a
s 

th
e 

A
M

R
 s

us
ce

pt
ib

ilit
y 

da
ta

, a
nd

 b
ui

ld
 fr

om
 

th
at

 b
as

e.

32  |  Antimicrobial Resistance Standing Committee 



2
C

ha
ra

ct
er

is
ti

c
E

xa
m

p
le

s 
o

f t
he

 r
an

g
e 

o
f a

tt
ri

b
ut

es
 d

is
p

la
ye

d 
by

 e
xi

st
in

g 
sy

st
em

s
Im

p
lic

at
io

ns
 fo

r 
A

us
tr

al
ia

 

N
um

b
er

 o
f 

sp
ec

im
en

 t
yp

es
•	

P
ro

gr
am

 g
at

he
rs

 d
at

a 
ge

ne
ra

te
d 

fr
om

 o
ne

 o
r 

tw
o 

sp
ec

im
en

 t
yp

es
 

(e
.g

. b
lo

od
 c

ul
tu

re
s 

an
d 

ce
re

br
os

pi
na

l fl
ui

d 
fo

r 
in

va
si

ve
 p

at
ho

ge
ns

).
•	

P
ro

gr
am

 g
at

he
rs

 d
at

a 
ge

ne
ra

te
d 

fr
om

 a
 b

ro
ad

 r
an

ge
 o

r 
al

l c
lin

ic
al

 
sp

ec
im

en
 t

yp
es

.

A
 s

ur
ve

illa
nc

e 
pr

og
ra

m
 n

ee
ds

 to
 c

on
si

de
r t

he
 s

pe
ci

m
en

 ty
pe

s 
to

 b
e 

in
cl

ud
ed

, 
al

on
g 

w
ith

 th
e 

ra
ng

e 
of

 p
at

ho
ge

ns
 o

n 
w

hi
ch

 d
at

a 
ar

e 
to

 b
e 

ga
th

er
ed

.

L
ab

o
ra

to
ry

 
p

ar
tic

ip
an

ts
•	

P
ar

tic
ip

at
in

g 
la

bo
ra

to
rie

s 
ar

e 
pu

bl
ic

ly
 fu

nd
ed

.
•	

P
ar

tic
ip

at
in

g 
la

bo
ra

to
rie

s 
ar

e 
pr

iv
at

el
y 

fu
nd

ed
.

•	
A

 m
ix

 o
f p

ub
lic

ly
 a

nd
 p

riv
at

el
y 

fu
nd

ed
 la

bo
ra

to
rie

s 
pa

rt
ic

ip
at

e.

A
ll 

cl
in

ic
al

 la
bo

ra
to

rie
s 

in
 A

us
tr

al
ia

 p
er

fo
rm

in
g 

m
ic

ro
bi

ol
og

y 
te

st
in

g 
on

 c
lin

ic
al

 
sp

ec
im

en
s 

sh
ou

ld
 b

e 
in

cl
ud

ed
.

S
ta

nd
ar

d
is

ed
 

la
b

o
ra

to
ry

 p
ra

ct
ic

e
•	

B
ac

te
ria

l i
so

la
te

s 
ar

e 
se

nt
 to

 o
ne

 o
r 

a 
fe

w
 r

ef
er

en
ce

 la
bo

ra
to

rie
s 

fo
r 

te
st

in
g.

 
Th

e 
re

fe
re

nc
e 

la
bo

ra
to

rie
s 

en
ga

ge
 in

 m
et

ho
d 

st
an

da
rd

is
at

io
n,

 v
al

id
at

io
n 

an
d 

qu
al

ity
-c

on
tr

ol
 a

ct
iv

iti
es

 to
 e

ns
ur

e 
co

m
pa

ra
bi

lit
y 

of
 r

es
ul

ts
.

•	
A

 la
rg

e 
nu

m
be

r 
of

 la
bo

ra
to

rie
s 

co
nt

rib
ut

e 
da

ta
 fr

om
 th

ei
r 

ow
n 

te
st

in
g 

of
 b

ac
te

ria
l i

so
la

te
s.

 T
he

 la
bo

ra
to

rie
s 

se
ek

 to
 s

ta
nd

ar
di

se
 la

bo
ra

to
ry

 
m

et
ho

ds
, v

al
id

at
e 

th
e 

m
et

ho
ds

 u
se

d 
an

d 
pa

rt
ic

ip
at

e 
in

 e
xt

er
na

l 
Q

A
 p

ro
gr

am
s.

•	
Th

e 
or

ga
ni

sa
tio

n 
co

or
di

na
tin

g 
su

rv
ei

lla
nc

e 
ac

tiv
iti

es
 a

ls
o 

op
er

at
es

 th
e 

ex
te

rn
al

 Q
A

 p
ro

gr
am

 fo
r 

pa
rt

ic
ip

at
in

g 
la

bo
ra

to
rie

s.
•	

P
ar

tic
ip

at
in

g 
la

bo
ra

to
rie

s 
pu

rc
ha

se
 e

xt
er

na
l Q

A
 fr

om
 a

 b
od

y 
in

de
pe

nd
en

t 
of

 th
e 

su
rv

ei
lla

nc
e 

ac
tiv

iti
es

.

In
 A

us
tr

al
ia

, p
ar

tic
ip

at
io

n 
in

 a
n 

ex
te

rn
al

 Q
A

 p
ro

gr
am

 fo
r a

ll 
fie

ld
s 

of
 te

st
in

g 
is

 m
an

da
te

d 
fo

r t
he

 N
AT

A
/R

C
PA

 a
cc

re
di

ta
tio

n 
of

 m
ed

ic
al

 la
bo

ra
to

rie
s.

 
W

ith
ou

t N
AT

A
/R

C
PA

 a
cc

re
di

ta
tio

n,
 te

st
s 

pe
rfo

rm
ed

 in
 m

ed
ic

al
 la

bo
ra

to
rie

s 
ar

e 
in

el
ig

ib
le

 fo
r M

ed
ic

ar
e 

re
ba

te
s.

 T
he

 e
xt

er
na

l Q
A

 p
ro

gr
am

 fo
r m

ic
ro

bi
ol

og
y 

is
 a

dm
in

is
te

re
d 

by
 R

C
PA

 Q
ua

lit
y 

A
ss

ur
an

ce
 P

ro
gr

am
s,

 e
st

ab
lis

he
d 

by
 

R
C

PA
 in

 1
98

8.

Th
e 

im
pa

ct
 o

f v
ar

ia
tio

ns
 in

 la
bo

ra
to

ry
 p

ra
ct

ic
e 

ac
ro

ss
 A

us
tr

al
ia

 n
ee

ds
 to

 b
e 

ev
al

ua
te

d 
in

 th
e 

co
nt

ex
t o

f c
on

tr
ib

ut
io

ns
 to

 a
 s

ur
ve

illa
nc

e 
pr

og
ra

m
 b

ei
ng

 
co

m
pa

ra
bl

e 
an

d 
ab

le
 to

 b
e 

co
ns

ol
id

at
ed

.

B
as

is
 o

f p
ar

tic
ip

at
io

n
•	

P
ar

tic
ip

at
io

n 
by

 c
lin

ic
al

 la
bo

ra
to

rie
s 

is
 v

ol
un

ta
ry

 a
nd

 u
pt

ak
e 

is
 lo

w
.

•	
P

ar
tic

ip
at

io
n 

by
 c

lin
ic

al
 la

bo
ra

to
rie

s 
is

 v
ol

un
ta

ry
 a

nd
 u

pt
ak

e 
is

 h
ig

h.
•	

A
 le

ve
l o

f p
ar

tic
ip

at
io

n 
in

 th
e 

su
rv

ei
lla

nc
e 

pr
og

ra
m

 is
 m

an
da

te
d 

by
 g

ov
er

nm
en

t.

O
pt

io
ns

 fo
r A

us
tr

al
ia

 in
cl

ud
e 

id
en

tif
yi

ng
 a

 m
ec

ha
ni

sm
 fo

r m
an

da
tin

g 
a 

ce
rt

ai
n 

m
in

im
al

 le
ve

l o
f p

ar
tic

ip
at

io
n,

 o
r e

m
pl

oy
in

g 
st

ra
te

gi
es

 to
 m

ax
im

is
e 

pa
rt

ic
ip

at
io

n 
in

 a
 v

ol
un

ta
ry

 s
ch

em
e.

Fr
eq

ue
nc

y 
of

 d
at

a 
g

at
he

ri
ng

•	
A

M
R

 d
at

a 
ar

e 
su

bm
itt

ed
 d

ai
ly

, m
on

th
ly

, q
ua

rt
er

ly
 a

nd
/o

r 
an

nu
al

ly
.

Th
e 

go
al

s 
of

 a
 n

at
io

na
l p

ro
gr

am
 m

us
t b

e 
de

fin
ed

, a
nd

 w
ill 

he
lp

 to
 d

et
er

m
in

e 
th

e 
fre

qu
en

cy
 w

ith
 w

hi
ch

 d
at

a 
sh

ou
ld

 b
e 

co
lle

ct
ed

 to
 e

ns
ur

e 
th

at
 o

bj
ec

tiv
es

 
ca

n 
be

 m
et

.

Fr
eq

ue
nc

y 
an

d
 

m
et

ho
d

s 
of

  
re

p
o

rt
in

g

•	
Th

e 
su

rv
ei

lla
nc

e 
pr

og
ra

m
 p

ro
du

ce
s 

co
m

pr
eh

en
si

ve
 a

nn
ua

l r
ep

or
ts

.
•	

Fi
nd

in
gs

 fr
om

 th
e 

su
rv

ei
lla

nc
e 

pr
og

ra
m

 a
re

 c
om

m
un

ic
at

ed
 th

ro
ug

h 
pe

er
‑r

ev
ie

w
ed

 jo
ur

na
ls

 a
nd

 c
on

fe
re

nc
e 

pr
es

en
ta

tio
ns

.

P
ro

du
ct

io
n 

of
 a

 c
om

pr
eh

en
si

ve
 a

nn
ua

l r
ep

or
t s

ho
ul

d 
be

 a
 p

rio
rit

y 
fo

r a
 

na
tio

na
l s

ys
te

m
. T

hi
s 

w
ill 

pr
ov

id
e 

a 
fo

cu
s 

fo
r d

is
cu

ss
in

g 
cl

in
ic

al
 is

su
es

, 
as

 w
el

l a
s 

co
nt

rib
ut

in
g 

to
 p

ol
ic

y 
an

d 
pl

an
ni

ng
 d

el
ib

er
at

io
ns

.

Ta
b

le
 4

: C
h

ar
ac

te
ri

st
ic

s 
o

f 
an

ti
m

ic
ro

b
ia

l r
es

is
ta

n
ce

 s
u

rv
ei

lla
n

ce
 s

ys
te

m
s 

(c
o

n
ti

n
u

ed
)

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  33



The global context: existing 
programs and activities
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Options and models for 
the Australian context
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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.132 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:133

•	 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

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

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

•	 evaluate public policy

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

•	 prioritise the allocation of health resources

•	 describe the clinical course of disease

•	 provide a basis for epidemiologic research.

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.134

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:

•	 collect comparable and validated antimicrobial 
resistance (AMR) data

•	 analyse trends over time

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

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

•	 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

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

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?
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The Alliance for the Prudent Use of Antibiotics 
provides suggested objectives for coordinated 
AMR surveillance programs,135 which demonstrate 
significant concordance and overlap with both the 
generic Centers for Disease Control and Prevention 
(CDC) and EARS-Net objectives:

•	 characterise disease aetiologies and 
resistance trends

•	 identify and investigate new threats in 
resistance promptly

•	 guide policy makers in developing therapy 
recommendations

•	 guide public health authorities in responding 
to outbreaks of resistant organisms in hospitals 
and the community

•	 evaluate the impact of therapy and infection 
control interventions on infection rates and 
cure rates

•	 strengthen laboratory capacity and national 
communicable disease infrastructure through 
a process of continuous quality improvement.

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
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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’.136 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.137 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.138

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 2012.139 ECDC and EARS-Net are both 
underpinned by Decisions and Regulations of the 
European Parliament.

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.140

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.137 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:

•	 Streptococcus pneumoniae

•	 Staphylococcus aureus

•	 Enterococcus faecalis

•	 Enterococcus faecium

•	 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.
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Data flow-chart (Record type ‘AMRTEST’)

Original data

Uploaded data

Validated dataValidation reports

Approved data

Data for final reports

Web maps/graphs/tables
&

final reports

Data management at country level

Analysis

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

TESSy filter 2 to obtain one
record per patient, 
bug/drug combination, year

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

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

Table 6: Denominator data for EARS-Net

Laboratory variables Hospital variables

•	 Laboratory code

•	 Town

•	 ZIP (post) code

•	 Catchment population

•	 Year of report

•	 Hospital code

•	 Hospital type

•	 Catchment population

•	 Number of hospital beds

•	 Number of intensive care unit beds

•	 Number of hospital patient-days

•	 Annual occupancy rate

•	 Number of admissions

•	 Number of blood culture sets
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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’.142 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):143

	� In a study of the last six years’ enhanced data, 
most VRE BSIs [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:143

	� 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.

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:137

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

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

•	 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:144

•	 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.

•	 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.

•	 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

Source: ECDC 2010141
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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:

•	 antibacterials for systemic use (ATC group J01)

•	 antimycotics for systemic use (ATC group J02)

•	 antimycobacterials (ATC group J04)

•	 antivirals for systemic use (ATC group J05).

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.

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:

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

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

•	 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, 
Italy, 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.145
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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 

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.

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

= Penicillins (J01C) = Cephalosporins (J01D) = Macrolides (J01F)

= Quinolones (J01M) = Tetracyclines (J01A) = Sulphonamides (J01E)

= Urinary antiseptics (J01X) = Others

G
re

ec
e

C
yp

ru
s

Fr
an

ce

It
al

y

Lu
xe

m
b

o
ur

g

B
el

g
iu

m

S
lo

va
ki

a

P
o

la
nd

P
o

rt
ug

al

Is
ra

el

M
al

ta

C
ro

at
ia

Ir
el

an
d

Li
th

ua
ni

a

S
p

ai
n

Ic
el

an
d

B
ul

g
ar

ia

C
ze

ch
 R

ep
.

Fi
nl

an
d

U
K

H
un

g
ar

y

D
en

m
ar

k

A
us

tr
ia

N
o

rw
ay

G
er

m
an

y

S
lo

ve
ni

a

S
w

ed
en

R
us

si
an

 F
ed

.

N
et

he
rla

nd
s

E
st

o
ni

a

La
tv

ia

R
o

m
an

ia

S
w

itz
er

la
nd

40

35

30

25

20

15

10

5

0

D
D

D

UK = United Kingdom

Notes: 2004 data for Switzerland; in Cyprus and Lithuania, total care data

Legend is according to the World Health Organization Anatomical Therapeutic Chemical classes

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  43



Options and models for the Australian context

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.146 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.24, 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,150 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 website151 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.

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.152 
Other studies describe the change in resistance 
patterns over time and variance among Asian 
countries.153

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.154 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.152 Other 
studies describe the change in resistance patterns 
over time and variance between Asian countries.153

Recent ANSORP papers about S. aureus include:

•	 AMR topics, such as the first report of 
vancomycin-intermediate resistance in sequence 
type 72 community-genotype MRSA155

•	 clinical conditions, including 300 community-
associated MRSA cases in Korea156

•	 links between community-acquired and 
hospital‑acquired MRSA155

•	 clinical outcomes – for example, clinical features 
and outcome of S. aureus infection in elderly 
versus young-adult patients157

•	 examination of characteristics and relationships 
of S. aureus isolates from humans, raw meat 
and soil.158
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ANSORP system

1996 2005 2010

26 Investigators
14 Centres
11 Countries/areas

52 Investigators
33 Centres
13 Countries/areas

230 Investigators
123 Centres
14 Countries/areas
71 Cities

Figure 9: The Asian Network for Surveillance of Resistant Pathogens (ANSORP), 1996–2012

As of Dec 2012

Korea
19 centres

9 cities

Japan
3 centres
3 cities

Taiwan
8 centres
8 cities

Philippines
8 centres
5 cities

Singapore
4 centres

Indonesia
1 centre

Malaysia
12 centres
10 cities

Vietnam
8 centres
3 cities

Hong Kong
1 centre

Thailand
5 centres
4 cities

Sri Lanka
6 centres
4 cities

India
2 centres
2 cities

Saudi Arabia
1 centre

China
35 centres
13 cities

Source: Asia Pacific Foundation for Infectious Diseases147
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Other recent publications relate to AMR, genetics, 
clinical outcomes and epidemiology for enterococci 
and a range of other Gram-negative bacteria. 
In total, ANSORP projects contribute to greater 
understanding of AMR and approaches to managing 
AMR more effectively.

Relevance to Australia
Australian AMR stakeholders noted that the 
strengths of the ANSORP program lie in it being 
an independent, collaborative and not-for-profit 
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 Year Research project

1 1996–97 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.  

2 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.

3 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.

4 2002–05 Four projects were undertaken:

•	 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.

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

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

5 2006–
present

Three projects are currently under way:

•	 Community-acquired methicillin-resistant Staphylococcus aureus.

•	 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.

•	 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 Diseases147
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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 data17 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.159 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.160 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.159 The TSN 
database has been used to produce more than 
150 manuscripts, abstracts and posters since 
1998.159 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 15161 and Table 8.162

0 5 10 15 20 25 30 35 40 45

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

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

Source: Asia Pacific Foundation for Infectious Diseases151
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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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Note: Data are cumulative from 1998 to March 2005, and are based on a total of 3 209 413 bacterial isolates.

Source: Sanchez et al161
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Figure 12: Relative frequency of bacterial species or groups encountered in clinical specimens from inpatients
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Figure 15: Inpatient (IP) and outpatient (OP) methicillin-resistant Staphylococcus aureus prevalence, grouped 
by US Census Bureau Regions

Note: Data are cumulative from 1998 to March 2005.

Source: Sanchez et al161

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.161 
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.

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 antimicrobials17

•	 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.161

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.159 The goal of the former is to 
help researchers and drug manufacturers design and 
market new antimicrobials.
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Table 8: Distribution of resistance phenotypes among US inpatient and outpatient methicillin-resistant 
Staphylococcus aureus, from 2002 to March 2005

Source: Sanchez et al161

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; 

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 
Antimicrobial Resistance 
Monitoring and Research 
Programme

The Danish Integrated Antimicrobial Resistance 
Monitoring and Research Programme (DANMAP) 
was established in 1995 by the Danish Ministry of 
Food, Agriculture and Fisheries, and the Danish 
Ministry of Health. The first of its kind in the world, 
it provides surveillance of antimicrobial consumption 
and resistance in bacteria from animals, food 
and humans, ‘covering the entire chain from farm 

to fork to sickbed’.163 DANMAP’s establishment 
was supported by concerns that the use of the 
growth-promoting antimicrobial avoparcin might be 
associated with the occurrence of VRE in humans, 
which came to light in 1994 and 1995.58 DANMAP 
participants are:

•	 Statens Serum Institute

•	 Danish Veterinary and Food Administration

•	 Danish Medicines Agency

•	 National Veterinary Institute

•	 National Food Institute.

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

•	 study associations between antimicrobial 
consumption and AMR

•	 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.57

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.164 
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:

•	 Enterococcus spp.

•	 Escherichia coli

•	 Klebsiella pneumoniae

•	 Pseudomonas aeruginosa

•	 Salmonella spp.

•	 Campylobacter spp.

•	 Yersinia enterocolitica

•	 Streptococcus spp.

•	 Staphylococcus aureus

•	 coagulase-negative staphylococci.

Other relevant factors relating to the data include:

•	 all human data are from specimens submitted 
for clinical reasons

•	 no data are submitted from screening samples 
on healthy humans

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

•	 laboratories use standardised methods of 
bacterial identification and antimicrobial testing

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

•	 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. A rise 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 2000.165 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.58 Figure 17 shows the relationship between 
avoparcin use and the proportion of resistant isolates 
of E. faecium and E. faecalis in broiler chickens.163

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.31

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.
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Quinolone resistance in E. coli

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.166 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.61 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 

regional university hospitals.60 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 2006.62 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:

•	 matters regarding antibiotic use and containment 
of AMR

•	 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:167

•	 MRSA

•	 S. pneumoniae with reduced susceptibility or 
resistance to penicillin

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

•	 bacteria belonging to the family 
Enterobacteriaceae that carry one of three 
different kinds of extended-spectrum 
beta‑lactamase (ESBL).
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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.60 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 report167 contains detailed information 
on the following:

•	 Staphylococcus aureus including MRSA

•	 Streptococcus pneumoniae

•	 Enterococcus faecalis and Enterococcus faecium

•	 ESBL Enterobacteriaceae

•	 Escherichia coli

•	 Klebsiella pneumoniae

•	 Pseudomonas aeruginosa

•	 Acinetobacter spp.

•	 Haemophilus influenzae

•	 Streptococcus pyogenes

•	 Streptococcus agalactiae

•	 Clostridium difficile

•	 Helicobacter pylori

•	 Salmonella and Shigella spp.

•	 Campylobacter spp.

•	 Neisseria gonorrhoeae

•	 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.168

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

Source: Swedish Institute for Communicable Disease Control167
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FIGURE 4.24. Proportion of Clostridium difficile isolates with resistance to moxifloxacin per county 2009-2011 and sales of moxifloxacin in DDD/1000  
inhabitants and day. 
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Figure 21: The incidence of extended-spectrum beta-lactamase (ESBL) in Swedish counties, 2008–11

Figure 22: Resistance rates for urinary tract infection antibiotics in Escherichia coli, 2002–11167

inc. = incidence

Source: Swedish Institute for Communicable Disease Control167

Note: Nalidixic acid was used as a screening disk for detection of resistance to fluoroquinolones.

Source: Swedish Institute for Communicable Disease Control167

FIGURE 4.11. The incidence (Inc) of ESBL in Swedish counties 2008-2011, arranged according to incidence 2011. 
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Figure 23: Examples of tables showing data for Klebsiella pneumoniae and Pseudomonas aeruginosa isolates

Source: Swedish Institute for Communicable Disease Control167
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Figure 24: Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections, by county, age and sex

Source: Smittskyddsinstitutet168
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Source: Smittskyddsinstitutet168

Figure 25: Smittskyddsinstitutet data on penicillin-resistant pneumococcus infections – trends over time and 
summary data for 2012

Program impact
In 2008, STRAMA’s activity between 1995 and 2004 
was published, and listed several outcomes from 
that decade:61

•	 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.27

•	 There was a 52% reduction in antibiotic use in 
children aged 5–14 years.

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

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

•	 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:

•	 coordination of different professions 
and authorities

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

•	 the development of new knowledge.
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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.28 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.30 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 
2013. The cost per laboratory of implementation is 
estimated to be €4000–8000 (AU$5000–10 000).31

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.

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

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

•	 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.

•	 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.

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

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

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

0–4

1987

1400

1000

800

600

400

1200

200

0

P
re

sc
rip

tio
ns

/1
00

0 
in

h/
ye

ar

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

5–14 15–64 65–99
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The ECDC identified the following areas for further 
progress in Sweden:

•	 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.

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

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

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

•	 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

•	 organisation of AMR prevention and control 
by a national body

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

•	 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.

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:

•	 a level of coordination and collaboration between 
national groups and relevant stakeholders that is 
not currently seen in Australia

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

•	 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.169 Organisms 
surveyed include the following from hospital and 
community sources:

•	 Staphylococcus aureus including MRSA

•	 Streptococcus pneumoniae

•	 Enterococcus spp.

•	 Escherichia coli

•	 Klebsiella spp.

•	 Acinetobacter spp.

•	 Haemophilus influenzae

•	 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:170

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

•	 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.171

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

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:170

•	 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

•	 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.172 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.
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Figure 27: Data from the Staphylococcus aureus 2011 Antimicrobial Susceptibility Report

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

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

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

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

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 2012.173
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Table 9: Numbers and types of publications arising from Australian Group on Antimicrobial Resistance studies

Year Journal articles 
and papers 

Conference – 
oral papers 

Conference – posters Total

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: AGAR173
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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.35 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.174

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.

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.175 
Surveillance data are collected to:

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

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

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

•	 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.
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Data collection and processing
For the broader CHRISP program, participating 
hospitals are required to submit data electronically 
on key HAI 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.175

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.176 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.118

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.113–115

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. 115 Currently more than 70 hospitals 
contribute to NAUSP, including 41 A1 tertiary 
referral or large private hospitals. The number of 
participating hospitals is increasing.
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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.113

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.114
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Figure 31: Total hospital antimicrobial use by all contributors (all classes)

 DDD = defined daily dose
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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.114

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.

cephalosporins N

D
ec

em
b

er
 2

0
0

8

A
p

ril
 2

0
0

9

A
ug

us
t 

2
0

0
9

D
ec

em
b

er
 2

0
0

9

A
p

ril
 2

0
1

0

A
ug

us
t 

2
0

1
0

D
ec

em
b

er
 2

0
1

0

A
p

ril
 2

0
1

1

A
ug

us
t 

2
0

1
1

D
ec

em
b

er
 2

0
1

1

A
p

ril
 2

0
1

2

A
ug

us
t 

2
0

1
2

80

64

48

32

16

0

D
D

D
/1

00
0 

b
ed

-d
ay

s

glycopeptides N carbapenems N
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DDD = defined daily dose
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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

•	 outputs that support policy development at 
a national level, and guideline development 
and modification at a local level

•	 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.177 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.
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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.

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).

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.
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4.1.3 �Antimicrobial Resistance 

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

The summit on 7–8 February 2011, convened by ASA 
and ASID, brought together an interdisciplinary group 
of experts from the scientific, medical, veterinary and 
public health sectors to establish priorities and a joint 
plan for action to face the increasing challenges of 
AMR. Entitled the ‘Antimicrobial Resistance Summit 
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 
the future.178

The summit proposed a plan of action that was 
published in the Australian Medical Journal in 
March 2011.179 The plan includes elements of:

•	 surveillance of antimicrobial use

•	 surveillance of AMR

•	 education

•	 stewardship

•	 infection prevention and control strategies

•	 research

•	 regulation.

An urgent call to action was predicated on the threat 
of multiresistant bacteria being ‘a critical public 
health issue that requires a coordinated, multifaceted 
response’.179 The creation of a national AMR body 
to coordinate the response was proposed, with the 
role of this entity to include (also see Figure 33):

•	 implementing a comprehensive national 
resistance monitoring and audit system

•	 coordinating education and stewardship programs

•	 implementing infection prevention and 
control guidelines

•	 expanding funding to support research into 
all aspects of AMR

•	 reviewing and upgrading the current regulatory 
system applying to antibiotics.

An agenda for addressing antimicrobial resistance

Resistance surveillance
• Human isolates
 (hospital, community)

• Animal isolates

Usage surveillance
• Human (hospital,
 community)

• Animal health

Disease burden

Disease outcome

Regulation
• Registration

• Reimbursement

• Animal use

• Access to new drugs

Infection prevention
• Infection control

• Immunisation

• Healthcare epidemiology

Education
• Stewardship programs

• Prescribers

• Consumers

• Clinical practice guidelines

Surveillance

Basic science

Epidemiology

Social drivers

Research

Antimicrobial
resistance

management
body

Intervention

Figure 33: Overview of elements of the action plan proposed from the Antimicrobial Resistance Summit 2011, 
and interaction with a central management body
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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’.179

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.180 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.180

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;

–– 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;
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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:

•	 advise AHPPC on matters relating to AMR

•	 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:

•	 a comprehensive national AMR and usage 
surveillance system

•	 education and stewardship programs

•	 infection prevention and control guidelines

•	 community and consumer campaigns researching 
AMR and its prevention

•	 a review 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

•	 NPS MedicineWise (formerly NPS [National 
Prescribing Service])

•	 Australasian Society for Infectious Diseases

•	 Australian Society of Antimicrobials

•	 Australasian College for Infection Prevention 
and Control

•	 Communicable Diseases Network Australia

•	 Public Health Laboratory Network

•	 Therapeutic Goods Administration

•	 Pharmaceutical Benefits Advisory Committee

•	 Australian Government Department of Health 
and Ageing

•	 ACSQHC

•	 Australian Pesticides and Veterinary 
Medicines Authority

•	 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:181

	� 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:

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

•	 a national body, ACSQHC, that is charged with 
developing and implementing initiatives related 
to quality and safety matters in health care

•	 provision for the minister to direct ACSQHC 
to coordinate this work

•	 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

•	 a requirement for ACSQHC to engage with 
governments, clinicians, carers, consumers 
and the public when developing and 
implementing initiatives.

AMRSC is pursuing the goals of JETACAR.

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:

•	 send isolates to a limited number of reference 
laboratories for analysis and reporting

•	 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:

•	 each laboratory or network has a proprietary 
or commercial LIS

•	 data are captured into a WHONET database 
at the local site.
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Antimicrobial resistance surveillance system
Generic schematic

Laboratory
testing

Pathology
database

Extract, enter,
standardise,
validate data

Aggregated
laboratory

data

Data analysis

Journal articles

Conference papers

Annual reports

Specific reports

Public reporting

Institution reports

Practitioner reports

Organisation reports

Specific reports

Restricted reporting

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:

•	 data standards must be developed, promulgated 
and maintained

•	 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:

•	 laboratories across an organisation

•	 organisations within a jurisdiction or 
geographical region

•	 jurisdictions or regions within a nation

•	 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.

Public reporting
Publicly available reporting from existing systems 
takes a number of forms, including:

•	 annual reports

•	 specific reports on particular projects 
and activities

•	 articles in peer-reviewed journals

•	 papers and articles available in other types 
of publications and online

•	 conference presentations (oral papers 
and posters)

•	 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.
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Broader considerations for an antimicrobial resistance 
surveillance system

Laboratory
data

Human AMR
surveillance
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Food AMR
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Antimicrobial
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Clinical
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Institutional
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Outcome
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Figure 35: Broader surveillance systems considerations

AMR = antimicrobial resistance
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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:

•	 clinical outcome and patient risk data gathered 
from patient records, clinical or patient 
information systems, or by interview with 
patients or treating clinicians

•	 demographic data, such as age, sex and location

•	 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:

•	 antimicrobial consumption as growth promoters 
in food production animals

•	 antimicrobial consumption for animal treatment 
in the domestic and farming environments

•	 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.

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.
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To develop a national system, the following 
assumptions are made:

•	 Existing systems and databases will be 
examined for their potential to feed data to 
a national system.

•	 Systems developed will be capable of future 
integration with other relevant data, information 
and analysis relating to AMR surveillance of 
food and animal sources.

•	 Proposals will build on the previous work 
of JETACAR and EAGAR.

•	 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.

•	 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:

•	 recognising AMR containment as a national 
health priority with a long-term commitment 
to improving surveillance

•	 establishing clear roles and responsibilities for 
national coordination (including clarifying the 
role of state and territory organisations)

•	 establishing effective national leadership to 
coordinate decisions and agreement among 
key sectors

•	 confirming availability of dedicated government 
(public) funding.

Adequate funding and resourcing (including 
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. 
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.
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Australia’s response – 
a national coordinating 
centre
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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

Stream Stage 1 – short term Stage 2 – medium term Stage 3 – long term

Element 1

Surveillance of 
antimicrobial 
resistance 

•	 Leverage existing systems
•	 Expand capacity and include 

additional participants and 
data sources

•	 Build new capacity
•	 Link to nonhuman data 

•	 Complete comprehensive 
system capturing human, 
animal and food data

Element 2

Surveillance of 
antibiotic usage

•	 Leverage existing systems
•	 Expand capacity and include 

additional participants and 
data sources

•	 Build new capacity
•	 Link to nonhuman data 

•	 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

Element 4

Analysis and 
action

•	 Establish definitions and 
standards

•	 Scope analytic and reporting 
requirements

•	 Improve analytic and 
reporting capability

•	 Reinforce standards and 
guidelines

•	 Identify research priorities
•	 Demonstrate progress

•	 Leverage emerging science 
and technology

•	 Increase capacity and 
authority for action

•	 Set research priorities
•	 Demonstrate progress

Element 5

Planning

•	 Map complete program
•	 Plan for Stage 2

•	 Evaluate Stage 1
•	 Confirm program direction
•	 Plan for Stage 3

•	 Evaluate Stage 2
•	 Plan international participation
•	 Be a One Health leader
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5
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 

potential to operate at a national level

Stage 1 Stage 2 Stage 3

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 
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

Comprehensive passive, targeted and 
alert systems for:

•	 humans
•	 animals
•	 food and agriculture.

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
•	 Build on existing systems that operate or have the potential to operate nationally

Stage 1 Stage 2 Stage 3

NAUSP:

•	 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:

•	 secure human community data
•	 animal usage data
•	 indication data for community, 

hospital and animal. 

Improve existing initiatives:

•	 NAUSP is inclusive of all hospitals
•	 build on existing work (e.g. point 

prevalence) for wider antimicrobial 
resistance.

Comprehensive indication data 
systems for: 

•	 humans
•	 animals
•	 food and agriculture.

Integrated human and community usage 
systems for:

•	 humans
•	 animals.

BEACH = Bettering the Evaluation and Care of Health; NAUSP = National Antibiotic Utilisation Surveillance Program
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Australia’s response –  
a national coordinating centre

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
•	 Improve coordination, participation and reporting

Stage 1 Stage 2 Stage 3

Hospital level:

•	 hand hygiene audit and data
•	 hospital-acquired infection 

surveillance and others
•	 antimicrobial stewardship data
•	 targeted surveillance of specific 

infections.

Community level:

•	 targeted surveillance of specific 
infections and disease.

New initiative:

•	 target program for specific 
disease entities.

Improve existing initiatives:

•	 continue existing work.

New initiative:

•	 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 

•	 Leverage national resources such as the enterprise data warehouse to develop 
analytical capacity 

•	 Use the mandate of the Standing Committee on Health to promulgate 
guidelines, advice and standards 

•	 Use analysis to drive improvement initiatives and research

Stage 1 Stage 2 Stage 3

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 

Stage 1 Stage 2 Stage 3

Plan for Stage 2

Map ultimate program

Scope and determine ultimate 
comprehensive program

Evaluate

Plan for Stage 3

Plan for full system

Evaluate

Set up international participation

Be a One Health leader
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Australia’s response –  
a national coordinating centre

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

Element Attribute
Example system 
or organisation Status

1 – Surveillance of 
antimicrobial resistance

Passive surveillance, public sector CHRISP OrgTRx 4

Passive surveillance, private sector CHRISP OrgTRx 2

Targeted surveillance, public sector AGAR 6

Targeted surveillance, private sector AGAR 6

Multiresistant organism surveillance, public sector CHRISP OrgTRx 4

Multiresistant organism surveillance, private sector CHRISP OrgTRx 2

Links to animal and food data  2

2 – Surveillance of 
antibiotic use

Surveillance, public hospital sector NAUSP 6

Surveillance, community sector PBAC, DUSC, BEACH, 
Medicine Insight

2

Links to primary industries data 2

3 – Disease burden 
and outcomes

Hand hygiene audit ACSQHC 5

Healthcare-associated infection surveillance ACSQHC 5

Patient and disease outcome data AGAR/ASA, AESOP, ANZCOSS 4

4 – Analysis and action Establish data definitions ACSQHC 2

Guidelines and standards ACSQHC 3

Reporting frameworks New centre 1

Research frameworks New centre 1

5 – Planning Plan Stage 1 ACSQHC 3

Plan Stage 2 New centre 2

Plan Stage 3 New centre 2

Legend:

1   No existing system or planning

2   Some ideas exist on how to proceed

3   Significant planning has been done

4  � Exists, operates at a state or quasi-national level, 
needs negotiation and development

5  � Exists, operates at a national level, concept needs 
development

6  � 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

Items that are towards the higher end of the ‘status’ 
spectrum might be regarded as established systems 
with proven protocols and methodologies, and could 
be seen as the ‘low-hanging fruit’ in terms of making 
progress. Items at the lower end of the spectrum 
are in formative stages with significant planning and 
development required. Not all will require the same 

degree of resourcing to progress. Resources that will 
need to be applied include:

•	 intellectual

•	 information technology

•	 management and governance

•	 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.182
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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:

•	 Australian Association of Pathology Practices

•	 Australian Commission on Safety and Quality 
in Health Care

•	 Australian Government Department 
of Health and Ageing

•	 Australian Group on Antimicrobial Resistance

•	 Australian Pesticides and Veterinary 
Medicines Authority

•	 Australian Society for Antimicrobials

•	 Australian Society for Microbiology

•	 Australasian College for Infection Prevention 
and Control

•	 Australasian Society for Infectious Diseases

•	 Centre for Healthcare Related Infection 
Surveillance and Prevention

•	 Communicable Diseases Network Australia

•	 Healthcare Infection Surveillance 
Western Australia

•	 National Antimicrobial Utilisation 
Surveillance Program

•	 National Coalition of Public Pathology

•	 National Health and Medical Research Council

•	 National Neisseria Network

•	 national pathology services  
(Healthscope Ltd, QML, Sonic Healthcare Ltd, 
Primary Health Care Ltd)

•	 Northern Territory Department of Health

•	 NPS MedicineWise  
(formerly NPS [National Prescribing Service])

•	 NSW Clinical Excellence Commission

•	 NSW Ministry of Health

•	 Pathology Queensland

•	 Pharmaceutical Benefits Advisory Committee

•	 Public Health Laboratory Network

•	 Queensland Health

•	 Royal College of Pathologists of Australasia

•	 SA Health Communicable Diseases 
Control Branch

•	 SA Health

•	 Tasmanian Department of Health 
and Human Services

•	 Tasmanian Infection Prevention and Control Unit

•	 Therapeutic Goods Administration

•	 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 Silverman182 
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.183

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.
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Appendix 2: Global program 
and activity analysis
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Appendix 2: Global program 
and activity analysis
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Appendix 2: Global program 
and activity analysis
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Appendix 2: Global program 
and activity analysis
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Appendix 2: Global program 
and activity analysis

P
ro

g
ra

m
C

o
un

tr
y 

o
r 

R
eg

io
n

P
ro

g
ra

m
 

st
at

us
Ty

p
e 

o
f 

ac
ti

vi
ty

Fu
nd

in
g

  
m

o
d

el
P

ro
g

ra
m

 
fo

cu
s

P
o

p
ul

at
io

n

D
at

a 
co

lle
ct

io
n 

ty
p

e
D

at
a

N
ot

ifi
ab

le
 

o
rg

an
is

m
R

ep
o

rt
 t

yp
e

/
fr

eq
ue

nc
y

H
IS

W
A

11
6

W
es

te
rn

 
A

us
tr

al
ia

 (p
ub

lic
 

ho
sp

ita
ls

 
an

d 
pr

iv
at

e 
he

al
th

ca
re

 
fa

ci
lit

ie
s)

C
ur

re
nt

H
A

I 
su

rv
ei

lla
nc

e
Fu

nd
ed

 b
y 

W
A

 
go

ve
rn

m
en

t 
an

d 
P

at
hW

es
t; 

m
an

ag
ed

 b
y 

H
A

IU
 a

t t
he

 
C

om
m

un
ic

ab
le

 
D

is
ea

se
 C

on
tro

l 
D

ire
ct

or
at

e

In
fe

ct
io

n/
or

ga
ni

sm
H

os
pi

ta
l

S
us

ce
pt

ib
ilit

y 
te

st
in

g 
an

d 
m

ol
ec

ul
ar

 
ty

pi
ng

 

S
ur

gi
ca

l s
ite

 
in

fe
ct

io
ns

, c
en

tr
al

 
lin

e,
 h

ae
m

od
ia

ly
si

s 
in

fe
ct

io
ns

; 
S

. a
ur

eu
s 

(M
R

S
A

/M
S

S
A

), 
bl

oo
ds

tre
am

 
in

fe
ct

io
ns

, M
R

S
A

 
an

d 
C

. d
iffi

ci
le

 
in

fe
ct

io
ns

M
R

S
A

, 
V

R
E 

an
d 

C
. d

iffi
ci

le

W
eb

si
te

; 
in

di
vi

du
al

 
ho

sp
ita

l r
ep

or
ts

 
an

d 
ag

gr
eg

at
e 

re
po

rt
s;

 ra
te

s 
st

ra
tifi

ed
 b

y 
sp

ec
im

en
 s

ite
 

an
d 

pa
tie

nt
 

lo
ca

tio
n

S
o

u
th

 A
u

st
ra

lia
n 

A
U

S
P

15
3,

 2
59

S
ou

th
 A

us
tr

al
ia

 
(7

 p
ub

lic
 a

nd
 

6 
pr

iv
at

e 
ho

sp
ita

ls
)

C
ur

re
nt

A
nt

im
ic

ro
bi

al
 

ut
ilis

at
io

n 
Fu

nd
ed

 
by

 D
oH

A
; 

co
or

di
na

te
d 

by
 

S
ou

th
 A

us
tr

al
ia

n 
In

fe
ct

io
n 

C
on

tro
l S

er
vi

ce
, 

C
om

m
un

ic
ab

le
 

D
is

ea
se

 C
on

tro
l 

B
ra

nc
h

–
H

os
pi

ta
l

To
ta

l h
os

pi
ta

l 
an

d 
IC

U
 u

sa
ge

 
ra

te
s 

fo
r 6

 
an

tim
ic

ro
bi

al
 

cl
as

se
s

3r
d

/4
th

 g
en

er
at

io
n 

ce
ph

al
os

po
rin

s,
 

gl
yc

op
ep

tid
es

, 
flu

or
oq

ui
no

lo
ne

s,
 

am
in

og
ly

co
si

de
s 

an
d 

an
ti-

ps
eu

do
m

on
al

 
pe

ni
ci

llin
 w

ith
 b

et
a-

la
ct

am
as

e 
in

hi
bi

to
r 

co
m

bi
na

tio
ns

 

n/
a

W
eb

si
te

; 
in

di
vi

du
al

 
pa

tie
nt

 d
at

a 
an

d 
ag

gr
eg

at
ed

 
st

at
ew

id
e 

da
ta

; 
bi

m
on

th
ly

 
re

po
rt

s;
 

co
ns

um
pt

io
n 

re
po

rt
ed

 u
si

ng
 

D
D

D
/1

00
0 

oc
cu

pi
ed

 
be

d‑
da

ys

C
H

R
IS

P
 

S
u

rv
ei

lla
nc

e 
P

ro
g

ra
m

11
8

Q
ue

en
sl

an
d 

(2
5 

pu
bl

ic
 

ho
sp

ita
ls

)

C
ur

re
nt

 
H

A
I 

su
rv

ei
lla

nc
e

H
S

C
ID

, 
Q

ue
en

sl
an

d 
H

ea
lth

 

In
fe

ct
io

n/
or

ga
ni

sm
H

os
pi

ta
l

Id
en

tifi
ca

tio
n 

an
d 

tre
nd

s 
in

 
in

fe
ct

io
n 

ra
te

s,
 

A
M

R
 a

nd
 

no
so

co
m

ia
l 

pa
th

og
en

s

n/
a

n/
a

W
eb

si
te

; 
in

di
vi

du
al

 
pa

tie
nt

 d
at

a 
an

d 
ag

gr
eg

at
ed

 
st

at
ew

id
e 

no
so

co
m

ia
l 

da
ta

 (t
o 

Q
LD

 
H

ea
lth

) f
or

 
sm

al
l-t

o-
m

ed
iu

m
 

fa
ci

lit
ie

s;
 p

ro
vi

de
 

da
ta

 fo
r n

at
io

na
l 

da
ta

ba
se

A
us

tr
al

ia
 (

co
nt

in
ue

d
)

120  |  Antimicrobial Resistance Standing Committee 



6
P

ro
g

ra
m

C
o

un
tr

y 
o

r 
R

eg
io

n
P

ro
g

ra
m

 
st

at
us

Ty
p

e 
o

f 
ac

ti
vi

ty
Fu

nd
in

g
  

m
o

d
el

P
ro

g
ra

m
 

fo
cu

s
P

o
p

ul
at

io
n

D
at

a 
co

lle
ct

io
n 

ty
p

e
D

at
a

N
ot

ifi
ab

le
 

o
rg

an
is

m
R

ep
o

rt
 t

yp
e

/
fr

eq
ue

nc
y

V
IC

N
IS

S
11

9
V

ic
to

ria
C

ur
re

nt
H

A
I 

su
rv

ei
lla

nc
e

V
IC

N
IS

S
 

co
or

di
na

tin
g 

ce
nt

re
, V

ic
to

ria
n 

G
ov

er
nm

en
t 

D
ep

ar
tm

en
t 

of
 H

ea
lth

In
fe

ct
io

n/
or

ga
ni

sm
H

os
pi

ta
l

R
at

es
 o

f H
A

I 
an

d 
an

tib
io

tic
 

pr
op

hy
la

xi
s 

da
ta

S
ur

gi
ca

l s
ite

 
in

fe
ct

io
ns

, 
no

so
co

m
ia

l 
in

fe
ct

io
ns

, 
S

. a
ur

eu
s,

 
C

. d
iffi

ci
le

n/
a

W
eb

si
te

; 
in

di
vi

du
al

 
pa

tie
nt

 d
at

a 
an

d 
ag

gr
eg

at
ed

 
st

at
ew

id
e 

da
ta

; 
bi

m
on

th
ly

 a
nd

 
an

nu
al

 re
po

rt
in

g 

T
IP

C
U

12
0

Ta
sm

an
ia

 
(a

cu
te

 p
ub

lic
 

ho
sp

ita
ls

)

C
ur

re
nt

H
A

I 
su

rv
ei

lla
nc

e 
Fu

nd
ed

 b
y 

Ta
sm

an
ia

n 
D

ep
ar

tm
en

t 
of

 H
ea

lth
 a

nd
 

H
um

an
 S

er
vi

ce
s

In
fe

ct
io

n/
or

ga
ni

sm
H

os
pi

ta
l

n/
a

S
. a

ur
eu

s,
 

C
. d

iffi
ci

le
, V

R
E

S
. a

ur
eu

s 
iso

la
te

d 
fro

m
 

bl
oo

d,
 V

R
E

W
eb

si
te

; 
qu

ar
te

rly
 re

po
rt

s;
 

fu
tu

re
 re

po
rt

s 
to

 
m

on
ito

r a
nt

ib
io

tic
 

us
e 

in
 a

cu
te

 c
ar

e 
ho

sp
ita

ls

S
A

 H
A

I 
su

rv
ei

lla
nc

e 
p

ro
g

ra
m

S
ou

th
 A

us
tr

al
ia

 
(in

cl
ud

es
 p

ub
lic

 
an

d 
pr

iv
at

e 
ac

ut
e 

ca
re

 
ho

sp
ita

ls
)

C
ur

re
nt

H
A

I 
su

rv
ei

lla
nc

e 
S

A
 H

ea
lth

In
fe

ct
io

ns
/ 

sp
ec

ifi
c 

or
ga

ni
sm

s

H
os

pi
ta

l
P

at
ie

nt
 le

ve
l 

da
ta

 o
n 

he
al

th
ca

re
 

in
fe

ct
io

ns

R
at

es
 a

nd
 

tre
nd

s 
ov

er
 ti

m
e

A
ll 

B
S

I i
nc

l. 
S

A
B

 
M

R
S

A
 &

 V
R

E
 

in
fe

ct
io

n 
an

d 
co

lo
ni

sa
tio

n

 S
el

ec
te

d 
M

R
G

N
s 

(E
S

B
L,

 A
M

P
 C

, 
C

R
-G

N
B

, M
R

-
PA

ER
) C

. d
iffi

ci
le

no
ne

M
on

th
ly

 K
P

I 
re

po
rt

s 
to

 L
H

N
s

A
nn

ua
l d

et
ai

le
d 

re
po

rt
s 

fo
r B

S
I 

(in
cl

. S
A

B
) a

nd
 

M
R

O
 in

fe
ct

io
ns

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  121



122  |  Antimicrobial Resistance Standing Committee 



7
References

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  123



References 

1.	 World Health Organization. The evolving threat 
of antimicrobial resistance: options for action. 
Geneva: World Health Organization; 2012.

2.	 Acar JF, Moulin G. Antimicrobial resistance: 
a complex issue. Revue Scientifique et 
Technique (International Office of Epizootics). 
Apr 2012;31(1):23–31.

3.	 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.

4.	 Sample I. 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.

5.	 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.

6.	 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.

7.	 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.

8.	 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.

9.	 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.

10.	 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.

11.	 European Antimicrobial Resistance Surveillance 
Network (EARS-Net). http://www.ecdc.europa.
eu/en/activities/surveillance/EARS-Net/Pages/
index.aspx. Accessed 29 August, 2012.

12.	 Pray L. Antibiotic R&D: resolving the paradox 
between unmet medical need and commercial 
incentive. Needham, MA: Cambridge Healthtech 
Institute;2008.

13.	 Coast J, Smith RD. Antimicrobial resistance: cost 
and containment. Expert Review of Anti-Infective 
Therapy. 2003;1(2):10.

14.	 Australian Commission on Safety and Quality in 
Health Care. National Safety and Quality Health 
Service Standards. Sydney: ACSQHC; 2011.

15.	 Wernli D, Haustein T, Conly J, Carmeli Y, 
Kickbusch I, 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).

16.	 Albrich WC, Monnet DL, Harbarth S. 
Antibiotic selection pressure and resistance in 
Streptococcus pneumoniae and Streptococcus 
pyogenes. Emerging Infectious Diseases. 
2004;10(3):3.

17.	 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.

18.	 Olofsson SK, Cars O. Optimizing drug 
exposure to minimize selection of antibiotic 
resistance. Clinical Infectious Diseases. 
2007;45(Supplement 2):7.

19.	 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.

20.	 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.

124  |  Antimicrobial Resistance Standing Committee 



7
21.	 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.

22.	 Australian Institute of Health and Welfare. 
Australia’s Health 2012. Canberra: AIHW;2012.

23.	 World Health Organization. Strategy for 
Containment of Antimicrobial Resistance. 
2001; http://www.who.int/drugresistance/
WHO_Global_Strategy_English.pdf. 
Accessed October 25, 2012.

24.	 World Health Organization. WHO Regional 
Offices. http://www.who.int/about/regions/en/
index.html. Accessed October 25, 2012.

25.	 Editorial. The endless struggle. Lancet Infect Dis. 
Apr 2011;11(4):253.

26.	 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.

27.	 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.

28.	 Red LatinoAmericana De Vigilancia De La 
Resistencia A Los Antimicrobianos (ReLAVRA). 
Antimicrobial Resistance Surveillance in 
the Americas. http://www2.paho.org/hq/
dmdocuments/2011/1_Marcelo%20Galas_
DMS_2011.pdf. Accessed October 25, 2012.

29.	 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.

30.	 World Health Organization. Surveillance, 
forecasting and response. http://www.
emro.who.int/surveillance-forecasting-
response/about/about-the-programme.html. 
Accessed October 25, 2012.

31.	 World Health Organization, Regional Committee 
for Europe. European strategic action plan on 
antibiotic resistance; prevention and control. 
Baku, Azerbaijan, 12–15 September 2011.

32.	 World Health Organization. Regional Strategy 
on Prevention and Containment of Antimicrobial 
Resistance: 2010–2015. 2010; http://www.
searo.who.int/LinkFiles/BCT_hlm-407.pdf. 
Accessed October 25, 2012.

33.	 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.

34.	 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.

35.	 World Health Organization, Western Pacific 
Region. Informal consultative meeting on 
antimicrobial resistance prevention and control 
in emergencies/disasters. Manila, Philippines, 
29–30 November 2011.

36.	 Agarwal A, Kapila K, Kumar S. WHONET 
software for the surveillance of antimicrobial 
susceptibility. Medical Journal Armed Forces 
India. 2009;65(3):264–266.

37.	 Sharma A, Grover PS. Application of WHONET 
for the surveillance of antimicrobial resistance. 
Indian Journal of Medical Microbiology. 
2004;22(2):115–118.

38.	 O’Brien TF, Stelling JM. WHONET: an information 
system for monitoring antimicrobial resistance. 
Emerging Infectious Diseases. 1995;1(2):66–66.

39.	 World Health Organization. WHONET 
Software. http://www.who.int/drugresistance/
whonetsoftware/en/. Accessed October 25, 2012.

40.	 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 

41.	 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.

42.	 Marchese A, Schito GC. Recent findings 
from multinational resistance surveys: 
are we ‘PROTEKTed’ from resistance? 
International Journal of Antimicrobial Agents. 
2007;29 Suppl 1:S2-S5.

43.	 Rybak MJ. Increased bacterial resistance: 
PROTEKT US – An update. Annals of 
Pharmacotherapy. 2004;38(9 Suppl.):S8-S13.

44.	 Inoue M. What can PROTEKT tell us at 
a local level? Journal of Chemotherapy. 
2002;14 Suppl 3:17–24.

45.	 Grüneberg RN. Global surveillance 
through PROTEKT: the first year. Journal of 
Chemotherapy. 2002;14 Suppl 3:9–16.

46.	 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.

47.	 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.

48.	 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.

49.	 Sentry Antimicrobial Surveillance Program. 
http://www.fda.gov/ohrms/dockets/ac/03/
slides/3919S2_03_Carnevale/sld030.htm. 
Accessed October 25, 2012.

50.	 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.

51.	 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.

52.	 Bell J, Turnidge J. SENTRY Antimicrobial 
Surveillance Program Asia-Pacific region 
and South Africa. Communicable Diseases 
Intelligence. 2003;27 Suppl:S61-S66.

53.	 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.

54.	 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.

55.	 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.

56.	 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.

57.	 Hammerum AM, Heuer OE, Emborg H-D, 
Bagger-Skjøt L, Jensen VF, Rogues A-M, Skov 
RL, Agersø Y, Brandt CT, Seyfarth AM, Muller 
A, Hovgaard K, Ajufo J, Bager F, Aarestrup 
FM, Frimodt-Møller N, Wegener HC, Monnet 
DL. Danish integrated antimicrobial resistance 
monitoring and research program. Emerging 
Infectious Diseases. 2007;13(11):1632–1639.

58.	 Bager F. DANMAP: monitoring antimicrobial 
resistance in Denmark. International Journal of 
Antimicrobial Agents. 2000;14(4):271–274.

59.	 The Danish Integrated Antimicrobial Resistance 
Monitoring and Research Programme (DANMAP). 
APMIS. Jun 1998;106(6):605.

60.	 Struwe J. Fighting antibiotic resistance in Sweden 
– past, present and future. Wiener Klinische 
Wochenschrift. 2008;120(9–10):268–279.

126  |  Antimicrobial Resistance Standing Committee 



7
61.	 Mölstad S, Erntell M, Hanberger H, Melander E, 

Norman C, Skoog G, Lundborg CS, Söderström 
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.

62.	 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).

63.	 Mölstad 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.

64.	 Nissinen A, Huovinen P. FiRe works – the Finnish 
Study Group for Antimicrobial Resistance (FiRe). 
Euro Surveillance: European Communicable 
Disease Bulletin. 2000;5(12):20.

65.	 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).

66.	 Verbrugh HA. Mapping antibiotic use and 
resistance in the Netherlands: SWAB and 
NethMap. The Netherlands Journal Of Medicine. 
2003;61(11):341–342.

67.	 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.

68.	 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.

69.	 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.

70.	 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.

71.	 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.

72.	 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.

73.	 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.

74.	 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.

75.	 Gastmeier P, Meyer E, Schwab F, Geffers 
C, Rüden 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.

76.	 Petrov M, Hadjieva N, Kantardjiev T, Velinov 
T, Bachvarova A. Surveillance of antimicrobial 
resistance in Bulgaria – a synopsis 
from BulSTAR 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)  |  127



References 

77.	 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):E071213.071212.

78.	 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.

79.	 Centers for Disease Control and Prevention. 
National Healthcare Safety Network (NHSN). 
http://www.cdc.gov/nhsn/about.html. 
Accessed 3 October, 2012.

80.	 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.

81.	 Gilbert JM, White DG, McDermott PF. The US 
national antimicrobial resistance monitoring 
system. Future Microbiology. 2007;2(5):493–500.

82.	 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):3S8–3S15.

83.	 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.

84.	 Conly J. Antimicrobial resistance in Canada. 
Canadian Medical Association Journal. 
2002;167(8):885–891.

85.	 Blondeau JM, Vaughan D. A review of 
antimicrobial resistance in Canada. Canadian 
Journal Of Microbiology. 2000;46(10):867–877.

86.	 Zhang Y, 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.

87.	 Zhu DM. CHINET 2005 surveillance of antibiotic 
resistance in Staphylococcus in China. Chinese 
Journal of Infection and Chemotherapy. 
2007;7(4):269–273.

88.	 Wang H, Chen M, Xu Y, Sun H, Yang Q, Hu Y, 
Cao B, Chu Y, Liu Y, 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.

89.	 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.

90.	 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.

91.	 Lee K, Lim CH, Cho JH, Lee WG, Uh Y, 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.

128  |  Antimicrobial Resistance Standing Committee 



7
92.	 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.

93.	 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.

94.	 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.

95.	 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:S8-S18.

96.	 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:S46-S52.

97.	 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:S87-S90.

98.	 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:S19-S33.

99.	 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:S34-S45.

100.	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:S68-S75.

101.	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:S91-S94.

102.	Centers for Disease Control and Prevention. 
CDC Surveillance Systems. http://www.
cdc.gov/drugresistance/surveillance.html. 
Accessed September 12, 2012.

103.	Centers for Disease Control and Prevention. 
Active Bacterial Core surveillance (ABCs). 
http://www.cdc.gov/abcs/index.html. 
Accessed November 28, 2012.

104.	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.

105.	Centers for Disease Control and Prevention. 
Interagency Task Force on Antimicrobial 
Resistance. http://www.cdc.gov/drugresistance/
actionplan/taskforce.html. Accessed 
November 28, 2012.

106.	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)  |  129



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 I, 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:S8–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–S117.

115.	National Antimicrobial Utilisation Surveillance 
Program (NAUSP). http://www.health.sa.gov.au/
INFECTIONCONTROL/Default.aspx?tabid=199. 
Accessed October 25, 2012.

116.	Healthcare Associated Infection Surveillance 
Western Australia (HISWA). http://www.public.
health.wa.gov.au/3/277/3/surveillance_hiswa.pm. 
Accessed October 25, 2012.

117.	 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 2011. 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.

118.	Centre for Health Related Infection Surveillance 
and Prevention (CHRISP) Surveillance Program. 
http://www.health.qld.gov.au/chrisp/surveillance/
about_surv.asp. Accessed October 25, 2012.

119.	VICNISS Healthcare Associated Infection 
Surveillance. http://www.vicniss.org.au/Default.
aspx. Accessed October 22, 2012.

120.	Tasmanian Infection Prevention and Control 
Unit (TIPCU). http://www.dhhs.tas.gov.au/peh/
tasmanian_infection_prevention_and_control_
unit. Accessed October 25, 2012.

121.	Commonwealth Disease Control Branch. 
South Australian Expert Advisory Group on 
Antimicrobial Resistance (SAAGAR). Terms 
of Reference. Australia: Government of South 
Australia; 2012.

122.	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.

123.	Metadata Online Registry (METeOR). 
Surveillance of healthcare associated infection: 
Staphylococcus aureus bacteraemia DSS. 
http://meteor.aihw.gov.au/content/index.phtml/
itemId/391133. Accessed November 14, 2012.

124.	National Health Performance Authority. My 
Hospitals. Commonwealth of Australia; 2013.

125.	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.

130  |  Antimicrobial Resistance Standing Committee 



7
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.	Kanerva M, Ollgren J, Hakanen AJ, Lyytikainen O. 
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.

128.	Federal Ministry of Health. DART German 
Antimicrobial Resistance Strategy. Berlin 2008.

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:S21–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.

133.	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/rr5013a1.htm. 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 2003.

136.	European Centre for Disease Prevention 
and Control. About us. http://www.ecdc.
europa.eu/en/aboutus/Pages/AboutUs.aspx. 
Accessed October 25, 2012.

137.	World Health Organization Regional 
Office for Europe. Expert consultation on 
antimicrobial resistance. Report on a meeting. 
Copenhagen 2011.

138.	World Health Organization Regional Office 
for Europe. European strategic action plan 
on antibiotic resistance. Baku, Azerbaijan, 
12–15 September 2011.

139.	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.

140.	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.

141.	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.

142.	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.

143.	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.

144.	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.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  131



References 

145.	Adriaenssens N, Coenen S, Versporten A, 
Muller A, Minalu G, Faes C, Vankerckhoven V, 
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 CI, 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.

152.	National Antimicrobial Utilisation Service 
Program. Antimicrobial Utilisation Surveillnace 
in Australian Hospitals, May 2007 to 
April 2012; 2012.

153.	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.

154.	Infection Control Service, Communicable Disease 
Control Branch, Government of South Australia, 
Department of Health. National Antimicrobial 
Utilisation Surveillance Program: Annual report 
2010–2011. Adelaide.

155.	Song JH, Hsueh PR, Chung DR, Ko KS, Kang 
CI, 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.

156.	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.

157.	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.

158.	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.

159.	Centre for Disease Dynamics, Economics and 
Policy. ResistanceMap. http://www.cddep.
org/ResistanceMap/about#.UKsLTOT5yrZ. 
Accessed November 13, 2012.

132  |  Antimicrobial Resistance Standing Committee 



7
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.

169.	The Australian Group on Antimocrobial 
Resistance (AGAR). AGAR Surveillance. 
http://www.agargroup.org/files/
AGAR%20STUDIES%20v2011.pdf. 
Accessed October 25, 2012.

170.	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.

171.	The Australian Group on Antimocrobial 
Resistance (AGAR). Operating Procedures. 
May 2012; http://www.agargroup.org/
documents/Terms%20of%20Reference.pdf. 
Accessed October 25, 2012.

172.	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.

173.	The Australian Group on Antimocrobial 
Resistance (AGAR). Publications.  
http://www.agargroup.org/publications. 
Accessed October 25, 2012.

174.	Australian Group on Antimicrobial Resistance 
(AGAR). http://www.agargroup.org/.

175.	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.

176.	The Centre for Healthcare Related Infection 
Surveillance and Prevention (CHRISP) 
Surveillance Program. Antimicrobial Stewardship 
Information for Clinicians. http://www.health.
qld.gov.au/chrisp/surveillance/SM09_S1.pdf. 
Accessed October 25, 2012.

177.	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 I, 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/HAI/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.

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, Gür D, Jarlier V, Kahlmeter 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, García-Rodríguez JA, Gobernado 
M, Pérez JL, Manchado P, Martín R, Pascual 
A, Picazo J, Prats G, Rubio C, Snyder TA, 
Sanz-Rodríguez 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 
España: Resultados del estudio SMART 2003. 
Rev Esp Quimioter. 2006;19(1):51–59.

194.	Guembe M, Cercenado E, Alcalá L, Marín 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 Española de Quimioterapia. 
2008;21(3):166–173.

134  |  Antimicrobial Resistance Standing Committee 



7
195.	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.

196.	Paterson DL, Rossi F, Baquero 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.

197.	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).

198.	Cole MJ, Chisholm SA, Hoffmann S, Stary A, 
Lowndes CM, Ison CA, Strauss R, Crucitti T, 
Sasse A, Hadjianastassiou C, Cowan S, Uusküla 
A, Voiko R, Hiltunen-Back E, Goulet V, Sednaoui 
P, De Barbevrac B, Kohl P, Hamouda O, Konte 
V, Tzelepi E, Sigmundsdóttir 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 I, 
Andlovic A, Vazquez J, Diez M, Blaxhult A, 
Velicko I, 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.

199.	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.

201.	Hanberger H, Arman D, Gill H, Jindrák 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 I, 
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.

National Surveillance and Reporting of Antimicrobial Resistance and Antibiotic Usage for Human Health in Australia (Project AMRAU)  |  135



References 

209.	Loza E, Morosini MI, Pascual Á, Tubau F, Alcalá J, 
Liñares J, Hernández-Bello JR, Baquero F, Perea 
E, Martín R, Jones RN, Cantón 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 España 
(2002–2006). Antimicrobial Agents and 
Chemotherapy. 2008;26(8):489–494.

210.	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.

211.	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.

212.	Stephen JM, 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.

213.	Critchley IA, Karlowsky JA. Optimal use of 
antibiotic resistance surveillance systems. Clinical 
Microbiology and Infection. 2004;10(6):502–511.

214.	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.

215.	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.

216.	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.

217.	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.

218.	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.

219.	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.

220.	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.

221.	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:S142-S150.

222.	Jacobs MR. Assessing the quality of the 
Alexander Project. Journal of Chemotherapy. 
1999;11 Suppl 1:26–34.

223.	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.

224.	Harbarth S, Emonet S. Navigating the World 
Wide Web in search of resources on antimicrobial 
resistance. Clinical Infectious Diseases. 
2006;43(1):72–78.

225.	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.

136  |  Antimicrobial Resistance Standing Committee 



7
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.

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 Lægeforening: Tidsskrift For Praktisk 
Medicin, Ny Række. 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 Italian 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)  |  137



References 

244.	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.

245.	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:S4–S16.

246.	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.

247.	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

248.	Conly JM. Antimicrobial resistance programs 
in Canada 1995–2010: a critical evaluation. 
Antimicrobial Resistance and Infection Control. 
2012;1(10).

249.	Nicolle LE. Control of antimicrobial 
resistance in Canada: any lessons to learn? 
Antimicrobial Resistance and Infection Control. 
2012 Feb 2012;1(1):6–6.

250.	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.

251.	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.

252.	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.

253.	Zhao C, Sun H, Wang H, Liu Y, Hu B, Yu Y, Sun 
Z, Chu Y, 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.

254.	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):440–446.

255.	Hsu L-Y, 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.

256.	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.

257.	Australian Gonococcal Surveillance Programme. 
Annual report of the Australian Gonococcal 
Surveillance Programme, 2011. Communicable 
Diseases Intelligence. 2011;36(2):E166–E173.

258.	Australian Gonococcal Surveillance Programme. 
http://www.health.gov.au/internet/main/
publishing.nsf/Content/cda-surveil-surv_sys.
htm#gono. Accessed 12 September 2012.

259.	South Australian Antimicrobial Utilisation 
Program. http://www.health.gov.au/internet/
main/publishing.nsf/content/cda-pubs-annlrpt-
gonoanrep.htm. Accessed 4 January 2013.

138  |  Antimicrobial Resistance Standing Committee 





N
atio

nal surveillance and
 rep

o
rting

 o
f antim

icro
b

ial resistance and
 antib

io
tic usag

e fo
r hum

an health in A
ustralia 

Ju
n

e 20
13


	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




