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Overview
Review of CIDM-PH Research in 2016
The Centre for Infectious Diseases and Microbiology-Public Health (CIDM-PH) is an
interdisciplinary translational research group within the Microbiology and Infectious
Diseases Departments of the Western Sydney LHD and Pathology West-ICPMR. The team
of senior investigators is comprised of A/Professor Vitali Sintchenko (Director), A/Professor
Sharon Chen, A/Professor Mark Douglas, Professor Dominic Dwyer, Professor Lyn Gilbert,
Professor Jon Iredell, Dr Matthew O’Sullivan, Professor Wieland Meyer, Professor Tania
Sorrell and Dr Cameron Webb. Our goals are to improve the prevention and control of
communicable diseases of public health importance by:


developing, evaluating and implementing innovative pathogen identification and
characterisation;



integrating high-resolution laboratory surveillance data into early warning systems
and laboratory networks to advance public health research;



translating research findings into laboratory and public health practice.

The last twelve months have been very productive for the CIDM-PH. Senior investigators
have been successful in building the network of collaborative research and in improving
surveillance and management of diseases with epidemic potential with invaluable support
from the NSW Population Health and Health Services Research Support Program.
Investigators have been involved in three current NHMRC Centres for Research Excellence
(Emerging Infectious Diseases, Tuberculosis Prevention and Control and eHealth and
Health Informatics) and have received several competitive research grants in the last year,
all with a strong translational focus. Regular symposia and seminars organised by the
CIDM-PH have been well-received with very encouraging feedback from attendees. For the
first time in our history, CIDM-PH and Marie Bashir Institute have jointly organised a
symposium titled “Advances in Microbial Genomics for Public Health and Clinical
Microbiology” with Peter Doherty Institute and MDU-Public Health Laboratory of the
University of Melbourne on the 15th of November 2016. This event involved presenters from
the USA CDC, Public Health England and British Columbia Centre for Disease Control as
well as speakers from NSW, Victoria, Queensland and South Australia and attracted over
180 registrants.
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In 2016, we further strengthened our research collaborations with partners in NSW,
nationally and internationally. The CIDM-PH, in collaboration with the Marie Bashir Institute
of the University of Sydney and Pathology West-ICPMR, has been instrumental in
establishing the NSW capacity in genomics surveillance and application of whole genome
sequencing for investigation of community and hospital outbreaks. Our researchers have
played an important role in multi-jurisdictional outbreak investigations of salmonellosis and
establishment and testing of data sharing protocols with the OzFoodNet and the MDU. Our
team was also awarded the NSW Health Translational Research Grant for investigating the
effectiveness of genomic surveillance in controlling tuberculosis, salmonellosis and
listeriosis.

A/Prof Vitali Sintchenko
Director, CIDM-PH
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MBI/CIDM-PH Partnership and the
NHMRC CREID
Prof Tania Sorrell: MBI University of Sydney
Emerging Infectious Diseases (EIDs), or the threat of EIDs, can and have caused enormous
health and socioeconomic impacts in Australia and globally. Our current clinical and
laboratory response systems are slow and inefficient. Modern genomics and electronic
communication tools provide unparalleled opportunities to better understand, predict,
prevent and control EIDs. However technical challenges must be overcome and community
concerns about privacy and surveillance present major ethical challenges for policy
development and implementation into practice.
The MBI/PathogenOmics Partnership was funded by the NSW Government Office of Health
and Medical Research in 2015 to develop and support the implementation of novel
advances in genomics, metagenomics and transcriptomics to offer more timely and
targeted public health responsiveness to detection and containment of infectious disease
outbreaks, including the spread of antimicrobial resistance and to lead a genomics network
within NSW. The CRE in Emerging Infectious Diseases (CREID) utilizes this core expertise
in CIDM-PH in order to achieve its overall goal of “Protecting the Public from Emerging
Infectious Diseases”.
Specifically, within the CREID we are applying pathogen genomics platforms to the
development of systems and frameworks to mitigate EID impacts. We have selected
exemplar viral and bacterial pathogens prevalent in Australia and our region, representing
different ecologies, disease transmission routes and control strategies (e.g. influenza,
dengue & enterovirus infections; salmonellosis & invasive pneumococcal disease; hospitalacquired MRSA & multidrug-resistant Gram negative bacteria). These will be studies using
genomics to identify patterns and determinants of microbial population growth and spatial
spread and identify precise transmission pathways.
The second thematic area in CREID aims to explore the integration of three types of data
including the high resolution genomic surveillance, together with syndromic surveillance
and electronic networks "digital surveillance” to design a tool-box for rapid public health
action.
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CREID will then draw on perspectives and experience of policy makers, practitioners and
the public, to identify and address ethical & legal barriers to introducing these potentially
intrusive new technologies as surveillance & response tools, and to create an ethical policy
framework to inform effective public health policy development.
Furthermore, the MBI/CIDM-PH partnership will collaborate with CREID to maintain strong
links between our research and training programs and those of our collaborators, to provide
leadership of our researchers in public health practice and to interact productively with the
NSW Ministry of Health and the Office of Health Protection to contribute to best public
health practice within our state.
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Public Health Implications of Antibiotic
Resistance
Prof Jon Iredell: CIDM, Westmead
Public Health Implications of Antibiotic Resistance Antimicrobial resistance (AMR) is a
“catastrophic threat” to global health that threatens to undo all of the advances of modern
medicine. Accurately defining AMR on a national and global scale is an essential first
principle, as for sepsis, but is an inadequate response by itself.
The three pillars of policy and clinical responses to AMR include containment (which needs
earlier more precise diagnosis), a better understanding of drug effects (on the
microflora/microbiome) and development of new therapies (drug/non-drug) but are
essentially either nihilistic or ablative responses that are demonstrably failing. AMR is an
evolutionary process and an ecological problem “comparable to global warming”. We must
acknowledge this and move to a proactive position.
Public Health efforts must directly address gaps in the science behind the diagnosis and
management of severe and antibiotic resistant infection. We must integrate comprehensive
molecular epidemiology networks with microbial husbandry (personalised microbiology)
and bioremediation, and drive innovation and research that informs policy.
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Ensuring NSW capacity in influenza
surveillance and control
Prof Dominic Dwyer: Pathology West ICPMR
Ristila Ram, Jo-Anne Thompson, Neela Joshi Rai, Janette Taylor, Jen Kok

Two large collaborative projects have examined the outcomes and vaccine effectiveness
in hospitalised influenza over the last six years. CIDM-PH and Westmead Hospital have
made very major contributions to development, enrolments and analyses of these studies.
The INSIGHT studies (PIs: Dwyer D, Lynfield R, Losso M, Davey R) have compared the
clinical outcomes of different influenza types (A and B) and influenza A subtypes
[A(H1N1)pdm09 and A(H3N2)] since the 2009 pandemic. This international study enrolled
adult outpatients and inpatients over six years, and importantly had follow-up periods and
central laboratory confirmation of influenza. FLU002 enrolled 1290 A(H1N1)pdm09, 1857
A(H3N2) and 805 influenza B-infected outpatients. FLU003 enrolled 641 A(H1N1)pdm09,
532 A(H3N2) and 225 influenza B-infected inpatients. A(H1N1)pdm09-infected patients
were younger (although the median age is increasing) with fewer comorbidities than
A(H3N2) and B. A(H1N1)pdm09-infected outpatients were more likely need admission
during the 14-day follow-up than those with influenza B or A(H3N2) (p<0.001). Inpatients
with A(H1N1)pdm09 were more likely to be enrolled from an intensive care unit than
A(H3N2) or B (p<0·001). However, among FLU003 inpatients, 60-day follow-up showed no
difference in disease progression (p=0·32) or all-cause mortality (p=0·30) among influenza
types/subtypes.
The Influenza Complications Alert Network (FluCAN; PI Cheng A) started in 2009 to provide
timely surveillance to Australian public health authorities on hospitalisations with confirmed
influenza. FLUCAN allows influenza vaccine effectiveness (VE) to be determined overall,
by age-groups and by virus type/subtype. VE has varied from 38-51% from 2011-2015 for
hospitalised influenza. In 2016, estimated VE was low at 13.3% (CI: -19.5%, 37.1%): it was
higher in non-elderly adults (32.3%) than the elderly (-6.2), and higher in A(H1N1)pdm09
(52%) and influenza B (38%) than A(H3N2) (7.9%).
In addition to informing clinical management, and seasonal and pandemic influenza
preparedness responses, such data assist treatment and vaccine trial design.

December 30, 2016

2016 CIDM-PH Annual Report

Pg. 07

Zika virus infection: Challenges of
laboratory diagnosis
Dr Jen Kok: Pathology West ICPMR
Laboratory confirmation of Zika virus infection (ZIKVI) is necessary for individual patient
management and recording accurate epidemiological data to inform public health
responses. As the symptoms in ZIKVI are similar to that of other arboviral infections, it is
difficult to reliably distinguish ZIKVI from the other arboviruses on clinical grounds alone.
The vectors responsible for transmission of ZIKV are also similar to that of dengue and
Chikungunya viruses.
The two most common methods used for diagnosis of ZIKVI are nucleic acid testing and
pathogen-specific serology. Similar to other flaviviruses, the duration of viremia is generally
short (approximately three to five days), although viral RNA may be detected in urine for up
to 30 days; semen for up to 92 days; and inthe serum of pregnant woman with foetuses
with congenital Zika syndromefor up to 10 weeks post infection.
The serological diagnosis of flavivirus infections is challenging due to the significant crossreactivity between the related viruses. There are cross-reactions with dengue virus ELISAs
(IgM and IgG) and false reactivity with dengue NS1 antigen. ZIKVI in persons previously
vaccinated against yellow fever virus, Japanese encephalitis virus or tick-borne encephalitis
virus may also induce rapid and brisk rise in neutralizing antibodies against other
flaviviruses.
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The discovery and isolation of
Francisella tularensis spp. holarctica in
Australian ringtail possums
Dr John-Sebastian Eden: WIMR & University of Sydney
Tularemia is a highly infectious and potentially life-threatening zoonotic disease caused by
the bacterium Francisella tularensis. Wild animals such as rabbits and rodents are
recognised as important reservoirs with infection in humans commonly acquired through
biting insect vectors or direct exposure to an infected animal. While the disease represents
a considerable public health risk, Australia has long been considered tularemia-free with
cases restricted to the northern hemisphere. This view changed in 2011, when a female
adult was bitten by a ringtail possum in Tasmania and developed glandular tularemia with
molecular and serological testing suggesting infection by F. tularensis. In this case, no
isolate was obtained but it was the first evidence that F. tularensis existed outside of the
northern hemisphere, and importantly, that a reservoir may exist in native Australian ringtail
possums. Follow-up surveys of possums in the area failed to detectF. tularensis,
consequently, the story of tularemia in Australia has remained enigmatic.
As part of a wider study of neglected and undiagnosed diseases in Australian wildlife, we
investigated several ringtail possum mortalities that occurred in Sydney between 20002009. The possums presented with a common syndrome associated with acute necrotizing
enteritis and hepatitis. To identify potential pathogens in these possum samples, we
employed an unbiased, high-throughput RNA sequencing approach that identified an
abundance of F. tularensis sequences in a pooled library of eight affected possum livers.
In collaboration with the Emerging Infections and Biohazard Response Unit a tWestmead
Hospital, we then confirmed by DFA and PCR that 2/8 samples were positive for F.
tularensis. The two positive samples were from ringtail possums found in the North Shore
area during two mass mortality events in May 2002and August 2003. Importantly, culturing
of infected tissue resulted in a viableF. tularensis isolate that was confirmed as subspecies
holarcticabiovarjaponica by whole-genome sequencing and phylogenetic analysis. Hence,
we can now confirm that tularemia exists in Australia with a reservoir in ringtail possums,
and that native Australian wildlife may pose a threat to human health.
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NSW Strategic response plan to the
introduction of exotic mosquitoes
Dr Cameron Webb: Pathology West ICPMR & MBI University of Sydney
Cameron E Webb1,2, Stephen LDoggett1 and Kishen Lachireddy3
(1) Department of Medical Entomology, Pathology West – ICPMR Westmead, Westmead
Hospital, Westmead NSW 2145 Australia; (2) Marie Bashir Institute of Infectious Diseases
and Biosecurity, University of Sydney, NSW 2006, Australia; (3) Health Risk Policy Unit,
Health Protection NSW, NSW Health, Sydney, Australia

Mosquito-borne disease management in Australia faces numerous challenges. Threats
posed by endemic mosquito-borne pathogens, such as Ross River virus (RRV), may
increase with a changing climate, but exotic mosquitoes and pathogens are also an
emerging threat. State and Local authorities must develop regionally specific surveillance
and response programs to identify and respond to exotic mosquito and mosquito-borne
disease threats.
The Asian tiger mosquito, Aedes albopictus, poses the greatest risk to temperate regions
of Australia due to its peri-urban ecology and proven ability to transmit exotic pathogens,
including dengue chikungunya and Zika viruses. The mosquito is widespread in
neighbouring countries. Due to the increased frequency of flights from these countries and
detection of these mosquitoes at Australian ports, there is potential for this mosquito to
make its way to NSW in future. While Aedesaegypti has historically occurred in NSW, it is
currently only found in northern regions of QLD. However, the mosquito was detected for
the first time at Sydney International Airport in early 2016 by Department of Agriculture and
Water Resources (DAWR) and required a coordinated response from NSW Health together
with CIDM-PH scientists. Based on this experience, recommendations were produced to
guide future surveillance and response by stakeholders.
Local authorities need to develop a multiagency strategic approach to surveillance
concomitant with strategic incursion responses beyond existing mosquito-borne disease
surveillance programs to reduce the pest and public health threats associated with exotic
mosquitoes. One of the first formal meetings of NSW Health, CIDM-PH Medical
Entomologists and DAWR to discuss a strategic response to this threat was prompted by
the joint CIDM-PH and Marie Bashir Institute of Infectious Diseases and Biosecurity (MBI)
one day symposium “Chasing the tiger and the pursuit of innovative solutions to mosquitoborne disease threats” in September 2014.NSW Health has since developed a draft
strategic response plan to address the threat of exotic mosquitoes in collaboration with
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CIDM-PH scientists. The plan is currently being reviewed by stakeholders and it is
anticipated it will be completed in 2017. In November 2016, NSW Health in collaboration
with CIDM-PH is conducting a workshop to increase capacity in local and state government
authorities to respond to exotic mosquito threats. This presentation will track the role of
CIDM-PH scientists in translating exotic mosquito research into policy and practice by NSW
Health.
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Hepatitis C virus resistance testing:
developing NSW capability
A/Prof Mark Douglas: WIMR, University of Sydney
Hepatitis C virus (HCV) is an RNA virus with a high replication error rate, leading to the
emergence of resistance associated substitutions (RASs) in people failing antiviral therapy.
In the first five months since the availability in Australia of all oral direct acting antiviral
(DAA) therapy, over 26,000 people have been treated, with an estimated 40,000 in the first
12 months. Given relapse rates of 5-10% in phase 3 studies, at least 3,000 of these people
will likely fail therapy, acquiring RASs in their circulating virus.
Current Australian and international guidelines recommend testing HCV for drug resistance
in patients who fail therapy, but there is nowhere in Australia offering this testing service.
We have recently established an assay at Westmead to test for HCV RASs in patient
plasma, and are now offering this service for patients who fail therapy. As well as guiding
the choice of drugs to retreat these patients, resistance testing offers the potential for
surveillance for emergence of drug resistant virus in the community. This is particularly
important among actively injecting drug users and other high risk groups, to monitor for
emergence of multi-drug resistant virus and reduce the risk for ongoing transmission in the
community.

December 30, 2016

Pg. 12

2016 CIDM-PH Annual Report

Genomic evolution of antibiotic resistant
Serogroup 19 Streptococcus pneumonia
in pre-and post- conjugate vaccine eras
Dr Rebecca Rockett: CIDM-PH, Westmead
R. J. Rockett, S.Oftadeh, N. Bachmann, F. Kong, G.L. Gilbert and V. Sintchenko
Invasive pneumococcal disease (IPD) is a leading cause of community-acquired
pneumonia and meningitis worldwide. Serotype 19F Streptococcus pneumoniae was one
of the most common causes of IPD prior to the introduction of conjugate vaccines and this
capsular antigen formed part of the pneumococcal conjugate vaccine (PCV7). Several
multi-locus sequence types (MLST) containing a serotype 19F capsular antigen
demonstrated high-level multi-drug resistance (MDR) including resistance to penicillins,
cephalosporins and macrolides (PCM). After the introduction of PCV7 the incidence of
serotype 19F IPD fell dramatically but was partly offset by an increase in serotype 19A
MDR. Recombination among pneumococci under vaccine pressure can produce ‘capsular
switch’ variants. Such recombination events can rapidly replace clones expressing vaccine
containing capsular loci with non-vaccine capsular types, whilst retaining an MDR
phenotype. The aim of this study was to compare genomes of isolates collected in 2004
(the year proceeding routine PCV7 vaccination) and in 2008.
Whole genome sequencing was conducted on 101 IPD serogroup 19 isolates. Presence of
mutations in penicillin binding proteins (PBP1A, PBP1B, PBP2B and PBP2X), and antibiotic
resistance-associated genes (ermB, tetM, mef(A), mef(E) and mel) correlated with
minimum inhibitor concentrations (MIC) to PCM. The introduction of PCV7 in Australia did
not increase the prevalence of PCM resistant clones. However, significant increases in
isolates with elevated MICs to penicillins and resistance to erythromycin were observed.
Only three ‘capsular switch’ MDR isolates where detected. Our findings suggest that
increases in IPD resistance can be explained by the emergence of previously
uncharacterised or uncommon MLST types.
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Rapid binary typing of methicillansensitive Staphylococcus aureus by
multiplex PCR and reverse line blot
assay
Mr Mitchell Brown: Pathology West ICPMR
In developing a rapid binary typing assay for Methicillin-sensitive Staphylococcus aureus, a
reference library of 137 MSSA strains, collected between 2004-2005 and 2013-2014, were
selected, representing isolates from a wide variety of infections as well as colonisation.
They were isolated mostly from a pathology service provider covering a large geographical
area of New South Wales, Australia, and efforts were made to exclude epidemiologically
related isolates. 120 potential targets for binary typing were identified from both a review
of the literature and the existing MRSA mPCR/RLB assay. Whole genome sequencing
(WGS) of isolates was performed using the Illumina NextSeq500 platform. Sequences were
aligned to potential assay targets using the CLC Genomics Workbench 8.5.1 to identify the
presence or absence of each target in each isolate. These results were analysed using the
software package AuSeTTS to identify the most discriminatory set of targets for inclusion
in the final binary typing assay and determine the maximum Simpson’s index of
diversity. Within the reference set of 137 isolates, 121 unique binary types were
distinguishable. The maximum Simpson’s diversity index of 0.9948 (95% CI, 0.992 to
0.998) was achieved with a subset of just 24 of the 120 targets. Targets selected were
varied and included toxin genes, antimicrobial resistance markers and phage derived open
reading frames. Binary typing using mPCR/RLB will provide an inexpensive, timely and
discriminatory assay for strain-based surveillance of nosocomial MSSA infection and
colonisation. Routine, prospective application of this assay in the hospital setting will reduce
the need for more expensive methods such as WGS and afford new insights into the
epidemiology of MSSA infections.
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Deciphering transmission of hospitalacquired MRSA using binary typing and
genome sequencing
Dr Rosemarie Sadsad: CIDM-PH, Westmead
Rosemarie Sadsad 1,2,3, Matthew O’Sullivan 1,2,3, Nadine Holmes 4, VitaliSintchenko1,2,3,
Lyn Gilbert 1,2,3
1 Centre for Infectious Diseases and Microbiology – Public Health
2 Sydney Medical School, University of Sydney
3 Marie Bashir Institute for Infectious Diseases and Biosecurity, University of Sydney
4 National Institute for Biological Standards and Control, UK

Introduction:
Prospective surveillance for methicillin-resistant Staphylococcus aureus (MRSA) using our
rapid, discriminatory binary typing system is routinely conducted in a Sydney tertiary public
hospital. This surveillance indicated outbreaks of the MRSA sequence type (ST) 239 in
three surgical wards over a one-year period. We assessed the role of whole genome
sequencing (WGS) as a tool that could complement binary typing in outbreak investigations.
Method:
We retrospectively performed WGS on MRSA isolated from 93 patients and from 19
environmental surfaces and compared them with an Australasian ST239-MRSA-III-spa
t037 strain. We selected patients that were admitted in 2013, admitted to the surgical
unit(two general surgical wards and one surgical high dependency ward;82 beds), who
were included in MRSA colonisation point prevalence surveys, who were considered to be
involved in MRSA transmission based on epidemiological information extracted from
electronic patient records, and who carried a prevalent ST239 binary type. We selected
environmental samples that were collected in surgical wards for colonisation point
prevalence surveys and that were of type ST239. WGS was conducted on the
IlluminaMiSeq and NextSeq 500 instruments.

December 30, 2016

2016 CIDM-PH Annual Report

Pg. 15
Results:

The 112 isolates were of 12 binary types. Six clusters of isolates were identified. One cluster
contained two sub-clusters of isolates. All isolates contained a type II arginine catabolic
mobile element (ACME) which is considered to be a determinant for virulence or
colonisation, with some clusters containing a second copy of ACME genes. The clusters,
while genetically similar, were not always linked in time or by location. Some outbreak
clusters spanned the one year study period. The collection date of closely related
environmental and patient isolates were up to seven months apart and may not have had
clear epidemiological links. One cluster involved isolates of multiple binary types.
Conclusion:
Prospective binary typing is suitable for rapidly detecting suspected nosocomial outbreaks
and informing infection control practice. WGS provides more definitive descriptions of
outbreaks and clinically relevant strains. WGS can identify clusters occurring within an
outbreak, exclude cases from outbreaks, and link cases that differ in strain subtype or that
are distant in time or location.
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Is the official fungal DNA barcode, the
ITS1/2 region, also a convenient tool for
strain typing using NGS?
Dr Laszlo Irinyi: WIMR, University of Sydney
Laszlo Irinyi1, Cali E. Willet2, Vincent Robert3, Gianluigi Cardinali4 and Wieland Meyer1
1Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead
Hospital, Marie Bashir Institute for Emerging Infectious Diseases and Biosecurity, The
University of Sydney, Westmead Institute for Medical Research, Sydney, NSW, Australia
2Sydney Informatics Core Research Facility, The University of Sydney, Sydney, NSW,
Australia
3CBS-KNAW, Fungal Biodiversity Centre, Utrecht, The Netherlands, 4Department of
Pharmaceutical Sciences- UniversitàdegliStudi di Perugia, Perugia, Italy

Correct and fast identification of the causative agents of mycoses as well as strain typing
is of great importance to enable early diagnosis and targeted antifungal therapy. DNA
barcoding offers anaccurate, fast, cost-effective, cultureindependent approach for species
identification through DNA barcodes (short standardized sequences). The current official
fungal DNA barcode isthe internal transcribed spacer (ITS) region.ITS sequences are
routinely used by the medical community for the identification of fungi at the species level.
Most of the species can be accurately identified by a clearly defined barcodegap between
inter- and intraspecific variation. As the ITSregionoccur in tandem repeats (up to 200) in
the fungal genome there is variation between the different copies of the ITSregion within
the same genome, thus opening up the possibility to explore this variation for strain typing.
So far, mainly Sanger technology has been used to sequence only the most abundant
version of the ITS for identification at species level. However, with the current advancement
of the next generation sequencing (NGS) technologies it is possible to sequence the low
copy variants of the ITS which may allow not only species ID but also strain typing. In this
pilot study financed by a MBI seed-funding grant, our aim was to test if the low copy variants
and their occurrence in the genome can be used for strain typing purposes besides species
identification. We sequenced the ITS region from different Cryptococcus gattii strains using
the plexWell™ technology. At least five technical replicates (the same DNA split up) for
each strain were investigated in order to test the reproducibility of the NGS sequencing.
Our preliminary results showed that the number of reads generated during the NGS
sequencing were vastly variable, which might be a huge challenge in terms of
reproducibility. In addition, the resolution of the strains using NGS proved to be lower or
ambiguous than using other typing technics.
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Culture-independent detection of Shigatoxin producing Escherichia coli
Dr Rupthi Hermes: CIDM, Westmead
Newer platforms for diagnosing enteric disease have enhanced work-flows for diagnosis of
notifiable food-borne pathogens. PCR based technologies detecting disease directly from
faecal samples have now become the first diagnostic step for public health surveillance of
enteric pathogens. They provide a more sensitive diagnosis for the presence or absence of
the causative organism. In the context of infectious disease surveillance, this has
contributed to an increase in notifications with the potential for faster turn-around times in
the identification of disease clusters.
The ability to quickly and accurately identify the disease agent also raises the potentialto
eliminate the need for further identification by culture methods. This presentation will
describe the impact of changing methodologies on the clinical detection of disease and
public health surveillance andinvestigation of food-borne diseases.
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Role of genome sequencing in
deciphering Sydney outbreak of
legionellosis
Dr Verlaine Timms: CIDM-PH, Westmead
Legionella pneumophila is a ubiquitous organism with a natural habitat of water reservoirs
and amoebae. It sporadically infects humans causing legionnaires disease, a serious form
of pneumonia. Community outbreaks of Legionnaires disease occur regularly and from
February – May 2016, Sydney was the epicentre of one such outbreak. The outbreak
spanned three geographic regions, the CBD, Kogarah and Burwood, leading to urgent
public health efforts in investigation and control. We explored genomic relatedness between
environmental and clinical isolates obtained during this outbreak to assist the public health
control efforts.
A total of 48 Lp1 isolates from patients and cooling towers were subjected to whole genome
sequencing (WGS) at CIDM- Public Health, ICPMR. Two methods of analysis were
employed to discern the outbreak, SNP based phylogeny and core-genome MLST.
Both methods produced congruent phylogenetic trees. Isolates from two CBD cooling
towers and five patients were of the same cluster and in Kogarah, one patient matched one
tower. Importantly, the combined result obtained from CBD and Kogarah isolates revealed
that both outbreaks were related. All isolates from the main outbreak cluster were also typed
by standard MLST as ST211.Isolates from Burwood and two patients from both the CBD
and Kogarah were distinct and were not related to the main cluster.
WGS was able to link two outbreaks that were epidemiologically unrelated. In addition a
relatively rare ST211 was identified from the main cluster. ST211 has been reported in
Canada where its prevalence increased in the last decade and the more dominant ST1
declined over this time period. Further WGS on historical isolates will enable us to
investigate whether ST211 existed in Sydney prior to this latest outbreak and will guide the
timely recognition and investigation of future Legionella outbreaks.
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Culture independent genome sequencing
of Mycobacterium tuberculosis directly
from respiratory samples
Dr Nathan Bachmann: CIDM-PH & TB-CRE, Westmead
Critical to the control of tuberculosis (TB) is early and effective diagnosis that can also
detect antibiotic resistance. Current TB diagnostics uses acid-fast staining of sputum,
however, microscopy is unable to provide species-level identification or resistance profile
and the culture-based methods that are used to overcome these limitations are still laborintensive and slow. Therefore, culture independent genome sequencing methods are being
developed to sequence Mycobacterium tuberculosis directly from sputum samples in order
to determine species-specific information and drug resistance without having to rely on
culturing an isolate. In order to sequence M. tuberculosis straight from sputum it is
necessary to deplete host DNA to ensure sufficient read coverage for the bacterial genome.
Sputum samples collected by the Mycobacterium Reference Laboratory (MRL) are
subjected to differential lysis to burst the human cells and liberate host DNA, while keeping
the mycobacterial cells intact. The human DNA is then depleted following by bead beating
extraction of M. tuberculosis DNA. To assess the effectiveness of host DNA
depletion,qPCR using human and mycobacterium specific primers are used measure the
levels of host and microbial DNA after extraction. Optimizations of culture-independent
genome sequencing for TB will provide drug susceptibility results seven weeks sooner than
traditional approaches.
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Bioinformatics infrastructure for GWAS
Dr Ranjeeta Menon: CIDM-PH, Westmead

With the emergence of infectious diseases and antibiotic-resistance “superbugs”, public
health demands better laboratory surveillance that generate the new streams of data
analysis and data-driven epidemiology using the quickest and best possible approach in
bioinformatics. The advent of new sequencing technologies and the amount of data
generated and with the abundance of information in Mycobacterium Reference Laboratory
and Enteric Reference Laboratory, Bioinformatics can be applied to extract the worth of
information by integrating the pathogen genomics with clinical and epidemiological
evidence to improve clinical decisions and public health response. The Genome wide
association studies (GWAS) and the whole-genome sequencing (WGS),the major
approach in genomics research has important influence on public health. GWAS
examines the genetic variants mainly single nucleotide polymorphism (SNPs)
associated with different disease syndromes or susceptibility to anti microbials.
The ongoing public health surveillance and transmission tracking for point-source
identification, outbreak and transmission tracking for real-time public health genomic and
laboratory surveillance, and risk assessment can be achieved by existing and advanced
bioinformatics approach and with the developing of GWAS data warehouse. The big-data
generated from multiple sequencing technology platforms including Illumina, Ion Torrent
and Oxford Nanopore, using culture based and metagenomics approaches can be
analysed and the GWAS data warehouse can be used to explore the pathogen genomic
markers of disease severity or transmissibility. With Bioinformatics infrastructure interlaboratory comparison and standardization of pipelines and methods based on the
pathogen can facilitate data sharing on common WGS data warehouse platform. Routine
transmission tracking and patient management can be achieved with advanced integrated
analytics. The GWAS studies prevalent in human genomics can be addressed in pathogen
genomics.
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Can genomics assist in differentiating
Shigella from enteroinvasive Esherichia
coli?
Dr Rajat Dhakal: CIDM-PH, Westmead
Shigella and enteroinvasive Escherichia coli (EIEC) are both causative agents of bacillary
dysentery and they are alike in their virulence mechanisms, symptoms of disease,
biochemical properties and genomes. They are important pathogens from both clinical
treatment’s and outbreak investigation’s points of view. However, current typing methods
have limited ability to differentiate these pathogens because of lack of proper markers. We
used comparative genomics to design 6 primer sets which can potentially amplify the loci
from EIECs but not from Shigella. In silico analysis by similarity search of all primer sets
with more than 6400 and more than 30 Short Read Archive (SRA) records of Shigella and
EIEC respectively from NCBI showed that all loci were absent in 99.99% of Shigella and at
least one of them was present in all EIECs. In agreement with this analysis, PCR testing of
randomly selected 12 isolates (6 of each pathogen) suggested that at least one primer can
amplify the loci from all 6 EIECs and do not amplify any locus from Shigella. The next step
is to combine primers into a multiplex PCR system and validate the approach using larger
sets of Shigella and EIEC isolates.
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Bordetella holmesii: Epidemiology and
genomics of an emerging human
pathogen
Ms Winkie Fong: CIDM-PH, Westmead
Bordetella pertussis, the aetiological agent of Whooping cough is routinely diagnosed by
PCR directed at IS481, an insertion sequence also found in Bordetella holmesii. Recent
observations have shown that B. holmesii infections can be misdiagnosed as cases as
Pertussis infections, which can have a profound impact on the patient and in public health.
Therefore this study investigated the presence of B. holmesii in B. pertussis positive cases
between July 2012 and July 2016, in order to determine the prevalence of B. holmesii in
our population. Whole genome sequencing (WGS) was also used to identify any potential
diagnostic targets as insertion sequences are not ideal PCR targets given their
transposable nature. This study also determined whether B. holmesii contains similar
vaccine antigens to B. pertussis as previous studies have shown a lack of vaccine cross
protection in animal models from the acellular vaccine. In addition, due to the lack of
understanding of B. holmesii and its genetics, this study explored the potential for antibiotic
resistance in B. holmesii.
Through the simultaneous amplification of IS481 and hIS1001 by rtPCR in nasopharyngeal
swabs and aspirates, this study suggests the prevalence rate of B. holmesii in NSW is 3.6%
during 2013 and 6.3% in 2015. WGS of B. holmesii genomes reveal little homology between
B. holmesii and B. pertussis. Potential PCR targets were analysed using in-depth analyses
of multi-copy genes however no significant homology between copies were identified that
would achieve high-sensitivity PCR detection. Analysis into the B. holmesii genome showed
that genes for the vaccine components were not present. Hence, based on in silico
evidence, the B. pertussis acellular vaccine is unable to provide cross-protection against B.
holmesii. Furthermore, 35 multi-drug resistance markers have been identified, and have
been found to encode for resistance to numerous antibiotics, but most importantly against
macrolides. The presence of multi-drug resistance genes conferring resistance to
macrolides may pose a treatment issue, as B. pertussis is treated primarily with macrolides.
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Abstracts – Work in progress
Whole genome sequencing demonstrates limited transmission within identified Mycobacterium
tuberculosis clusters in New South Wales, Australia
Gurjav U, Outhred A, Holmes N, Wang Q, Hill-Cawthorne GA, Marais BJ, Sintchenko V.
Australia has a low tuberculosis (TB) incidence rate with most cases occurring among recent immigrants. Given
suboptimal cluster resolution achieved with 24-locus mycobacterium interspersed repetitive unit (MIRU-24)
genotyping, the added value of whole genome sequencing was explored. MIRU-24 profiles of all Mycobacterium
tuberculosis culture-confirmed tuberculosis cases diagnosed between 2009 and 2013 in New South Wales (NSW),
Australia, were examined and clusters identified. The relatedness of cases within the largest MIRU-24 clusters was
assessed using whole genome sequencing and phylogenetic analyses. Of 1841 culture-confirmed TB cases, 91.9%
(1692/1841) had complete demographic and genotyping data. East-African Indian (474; 28.0%) and Beijing (470;
27.8%) lineage strains predominated. The overall rate of MIRU-24 clustering was 20.1% (340/1692) and was highest
among Beijing lineage strains (35.7%; 168/470). One Beijing and three East-African Indian (EAI) clonal complexes
(CCs) were responsible for the majority of observed clusters. Whole genome sequencing of the 4 largest clusters (31
isolates) demonstrated diverse single nucleotide polymorphisms (SNPs) within identified clusters. All sequenced EAI
strains and 70% of Beijing lineage strains clustered by MIRU-24 typing demonstrated distinct SNP profiles. The
superior resolution provided by whole genome sequencing demonstrated limited M. tuberculosis transmission within
NSW, even within identified MIRU-24 clusters. Routine whole genome sequencing could provide valuable public
health guidance in low burden settings.
Published in PLoS One (Accepted 2 Oct 2016)

16S-23S internal transcribed spacer region PCR and sequencer-based capillary gel electrophoresis
as an alternative to high performance liquid chromatography for identification of slowly growing
nontuberculous mycobacteria
Subedi S, Kong F, Jelfs P,GrayTJ, Xiao M, Sintchenko V, Chen SC-A
Accurate identification of slowly growing nontuberculous mycobacteria (SG-NTM) remains problematic. This study
evaluated a novel method of SG-NTM identification by amplification of the mycobacterial 16S-23S rRNA internal
transcribed spacer (ITS) region followed by resolution of amplified fragments by sequencer-based capillary gel
electrophoresis (SCGE). Fourteen American Type Culture Collection (ATCC) strains and 103 clinical/environmental
isolates (total n=24 species) of SG-NTM were included. Identification was compared with that by high performance
liquid chromatography (HPLC), in-house real time PCR and 16S/ITS sequencing. Isolates of all species yielded a
SCGE profile comprising a single fragment length (or peak) except for M. scrofulaceum (two peaks). SCGE peaks of
ATCC strains were distinct except for peak overlap between Mycobacterium kansasii and M. marinum. Of
clinical/environmental strains, unique peaks were seen for 7/17 (41%) species (M. haemophilum, M. kubicae, M.
lentiflavum, M. terrae, M. kansasii, M. asiaticum and M. triplex); 3/17 (18%) species were identified by HPLC. There
were five SCGE fragment length types (I – V) each of M. avium, M. intracellulare and M. gordonae. Overlap of
fragment lengths was seen between M. marinum and M. ulcerans; for M. gordonae SCGE type III and M.
paragordonae;M. avium SCGE type III and IV, and M. intracellulare SCGE type I; M. chimaera, M. parascrofulaceum
and M. intracellulare SCGE types III and IV; M. branderi and M. avium type V; and M. vulneris and M.
intracellularetype V. The ITS-directed SCGE method was able to provide rapid and reproducible species identification
of SG-NTM and was more discriminatory than HPLC.
Published in PLoS One (Accepted Sept 2016)
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Whole genome sequencing of Salmonella Typhimurium illuminates distinct outbreaks caused by
an endemic multi-locus variable number tandem repeat analysis type in Australia
Phillips A, Sotomayor C, Wang Q, Holmes N, Furlong C, Ward K, Howard P, Octavia S, Lan R, Sintchenko V.
Background: Salmonella Typhimurium (STM) is an important cause of foodborne outbreaks worldwide. Subtyping
of STM remains critical to outbreak investigation, yet current techniques (i.e. multilocus variable number tandem
repeat analysis, MLVA) may provide insufficient discrimination. Whole genome sequencing (WGS) offers potentially
greater discriminatory power to support infectious disease surveillance.
Methods: We performed WGS on 62 STM isolates of a single, endemic MLVA type associated with two
epidemiologically independent, food-borne outbreaks along with sporadic cases in New South Wales, Australia,
during 2014. Genomes of case and environmental isolates were sequenced using HiSeq (Illumina) and the genetic
distance between them was assessed by single nucleotide polymorphism (SNP) analysis. SNP analysis was
compared to the epidemiological context.
Results: The WGS analysis supported epidemiological evidence and genomes of within-outbreak isolates were
nearly identical. Sporadic cases differed from outbreak cases by a small number of SNPs, although their close
relationship to outbreak cases may represent an unidentified common food source that may warrant further public
health follow up. Previously unrecognised mini-clusters were detected.
Conclusions: WGS of STM can discriminate foodborne community outbreaks within a single endemic MLVA clone.
Our findings support the translation of WGS into public health laboratory surveillance of salmonellosis.
Published in BMC Microbiology 2016;16:211.

Tuberculosis and HIV co-infection in Vietnam
Tring QM, Nguyen HL, Do TN, Nguyen VN, Nguyen BH, Nguyen TV, Sintchenko V, Marais BJ.
Tuberculosis (TB) and human immunodeficiency virus (HIV) infection are leading causes of disease and death in
Vietnam, but TB/HIV disease trends and the profile of co-infected patients are poorly described.
Methods: We examined national TB and HIV notification data to provide a geographic overview and describe
relevant disease trends within Vietnam. We also compared the demographic and clinical profiles of TB patients with
and without HIV infection.
Results: During the past 10 years (2005-2014) cumulative HIV case numbers and deaths increased to 298,151
and 71,332 respectively, but access to antiretroviral therapy (ART) improved and new infections and deaths
declined. From 2011-2014 routine HIV testing of TB patients increased from 58.9% to 72.5% and of all TB patients
diagnosed with HIV in 2014, 2,803 (72.4%) received ART. The number of multidrug resistant (MDR)-TB cases
enrolled for treatment increased almost 3-fold (578 to 1,532) from 2011-2014. The rate of HIV co-infection in MDR
and non-MDR TB cases (51/1,532; 3.3% vs 3,774/100,555; 3.8%; OR 0.77, 95% CI 0.7-1.2) was similar in 2014.
Conclusions: The care of TB/HIV co-infected patients have shown sustained improvement in Vietnam. Rising
numbers of MDR-TB cases is a concern, but this is not "driven" by HIV co-infection.
Published in International Journal of Infectious Diseases 2016;46:56-60.
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Transmissions of multi-drug resistant tuberculosis in Mongolia is driven by Beijing strains of
Mycobacterium tuberculosis resistant to all first-line drugs
Gurjav U, Burneebaatar B, Ochirbat B, Hill-Cawthorne GA, Marais BJ, Sintchenko V.
Background: Mongolia has high and rising rates of multi-drug resistant tuberculosis (MDR-TB). Spatiotemporaland
programmatic evidence suggests a major contribution from MDR-TB transmission, butgenotypic evidence has not
been assessed.
Methods: All MDR-TB cases identified during 2012 were examined. Demographic and bacteriologicaldata were
obtained from the National Tuberculosis Reference Laboratory. Isolates of Mycobacterium tuberculosis from
culture-confirmed category 1 treatment failures were genotyped using 24-loci mycobacteriuminterspersed repetitive
unit (MIRU-24) analysis.
Results: Of the 210 MDR-TB cases identified, 115 (54.8%) were treatment failures (34.8% category 1;
20.0%category 2). Streptomycin resistance was present in 156 (74.3%) cases; including 55/73 (75.3%) category
1treatment failures who had never been exposed to streptomycin. Among category 1 treatment failures,Beijing
lineage strains predominated (88.0%; 59/67 of genotyped isolates). MIRU-24 clustering wasdocumented in 62.7%
(42/67) of strains; 55.2% (37/67) remained clustered when drug susceptibility testresults were considered. In total
59.5% (25/42) of clustered strains were Beijing lineage and demonstrated
in-vitro resistance to all first-line drugs tested.
Conclusion: The MDR-TB epidemic in Mongolia appears to be driven by primary transmission of Beijinglineage
strains resistant to all first-line drugs. Enhanced infection control strategies together with earlyMDR-TB case
detection and appropriate treatment are necessary to limit escalation of the MDR-TBepidemic.
Published in Tuberculosis 2016;101:49-53.

Whole-genome sequencing of Mycobacterium tuberculosis for rapid diagnostics: feasibility of
decentralised model
Martinez E, Bustamante A, Menon R, Wang Q, Jelfs P, Marais BJ, Chen SCA, Sintchenko V.
We recently performed a feasibility study in the New South Wales Mycobacterium Reference Laboratory, Australia
and conducted weekly runs of Illumina NextSeq500 on all positive Mycobacterium tuberculosis cultures in October
2015. Between 15 and 23 MTB samples were processed per week, and libraries were prepared using a modified
Nextera XT (Illumina) protocol. Raw data was downloaded from Illumina BaseSpace onto a local computer. Analysis
was done by uploading trimmed fastq files to the KmerFinder for strain identification and the web tool PhyResSE
for detection of mutations associated with drug resistance.We found 100% concordance between phenotypic and
WGS-based identification and direct susceptibility testing (DST) with significant improvements in the TAT; 90% of
WGS-based identification and susceptibility results were reported within 15 hours after completion of the
sequencing and within 15 days after positive culture. Median TAT from culture positivity to DST report was 11 days
for WGS vs. 16 days for phenotypic methods. WGS-based genotyping was congruent with MIRU-24 findings, but
provided enhanced resolution by identifying relevant subgroups. This approach also detects laboratory crosscontamination with great precision, reducing the risk of unnecessary treatment for tuberculosis.
Published in Lancet Respiratory Medicine 2016; 4(4):e13-4.
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DfrA-thyA double deletion in para-aminosalicylic acid resistant Mycobacterium tuberculosis
Beijing strains
Moradigaravand D, Grandjean L, Martinez E, Li H, Zheng J, Coronel J, Moore D, Torok ME, Sintchenko V, Huang
H, Javid B, Parkhill J, Peacock S, Köser C.
Seven Mycobacterium tuberculosis strains belonging to the Beijing lineage that harboured deletions of the
dihydrofolate reductase dfrA (Rv2763c) and adjacent thymidylate synthase thyA (Rv2764c) are described. These
deletions likely represented a novel para-aminosalicylic acid resistance mechanism. We also observed potential
compensatory mutations upstream of the thymidylate synthase encoded by thyX (Rv2754c). Moreover, we
demonstrated that DfrA was conditionally essential, which has implications for drug development.
Published in Journal of Antimicrobial Chemotherapy 2016; 60(6):3864-7.

Molecular analysis of enteroviruses
Zhou F, O’Sullivan MVN, Iredell JR, Sintchenko V, Gilbert GL, Dwyer DE.
Enteroviruses (EVs) are common human pathogens which usually infect the gastrointestinal and respiratory tracts
and can spread to other organs or systems. They are characterized by high genomic plasticity, primarily due to high
mutation and recombination rates. Improved molecular diagnostic methods and genetic sequence analyses are
beginning to discover the complex characteristics of individual serotypes and genotypes. Understanding the tempo
and pattern of molecular diversity and evolution is of great importance in the pathogenesis of EVs, information
which will assist in disease prevention and control. In this review, we will focus on molecular analysis of EVs,
including current diagnosis, epidemiology and evolution.
Published in Journal of Human Virology and Retrovirology 2016 (Accepted 27 Feb 2016).
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Identifying likely transmission pathways within a 10-year community outbreak of tuberculosis by
high-depth whole genome sequencing
Outhred AC, Holmes N, Sadsad R, Martinez E, Jelfs P, Hill-Cawthorne GA, Gilbert GL, Marais BJ, Sintchenko V.
Background: Improved tuberculosis control and the need to contain the spread of drug-resistant strains provide a
strong rationale for exploring tuberculosis transmission dynamics at the population level. Whole-genome sequencing
provides optimal strain resolution, facilitating detailed mapping of potential transmission pathways.
Methods: We sequenced 22 isolates from a Mycobacterium tuberculosis cluster in New South Wales, Australia,
identified during routine 24-locus mycobacterial interspersed repetitive unit typing. Following high-depth paired-end
sequencing using the Illumina HiSeq 2000 platform, two independent pipelines were employed for analysis, both
employing read mapping onto reference genomes as well as de novo assembly, to control biases in variant detection.
In addition to single-nucleotide polymorphisms, the analyses also sought to identify insertions, deletions and
structural variants.
Results: Isolates were highly similar, with a distance of 13 variants between the most distant members of the cluster.
The most sensitive analysis classified the 22 isolates into 18 groups. Four of the isolates did not appear to share a
recent common ancestor with the largest clade; another four isolates had an uncertain ancestral relationship with the
largest clade.
Conclusion: Whole genome sequencing, with analysis of single-nucleotide polymorphisms, insertions, deletions,
structural variants and subpopulations, enabled the highest possible level of discrimination between cluster members,
clarifying likely transmission pathways and exposing the complexity of strain origin. The analysis provides a basis for
targeted public health intervention and enhanced classification of future isolates linked to the cluster.
Published in PLoS ONE 2016; 11(3):e0150550.

Genomic dissection of Australian Bordetella pertussis isolates from the 2008-2012 epidemic
Safarchi A, Octavia S, Kaur S, Sintchenko V, Gilbert GL, Wood N, McIntyre P, Marshall H, Keil AD, Lan R.
Objectives: Despite high pertussis vaccination coverage, Australia experienced a prolonged epidemic in 2008-2012.
The predominant Bordetella pertussis genotype harboured pertussis toxin promoter allele, ptxP3, and pertactin gene
allele, prn2. The emergence and expansion of prn non-expressing isolates (Prn negative), were also observed. We
aimed to investigate the microevolution and genomic diversity of epidemic B. pertussis isolates.
Methods: We sequenced 22 B. pertussis isolates collected in 2008-2012 from two states of Australia which are
geographically widely separated. Ten of the 22 were Prn negative isolates with three different modes of silencing of
prn (prn::IS481F, prn::IS481R and prn::IS1002). Five pre-epidemic isolates were also sequenced for comparison.
Results: Five single nucleotide polymorphisms were common in the epidemic isolates and differentiated them from
pre-epidemic isolates. The Australian epidemic isolates can be divided into five lineages (EL1-EL5) with EL1
containing only Prn negative isolates. Comparison with global isolates showed that three lineages remained
geographically and temporally distinct whereas two lineages mixed with isolates from 2012 UK outbreak.
Published in Journal of Infection 2016; 72(4):468-77.
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The relationship between Bordetella pertussis genotype and clinical severity in Australian children
with pertussis
Clark M, McIntyre PB, Blyth C, Wood N, Octivaia S, Sintchenko V, Giles L, Quinn H, Hill V, Hanly G, Lan R, Marshall
HS.
Objectives: Changes in circulating Bordetella pertussis genotypes, including a novel pertussis toxin promoter ptxP3
allele and absence of pertactin (Prn) antigen, have been reported from several countries but limited data on relative
severity are available. We compared markers of disease severity in children with B. pertussis infection due to strains
of differing genotype.
Methods: Culture confirmed cases presenting to tertiary paediatric hospitals in three Australian states between 2008
and 2012 were classified as severe if they required a hospital stay greater than seven days, were admitted to intensive
care, or if death occurred. Associations between age, vaccination, genotype and severity were assessed.
Results: Of 199 pertussis cases, 81 (41%) were <3 months, including 32/39 (82%) of severe cases. The proportion of
isolates from these cases that were Prn deficient increased markedly between 2008 and 2012. Of B. pertussis isolates,
the proportion considered severe was similar for Prn positive (27/128, 21%) and Prn deficient (12/71, 17%) cases but
only 1/22 (4.5%) of non ptxP3 cases were severe versus 38/177 (21.4%) ptxP3 positive. Adjusting for ptxP type,
vaccination status and age, disease severity was not significantly associated with Prn status (RRA: 0.95, [0.57-1.56];
p = 0.83).
Conclusions: In children, we found no relationship between Prn status and markers of severe pertussis. An increased
proportion of severe disease in isolates with the ptxP3 allele was observed.
Published in Journal of Infection 2016; 72(2):171-8.

Concordance of four commercial enzyme immunoassay and three immunoblot formats for the
detection of Lyme borreliosis antibodies in human serum: The two-tier approach remains
Dickeson D, Chen SCA, Sintchenko V.
Serological tests show considerable variation in their ability to correctly diagnose Lyme borreliosis (LB). This study
compared four commercially available screening enzyme immunoassays (EIA) for the detection of LB IgG using either
whole cell lysate (WCL) antigens, purified proteins or recombinant antigens with the second-tier whole cell sonicate
(WCS) western immunoblots or recombinant antigen line blots. A consensus between three EIA results from 222
patient sera was designated as a point of comparison for each method which gave 66 positive and 156 negative results.
The positive predictive values (PPV) of WCL EIA were 40% for the MarDx Diagnostics Borreliaburgdorferi EIA
'combined' IgG and IgM (Trinity Biotech) and 55% for the EUROIMMUN plus VlsE IgG. These were significantly lower
PPVs than that produced by the recombinant antigen-based EIA NovaLisaBorreliaburgdorferi IgG-ELISA
(NovaTecImmunodiagnostica) and the EUROIMMUN Anti-Borrelia Select ELISA IgG (90% and 100%, respectively;
p = 0.02). The WCS western immunoblot using B. burgdorferi and B. afzelii separately showed a high PPV of 91% but
its positive agreement with consensus EIA result was only 65%. Another WCL western immunoblot with purified
extracts of Osp C and VlsE, the Trinity Biotech EU Lyme + VlsE IgG Western Blot had a PPV of 92% while the
recombinant line blot from EUROIMMUN, the Anti-Borrelia (IgG) EUROLINE-RN-AT, demonstrated a significantly
reduced PPV of 70% with some non-specific reactions in sera containing antibodies to Leptospira species,
Helicobacter pylori and Treponema pallidum. The use of recombinant antigens in EIA for LB IgG screening significantly
improves the predictive values of serological results above those of WCL antigen EIA. Second tier WCS western
immunoblots offer high PPVs, especially with added specific purified proteins, more so than in one recombinant line
blot.
Published in Pathology 2016;48(3):251–256.
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Genomic variability of serial human isolates of Salmonella entericaserovar Typhimurium
associated with prolonged carriage
Octavia S, Wang, Q, Tanaka M, Sintchenko V, Lan R.
Salmonella entericaserovar Typhimurium is an important foodborne human pathogen that often causes self-limiting
but severe gastroenteritis. Prolonged excretion of S. Typhimurium after the infection can lead to secondary
transmissions. However, little is known about within-host genomic variation in bacteria associated with
asymptomatic shedding. Genomes of 35 longitudinal isolates of S. Typhimurium recovered from 11 patients
(children and adults) with culture-confirmed gastroenteritis were sequenced. There were three or four isolates
obtained from each patient. Single nucleotide polymorphisms (SNPs) were analyzed in these isolates, which were
recovered between 1 and 279 days after the initial diagnosis. Limited genomic variation (5 SNPs or fewer) was
associated with short- and long-term carriage of S. Typhimurium. None of the isolates was shown to be due to
reinfection. SNPs occurred randomly, and the majority of the SNPs were nonsynonymous. Two nonsense mutations
were observed. A nonsense mutation in flhC rendered the isolate nonmotile, whereas the significance of a nonsense
mutation in yihV is unknown. The estimated mutation rate is 1.49 × 10(-6) substitution per site per year. S.
Typhimurium isolates excreted in stools following acute gastroenteritis in children and adults demonstrated limited
genomic variability over time, regardless of the duration of carriage. These findings have important implications for
the detection of possible transmission events suspected by public health genomic surveillance of S. Typhimurium
infections.
Published in Journal of Clinical Microbiology 2015; 53(11):3507-14.

Genotype heterogeneity of Mycobacterium tuberculosis within geospatial hotspots suggests foci
of imported infection in Sydney, Australia
Gurjav U, Jelfs P, Hill-Cawthorne G, Marais BJ, Sintchenko V.
In recent years the State of New South Wales (NSW), Australia, has maintained a low tuberculosis incidence rate
with little evidence of local transmission. Nearly 90% of notified tuberculosis cases occurred in people born in
tuberculosis-endemic countries. We analyzed geographic, epidemiological and genotypic data of all cultureconfirmed tuberculosis cases to identify the bacterial and demographic determinants of tuberculosis hotspot areas
in NSW. Standard 24-loci mycobacterium interspersed repetitive unit-variable number tandem repeat (MIRU-24)
typing was performed on all isolates recovered between 2009 and 2013. In total 1692/1841 (91.9%) cases with
confirmed Mycobacterium tuberculosis infection had complete MIRU-24 and demographic data and were included
in the study. Despite some year-to-year variability, spatio-temporal analysis identified four tuberculosis hotspots.
The incidence rate and the relative risk of tuberculosis in these hotspots were 2- to 10-fold and 4- to 8-fold higher
than the state average, respectively. MIRU-24 profiles of M. tuberculosis isolates associated with these hotspots
revealed high levels of heterogeneity. This suggests that these spatio-temporal hotspots, within this low incidence
setting, can represent areas of predominantly imported infection rather than clusters of cases due to local
transmission. These findings provide important epidemiological insight and demonstrate the value of combining
tuberculosis genotyping and spatiotemporal data to guide better-targeted public health interventions.
Published in Infection, Genetics and Evolution 2015;40:346-51.
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Multi-drug resistant tuberculosis in New South Wales, Australia, 1999 to 2010: a case series report
Roberts-Witteveen AR, Reinten T, Christensen A, Sintchenko V. Lowbridge C.
Setting: The emergence of multidrug-resistant tuberculosis (MDR-TB) threatens the ongoing control of tuberculosis
(TB). The Australian state of New South Wales (NSW) has low TB and MDR-TB incidence.
Objective: To examine the epidemiology and the clinical and public health management of MDR-TB in NSW.
Design: A retrospective case-series analysis of MDR-TB diagnosed in NSW between 1999 and 2010 was
undertaken. A standardised questionnaire was used to collect information from the public health surveillance
system, medical records and the State Mycobacterium Reference Laboratory about clinical features, drug
susceptibility, treatment regimens, hospitalisation, risk factors for tuberculous infection, contact tracing and patient
outcomes.
Results: Fifty-five cases of culture-confirmed MDR-TB, including two cases of extensively drug-resistant TB, were
diagnosed. All cases were reviewed by an expert management panel. Fifty cases (91%) were foreign-born, and 50
cases (91%) had fully supervised treatment. Of the 55 cases, 46 (84%) successfully completed treatment, 3 (5%)
died of TB and 3 (5%) required surgery. No MDR-TB cases were reported among contacts.
Conclusion: Using a multidisciplinary, expert guided, case-management approach, the NSW TB Control Program
achieved excellent MDR-TB outcomes. The impact of global increases in MDR-TB requires sustained commitment
to TB in all settings.
Published in The International Journal of Tuberculosis and Lung Disease 2015; 19(7):850-6.
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A new Legionella pneumophila Serogroup 1 sequence type endemic in Sydney
Timms VJ, Bachmann N, Rockett RJ, Martinez EM, Wang Q, Howard P, Sintchenko V
Background: Legionella pneumophila is a ubiquitous bacterium with a natural habitat of water reservoirs and
amoebae. It sporadically infects humans causing Legionnaires disease, a severe form of pneumonia. Community
outbreaks of Legionnaires disease occur regularly and from February – May 2016, Sydney was the epicentre of
one such outbreak. The outbreak spanned three geographic locations, the CBD, Kogarah and Burwood, leading to
urgent public health investigations including extensive environmental and clinical testing. This study aimed to
explore genomic relatedness between environmental and clinical isolates obtained during this outbreak to assist in
the public health control efforts.
Methods: A total of 49 Legionella pneumophila serogroup 1 (Lp1) isolates from patients and cooling towers were
subjected to whole genome sequencing (WGS) at CIDM, ICMPR, Westmead Hospital. Two methods of analysis
were employed to discern epidemiological mechanisms of this outbreak, SNP-based phylogeny and core-genome
MLST.
Results: cgMLST and SNP-based phylogeny produced congruent phylogenetic trees. Isolates from two CBD
cooling towers and three patients were of the same cluster and in Kogarah, isolates from one patient and one
cooling tower were phylogenetically related. Importantly, CBD isolates and Kogarah isolates were combined and
revealed that both outbreaks were related. Isolates from Burwood and two patients from both the CBD and Kogarah
were not related to the main cluster. Isolates from the main cluster were also typed by standard MLST and were
found to be ST211.
Conclusions: WGS was able to link two outbreaks that were epidemiologically unrelated. In addition a relatively
rare ST was found to be part of the main cluster. This ST, ST211 has been reported in Canada where its prevalence
increased in the last decade and the more dominant ST1 declined over this time. Further WGS on historical
outbreaks in NSW will enable us to investigate whether ST211 existed in Sydney prior to this latest outbreak and
will guide the timely recognition and investigation of any future Legionella outbreaks.
Presented at 16th Asia Pacific Congress of Clinical Microbiology and Infection, 30 Nov-3 Dec 2016, Melbourne,
Victoria
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Serological and Molecular Epidemiology of Visceral Leishmaniasis in Bangladesh
SS Banu1,2,3,4,5*, B Ahmed1, R Kim1, W Meyer2,3,4, R Lee1,4
1Centre for Infectious Diseases & Microbiology Laboratory Services, Westmead Hospital, Australia; 2Molecular
Mycology Research Laboratory, Center for Infectious Diseases and Microbiology, Westmead Hospital, Australia;
3Sydney Medical School, The University of Sydney, Australia; 4Westmead Institute for Medical Research,
Westmead, Australia; 5Directorate General of Health Services, Bangladesh
Visceral leishmaniasis (VL) is a vector borne emerging parasitic infection caused by an intracellular protozoan
parasite of the genus Leishmania. It is primarily a zoonosis and is transmitted to humans and other vertebrate hosts
by the bite of a female phlebotomine sand fly. Commonly known as kala-azar (KA), this infection poses a major
public health problem in the centre and the north-western parts of Bangladesh. The annual incidence of KA is about
40,000-45,000 cases, with more than 40.6 million people at risk. About 300 cases per 10,000 populations per year
are reported from the highly endemic district of Mymensingh bordering with the highest endemic Indian states of
Bihar and West Bengal.Along with Nepal and India, Bangladesh has started an elimination program for VL. The
causative organismin these three countries, Leishmaniadonovani is thought to be genetically homogenious and
primarily anthroponotic.
The aim of this study was to determine the level of asymptomatic infection present in Bangladesh and to reveal
intra-species genetic variation between strains of L. donovani derived from different endemic locations of
Bangladesh.
Firstly, we carried out a cross sectional study among 257 asymptomatic and apparently healthy contacts of VL
patients. These healthy subjects came with infected patients from different areas of Bangladesh attending Surya
Kanta Kala-azar Research Centre (SKKRC), Mymensingh district, from May, 2013 to May, 2014. Among 257 study
subjects 208 (80.93%) were family members and 49 (19.07%) were adjacent neighbours. The results show that
21.40% (55/257) were serologically positive. Among sero-positive individuals, 49 (23.56%) were family members of
the index cases and 6 (12.24%) were adjacent neighbours. Serologically positive individuals (30) were also
screened for parasites in their blood; L. donovani was cultured from 3 of these individuals.
Secondly, 22 newly isolated L. donovani strains from VL cases were genotyped using multilocus sequence typing
(MLST) targeting seven functionally independent housekeeping genes located in different chromosomes. These
seven loci were rhomboid like serine protease, fatty acid/sphingolipid δ- 4 desaturase, serine/threonine-protein
kinase, 5' A2rel-related gene, ubiquitin-activating enzyme e1, mannosyltransferase and splicing factor 3B subunit1
gene. The 5' a2rel-related locus was the most diverge region with 26 SNPs, followed by mannosyltransferase with
10, splicing factor 3B subunit1 with 6, ubiquitin-activating enzyme e1 with 5, rhomboid like serine protease with 4,
fatty acid/sphingolipid δ- 4 desaturase and serine/threonine-protein kinase possessed 1 SNP each. Two large
closely related clusters (one contained 9 and the other 8 isolates) and five separate individual groups among 22
Bangladeshi isolates were revealed by phylogenetic analysis showing the presence of 7 genotypes among L.
donovani strains in this small geographical region.
Our work shows that diagnosis and treatment of asymptomatic human cases should be included as part of the
strategy in controlling VL. The herein conducted research into the epidemiology and molecular genotyping of
isolates from Bangladesh provided more information on the situation in Bangladesh. MLST analysis showed that
there is genetic variationamongstL. donovaniisolates from Bangladesh, prompting more work needs to relate
genetic differences with clinical outcomes.
Presented at ICTMM 18 Brisbane, Australia 18-229.2016
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Deciphering transmission and virulence of hospital-acquired MRSA using binary typing and
genome sequencing
Sadsad R, Holmes N, O’Sullivan MVN, Sintchenko V, Gilbert GLG
Introduction: Prospective surveillance for methicillin-resistant Staphylococcus aureus (MRSA) using rapid,
discriminatory binary typing is routinely conducted in a Sydney tertiary public hospital. This surveillance indicated an
outbreak of the MRSA sequence type (ST) 239 in three surgical wards, spanning a one-year period. We assessed
the role of whole genome sequencing (WGS) as a tool that could complement binary typing in outbreak investigations.
Method: We retrospectively performed WGS on MRSA isolated from 48 patients from the outbreak and compared
them with an Australasian ST239-MRSA-III-spa t037 strain. We selected patients that were admitted to surgical wards
during the outbreak, who were included in MRSA colonisation point prevalence surveys, who were considered to be
involved in MRSA transmission based on epidemiological information extracted from patient records, and who carried
a prevalent ST239 binary type.
Results: The 48 isolates were of two binary types and differed by 384 single nucleotide polymorphisms. Four clusters
of isolates were identified. These clusters had formed after gaining or losing an arginine catabolic mobile element,
which is considered to be a determinant for virulence or colonisation. The clusters, while genetically similar, were not
always linked in time or by location. One cluster involved isolates of both binary types.
Conclusion: Prospective binary typing is suitable for rapidly detecting suspected nosocomial outbreaks. WGS
provides more definitive descriptions of outbreaks and clinically relevant strains. WGS can identify clusters occurring
within an outbreak, exclude cases from outbreaks, and link cases that differ in strain subtype or that are distant in
time or location.
Presented at the 16th Asia Pacific Congress of Clinical Microbiology and Infection, 30 Nov-3 Dec 2016, Melbourne,
Victoria

Detection of Recently Discovered Human Polyomaviruses in a Longitudinal Kidney
Transplant Cohort.
Bialasiewicz S, Rockett RJ, Barraclough KA, Leary D, Dudley, KJ, Isbel NM, Sloots TP.
A large number of human polyomaviruses have been discovered in the last 7 years. However, little is known about
the clinical impact on vulnerable immunosuppressed patient populations. Blood, urine, and respiratory swabs
collected from a prospective, longitudinal adult kidney transplant cohort (n = 167) generally pre-operatively, at day 4,
months 1, 3, and 6 posttransplant, and at BK viremic episodes within the first year were screened for 12 human
polyomaviruses using real-time polymerase chain reaction. Newly discovered polyomaviruses were most commonly
detected in the respiratory tract, with persistent shedding seen for up to 6 months post transplant. Merkel cell
polyomavirus was the most common detection, but was not associated with clinical symptoms or subsequent
development of skin cancer or other skin abnormalities. In contrast, KI polyomavirus was associated with respiratory
disease in a subset of patients. Human polyomavirus 9, Malawi polyomavirus, and human polyomavirus 12 were not
detected in any patient samples.
Published in the American Journal of Transplantation. 2016 Sep;16 (9):2734-40. Epub 2016 Apr
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Genome-wide analysis of Streptococcus pneumoniaesero group 19 indicates recent expansion of
serotype 19A, sequence type 63 after the introduction of seven-valent pneumococcal conjugate
vaccine in Australia
Rebecca J. Rockett, Shahin Oftadeh, Nathan L. Bachmann, Fanrong Kong, Gwendolyn L. Gilbert, Vitali
Sintchenko
The sharp fall in rates of invasive pneumococcal disease (IPD), after introduction of routine, infant 7-valent
pneumococcal conjugate vaccination (PCV-7), in Australia in 2005, was tempered by a subsequent emergence of
non-vaccine serotypes of Streptococcus pneumoniae, particularly 19A, associated with IPD and intermediate
penicillin resistance. The aim of this study was to determine the genetic basis of these changes.
Serogroup 19 IPD isolates collected before (2004) and after (2008) introduction of PCV-7 from children under 5 years
of age, in NSW, Australia, were included in the study. Their multi-locus sequence types (MLST) and core genome
sequence clusters (cgSC) were examined using whole genome sequencing.
In 2004, 17% (41/245) of IPD isolates belonged to serogroup 19 (19F, 33[14%]; 19A, 8[3%]) compared with 60%
(60/99) (19F, 4[4%]; 19A, 56[57%]) in 2008. Genome-wide analysis of these 101 isolates identified 16 cgSC and 25
MLST. The most common MLSTs were ST199 (14/26 isolates in SC10); ST63 (14/14 isolates in SC12); ST66 (11/12
isolates in SC5); ST320 (10/13 isolates in SC1); and ST2435 (7/7 isolates in SC3). Analysis of the 15-gene cps loci
showed little variation between pre- and post-PCV-7 isolates but those of 19F were clustered within SCs, whereas
highly homologous 19A cps loci were distributed between different SCs.
In conclusion, gradual replacement of vaccine serotype 19F with serotype 19A with corresponding decrease in
susceptibility to penicillin has been driven by the serotype expansion of successful IPD clones represented by core
genome clusters/MLST SC3/ST2345, SC10/ST199 (and related ST) and SC12/ST63.
Under review Journal of Clinical Microbiology, submitted 4th October 2016
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Genomic evolution of antibiotic resistant Serogroup 19 Streptococcus pneumoniae in pre- and
post- conjugate vaccine eras
R. J. Rockett,S. Oftadeh, N. Bachmann, F. Kong, G. L. Gilbert and V. Sintchenko
Invasive pneumococcal disease (IPD) is a leading cause of community-acquired pneumonia and meningitis
worldwide. Serotype 19F Streptococcus pneumoniae was one of the most common causes of IPD prior to the
introduction of conjugate vaccines and this capsular antigen formed part of the pneumococcal conjugate vaccine
(PCV7). Several multi-locus sequence types (MLST) containing a serotype 19F capsular antigen demonstrated
high-level multi-drug resistance (MDR), including resistance to penicillins, cephalosporins and macrolides (PCM).
After the introduction of PCV7 the incidence of serotype 19F IPD fell dramatically but was partly offset by an increase
in serotype 19A MDR. Recombination among pneumococci under vaccine pressure can produce ‘capsular switch’
variants. Such recombination events can rapidly replace clones expressing vaccine containing capsular loci with
non-vaccine capsular types, whilst retaining an MDR phenotype. The aim of this study was to compare genomes of
isolates collected in 2004 (the year proceeding routine PCV7 vaccination) and in 2008.
Whole genome sequencing was conducted on 101 IPD serogroup 19 isolates. Presence of mutations in penicillin
binding proteins (PBP1A, PBP1B, PBP2B and PBP2X), and antibiotic resistance-associated genes (ermB, tetM,
mef(A), mef(E) and mel) correlated with minimum inhibitor concentrations (MIC) to PCM. The introduction of PCV7
in Australia did not increase the prevalence of PCM resistant clones. However, significant increases in isolates with
elevated MICs to penicillins and resistance to erythromycin were observed. Only three ‘capsular switch’ MDR
isolates where detected. Our findings suggest that increases in IPD resistance can be explained by the emergence
of previously uncharacterised or uncommon MLST types.
Presented at 16th Asia Pacific Congress of Clinical Microbiology and Infection, 30 Nov-3 Dec 2016, Melbourne, Victoria

Multi-Drug Resistant Mycobacterium tuberculosis: What have we learn at NSW over a 10-year
period.
Elena Martinez1-4, Andrea Bustamante1-2, Peter Jelfs1-2, Vitali Sintchenko1-4
1Centre
3Marie

for Infectious Diseases and Microbiology, Pathology West, 2NSW Mycobacterium Reference Laboratory,
Bashir Institute ofInfectious Diseases and Biosecurity, 4The Universityof Sydney, Sydney, NSW, Australia

Tuberculosis (TB) is the leading infectious cause of disease and death globally.With increasing immigration from TBendemic countries in the Asia-Pacific region Australia continues to diagnose new cases, constraining progress to
elimination. This is evident in NSW, where nearly 90% of patients with TB were born outside Australia. We need to
reduce the global spread of TB and limit the risk that imported Multi-drug resistant TB (MDR-TB) poses to Australia.
This requires early, accuratedetection of patients with drug-resistance TB and treatments tailored to the drugresistance profile of the infecting TB strain.
To achieve this, we needed to understand the epidemiology and genetic background of the isolates recovered in
Australia. For that we perform a ten years retrospective study on all MDR-TB isolates collected at the NSW
Mycobacterium Reference Laboratory. Since 2006, there have been 61 reported cases, from which we collected
epidemiological data, typing information, drug resistance profile and DNA for Whole Genome Sequencing (WGS).
For WGS we could extract DNA from 55 MDR-TB isolates, libraries were constructed and sequencing was performed
in two platforms (Illumina and Ion Torrent), achieving an average of 80% coverage. More than 30 genes associated
with drug resistance were evaluated showing a range of mutations and deletions, with many completely new.
Genotype was correlated with Phenotype and MIC determined for first line drugs.The lack of clonality and the
presence of such a variety of mutations allow us to compare drug resistant profiles and suggest new mechanisms of
drug resistance.
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Identification of the likely point source of infection in a case of avian cryptococcosis
Laura Schmertmann1,2, Kate Bodley3, Mark Krockenberger2, Richard Malik4& Wieland Meyer1
1Molecular Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Sydney Medical
School – Westmead Hospital, Marie Bashir Institute for Infectious Diseases and Biosecurity, The Westmead Institute
for Medical Research,The University of Sydney, Sydney, NSW, Australia; 2 Faculty of Veterinary Science, The
University of Sydney, Sydney, NSW, Australia; 3Melbourne Zoo, Zoos Victoria, Melbourne, VIC, Australia;4Centre
for Veterinary Education, The University of Sydney, Sydney, NSW, Australia.
Cryptococcosis, an invasive fungal disease caused by members of the Cryptococcus neoformans/C. gattii species
complex, affects humans and a variety of animal species worldwide. Eucalypt tree hollows are a common
environmental niche for C. gattii and are frequented by many bird species. A captive red-tailed black cockatoo
(Calyptorhynchus banksii) in Melbourne, Victoria was diagnosed with nasal cryptococcosis.This study aimed to
identify the source of infection and assess the environmental presence of C. gattii in two aviaries inhabited by the
cockatoo and numerous other avian species. Environmental samples (n=13), including pooled substrate (n=2),
surface swabs (n=5) and debris from tree hollows and perches (n=6), were inoculated onto birdseed agar and
incubated at 27ºC.Cryptococcus spp. colonies were identified by a brown colouration and subcultured on Sabouraud
agar at 37ºC for DNA extraction. A disease isolate was available from the cockatoo.Restriction fragment length
polymorphism (RFLP) analysis of the URA5 gene determined species and molecular type.Multi-locus sequence
typing (MLST) using the ISHAM consensus scheme determinedthe sequence type (ST) and the concatenated
sequences were used for phylogenetic analysis. Cryptococcus spp. colonies were identified in4/13 environmental
samples, all from a single tree hollow in a deadeucalypt.N=9 environmental and n=1 disease isolates were identified
as C. gattii molecular type VGI. A single environmental isolate was C. neoformans VNI. MLST of C. gattii isolates
identified the disease isolate asST159andthe environmental isolatesas STs 51 (n=1), 57 (n=6) and 154 (n=2).
ST159 differs from ST154 by a single base-pair insertion at the GPD1allele;maximum likelihood phylogenetic
analysis confirms this close relationship. These results are supportive of a single tree as the source of infection for
this cockatoo. Its careful removal may reduce the risk of further cases of cryptococcosis occurring in the population
of this aviary.
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Facing the challenge of emerging fungal infections by dual DNA barcoding
IrinyiL1, Khan A1, MeyerM1&the ISHAM working group for barcoding of human and animal pathogenic fungi
1Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead Hospital, The University of
Sydney, The Westmead Institute for Medical Research, Sydney, NSW, Australia
Correct and fast identification of the causative agents of mycoses is of great importance to enable early diagnosis
and targeted antifungal therapy. DNA barcoding offers anaccurate, fast, cost-effective, cultureindependent approach
for species identification through DNA barcodes (short standardized sequences). The current official fungal DNA
barcode isthe internal transcribed spacer (ITS) region. A ultimate quality controlled ISHAM-ITS database of human
and animal pathogenic fungi has been established by an international consortium of medical mycology laboratories.
The database is available from http://www.isham.org/ or directly at http://its.mycologylab.org/. The gathered date
have been used to evaluate the value of the ITS region as a barcode at intra-and inter-species level. Overall, clinically
important species show a low intra-species variability and a clear barcoding gap at inter-species level, consequently
ITS sequencing can be used for the identification of most of them. However, for the species with more than 1.5%
diversity or taxa without a barcoding gap, alternative barcode loci need to be introduced to ensure reliable species
identification. To address this issue, potential alternative loci with high level of informativness and with allegedly
universal primer pairs were identified by whole genome comparison of 25 or 70 fungal species, respectively. In a pilot
study three new loci and a total set of eight primer pairs were tested for 40 pathogenic fungal species with more than
400 strains, to evaluate their amplification efficiency under standardized laboratory conditions, and the universality of
the primers across different taxa. The resulted amplicons were then sequenced and the intra-and inter-species
variations were evaluated. The translation elongation factor 1α gene (tef1α)amplified with the “Al33 primers set”
proved to be the most promising candidate for an alternative barcode in pathogenic fungi. The amplified region
showed less variability at species level than the ITS region and it proved to yield a higher resolution at inter-species
level, enabling the separation of numerous closely related/cryptic speciessuch as Cryptococcus. As such, the tef1α
locus is a promising secondary barcode candidate for the identification of clinically relevant species.
Presented at Australasian Mycological Society Meeting Queenstown, New Zealand, 3-9 May 2016
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Sentinel surveillance of Plasmodium falciparumKelch 13 propeller domain for the detection of
artemisinin resistance.
Christiane Prosser1,2, Rogan Lee,3, Wieland Meyer2,&John Ellis1.
1School

of Medical and Molecular Biosciences, University of Technology Sydney, NSW, Australia; 2Molecular
Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Sydney Medical School –
Westmead Hospital, Marie Bashir Institute for Infectious Diseases and Biosecurity, The Westmead Institute for
Medical Research, The University of Sydney, Sydney, NSW, Australia; 3Center for Infectious Disease and
Microbiology, Westmead Hospital, NSW, Australia.
Malaria parasites, particularly Plasmodium falciparum, continue to plague the world despite significant strides in
disease treatment and vector containment. The World Health Organisation recommends artemisinin (and
derivatives) in combination with a partner drug of longer half-life as the frontline treatment for clinical P. falciparum
malaria. Resistance to artemisinin emerged in 2006 on the Thai-Cambodian border, and is now approaching fixation
throughout the Greater Mekong Subregion. Artemisinin resistant phenotypes (ARTR) are defined by delayed
parasite clearance and the presence of defined ARTR molecular markers (Kelch 13 propeller mutations, and the
presence of background alleles pfCRT, pfFD, pfARPS10 and pfMDR2).This study aims to develop a protocol for
molecular surveillance of resistance-associated genes in P. falciparum samples from travellers returning to
Australia. Archived P. falciparum samples, primarily of African origins, from the NSW parasitology reference
laboratorywere analysed todetermine pfkelch13 and pfCRT mutation status.Case information was recorded and
DNA extracted from samples (n=148) using whole blood DNA extraction kit. Gene regions of interest (propeller
region of Kelch 13, and short region around pfCRT codon 76) were amplified using semi-nested and nested PCR
protocols, respectively. Kelch 13 fragments were sequenced, aligned to theP. falciparum 3D7 reference sequence,
and analysed for variants. The mutation status of pfCRT at codon 76 was determined by allele specific restriction
digestion with Apo1, and examination by gel electrophoresis. This protocol will identify ARTR genotypes, preempting treatment failure locally.In addition, this investigation will allow Australian scientists to use travellers as
sentinels to participate in the global surveillance of emergent ARTR.
Presented at Westmead Hospital Week 2016
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Optimization and Application of MLST Typing to Characterize pediatric Chilean Pneumocystis
jirovecii isolates
Lana Pasic1, Laszlo Iriny1, Sharon Chen2, Sergio L. Vegas3, Wieland Meyer1
1Molecular

Mycology Research Laboratory, Center for Infectious Diseases and Microbiology, Marie Bashir Institute
for Emerging Infectious Diseases and Biosecurity, Sydney Medical School at Westmead Hospital, Sydney
University, The Westmead Institute for Medical Research, Westmead, NSW
2Centre for Infectious Diseases and Microbiology Laboratory Services, ICPMR – Pathology West, Westmead
Hospital, Westmead, and Marie Bashir Institute for Emerging Infectious Diseases and Biosecurity, Sydney Medical
School at Westmead Hospital, Sydney University, Sydney,New South Wales, Australia.
3University of Chile, Santiago, Chile
Pneumocystis jirovecii is a unique unicellular fungus that most commonly causes the opportunistic infection
Pneumocystis Pneumonia (PCP) with high morbidity and mortally rates especially in certain patient groups.
Although it is the most prevalent opportunistic disease in AIDS patients, it may be more life threatening in patients
who are severely immunocompromised butHIV-negative. Prevention is essential but not always possible, since the
ecological niche and route of transmissionof P. jiroveciiremain uncertain. Multilocus sequence typing (MLST) is
considered to be the preferred approach for the analysis of genetic diversity of P.jiroveciias compares
polymorphisms in number of independent genetic loci and can be applied to clinical samples, The current study
looked at the efficiency of anMLST scheme developed by our research group in 2014, targeting four genetic loci:
ITS1/2, β-TUB, mt26S, and DHPS. To overcome technical difficulties more effective primers were designed for this
MLST scheme,which than were used in conjunction with modified PCR conditions. This let to generalized
amplification conditions across all four loci. The modified MLST scheme was then applied to 23 Chilean P. jirovecii
isolates obtained from HIV-positive patients with PCP to investigate their genetic diversity and epidemiological
relatedness. The obtained results showedlow nucleotide diversity amongst individual loci, but when combining all
four loci resulted in a high allelic diversity between the strains, identifying 16 sequence types among the 23 strains.
This highly suggests that genetic recombination is present in the studied Chilean P. jirovecii population. Further
studies are needed to place the obtained molecular typing results in the clinical context and within a more global
context
Presented at Westmead Hospital Week 2016
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Environmental Reservoirsof the Scedosporiumapiospermum species complex
Wieland Meyer1, Sandrine Giraud2, Amandine Rougeron2, Tram Pham2, Azian Harun1,3and Jean-Philippe
Bouchara2,4
1Molecular

Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Sydney Medical
School – Westmead Hospital, Marie Bashir Institute for Infectious Diseases and Biosecurity, The University of
2
Sydney, The Westmead Institute for Medical Research, Westmead, NSW 2145, Australia; L'UNAM Université,
Université d'Angers, Groupe d'Etude des Interactions Hôte-Pathogène, EA 3142, Angers, France; 3School of
Medical Sciences, Universiti Sains Malaysia, Kota Bharu, Kelantan, Malaysia; 4Laboratoire de ParasitologieMycologie, Centre Hospitalier Universitaire, Angers, France
Scedosporiumapiospermum (formerly anamorph of Pseudallescheriaboydii) is now recognized as a species
complex comprising of five distinct species (S. apiospermumsensustricto, S. boydii, S. aurantiacum, S.
minutisporumandS. dehoogii). These fungi have gained interest due to their worldwide recognition as emerging
pathogens incystic fibrosis (CF) patients, ranking the second amongstfilamentous fungi colonizing CF airways. Due
to the propensity of these fungi to disseminate in case of immunodeficiency, particularly after lung
transplantation,ultimate treatment for CF patients, all attempts should be made to eradicate these fungi. To eliminate
colonization/disease either new antifungal targets need to be identified as they exhibit limited in vitro susceptibility
to current antifungals, or alternatively, prophylactic measures may arise from a better knowledge of the ecology of
these fungi and the identification of potential sources of contamination. Environmental survey sconducted at the
homes ofCF patients colonized, analyzingair, surfaces in the living room, bathroom and bedroom, water from
bathtub/shower, soil of potted plants,revealed a unique reservoir of these fungi - soil from potted plants - after
cultivation on semi-selective culture media (DRBC + benomyl, and YPDA + cycloheximide). However, due to the
numerous other fungire covered and a lack of selectivity of the culture media used, the presence of other potential
sources of contamination in the indoor environment should not be disregard. To overcome these difficulties a highly
selective culture medium called Scedo-Select III wasused to clarify the ecology of the S. apiospermumspecies
complex.The highest densities of Scedosporium isolates were found in human-impacted areas in Austria, Australia
and in western France. Some discrepancies between the species distribution within the complex in the outdoor
environment and from patients with CF was recognized.Scedosporium boydii predominant especially in French CF
patients is followed by S.apiospermum, S. aurantiacum and S.minutisporum. In contrastS. dehoogii was the most
abundant species in the environment but has never been reported from sputum samples from CF patients.
Scedosporiumminutisporum was recovered only once, while the three other species were equally represented.
Ecological preferences may partly explain the differences in their respective frequency in the CF context, withS.
boydii and to a lesser extent S. apiospermum exhibiting ubiquitous features whereas S. aurantiacum is mostly found
in agricultural areas. Together these studies demonstrated that potted plants constitute a potential source of
contamination of the patients, and further studies using more selective culture media are needed to determine if
there are other reservoirs in the indoor environment. In addition, human activities largely influence the ecology of
these fungi, but questions remain regarding the natural habitat of these fungi and the discrepancy between the high
frequency of S. dehoogii in the environment and its lack of pathogenicity for CF patients.
Presented at ECMM symposium Tel Aviv, Israel, 14-16.2.2016
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Dual DNA barcoding system for human/animal pathogenic fungi.
Meyer M1, Irinyi L1&the ISHAM working group for barcoding of human and animal pathogenic fungi
1Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead Hospital, Marie Bashir
Institute for Emerging Infectious Diseases and Biosecurity, The University of Sydney, The Westmead Institute for
Medical Research, Sydney, NSW, Australiae-mail: wieland.meyer@sydney.edu.au
With the globally rapidly increasing number of human/animal mycoses it is of great importance to reach the target
of 48 turn-around time in fungal diagnosis to enable a targeted and effective antifungal therapy based on the correct
and fast identification of the causative agents. DNA barcoding offers anaccurate, fast, cost-effective, culture
independent approach for species identification through DNA barcodes (short standardized sequences). Aquality
controlled database of the primary fungal DNA barcode, the internal transcribed spacer (ITS) region, for human and
animal pathogenic fungi, has been established by an international consortium of medical mycology laboratories.
The database is available either via http://www.isham.org/ or directly at http://its.mycologylab.org/. The gathered
data have been used to evaluate the value of the ITS region as a barcode at intra-and inter-species level. Overall,
clinically important species show a low intra-species variability and a clear barcoding gap at inter-species level,
consequently ITS sequencing can be used for the identification of most of them. However, for the species with more
than 1.5% diversity or taxa without a barcoding gap, alternative barcode loci needed to be introduced to ensure
reliable species identification. To overcome this issue, potential alternative loci together with universal primers were
identified by whole genome comparison of 25 or 70 fungal species, respectively. In a pilot study three new loci were
tested for 40 pathogenic yeast species on more than 400 strains. The resulting amplicons were than evaluated for
their intra-and inter-species variations. The translation elongation factor 1α gene (tef1α) amplified with the “Al33
primers set” proved to be the most promising candidate for an alternative barcode in pathogenic fungi. The amplified
region showed less variability at species level than the ITS region and it proved to yield a higher resolution at interspecies level, enabling the separation of numerous closely related/cryptic species such as Cryptococcus. As such,
the tef1α locus is proposed as secondary barcode for the identification of clinically relevant species.
Presented at CBS Spring symposium, Amsterdam, The Netherlands, 14-15.4.2016
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The phospholipase C1/inositol polyphosphate kinase pathway as a target for antifungal drug
development
Cecilia Li1, Sophie Lev1, Adolfo Saiardi2, Desmarini Desmarini1, Tania C. Sorrell1,3,4 and Julianne T. Djordjevic1,3,4
1Centre for Infectious Diseases and Microbiology, The Westmead Institute for Medical Research, The University of
Sydney, Westmead, NSW, Australia; 2Medical Research Council Laboratory for Molecular Cell Biology, University
College London, London, UK; 3Marie Bashir Institute for Infectious Diseases and Biosecurity, University of Sydney,
NSW, Australia; 4Westmead Hospital, Westmead, NSW, Australia.
Invasive fungal infections (IFIs) are a growing global health problem, particularly within immunocompromised
populations. Current antifungal drugs are limited by their toxicity, high costs, emerging resistance and a lack of
therapeutic options. Efforts to develop safer and more effective drugs have been hindered by the high degree of
similarity between fungal and mammalian cells, given that they are both eukaryotes. Cryptococcus neoformans (C.
neoformans) is the most common cause of fungal meningitis worldwide. Even with antifungal therapy fatality
remains at 20-40%. In addition to being a major opportunistic fungal pathogen, C. neoformans is also a wellaccepted model for understanding fungal pathogenesis mechanisms and identifying new drug targets.
Using a combination of gene deletion analysis, HPLC-based metabolic profiling, in vitro assays, RNA-seq and a
mouse model of cryptococcosis, we have identified and characterised a novel signalling pathway in C. neoformans.
The phospholipase C1/inositol polyphosphate kinase (Plc1/IPK) pathway consists of a series of sequentially acting
inositol polyphosphate kinases (IPKs) that convert the simplest inositol polyphosphate signalling molecule, IP 3, to
the more complex pyrophosphate, PP-IP5. We found that cryptococcal mutant strains lacking PP-IP5 could not utilise
simple carbon sources as well as the wild-type strain, and infection failed to disseminate to the central nervous
system. Studies into the molecular mechanism of action of PP-IP5 in fungal metabolism and virulence are ongoing.
Our data suggests that drugs could be designed and developed against IPKs to inhibit the production of PP-IP5.
These drug inhibitors could act alone or be used synergistically with currently available antifungals to treat IFIs.
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Molecular Analysis of Methicillin-Sensitive Staphylococcus aureus (MSSA) Clones
Dotel R., Gilbert G.L., Zhou F., O’Sullivan M.V.N.
Centre for Infectious Diseases and Microbiology, Westmead Hospital and University of Sydney, Australia
Introduction:
Certain MRSA strains are adapted to the hospital environment. This has not been recognised in methicillinsusceptible Staphylococcus aureus (MSSA). Nosocomial MSSA infection is, generally assumed, predominantly of
an endogenous origin (arising from the patient’s own flora, rather than the acquisition of a new stain). We sought to
examine the genetic diversity of MSSA isolates causing bloodstream infections (BSI) to look for evidence ofhospital
acquisition and/or transmission of MSSA clones.
Methods:
MSSA BSIs diagnosed at a large tertiary hospital in Sydney, Australiabetween January 1, 2011, and December 31,
2015were classified as community acquired (CA), healthcare associated inpatient (HAI) or healthcare associated
non-inpatient (HANI), according to standard criteria. We performed strain typing using an established 19-target
MRSA binary typing, but which is also be discriminatory for MSSA.
Results:
Isolates from 288 of 333 (86.5%) unique MSSA BSIs recorded during the study period were available for strain
typing. Participants’ ages ranged from 16 to 95 years.16/288 (5.5%) isolates were nontypeable by this method (0/19
targets present). One hundred twenty-eight different BTs were detected among the remaining 272 isolates.
Simpsons Index of diversity was 0.973, 0.974 and 0.985 for CA, HAI and HANI respectively.22/46 (48%) BTs among
HAI MSSA BSI were not detected in CA or HANI infections.
While all isolates were negative for mecA, 45/288 (16%)MSSA isolates showed presence of targets usually located
on SCCmec. 25/45 (56%)SCCmecelement positive isolates were CA, however the association was not significant
(p=0.32).
Discussion:
The binary typing assay designed for MRSA was also reasonably discriminatory for MSSA, although the
replacement of some non-contributory targets could increase the discriminatory power even further. Some MSSA
isolates showed presence of targets usually located on SCCmec. It may be due to the presence of an SCCmecvariant without a functional meccomplex, or due to the presence of homologous sequences elsewhere in the MSSA
genome.
This study did not find a significant difference in diversity between HAI and CA MSSA strains to support the
hypothesis of predominant healthcare associated strains causing exogenous nosocomial infection. However, there
were differences in strain distribution between the groups, suggesting some strains may be more likely to cause
healthcare associated infection (though no clustering or specific transmission events were detected).
This study is limited by only examining BSI isolates and by using a typing method optimised for MRSA. To examine
this phenomenon further, prospective typing-based surveillance of MSSA infection and colonisation in the hospital
setting, using a method designed specifically for MSSA, is underway.
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Prospective Surveillance of MRSA Outbreaks by Whole Genome Sequencing
Marc Ramsperger1,2,3, Matthew O'Sullivan1,3, Nadine Holmes1, Rosie Sadsad1,3, Lyn Gilbert1,3
1Centre for Infectious Diseases and Microbiology – Public Health, Westmead Hospital, Australia, 2Centre for
Infectious Diseases and Microbiology, Westmead Institute for Medical Research, Australia, 3Marie Bashir Institute
for Infectious Diseases, The University of Sydney, Australia
Background:
Prospective typing-based surveillance of methicillin-resistant Staphylococcus aureus (MRSA), utilising a highly
discriminatory binary typing method, identified a clonal outbreak in a neonatal intensive care unit (NICU) of binary
type (bt) 32748 over a 3-year period. The highly virulent strain was further characterised as multilocus sequence
type ST22-SCCmecIV Panton-Valentine leukocidin (PVL) positive. We sought to investigate how routine whole
genome sequencing (WGS) could enhance MRSA outbreak investigation and surveillance.
Methods:
WGS was employed to investigate the relationship between NICU and non-NICU isolates with the same binary
type. S. aureus genomes were sequenced using the Ion Torrent, Ion PGM System and Illumina, NextSeq platform.
Patterns of single nucleotide polymorphisms (SNPs) were used to construct the transmission chains of 47 isolates
identified in the NICU outbreak. Forty isolates were identified, with a fixed SNP (A1859577T) that appeared early in
the outbreak. Prospective surveillance identified an additional 54 isolates with the same bt32748, from non-NICU
settings, in a 5-year period overlapping the NICU outbreak.
Results:
WGS analysis revealed strong epidemiological clustering of binary type bt37248, consisting of 47 NICU and 6/52
non-NICU isolates, consistent with a single continual outbreak rather than multiple re-introductions. These 6
contained the same A1859577T SNP, and could be located within the identified transmission chain over the course
of the outbreak. Sixty SNPs separated isolates within the outbreak, including a non-synonymous SNP on a
transcription regulator (mgrA) gene, known to affect multiple genes involved in virulence and antibiotic resistance.
A separate cluster of 39 non-NICU isolates of bt37248 was identified by WGS, with the presence of an aac-aph
gene for aminoglycoside resistance.
Conclusions:
Prospective surveillance with high throughput binary typing provided a rapid and cost effective method for quickly
identifying potential MRSA outbreaks. Further investigation by WGS confirmed isolates from the same binary type
were indeed part of an outbreak linked by epidemiological information, and identified the transmission chain. WGS
identified additional cases which did not initially appear to be part of the outbreak based on binary typing and
epidemiological data. WGS also provided clinically valuable data on virulence factors and antibiotic resistance
markers.
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Prevalence of antiviral resistance in an Australian hepatitis C population.
Ong ATL1,2,3, George J1,3, Douglas MW 1,2,3
1Storr

Liver Centre, The Westmead Institute for Medical Research, University of Sydney at Westmead Hospital,
Sydney, Australia
2Centre for Infectious Diseases and Microbiology, Westmead Hospital, Sydney, Australia
3Marie Bashir Institute for Infectious Diseases and Biosecurity, University of Sydney, Sydney, Australia
Background
Hepatitis C virus (HCV) is the main cause of liver transplantation and liver cancer in Australia. New directly acting
antivirals (DAAs) have significantly improved cure rates and are now licensed for use in Australia, but the
emergence of antiviral resistance remains a concern.
The Q80K mutation in NS3 and several NS5A mutations confer reduced susceptibility to DAAs in clinical trials.
Treatment guidelines in the USA recommend resistance testing in patients who have failed treatment with an NS5A
inhibitor and for cirrhotic patients with HCV genotype 1a infection being treated with simeprevir and sofosbuvir.
This study examines the prevalence of NS3 and NS5A resistance mutations among Australian patients with HCV
genotype 1a infection.
Methods
A single centre study was performed at Westmead Hospital, using 380 samples submitted for hepatitis C genotyping
between 2011 and 2012.
Total RNA was extracted and reverse transcribed into cDNA. HCV NS3 and NS5 regions were analysed by PCR
and Sanger sequencing. In-house next generation sequencing and bioinformatics analysis was also performed for
comparison, using the Illumina platform.
Results
The Q80K simeprevir resistance mutation was detected in 21 samples by Sanger sequencing, giving a prevalence
of 5.6%. Rates of other resistance mutations obtained by next generation sequencing, including minority species
prevalence, will also be presented.
Conclusion
This study demonstrates the baseline prevalence of resistance mutations among people in Australia living with
hepatitis C. We are currently optimising the assay for diagnostic use, to monitor for emergence of antiviral resistance
and guide antiviral therapy.
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HBV Core Promoter Mutants Activate PI3K/AKT Signalling in Cell Culture, Promoting
Hepatocarcinogenesis
Khan A1, George J1and Douglas MW 1, 2
Storr Liver Centre, The Westmead Instituefor Medical Research, The University of Sydney.
2. Centre for Infectious Diseases and Microbiology, Marie Bashir Institute for Infectious Diseases and Biosecurity,
University of Sydney at Westmead Hospital.
Background/Aims: Hepatitis B virus (HBV) evolves during chronic HBV infection to assist evasion of host
defences.Mutations in the core promoter (CP) region, which overlaps with the HBx gene, increase liver inflammation
and are associated with increased risk of liver cancer,although the mechanisms are not clear. Most previous studies
on CP mutations have focused on HBV genotypes B and C, the most prevalent genotypes in Asia, but little is known
aboutCP mutations in HBV genotype Dinfection, which is increasingly common in Australia and is the focus of this
study.
Methods: We engineered unique 1.2 mer HBV genotype D clones with changes in the CP region that correspond
to A1764T/C1766G (TG double mutation) +/-G1757A. We expressed wild-type and mutant clones in Huh-7 cells by
parallel transfection and supertransfection. HBV replication was confirmed by measuring HBsAg, HBcAg and
Southern blotting. The effect of CP mutations on cell cycle progression and PI3K/Aktsignallingwas determined by
western blot analysis.
Results: HBcAg expression was similar following transfection wit hwild ormutant clones. It remained stable after
passaging, but doubled after super-transfection with wild or mutant clones, suggesting that infected cells are
permissive to mixed infection. HBsAg was stably expressed in cells transfected with wild clones, but notmutant
clones. When cells containing wild-HBV were supertransfected with mutant clones we observed increased
phosphorylation of Akt (pAkt), with downstream activation of mTOR (4-EBP1) and MAPK (P38). Increased
expression of atypical PKC isozyme PKC-iota was also observed. A potential role forPKC-iota inAktsignallingis
under investigation. We observed reducedP21 expression with mutant transfection, but no effect on expression of
other cell cycle proteins.
Conclusions: HBV clones containing HBx/CP mutations up-regulate PI3K/Aktsignallinginourmodel of chronic HBV
infection, potentially promoting liver cancer progression.
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Prevalence of Antiviral Resistance in an Australian Hepatitis C Population.
Ong ATL1,2,3, George J1,3, Douglas MW 1,2,3
1Storr

Liver Centre, The Westmead Institute for Medical Research, University of Sydney at Westmead Hospital,
Sydney, Australia
2Centre for Infectious Diseases and Microbiology, Westmead Hospital, Sydney, Australia
3Marie Bashir Institute for Infectious Diseases and Biosecurity, University of Sydney, Sydney, Australia
Background
Hepatitis C virus (HCV) is the main cause of liver transplantation and liver cancer in Australia. New directly acting
antivirals (DAAs) have significantly improved cure rates and are now licensed for use in Australia, but the
emergence of antiviral resistance remains a concern.
The Q80K mutation in NS3 and several NS5A mutations confer reduced susceptibility to DAAs in clinical trials.
Treatment guidelines in the USA recommend resistance testing in patients who have failed treatment with an NS5A
inhibitor and for cirrhotic patients with HCV genotype 1a infection being treated with simeprevir and sofosbuvir.
This study examines the prevalence of NS3 and NS5A resistance mutations among Australian patients with HCV
genotype 1a infection.
Methods
A single centre study was performed at Westmead Hospital, using 380 samples submitted for hepatitis C genotyping
between 2011 and 2012.
Total RNA was extracted and reverse transcribed into cDNA. HCV NS3 and NS5 regions were analysed by PCR
and Sanger sequencing. In-house next generation sequencing and bioinformatics analysis was also performed for
comparison, using the Illumina platform.
Results
The Q80K simeprevir resistance mutation was detected in 21 samples by Sanger sequencing, giving a prevalence
of 5.6%. Rates of other resistance mutations obtained by next generation sequencing, including minority species
prevalence, will also be presented.
Conclusion
This study demonstrates the baseline prevalence of resistance mutations among people in Australia living with
hepatitis C. We are currently optimising the assay for diagnostic use, to monitor for emergence of antiviral resistance
and guide antiviral therapy.
Disclosure of interest statement
The Australasian Society for HIV, Viral Hepatitis and Sexual Health Medicine and the 2016 Conference
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activities. We also recognise the need for transparency of disclosure of potential conflicts of interest by
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Do urban wetlands increase mosquito-related public health risks?
Jayne K. Hanford1, Cameron E. Webb2,3, Dieter F. Hochuli1
1

School of Life and Environmental Sciences, The University of Sydney, Sydney
Entomology, NSW Health Pathology, Level 3 ICPMR, Westmead Hospital, Westmead
3Marie Bashir Institute of Infectious Diseases and Biosecurity, The University of Sydney, Sydney
2Medical

Wetlands in urban areas are frequently constructed or rehabilitated to improve storm water quality and downstream
aquatic health. In addition to improving water quality, these wetlands can provide aesthetic, recreational and
biodiversity values to communities. However, urban wetlands are often perceived to proliferate nuisance-biting and
pathogen-transmitting mosquitoes which can, in severe cases, erode goodwill in the community for protecting these
valuable ecosystems.
We compared mosquito assemblages at 24 natural and constructed wetlands in the greater Sydney region,
Australia. Our aims were to determine if wetlands with high aquatic biodiversity posed reduced mosquito-related
public health risks, and if these links vary across the urban-rural gradient. At each wetland we sampled adult and
larval mosquitoes, aquatic macroinvertebrates and physical habitat variables on two occasions through summer
and autumn.
Although larval mosquito abundance was low across all sites, there was a high diversity of adult mosquito species,
and assemblages varied greatly between sites and seasons. Species of wetland-inhabiting mosquitoes showed
vastly different responses to aquatic biodiversity and physical habitat variables. There were strong relationships
between the abundance of some mosquito species and aquatic macroinvertebrate richness, while others mosquito
species showed strong relationships with the percentage of urbanisation surrounding the wetland.
Effectively integrating wetlands into cities requires balancing wetland design for water infrastructure purposes,
biodiversity resources and public health and wellbeing requirements. Understanding relationships between
biodiversity value and mosquito-related public health risks will enhance the value of constructed urban wetlands in
cities while minimising risks posed by mosquitoes.
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One thousand fleas from fifty countries: global genetic structure and morphometrics of the
common cat flea (genus Ctenocephalides) reveals phylogeographic patterns and resolves the
generic complex
Andrea L. Lawrence1,2, Cameron E. Webb1& Jan Šlapeta2
1. Department of Medical Entomology, The University of Sydney and Pathology West, ICPMR, Westmead Hospital,
Westmead, NSW 2145 Australia
2. School of Life and Environmental Sciences (SoLES), Faculty of Veterinary Science, McMaster Building B14, The
University of Sydney, NSW 2006 Australia
The common cat flea and its relatives (genus Ctenocephalides) are considered the most successful ectoparasites
on earth. The widespread parasitisation of these insects on mammals closely associated with humans (e.g. dogs
and cats) represents significant potential for vector-borne disease transmission. Fleas of the genus
Ctenocephalidesre present a unique model to study the effects of modern human migration and geographic and
climatic barriers on parasite diversity and diversification. We have amassed a world-wide collection of
Ctenocephalides over a period of seven years, and analysed over 1000 flea samples from ca. 50 countries
representing all continents bar Antarctica. Novel integration of morphology, morphometrics and molecular
identification and phylogenetics using a combination of four mitochondrial and nuclear DNA markers, reveals
phylogeographic patterns and evolutionary relationships of global catflea populations. These techniques also
provide resolution of the long-disputed Ctenocephalides generic complex, which has not yet been definitively
resolved despite its significance in veterinary and public health. Understanding of contemporary population structure
inferred from global phylogeographic analysis has implications for parasite and flea-borne disease management.It
is hoped that this work will form the authoritative estimation of the origin of the genus Ctenocephalides and the
subsequent species evolution and migratory radiation.

Unstable malaria transmission in the highlands of Amhara, Ethiopia: implications for achieving
malaria transmission elimination in Ethiopia by 2020
Elodie Anne Vajda1 and Cameron E Webb2,3
(1) School of Public Health, University of Sydney, NSW 2006, Australia; (2) Department of Medical Entomology,
Pathology West – ICPMR Westmead, Westmead Hospital, Westmead NSW 2145 Australia; (3) Marie Bashir
Institute of Infectious Diseases and Biosecurity, University of Sydney, NSW 2006, Australia

Malaria holds a heavy burden across many countries in Africa where in 2015, 88% of global cases and 90% of
global deaths due to malaria were recorded. Following the catastrophic malaria outbreak in 2003-2004, the Federal
Ministry of Health (FMoH) of Ethiopia took drastic public health actions to lower its burden of malaria. The FMoH
achieved significant declines in malaria mortality and incidence, and declared its objective to achieve malaria
elimination in the country’s low malaria transmission areas by 2020. However, malaria transmission patterns are
shifting and becoming increasingly localized and erratic. Changing environmental factors and population mobility
are likely to drive the unpredictable outbreaks which occur sporadically in areas previously considered “malariafree” (i.e. areas above 2,000 masl). The Amhara Region includes a number of the FMoH’s targeted areas, yet today
Amhara accounts for 31% of Ethiopia’s malaria burden. The region’s epidemiological surveillance system often fails
to detect the unpredictable, localized malaria outbreaks which occur in areas of unstable transmission, and
Ethiopia’s Malaria Operational Plan (2015) does not consider regions of unstable malaria transmission. The current
research project is investigating the influence of temperature and precipitation variability, entomological parameters,
and human population mobility, on malaria transmission patterns across the Amhara Region, and in particular, in
areas of unstable transmission. Malaria epidemiological surveillance systems should consider population
movements in addition to environmental and entomological factors. However, no study has yet analyzed the
interplay of population dynamics on environmental and entomological drivers of malaria transmission.
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Novel Insecticide Resistant Mechanisms in the Common Bed Bug, Cimex lectularius
Lilly, D.G. (1), K. Dang, S.L. Doggett& C.E. Webb
(1) Department of Medical Entomology, Westmead Hospital, University of Sydney and Pathology West – ICPMR
Westmead Hospital, Westmead, NSW 2415, Australia.
INTRODUCTION:
Research on field strains of Cimexlectularius from Australia has identified widespread resistance to pyrethroid
insecticides, but variability in the magnitude expressed. To determine if differences in resistance mechanisms exist,
collected strains were examined for the presence of metabolic detoxification and/or cuticle thickening.
METHODS:
The presence and relative contribution of detoxifying esterases or cytochrome P450 monooxygenases were
assessed. Bed bugs collected from Parramatta (NSW), Melbourne (VIC) – 2 strains, ‘No.2’ and ‘No.4’, and Alice
Springs (NT) were exposed in topical bioassays employing deltamethrin and two pyrethroid synergists: piperonyl
but oxide (PBO) and EN16/5-1. PBO inhibits both monooxygenases and esterases, whereas EN16/5-1 will inhibit
esterases only. Thus in a comparative bioassay, the results can infer the dominant enzyme system.
The Parramatta strain was then selected to study the potential presence of cuticle thickening. Nine-day-old male
bed bugs were exposed to filter papers treated with the highest label rate of Demand Insecticide® (200mL/10L of
25g/L lambda-cyhalothrin) and were grouped according to time-to-knockdown (< 2 hours, ≥ 4 hours, and survivors
at 24 hours). Measurements of mean cuticle thickness at the transverse midpoint of the second leg tarsus were
taken under electron microscope.
RESULTS & CONCLUSION:
All strains possessed resistance that was inhibited by the synergists, with the Parramatta and Melbourne N o.2
indicating esterase-dominance, and Alice Springs and Melbourne N o.4 indicating cytochrome P450
monooxygenase-dominance. Cuticular measurements demonstrated that bed bugs surviving deltamethrin
exposure had significantly thicker cuticles, denoting a novel form of resistance in these insects.
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CIDM-PH Events
CIDM-Public Health holds a number of seminars, workshops, and symposia
each year. Programs and selected PowerPoint presentations are available
at: www.wslhd.health.nsw.gov.au/CIDM-PH

18 March 2016 Symposium: Advancing control of communicable diseases
through innovation and translational research
Presenters included: Prof Tania Sorrell, MBI, USYD, Prof Chris Baggoley, Commonwealth
Department of Health, Prof Ian Gust, The University of Melbourne, Dr Jeremy McAnulty,
NSW Ministry of Health, Prof Dennis Clements, Global Health Institute, Duke University,
USA, Prof Kim Mulholland, Murdoch Children’s Research Institute, Melbourne, Prof Peter
McIntyre, NCIRS, USYD, Prof Suzanne Garland, Royal Women’s Hospital, Melbourne,
Prof Saul Tzipori, Tufts University, Boston, USA, A/Prof Vitali Sintchenko, CIDM-PH, Dr
Linda Hueston, Pathology West, Dr Kong Fanrong, WSLHD, Professor Paul Johnson,
University of Melbourne and Austin Health, Prof Ian Kerridge, USYD, Dr Matthew
O’Sullivan, Pathology West, Professor Lyn Gilbert, CIDM & USYD

1 April 2016 Seminar: Culture-independent genome sequencing reveals an
unexpected heterogeneity of Chlamydia infections in Koalas
Presented by Dr Nathan Bachmann, Postdoctoral Fellow, The Centenary Institute, The
University of Sydney

1 September 2016 Symposium: Foodborne Diseases: Changing
Epidemiology and Disease Control Research
Presenters included: Dr Vicky Sheppeard, NSW Health Protection, A/Prof Martyn Kirk,
Australian National University, Prof Ben Howden, MDU PHL & Doherty Applied Microbial
Genomics Uni Melb, John Bates, Queensland Pathology, A/Prof Vitali Sintchenko, CIDMPH, Prof Peter White, UNSW, Dr Kirsty Hope, NSW Health Protection, Dr Shopna Bag,
WSPHU, Dr Qinning Wang, CIDM, Dr Craig Shadbolt, NSW Food Authority, Prof Robyn
McConchie, University of Sydney, A/Prof Robyn Alders AO, University of Sydney
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24 October 2016 Seminar: Pathogenic Landscapes: Exploring the
dimensions of infectious diseases in urban, peri-urban and rural spaces.
Presented by Dr Michael Walsh, Marie Bashir Institute for Infectious Diseases and
Biosecurity, University of Sydney

28 October 2016 Symposium: Facing the public health challenges of
bacterial sexually transmitted infections
Presenters included: A/Prof Bradley Forssman NBMLHD, Prof David Lewis WSSHC, Prof
Monica Lahra, SEALS, A/Prof David Whiley, University of Queensland, Dr Rebecca
Rockett, CIDM-PH, Ms Kaitlin Tagg, CIDM, Dr Neisha Jeoffreys, Pathology West
NSWHP, Dr Shailendra Sawleshwarkar WSSHC, A/Prof Vitali Sintchenko, CIDM-PH

18 November 2016 Seminar: The Open-Source Outbreak: Battling
Communicable Diseases with Data
Presented by Professor Jennifer Gardy, Centre for Disease Control, Vancouver, British
Columbia, Canada
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CIDM-PH Newsletters & Promotion
2016 Broad Street Pump Newsletters
Copies of Broad Street Pump Newsletters can be found on the CIDM-PH website
www.wslhd.health.nsw.gov.au/CIDM-PH
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CIDM-PH Brochure:

A copy of the CIDM-PH Brochure can be found at the CIDM-PH Website:
www.wslhd.health.nsw.gov.au/CIDM-PH

Media Events
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