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1. Introduction 
 
The Commonwealth of Australia (as represented by the Department of Health) has 

engaged the Australian Society for Antimicrobials (ASA) to perform the following three 

additional projects pertaining to the Australian Group on Antimicrobial Resistance (AGAR) 

2020 sepsis outcome programs: 

 

GNSOP 2020 

 

• Understanding AMR plasmids in Gram-negative bacteria in Australia 

(Appendix 1) 

 

Assemble complete resistance plasmid sequences using both long-read and short-

read methods for selected isolates to generate accurate references of the most 

important plasmids in antimicrobial resistant (AMR) Gram-negative pathogens in 

Australian hospitals.    

 

• Understanding how important AMR genes are becoming fixed in the 

chromosome (Appendix 2) 

 

Extend whole genome sequencing to additional isolates to determine the extent to 

which antimicrobial resistant genes are located on the chromosomes of microbes 

under surveillance 

 

The two GNSOP projects will be supervised by the GNSOP Chair Prof Jon Iredell, who 

manages the AGAR GNSOP reference laboratory located at The Westmead Institute for 

Medical Research 

  

ASSOP 2020 

 

• The Molecular Epidemiology of Penicillin Susceptible SAB in Australia and 

the Reliability of Diagnostic Phenotypic Susceptibility Method to Detect 

Penicillin Susceptibility (Appendix 3)   
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Identify, by whole genome sequencing, the predominant penicillin-sensitive clones 

and clonal complexes causing community- and hospital-onset S. aureus 

bacteraemia across Australia 

 

Use whole genome sequencing bioinformatics to confirm penicillin susceptibility 

 

Evaluate the broth microdilution MIC, E-test, disc diffusion (including reading of the 

zone edge) and the nitrocefin test to reliably predict penicillin susceptibility. 

  

The ASSOP project will be supervised by the ASSOP Chair Prof Geoffrey Coombs, who 

manages the AGAR ASSOP reference laboratory located at Murdoch University 

 

Under the contract with the Commonwealth of Australia (Reference ID: D21-363218), 

funding support has been made available to the ASA.  

 

Payment Schedule 

  

Estimated Date Milestone Description Payment Amount* 

11/06/2021 Project plan and evidence that work has 

commenced 

$143,000.00 

22/06/2021 Progress report $33,00.00 

13/05/2022 Final report $33,000 

*GST Inclusive 

 

The isolates and metadate required for the projects will be sourced from the 2020 AGAR 

ASSOP and GNSOP 2020. 

 

AGAR is a unique collaboration of clinicians and scientists from major microbiology 

laboratories around Australia. AGAR tests and gathers information on the level of antibiotic 

resistance in bacteria causing important and life threatening infections. The group started 

in 1985 and at that time involved 13 teaching hospitals. It has subsequently grown to 

involve 40 institutions including five private laboratories. This broadening of the group has 

meant that not only does the group have good information as to what is happening with 
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major pathogens in the larger teaching hospitals in each State and Territory, but now also 

has the ability to monitor what is happening with resistance rates in private hospitals. By 

standardised methodology AGAR has been able to collect ongoing data on what is 

happening in this country over long periods of time. The group has also been very 

successful in being able to make this information available to the broader community both 

through publications in scientific journals and also numerous presentations at meetings 

and to groups around Australia and internationally. This has led to important benefits within 

Australia. Among these benefits has been the ability to allow more rational use of 

antibiotics based on known Australia-wide resistance patterns. 

 

The three one-off funding proposals will enable AGAR to further develop and enhance two 

of its three antimicrobial resistance surveillance programs (ASSOP, GNSOP) benefiting 

AURA and in the long term the One Health Surveillance system. 

 

A major flaw in the current surveillance reporting is the failure to adequately contextualize 

risk. If highly antibiotic susceptible staphylococci are maintaining their relative 

predominance in an environment shaped mostly by antibiotic pressure, this implies 

greater virulence i.e., infection threat is not confined to antibiotic failure. 

Therefore, analysis of the genetic epidemiology of the high-risk bacterial pathogens is 

important.  

 

We believe increasing our understanding of the evolution of penicillin sensitive S. aureus 

(PSSA) will lead to better and more cost-efficient outcomes for patients with PSSA 

bacteremia.  We are also confident that on completion of this one-off ASSOP project, 

AGAR will provide a reliable confirmatory penicillin susceptibility test that can be used by 

diagnostic microbiology laboratories.  We also believe that investigating whether 

resistance determinants in Gram-negative pathogens (like E. coli) are on highly 

mobile genetic vehicles (like plasmids) or a fixed in the chromosome will influence 

important policy settings such as reduction of antibiotic pressure (antibiotic stewardship). 

 

AGAR should be moving beyond simple reporting phenotypes (R and S) towards providing 

an understanding of the epidemiology of AMR in high-risk pathogens. An understanding of 

how the gene pool flows between animal and human pathogens, for example, is essential 

if we are to conduct effective One Health surveillance. 

 

http://virulence.ie/
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2. Governance Arrangements 
 

ASA, Australian Business Number 31 081 739 370, is a government endorsed charitable 

institution incorporated in Western Australian in 1999 (Registration Number A10076082). 

 

Although AGAR is a working group of the ASA, the ASA Committee has delegated the 

authority of running AGAR to the AGAR Executive. The AGAR Executive manages the 

activities and operations of AGAR. ASA administers the AGAR finances, coordinates the 

AGAR Executive and Committee meetings and maintains the AGAR website. An AGAR 

representative, as recommended by the AGAR Executive, is co-opted onto the ASA 

Committee to provide a report on AGAR activities.   

 

The AGAR Executive will over oversee the three additional projects.   

 

The AGAR database is stored on a secure server and is managed by an AGAR 

subcommittee. The AGAR Database Management Committee is a working group of AGAR 

and reports to the AGAR Executive.  

 

The AGAR web application has been developed and is managed, under a service 

agreement, by Nexus6 Software. The AGAR database is stored on a server hosted by 

Bulletproof which has been externally reviewed as being security compliant. 

 

The AGAR Database Management Committee has developed a comprehensive database 

governance and management plan for the operation of the 2020 AGAR antimicrobial 

resistance surveillance programmes.  
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3. Project Budget and Deliverables 
 

1. Project plan and evidence that work has commenced 

Deliverable Date 11 June 2021 

 

2. Progress report 

Deliverable Date 22 June 2021 

 

3. Final report 

Deliverable Date 13 May 2022 

 

GNSOP - Understanding AMR plasmids in Gram-negative bacteria in Australia 

 

Long-read sequencing of 50-100 selected isolates will be combined with short-read data 

(already obtained using existing funding) to generate complete accurate assemblies of the 

most important plasmids in AMR Gram-negative pathogens in Australian hospitals.  

 

The project will generate a trusted “library” of accurate references for the most important 

AMR plasmids, which can be used as to map short-read data for more effective/efficient 

tracking of plasmid in the future (to see how this epidemiology is changing).  

 

Budget: $50,000 (Includes consumables and labour costs) 

Long-read sequencing (PacBio Sequel II HiFi at AGRF Brisbane and/or Oxford Nanopore 

;at the Ramaciotti Centre for Genomics, University of New South Wales and/or in house). 

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 

Chief Investigators 

• Professor Jon Iredell. GNSOP Chair – The Westmead Institute for Medical 

Research 

• A/Professor Sally Partridge – The Westmead Institute for Medical Research 

• Dr Alicia Fajardo Lubian – The Westmead Institute for Medical Research 

• Ms Jan Bell. AGAR GNSOP Scientific Officer  
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GNSOP - Understanding how important AMR genes are becoming fixed in the 

chromosome 

 
Short read sequencing of approximately 400 isolates in addition to those already 

sequenced(i.e.,, representative subsets of isolates from the 2020 GNSOP collection with 

relevant phenotypes (e.g., ESBL) and/or resistance genes detected by PCR) will be 

performed, with long read sequencing of ~20 isolates, as required. 

  

Results from the whole genome sequencing of additional isolates will define the extent of 

chromosomal AMR gene carriage and will reveal if more economical, streamlined methods 

to monitor chromosomal carriage without the need for extensive WGS (e.g., PCR targeting 

specific genetic signatures) can be designed. 

 
Budget: $50,000 (Includes consumables and labour costs) 

Additional Illumina sequencing performed at the Microbial Genomics Reference 

Laboratory, Westmead Hospital 

Long-read sequencing by Oxford Nanopore if needed, performed at the Ramaciotti Centre 

for Genomics, University of New South Wales and/or in house and/or PacBio Sequel II 

HiFi) at AGRF Brisbane. 

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 

Chief Investigators 

• Professor Jon Iredell. GNSOP Chair – The Westmead Institute for Medical 

Research 

• A/Professor Sally Partridge – The Westmead Institute for Medical Research 

• Dr Alicia Farjado Lubian – The Westmead Institute for Medical Research 

• Ms Jan Bell. AGAR GNSOP Scientific Officer 

 

ASSOP – The Molecular Epidemiology of Penicillin Susceptible SAB in Australia and 

the Reliability of Diagnostic Phenotypic Susceptibility Method to Detect Penicillin 

Susceptibility    

 

To determine the predominant PSSA clones and clonal complexes causing community- 

and hospital-onset SAB across Australia whole genome sequencing will be performed on 

approximately 600 penicillin susceptible S. aureus isolates from ASSOP 2020. The whole 
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genome sequencing bioinformatics to confirm penicillin susceptibility will then be 

performed. Once penicillin susceptibility has been confirmed the reliability of the broth 

microdilution MIC, E-test, disc diffusion (include reading of the zone edge) and the 

nitrocefin tests to predict penicillin susceptibility will be evaluated.    

 

Budget: $90,000 (Includes consumables and labour costs) 

Illumina sequencing and bioinformatics performed at the ASSOP Reference Laboratory, 

Murdoch University 

Phenotypic Susceptibility Testing performed at the Microbiology Department, Fiona 

Stanley Hospital PathWest Laboratory Medicine – WA, and the ASSOP Reference 

Laboratory, Murdoch University). 

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 

Chief Investigators 

• Professor Geoffrey Coombs. AGAR and ASSOP Chair – Murdoch University and 

Fiona Stanley Hospital PathWest Laboratory Medicine – WA  

• Dr Shakeel Mowlaboccus - Murdoch University and Fiona Stanley Hospital 

PathWest Laboratory Medicine – WA  

• Dr Chris Mullaly - Murdoch University 

• Ms Denise Daley. AGAR ASSOP Scientific Officer 
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4. Risk Management 
The following scale has been used to assess the risks.  

Risk Level:  Extreme risk Detailed action/plan required 

High risk Needs senior management attention 

Moderate risk Specify management responsibility 

Low risk Managed by routine procedures 

Likelihood: Almost certain Expected in most circumstances 

Likely Will probably occur in most circumstances  

Possible Could occur at some time 

Unlikely  Not expected to occur 

Rare Exceptional circumstances only 

Consequence: Severe Would stop achievement of functional goals / 

objectives 

Major Would threaten functional goals / objectives 

Moderate Necessitating significant adjustment to overall 

function 

Minor Would threaten an element of the function 

Insignificant Lower consequence 

 

 

 

 

 

 

 

 

 

 

 

Qualitative Risk Analysis Matrix 

Insignificant Minor Moderate Major Severe

 Almost certain M H H E E

Likely M M H H E

Possible L M M H E

Unlikely L M M M H

Rare L L M M H

Consequences

Likelihood
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Risk management plan 

The following table details a high level risk assessment for this project. A more detailed risk assessment will be undertaken at the 

commencement of the project. 

Target  What is the risk? Consequence Likelihood Risk Actions 

 

AGAR Scientific 
Officers 

Not collating data accurately or within 
the planned time frame  

The additional projects will not be able 

to be performed by the required 

deliverable date. 

Unlikely High The AGAR Chair manages the two AGAR 
Scientific Officers   

AMRID, Murdoch 
University 

Failure of laboratory instrumentation 
to provide whole genome sequencing 
(WGS) results  

The additional projects will not be able 

to be performed by the required 

deliverable date. 

Low Medium Outsource the WGS to another laboratory  

Westmead 
Institute for 
Medical Research 

Failure of laboratory instrumentation 
to provide whole genome sequencing 
(WGS) results 

The additional projects will not be able 

to be performed by the required 

deliverable date. 

Low Medium Outsource molecular typing to another 
laboratory 

Chief 
Investigators  

Not providing reports by the 
deliverable date  

The additional projects will not be able 

to be performed by the required 

deliverable date. 

Unlikely Medium Provision of reports managed by the AGAR 
Chair  

Web portal - data 
governance 

Breach of patient confidentiality Potential harm to patient/s due to 

disclosure of personal information 

Reputational risk to ASA and AGAR  

Possible High A comprehensive data management plan is in 
place that addresses privacy, security and 
ethics approvals management protocol is in 
place and includes: 

• arrangements for ethics and jurisdictional 

approval for the collection, containment, 

release, use and publication of any data 

consistent with current data sets  

• privacy requirements for personal 

information (patient date of birth, sex, 

postcode of residence, hospital 
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Target  What is the risk? Consequence Likelihood Risk Actions 

 

admission and discharge date, 7 and 30 

day mortality and the originating 

laboratory) consistent with the Privacy 

Act and the Privacy Amendment 

(Enhancing Privacy Protection) Act 2012 

(Cth) (Amending Act)  

• arrangements to prevent re-identification 

of patients arrangements for storing the 

data would prevent re-identification of 

personal data if matched or put together 

with to another data set data security  

• arrangements for holding data securely 

on the Nexus 6 server and when in use 

by AGAR scientific officers , data 

contributor and user authorisation 

protocols and mechanisms for monitoring 

access to the database 

• systems and processes used for 

collection, analysis and storage of data 

and information and whether they have 

been designed sufficiently to ensure that 

the confidentiality, integrity and 

availability of data and information is 

protected 

Copies and dates of ethics approvals are held 
by AGAR for current data sets, and the 
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Target  What is the risk? Consequence Likelihood Risk Actions 

 

purposes for which the data are provided for 
AGAR are addressed in the approvals  

Contract with web portal provider includes data 
privacy and security requirements. 

All users and staff are familiar with their 
obligations under the Privacy Act 1988 
(Commonwealth) and the relevant state and 
territory privacy legislation and policies. 

 

Web portal – 
maintenance and 
sustainability 

Provider no longer able/available to 
provide the contracted maintenance 
and support services 

Potential significant cost for 

redevelopment 

Potential loss of continuity of service 

and access to database 

Possible High Due diligence undertaken in relation to capacity 
of provider to deliver the service for the 
contracted period as part of contracting process 

Contract includes requirements for provider to 
prepare and make available to ASA a manual 
in relation to web portal development 
processes, maintenance and operational 
procedures 

Backup arrangements in place for AGAR data   
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Appendix 1:  

GNSOP - Understanding AMR plasmids in Gram-negative bacteria in Australia 

The importance of whole genome sequencing (WGS) in identifying the source and spread 

of infection is clearly demonstrated by the current COVID-19 pandemic. Equivalent 

information is essential in understanding the transmission of antimicrobial resistance 

(AMR) in Gram-negative bacteria, but the situation is more complex. AMR in these 

organisms is largely due to acquisition and spread of ‘mobile’ genes that each cause 

resistance to a subset of antibiotics. AMR genes, especially those that cause failure of the 

main hospital antibiotics in the most common pathogens (e.g., E. coli and Klebsiella), are 

largely spread on genetic vehicles (plasmids) that travel between bacteria, including 

different species.  

Incorrect assignment of a gene transmission event to a plasmid and/or failure to recognise 

the relatedness of plasmids is a major barrier to infection management and control. The 

short-read WGS carried out using current GNSOP funding is sufficient to identify AMR 

genes but often cannot accurately assign an AMR gene to particular plasmid: resistance 

plasmids typically contain many long repeats, particularly in regions containing AMR 

genes, and the same components are often found in different plasmids in the same cell. 

This means that assembly of complete plasmid sequences directly from short read data is 

almost impossible. Long-read methods (PacBio Sequel II HiFi and Oxford Nanopore) that 

would enable accurate assembly of complete plasmids are more expensive and are not 

covered by current funding. Additional funding will be used for long-read sequencing of 

selected isolates, which will be combined with short-read data (obtained using existing 

funding) to generate complete accurate assemblies of the most important plasmids in AMR 

Gram-negative pathogens in Australian hospitals.  

This approach will give us a clear understanding of current local plasmid epidemiology (e.g. 

for those carrying genes conferring resistance to last-line carbapenem antibiotics), 

providing information to inform policy makers. It will also allow us to generate a trusted 

“library” of accurate references for the most important AMR plasmids, which can be used 

as to map short-read data for more effective/efficient tracking of plasmid in the future (to 

see how this epidemiology is changing). The data obtained also have the potential to guide 

development of rapid testing for key plasmids or plasmid/AMR gene combinations without 

the need for WGS. Both will add value to the existing AGAR GNSOP surveillance program. 

Budget: $50,000 (Includes consumables and labour costs) 

Long-read sequencing of up to 100 representative isolates from 2020 GNSOP collection, 

either by PacBio Sequel II HiFi at AGRF Brisbane (~$35,000/48 isolates) or Oxford 
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Nanopore at the Ramaciotti Centre for Genomics, University of New South Wales and/or 

in house): @ $450/isolate, total $45,000 

Other consumables (media, PCR, DNA extraction kits etc): $5,000  

Timeline: 12 months 

Ongoing Additional Funding: Not required 
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APPENDIX 2: 

GNSOP - Understanding how important AMR genes are becoming fixed in the 

chromosome 

The genes conferring antimicrobial resistance (AMR) in Gram-negative organisms 

commonly travel between bacterial cells and species on genetic vehicles (plasmids), but 

important AMR genes are increasingly reported on bacterial chromosomes. If this leads to 

a permanent change in multiple species and strains, restricting antibiotics (the primary 

policy setting globally) will be largely powerless to reverse the threat of AMR. Addressing 

this possibility is both urgent and essential, as this is the greatest risk in AMR. 

Our analysis of short-read whole genome sequencing (WGS) data for 2019 AGAR GNSOP 

isolates revealed that the most common AMR genes conferring resistance to widely-used 

extended-spectrum β-lactam antibiotics (ESBL) are found on the chromosome in at least 

some common lineages (sequence types, ST) of Escherichia coli. However, current 

GNSOP funding enable only a proportion  of isolates to be sequenced, so that the signal-

to-noise ratio is a major problem, and we need also need to determine the levels of 

chromosomal AMR genes in K. pneumoniae, another dangerous pathogen.   

WGS of additional key, representative subsets of isolates from the 2020 GNSOP collection 

with relevant phenotypes (e.g., ESBL) will give a more accurate picture of which important 

AMR genes are now found on the chromosome. Short-read WGS is now the most 

efficient/economical way to identify ST (and sub-lineages within ST) and is often sufficient 

for identifying chromosomal locations, but additional, more expensive long-read 

sequencing (Oxford Nanopore and/or PacBio Sequel II HiFi) will be needed in some cases. 

Funding for WGS of additional isolates will allow us to better define the extent of 

chromosomal AMR gene carriage and enable a more accurate assessment of the risks, 

i.e. whether this a general threat that needs to be discussed with policy makers or simply 

needs to be better monitored. This analysis will also reveal whether we can design more 

economical, streamlined methods to monitor chromosomal carriage (e.g., PCR targeting 

specific genetic signatures) without the need for extensive WGS. 

If it is generally true that bacteria are permanently incorporating AMR genes into their 

chromosomes, so that AMR becomes ‘business as usual’, this changes the way we must 

do surveillance. It also has enormous implications for antibiotic use policies (which 

currently rely on the notion that less antibiotic use will allow AMR to ‘melt away’). If we 

know that certain AMR genes are now fixed in the bacterial core genome in at least some 

strains, we will need to treat these strains as pest species that may need new approaches 

(e.g., direct eradication by bacteriophages). 

Budget: $50,000 (Includes consumables and labour costs) 
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Additional Illumina sequencing (at the Microbial Genomics Reference Laboratory, 

Westmead Hospital): @ $100/isolate, up to 400 additional 2020 isolates = $40,000 

Long read sequencing, if needed, either Oxford Nanopore at the Ramaciotti Centre for 

Genomics, University of New South Wales and/or in house: ~20 isolates @ $500/isolate 

(including DNA preparation) = $10,000; or PacBio Sequel II HiFi at AGRF Brisbane 

(~$750/isolate). 

Timeline: 12 months 

Ongoing Additional Funding: Not required 
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APPENDIX 3: 

ASSOP – The Molecular Epidemiology of Penicillin Susceptible SAB in Australia and 

the Reliability of Diagnostic Phenotypic Susceptibility Method to Detect Penicillin 

Susceptibility    

 

Globally Staphylococcus aureus is one of the most frequent causes of hospital-onset and 

community-onset blood stream infections. Although prolonged antimicrobial therapy and 

prompt source control are used to treat S. aureus bacteraemia (SAB), mortality ranges 

from as low as 2.5% to as high as 40%. In 2013 the Australian Group on Antimicrobial 

Resistance (AGAR) commenced the Australian Staphylococcus aureus Sepsis Outcome 

Programme (ASSOP). Consisting of up to 40 institutions located across Australia, all SAB 

isolates and metadata are referred to the ASSOP reference laboratory located at Murdoch 

University. As per the agreement with the Australian Department of Health the reference 

laboratory focuses on the molecular epidemiology of methicillin-resistant S. aureus 

(MRSA). However, in 2020 approximately 80% of SABs were caused by methicillin-

sensitive S. aureus (MSSA) of which 20% were penicillin-sensitive (PSSA). 

 

The rise of PSSA has been observed on several continents and has been shown to involve 

bloodstream and other serious infections. The re-emergence of PSSA offers a novel 

antimicrobial stewardship opportunity and raises two important questions. First, is the 

emergence of PSSA clonal, and perhaps more importantly, how can we capitalize on its 

re-emergence with respect to antibiotic use? The optimal treatment for this phenotype 

remains unknown, and clinical practice has not been altered by the change in S. aureus 

susceptibility. Penicillin therapy offers advantages compared to other first-line therapies. 

For susceptible strains, penicillin's time above MIC is greater than for other antibiotics, and 

it targets a narrower spectrum than first-generation cephalosporins.   Despite these 

advantages, there remains scepticism toward the use of penicillin for the treatment of 

serious S. aureus infections, owing to the possibility of a clinical laboratory's inability to 

detect penicillinase-producing strains by traditional phenotypic methods. 

 

In ASSOP 2020, approximately 600 PSSA caused SAB across Australia. Funding 

permitting, we propose to  

• Identify, by whole genome sequencing (WGS), the predominant PSSA clones and 

clonal complexes causing community- and hospital-onset SAB across Australia  

• Use WGS bioinformatics to confirm penicillin susceptibility  
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• Evaluate the broth microdilution MIC, E-test, disc diffusion (include reading of the 

zone edge) and the nitrocefin test to reliably predict penicillin susceptibility    

 

Budget: $90,000 (Includes consumables and labour costs) 

Illumina sequencing and bioinformatics (performed at the ASSOP Reference Laboratory, 

Murdoch University): @ $100/isolate, up to 600 isolates = $60,000 

Phenotypic Susceptibility Testing (performed at the Microbiology Department, Fiona 

Stanley Hospital PathWest Laboratory Medicine – WA, ASSOP Reference Laboratory, 

Murdoch University): $50/isolate, up to 600 isolates = $30,000. 

 

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 


