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Abstract

Background Pathogen genomics has increasingly been integrated into infectious disease surveillance, outbreak
detection, and response globally. However, formal evaluation of pathogen genomic surveillance systems has been

a major gap. In Australia, the AusTrakka platform was established and deployed nationally to address barriers

to genomic data sharing across jurisdictions, enhance interoperability and usability, and improve governance of pub-
lic health genomic data. Here we present our evaluation of AusTrakka and examine how its utilisation and impact
shifted throughout the COVID-19 pandemic.

Methods We utilised the US Centers for Disease Control (CDC) Updated Guidelines for Evaluating Public Health
Surveillance Systems to guide assessment of the AusTrakka platform. The evaluation used a mixed-methods approach
consisting of a quantitative analysis of AusTrakka utilisation data throughout the COVID-19 pandemic and a qualita-
tive component comprised key informant interviews and analysis of investigation reports produced by the AusTrakka
National Analysis Team. Quantitative and qualitative data were collected concurrently between June 2020 and Octo-
ber 2022. Semi-structured individual and group interviews were held with key informants (n=63) representing all
jurisdictions across Australia and New Zealand. These included individuals representing public health laboratories
and health departments, infectious disease physicians, genomic epidemiologists, and bioinformaticians.

Results AusTrakka users reported that the platform had a very high degree of usefulness as a centralised platform
to enable sharing sequence data across jurisdictions, facilitate multijurisdictional outbreak investigations, and clarify
transmission chains. Acceptability was a key system that contributed to the usefulness of the platform, enhanced
through collective design of data governance frameworks. Integration of epidemiological data with the pathogen
genomic data was an ongoing challenge in data completeness.

Conclusions Robust evaluation of pathogen genomics surveillance systems is critical to identify contextual and sys-
tem elements that impact the capacity of these systems to accomplish their objectives. Our findings demonstrate
the importance of strong stakeholder engagement in developing data governance mechanisms for pathogen
genomics in ultimately ensuring the capacity of surveillance systems to detect outbreaks and support public health
utility, and reinforce the value of a nationally developed, purpose-built approach in Australia.
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Background

Pathogen genomics is increasingly being integrated
into public health surveillance and outbreak investiga-
tions around the world in the detection, prevention,
and control of infectious diseases [1]. The US Food and
Drug Administration established GenomeTrakr in 2012
as the first laboratory network to utilise whole genome
sequencing (WGS) in tracing bacterial foodborne con-
tamination and pathogen identification [2]. Soon after,
in 2014, Public Health England began using pathogen
genomics in Salmonella surveillance [3] and by 2016, 26
European countries reported routine use of WGS in pub-
lic health practice [4]. In 2020, the COVID-19 pandemic
brought into focus the necessity of national and interna-
tional surveillance systems that are adequately equipped
to understand and respond to emerging and previously
unknown pathogens. Australia was also an early adopter
of pathogen genomics for public health surveillance and
response activities with national genomic surveillance of
listeriosis as an example [5].

Rigorous and systematic evaluation of surveillance
systems that integrate pathogen genomics is important
for making explicit the expected contribution of patho-
gen genomics; understanding how well such surveillance
systems are meeting their objectives; and clarifying the
processes by which they do so, or areas requiring fur-
ther strengthening. Evaluation contributes to the body
of evidence available for the development of genomics-
informed public health practice and supports identifica-
tion of needed investment, infrastructure, and training
[6]. Despite substantial investment into the integration of
pathogen genomics in public health surveillance, evalua-
tion of genomics-informed surveillance systems has been
limited. Where evaluation has taken place, the focus has
been on economic evaluation [7—9], rather than the sur-
veillance system’s usefulness, or the attributes that con-
tribute to the system attaining its objectives. This may be
because there are limited systems globally that have been
fully implemented.

The US Centers for Disease Control (CDC) published
the Updated Guidelines for Evaluating Public Health Sur-
veillance Systems in 2001 to support integration of sur-
veillance and health information and address changes
in public health surveillance to respond to emerging
health threats including new diseases [10]. The updated
guidelines aim to help organise the evaluation of a public
health surveillance system for assessment of how well the
system meets its purpose and objectives. These guide-
lines also underpin the elements of surveillance quality

in WHO’s 2006 Communicable disease surveillance and
response systems: Guide to monitoring and evaluating
[11].

At the time of this evaluation, despite the strong and
increasing investment in public health pathogen genom-
ics and the integration of pathogen genomics into sur-
veillance systems, a systematic evaluation of attributes
contributing to the usefulness of such systems was not
available. We therefore applied the CDC Updated Guide-
lines for Evaluating Public Health Surveillance Systems
to evaluate the usefulness of the Australian national plat-
form for public health pathogen genomics, AusTrakka
[12]. This represents an early opportunity to evaluate
one of the first national platforms for data integration in
pathogen genomics globally and identify strengths and
opportunities for enhancements of such systems. The
updated guidelines were selected to underpin the evalu-
ation as they have been widely used to evaluate surveil-
lance systems in diverse contexts [13—15] and provide a
useful framework for understanding the key components
in the functionality and utility of all surveillance systems.

At the start of the COVID-19 pandemic in Australia,
there were no established mechanisms for rapid and con-
sistent sharing, analysis, and reporting of SARS-CoV-2
genomic data. AusTrakka was established as the Austral-
ian national platform for interjurisdictional sharing of
SARS-CoV-2 genomic data and is operationalised under
the Communicable Disease Genomics Network (CDGN)
by the AusTrakka Advisory Group and a National Analy-
sis Team (NAT). The CDGN includes representatives
from public health laboratories across all jurisdictions in
Australia and New Zealand. While the AusTrakka plat-
form commenced development in 2017 with intended use
for established pathogens, the pandemic accelerated its
development and deployment, with the platform becom-
ing active in May 2020 specifically for SARS-CoV-2.

Here we report on our evaluation of AusTrakka and
examine how its utilisation and impact shifted through-
out the pandemic to demonstrate the public health util-
ity of pathogen genomics and the merit of integrated
national platforms to support its implementation.

Methods

Setting

AusTrakka was established to address barriers to genomic
data sharing across jurisdictions in Australia and New
Zealand, enhance the interoperability and usability of
genomic data, and coordinate governance of genomic
data. Both countries have a decentralised structure, with
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responsibilities shared across national, jurisdictional, and
local levels for implementing public health policies and
services. Australia has three levels of public health gov-
ernance: federal; jurisdictional (6 states and 2 territories);
and local government. Public health laboratories (PHLs)
are located at the jurisdictional level. New Zealand
has two levels: national and regional (20 district health
boards), with the PHL located at the national level.

AusTrakka comprises three key components: (1) the
open-data sharing philosophy underpinning its devel-
opment, (2) the established data governance between
stakeholders, and (3) the accessibility and usability of the
platform itself. The governance of AusTrakka describes
that PHLs that upload sequence and meta data to Aus-
Trakka retain custodianship of their data. PHLs can
upload sequences to AusTrakka directly through upload-
ing a FASTA file, as well as uploading epidemiological
and sample metadata. During the COVID-19 pandemic,
PHLSs submitted data as it became available and new phy-
logenetic trees were generated daily, or occasionally more
frequently if needed to support public health decision-
making during the pandemic.

A number of analyses can be undertaken through Aus-
Trakka, including routine phylogenetic analysis. Requests
for multijurisdictional analyses, where sequence data may
need to be shared between jurisdictions, or requests for
interjurisdictional data are governed through established
approval processes. The AusTrakka NAT, comprised
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bioinformaticians and genomic epidemiologists located
at PHLs across Australia, can access all data to conduct
regular genomic analyses (Fig. 1).

Mixed-methods approach
Our evaluation utilised a mixed-methods approach con-
sisting of a quantitative analysis of AusTrakka utilisation
data and a qualitative component comprised key inform-
ant interviews and analysis of AusTrakka Variants of
Concern (VoC) and AusTrakka Outbreak Investigation
(ATOI) reports. A mixed-methods approach was selected
to enable examination of how utilisation of AusTrakka
changed over the course of the pandemic across the
Australian jurisdictions, as well as to understand stake-
holders’ perspectives that may influence utilisation and
provide insight into system attributes outlined in the US
CDC'’s Updated Guidelines for Evaluating Public Health
Surveillance Systems (the Guidelines) [10].

Relevant components of the Guidelines included in the
evaluation were:

«+ Usefulness: Contributes to the prevention and con-
trol of adverse health-related events, including an
improved understanding of the public health impli-
cations of such events

o Acceptability: Willingness of persons and organisa-
tions to participate in the system

Advisory
Group
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Fig. 1 AusTrakka ecosystem during the COVID-19 pandemic representing its structure and governance
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+ Representativeness: Describes the occurrence of a
health-related event over time and its distribution in
the population by place and person

« Sensitivity: Proportion of cases of a disease detected
and the ability of the system to detect outbreaks and
monitor changes in the number of cases over time

+ Timeliness: The speed between steps in a public
health surveillance system

+ Data quality: The completeness and validity of the
data recorded in the public health surveillance sys-
tem

« Flexibility: Ability to adapt to changing information
needs or operating conditions with little additional
time, personnel, or allocated funds [10]

Given the evaluation’s focus on the contribution of
AusTrakka to public health surveillance and response
to COVID-19, the technical attributes of the system
were not assessed. The elements of Simplicity (the sim-
plicity of the surveillance system’s structure and ease of
operations) and Stability (a system’s ability to collect,
manage, and provide data properly without failure and
ability to be operational when needed) were therefore
not included. Predictive Positive Value (the proportion of
reported cases that actually have the health-related event
under surveillance) is not relevant to pathogen genomics
and was also excluded.

Quantitative and qualitative data were collected con-
currently between June 2020 and October 2022.

Quantitative data

Quantitative data from AusTrakka was analysed to exam-
ine changes in utilisation of AusTrakka over time. Upload
and user data are available from the launch of AusTrakka
and all utilisation data are available from April 2021. This
includes:

+ Total number and role of users

« Uploads of sequences to AusTrakka from each PHL
+ Number of user sessions to view phylogenetic trees
+ VoC summary table views

These variables were selected to provide an overview of
platform users, how the characteristics of users changed
over the study period (numbers and roles of users by
jurisdiction), how users were providing data (uploads of
sequences), and how they were obtaining data from the
platform (sessions to view phylogenetic trees and VoC
summary table views). These variables are relevant to
the Usefulness, Acceptability, and Representativeness and
sensitivity attributes of the Guidelines.

Descriptive analysis was undertaken across each of
these variables. To determine the relationship between
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reported weekly COVID-19 cases and weekly sequence
uploads to AusTrakka, a Spearman’s correlation test was
run using Python [16]. Weekly COVID-19 cases were
drawn from Australian Government weekly COVID-
19 trends reporting between January 2020 and October
2022 [17].

Qualitative data

Semi-structured individual and group interviews were
held with key informants (n=63) representing all juris-
dictions across Australia and New Zealand between June
2020 and October 2022. Key informants included:

+ Representatives from the CDGN

+ PHL staff (bioinformaticians, genomic scientists,
genomic epidemiologists)

o AusTrakka team members (NAT, Development
Team)

+ AusTrakka stakeholders (user groups, end users (gov-
ernment, public health units (PHUs), clinicians))

These categories are not mutually exclusive as indi-
viduals may fulfil multiple roles simultaneously. For this
reason, it is also not possible to identify the number of
individuals interviewed in each subgroup.

In 2020, 24 interviews were conducted with key
informants in Victoria given the impact of the pandemic
primarily in Victoria at the time. In 2021, 24 individual
interviews and 3 group interviews (with 31 participants
in total) were held across seven Australian jurisdictions
and New Zealand. In 2022, 5 interviews and 5 group
interviews (with 18 participants in total) were held. Some
2021 and 2022 interviews included follow-up discussions
from previous years. Group interviews were organised
with people that requested to be interviewed together
and that formed part of a distinct group (e.g. a team that
worked together in a particular organisation). Individual
interviews were always offered if preferred.

Two authors (ASF and DE) conducted the interviews.
ASF (PhD, female) is the lead researcher and holds an
Academic Specialist position. DE (MPH, female) con-
ducted interviews in the role of Research Assistant. Both
interviewers have had training and extensive experience
in conducting interviews and qualitative research. The
interviewers did not have knowledge or relationships
with the interviewees prior to study commencement.

Key informants were approached due to their positions
held, their interaction with the AusTrakka platform, and
their involvement in the COVID-19 response. Partici-
pants were also asked to identify any additional relevant
key informants. Initial contact was via email. Interviews
lasted between 45 min and 1 h 15 min. Interviews were
audio recorded using Zoom [18] and notes taken during
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the interviews. Participants were given the opportunity
to review their transcripts to ensure completeness and
accuracy, and were able to provide corrections or addi-
tional information. Transcripts were pseudonymised fol-
lowing transcription and review.

While the majority of key informants agreed to partici-
pate in the research, there were some that were not avail-
able due to the intensity of competing demands on their
time during the research period. Recruitment continued
until key informants in relevant positions were identified
across all jurisdictions.

Interview guides and analysis were underpinned by the
relevant attributes outlined in the US CDC’s Guidelines.
Interview themes (provided in Supplementary material 1)
were structured to assess the perspectives of key inform-
ants regarding the acceptability, usefulness, and sustain-
ability of the AusTrakka platform, as well as broader
themes around how pathogen genomics informed the
COVID-19 response.

In 2020 and 2021, upon request, the AusTrakka NAT
provided ongoing monthly national reports and weekly
SARS-CoV-2 VoC reports to support multijurisdictional
outbreak investigations. These reports were examined
with regard to intended audience, application, and infor-
mation included.

Deductive qualitative coding was undertaken by ASF
using NVivol3 [19]. Codes were developed a priori
based on the structure of the relevant attributes from the
Guidelines (provided in Supplementary material 2) [20].
Qualitative data were reported according to the consoli-
dated criteria for reporting qualitative research (provided
in Supplementary material 3) [21].

Results

Usefulness

In 2021, the majority of end users from PHLs indicated
that they used AusTrakka regularly to situate their own
local sequences within the national context and high-
lighted the utility of centralising jurisdictional data.

...It's important to have the national sort of samples
because initially at the time when the first COVID
happened [Australia] only hald]... 200 cases and
they’re all from all sorts of different places, or dif-
ferent areas. So in order to trace particular cases
or clusters is a bit tricky ... So it’s always important
to consolidate everything that we have into a single
repository, and that's where AusTrakka comes in...

When end users were asked about the reason for their
AusTrakka use over 2020 and 2021, the most common
response across a number of settings was for confirm-
ing or rejecting a hypothesis regarding transmission
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that had been developed from the epidemiological
data or providing additional clarity about transmission
where there was limited epidemiological information
available.

In 2022, the utilisation of AusTrakka focused on VoC
surveillance in response to the public health demand at
the time. While to date, the direct public health impacts
of VoC surveillance are uncertain, this was particularly
important for communication and understanding the
distribution of variants in the population, as well as
monitoring the possibility of emerging strains that may
exhibit increased public health risks.

The first fear was, you know, a new variant of con-
cern... suddenly another variant starts to take over
there’s this worry, is this going to be worse? ... Will
it be resistant to drugs? Will it ... be a more severe
disease?

A key use of AusTrakka in the COVID-19 pandemic
was in providing access to data and reports which
increased confidence in public health approaches. The
interviewee below reflects a frequent theme, demon-
strating that lockdowns were effective in preventing
transmission, which led to increased confidence in con-
tinuing to use this strategy to control outbreaks.

By the time [the state Health Department] get[s] to
that point we don’t need that link — it’s not going
to change anything we do, it just provides a bit of
reassurance...

In addition, the genomic findings had value in being
able to provide accurate advice regarding VoCs to
national bodies and provide context for data interpreta-
tion with regard to jurisdictional sequencing strategies.

So it’s been a very invaluable process to be able to
see what is going on, particularly because [Pub-
lic Health Laboratories] have to provide a lot of
advice higher up...and it’s helped the confidence of
the advice in that we do actually understand what
is going on nationally.

In addition to individual users within jurisdictions
using AusTrakka to identify interjurisdictional trans-
mission, the AusTrakka NAT regularly produced
national-level reports, including monthly Communi-
cable Diseases Intelligence reports for COVID-19 and
monthly AusTrakka SARS-CoV-2 national genomics
surveillance reports. AusTrakka reports were helpful in
providing up-to-date data used in briefings and public-
facing sessions, facilitating appropriate public commu-
nication both internally and externally, nationally and
internationally.
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Acceptability

As the interviewee below outlines, developing the three
elements of AusTrakka was shown to be central to the
acceptability of the platform.

I think it’s fair to say AusTrakka is kind of three dif-
ferent things, it’s... the data sharing philosophy...
there’s the web platform...itself which enables the
interaction sharing of the data, and then there’s sort
of the governance and all the agreements behind it.
And although the platform only exists now, the phi-
losophy was there, and then quite a few years were
spent getting this data sharing agreement up over
many years...the philosophy was always there, the
data sharing took years of groundwork...

Open Science principles around data sharing were
central to the design and implementation of AusTrakka.
Underpinning this philosophy of open data sharing was
the presence of established governance between all stake-
holders and a governance framework to ensure responsi-
ble data-sharing practices.

... think that if [AusTrakka] had had a team that
wasn’t as conscious of their legal responsibilities, if
data breaches had occurred, or if there had been any
leakage, it would've posed a problem. So I think the
information security side has been good, that’s pro-
vided a sense of trust.

Quantitative analysis supports the above quotes, indi-
cating an increased willingness to participate by an
increase in the number of users and contributing jurisdic-
tions over time. As of October 2022, there were 76 active
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users across 12 individual organisations with access to
the AusTrakka platform. Within 2 months of the launch
of AusTrakka, there were active users from each of Aus-
tralia’s jurisdictions and New Zealand, showing that the
platform was adopted quickly. Over the initial 3 months,
the numbers of users grew at an average of 10 new users
per month (Fig. 2) and by the end of 2020 most jurisdic-
tions had at least four end users.

The next section describes in more detail the willing-
ness of users to contribute sequence data to the system.

Representativeness and sensitivity

The representativeness and sensitivity of AusTrakka
relies on the consistent generation and contribution of
sequences from across jurisdictions. As of October 2022,
a total of 166,083 SARS-CoV-2 sequences from Australia
and New Zealand were available through AusTrakka. In
this time, 1735 phylogenetic trees were made available to
end users. The total number of sequences uploaded mir-
rored growing case totals in Australia and New Zealand
throughout the second wave in Victoria in July 2020, the
Delta outbreak in New South Wales (NSW) and Victo-
ria from July/August 2021, and the start of the Omi-
cron outbreak in December 2021. Following this, we
see the number of uploaded sequences remaining high
throughout 2022 with peaks in April and July where over
2500 sequences were uploaded in a single week. Each of
these peaks was primarily driven by a large number of
uploads from an individual organisation and jurisdiction
(Fig. 3). A Spearman’s correlation test was run to deter-
mine the relationship between reported weekly COVID-
19 cases and weekly sequence uploads to AusTrakka.
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The test showed a strong, positive monotonic correla-
tion and association between COVID-19 case numbers
and sequence uploads (R=0.697, 95% CI (0.604—0.772),
p<0.001).

By the end of 2021, a total of 53,285 SARS-CoV-2
sequences were uploaded to AusTrakka by PHLs, at an
average rate of 500 sequences uploaded per week. Addi-
tionally, 535 phylogenetic trees were made available to
users—174 between June 2020 and June 2021 and 361
between July and December 2021. In the first 10 months
alone of 2022, 112,798 sequences were uploaded to
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AusTrakka at an average rate of 2700 sequences uploaded
per week. During this time, 1200 phylogenetic trees were
made available at an average rate of 30 tree accesses per
week (Fig. 4).

Figure 5 shows a clear peak of tree image loads in June
and July 2021 of 60—87 weekly loads respectively, which
correlates with rising cases at this time. In total, there
are 1204 tree data loads recorded in 2021 with an aver-
age of approximately 38 loads per week in this time.
Utilisation begins to increase again towards the end of
2021 as case totals related to the Omicron variant surge.
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Fig. 5 Weekly counts of phylogenetic trees loaded, May 2020 to October 2022

Throughout 2022, the number of tree data loads declines
despite rising case numbers as contact tracing efforts
and social restrictions begin to be rolled back in multiple
jurisdictions.

Similarly to the tree uploads, there is a peak of use in
June 2021 of 22 VoC weekly loads. From May 2021 until
December 2021, there are 230 VoC summary table views
which is approximately eight views per week throughout
the year. However, unlike the number of tree loads, which
declines over 2022, VoC table views remain high, indicat-
ing continued use (Fig. 6).
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Qualitative data helps to contextualise the decrease
in tree image loads and VoC summary table views over
time. From early 2022, with the opening of the interna-
tional borders and the increasing use of rapid antigen
testing (RAT), there was a shift in how AusTrakka was
utilised in the public health response to SARS-CoV-2.

With the sheer number of COVID cases now, AusTr-
akka is less representative through no fault of its own
just the sheer number of cases and the prevalence of
... RATs which you can’t sequence from and a shift in
the ... sequencing priorities from the jurisdictions ...

Fig. 6 Weekly counts of VoC summary table views, May 2020 to October 2022
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and so the focus of AusTrakka has shifted to more of
a variant surveillance platform.

This shift in priorities throughout the pandemic led to
lowered rates of direct user engagement with AusTrakka
alongside a continued high level of interest in and utilisa-
tion of AusTrakka reports, particularly in relation to VoC
identification.

At the moment [the AusTrakka National Analy-
sis Team] are providing...a really great graphic in
the VOC report that actually goes up to the health
minister weekly so that's on the variants ... and then
of course the information does filter through to the
weekly surveillance reports that get developed at the
national level.

Timeliness

While interviewees generally agreed that having access
to genomic data through AusTrakka was useful in con-
firming or discarding these hypotheses, the majority also
indicated that genomic data was typically not available
quickly enough to inform the day-to-day response to
COVID-109.

...on a day-to-day basis it doesn’t actually make
a huge impact, we're responding very rapidly as
you would understand and need to respond rap-
idly within 24 hours of identifying a case in terms
of managing the case, and identifying their close
contacts, so obviously in relation to those close con-
tacts it has no impact, but and also in relation to
outbreaks when our outbreak management is very
much based on epidemiological data...

Data quality

The importance of the relationships between PHLs and
PHUs in relation to ensuring pathogen genomic data
quality and the articulation between epidemiological and
genomic data was a recurring theme in the interviews.
There was an understanding that the power of genomic
data lies in its use alongside epidemiological data, and
interviewees were consistent in expressing a need for
routine articulation to derive the most benefit from
genomic data.

But I think the other really important thing that
I have learnt is that you do have to line it up with
the epidemiology and what you get from basic inter-
viewing, you know like with the ICU people had [the
Infection Prevention and Control team] not known
that they were married we would've said they were
separate, completely separate subtypes. So yeah I
think correlating it with your epi is really important.
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While some interviewees indicated that this was nor-
mally done well, others expressed concern that there
were times that incorrect conclusions were drawn due to
insufficient contextualisation from epidemiological data.

The collaborative nature of the work also brought with
it significant challenges in managing data across organi-
sations, which was repeatedly mentioned throughout
the research. While the following quote comes from the
earlier days of the pandemic, subsequent interviews indi-
cated that there have been minimal improvements to
data management.

And I think one of the hardest things has actually
been data management... we're getting information
from at least six different sources... a lot of privacy
issues means it’s hard to match things up...trying to
coordinate that has been a bit of a nightmare.

Some interviewees indicated that the COVID-19 epi-
demic presented a unique opportunity to create viable
structures to enable stronger integration.

...the main thing I would like to see coming out of
this is an extension to the way genomic and epidemi-
ological data are integrated and speed and efficiency
with which intelligence can be gathered by their inte-
gration. That’s what Id really love to come out of
this. And we've got that opportunity now.

Flexibility

While AusTrakka was rapidly developed during the
COVID-19 pandemic and focused on SARS-CoV-2,
interviewees indicated that the genomics infrastructure
developed in response to COVID-19 was largely appli-
cable to other pathogens. A key development to facili-
tate and simplify data-sharing moving forward has been
a shift towards ‘pathogen agnostic’ governance frame-
works which support the broader application of pathogen
genomics.

What has changed is...[AusTrakka] had pathogen-
specific data governance but now because we were
working with COVID mainly and we had started
branching out to some other pathogens but now that
[AusTrakka is] starting to take a lot more pathogens
and... we have now shifted to a pathogen agnostic
framework which has the same principles it’s just
that it covers all of the pathogens.

While there has been a move towards data-sharing
agreements that cover all pathogens, participants also
indicated that elements such as minimum metadata
requirements would need to be established on a per-
pathogen basis. In line with this approach, ‘AusTrakka 2’
has been developed to be pathogen agnostic.
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AusTrakka 1 really was set up in a hurry for COVID
.. AusTrakka 2 is set up in a much more generic
way, so [the AusTrakka Development Team] can
put in different proformas for different fields are
expected and they’re validated and we have to sup-
ply that metadata if you are putting it in through
that system, all the metadata can be kind of checked
against one another in a consistent way and the per-
missions can be set up and done properly.

There are several possible and developing applications
where capacity could be strengthened to increase the
benefit of pathogen genomics in the control of COVID-
19 and future preparedness. While still in the early stages,
there is scope for AusTrakka to potentially be used more
broadly to enable access to genomic data across a variety
of organisations in human health.

I think well there will be two main potential clients —
one would be hospitals and the other ones would be
labs more generally. So in the hospital a lot of it will
come through the micro lab, but I think we're kind of
viewing this as a pilot for how AusTrakka or a simi-
lar platform can be used to communicate genomic
data to hospitals and health systems and labs....

Interviewees consistently referred to other communi-
cable diseases and a small number mentioned the poten-
tial benefits of the AusTrakka platform evolving as a One
Health tool.

We also now see that outside of the context of
COVID-19, the AusTrakka model is going to be use-
ful for so many other communicable diseases. So
currently Monkeypox, but also Japanese Encephali-
tis, and the really important thing about Japanese
Encephalitis is that we have an opportunity for Aus-
Trakka to bridge the boundaries of human health
and to evolve into a One Health tool.

A summary of the components of the Guidelines
included in the evaluation, performance of the AusTr-
akka platform against these, and the impact of the ele-
ment are provided in Table 1.

Discussion

WGS has proven to be a revolutionary technology, and
one that has been increasingly embedded into pub-
lic health responses to current communicable disease
threats and planning for future epidemic and pandemic
preparedness [1-4]. With sequencing capacity con-
tinuing to increase, there is a need for ongoing evalua-
tion of pathogen genomics surveillance systems both to
ensure functionality and to understand and incorporate
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elements of pathogen genomics-informed surveillance
systems that contribute to public health outcomes [6].

The development and implementation of AusTrakka in
the early stages of the COVID-19 pandemic in Australia
allowed for centralised and efficient interjurisdictional
sharing of sequences, as well as epidemiological and
sequence metadata, which previously did not exist. This
facilitated jurisdictional and national understanding of
transmission events and outbreaks, and informed popu-
lation-level public health responses [12]. Over the period
2020 to 2022, data from user interactions with the plat-
form and interviews indicate that the use of AusTrakka
in the public health response shifted with changes in the
COVID-19 pandemic.

Previous research has found that the surveillance sys-
tem attributes of acceptability and representativeness are
highly correlated [13]. This is reflected in the AusTrakka
data, where the high Acceptability (willingness of per-
sons and organisations to participate) of AusTrakka was
predicated on the governance mechanisms which were
collectively established by stakeholders across Austral-
ian jurisdictions. Interviewees consistently indicated
that having national-level coordination and governance
of AusTrakka was an important factor both in facilitat-
ing the development of the platform and in ensuring
continued trust and buy-in. This finding is reinforced
by the emphasis placed on national leadership, owner-
ship, and commitment by the WHO guidance for devel-
oping national genomic surveillance [22], and reflected
in the experiences of other countries, where structures
to facilitate partnerships and collaboration were found
to be key to successful integration of genomic surveil-
lance [23]. However, this engagement must be multi-
level, rather than resting solely at the national level, and
include representation from subnational and organisa-
tional levels that generate and use pathogen genomic
data. This includes PHLs, policymakers, PHUs, donors,
and implementing partners. The central role played by
end users in the design led to rapid adoption across juris-
dictions, which then supported robust sequence uploads
and increased Representativeness (ability to accurately
describe the occurrence of a health-related event over
time) and Sewnsitivity (proportion of cases detected by a
surveillance system and the ability to detect outbreaks).
Given the ongoing evolution in application of pathogen
genomics, this ongoing coordination and engagement is
also necessary to support adaptability and sustainability
of the system.

Sequence data must be appropriately contextualised
in order to be useful for public health purposes [1]. This
necessitates the harmonisation of data from different
sources; however, integration between epidemiological
and genomic data was identified by interviewees as an



Page 11 of 13

McEwan et al. BMC Global and Public Health (2026) 4:37

|00} Y3[ESH DUQ B SB BUIAJOAD BX3RI|SNY JO [BIUIOJ
suones|ueblo yieay Jo A1a1eA e ssoide

P1EP DIWOUID 01 SS3DDE |eUS O B3Rl | SN/ J0j 9d0DS -
sojwiousb usboyied jo uonedidde

19pe0.qg 2yl Hoddns yoiym syiomawdel) 90uewIaA0b disoube usb
-oy1ed, SpJemOol YIys e Palell|iDe) B3I SNY JO JUSUIYSIGeISS Y] «

eiep |e2160j0IWapIda WO UOIES||enIXaiuod
JUIDLYNSU| 03 NP SUOISN|DUOD 1024102U] Bulpiebal uIsdUo)) -

Aj|euoneuIaiul pue Ajjeuofieu ‘Aj[euialxa pue

AJ[eula1ul y1oq uonedunwwod djjgnd aiendoidde paieyjioe -
uolssiwsuel}

Juana.d 03 sSuMop 0| 3jeds-abie| buipnjpul ‘saydeoidde yijeay
dl|gnd up 92UspYUOd Pasealdul syiodal pue eiep Jo AljIge|ieAY -
SUIRYD UOISSIUISUeI] AJlIe|d pue JuaWw

-abeuewW 3B31gIN0 JapeOIq 1oddns 01 Pasn sem elep dIWOUSL) -

$358D BUISH Y3IM 21[2110D SMIIA 3beuwll 93] «

7202 01 0Z0Z-PIW Wiol) expjel]sny 01 bul

-INQLIUOD SUONESIURDIO PUE $I3SN JO JSGUINU Ul 95e10Ul Apeais «
Jlwep

-ued ay3 Jo buluuibag ay3 1e suondIpsuN( ssoude axeidn 3o -
exp{elsny Jo Alljigerdadde syl 01 [enusd

90 01 UMOYS SeM SI9P|OYaels AQ 9ouruIaA0D e1ep paysl|geisy «

Aj|eUoileUISIUl PUE AJ[RUOIIRU ‘A|[EUISIXS pUE

Aj[euia1ul yioq uonesiunwiwod dlignd areudoidde pael|ioe «
s3SI yieay d1jgnd aseasnul Aew 1ey3 sulelis buiblauwa

Bupoluow 01 pa1ngLIuod pue uone|ndod syl Ul sjueLeA JO
uonNQLIsIp BulpUeISISPUN PUB UOIIEDIUNWWOD paroidu| «
UOISSILISUeI]

1UaA31d 01 SUMOPX 0| 3|eds-abie| buipnpul ‘saydeoidde yieay
21|gnd Ul 92UspYUOD Paseaidul spodai pue elep Jo Alljige|ieAy
UOISSILUSURIY [BUOIIDIPSHN[IIUI JO UON

-UaAaJd WOJUI 01 SUIRYD UOISSILUSURIL AJlI|D PUB $}B3IGIN0 JO UON
-eb11SaAUI S1e1|1DB) O} PISN SI9M B1ePRISW pUe 9duanbas paieys «

Jnsoube usboyied ag 01 padojaAsp Uaq Sey 7 expel|sny «
suaboyied Jayio 01 3jgedtjdde Ajabie si
9IN1DNISeLUIING B1eP C-A\0D-SYVS O1 PRI SeM BXpfRI SNy «

suonesiueblo ssoioe erep buibeuew ul sabusjieyd «

e1ep dlWouab pue |edibojoiw

-9p1da usamiag uoleniLIe pue Alljenb elep siwousb usboyied
BuNsua 03 [ePNID SNHJ PUB STHJ Uaamiaq sdiysuone|ay «

uolssiwsuely buiplebal sasayrodAy piedsip Jo

WIYUOD 01 Pasn sem 1eyl eiep 0} ssadde parioddns exsel|sny -
JusWwabeuew ased 4o bulyew-uolsidap Aep-03-Aep wiojul 0y
SWIRLBWII B UIYLIM d|qe|leAR 10U A|[RJaUab e1ep JJWoUas) -

UOIIEDYIIUSPI DOA O3 UOIe[a) Ul AjJendipied

‘spodau ey{el] SNy JO UOIIES]|IIN PUB Ul 153191Ul JO [9A9] YyBiy pan
-Unuod e 9pIsbuOle BxRISNY YUM JUsWabebUS Jasn 1211p Jo
$91eJ JIMO| 01 P3| dlwapued syl Inoybnoiyl sanuoud ul Jys -
speojdn 95usnbas pue slsquinu 9sed

61-QIAOD U29M13q UO[IBIDOSSE pUB UOIIR[31102 dAINsod Buos -

sadloeld bulieys-elep
9|gIsuodsal 2INSUS 01 YIOMSWIRL B PUR SISP|OYSNELS ||B U9aMISq
9oUBUIRA0D paysi|gelss Ag pauuidiapun s expjel|sny -

SUOISSDS
Buidey-d11gnd pue sbuysiig ul pasn elep 21ep-01-dn PapIACLd «
1X91UO0D [eUOIIRU 341 UIY1IM S30UsNbas

[B2O] UMO JI9y1 91BN1IS O BIEP PASI[BJIUD PIsSN SI9SN pu «
uoneiald

-J31Ul B1EP 10} 1X2IUOD PUE S3IPOQ [eUOIIBU O} 9IAPE PIPIAOIY *
spodal pue erep

|9AS]-[RUOIU PUE [PUONDIPSLIN( 01 $5923B PaSI|eIIUSD POPIAOIY *
9DUEB|[I9AINS DOA SPIEMO]. SHIOMISU UOISSIUI

-SueJ1 BulAjIusp! wWoly diwspued syl JO 9SIN0D SY3 JI9AO UIYS «
Bulieys erep

[eUONDIPSIIN(I21Ul 9|geuUS 0} Wiojie|d Pasies1uad e PapIACI «

suopipuod bupe
-12d0 1o spaau uolewloyul Buibueyd oy idepe 03 3|ge A|IqIXa|4

wia)sAs adue||IAINS Yijeay dignd ays Ul
papI0Dal LIRP B3 JO AIpIjeA pue ssau1a|dwod Ayjenb eleq

WI91SAS 2dUE|I2AINS B Ul sda1s UDam1ag paads ayl :ssauljDwl]

SWI ISAO S3SED JO

Jagquinu ay3 Ut sabueyd JOJIUOW PUE S¥B3IGIN0 13912P 01 Al
-]Ige 91 ‘0S|e ‘WIS1SAS 9OUB||I9AINS 31 AQ P1D919p 9583SIP B JO
sased Jo uoplodoid ayy ‘buniodas ased JO [9A3] 9yl 18 (AUARISUDS
uonendod ay3 Ul UOIINGUISIP S1I PUB SWI1 JSAO UOIIIPUOD B JO
92UR1IND20 9Y1 9G1DsaP A|91eIndde O} Al|Ige :SSaUdAIRIURSIdRY

WI21SAS 9dUR|[19AINS Y3 Ul d1ed
-DIed 01 suonesiueblo pue suosiad Jo ssaubul|jim :Aljigerdaddy

SIUAS UDNS Jo suoned|duwi yijeay ognd syl Jo
Buipueisiopun pancidudl Ue BUIPN|DUl ‘SIUSAS Pale|al-L1|eay
9SIDAPE JO |0J1UOD PUP UOUSARId Y3 01 SAINCLIUOD :SSaUINJISN

JuaWIdd Jo dedw)

wu:mE‘_Om‘_wQ eyyeljsny

Ayijenb a>uejidAIns jo syuswa|g

Ayjenb wia1sAs aduel|oAINS Yieay d1jgnd Jo s1usWwaja 1sulebe aduewiopad exyel]sny | ajqeL



McEwan et al. BMC Global and Public Health (2026) 4:37

ongoing challenge to the Data quality system attribute as
laboratories, public repositories, hospitals, and other data
sources use different standards, formats, and methods
for collection and organisation of data. Tools to support
data harmonisation and visualisation are being devel-
oped to support stronger pathogen genomics integration
[24] and approaches such as the Public Health Alliance
for Genomic Epidemiology (PHA4GE) contextual data
standard aim to address the attendant challenges [25].
Development of the AusTrakka COVID-19 pro forma
was based on the PHA4GE data standards for interna-
tional consistency. Within Australia, programs such as
AusPathoGen (a translational research program funded
by the Medical Research Future Fund) are now provid-
ing evidence towards a best-practice national approach
and strengthening capacity to coordinating the genomics
experts across Australia to harmonise the implementa-
tion of pathogen genomics within Australia’s health sys-
tem [26].

Data harmonisation may also be facilitated through the
development of a centralised approach to data manage-
ment and sharing [22] and establishment of a centralised
platform for data sharing such as AusTrakka can facilitate
and be an impetus for coordinated data harmonisation
at multiple levels. In developing the future iterations of
AusTrakka, a focus on consistency and alignment with
both national and international data standards will be
required to ensure ease of use of the platform. Further-
more, interoperability or harmonisation of the platform
to existing surveillance systems at both a subnational and
national level will assist with potential issues in resourc-
ing or capacity that may arise in a post-pandemic envi-
ronment where investment in pathogen genomics will
not be at the same scale.

The evaluation of AusTrakka makes clear how sup-
porting criteria of surveillance quality facilitates system
use and impact. Ongoing monitoring and evaluation
is essential to ensure that the fundamental changes to
surveillance systems enacted by the introduction of
pathogen genomics (e.g. changes in data generation, gov-
ernance, and sharing; reporting and communication; and
use of genomic data in public health implementation)
are undertaken in ways that provide increased utility to
users and contribute to public health outcomes [22, 27].
Consideration of these factors and how to ensure they
are represented in the system should be undertaken in
the early stages of planning, establishment, and integra-
tion of public health pathogen genomics. Frameworks
to support evaluation of pathogen genomics-informed
surveillance systems have been adapted from established
guidelines to evaluate surveillance systems [6]; use of
these frameworks to guide development and implemen-
tation will support in-depth understanding of how well
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the system is functioning, identification of expected and
unexpected impacts, and early and ongoing identification
of appropriate targets for system strengthening. This will
be particularly relevant as use of pathogen genomics con-
tinues to expand and be used in novel approaches, such
as in the development of One Health surveillance sys-
tems and integration of metagenomics.

Conclusions

WGS is a transformative technology that has been
increasingly integrated into public health responses to
communicable diseases. The development and imple-
mentation of AusTrakka in the early stages of the
COVID-19 pandemic in Australia allowed for central-
ised and efficient interjurisdictional sharing of sequences,
as well as epidemiological and sequence metadata. The
experience of AusTrakka highlights the importance of
robust governance on the willingness of persons and
organisations to contribute and participate. This engage-
ment and adoption is fundamental to the effective-
ness, representativeness, and sensitivity of the system.
With public health sequencing capacity continuing to
increase, there is a need for ongoing evaluation of patho-
gen genomics surveillance systems both to ensure func-
tionality and to understand and incorporate elements of
pathogen genomics-informed surveillance systems that
contribute to public health outcomes.
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