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CIDM-PH 2015 ANNUAL REPORT

DIRECTOR’S REPORT - REVIEW OF CIDM-PH RESEARCH IN 2015
The Centre for Infectious Diseases and Microbiology-Public Health (CIDM-PH) has been 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, Dr 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.

Senior investigators in CIDM-PH 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 Health Population Health and Health Services Research Support Program. Investigators have been involved
in three current NHMRC Centres for Research Excellence (Critical Infections, 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. Symposia and seminars organised by the CIDM-PH have been well-received
with very encouraging feedback from attendees.
In 2015, 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, has successfully initiated the NSW Public Health Pathogen Genomics Partnership Project
supported by funding from the Office for Health and Medical Research, NSW Ministry of Health. The latter project
has enabled us to implement in-house next generation sequencing and critically examine the added value of
these emerging technologies for public health microbiology and diagnostic microbiology. The team led by
Professor Tania Sorrell has been recently awarded a capacity building grant to establish the NHMRC Centre for
Research Excellence in Emerging Infectious Diseases.

A/Professor Vitali Sintchenko
Director CIDM-PH
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MBI/CIDM-PH Partnership and new CRE in Emerging Infectious Diseases
Professor Tania Sorrell
The Marie Bashir Institute (MBI) has worked in close collaboration with CIDM-PH since its original inception as the
Sydney Emerging Infections and Biosecurity Institute (SEIB) in 2010. The MBI/CIDM-PH partnership continues to
strengthen with exciting new developments and fruitful collaboration through the NSW Pathogen Genomics
Partnership, the Sydney Health Partners project and the newly awarded CRE in Emerging Infectious Diseases
(EIDs). This NHMRC Centre for Research Excellence (CRE) grant, entitled ³Protecting the public against emerging
infectious disease², was awarded $2.5million over five years (2016 to 2020). The new CRE will be led by the MBI
director
Professor Tania Sorrell, together with CIDM-PH and partners from Melbourne and Perth. EIDs pose an enormous
health and socioeconomic risk to Australia, the Asia-Pacific region 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 CRE will develop systems and frameworks to mitigate
EID impacts.
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Drug resistant TB and mechanisms of resistance in TB/HIV co-infected patients in Vietnam
Trinh ,QM1,2,3, Marais ,Bj 2, Sintchenko ,V2,3 , Nguyen ,TVA1 1National Institute of Hygiene and Epidemiology, Hanoi,
Vietnam; 2Marie Bashir Institute for Infectious Diseases and Biosecurity (MBI), The University Of Sydney, Sydney,
Australia; 3NSW Mycobacterium Reference Laboratory, Centre for Infectious Disease and Microbiology – Public
Health, ICPMR, Westmead Hospital, Sydney, Australia
Background
Vietnam is ranked 14th of 27 high burden multi-drug resistant tuberculosis (MDR-TB) countries. The management
of TB/HIV co-infected patients poses particular challenges and their contribution to drug resistant TB has not been
described.
Objective
To assess the frequency of resistance against first-line anti-TB drugs in TB/HIV co-infected patients in Vietnam and
to explore associated M. tuberculosis mutations.
Method
We retrospectively analyzed 200 M. tuberculosis isolates from a cohort of TB/HIV co-infected patients seen from
2009-2014 at the main HIV referral hospital in Ho Chi Minh City. Phenotypic drug susceptibility testing (DST) was
performed for isoniazid (INH), rifampicin (RMP), ethambutol (EMB) and streptomycin (SM). Genotypic resistance
was assessed by sequencing of the rpoB, katG, inhA and inhA promoter, rpsL, rrs and embB genes of all resistant
and 10 pan-susceptible isolates.
Results
The rate of resistance to any anti-TB drug was 40.2% and MDR-TB 8.5%; with 5% resistance against all drugs tested.
Mutations in the katG and inhA (including inhA promoter) genes were found in 100% and 20% of INH resistant
isolates, respectively. The vast majority (94%) of mutations in RMP resistant isolates was observed in the 81bp
Rifampicin Resistance Defining Region (RRDR) of ropB gene; the most frequent mutation being at codon 531.
Mutations in the rrs or rpsL genes were found in 75% of SM resistant isolates; the majority (60%) was in rpsL, mainly
with substitutions at codon 43 and 88. Mutations in the embB gene were present in 80% of EMB resistant isolates.
All MDR isolates with a RRDR mutation had a Ser315Thr in katG gene (83%) or C-15T in inhA promoter (17%)
mutation, indicating high-level resistance to INH.
Conclusions
M. tuberculosis isolates from TB/HIV co-infected patients in Vietnam had high rates of drug resistance. INH
resistance was mostly high-level and the vast majority of MDR-TB cases would have been detected by X-pert MTB
RIF®.
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Molecular mechanisms of compensation for the loss of porins in Klebsiella pneumoniae
Alicia Fajardo-Lubián, Alex Agyekum, Jonathan Iredell
Porins form water-filled channels that allow the passive transport of small molecules in and out the bacteria, a vital
process to cell survival. It has been suggested that the loss of certain porins could significantly affect the bacterial
fitness and the susceptibility to antibiotics. Klebsiella pneumoniae expresses two major porins, OmpK35 and
OmpK36, involved in these processes. The aim of this study is to analyse the mechanisms regulating the
compensation for the lack of major porins in Klebsiella pneumoniae and the implication in antibiotic resistance and
bacterial fitness. In order to fully understand the role of porins in bacterial adaptation and antibiotic resistance,
mutants in five porins of K. pneumoniae wild-type strain ATCC 13883 (OmpK35, OmpK36, OmpK37, OmpK26 and
PhoE) were obtained by complete deletion or interruption of the gene. Antibiotic resistance tests by microdilution
method and competition experiments were performed to evaluate the consequences of the loss of OmpK35/36 in
antimicrobial susceptibility and bacterial fitness in K. pneumoniae. The levels of expression of porins were
measured in K. pneumoniae mutants by real time RT-PCR under low and high osmolarity conditions during
logarithmic and stationary growth phases and compared with those in the wild type strain. Our data reveal that
the loss of OmpK36 affect the metabolic fitness of K. pneumoniae and the adaptation of K. pneumoniae to external
conditions in the absence of its major porins is a complex process that includes the up-regulation and downregulation of “secondary” porins (ompK37, ompK26, phoE and lamB) depending on the environmental
circumstances and bacterial growth phase.
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Impact of cefepime treatment on antibiotic resistance patterns in the Enterobacteriaceae
Carola Venturini1, Andrew Ginn1, Sally Partridge1, Guy Tsafnat2, Jonathan Iredell1
1Centre for Research Excellence in Critical Infection at Westmead/Millennium Institute and Marie Bashir
Institute, The University of Sydney, NSW, Australia; 2Australian Institute of Health Innovation, Centre for Health
Informatics, Macquarie University, NSW, Australia
Multiple antibiotic resistance in Gram-negative bacteria causing life-threatening sepsis, impacts heavily the ICU
where antibiotic usage is high and patients more vulnerable, leading to increased morbidity and mortality. Timely
antibiotic intervention is critical in improving survival and preservation of susceptibility to broad-spectrum
antibiotics for effective empiric therapy is paramount. Controlled antibiotic usage (“stewardship”) has thus become
a primary public health agenda. Different antibiotics are known to have different effects on the composition of the
gut microbiome, and better understanding of these effects is needed to guide stewardship decisions. Cefepime has
been advocated as effective empiric therapy but its in vivo efficacy and impact on resistance are still disputed. In
this study, we compared cefepime treatment with anti-pseudomonal penicillin combinations (APP-β) by
determining Enterobacteriaceae colonization and resistance rates at admission and after antibiotic therapy in 206
ICU patients. We also characterized the E. coli population in a subset of 12 patients by sequencing (paired-end
MiSeq) representative pools of perineal clones before and after cefepime therapy. Reads were run against the NCBI
database (BLAST) and genetic features linked to transmissible resistance carefully annotated (Attacca). Cefepime
treatment was the main driver of both acquisition of resistant Enterobacteriaceae after therapy (p=0.027) and of
increased APP-β resistance (p=0.027). Accordingly, we observed that in the 'after' cefepime E. coli sample, the
frequency of specific genes with strong links to multiple resistance (e.g. strAB, sul2) increased, while other
transmissible-resistance markers (e.g. blaCMY-2; IncI1rep) were detected exclusively in the 'after' sample. This
study shows that in vivo APP-β is superior to cefepime in curtailing resistance development in Gram negative
Enterobacteriaceae. For truly effective stewardship intervention, the type of antibiotics used must be carefully
considered due to possible implications for both the transmission of antibiotic resistance determinants and
establishment of resistant populations.
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Genome sequencing reveals novel deletions associated with secondary resistance to
pyrazinamide in multi-drug resistant Mycobacterium tuberculosis
Martinez E, Holmes N, Jelfs P, Sintchenko V
Objectives Detection of pyrazinamide (PZA) resistance in Mycobacterium tuberculosis isolates presents significant
challenges in settings with no dominant clonal lineages, such as Australia. We assessed the utility of whole-genome
sequencing (WGS) versus standard PCR amplification assays for the characterization of PZA resistance in multi-drug
resistant Mycobacterium tuberculosis (MDR-TB) isolates identified in New South Wales, Australia, over an eightyear period. Methods PCR-amplicon sequencing was used to identify molecular markers associated with antibiotic
resistance in pyrazinamide-resistant MDR-TB isolates recovered by the New South Wales (NSW) Mycobacterium
Reference Laboratory between 2007 and 2014. WGS was subsequently performed on two isolates for which pncA
amplification failed. Results WGS identified two novel genomic deletions associated with in vitro resistance to
pyrazinamide in MDR-TB. One isolate also carried a second deletion involving the genes dfrA and thyA associated
with resistance to para-aminosalicylic acid. Conclusions Steadily decreasing sequencing costs are increasing the
appeal of WGS as an alternative approach to detecting complex patterns of pyrazinamide resistance in MDR-TB.
Published in Journal of Antimicrobial Chemotherapy 2015; 70(9):2511-2514.
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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 (Accepted 13 July 2015)
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Genomic variability of serial human isolates of Salmonella enterica serovar Typhimurium
associated with prolonged carriage
Octavia S, Wang, Q, Tanaka M, Sintchenko V, Lan R.
Salmonella enterica serovar Typhimurium is an important foodborne human pathogen that often causes selflimiting 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):3507-3514.
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Defining core genome of Salmonella enterica serovar Typhimurium for genomic surveillance
and epidemiological typing
Fu S, Octavia S, Tanaka MM, Sintchenko V, Lan R.
Salmonella enterica serovar Typhimurium is the most common Salmonella serovar causing food borne infections
in Australia and many other countries. Twenty one S. Typhimurium strains from Salmonella reference collection A
(SARA) were analyzed using Illumina high-throughput genome sequencing. SNPs in 21 SARA strains range from 46
SNPs to 11,916 SNPs with an average of 1,577 SNPs per strain. Together with 47 selected from publicly available S.
Typhimurium genomes, the S. Typhimurium core genes (STCG) were determined. The STCG consists of 3,846 genes,
which is much larger than the set of 2,882 Salmonella core genes (SCG) found previously. The STCG together with
1,576 core intergenic regions (IGRs) was defined as the S. Typhimurium core genome. Using 93 S. Typhimurium
genomes from 13 epidemiologically confirmed community outbreaks, we demonstrated that typing based on S.
Typhimurium core genome (STCG+ core IGRs) provides superior resolution and higher discriminatory power than
that based on SCG for outbreak investigation and molecular epidemiology of S. Typhimurium. Both STCG and STCG+
core IGRs typing achieved 100% separation of all outbreaks in comparison to SCG typing which failed to separate
isolates from two outbreaks from background isolates. Defining the S. Typhimurium core genome allows
standardization of genes/regions to be used for high resolution epidemiological typing of S. Typhimurium for
genomic surveillance.
Published in Journal of Clinical Microbiology 2015; 53(8):2530-2538.
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Intercontinental dissemination of azithromycin resistant shigellosis through sexual
transmission: a cross sectional study
Baker KS, Dallman T, Ashton P, Day M, Hughes G, Crook PD, Gilbart V, Zitterman S, Allen V, Howden BP, Tomita T,
Valcanis M, Harris S, Connor TR, Sintchenko V, Howard P, Brown J, Petty N, Gouali M, Thanh DP, Keddy KH, Smith
AM, Talukder KA, Faruque SM, Parkhill J, Baker S, Weill F-X, Jenkins C, Thomson NR.
BACKGROUND: Shigellosis is an acute, severe bacterial colitis that, in high-income countries, is typically associated
with travel to high-risk regions (Africa, Asia, and Latin America). Since the 1970s, shigellosis has also been reported
as a sexually transmitted infection in men who have sex with men (MSM), in whom transmission is an important
component of shigellosis epidemiology in high-income nations. We aimed to use sophisticated subtyping and
international sampling to determine factors driving shigellosis emergence in MSM linked to an outbreak in the UK.
METHODS: We did a large-scale, cross-sectional genomic epidemiological study of shigellosis cases collected from
29 countries between December, 1995, and June 8, 2014. Focusing on an ongoing epidemic in the UK, we collected
and whole-genome sequenced clinical isolates of Shigella flexneri serotype 3a from high-risk and low-risk regions,
including cases associated with travel and sex between men. We examined relationships between geographical,
demographic, and clinical patient data with the isolate antimicrobial susceptibility, genetic data, and inferred
evolutionary relationships. FINDINGS: We obtained 331 clinical isolates of S. flexneri serotype 3a, including 275
from low-risk regions (44 from individuals who travelled to high-risk regions), 52 from high-risk regions, and four
outgroup samples (i.e., closely related, but genetically distinct isolates used to determine the root of the
phylogenetic tree). We identified a recently emerged lineage of S.flexneri 3a that has spread intercontinentally in
less than 20 years throughout regions traditionally at low risk for shigellosis via sexual transmission in MSM. The
lineage had acquired multiple antimicrobial resistance determinants, and prevailing sublineages were strongly
associated with resistance to the macrolide azithromycin. Eight (4%) of 206 isolates from the MSM-associated
lineage were obtained from patients who had previously provided an isolate; these serial isolations indicated
atypical infection patterns (eg, reinfection). INTERPRETATION: We identified transmission-facilitating behaviours
and atypical course(s) of infection as precipitating factors in shigellosis-affected MSM. The intercontinental spread
of antimicrobial-resistant shigella through established transmission routes emphasises the need for new
approaches to tackle the public health challenge of sexually transmitted infections in MSM.
Published in Lancet Infectious Diseases 2015;15(8):913-921.
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Delineating community outbreaks of Salmonella enterica serovar Typhimurium using whole
genome sequencing: insights into genomic variability within an outbreak
Octavia S, Wang Q, Tanaka M, Kaur S, Sintchenko V, Lan R.
Whole-genome next-generation sequencing (NGS) was used to retrospectively examine 57 isolates from five
epidemiologically confirmed community outbreaks (numbered 1 to 5) caused by Salmonella enterica serovar
Typhimurium phage type DT170. Most of the human and environmental isolates confirmed epidemiologically to be
involved in the outbreaks were either genomically identical or differed by one or two single nucleotide
polymorphisms (SNPs), with the exception of those in outbreak 1. The isolates from outbreak 1 differed by up to
12 SNPs, which suggests that the food source of the outbreak was contaminated with more than one strain while
each of the other four outbreaks was caused by a single strain. In addition, NGS analysis ruled in isolates that were
initially not considered to be linked with the outbreak, which increased the total outbreak size by 107%. The
mutation process was modeled by using known mutation rates to derive a cutoff value for the number of SNP
difference to determine whether or not a case was part of an outbreak. For an outbreak with less than 1 month of
ex vivo/in vivo evolution time, the maximum number of SNP differences between isolates is two or four using the
lowest or highest mutation rate, respectively. NGS of S. Typhimurium significantly increases the resolution of
investigations of community outbreaks. It can also inform a more targeted public health response by providing
important supplementary evidence that cases of disease are or are not associated with food-borne outbreaks of S.
Typhimurium.
Published in Journal of Clinical Microbiology 2015; 53(4):1063-1071.
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Antibiotic susceptibility of diverse Mycobacterium abscessus complex strains in New South
Wales, Australia
Chua KYL, Bustamante A, Jelfs P, Chen SCA, Sintchenko V.
Members of the Mycobacterium abscessus complex are emerging pathogens of increasing importance, causing
both respiratory and soft tissue infections, but precise speciation is problematic. This study was performed to
examine the subspecies and antibiotic susceptibility of M. abscessus complex isolates collected during 2013 at the
statewide New South Wales Mycobacterium Reference Laboratory (NSW MRL), Australia. M. abscessus subsp.
abscessus accounted for more than half of all M. abscessus isolates (n=24, 57.1%), and M. abscessus subsp.
massiliense comprised the remainder of the isolates (n=18, 42.9%). There were no M. abscessus subsp. bolletti
isolates. The prevalence of antibiotic resistance to all antibiotics, apart from amikacin was high, with 26.3% of
isolates being reliably susceptible to only amikacin. Most M. abscessus subsp. abscessus isolates (80%)
demonstrated inducible clarithromycin resistance whereas the majority of M. abscessus subsp. massiliense isolates
(94.4%) remained susceptible to clarithromycin. There was a good correlation between the erm(41) genotype and
clarithromycin susceptibility results after 14 days of incubation for most isolates with only three exceptions. Further
studies correlating in vitro susceptibility profiles with clinical outcomes of M. abscessus infections treated with
combination antimicrobial therapy are warranted.
Published in Pathology (Accepted 8 July 2015).
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Added value of whole genome sequencing for management of highly drug resistant
tuberculosis
Outhred AC, Jelfs P, Suliman B, Hill-Cawthorne GA, Crawford ABH, Marais BJ, Sintchenko V.
OBJECTIVES: Phenotypic drug susceptibility testing (DST) for Mycobacterium tuberculosis takes several weeks to
complete and second-line DST is often poorly reproducible, potentially leading to compromised clinical decisions.
Following a fatal case of XDR TB, we investigated the potential benefit of using whole-genome sequencing to
generate an in silico drug susceptibility profile. METHODS: The clinical course of the patient was reviewed, assessing
the times at which phenotypic DST data became available and changes made to the therapeutic regimen. Wholegenome sequencing was performed on the earliest available isolate and variants associated with drug resistance
were identified.
RESULTS: The final DST report, including second-line drugs, was issued 10 weeks after patient presentation and 8
weeks after initial growth of M. tuberculosis. In the interim, the patient may have received a compromised regimen
that had the potential to select for further drug resistance. The in silico susceptibility profile, extrapolated from
evolving evidence in the literature, provided comparable or superior data to the DST results for second-line drugs
and could be generated in a much shorter timeframe. CONCLUSIONS: We propose routine whole-genome
sequencing of all MDR M. tuberculosis isolates in adequately resourced settings. This will improve individual patient
care, monitor for transmission events and advance our understanding of resistance-associated mutations.
Published in Journal of Antimicrobial Chemotherapy 2015; 70(4):1198-202
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Genomic epidemiology of Clostridium botulinum isolates from temporally related cases of
infant botulism in New South Wales, Australia
Holmes NG, Gray T, Wang Q, Ng J, Hicks L, Nguyen T, Yuen M, Hill-Cawthorne G, Sintchenko V.
Infant botulism is a potentially life-threatening paralytic disease that can be associated with high levels of morbidity
if not rapidly diagnosed and treated. Disease results from the production of botulinum neurotoxin (BoNT) by
Clostridium botulinum, following the ingestion of spores which can germinate and grow in the immature intestine.
Four infants were treated for infant botulism in NSW, Australia, between June 2011 and September 2013. This was
an unusually high incidence rate in this setting. All cases were culture positive for C. botulinum, with three of the
isolates producing BoNT serotype A (BoNT/A) and one producing BoNT serotype B (BoNT/B). Despite the temporal
relationship between cases, there was no close geographical clustering or other epidemiological links. Wholegenome sequencing (WGS) was used to characterise the four C. botulinum isolates. In silico multi-locus sequence
typing (MLST) indicated that all strains were closely related, with the three BoNT/A-producing isolates belonging to
the same novel sequence type (ST) and the BoNT/B-producing isolate representing a novel ST that only differed at
one of the seven alleles. All BoNT/A-carrying isolates contained a single chromosomally-integrated BoNT/A2
neurotoxin gene cluster. The 13.8-kb cluster sequence was identical in two of the isolates, with the third containing
only one synonymous single-nucleotide polymorphism (SNP). The BoNT/B-producing isolate contained a single
plasmid-borne bontB gene cluster, encoding BoNT subtype B6. SNP-based typing results corresponded well with
MLST and clustered the four NSW isolates together. However, the extra resolution provided by whole-genome SNP
comparisons showed that all four isolates were genomically distinct as they were separated from each other by >
7000 SNPs. WGS analyses indicated that the four infant botulism cases had all acquired different isolates of C.
botulinum that were unlikely to have originated from a common environmental source. Isolates did however cluster
together, when compared with international isolates, suggesting that C. botulinum from environmental reservoirs
throughout NSW have descended from a common ancestor. Toxigenic properties have been governed by the
acquisition of mobile genetic elements. The presence of identical BoNT/A2 neurotoxin clusters in three of the
isolates suggested that it had been horizontally acquired by each of the isolates from a common reservoir.
Published in Journal of Clinical Microbiology 2015; 53(9):2846-2853.
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Three patients in different Sydney hospitals with listeriosis associated with a hospital dessert
Najjar Z, Gupta L, Sintchenko V, Shadbolt C, Wang Q, Bansal N.
In April 2013, a Public Health Unit in Sydney was notified of three patients in different tertiary hospitals testing
positive for listeriosis within eight days of each other. A public health investigation concluded that it was most likely
that the three patients acquired their infections from eating a hospital dessert supplied by a specific company. Near
real-time molecular typing techniques and rapid review of hospital menus using an electronic menu database were
used together to quickly identify a source of infection and implement control measures, which is likely to have
successfully prevented further cases. Listeriosis can be a serious illness in vulnerable hospital populations. Hospitalacquired listeriosis can occur; hospital food safety plans therefore need to ensure the risk of listeriosis to patients
is minimised.
Published in Medical Journal of Australia 2014; 202(8):448-449.
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It is not all about SNPs: Comparison of mobile genetic elements and deletions in Listeria
monocytogenes genomes links cases of hospital-acquired listeriosis to the environmental
source
Wang Q, Holmes N, Martinez E, Howard P, Hill-Cawthorne G, Sintchenko V.
The control of food-borne outbreaks caused by Listeria monocytogenes in humans relies on the timely identification
of food or environmental sources and the differentiation of outbreak-related isolates from unrelated ones. This
study illustrates the utility of whole-genome sequencing for examining the link between clinical and environmental
isolates of L. monocytogenes associated with an outbreak of hospital-acquired listeriosis in Sydney, Australia.
Comparative genomic analysis confirmed an epidemiological link between the three clinical and two environmental
isolates. Single nucleotide polymorphism (SNP) analysis showed that only two SNPs separated the three human
outbreak isolates, which differed by 19 to 20 SNPs from the environmental isolates and 71 to >10,000 SNPs from
sporadic L. monocytogenes isolates. The chromosomes of all human outbreak isolates and the two suspected
environmental isolates were syntenic. In contrast to the genomes of background sporadic isolates, all
epidemiologically linked isolates contained two novel prophages and a previously unreported clustered regularly
interspaced short palindromic repeat (CRISPR)-associated (Cas) locus subtype sequence. The mobile genetic
element (MGE) profile of these isolates was distinct from that of the other serotype 1/2b reference strains and
sporadic isolates. The identification of SNPs and clonally distinctive MGEs strengthened evidence to distinguish
outbreak-related isolates of L. monocytogenes from co-circulating endemic strains.
Published in Journal of Clinical Microbiology 2015 53(11):3492-500.
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Proficiency testing for bacterial whole genome sequencing: An end-user survey of current
capabilities, requirements and priorities
Moran-Gilad J, Sintchenko V, Karlsmose S, Wolfgang W, Strain E, Hendriksen R.
The advent of next-generation sequencing (NGS) has revolutionised public health microbiology. Given the potential
impact of NGS, it is paramount to ensure standardisation of 'wet' laboratory and bioinformatic protocols and
promote comparability of methods employed by different laboratories and their outputs. Therefore, one of the
ambitious goals of the Global Microbial Identifier (GMI) initiative (http://www.globalmicrobialidentifier.org/) has
been to establish a mechanism for inter-laboratory NGS proficiency testing (PT). This report presents findings from
the survey recently conducted by Working Group 4 among GMI members in order to ascertain NGS end-use
requirements and attitudes towards NGS PT. The survey identified the high professional diversity of laboratories
engaged in NGS-based public health projects and the wide range of capabilities within institutions, at a notable
range of costs. The priority pathogens reported by respondents reflected the key drivers for NGS use (high burden
disease and 'high profile' pathogens). The performance of and participation in PT was perceived as important by
most respondents. The wide range of sequencing and bioinformatics practices reported by end-users highlights the
importance of standardisation and harmonisation of NGS in public health and underpins the use of PT as a means
to assuring quality. The findings of this survey will guide the design of the GMI PT program in relation to the
spectrum of pathogens included, testing frequency and volume as well as technical requirements. The PT program
for external quality assurance will evolve and inform the introduction of NGS into clinical and public health
microbiology practice in the post-genomic era.
Published in BMC Infectious Diseases 2015;15:174.
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Sequencing pathogen genomes to unlock secrets of disease origin and transmission (Invited
State-of-the-Art Review)
Sintchenko V, Holmes EC.
Whole genome sequencing (WGS) of pathogens enables the sources and patterns of transmission to be identified
during specific disease outbreaks and promises to transform epidemiological research on communicable diseases.
This review discusses new insights into disease spread and transmission that have come from the use of WGS,
particularly when combined with genomic scale phylogenetic analyses. These include elucidation of the
mechanisms of cross species transmission, the potential modes of pathogen transmission, and which people in the
population contribute most to transmission. Particular attention is paid to the ability of WGS to resolve individual
patient to patient transmission events. Importantly, WGS data seem to be sufficiently discriminatory to target cases
linked to community or hospital contacts and hence prevent further spread, and to investigate genetically related
cases without a clear epidemiological link. Approaches to combine evidence from epidemiological with genomic
sequencing observations are summarised. Ongoing genomic surveillance can identify determinants of
transmission, monitor pathogen evolution and adaptation, ensure the accurate and timely diagnosis of infections
with epidemic potential, and refine strategies for their control.
Published in British Medical Journal 2015;359:h1314. doi:10.1136/bmj.h1314
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Enhanced differentiation of Beijing strain clusters using whole genome sequencing
Gurjav U, Jelfs P, McCallum N, Hill-Cawthorne GA, Marais BJ, Sintchenko V
Background: The Mycobacterium tuberculosis Beijing lineage is the second most prevalent lineage in New South
Wales (NSW). It has the highest rate of clustering based on 24-loci mycobacterium interspersed repetitive unit
(MIRU-24) genotyping. The aim of this study was to examine the utility of whole genome sequencing (WGS) to
enhance cluster differentiation using the largest Beijing lineage clusters in NSW. Methods: All M. tuberculosis
isolates identified at the NSW reference laboratory from 2009-2013 were prospectively genotyped using MIRU-24.
Two or more isolates sharing identical MIRU-24 patterns were considered to be a cluster. We applied WGS using
Ion Torrent PGM to two largest clusters of Beijing lineage. Results: In total 1841 culture-confirmed M. tuberculosis
cases were identified; 1692 (91.9%) had complete MIRU-24 and demographic profiles. The dominant strain lineages
identified during the study period were East African Indian (28%) and Beijing (27.8%). Beijing strains had the highest
rate of MIRU-24 clustering (49.4%). WGS of the two Beijing strain clusters (10 and 11 isolates, respectively) revealed
3 small clusters with 0-2 single nucleotide polymorphism (SNP) differences between M.tuberculosis genomes,
suggesting possible transmission between these patients or shared common source infection. Further WGS
reduced cluster rate by 66.7% in these clusters. Conclusions: WGS significantly enhanced resolution of genotyping
for Beijing lineage. Accurate cluster differentiation offers opportunities for transmission tracking and bettertargeted public health responses.
Presented at 5th Asia-Pacific Conference of the International Union against Tuberculosis and Lung Disease, Sydney,
1-2 September 2015
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Recent evolution of human Salmonella enterica serovar Typhimurium in New South Wales
Sotomayor C, Wang Q, Howard P, Sintchenko V.
Background: Multi-locus variable tandem-repeat (MLVA) typing was implemented for Salmonella enterica serovar
Typhimurium (STM) in New South Wales since 2006. It has significantly improved the resolution of public health
surveillance of STM infections. The aim of this study was to examine the diversity and trends of STM MLVA patterns.
Methods: All STM isolates genotyped by MLVA at the NSW ERL between January 2009 and December 2014 were
analysed. Results: 11,209 isolates were included in the study. The yearly counts have significantly increased from
1636 (2009) to 2548 (2014). The most dominant MLVA pattern was 3-9-7-13-523 (phage type 170) and its complex
(variants with single tandem repeat differences in the second, third and fourth loci) represented 27.1% of all STM.
The diversity of the STM population showed seasonal variation but remained stable over the study period, with a
McIntosh’s index of diversity between 0.58 and 0.78. The proportion of novel MLVA patterns varied between 7.2
and 38.1% (17% on average). Conclusions: Prospective STM genotyping of STM has documented the establishment
of successful PT170 clones and the sustained level of STM diversity that accompanies the increasing incidence of
human STM infections in NSW in the last 6 years.
Presented at the Communicable Disease Conference 2015, Brisbane, 1-2 June 2015.
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Laboratory characterisation of invasive L. monocytogenes in New South Wales between
2011-2014: from molecular subtyping to the whole genome sequencing
Wang Q, Holmes N, Howard P, Hill-Cawthorne G, Sintchenko V
Listeriosis is a life-threatening foodborne disease caused by Listeria monocytogenes (Lm). In NSW, a binary typing
(BT) and multilocus variable number tandem repeat analysis (MLVA) have been used routinely to detect clusters
and track the food sources of infection. Between 20011 and 2014, 114 clinical and 65 environmental and food
isolates were characterised. The majority of them were obtained from the elderly or immunocompromised
patients. Molecular typing identified 25 and 14 BT unique types for environmental and human cases, respectively.
BT 255 was the commonest (21.1%) type among human isolates followed by BT 254 (19.3%) and BT 158 (14%). BT
82 was the predominate type (32.3%) for the environmental isolates followed by BT158 (18.5%) and BT 154 (12.3%).
44 MLVA types were identified in which the predominant MLVA type (04-17-16-05-03-11-14-00-16) was associated
with 13.8% of the cases, followed by another two types linked to 12.5% and 10% of cases, respectively. These MLVA
types were associated with a multijurisdictional outbreak and a hospital-acquired outbreak in NSW. Application of
the whole genome sequencing of Lm significantly improved the resolution of subtyping and assisted in establishing
potential links between production facilities and sources of environmental contamination leading to outbreaks of
listeriosis.
Presented at the Communicable Disease Conference 2015, Brisbane, 1-2 June 2015.
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Building national capacity in genomics-guided public health surveillance: Australian
experience
Sintchenko V, Holmes N.
Background. In an increasingly connected world, combining rapid whole genome sequencing (WGS) with clinical
and epidemiological data can transform pathogen characterisation and outbreak detection and responses.
However, significant variability in the application of WGS in clinical practice has been recognised as a major
bottleneck in the implementation of genomics-guided public health laboratory surveillance. Aims. This
presentation reports the experience of the Public Health Laboratory Network of Australia (PHLN) in developing a
national framework for pathogen WGS for public health laboratory surveillance. Methods. The Technical Advisory
Group was convened by the PHLN and tasked with developing consensus guidelines for jurisdictional public health
reference laboratories for the application of bacterial WGS. These guidelines have recently been published. Results.
The key recommendations of PHLN include the requirements for bioinformatics pipelines to generate clinically
meaningful data from raw WGS data and criteria for selecting reference genomes. The PHLN focussed attention on
quality control in sequencing experiments and the assessment of genome variation using single nucleotide
polymorphisms, whole genome MLST and virulence profiling. Laboratories should establish minimum coverage
thresholds based on their public health questions in order to detect sufficient variation and ensure backward
compatibility and reassessment. Experimental and analytical reproducibility should exceed 95-98%. At least 50-fold
coverage is recommended for the WGS of priority bacterial pathogens when experiments are part of ongoing
laboratory surveillance or outbreak investigations. Incentives and safeguards for data sharing and structured
reporting formats are discussed, in accordance with evolving standards, to enable the deposition of genotypes into
electronic health records and public health information systems. We compared PHLN approaches to
recommendations for WGS-based clinical testing in human genomics issued by the College of American
Pathologists’ Laboratory Standards and American College of Medical Genetics and Genomics. Laboratory capacity
indicators in the use of WGS for public health surveillance and outbreak monitoring are examined. Conclusions.
The emerging fragmentation of WGS services and engagement of external service providers have made the quality
control and data governance of WGS testing a priority for public health laboratories. Harmonisation of WGS
workflows and analytics can enhance public health surveillance and monitoring of multijurisdictional outbreaks.
Presented at Conference “Applied Bioinformatics and Public Health Microbiology”. Cambridge, UK, 6-8 May 2015.
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Investigating a case cluster of cryptococcosis in koalas (Phascolarctos cinereus) near Port
Stephens, New South Wales
Laura Schmertmann1,2, Mark Krockenberger2, Richard Malik3 & Wieland Meyer1
1
Molecular Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Sydney Medical
School – Westmead Hospital, Marie Bashir Institute for Infectious Diseases and Biosecurity, The Westmead
Millennium Institute for Medical Research, The University of Sydney, Sydney, NSW, Australia; 2 Faculty of
Veterinary Science, The University of Sydney, Sydney, NSW, Australia; 3 Centre for Veterinary Education, The
University of Sydney, Sydney, NSW, Australia
Cryptococcosis is a severe fungal disease caused by members of the Cryptococcus neoformans/C. gattii species
complex. Outbreaks have highlighted the necessity for continued surveillance and the pivotal role of animal
sentinels. Koalas (Phascolarctos cinereus) are an ideal sentinel due to their comparatively high prevalence of
cryptococcosis, common nasal colonisation by Cryptococcus spp. and close contact with Eucalypts (an important
environmental niche for C. gattii). Since September 2013, a case cluster involving five free-ranging koalas has
emerged near Port Stephens, NSW. This study aims to investigate this unusual cluster by characterising disease
related isolates and examining the environmental presence of Cryptoccocus spp. in this region. Environmental
samples (n=29), including swabs and debris from tree hollows, were collected near Port Stephens. Samples were
inoculated onto birdseed agar, incubated at 27ºC and Cryptococcus spp. colonies identified by a brown colouration.
Several colonies from each positive sample were subcultured on Sabouraud agar and incubated at 37ºC. The
Veterinary Pathology Diagnostic Services, University of Sydney supplied disease isolates (n=4) from four koalas.
DNA was extracted from all isolates. Cryptococcus spp. colonies were observed in 13/29 (45%) environmental
samples. Isolates (n=20) were obtained from 9/29 samples derived from 5 trees: Eucalyptus tereticornis (3/5), E.
pilularis (1/5) and Angophora floribunda (1/5). URA5 gene restriction fragment length polymorphism (RFLP)
analysis identified all isolates as C. gattii molecular type VGI. C. gattii was easily isolated near Port Stephens and is
seemingly abundant in this environment. The percentage of positive environmental samples was similar to other
Australian studies. More extensive sampling is required to establish the environmental prevalence of C. gattii near
Port Stephens. Ongoing work, including multi-locus sequence typing, will further elucidate the relationship
between disease and environmental isolates and determine the causative C. gattii sequence type(s) in this case
cluster.
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Are hybrids within the Cryptococcus neoformans/C. gattii species complex stable?
Aziza Khan1, Carolina Firacative1, Wieland Meyer1
1
Molecular Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Marie-Bashir Institute
for Emerging Infectious Diseases and Biosecurity, Sydney Medical School – Westmead Hospital, The University of
Sydney, Westmead Millennium Institute for Medical Research, Westmead, NSW 2145, Australia.
Cryptococcus neoformans and Cryptococcus gattii are agents of cryptococcosis causing meningoencephalitis in
immunocompromised and immunocompetent hosts, respectively. Together they form the C. neoformans/C. gattii
species complex, which is comprised of eight molecular types: C. neoformans (VNI-VNIV) and C. gattii (VGI-VGIV).
Naturally occurring inter- and intra-varietal diploid hybrid strains within this complex have been previously
described, including a novel hybrid between C. neoformans molecular type VNI and C. gattii molecular type VGII.
However, the stability of these hybrids and its ability to revert from one molecular type to another as a potential
virulence mechanism remains elusive. In this study, we used 4 hybrid strains: WM 2059 (VNI/VNII, Colombia), WM
09.184 (VNII/VNIV, China), WM 1355 (VNIII – AD hybrid, India), and WM 05.459 (VNI/VGII, Brazil), to investigate
hybrid stability over time by passaging the cultures over a period of 52 weeks. URA5-RFLP and M13 PCRfingerprinting was performed on all isolates collected over the study period and color development of the VNI/VGII
hybrid on Canavanine Glycine Bromothymol (CGB) agar was monitored. All hybrids remained stable according to
URA5-RFLP banding patterns and M13 PCR-fingerprinting. The hybrids appeared to conform to the dominant
parental molecular type. Results for the VNI/VGII hybrid show that blue colour development on CGB agar remained
delayed throughout the period of the study. Further investigations into the role of hybrid stability in disease
pathogenesis and the potential spread of infection are ongoing.
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The Westmead Medical Mycology Collection - the Australian Medical Mycology Culture
Collection at Westmead Millennium Institute - a reference collection for basic and clinical
research and diagnosis of fungal diseases
Wieland Meyer1, Krystyna Maszewska1, Mansura Khan1 and Kennio Ferreira-Paim1,2,
1
Molecular 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
Sydney, Westmead Millennium Institute for Medical Research, Sydney, Australia; 2Infectious Disease Department,
Triangulo Mineiro Federal University, Uberaba, Minas Gerais, Brazil.
The Westmead Medical Mycology Collection is completing 20 years of existence. Currently there are 10,073 strains,
representing 437 human and animal pathogenic fungal species, from 52 countries maintained in the collection.
Established originally at the Molecular Mycology Research Laboratory, in the Centre for Infectious Disease and
Microbiology at the Sydney Medical School-Westmead Hospital, The University of Sydney it recently moved to the
new Westmead Millennium Institute for Medical Research, Westmead, Australia. Its primary aim is to preserve
Australian and global pathogenic fungal biodiversity, providing reference and clinical strains associated with strainspecific metadata for the mycology community. The stored strains are identified phenotypically, biochemically and
molecularly. They are storage either lyophilized, in glycerol at -80°C or as living culture at 14°C. The majority of the
stored strains are the result of specific clinical, molecular epidemiological and basic science projects. As such, the
pathogenic yeasts Cryptococcus neoformans and C. gattii (5,465 strains) account for 50% of the specimens. To
further characterise the maintained strains specific MultiLocus Sequence Typing schemes have been developed for
C. neoformans, C. gattii, Scedosporium apiospermum, S. aurantiacum, S. boydii and Pneumocystis jirovecii, globally
accessible at http://mlst.mycologylab.org or http://isham.org. Reference strains of all C. neoformans major
molecular types/species (VNI, VNII, VNB, and VNIV) and 56 out of 324 Sequence Types (ST) and all C. gattii major
molecular types/species (VGI, VGII, VGIII, and VGIV) and 118 of the 336 ST’s descripted are stored. The collection
also holds 119 cryptococcal strains for which whole genome sequencing was performed. The collection formed the
basis for the development of the quality controlled ISHAM-ITS sequence database for human and animal
pathogenic fungi accessible at http://its.mycologylab.org or http://isham.org. 900 strains included in the newly
established ISHAM- ITS reference database are maintained.
For further information please contact the curator at: wieland.meyer@sydney.edu.au.
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Comparative Genome and Transcriptome Analysis of high and low virulent Clinical and
Environmental Scedosporium aurantiacum strains
Marc Ramsperger1, Åsa Pérez-Bercoff2, Jashanpreet Kaur3, Gavin Huttley2, Helena Nevalainen3 & Wieland Meyer1
1
Molecular Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Sydney Medical
School-Westmead Hospital, Marie Bashir Institute for Infectious Diseases and Biosecurity, University of Sydney,
Westmead Millennium Institute, Westmead NSW Australia; 2John Curtin School of Medical Research, Australian
National University, Canberra ACT, Australia; 3Macquarie University, Sydney, NSW, Australia.
The hyphomycete Scedosporium aurantiacum is a fungus commonly present in urban environments, such as soil
and polluted waters. It acts as an important opportunistic pathogen, causing infections in both
immunocompromised and immunocompetent humans and animals. Representative high and low virulent S.
aurantiacum environmental (WM 09.24: soil, Sydney, Australia, WM 10.136: soil, near Innsbruck, Austria) and
clinical (WM 06.482: lung, Sydney, Australia, WM 08.202; skin, Santiago de Compostela, Spain, type culture) strains
were selected based on MLST typing of 127 strains and virulence studies using the Galleria mellonella (greater wax
moth) larval model for whole genome sequencing (WGS). Genome assembly and annotation of the S. aurantiacum
strain WM 09.24 produced 1,584 scaffolds (>200 bp), with 162x coverage and an estimated total genome size of
39.9 Mb, containing 10,485 predicted genes (11,619 transcripts). This was used as the basis for the genome
assembly and annotation of the remaining S. aurantiacum strains, WM 10.136 (3,559 scaffolds, 40.1 Mb), WM
06.482 (4,513 scaffolds, 39.5 Mb) and WM 08.202 (2,852 scaffolds, 40.6 Mb). The genomes underpin studies to
better understand differences in virulence and the transition form an environmental to a clinical disease agent.
RNA-seq studies are underway to identify genes/SNPs (1) involved in virulence, by comparing the high and low
virulence strains, and (2) associated in the transition from an environmental isolate to a clinical pathogen.
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Facing the challenge of growing numbers of fungal infections – sequence based fungal
identification using the ISHAM-ITS reference database
Meyer W1, Irinyi L1 and the ISHAM working group for barcoding of human and animal pathogenic fungi
1
Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead Hospital, The University of
Sydney, Westmead Millennium Institute, Sydney, NSW, Australia
The number of human and animal fungal infection, have significantly increased in the last decades, causing serious
public health burdens and increased risk of biodiversity loss among animal species. 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 an accurate, fast, cost-effective, culture independent approach for species identification. The
current official fungal DNA barcode is the internal transcribed spacer (ITS) but its wide-spread application in clinical
settings has been limited due to the lack of quality controlled reference databases. Recently, an international
consortium of medical mycology laboratories established the ISHAM-ITS database, the first fungal barcode
database for human and animal pathogenic fungi. The database is available from http://www.isham.org/ or directly
at http://its.mycologylab.org/. It currently hosts 3200 complete ITS sequences covering 524 medically relevant
fungal species and it is open for further submission. It is intended to cover all medically important fungal species
with a sufficient number of strains to represent the diversity of a species. The gathered date have been used to
evaluate the value of the ITS region as a barcode at intra-and interspecies level. The intraspecies variation of the
ITS sequences currently included in the database ranges from 0 to 2.25%, with 170 species having a variation of
less than 1.5%. At interspecies level, several taxa were identified without barcoding gap and the ITS was insufficient
to discriminate closely related/cryptic species. Overall, clinically important species show a low intraspecies
variability and a clear barcoding gap at interspecies 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.
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Phenotypic and genotypic characterization of the emerging pathogen Cryptococcus gattii
molecular type VGIII
Carolina Firacative1,2, Patricia Escandón2, Jane Sykes3, Joao Frade4, Shawn Lockhart4, Laura Rocío Castañón
Olivares5, Cudberto Contreras-Peres6, Rubén Lopez Martinez5, Elizabeth Castañeda2, and Wieland Meyer1*
1
Molecular 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
Sydney, Westmead Millennium Institute, Sydney, Australia; 2Grupo de Microbiología, Instituto Nacional de Salud,
Bogotá, Colombia; 3Department of Medicine and Epidemiology University of California, Davis, USA; 4Centre for
Disease Control, Atlanta, GA, USA; 5Departamento de Micobiología y Parasitología, Facultad de Medicina,
Universidad Autónoma de México, México City, Mexico; 6Instituto Nacional de Diagnóstico y Referencia
Epidemiológicos, México City, Mexico.
The primary pathogen Cryptococcus gattii causes life-threatening disease in immunocompetent hosts. Molecular
studies have identified four major molecular types (VGI-VGIV), with VGII being associated with outbreaks in North
America and Australia. More recently, genotype VGIII has emerged, causing cryptococcosis in human and animals.
To establish the population genetic structure of the emerging pathogen C. gattii molecular type VGIII, clinical,
environmental and veterinary isolates recovered from eight countries (Australia, Colombia, Guatemala, Mexico,
New Zealand, Paraguay, USA and Venezuela) were analyzed by multilocus sequence typing (MLST) using the ISHAM
consensus scheme. The serotype and mating type of the isolates were determined by PCR. The virulence of selected
genotypes was assessed in a murine model of infection. Antifungal susceptibility against six drugs was tested. Fiftyfive sequence types (STs) were found, with ST75 being the most common one (17.2%). The isolates grouped in four
major clusters, with the two main clades corresponding with the serotypes B and C, each containing clinical,
environmental and veterinary samples. Overall, serotype B isolates were more virulent than serotype C isolates.
However, serotype B isolates were more susceptible to azoles than serotype C isolates. The global population of C.
gattii molecular type VGIII was genetically highly diverse (D = 0.061), whit minor differences among countries,
source of isolation, serotype or mating type. C. gattii VGIII is widely spread in the Americas, with sporadic cases
occurring in other parts of the world. The recent emergence of C. gattii molecular type VGIII demonstrates a need
to expand our knowledge about the genetics and epidemiology of this important pathogen and to correlate animal
infection, environmental niches and human disease occurrence.
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Alternative barcodes for the identification of human and animal pathogenic fungi
Irinyi L1, Khan MA1, King W1, Robert V2, Stielow B2, Cardinali G3 and Meyer W1
1
Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead Hospital, The University of
Sydney, Westmead Millennium Institute, Sydney, NSW, Australia, 2CBS-KNAW, Fungal Biodiversity Centre, Utrecht,
The Netherlands, 3Department of Pharmaceutical Sciences-Università degli Studi di Perugia, Perugia, Italy
The official fungal barcode, the ITS region, proved to be insufficient to discriminate closely related/cryptic species
within human and animal pathogenic fungi. For these taxa, alternative barcode loci needed to be identified, to
ensure the accurate and reliable identification of species in a clinical setting. Potential alternative loci with high
level of informativness were identified by whole genome comparison of 25 fungal species. As a result three most
informative regions: EF1, EF3 and 60S were selected as alternative barcode candidates. Novel, allegedly universal
primer pairs were designed from the whole genome data for these regions. As a part of a pilot study, the three new
loci and a total set of nine primer pairs were tested in pathogenic fungal species, including filamentous fungi and
yeasts to evaluate their amplification efficiency under standardized laboratory conditions, and the universality of
the primers across different taxa. The amplified fragments were sequenced and the average intraspecies variations
were defined. Barcoding gaps were calculated at interspecies level to evaluate the resolution and discriminatory
power of the novel loci. In pathogenic fungi, 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. It
also improved the size of the barcoding gap in other taxa like the Debaryomycetaceae. As such, the tef1α locus is a
promising secondary barcode candidate for the identification of clinically relevant species. However, further studies
are necessary to test the suitability of tef1α as an alternative barcode and subsequently a new public reference
sequence repository needs to be created.

Page 29

CIDM-PH 2015 ANNUAL REPORT
RESEARCH ABSTRACTS AND WORKS IN PROGRESS
Galleria mellonella model showed reduced virulence of Cryptococcus gattii VGIIa isolate
knockout for a Collagen binding domain of a collagenase
Kennio Paim1,2, Mansura Khan1, Sophie Lev3, Marc Ramsperger2, Julianne T Djordjevic3 and Wieland Meyer1
1
Molecular 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
Sydney, Westmead Millennium Institute for Medical Research, Sydney, NSW, Australia; 2Infectious Disease
Department, Triangulo Mineiro Federal University, Uberaba, Minas Gerais, Brazil; 3Centre for Infectious Diseases
and Microbiology, Westmead Millennium Institute, 176 Hawkesbury Rd Westmead 2145, NSW, Australia.
Cryptococcus gattii infection occurs mainly in tropical and subtropical regions, however human cases of infection
due to this species emerged unexpected in the temperate North American Pacific Northwest (PNW) in the late
1990s. In contrast to most cases of C. gattii infection, patients from PNW presented mainly primary pulmonary
disease and not the common neurological signs presented elsewhere. The molecular type VGII and the
subgenotypes VGIIa, VGIIb, and VGIIc were the main genotypes found in this region. Whole genome sequencing
revealed the presence of several genes possibly related to differences in virulence between these genotypes. For
initial studies two genes presented only in the VGIIa (Aldo/keto reductase and collagen-binding domain of a
collagenase) and one presented in the VGIIa/c genotypes (Endoribonuclease) were disrupted in the high virulent
reference CDC-R265 (VGIIa, Vancouver Island, Canada) by homologous recombination using overlap-PCR with the
selective maker nourseothricin acetyltransferase (NAT) and transformed using biolistic transformation. 10 Galleria
mellonella larvae/per strain were injected with 10μl inoculum (108 cells/ml) of either the C. gattii wild type (CDCR265 WT) or the mutant strains (Δaldo, Δcoll, Δendo) via injection into the hemocoel into the lower pro-legs. Larvae
were monitored daily for 10 days. The median survival of 144 and 188 hours were observed for WT and Δcoll strain,
respectively, with a statistically significant difference (P < 0.05). Unlikely Δcoll, the median survival of Δaldo and
Δendo mutants was 180 and 132, respectively. The mutant Δcoll also showed slow growth in the presence of the
cell-wall perturbing agents Congo red and Calcofluor-white when compared with the WT. The importance of the
collagen-binding domain of a collagenase as a virulence factor and its association with Central Nervous System
invasion has been described for bacteria. Further studies are currently been performed to understand its role in
fungal virulence.
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The added value of genome sequencing in the investigation of Salmonella Agona outbreak
in Sydney
Dr Qinning Wang
Salmonella Agona is one of the causes of salmonellosis in humans. Foodborne outbreaks due to S. Agona have
been reported frequently worldwide with significant public health impact. An increase in S. Agona in Western
Sydney in May and June 2015 was identified through routine public health laboratory surveillance. A total of 37
cases were notified in NSW during the first half year in 2015, compared to an average of 28 cases per year for the
previous five years. NSW Department of Health public health officers interviewed recent cases and identified two
sushi outlets in one large shopping centre as the common sources for some cases. Food and environmental
samples were then collected from the both venues by NSW Food Authority and positive S. Agona cultures were
obtained from the food related sources. To further investigate the link between clinical cases and food sources,
whole genome sequencing (WGS) was performed on the isolates obtained between Jan–Jul 2015 in NSW. A total
of 47 clinical and food source isolates were examined, including six human isolates from two sushi outlets, 11 food
and environmental isolates obtained during the outbreak and from retail samples earlier in the year, as well as the
sporadic clinical isolates. Single nucleotide polymorphism analysis clustered all the six patient isolates and five
others not related to the sushi outlets or not interviewed in the same group with 0-1 SNP difference between
genomes. All S. Agona isolates from one of the sushi outlets demonstrated no SNP difference from these isolates
recovered from clinical cases. Two of the raw retail chicken isolates were also closely linked to the outbreak cases
by 4-8 SNPs. Our genomic results, combined with epidemiological evidence, strongly suggested that the chicken
meat from the same supplier for the two sushi outlets was the most likely source of the contamination.
Furthermore, WGS findings suggested that the outbreak started much earlier than was previously estimated. The
WGS results were also compared with internationally published sequence data and the expansion of this pathogen
from a European clone was illustrated. This work further demonstrated the high resolution power and highthroughput of WGS in the investigation of bacterial foodborne diseases. This technology will continue to play an
increasingly important role in public health microbiology and disease surveillance.
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Genomic surveillance of invasive pneumococcal disease
Dr Rebecca Rockett
Streptococcus pneumoniae is a highly recombinant gram positive bacterium which is both a commensal and
pathogen of the respiratory tract. Invasive pneumococcal disease (IPD) occurs when virulent strains enter the blood
stream and cause a range of disease, most commonly pneumonia, meningitis and sepsis. IPD is prevalent in children
under 5 years of age and the elderly and associated with high morbidity and mortality. Pneumococcal isolates can
be characterised by the bacterium’s polysaccharide capsular serotype. Distinct serotypes are commonly associated
with IPD and the polysaccharide capsular is considered the most important pneumococcal virulence factor.
Rates of IPD significantly declined in Australia after the introduction of the polysaccharide-protein conjugate
vaccine (PCV7) in 2005. This vaccine contained antigens designed against the seven most common IPD associated
serotypes. However the vaccines success was tempered by the increased incidence of IPD associated with nonvaccine serotypes, in particular multidrug resistant serotype 19A. The aim of this study was to increase our
understanding of the genomic characteristics that enable S.pneumoniae serotype 19F and 19A to evade vaccine
induced immunity.
Using whole genome sequencing we examined 82 S.pneumoniae isolates from IPD in children less than 5 years of
age. These included 39 isolates from 2004 before PCV7 was introduced by the National Immunisation Program. The
remaining 43 isolates where obtained from 2008 IPD cases two years after the implementation of PCV7. After
nucleic acid extraction, libraries were prepared using the Nextera Library Preparation kit and sequencing performed
on the Illumina NextSeq 500. Sequencing reads where de novo assembled and genomic variability was analysed
using Multi Locus Sequence Typing (MLST) and core genome MLST. Gene-by-gene comparison of antibiotic
resistance markers and the capsular polysaccharide synthesis cluster (cps) were also investigated.
Results demonstrate the increased resolution of cgMLST compared to MLST in examining the clonal expansion of
S.pneumoniae. Genomic markers of antibiotic resistance correlated with phenotypic susceptibility.
Genomic variability of 19A and 19F serotypes of S.pneumoniae provides new insights into capsular replacement in
response to vaccine-induced evolutionary pressures.
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Feasibility of prospective whole genome sequencing for a reference laboratory
Dr Elena Martinez
Whole genome sequencing (WGS) has played an important role in improving our understanding of host-pathogen
interactions, mechanism of virulence and drug resistance, and also genetic relationships between strains recovered
during potential outbreaks. Despite the great advantages in this technology, its integration into a routine workflow
of a reference laboratory presents a challenge.
To evaluate the feasibility of introducing whole genome sequencing into the routine practice of a reference
laboratory we sequence the genome of every Mycobacterium tuberculosis recovered from cultures in the NSW
Mycobacterium Reference Laboratory (Pathology West, ICPMR) over a period of a month. DNA extraction was
performed twice a week and library construction was completed over two days. WGS was done on Illumina NextSeq
500 once a week with each run taking approximately 26 hs. Once reads were obtained, different software were
applied for organism identification, drug resistance detection and lineage markers identification. In addition, a core
genome MLST approach was tested as a possible replacement for the MIRU-typing of M. tuberculosis.
The study demonstrated feasibility of integrating WGS into a reference laboratory and highlighted potential
limitations of the technique. We learned several important lessons from this feasibility exercise, from
troubleshooting the process of DNA extraction and library construction to the implementation of different
bioinformatics tools.
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Sequencing Mycobacterium abscessus for infection control
Mrs Andrea Bustamante
Mycobacterium abscessus is a rapidly growing mycobacterium (RGM) that includes three subspecies; M.abscessus
subsp. abscessus, M.abscessus subsp. bolletti, and M.abscessus subsp. massiliense. Identifying the correct subspecies can aid with the treatment associated with M.abscessus infection. Unfortunately, these treatments are not
dependable for the elimination of infection associated to lungs, as these species are resistant to most of the
recommended anti-mycobacterial agents and are also the main contributor to decrease lung function in Cystic
fibrosis (CF) patients. The use of WGS, can aid with the speciation of M.abscessus and determine markers for
epidemiology clusters, drug resistance to macrolides and also assist in determining common markers associated
with CF patient.

Page 34

CIDM-PH 2015 ANNUAL REPORT
RESEARCH ABSTRACTS AND WORKS IN PROGRESS
HCV resistance testing
Dr Mark Douglas
The treatment of chronic hepatitis C virus (HCV) infection is currently being revolutionised by new interferon free,
all oral regimens. These treatments combine two or more direct acting antiviral (DAA) drugs to achieve cure rates
over 90% for most patients, without the need for interferon and its associated side effects. This paves the way for
more widespread treatment of HCV in the community, dramatically reducing morbidity and mortality. However,
one potential challenge is the appearance of virus containing multiple resistance associated variants (RAVs),
particularly in patients with poor adherence. Currently there are no assays available for HCV RAV testing, as there
are for HIV and hepatitis B virus.
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Politics & ethics of hospital infection control
Professor Lyn Gilbert
Hospitals are complex organisations, consisting of many occupational groups, with different types of knowledge,
skills, cultures and levels of power. At the hospital’s core are patients, who are vulnerable and often
understandably fearful, in unfamiliar surroundings. Up to 10% of them will develop a healthcare-associated
infection (HAI) or become colonised with a multiresistant organism (MRO), despite infection prevention and
control (IPC) policies and practices that all healthcare workers (HCWs) are expected - but often fail - to follow.
In our research we have used two novel and very different strategies to improve IPC practices, namely routine
MRSA strain typing to identify and report transmission events to clinicians in almost real-time and video reflexive
ethnography, to raise clinicians’ awareness of how their complex, routine ward activities can influence pathogen
transmission. Our aim is to engage them in developing locally relevant strategies to improve efficiency and safety
and so reduce infection risks.
The initial stage of our research, in 2013, was focussed on two surgical wards where the prevalence of MRSA had
been persistently very high. 87 staff (including 50 nurses and 21 doctors) were involved in video sessions, a
proportion of whom (mainly nurses and some JRMOs) also attended reflexive sessions where they identified and
proposed practical solutions to previously unrecognised infection risks. Serial point prevalence surveys (PPS) in
these wards, before, during and after this period of research, showed a significant, sustained decrease in the
prevalence of MRSA colonisation, in excess of an overall fall in MRSA prevalence in the hospital.
Since 2013, there has been significant improvement in hand hygiene compliance overall, at Westmead, but
aggregate data mask major differences between wards and occupational groups including a persistent 15-20%
difference in compliance between nurses (~85%) and doctors (~70%). To address this, we have recently challenged
three surgical units to participate in a new phase of video reflexivity with the aim of developing sustainable,
unit/ward-specific IPC programs, and additional surveillance measures e.g. surgical site infection rates, to monitor
progress.
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Staphylococcus aureus epidemiology and clinical genomics
Dr Matthew O’Sullivan
S. aureus is one of the leading causes of hospital acquired infection. We have shown that rapid, high-thoughput,
high-resolution binary typing system can strengthen infection control surveillance for methicillin-resistant S. aureus
(MRSA) by rapidly identifying nosocomial transmission events, and this work has been expanded to other hospitals
across NSW. At the same time, the method has been used to comprehensively describe the statewide molecular
epidemiology of MRSA clones, and next generation sequencing technology has been utilised to dissect transmission
pathways of selected outbreaks identified by binary typing.
In addition, this typing method has been useful for evaluation of assays for the routine identification of S. aureus
in the clinical microbiology laboratory, and in analysing results of a clinical trial of combination therapy in MRSA
bacteraemia.
While surveillance and prevention efforts have focussed on MRSA (the rates of which appear to be in decline),
methicillin-susceptible S. aureus (MSSA) has always caused more infections than MRSA. In the next phase of our
research, we will apply the same principles to identify evidence of transmission of nosocomial strains of MSSA, and
to evaluate preventative strategies.
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Dynamics of MRSA clones in New South Wales
Dr Ravindra Dotel
MRSA originally emerged as a nosocomial pathogen, but in the last two decades it has also established itself as a
common community pathogen. Prevalent MRSA strains differ by region, state and even locally. Binary typing is a
molecular typing method that has been successfully used to pinpoint MRSA transmission during outbreak
investigations and to monitor the effectiveness of infection control interventions. Now its use in a large-scale
surveillance of MRSA epidemiology in the state of New South Wales for the period January 2012 – December 2014
will be described.
Binary typing was performed on all prospectively collected isolates from public health laboratories in three LHDs
(n = 4298 isolates) and selectively referred isolates from ten other LHDs (n = 1075 isolates). MLST and spa-types
were predicted from binary types based on results of isolates that had been previously characterised by both
methods, which allowed grouping of isolates for easier comparison of results. 598 different binary types, 47 spatypes and 30 MLST types were identified. The most common nosocomial clones were MLST ST22 (36%) and ST239
(23%), and the most common community clone was ST93 (16%). Trend-analysis has demonstrated ST22 remains
most common, but ST45 has replaced ST239 as the second most common strain. However, the distribution of ST45
is not uniform across LHDs. Emergence of subtypes of ST22 possessing the genes encoding PVL has also been
detected.
In conclusion, binary typing is a cost-effective method for large scale prospective surveillance of MRSA molecular
epidemiology.
Abbreviations:
MRSA (methicillin-resistant Staphylococcus aureus); LHD (local health district); MLST (multi locus sequence
typing); ST (sequence type); spa (Staphylococcus protein A); PVL (Panton-Valentine leukocidin)
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Transmission of respiratory viruses in hospital settings: an observational study of the
characteristics of influenza and other respiratory viruses and their transmission in staff and
patients in the infectious diseases ward, Hôpital St Louis, Paris, Winter 2014
Professor Dominic Dwyer
In the 2014 Northern Hemisphere winter, a study was undertaken to determine the prevalence and
symptomatology of respiratory virus infection (RTI) in patients admitted to, and staff working in, an infectious
diseases ward. Laboratory-confirmed RTI or asymptomatic infections were analysed to determine community or
nosocomial origin, and virus shedding and presence of oseltamivir resistance in influenza cases were assessed.
Clinical details and respiratory tract samples were collected on admission and during hospitalisation from patients
admitted with a RTI or admitted for other reasons. Staff had serum collected before and after the study period;
respiratory tract sampling at week 5 of the study if asymptomatic; and respiratory tract sampling in staff with an
RTI. Samples were tested by commercial multiplex PCR. Respiratory viruses detected were sequenced for virus
typing and linkage, and sera were tested for influenza antibodies (Melbourne, Caen).
Symptomatic RTI occurred in 49% of staff during the 10-week study period, with 15 having more than one infection.
The highest rates of infection were in medical students and junior doctors staff. 72% of staff RTI were PCR positive;
most commonly rhinoviruses, parainfluenzaviruses, coronaviruses and influenza viruses. Approximately 10% had
more than one virus detected. The staff respiratory virus detection profile was different to patients: 46% of patients
admitted with RTI had a virus detected, the most common being influenza A in over 50%. Sequencing of influenza
viruses, PIV-4 and CoV-OC43 showed linkage between staff. HAI testing showed influenza seroconversion in
asymptomatic staff, and of asymptomatic staff swabbed at the study midpoint, 13% had a respiratory virus detected
by PCR. In patients admitted with non-RTI, 11% had a respiratory virus identified on admission. Prolonged viral
shedding up to 49 days was detected in both staff and patients.
RTI in hospital staff is common during winter, and often accompanied by transmission between staff. Asymptomatic
respiratory virus infection was common in staff and patients, and occasional nosocomial infection occurred in
patients. The pattern of respiratory virus infection in staff, generally young and healthy, was different to
hospitalised patients. Respiratory transmission virus poses potential risk to staff and patients.
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Urban wetlands, wildlife and mosquito-borne disease
Dr Cameron Webb
Cameron Webb (1,2), Cheryl Toi (1), William Crocker (3) Kimberly Maute (3) and Kristine French (3)
(1) Department of Medical Entomology, Pathology West, ICPMR, Westmead Hospital, Westmead, NSW 2145,
Australia; (2) Marie Bashir Institute for Infectious Disease and Biosecurity, University of Sydney, Sydney, NSW
2006, Australia; (3) School of Earth and Environmental Sciences, Faculty of Science, Medicine & Health, University
of Wollongong NSW 2522 Australia
Ross River virus (RRV) and other mosquito-borne pathogens pose an annual risk to public health in Australia. The
potential for outbreaks of mosquito-borne disease is driven by more than just mosquitoes with the role of wetlands
and wildlife often underestimated. As the construction and rehabilitation of urban wetlands increase, their
importance may be of critical in driving the abundance and diversity of local mosquito communities as well as the
vertebrate reservoirs of mosquito-borne pathogens. The absence of suitable wildlife can dramatically reduce the
risks of mosquito-borne disease regardless of the abundance and diversity of local mosquitoes. However, where
urban wildlife and mosquitoes may be concentrated, could there be an emerging public health risk? Urban
wetlands are focal points of wildlife but also areas of passive recreation by the local community. One particular bird
species, the Australian White Ibis, is a conspicuous presence in many of these urban wetlands and are often
perceived to hold a risk to human health in some circumstances but there is a paucity of information available on
their role as reservoirs of mosquito-borne pathogens. This presentation will review local studies investigating the
connections between urban wetlands and mosquito populations and the role of wildlife in the activity of mosquitoborne pathogens.
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Insecticide resistance in bed bugs in Australia
Mr David Lilly
Lilly, D.G. (1), S.L. Doggett & C.E. Webb
Department of Medical Entomology, Westmead Hospital, University of Sydney and
Pathology West – ICPMR Westmead, Westmead, NSW 2415, Australia.
Research around the world examining the efficacy of insecticides against bed bugs (Hemiptera: Cimicidae: Cimex
spp.) has presented a broad spectrum of results, often with significant discrepancies despite evaluating identical
active ingredient(s). This is reflected in the field, with failures being common with products otherwise reported as
efficacious in laboratory tests. The variability in laboratory trials may be due in part to differences in experimental
methodology, however it is more likely a result of inherent variations in resistance profiles of the bed bug strains
used. Resistance profiling on C. lectularius in Australia has previously revealed the existence of resistance to
pyrethroid insecticides and that multiple resistant mechanisms exist in field populations. To further investigate the
correlation of these results to modern field populations of bed bugs, a program to collect and screen field
specimens was initiated. To date, over 40 bed bug strains (of both C. lectularius and, to a lesser extent, C.
hemipterus) have been collected from across Australia and successfully colonized. To screen for resistance, a dose
of 25 g/L deltamethrin in acetone applied at a rate of 1 µL/bug was set as the discriminating value, with mortality
recorded at 24 hours post application. This dose is equivalent to the concentration of pyrethroids in many
formulated insecticides registered for bed bugs. Twenty adult bed bugs of mixed sex and age in two replicates of
ten were used for the bioassays. Results indicated a broad spread in the magnitude of resistance, covering <10% to
100% mortality. These findings complement concurrent research, which indicates variable patterns of resistance
mechanisms are present across the country. The results have important implications for product manufacturers
and registration authorities in ensuring that a product is as effective at controlling bed bugs in the field as the
laboratory.
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DNA barcoding for the identification of pathogenic fungi
Dr Laszlo Irinyi
Irinyi L1, Meyer W1 and the ISHAM working group for barcoding of human and animal pathogenic fungi
1
Molecular Mycology Research Laboratory, CIDM, Sydney Medical School-Westmead Hospital, The University of
Sydney, Westmead Millennium Institute, 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 an accurate, fast, cost-effective, culture independent
approach for species identification through DNA barcodes (short standardized sequences). The current official
fungal DNA barcode is the internal transcribed spacer (ITS) region. However, its wide-spread application in clinical
settings has been limited due to the lack of quality controlled reference databases. Recently, an international
consortium of medical mycology laboratories established the ISHAM-ITS database, the first fungal barcode
database for human and animal pathogenic fungi. The database is available from http://www.isham.org/ or directly
at http://its.mycologylab.org/. The gathered date have been also used to evaluate the value of the ITS region as a
barcode at intra-and interspecies level. Overall, clinically important species show a low intraspecies variability and
a clear barcoding gap at interspecies 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 fungal species. As a part of a pilot study, three new loci and a total set of eight primer
pairs were tested in 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 interspecies 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 interspecies level, enabling the separation of numerous
closely related/cryptic species such as Cryptococcus. As such, the tef1α locus is a promising secondary barcode
candidate for the identification of clinically relevant species.
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Collateral effects of antibiotics on the gut micobiome
Dr Carola Venturini
The microbial communities of the gut (microbiota/microbiome) play an important role in maintaining human health
and dysbiosis has been linked to many different diseases from IBD and cardiovascular disease to cancer. Both metaomic and systems biology approaches have been employed to study the composition of the microbiome
(identification of unculturable species/abundance - metagenomics), its activity (transcriptomics, proteomics and
metabolomics), and the complex interactions between the microbiota and its human host. Antibiotic treatment
has destabilizing effects on the gut microflora causing shifts in composition and in the relative abundance of
commensal vs pathogenic and susceptible vs resistant species. Though all antibiotics will induce a dysbiotic state,
the effects on the microbiota seem to vary depending on the type of drug used in therapy. In the J Iredell group,
we are investigating how different classes of antibiotics commonly used for life-saving empiric therapy in the ICU
(penicillin-like antibiotics vs 3rd and 4th generation cephalosporins) affect the enteric bacterial populations with a
particular focus on clinically relevant Enterobacteriacae (E. coli and K. pneumoniae).
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Deciphering Corynebacterium diphtheria infections in Australia
Dr Verlaine Timms
Prior to vaccination, Corynebacterium diphtheriae caused widespread disease and mortality. Vaccination with
diphtheria toxoid protects against toxin positive C. diphtheriae infection, the most virulent form of the disease.
Notification guidelines require laboratory and clinical evidence of toxin positive C. diphtheriae infection of the
respiratory tract or toxic (cardiac or neurological) symptoms. Skin lesions (toxic or non-toxic) as well as respiratory
or systemic infections by non-toxic isolates are not notifiable. However toxin negative C. diphtheriae also circulate,
can be lysogenized by toxin positive phage and can be responsible for serious infections and death. Recently, the
number of C. diphtheria isolates referred to CIDM has risen remarkably. Most isolates are toxin negative but two
toxin positive isolates were from cutaneous infections and thus not notifiable. While diphtheria toxin is one of the
most thoroughly studied bacterial pathogenic factors, little is known about other virulence factors of C. diphtheriae.
It is therefore difficult to predict if the rise in toxin negative isolates is a public health concern or a reflection of
improved laboratory detection.
We therefore investigated C. diphtheriae isolates referred to CIDM over a 10 year period and performed WGS
sequencing to investigate sequence type (ST). The genomes were then interrogated for toxin gene or variants
thereof and other pathogenic factors such as iron regulation genes. We demonstrated that Australia has C.
diphtheriae type ST32, a non-toxigenic ST with enhanced virulence circulating in Europe. We also demonstrate that
two sets of isolates from geographically related patients displayed the same ST and were related using core genome
analysis. The results presented indicate that molecular surveillance of non-toxigenic C. diphtheriae is necessary in
order to monitor and target control approaches of this highly successful pathogen.
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Within-host and between-host genome variation of Salmonella Typhimurium: experimental
study
Mrs Cristina Sotomayor
Salmonella species is a common zoonotic enteropathogen responsible for severe gastroenteritis and significant
morbidity and mortality globally. Salmonella enterica serovars can cause disease ranging from a self-limiting
gastroenteritis to persistent and life-threatening systemic infections in a variety of hosts. Several Salmonella related
animal studies are carried out using Salmonella Typhimurium (STM) in mice, where a disseminated infection with
some similarities to human enteric fever has been observed. The aim of our study was to investigate genomic
variation in STM during infection and transmission events using Whole Genome Sequencing (WGS) Single
Nucleotide Polymorphism (SNP) - based approach. We have also compared analytical performance of two next
generation sequencing platforms, Ion Torrent PGM and Illumina NextSeq 500 using a model of acute salmonellosis
in BALB/c mice. One of the most common endemic MLVA types in NSW was employed in this model of infection.
Sequencing of STM isolates from three different tissue samples obtained from mice with clinical signs of disease
identified random and fixed mutations, occurring mostly after three and four passages of the infection in our
transmission model.
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Title of Grant

Investigators

Granting
Type

ID

Administering
Institution

Period

NHMRC
COMPARE: Collaborative
Management Platform
for detection and
Analyses of (Re-)
emerging and foodborne
outbreaks in Europe

Kirk M
Sintchenko V,
Howden B

NHMRCEuropean
Union
Collaborative
Research
Grant

1103694

University of
Sydney

2016-2020

Genomics dissection and
prevention of bacterial
transmission events

Sintchenko V et
al.

Project Grant

1102170

University of
Sydney

2016-2018

Eradication of high-risk
bacterial clones using
bacteriophages

Iredell J et al.

Project Grant

1107322

University of
Sydney

2016-2019

Protecting the public
from emerging infectious
diseases

Sorrell T et al.

CRE

1102962

University of
Sydney

2015-2019

Critical Infection:
Ecological Solutions to
Antibiotic Resistance

Iredell J et al.

Practitioner
Fellowship

1104232

University of
Sydney

2016-2020
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TYPE/ID

INSTITUTION

PERIOD

National Health and Medical Research Council (NHMRC) Project Grants
Curing antibiotic resistance: probiotic
plasmids and microbial husbandry in
the Enterobacteriaceae

Iredell J
Paulsen I
Partridge S
Kamruzzaman M
Davis JS
Tong S
Paterson D
Fowler V
Howden B
Heng A
Chatfield M
Lipman J
van Hal S
O’Sullivan MVN
Jaffe A
Gilbert G
et al.
Degeling C
Gilbert G
Wilson A
Kerridge I
Ward M
Stewart C

NHMRC
1084672

USYD

2015-2017

NHMRC
1078930

USYD

2015-2020

NHMRC
1064841

USYD

2014-2017

NHMRC
1083079

USYD

2015-2017

Black Death genomics and the evolution
of pathogen virulence

Holmes E
Poinar H
Iredell J

Project

USYD

2014-2017

Signalling pathways and fungal
virulence – the inositol polyphosphate
kinase pathway in Cryptococcus
neoformans

Djordjevic J
Saiardi A
Sorrell T
Lev A

Project

USYD

2014-2016

The true burden of nosocomial
staphylococcal disease: Genomic
markers of transmission of methicillinsensitive and –resistant Staphylococcus
aureus

O’Sullivan MVN
Gilbert G
Sinchenko V
Holmes N
van Hal S

Project

USYD

2014-2016

Rapid prediction of antibiotic
resistancein the Enterobacteriaceae:
making use of restricted diversity in
mobile resistance gene pools

Iredell J
Partridge S

Project

USYD

2013-2015

CAMERA: Combination antibiotic
treatment for Methicillin Resistant
Staphylococcus aureus Bacteraemia - a
Randomised Controlled Trial.

Impact of pneumococcal vaccine on
childhood pneumonia
Can One Health strategies be more
effectively implemented through prior
identification of public values?
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National Health and Medical Research Council (NHMRC) Project Grants (continued)
Molecular epidemiology and high
resolution surveillance of Salmonella
enterica serovar Typhimurium in
Australia
Ecological effects of antibiotics

Reducing the prevalence of TB in a
highly endemic setting by communitywide active case finding: "turning off
the tap"

Mechanisms and markers of
tuberculosis transmission within
Australia
Cell therapy for the prevention and
treatment of invasive filamentous
fungal infections in
immunocompromised patients

Lan R
Sintchenko V
Tanaka M
Octavia S
Iredell J
Paulson I
Partridge S
Seppelt I
Holmes A
Marks G
Nguyen L
Dinh S
Nhung NV
Sintchenko V
Fox G
Wood J
Sintchenko V
Marais B
Gilbert GL
Gottlieb D
Sorrell TC

Project

USYD

2013-2015

Project

USYD

2013-2015

Project

USYD

2013-2015

Project

USYD

2013-2015

Project

USYD

2012-15

National Health and Medical Research Council (NHMRC) Grants: Centre for Research Excellence
Immunisation in understudied and
special risk populations

Centre for Research Excellence in
Tuberculosis Control: From discovery to
public health policy
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McIntyre
Booy
Leask
Wood
Jones
Menzies
Kaldor
Beutels
Dwyer D
Britton W
Gilbert GL
et al.

Centre for
Research
Excellence

University of
NSW

2012-16

Centre for
Research
Excellence

USYD

2013-2017
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Population Health and Health Services
Research Support Program

Covaris Evolution Adaptive Focused
Ultrasonicator for enhancement of cancer
research within the Sydney West Hub

Infectious Diseases SPARC part allocation of
University SPARC component of HMR
Implementation Fund to Marie Bashir
Institute
Investigating routes of pathogen transmission
between urban wildlife and humans:
Mosquitoes, wetlands and Australian White
Ibis

INVESTIGATORS
Gilbert
Iredell
Sorrell
Dwyer
Sintchenko
Meyer
Webb
Douglas
O’Sullivan
Graham D,
Clarke C,
Mann G,
DeFazio A,
George J,
Liddle C,
Booth D,
Sintchenko V
T Sorrell

C Webb

Meyer W
DNA barcoding of pathogenic fungi

GRANT
TYPE/ID

INSTITUTION

NSW Ministry of
Health

Western Sydney
Local Health
District

Cancer Institute
NSW
Research
Equipment
Grant
(15/REG/1-14)

PERIOD

2013-17

2015

DVC
Reseach/HMR &
Implementation
Fund
Marie Bashir
Institute Seed
Funding Grant
Round
University of
Sydney Bridging
Grant

U SY D

2014-2015

USYD

2014

2015

Emerging Vibrational Spectroscopy
Breakthroughs: Rapid Infectious Disease
Diagnosis, Evaluation of Drug Efficacy and
Mechanisms of Disease Pathology
Ethics and Politics of Infection (Project Node
establishment)

Peter Lay
Tania Sorrell

University of
Sydney
HMR

U SY D

2015

Claire Hooker
Lyn Gilbert

U SY D

2015

Project Node – Antimicrobial resistance

Jon Iredell
Richard Payne

University of
Sydney
HMR
University of
Sydney
HMR

U SY D

2015

Sydney Emerging Infections and Biosecurity
Project

Sorrell

S Med School
Foundation

SEIB (University
of Sydney)

2011-15
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Read, S. A., Tay, E. S., Shahidi, M., McLauchlan, J., George, J., and Douglas, M. W. The Mechanism of
Interferon Refractoriness During Hepatitis C Virus Infection and Its Reversal with a Peroxisome ProliferatorActivated Receptor alpha Agonist. J Interferon Cytokine Res 2015;35, 488-497

2.

Sublette, V. A., Hopwood, M., George, J., Smith, S. K., Nicholson Perry, K., McCaffery, K., and Douglas, M. W.
Instrumental support to facilitate hepatitis C treatment adherence: Working around shortfalls in sharedcare. Psychol Health Med 2015;20, 186-197

3.

Sublette, V. A., Smith, S. K., George, J., McCaffery, K., and Douglas, M. W. The Hepatitis C treatment
experience: Patients' perceptions of the facilitators of and barriers to uptake, adherence and completion.
Psychol Health 2015;30, 987-1004

4.

Swaminathan, S., Dunckley, H., Ojaimi, S., Lin, M. W., Fulcher, D. A., Young, S., Kok, J., and Douglas, M. W.
Author reply. Intern Med J 2015;45, 234-235

5.

Eslam, M., Hashem, A. M., Leung, R., Romero-Gomez, M., Berg, T., Dore, G. J., Chan, H. L., Irving, W. L.,
Sheridan, D., Abate, M. L., Adams, L. A., Mangia, A., Weltman, M., Bugianesi, E., Spengler, U., Shaker, O.,
Fischer, J., Mollison, L., Cheng, W., Powell, E., Nattermann, J., Riordan, S., McLeod, D., Armstrong, N. J.,
Douglas, M. W., Liddle, C., Booth, D. R., George, J., Ahlenstiel, G., International Hepatitis, C. G. C., and
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EDUCATION & TRAINING IN 2015
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

13th April 2015
Seminar: Genetic analyses of Northern Territory isolates of two major human bacterial pathogens have yielded
some surprising results
Speaker: Professor Phil Giffard (Head of Laboratory Science, Menzies School of Health Research)

3rd June 2015
Seminar: Foodborne and zoonotic disease surveillance: Genomics, metagenomics and the road ahead
Speaker: Dr John Besser, (Deputy Chief of the Enteric Diseases Laboratory Branch, U.S. Centers for Disease Control
and Prevention (CDC))

11th September 2015
Symposium: Beating the bite of emerging pest and vector-borne disease threats in Australia
Speakers: Mr Stephen Doggett (Pathology West – ICPMR) Ms Andrea Lawrence (University of Sydney) Dr Matthew
Watts (University of Sydney) Prof Edward Holmes (University of Sydney) Ms Linda Hueston (Pathology West –
ICPMR Westmead) Dr Andrew van den Hurk (QLD Health) Dr Sean Tobin (NSW Health) Dr Cameron Webb
(Pathology West – ICPMR & University of Sydney) Dr Emily Flies (University of South Australia) Dr Cheryl Toi
(Pathology West – ICPMR) Dr Chris Hardy (CSIRO Canberra) Dr Jody Peters (University of Queensland) A/Prof
Sheryl van Nunen (Royal North Shore Hospital) Prof Richard Payne (University of Sydney)

24th September 2015
Seminar: Medical Microbiology at PUMCH - prospects and challenges
Speaker: Xiao Meng, (Research Fellow, Department of Clinical Laboratory, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences, Beijing, China)

30th October 2015
Symposium: Point of Care
Speakers: Assoc Professor Vitali Sintchenko (CIDM-PH & University of Sydney) Dr Christine Selvey (NSW Ministry of
Health) Dr Phillip Cunningham (St Vincent's Hospital Darlinghurst & Kirby Institute) Mr Brian Heffernan (NSW
Health Pathology) Professor Jon Iredell (CIDM Westmead Hospital & University of Sydney) Assoc Professor Vitali
Sintchenko (CIDM-PH & University of Sydney) Dr Jen Kok (CIDM Westmead Hospital) Assoc Professor Sharon Chen
(Pathology West – ICPMR) Dr Rogan Lee (Pathology West – ICPMR) Dr Matthew O’Sullivan (CIDM Westmead
Hospital) Ms Susan Badman (RCPA Quality Assurance Programs) Professor Joan Faoagali (Department of
Microbiology, University of Queensland)
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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
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CONTACT US

A/PROF VITALI SINTCHENKO

MRS LOU ORSZULAK

CIDM-PH DIRECTOR

CIDM-PH PROJECT OFFICER

Email: Vitali.Sintchenko@health.nsw.gov.au
Tel: (612) 9845 6255

Email: Lou.Orszulak@health.nsw.gov.au
Tel: (612) 9845 9870

Centre for Infectious Diseases & Microbiology – Public Health (CIDM-PH)
Street Address: CIDM-PH, Level 3
Institute of Clinical Pathology & Medical Research
Westmead Hospital
Hawkesbury Road
Westmead

Postal Address: PO Box 533, Wentworthville
New South Wales, Australia 2145

Ph: (02) 9845 9870
Fax: (02) 9893 8659

Website: www.wslhd.health.nsw.gov.au/CIDM-PH
Email: WSLHD-CIDM-PH@health.nsw.gov.au
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