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The importance of public health
genomics to ensure health

security for Australia

Coordination"is required to futurproof Australia’s capacity and leadership in public

health genomics

Infectious diseases are an eypeesent risk to society, particularlypecause of
globalsation and the threat of antimicrobiadsistant organisms. Recently, a World
Health/OrganizatiofWHO) team conducted #int external evaluation of Australia’s
core capacities under the International Health Regulations. The dvalgave Australia

a high "scorecard in all areas relevant to protecting health from emeigfegtious
diseasexthieafs.However, an area that the evaluation team highlighted for critical
improvementawas the integration wafole genome sequenciigised surveillance into
existingh.communicable diseases control systems in the Australian sjetWilg'LIe
Australia scored highly for laboratory testing of priority dises, the team recommended
“integraton of | laboratory testing data with epidemiological data particularly in the
context of whole genome sequencihb

Whole, genome sequencinigvolves sequencing the entire genome of a pathogen, and
the genomiesinformation gleaned can be used to determine pathogwityjdpredict
antimicrobialsresistance and virulence traits, and undeds relationships between
pathogen§. The use ofwhole genome sequencirttas the potential to transform the
investigation and surveillance of communicable diseases by pngvittie highest
possible characterisation of pathogens, enabling earlier aowliate detection of
outbreaksand a timely and targeted public health resp&r@ee key advantage @fhole
genome isequencifgased apmaches is that they provide anestop shop for
microbiological analyses, rather than multiple, iterative latooyatests.

Similar_to_the WHO joint external evaluation reporthe National Framework for
Communicabley Disease Control previously noted that a coordinated arnégitra
approach to infectious diseases surveillance and outbreakigatés is vital to improve
communicable diseases control across Australia, and to limit costeithan health and
the economﬁ.Outbreaks of infectious diseases routinely cistate anderritory borders,
and require strategic national coordination. Recent exampleatwally dissermated
outbreaks | include listeriosis from contaminatedbckmelon salmonellosis in
contaminated fresh produce such as lettuce and bean sprouts, and autargakoof
serogroup W Neisseria meningitidisextending into central Australiadll of these
outbreaks have required rapichole genome sequencing confirm relatedness of strains

in different geographical locations.
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To ensure the best health outcomes and keep pace internatiomallymenation ofa
practical national strategy for microbial genomisgequired consistent with that of the
implementation of human genomics into medicinén the absence of a national
communicable disease agency, Australia has developed a complex eenetworks and
committees for epidemiologicaind laboratory investigation of communicable diseases,
including those caused byntimicrobialresistantpathogens. However, there remain
considerable constraints in sharing epidemiological and laborattayatia national level
(egyprivacy concerns abowgharing data across state borders), along with jurisdiat
differences in laboratory testing and reporting. Further, n@lrisdictions often do not
have access to timelyhole genome sequenciragnd associated bioinformatic expertise,
leading to annequity of resource and infrastructure across the country.

Whole genome sequencing: international successes

In the United States, the Food and Drug Administration has developd8ethemeTrakr
project for whole genome sequenciised surveillance of fadborne pathogens. This
initiative has helped US state public health laboratories bhidcapacity necessary to
collect and sharevhole genome sequencimj;ata.5 GenomeTrakr collects raw DNA
sequence data for foodborne pathogens centrallyeah time, which are immediately
uploaded to a publicly available DNA sequence archive housed atatienisll Cengr for
Biotechnology Information at the National Institutes Health. Contextual information
(metadata), such as name of microbial species, sample cotieddite, state or country,
and sample source, are included with genomic data. Nightly cesgtadinalyses identify
genetic linkages among isolates to alert relevant authorities.n\Wibguired, there is
collaboration between public health agencies to shue detailed metadata. Estimating
the public health impact of this system is complex, althoughstiéa to faster detection
of foodborne disease outbreaks, and regulatory interventions sschclasing
contaminated facilities and product recéllsimilarly, Australia has experienced the
benefits of international data sharing when hunhasteria monocytogenesequences
were submitted to GenomeTrakr, which identified an identical stragmiAustralian man
and Californian stone fruit that was corrobonh(ﬂ)idemiologicall)?

In the United Kingdom, Public Health England has implemented genontizpublic
health microbiology nationally. The model of delivery is highly calided, with a large
sequencing facility and a core bioinformatics ufor processg and analysingall
samples. Domain specialists, such as laboratory scientists ddeéngplogists, are
integrally involved in analysis to ensure meaningful interpretatioresults and enact a
suitable public health responéé’.his centralised approadtas demonstrated utility for
improving national surveillance of enteric pathogens in the UK. Fameke, when
applied to surveillance of Shigaxin-producingEscherichia coliserotype O157whole
genome sequencingetected twice as many disease clustéran traditional typing
methods, including common source outbreaks that were geograptdesttiputed across

the countr)ﬁ. Similarly, routinewhole genome sequencingf Salmonellaenterica and
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Shigellaisolates in England and Wales has generated a rich repository ahigedata,
providing unparalleled levels of strain discrimination and a theal information on the

emergence and spread auftimicrobialresistanipathogeng.'10

Whole geneme sequencing implementation in Australia

Public /health''agencies in Australia have already made good useh@k& genome
sequencing.foroutbreak investigations for example in a recent outbreak of
Mycebacterium chimaermfections associated with cardiac surgé]rys;large outbreak of
Shiga toxin-producing E. coli in Queenslan(]J,2 and numerous muljtirisdictional
Salmonellaoutbreaks. Further, jurisdictions have been successfully employhage
genome sequencini@r routine public health surveillance of several otHeeases with
epidemic potential, includinghose caused by;mtimicrobialresistantpathogen§.3'15
However, implementation of microbial genomics in public healthatooies in Australia
remains sporadic, with varying resource, capacity and capabilitysagurisdictions.
Moreover, sharing of botlwhole genome sequencingnd epidemiological data for
surveillancepurposes across Australia is problematic due to lermgovernance
arrangements and lack of a consistent data management frameworkredatity, the
use of whole_genome sequencirs an investigative tool in Australian public health
laboratories has largely focused on research, rather than bebeglded in routine public
health practice— an observation highlighted in the rec&HO joint external evaluation
report?

To help. address these issues, laboratories have recently esttdisbemmunicable
Diseases_Genomic Network- a collaborative public health, clinical microbiology and
infectiousndiseases partnership that aims to facilitate themiplementation ofwhole
genome sequencingto infectious diseases surveillance and response in AustBda (
1). This group forms the basis for improved and scalable gendrasesd surveillance
and outbreak response, but there is still a pressing need for wdféntplementation
through clear designatio of a coordinating network that ensures access to techyolo
across “the.«Country, protocols for national data shariag sustainable national
bioinformatiessplatform,and standardised approaches to analysis. The most appropriate
structural model for coordination of microbial genomics in Aaigris still evolving(and
may differ according to domain), but overseas experience has higtigfne¢ benefits of
a centralised servicéeven in federated countriesyith a networked‘hub and spokKe
model for natignal laboratory surveillance as effective and capdlresdving national
level outbreaks in a timely fashignmportantly, centralising microbial genomic analysis
in Australia would facilitate both intraurisdictional surveillance and outbreak
investigations, while enabling concurrent national surveillaiee proposed structural
model is shown irBox 2.

Currently, the unifying nature oWwhole genome sequencingata offers a unique
opportunity to help overcome many of the historic issues that havedrach public

health responses to communicable diseases inrdliss The key challenge for those
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involved in public health delivery is how to convert this significpatential into reality,
particularly for realtime and actionable national surveillance. Despite having high
laboratory capacity in Australia, national surveillance and coofrmfectious diseases is
notreaping the full benefittom the power ofvhole genome sequencing/e believe that
national resourcing, coordination anmlansparentcollaboration betweenstate and
territory microbial genomics st@ms is critical to increase AustralidZapacity to detect,

respond taand control infectious threatand to improve regional health security.
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[Boxes]

1 Overview of challenges and opportunities relating to implementation of
microbial genomics in Australia

Major challenges in implementation Opportunities afforded by microbial genomics

® Sustained funding for maintaining a ® Providing the highest resolution typing
nationally coordinated microbial genomics  data, which is superior to current
service approaches

® Improving bioinformatics expertise in some ® Earlier detection and more rapid response

jurisdictions to disease outbreaks (eg, foodborne
* Improving,infrastructure in relation to data ~ 9i€@se)
storagesand computational capacity = Assessment of disease transmission and

= Standardigation of bioinformatic analysis spread (eg, tuberculosis)

between'jurisdictions through a common  ® Accurate and rapid source attribution of
platform food and waterborne outbreaks

= Coordination of genomics activities at a ® Rapid detection and characterisation of
national level emerging pathogens or new mechanisms

= Improving capacity to share sequence of antibiotic resistance

data and.epidemiological data across = Monitor and predict effectiveness of
jurisdictions vaccines for communicable diseases
pathogens (eg, Neisseria meningitidis,

influenza)

2 A proposedsschematic model for microbial genomics coordination in Australia

[insert.flowchart: wil_mja18.00764_gr]

WGS = whole genome sequencing. In this structure, jurisdictions could exchange genomic
(and relevant epidemiological data) through a secure national data storage and analysis
platform. Centralised daily analysis of jurisdictional genomic data would provide information
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on relatedness of pathogens, which would subsequently inform timely public health
responses at both jurisdictional and national levels.

Author Manuscript

This article is protected by copyright. All rights reserved



gl pvellsome of s sl s ol ]

it .

" i i,
' el ool g ]

Coardnatng rebvas s
i (natietal caks pltenT ] J—

k1 ot 1t

liartsic ] kom lur aci=fion Lartscdic ko
:II'I.'. “- '-E I '.i.

- =

||

Author Manuscr

mja2_50063_fl.jpg

Ahiliy insmeehemge tinla
with ITiEinsticnal clatiom

Dz o orher saurses.
{2, Tl TRIBAME

This article is protected by copyright. All rights reserved



