
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 (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 isolate, 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 (Nanopore); at the Ramaciotti Centre for Genomics, University of New 

South Wales and/or in house): ~100 representative isolates from 2020 GNSOP collection @ 

$450/isolate = $45,000 

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

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 

 
  



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) 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) 

Additional Illumina sequencing (at the Microbial Genomics Reference Laboratory, Westmead 

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

Nanopore sequencing, if needed, (Ramaciotti Centre for Genomics, University of New South Wales 

and/or in house): 20 isolates: @ $500/isolate = $10,000. 

Timeline: 12 months 

Ongoing Additional Funding: Not required 

 

 

 

 

 

 

 

 
 



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 

usage?  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 skepticism 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  

 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 
 

 

 

 

 


