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Commentary

Opportunities to strengthen respiratory virus
surveillance systems in Australia: lessons learned
from the COVID-19 response

Freya M Shearer, Laura Edwards, Martyn Kirk, Oliver Eales, Nick Golding, Jenna Hassall, Bette Liu,
Michael Lydeamore, Caroline Miller, Robert Moss, David J Price, Gerard E Ryan, Sheena Sullivan,
Ruarai Tobin, Kate Ward, John Kaldor, Allen C Cheng, James Wood, James M McCaw

Abstract

Disease surveillance data was critical in supporting public health decisions throughout the coronavirus
disease 2019 (COVID-19) pandemic. At the same time, the unprecedented circumstances of the pandemic
revealed many shortcomings of surveillance systems for viral respiratory pathogens. Strengthening of
surveillance systems was identified as a priority for the recently established Australian Centre for Disease
Control, which represents a critical opportunity to review pre-pandemic and pandemic surveillance
practices, and to decide on future priorities, during both pandemic and inter-pandemic periods. On
20 October 2022, we ran a workshop with experts from the academic and government sectors who had
contributed to the COVID-19 response in Australia on “The role of surveillance in epidemic response’,
at the University of New South Wales, Sydney, Australia. Following the workshop, we developed five
recommendations to strengthen respiratory virus surveillance systems in Australia, which we present
here. Our recommendations are not intended to be exhaustive. We instead chose to focus on data types
that are highly valuable yet typically overlooked by surveillance planners. Three of the recommendations
focus on data collection activities that support the monitoring and prediction of disease impact and the
effectiveness of interventions (what to measure) and two focus on surveillance methods and capabilities
(how to measure). Implementation of our recommendations would enable more robust, timely, and
impactful epidemic analysis.

Keywords: viral respiratory infections; public health surveillance; COVID-19 pandemic

Background

The coronavirus disease 2019 (COVID-19) pandemic
demonstrated the critical role of surveillance data for
the management of an epidemic disease. During the
COVID-19 pandemic, existing approaches to viral
respiratory surveillance—such as community-based
testing—were scaled up, and many new or enhanced
surveillance activities were deployed, including
wastewater testing,' behavioural monitoring,”> and
country-level genomic data platforms.* The data gen-
erated by COVID-19 surveillance systems informed
myriad public health actions both in Australia and

globally, from guiding contact tracing investiga-
tions* to informing decisions on the strengthening
and easing of social restrictions.®

The unprecedented circumstances of the COVID-
19 pandemic revealed both strengths and short-
comings of existing surveillance systems.® Many
insights about epidemic dynamics and the
effects of COVID-19 interventions were only
possible because of the rapid establishment of
novel systems that did not exist pre-pandemic.
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For example, country-level infection prevalence sur-
veys provided near-real-time insight into the dynam-
ics of SARS-CoV-2 infection in the United Kingdom
(UK)”® and the systematic collection of behavioural
data in many settings provided information on trans-
mission risk® and the impact of social restrictions.'*!

In Australia, the COVID-19 pandemic catalysed the
establishment of new national surveillance planning
processes, building on principles outlined in the
Australian Health Management Plan for Pandemic
Influenza.”” The Communicable Diseases Network
of Australia convened a National Surveillance Plan
Working Group, consisting of a range of experts and
officials in disease surveillance, public health, epi-
demiology, data analytics and modelling, to advise
on national priorities for surveillance. The work-
ing group’s membership and remit aimed to ensure
that the surveillance plan'® addressed the needs of
diverse data users nationally, within jurisdictional
government departments and in other institutions.
This organisational structure was also valuable for
establishing a whole-of-system view, where poten-
tial synergies or redundancies could be identified
among multiple disparate surveillance components.
Committee meetings were an opportunity for sur-
veillance objectives to be deliberated and defined,
and for determining what indicators and analyses
were required to support those goals and the con-
sequent data needs. Crucially, identifying the pub-
lic health objectives of surveillance was the start-
ing point for planning, rather than assessing what
could be achieved with existing data streams. As a
result, new surveillance methods that were beyond
the scope of pre-pandemic (or inter-pandemic) sur-
veillance systems and planning could be, and were,
implemented to fill information gaps.

Table 1: Workshop themes

Many countries, including Australia, have now dis-
continued or have scaled back enhanced COVID-19
surveillance activities and are moving towards inte-
grated ‘business-as-usual’ surveillance of COVID-19,
influenza, and other viral respiratory infections of
public health significance. At the same time, national
governments, and multi-lateral organisations includ-
ing the World Health Organization (WHO), are
building on lessons learned from COVID-19 to pre-
pare for future pandemics. Reflecting global prepar-
edness agendas, and following a long consultation
process, the Australian Government has now estab-
lished the Australian Centre for Disease Control
(ACDC) with the strengthening of disease surveil-
lance systems identified as a priority."* The establish-
ment of the ACDC represents a critical opportunity
to review pre-pandemic and pandemic surveillance
practices, and to decide on future priorities during
both pandemic and inter-pandemic periods.

The workshop

On 20 October 2022, we ran an academic-led work-
shop, ‘“The role of surveillance in epidemic response’,
at the University of New South Wales, Sydney,
Australia. Workshop participants (N = 36) had con-
tributed to the COVID-19 response in Australia
(2020-2022) through roles in the academic (n =
14) or government sector (n = 15) or both (n = 7).
Participants brought expertise in a range of relevant
disciplines including public health, infectious dis-
ease surveillance, data management, data analytics,
infectious disease modelling, and behavioural sci-
ence. Key themes/questions explored during the
workshop are listed in Table 1.

Theme Questions

What is the purpose of respiratory virus surveillance?

Theme 1

How is surveillance different under routine versus emergency response?

How has surveillance data supported COVID-19 decisions in Australia?

What types of policy decisions were made?
Theme 2 What analyses supported those decisions?

What data were used in those analyses?

What data would have enhanced those analyses and decision-making processes?

What are the strengths and limitations of COVID-19 surveillance systems in Australia?

Theme 3

What did other countries do that we could emulate or should avoid?

How can we strengthen surveillance in Australia to prepare for future epidemics?
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Following the workshop, we established a core writ-
ing team (FMS, LE, MK, JK, AC, JW, JMM) and
drafted five reccommendations to strengthen respira-
tory virus surveillance systems in Australia, drawing
on workshop discussions, particularly on the attend-
ees’ insights into local and international COVID-19
surveillance and response. The wider group of work-
shop participants were then invited via email to pro-
vide feedback on the draft recommendations and
manuscript, with this feedback incorporated into the
final version presented here. While the article’s dis-
cussion and recommendations reflect the consensus
views of the authors, they do not necessarily reflect
the opinions of all individuals involved in the work-
shop, nor the views or policies of the organisations
they represent.

Recommendations

We make five recommendations to strengthen res-
piratory virus surveillance systems in Australia
(Table 2). Three of the recommendations focus on
data collection activities that support the monitor-
ing and prediction of disease impact and the effec-
tiveness of interventions (what to measure) and two
focus on surveillance methods and capabilities (how
to measure).

A wide range of challenges and opportunities in
viral respiratory surveillance were discussed at the
workshop. In particular, the COVID-19 pandemic
highlighted that traditional ‘case-based’ surveil-
lance systems have a dual function. They (1) sup-
port immediate public health actions, such as
case and contact management; and (2) are a criti-
cal input for decision-making on the use of pop-
ulation-level interventions and overall response
strategy. However, case-based surveillance sys-
tems were not designed for this second purpose.

For surveillance to best support decision-making,
planned collection of data specifically for supporting
the monitoring and prediction of disease impact and
the effectiveness of interventions is required. Box
1 uses Australia’s response to COVID-19 to high-
light the exceptional circumstances (pre-Omicron
era) under which case-based surveillance was able
to very effectively support function (2), but also its
limitations under more typical circumstances (post-
Omicron era).

Our recommendations therefore focus on strength-
ening Australia’s surveillance capabilities for the
monitoring and prediction of disease impact and
intervention effectiveness. Other critical activities
that operate in tandem with surveillance, such as
identifying and supporting the management of indi-
vidual cases and contacts, are likely to require other
approaches to system design and are not the focus
of this article. Furthermore, our recommendations
are not intended to be exhaustive; they primarily
relate to the monitoring of transmission dynam-
ics, because it is required to estimate and anticipate
clinical burden, yet typically is an under-recognised
component of surveillance and done poorly. Hence
while Recommendations 1-3 are necessary for moni-
toring disease impact and the effectiveness of inter-
ventions; they are not sufficient (Box 2). For example,
infection denominators (Recommendation 2) are
required for estimating infection fatality ratios, but
we also require clinical data (not discussed in the
article). As part of a broader surveillance system, the
implementation of our recommendations would ena-
ble enhanced epidemic analysis and insight, whether
that be for supporting pandemic or inter-pandemic
responses.

Table 2: Five recommendations to strengthen respiratory virus surveillance in Australia

Category Recommendation

1. Establish protocols for monitoring biological and epidemiological characteristics affecting

transmission
What to measure

2. Establish systems for monitoring infections (as distinct from notified cases)

3. Ensure systematic collection of behavioural data related to disease transmission and control

4. Build Australia’s local surveillance capabilities and infrastructure to ensure that public health
responses can be tailored to the Australian context

How to measure

5. Implement appropriate statistical designs to maximise the efficiency and utility of surveillance

systems
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Box 1: Limitations of Australia’s COVID-19 surveillance data were highlighted by the
Omicron era

During the period March 2020 - November 2021 when Australia strongly suppressed community
transmission of SARS-CoV-2 (with minimal transmission prior to March 2020), testing and tracing
systems were expanded to rapidly identify infections, with the explicit goal of detecting all infections in
chains of transmission."”* Supported by other public health measures, particularly border closures, and
by (relatively) low disease prevalence, these systems were highly effective at controlling transmission.
They had the additional benefit of providing high visibility of the underlying infection dynamics of
SARS-CoV-2 in Australia i.e., with case data in Australia likely closely reflecting the true number of
infections until December 2021.

However, the rapid growth of the epidemic of the Omicron variant in Australia in December 2021
quickly outstripped the capacity of polymerase chain reaction (PCR) testing and contact tracing.
This occurred during a period in which state and territory governments were already transitioning from
a response objective of strong suppression of community transmission to one of transmission that was at
‘manageable’ levels, in that the consequent burden on clinical services did not overwhelm health system
capacity.'® Consequently, the fraction of infections detected by case-based reporting likely dropped
dramatically and rapidly, as demonstrated in England (see Figure 7 of ref. 17). The fraction could not
be measured or easily inferred, since Australia had no surveillance system for monitoring the age-
specific incidence of infections in the community in real-time (see Recommendation 2). This hampered
the ability of epidemiologists to robustly assess the current and future impact of Omicron BA.1 (and
subsequent Omicron sub-lineages) on the Australian population and the likely relative effectiveness
of alternative intervention options (e.g., age-specific vaccination recommendations) to minimise the
impact of future waves.

Projections of the anticipated clinical burden required understanding of the biological mechanism(s)
for Omicron’s transmission advantage. During the escalating phase of the first Omicron epidemic,
Australian researchers analysed emerging global data to delineate plausible values of key biological
parameters affecting transmissibility."® The analysis drew on near real-time data on reinfection rates in
population testing data from South Africa,” on vaccine effectiveness from the UK,* and on household
transmission rates from Denmark.?" This analysis was critical in guiding Australia’s response to the
Omicron BA.1 epidemic, including adjustments to the third dose vaccine program, yet it fundamentally
relied on the surveillance systems of other countries. None of these data sources were available nationally
at that time in Australia; and importantly, nor would they be if a similar event occurred in future
(see Recommendation 4).
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Box 2: Surveillance needs in the context of decision-making

Exemplar policy questions for public health response to a new epidemic of a viral respiratory infection,
and transmission-related information needs for addressing each question, are fulfilled by either analysis of
surveillance data provided under Recommendations 1-3 or by analysis of case data alone (Figure 1). Where the
data that would be provided under Recommendations 1-3 are unavailable, epidemiologists typically address
relevant questions using expert opinion or inferences from less informative data streams, including but not
limited to case data. The epidemic course in Figure 1 is represented by the number of hospitalisations over time
to emphasise how the surveillance of transmission is required to answer policy questions relating to clinical
loads (e.g. a peak in hospitalisations, or whether a new wave of hospitalisations will occur, can only be robustly
predicted with information on infections).

Note that only transmission-related information needs fulfilled by Recommendations 1-3 or case data are
displayed, and of course there are many other data needs. For example, clinical data are also required to
determine the clinical severity of infection.

Figure 1 shows two phases of the epidemic: an early emergence phase (grey region) and a phase in which the
epidemic is established, and response measures are in place (white region). The mitigated epidemic trajectory
is represented by the solid yellow line and an unmitigated epidemic by the grey dashed line. In the earliest
stages of pathogen emergence, data will be scarce. By using only information on key biological characteristics
affecting transmission, such as the basic reproduction number and generation interval, and assuming that the
population is 100% naive to infection (which is often reasonable in this early phase), the likely impact of public
health measures can be estimated. Once response measures have been applied and a substantial fraction of the
population infected, data on behaviour and infection incidence are required to estimate the actual impact of
those measures and to predict the timing and magnitude of the next epidemic.

Finally, the surveillance capabilities described under Recommendations 1-3 should be established in Australia
(Recommendation 4) with appropriate statistical design to ensure efficient use of public health resources
(Recommendation 5).

Figure 1: Exemplar policy questions and transmission-related surveillance needs
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1. Establish protocols for monitoring
biological and epidemiological
characteristics affecting transmission

Knowledge of key biological and epidemiological
characteristics affecting transmission are critical
for epidemic response monitoring and planning.*
These include measures such as the basic reproduc-
tion number, incubation period, and generation
interval of the infection. From the earliest stages of
the COVID-19 pandemic, estimates of these param-
eters were used to develop guidelines for case, con-
tact, and outbreak management,® and for predict-
ing the trajectory of the pandemic and anticipated
impact of interventions.>**~** Ongoing monitoring of
such characteristics is also important, since they are
expected to vary as the pathogen and host behaviour
change through time.*”

Estimating these parameters requires specific types
of data. Little if any such data were available through
Australia’s surveillance systems or special studies;
where they were available, the systems and processes
to support analysis were largely absent. For instance,
to estimate the basic reproduction number and the
effective reproduction number,” both the observed
growth rate in infections and the generation inter-
val®® are required. The generation interval is most
directly estimated using dates of infection from
infector-infectee pairs (or using sufficiently detailed
household data and transmission modelling tech-
niques). Australia’s national response relied on pub-
licly available estimates of the generation interval
from international studies of contact tracing data.’
The only relevant Australian data were also a by-
product of contact tracing and outbreak investiga-
tions. These data were collected at the state/territory
level and were not collated by national data systems
to support national epidemic response.

Because collecting relevant data is resource intensive,
it is important to consider triggers for when data col-
lection protocols should be activated, such as when
a novel pathogen is first detected, or when changes
are suspected in an existing pathogen. Therefore, as
part of an enhanced surveillance system, we recom-
mend establishing both the surveillance capabilities
for epidemiological monitoring of key parameters
related to transmission in the Australian setting, and
the associated plans to activate and deactivate these
methods when required.

2. Establish systems for monitoring
infections

Surveillance of infections (as distinct from notified
cases) is necessary to track and predict temporal
trends in the transmission dynamics of a pathogen in
a population. Infection data—capturing information
on infections irrespective of symptoms or clinical
presentation—also provide a less biased, more sta-
ble denominator for assessments of symptomology,
clinical severity, risk factors, and intervention eftec-
tiveness compared to case data.'”*'~*¢ Infection data
are also essential for making robust projections of
future trends in infection and clinical burden,* since
knowing the time-series of infections (i.e. infection
dynamics) is required to understand population sus-
ceptibility, which is a major driver of future dynam-
ics. It is difficult to infer the true pattern of infec-
tion from case notification data, because reporting
of cases is strongly influenced by testing behaviour,
which in turn is linked in complex ways to demo-
graphic and socioeconomic variables, risk percep-
tion, symptoms, and testing recommendations.***°
Serosurveys which measure the proportion of the
population with immunological markers of infec-
tion can provide a snapshot of how many people have
cumulatively been infected,* but must be combined
with other data (e.g., correlates of infection levels) to
infer the incidence of infections.

Monitoring trends in infection was recognised in the
third iteration of Australia’s National Surveillance
Plan for COVID-19 (published in June 2022) as one
of five surveillance goals, where a national popula-
tion infection survey was listed as an avenue for fur-
ther investigation.”® A key feature of this approach
is that it would not rely on infected people interact-
ing with health systems, reducing bias in the result-
ing data. The United Kingdom’s national infection
prevalence surveys provided near-real-time insight
into SARS-CoV-2 infection dynamics, including
infection rates over time by age group”® and timely
estimates of vaccine protection against infection
and onward transmission from breakthrough infec-
tion.” Infection prevalence surveys of SARS-CoV-2
were conducted on a small scale in Australia in 2022,
including in Perth and the Gold Coast,*> but these
efforts were not scaled to a frequency or size capable
of monitoring infection dynamics over time.
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The UK experience demonstrated the public health
value of infection surveillance. To further develop
this capacity in Australia and globally, modelling
and statistical research, in conjunction with pilot
field studies, are required to optimise and assess the
feasibility of this approach within the broader con-
text of respiratory infection surveillance. These con-
siderations are important for both routine surveil-
lance and enhanced emergency response.

3. Ensure systematic collection of
behavioural data

Human behaviour is a major determinant of respira-
tory virus transmission; of the effectiveness of public
health interventions; and of the functioning of sur-
veillance activities. Respiratory viruses are transmit-
ted primarily via close contact between infectious
and susceptible individuals. Transmission depends
on several factors, including the number of in-per-
son contacts made by an infectious individual and
the nature of those encounters (e.g., duration of con-
tact). Furthermore, whether infected individuals are
recorded within a surveillance system is impacted by
behaviour, including people’s choices on whether/
how they interact with health systems (e.g., test-seek-
ing behaviour) and health care providers’ decisions
on patient management (e.g., deciding to collect a
swab for testing). Compounding these challenges,
behaviours are influenced by individual- and area-
level socio-demographic and physical environmental
factors (e.g., distance to testing centres).***>44

While the use of behavioural data in understanding
infectious disease spread and control is long estab-
lished, it reached a new scale during the pandemic.
Key temporal behavioural data streams that were
established and or drawn on for COVID-19 surveil-
lance globally included population-level mobility
data published by large technology companies* and
online surveys administered by research agencies
and health authorities.> In Australia, national sur-
veillance used a combination of data from Google’s
Community Mobility Reports (discontinued in
October 2022), weekly nationwide surveys admin-
istered by the Australian Government Department
of Health and Aged Care (established mid-2020 and
ongoingas of mid-2023),"* and weekly surveys admin-
istered by FluTracking (established pre-pandemic in
2006).*° Google reports provided data on time spent
by mobile phone users at different types of location
and the Australian Government survey captured
information on participants’ self-reported social
contact, precautionary, and test-seeking behaviours.

FluTracking collects information on influenza-like
illness and test-seeking behaviour. Novel data ana-
lytic methods were developed to combine these data
streams with case data and other epidemiological
data to provide insight into transmission risk'® and
the impact of social restrictions.*”**

In addition to behavioural data, the monitoring of
knowledge, attitudes, and behaviours in relation to
respiratory viruses and control measures**° is also
valuable for anticipating and estimating the impact
of interventions.” While key behaviours relevant to
infectious disease surveillance and response have
been identified, and methodologies for monitor-
ing them have been established, additional work is
required to determine the appropriate frequency of
behavioural monitoring as part of 1) routine surveil-
lance and 2) enhanced emergency surveillance.

4. Build Australia’s local surveillance
capabilities and infrastructure to
ensure that public health response
can be tailored to the Australian
context

Where possible, local data should be collected to
enable analyses and responses to be tailored to the
Australian context. Much of the data that were criti-
calin guiding Australia’s response to COVID-19 were
collected by surveillance systems in other countries
(Box 1). This was because either none of the required
data sources were available locally in Australia, or
the data were collected but not available for analysis.
In some cases, data were not analysed because they
were inconsistently collected or because there were
administrative barriers to making them available. For
example, the capacity to generate timely estimates of
COVID-19 vaccine effectiveness based on Australian
data would have helped plan response strategies, par-
ticularly given the increasingly divergent variant and
vaccine exposure history at the country level which
made international data less and less relevant to our
context as the pandemic progressed. While manda-
tory COVID-19 vaccine reporting in Australia (for
the purpose of monitoring coverage targets) was an
enabler for conducting vaccine effectiveness studies,
timely data linkage was lacking.

If a novel pathogen or COVID-19 variant emerged
in Australia today, we argue that analyses of data
from Australia-wide data systems would not be able
to provide a comprehensive early risk assessment to
Australian decision-makers, let alone the rest of the
world.
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5. Implement appropriate statistical
designs to maximise the efficiency
and utility of surveillance systems

As with any data collection activity, appropriate sta-
tistical design principles, such as sampling frame-
works, should be employed to ensure surveillance
can meet its objectives and maximise data utility
while minimising resources. Otherwise, surveillance
will generate biased and potentially misleading evi-
dence, with prominent examples from influenza sur-
veillance systems.*>*

The first step is to consider how data will be used
and whether statistical design principles will be ben-
eficial. For example, where treatment (or isolation)
is indicated for cases, best practice is to collect data
from as many cases as practical, and hence statistical
considerations such as sample size are not relevant
for guiding data collection. However, if direct action
on the case is not required, it may be wiser to follow
only a sample of cases, purposively selected under a
rigorous statistical sampling approach.

Statistical design can improve the utility of data
resulting from many surveillance activities, and once
established, provide budgetary efficiency. For exam-
ple, case and genomic data collected under an ‘as
much as feasible’ or convenience-sampling approach
tend to exhibit strong biases towards certain popu-
lation groups, levels of disease severity, or transmis-
sion settings.**>** If these biases cannot be robustly
quantified, subsequent epidemiological assessments
will be similarly biased.”® Randomised sampling
approaches (and application of suitable analytic
methods) result in less biased inferences from data
and can require less surveillance effort.**

Random sampling approaches were developed
to a limited degree during Australia’s COVID-19
response. The June 2022 iteration of the Australian
National Disease Surveillance Plan for COVID-19
describes a random sampling approach for collect-
ing information on the characteristics of cases.” The
goal of collecting surveillance data (for epidemio-
logical assessment rather than case management)
from all notified COVID-19 cases became unten-
able (and unnecessary) for public health authori-
ties in the Omicron era. In response, the New South
Wales Government Department of Health (NSW
Health) worked with the national surveillance com-
mittee to design a sampling approach to case data
collection. Fewer people were interviewed and those
interviewed were, by design, more likely to be repre-
sentative of the entire case population, enabling less
biased epidemiological assessments.

Australia’s national SARS-CoV-2 genomics surveil-
lance plan published in November 2021 provides
another example. It outlined a shift from ‘compre-
hensive sequencing to selective and targeted sequenc-
ing’>® The European Centre Disease Prevention and
Control provided similar guidance in May 2021,%
detailing options for sampling strategies and sample
size according to the sampling objective (e.g., situa-
tion awareness or novel variant detection) and epide-
miological situation (e.g., variant proportion).

The benefits of imbedding appropriate statisti-
cal designs into surveillance activities are clear in
terms of the epidemiological insights they provide.
Statistically informed planning will identify where
statistical design can and should be applied to
improve utility for a given surveillance activity and
policy objective.
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Discussion and conclusions

We have argued that a key opportunity to enhance
Australia’s capabilities in viral respiratory surveil-
lance is through the planned collection of data for
estimating disease impact and the effectiveness of
interventions. Planned data collection is necessary
to robustly inform a range of policy questions: how
many people will require a hospital bed? When will
an epidemic peak? What combination of interven-
tions are required to maintain hospital capacity?
Australia’s national surveillance systems were insuf-
ficient to robustly address these critically important
policy questions. Nor were they designed to do so.
Our recommendations focus on surveillance which
was impactful during the COVID-19 pandemic but
not widely available in Australia, and which should
form part of Australia’s future viral respiratory path-
ogen surveillance system.

We recommend establishing (or enhancing exist-
ing) approaches to monitoring: biological and epi-
demiological parameters affecting transmission
(Recommendation 1); infection dynamics, as distinct
from case dynamics (Recommendation 2); and human
behaviours relevant to disease transmission and con-
trol (Recommendation 3). We recommend that these
capabilities are embedded within Australian viral res-
piratory pathogen surveillance systems, ensuring the
availability of local data streams for epidemic assess-
ment, and reducing our reliance on international data
(Recommendation 4). Finally, we recommend apply-
ing appropriate statistical design principles when
developing data collection protocols to improve data
utility while simultaneously minimising surveillance
effort (Recommendation 5). The relationship between
these recommendations and key policy questions
asked during an epidemic is depicted in Box 2.

These recommendations are not intended to be
exhaustive. Many other surveillance challenges that
are not discussed in this article, because each war-
rants its own article, must be addressed to enable
timely and robust predictions of disease impact and
intervention effectiveness. These include (but are
not limited to): achieving near-real-time data link-
age; developing nationally consistent definitions
of key quantities (e.g., hospitalisations); nationally
coordinated sharing of data and associated analyses;
addressing inequities in surveillance; and expanding
analytical capacity (both methods and personnel).
Here we chose to focus on data types that are often
overlooked by surveillance planners as important
components for supporting predictions of disease
impact and intervention effectiveness.

The design of a surveillance system should be itera-
tive, flexible, and scalable. Systems must serve the
objectives of routine seasonal surveillance and must
be rapidly scalable to meet emergency response needs.
Flexibility is crucial for meeting distinct epidemic
response objectives (e.g., suppression, elimination,
eradication)” which necessarily change as an epi-
demic evolves and multiple objectives may need to be
balanced (e.g., disease suppression and social equity).

We propose that Australia builds on and learns
from its COVID-19 experience during this inter-
pandemic period to establish surveillance protocols,
supported by criteria for activation and deactivation
of the various data collection systems required for
decision-making. The design of these systems will be
a compromise between the technical ideal and the
constraints of funding. Furthermore, they will need
to balance the benefits of flexibility and responsive-
ness against the value of measuring trends over time.

The implementation of our recommendations
would require a major shift in public health surveil-
lance culture and practice in Australia. Many of the
required data collection activities we propose are
typically considered research activities and hence
have not traditionally fallen under the direct remit
of public health surveillance. This must change.
Further, we propose that public health surveillance
should encompass any data collection for which the
primary purpose is to support public health actions
and disease management.

Strengthening Australia’s disease surveillance sys-
tems has been identified as a priority for the newly
established ACDC."* The implementation of our
surveillance recommendations would enable more
robust, timely, and impactful epidemic analysis,
enhancing public health decision-making and thus
improving health outcomes.
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