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Abstract

Background: During the COVID-19 pandemic, many countries implemented mass
community testing programs, where individuals would seek tests due to (primarily) the onset
of symptoms. The cases recorded by mass testing programs represent only a fraction of
infected individuals, and depend on how many people seek testing. If test-seeking behaviour
exhibits heterogeneities or changes over time, and this is not accounted for when analysing
case data, then inferred epidemic dynamics used to inform public health decision-making
can be biased.

Methods: Here we describe temporal trends in COVID-19 test-seeking behaviour in
Australia by symptoms, age group, test type, and jurisdiction from November
2021–September 2023. We use data from two surveillance systems: a weekly nationwide
behavioural survey (NBS), established by the Australian Government to monitor a range of
behavioural responses to COVID-19; and Australia’s FluTracking system, a ‘participatory
surveillance system’ designed for monitoring influenza-like illness and health-care seeking
behaviour, which was adapted in early 2020 to include questions relevant to COVID-19.

Results: We found that peaks in test-seeking behaviour generally aligned with peaks in the
rate of reported cases. Test-seeking behaviour rapidly increased in early-2022 coinciding
with greater availability of rapid antigen tests. There were heterogeneities in test-seeking
behaviour by jurisdiction and age-group, which were dynamic through time. Test-seeking
behaviour was lowest in older individuals (60+ years) until July 2022, after which there was
greater homogeneity across age-groups. Test-seeking behaviour was highest in the
Australian Capital Territory and Tasmania and consistently lowest in Queensland. Over the
course of the study test-seeking behaviour was highest in individuals who reported
symptoms more predictive of COVID-19 infection. There was a greater probability of seeking
a test for individuals in FluTracking compared to the NBS, suggesting that participatory
surveillance systems such as FluTracking may include a health-conscious subset of the
population.

Conclusions: Our findings demonstrate the dynamism of test-seeking behaviour,
highlighting the importance of the continued collection of behavioural data through dedicated
surveillance systems.
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Introduction

How do infectious disease surveillance systems identify infected individuals? Understanding
the processes leading to a case of disease being recorded by a surveillance system is
required to appropriately interpret and analyse surveillance data. These processes are
influenced by a myriad of factors including public health interventions, the behaviour of both
infected individuals and health practitioners, data collection practices, and provision of
laboratory services.

During the COVID-19 pandemic, many countries implemented mass community testing
programs. The case-based surveillance data generated by mass testing were often used by
epidemiologists to understand, monitor, and predict epidemic activity [1] including the
potential exceedance of hospital capacity [2]. However, such analyses are fraught with
challenges since the relationship between the time-series of cases and the underlying
infection dynamics is difficult to characterise [3]. The COVID-19 cases recorded by mass
testing programs represent only a fraction of individuals infected with SARS-CoV-2 [4] which
depends on how many people seek and access testing. The daily number of COVID-19 tests
was routinely reported in many countries and shown to change (dramatically) over time.
However, the extent to which testing rates are driven by changes in the infection incidence
cannot be determined without data on test-seeking behaviour.

Standard influenza surveillance systems — which rely on infected individuals seeking care at
health facilities — are sometimes supplemented by data on healthcare-seeking behaviour
collected through targeted population surveys and “participatory surveillance systems”. The
latter conduct regular surveys of self-reporting community volunteer cohorts. Participatory
surveillance systems operate around the world, including ‘FluTracking’ in Australia (since
2006), New Zealand (since 2018), Hong Kong (since 2020) and Argentina (since 2022) [5],
‘Influenzanet’ in many European countries (since 2003) [6] and ‘Outbreaks Near Me’
(previously called ‘Flu Near You’) in North America (since 2011) [7].

Analyses of these data have shown that healthcare-seeking behaviour is dynamic through
time [8,9], can change rapidly in response to influences like media coverage and testing
guidance [10], and differs by population group according to sociodemographic factors
[8,9,11–13], geographic location [6,9,14,15], and disease properties [9,12,16]. Crucially,
analyses of healthcare-seeking data in combination with sentinel syndromic and influenza
case data, have enabled estimates of the true burden of infection and illness [8,17,18] and
improvements in forecast accuracy [14]. Similar studies have not (yet) been reported for
COVID-19 to our knowledge, despite similar challenges interpreting standard case-based
COVID-19 surveillance data.

Here we explore temporal trends in COVID-19 test-seeking behaviour in Australia by
symptoms, age group, test type, and geographic location from November 2021–September
2023. We use data from two surveillance systems: a weekly nationwide behavioural survey
(NBS hereafter), established by the Australian Government to monitor a range of
behavioural responses to COVID-19; and Australia’s FluTracking system, which was
adapted in early 2020 to include questions relevant to COVID-19. Our primary analysis
focuses on data from the NBS with key metrics then compared to the FluTracking data. In
contrast to healthcare-seeking behaviour studies for seasonal influenza or the influenza A
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(H1N1) 2009 pandemic, our analysis provides insight in the context of mass community
testing programs, the widespread use of self-administered rapid antigen tests (RATs; also
known as rapid diagnostic tests or lateral flow tests), and significantly greater societal
disruption and infection consequences. Finally, the simultaneous deployment of two
surveillance systems in Australia — FluTracking and the national survey — enabled
comparison of test-seeking behaviour across methodologies.

Results

Individuals with symptoms more predictive of COVID-19 were more likely to seek a test

We defined four symptom variables based on their predictability of COVID-19 infection
(symptom predictability, see Methods). The symptom variables, from least predictive to most
predictive, were defined as individuals reporting: at least one symptom (see Sup Tab.2 for
list of symptoms); at least one core symptom (cough, fever, any change in taste or smell,
sore throat); at least two core symptoms; and at least fever and cough (which were expected
to be the most likely to elicit test-seeking). Respondents of the NBS who reported symptoms
more predictive of COVID-19 infection were more likely to seek a test (Fig.1, Sup Tab.4).
Over the entire study period (November 2021–September 2023), the proportion of
individuals seeking a test was highest in those reporting at least fever and cough, 73.1%
(95% Confidence Interval (CI): 71.7%, 74.5%), followed by those reporting at least two core
symptoms, 65.0% (95% CI: 64.1%, 65.9%), or at least one core symptom, 51.2% (95% CI:
50.6%, 51.7%), and was lowest in those self-reporting at least one symptom at 37.2% (95%
CI: 36.9%, 37.6%). This hierarchy was consistent over the entire study duration, despite
changes in test-seeking behaviour over time (Fig.1)

For respondents reporting symptoms, the primary reason to seek a test was due to
symptoms, irrespective of the symptom predictability (Sup Tab.4). This was consistent over
the entire study duration, despite changes in the test-seeking probability over time (Sup
Fig.1). For individuals reporting at least one core symptom, the proportion of individuals
seeking a test (over the entire study period) due to symptoms was 36.4% (95% CI: 35.8%,
36.9%), followed by contact (close contact with an infected individual), 9.5% (95% CI: 9.2%,
9.9%), occupation (required to take a test as part of their job), 8.3% (95% CI: 8.0%, 8.6%)
and ‘other’ (anything other than symptoms, contact or occupation), 4.7% (95% CI: 4.5%,
5.0%). The proportion of individuals who reported seeking a test due to symptoms, contact
or their occupation was higher with greater symptom predictability (from at least one
symptom to at least fever and cough).

Coincident peaks in national test-seeking behaviour and case counts

There was a sharp increase in test-seeking behaviour from early December 2021 to late
January 2022, coinciding with the escalating phase of the Omicron BA.1 epidemic wave in
(most of) Australia (Fig.1). For individuals reporting at least one core symptom the proportion
seeking a test due to symptoms increased from 13.2% (95% CI: 10.9%, 15.7%) during 2–29
November 2021 to 34.8% (95% CI: 29.9%, 39.8%) during 11–18 January 2022. There were
clear peaks in the proportion seeking a test due to symptoms around April 2022, July 2022,
and December 2022, aligning with peaks of epidemic waves driven by the emergence of
new Omicron sub-variants. The proportion of individuals seeking a test for reasons other
than symptoms (contact, occupation or other) was relatively consistent over time for the
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duration of the study (Sup Fig.1). However, small increases in the proportion of individuals
seeking a test due to contact coincided with peaks in the proportion of individuals seeking a
test due to symptoms.

Heterogeneity in test-seeking behaviour by region

There were clear differences in test-seeking behaviour between individual states and
territories in the NBS data (Fig.2B, Sup Tab.5). We considered three distinct time periods
within the study period (to have sufficient power to compare individual states/territories): the
‘BA.1/BA.2’ phase (2 November 2021 to 20 June 2022); the ‘BA.4/BA.5’ phase (21 June
2022 to 7 November 2022); and the ‘assorted Omicron variants’ phase (8 November 2022 to
3 September 2023) (Fig.1B). The proportion of individuals (reporting at least one core
symptom) seeking a test due to symptoms was lowest in Queensland at 32.6% (95% CI:
30.2%, 35.0%), 37.1% (95% CI: 34.5%, 39.8%) and 26.7% (95% CI: 24.8%, 28.6%) for the
three time periods respectively. During the ‘BA.1/BA.2’ phase, the proportion seeking a test
due to symptoms was highest in the Australian Capital Territory, 51.1% (95% CI: 46.6%,
55.6%). Whereas in the ‘BA.4/BA.5’ and ‘assorted omicron variants’ phases, the proportion
seeking a test due to symptoms was highest in Tasmania, 53.7% (95% CI: 48.2%, 59.1%)
and 36.8% (95% CI: 32.7%, 41.0%) respectively.

From late-2021 to mid-2022, test-seeking behaviour showed different temporal dynamics
between states and territories (Fig.2A). We considered three groupings of states and
territories based on differences in epidemic context: New South Wales, Victoria, and the
Australian Capital Territory (NSW/VIC/ACT) where widespread community transmission of
SARS-CoV-2 (dominated by the Delta variant) had previously established in mid-2021 before
the beginning of the study period; Queensland, South Australia, the Northern Territory, and
Tasmania (QLD/SA/NT/TAS) where the early phase of the study period represented the first
instance of widespread community transmission of SARS-CoV-2 (dominated by the Omicron
BA.1 variant) to ever occur in these jurisdictions; and Western Australia (WA) where the first
widespread wave of SARS-CoV-2 infections occurred in early-March 2022 (dominated by
Omicron BA.2).

The proportion seeking a test due to symptoms during 22 November–19 December 2021 (a
period in which Delta was still the dominant variant) was significantly higher in
NSW/VIC/ACT, 27.3% (95% CI: 22.6%, 32.5%), compared to QLD/SA/NT/TAS, 15.0% (95%
CI: 11.0%, 19.8%), and WA, 5.1% (95% CI: 2.2%, 9.8%). By early-2022, the proportion
seeking a test due to symptoms was more comparable between NSW/VIC/ACT and
QLD/SA/NT/TAS, both of which were significantly greater than the proportion seeking a test
in WA (Fig.2A). In WA, the proportion seeking a test due to symptoms increased greatly
during the first half of 2022 reaching a peak of 58.9% (95% CI: 53.6%, 65.0%) from 30 April
2022–27 May 2022. From July 2022 onwards there were similar trends in the proportion
seeking a test due to symptoms between states and territories. Temporal trends in the
proportion seeking a test due to symptoms in individual states and territories broadly
followed similar trends to local case incidence, with similar peak timings (Sup Fig.2).

Heterogeneity in test-seeking behaviour by age

Test-seeking behaviour of NBS respondents showed clear heterogeneities with age that
changed over time (Fig.3B, Sup Tab.6). During the ‘BA.1/BA.2’ phase, the proportion of
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individuals (reporting at least one core symptom) seeking a test due to symptoms was
broadly consistent across age-groups spanning 18–49-year-olds, but lower in older
age-groups (50+ years) and lowest in the 65+ age-group at 26.8% (95% CI; 24.1%, 29.6%).
Test-seeking behaviour was higher in these older age-groups during the ‘BA.4/BA.5’ phase
(compared to the ‘BA.1/BA.2’ phase), and there was greater homogeneity across all
age-groups during this phase. Test-seeking behaviour was lower in all age-groups during the
‘assorted omicron variants’ phase (compared to ‘BA.4/BA.5’ phase) with lowest levels in the
18–24 year age-group, 29.0% (95% CI: 27.2%, 30.9%) and highest in the 50-54 year
age-group, 37.0% (95% CI: 33.9%, 40.2%). Considering changes over finer temporal
timescales (with broader age-groups defined), we found similar temporal trends in the
proportion of individuals seeking a test due to symptoms between age-groups (Fig.3A).
However, the proportion seeking a test due to symptoms in those aged 60+ was significantly
lower than in those aged 18-29 and 30-59 for much of January 2021-July 2021.

Propensity to seek a test increased following the introduction of rapid antigen tests

A sharp increase in test-seeking behaviour observed in the NBS from early December 2021
to late January 2022 (Fig.1A) coincided with the wide availability of RATs. During 11–18
January 2022, the proportion of individuals (reporting at least one core symptom) seeking
only a PCR test due to symptoms was 15.2% (95% CI: 11.8%, 19.3%), which was
comparable to the value of 18.3% (95% CI: 15.7%, 21.3%) during 22 November–19
December 2021 (Fig.4A), when only PCR tests were widely available. However, during
11–18 January 2022, RATs were more widely available in addition to PCR tests, and the
proportion seeking only a RAT (due to symptoms), 11.0% (95% CI: 8.0%, 14.6%) or both a
PCR and RAT (due to symptoms), 8.6% (95% CI: 5.9%, 11.9%) led to an overall increase in
the proportion testing due to symptoms. During January 2022–April 2022, the proportion
seeking a RAT due to symptoms increased and the proportion seeking a PCR test due to
symptoms decreased to very low levels; this coincided with a time period in which RATs were
first introduced at limited capacity and then gradually made more widely available. Over the
entire duration of the study for which data on RATs were available (11 January 2022
onwards) the proportion of individuals seeking only a RAT due to symptoms was 26.7%
(95% CI: 26.2%, 27.2%). This was significantly higher than the proportion seeking only a
PCR test due to symptoms, 4.6% (95% CI: 4.4%, 4.8%) and those seeking both a PCR test
and RAT due to symptoms, 5.7% (95% CI: 5.5%, 6.0%).

The probability of an individual (with a positive RAT result) reporting a positive RAT varied
over time, though was generally high (Fig.4B; PCR test results did not require reporting by
individuals). The probability of reporting a positive RAT was highest during 9 February–8
March 2022 (the first four week period where data were available) at 94.0% (95% CI: 95%
CI: 86.7%, 98.0%) and reached a minimum of 50.9% (95% CI: 41.2%, 60.6%) during 3–20
December 2022. On average, over the course of the study for which data were available, the
probability of reporting a positive RAT was 79.9% (95% CI: 79.2%, 80.7%).

The probability of a PCR test being positive given symptoms was higher than the probability
of a RAT being positive given symptoms (Sup Tab.7). For individuals reporting at least one
core symptom, the average probability of a PCR test being positive was 40.3% (95% CI:
38.9%, 41.8%) and the average probability of a RAT being positive was 21.2% (95% CI:
20.5%, 22.0%). The probability of either test being positive was greater for those exhibiting
more predictive symptoms of COVID-19 (“at least one symptom” being the least predictive
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and “at least fever and cough” being the most predictive). The probability of a test being
positive given symptoms also varied over time with a large decrease during late 2022 (Sup
Fig.4), coinciding with a relative minimum in COVID-19 cases (Fig.1B).

Differences in test-seeking behaviour across surveillance systems

FluTracking participants were more likely to seek a test due to symptoms than individuals
who participated in the NBS over the entire study period. In FluTracking, for individuals
self-reporting at least fever and cough, the average probability of seeking a test was 91.8%
(91.2%, 92.3%) for those who work with patients and 84.9% (95% CI: 84.6%, 85.2%) for
those who do not work face-to-face with patients. These were both higher than the
probability of respondents to the NBS (reporting at least fever and cough) seeking a test due
to any reason, 73.1% (95% CI: 71.7%, 74.5%), or seeking a test due to symptoms, 58.8%
(95% CI: 57.2%, 60.4%). There were similar temporal trends in test-seeking behaviour
between the two surveillance systems, with peaks in the proportion of individuals seeking a
test broadly aligned (Fig.5).

Discussion

Using a weekly national behavioural survey (the NBS), we have quantified how test-seeking
behaviour changed during the COVID-19 pandemic in Australia from late November
2021–September 2023. Monitoring why individuals seek tests, the rate at which individuals
seek and report tests, and how these change over time, is important for informing public
health interventions. Changes in test-seeking behaviour will influence the data recorded by
case-based surveillance systems. If this is not accounted for, biases may be introduced into
analyses of case data, including estimates of the effective reproduction number, forecasts,
and scenario projections. Additionally, the effectiveness of some public health interventions
will depend on the level of test-seeking behaviour. For example, contact tracing is less
effective when test-seeking probabilities are low as the proportion of infections identified
(and traceable) will also be low.

Key surveillance indicators generated by case-based surveillance (e.g., the daily number of
reported cases) directly depend on test-seeking behaviour. The higher the probability of
individuals seeking a test, the higher the number of infections that will be identified as
cases—although the exact mathematical relationship can be complex and depends on a
myriad of factors (e.g., test sensitivity, symptomatology, and time from infection to test) [19].
Case dynamics are also subject to dynamic behavioural feedback; changes in the number of
cases can influence test-seeking behaviour by changing perceptions of disease risk. The
increase in test-seeking behaviour that coincided with the start of the Omicron BA.1
epidemic wave in Australia was likely in part due to an increase in perceived (and actual) risk
of infection — and of course due to the wider availability of tests (see below). Furthermore,
through subsequent epidemic waves, within each jurisdiction we identified transient
increases in test-seeking behaviour, with peaks aligning approximately with those in rates of
reported cases. Because of these well aligned peaks, it is likely that the size and
peakedness of epidemic waves, as measured by case data, were exaggerated relative to if
test-seeking behaviour were constant. Further characterisation of the feedback effect
between test-seeking behaviour and case rates is warranted but would not be
straightforward since the relationship is likely to be highly complex and dynamic through time
in response to changes in perceived risk (requiring data on risk perceptions).
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Infectious disease dynamics can be highly heterogeneous across populations.
Heterogeneity in test-seeking behaviour can obscure or exaggerate the dynamics in case
data, potentially leading to poorly targeted public health interventions. We identified
differences in test-seeking behaviour by symptom status, jurisdiction, and age-groups.
Test-seeking behaviour was higher in respondents reporting more symptoms predictive of
COVID-19, which is consistent with previous studies [20]. This means that less symptomatic
infections would be underrepresented in data obtained through case-based surveillance.
Additionally, any changes to the symptomatology of infections through time will influence
case data. During the COVID-19 pandemic, the accumulation of vaccine- and
infection-acquired immunity has reduced the average number and duration of symptoms
exhibited by infected individuals [21]. Different variants have also shown differences in
overall symptom rates [22], and in the rate of “core” COVID-19 symptoms [23,24].

In our study, the probability of seeking a test was lower in younger and older individuals (only
adults considered). Where infection-prevalence surveys were conducted throughout the
COVID-19 pandemic (the United Kingdom), infection rates were often higher in younger
individuals [25], and the severity of infection was greater in older individuals [4]. In
combination with age-specific variability in test-seeking behaviour, infection rates in younger
individuals could have been under-represented in case data by lower rates of testing, while
estimates of severity of infection in older individuals generated from case data could have
been overestimated (i.e., lower number of cases detected, but deaths/hospitalisations
detected consistently). Differences in test-seeking behaviour were also observed between
Australian states and territories, which may have generated a misleading picture of relative
levels of epidemic activity across jurisdictions. For example, differences in case rates
between jurisdictions in late-2021/early-2022 may have been exaggerated or masked by the
relatively greater differences in test-seeking behaviour during this period.

There are obvious public health benefits from high levels of test-seeking behaviour. The
higher the probability of testing given symptoms, the higher the probability of detecting
infected individuals (greater case ascertainment), and in turn greater reductions in
transmission can be achieved through case isolation and tracing and quarantining of close
contacts. Additionally, a greater proportion of infected individuals can gain access to
therapeutics and, if contact tracing is sufficiently fast,earlier in the course of infection,
reducing the number of severe infections. Thus, changes in test-seeking behaviour can alter
the underlying epidemic dynamics and disease outcomes, as well as the data-generating
processes by which these epidemic dynamics are measured (e.g., case-based surveillance).

The rapid increase in test-seeking behaviour observed across Australia in early-2022, which
continued to slowly climb until mid-2022, coincided with wider availability of RATs. This
increased availability was positive for public health; more infections could be identified, and
individuals could better inform their own actions (e.g., could test before social events, could
choose to self-isolate if positive, access treatment if positive, etc). However, the use of RATs
also introduced additional layers of complexity for assessing how behaviour impacted case
numbers. Firstly, whereas data on PCR test results is collected and reported to health
authorities by laboratories, RATs are performed at home and require self-reporting of positive
results. Unsurprisingly, we found that not all individuals report their test results; the
probability of an individual reporting a positive test was about 80% nationally and varied over
time. Secondly, RATs are less sensitive than PCR tests [26] and so although more
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individuals were testing overall, the probability of an infected individual (who sought any test)
testing positive would have declined. We found that the probability of testing positive given
symptoms was lower for RATs relative to PCR tests which supports this difference in
sensitivity. Overall, the wide use of two types of tests, with different test-seeking behavioural
patterns and sensitivities, introduces an additional layer of complexity when analysing trends
in case data.

Our study has limitations. The NBS only surveyed adults and was administered online and in
English, limiting the individuals who were able to take part, reducing the study’s
representativeness of the general population. Additionally, the relative sampling rates of
states and territories, meant that some jurisdictions were under- and over-represented (note
that this would not have affected comparisons within and between states and territories).
Similar behavioural studies have also been limited in their representativeness, with women
and older individuals—who may be more health conscious (see below)—often being heavily
over-represented [27,28]. However, the NBS was far more representative in terms of age
(post-18 years old) and gender compared to similar studies. In particular, the Male to Female
ratio of participants (a ratio of 1 representing equal numbers) in the NBS was 0.92,
compared to 0.68 for FluTracking, and 0.48 (for participants identified with symptoms) for the
ZOE study in England [20].

The NBS had fixed weekly proportional sampling quotas based on key demographic
variables. In contrast, many behavioural studies seek to recruit as many participants as
possible [28] but give less consideration to ensuring that participants are representative of
the general population. It has been suggested that participatory surveillance systems
typically include more health-conscious individuals [20] since the cohort are specifically
recruited to be part of a health-related survey. The recruitment process of the NBS may have
resulted in a more representative subset of the population in terms of health consciousness;
individuals were recruited to participate in surveys of public opinion on a wide range of topics
and were remunerated for their participation. We identified differences in test-seeking
behaviour between individuals in FluTracking and the NBS which may be reflective of
sociodemographic differences in the study populations. There was a greater probability of
seeking a test for individuals in FluTracking — this was even more pronounced for those
who worked directly with patients (e.g., in healthcare). This highlights the importance of
studies in which data are collected through multiple methods. Mixed methods designs would
allow estimates between methodologies to be compared, strengthening findings where
results are similar, and highlighting uncertainty or potential biases where differences are
observed. For example, social desirability bias — the tendency for survey participants to
self-report in line with social norms and expectations rather than their true opinions or
behaviours (e.g., potentially biassing responses in the NBS towards 'yes I reported my
positive RAT') — is known to vary by survey mode (e.g., anonymous versus face-to-face
interviews) [29].

Monitoring test-seeking behaviour is important for understanding the data generating
processes of case-based surveillance systems, and for directly informing public health
interventions. Since early-2022, analyses of data collected by the NBS have been reported
weekly to Australia’s key national decision-making bodies [30]. Our study has demonstrated
that during the COVID-19 pandemic there was substantial heterogeneity in test-seeking
behaviour in Australia between age-groups, jurisdictions, and type of test, and through time.
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Continued collection of behavioural data through dedicated surveillance systems, where
careful consideration is given to achieving representativeness of the target population, is
important for understanding the future transmission dynamics of SARS-CoV-2.

Methods

Epidemiological and policy context

The study period, late November 2021 to September 2023, spans several COVID-19
epidemic phases and policy transitions in Australia, with variability across Australia’s eight
states and territories.

In July 2021, transmission of the Delta variant became established in the state of New South
Wales (NSW), followed by Victoria (VIC) and the Australian Capital Territory (ACT), resulting
in widespread waves of infection in these jurisdictions. By late November 2021, the
beginning of our study period, the initial waves of Delta infection had peaked and were in
decline. In late November 2021, the Omicron variant emerged in Australia. This occurred
during a period in which jurisdictions were transitioning from a response objective of
minimising community transmission, largely through strict public health and social measures,
to one of manageable transmission in terms of health system capacity (the “re-opening
transition”) [2,31]. The timing of the re-opening transition varied across Australian states and
territories, resulting in notable differences in COVID-19 epidemiology during the earliest
phase (late November 2021–May 2022) of our study period. Nonetheless, community
transmission was widespread in all jurisdictions by early-March 2022 (Figure 1B).

As a result of the re-opening transition, most border and social restrictions had been lifted by
the beginning of our study period, two dose vaccination coverage was greater than 85%
nationally (in ages 16 years and above), and test-trace-isolate-quarantine strategies were in
place [32], supported by mass community testing programs. Specific population groups,
such as those with respiratory symptoms and contacts of confirmed COVID-19 cases, were
encouraged to seek testing [33], although any individual could access free polymerase chain
reaction (PCR) for COVID-19 from one of many geographically distributed testing clinics,
without consulting a health practitioner.

The rapid growth of the Omicron BA.1 epidemic across most of the country in December
2021, and the reopening of many interstate borders with a requirement for a negative PCR
test resulted in testing demand that quickly outstripped PCR testing and contact tracing
capacity, leading to testing bottlenecks and delays in both test access and processing time.
This limited the usefulness of mass PCR testing motivated an urgent need for a
supplementary pathway to testing. Rapid antigen tests (RATs; also known as rapid
diagnostic tests or lateral flow tests) had been available in Australia since late 2021, but only
became widely available in mid-January 2022, alleviating the pressure on PCR testing
clinics. Online portals for self-reporting positive RATs were also established by jurisdictional
authorities at around the same time.

Throughout 2022, remaining border and social restrictions were gradually lifted, and
test-trace-isolate-quarantine policies were scaled back. Isolation mandates for confirmed
cases ended nationally on 14 October 2022, and by early May 2023, all Australian
jurisdictions had discontinued referral-free community PCR testing for COVID-19, prioritising
PCR testing for those most vulnerable to severe illness and death (via request from a health
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practitioner). RATs remained available but reporting of positive results was no longer
mandatory and online reporting portals were gradually stood down in most jurisdictions
during the second half of 2023.

National Behaviour Survey data

The National Behaviour Survey (NBS) is a weekly cross-sectional online survey of
behaviours relating to COVID-19 risks and public health measures. The survey was first
fielded in early April 2020 with 1,000 participants per week. The sample size was increased
to 2,000 participants per week in mid-May 2020. The questionnaire is administered by a
commercial market research company (Painted Dog Research) on behalf of the Australian
Government Department of Health and Aged Care. Survey participants are sampled from a
panel of over 160,000 Australian adults who have agreed to participate in online surveys of
public opinion, recruited by market research companies Dynata and Octopus. The survey is
only available to participants in English. Proportional sampling quotas are used based on
Australian Bureau of Statistics census data [34] to ensure that respondents represented the
Australian adult population based on age, gender, and location (state and metropolitan or
regional). Weekly quotas are outlined in Supplementary Table 1.

The survey includes a range of questions on behaviours relevant to COVID-19 transmission,
surveillance, and control. Some of the survey items remained consistent for each wave of
the survey, others were added, dropped, or adjusted to ensure relevance to public health
issues at the time. Our analysis uses responses to five questions around whether
participants experienced COVID-19 symptoms, sought a test, reported a positive RAT result,
and their reason for testing (a copy of the full questions and responses options are included
in Supplementary Table 2).

Individual-level data including responses to the questions, basic demographic information
(respondent’s state/territory of residence, age, and gender) and the date on which the survey
was completed were obtained from 2 November 2021 to 3 September 2023. The overall
number of participants by state/territory, age-group and gender are provided in
Supplementary Table 3.

Flutracking data

  FluTracking is a participatory surveillance system that contributes to community-level
influenza and COVID-19 surveillance in Australia and New Zealand through weekly online
voluntary surveys. Participants are recruited online through workplace campaigns, existing
participants, the FluTracking website, traditional media, and social media promotion. After
registering as a “FluTracker”, participants receive a weekly email with a link to an online
questionnaire. The questionnaire includes questions on the presence of typical influenza and
COVID-19 symptoms during the past week, whether they sought a test and/or medical
attention, and test results (see https://www.flutracking.net/Demo/AU for demonstration). Over
150,000 Australian and New Zealand participants completed at least one survey in 2022.

Weekly counts of completed FluTracking surveys, self-reported presence of influenza-like
illness (fever and cough, ILI hereafter) in the most recent reporting week, and self-reported
COVID-19 tests obtained from the week ending 7 November 2021 to the week ending 3
September 2023. Note that there is an option for participants to take a break from
completing surveys over October-April each year; the sample size will be reduced over this
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period. The overall number of survey records over the study period by state/territory,
age-group and sex are provided, and compared to the actual distributions based on
Australian census data [35] in Supplementary Table 3.

Statistical analyses

Individuals in the NBS were split into binary symptom categories based on them reporting
specific symptoms or not. Four different symptom variables were defined based on their
predictability of COVID-19 infection (symptom predictability). The symptom variables, from
least predictive to most predictive, were defined as individuals reporting: at least one
symptom (see Sup Tab.2 for list of symptoms); at least one core symptom (cough, fever, any
change in taste or smell, sore throat); at least two core symptoms; and at least fever and
cough. The four core symptoms were selected because they were highly predictive of
SARS-CoV-2 infection across all variants circulating during the study period, although the
most predictive symptom varied by SARS-CoV-2 variant [22]. Any change in taste or smell
was the most predictive symptom for the Delta variant. Sore throat was more predictive of
BA.2 infection than all other symptoms (excluding fever and cough). Finally, fever and cough
were the most predictive symptoms of BA.1 and BA.2 infection. We expected these core
symptoms—particularly fever and cough— to elicit greater test-seeking behaviour as public
health messaging was often targeted at symptoms perceived to be more predictive of
SARS-CoV-2 infection. An individual could be in multiple of these symptom categories (e.g.,
an individual reporting a fever and cough would be in all categories).

The probability of an individual seeking a test given they were in a specific symptom
category was estimated by calculating the proportion of individuals in the symptom category
who reported seeking a test. Similarly, the probability of individuals (in a specific symptom
category) seeking a test due to specific reasons (symptom, contact, job and other) were also
estimated. Exact 95% confidence intervals were calculated using the Clopper-Pearson
method.

The probabilities of individuals (self-reporting at least one core symptom) seeking a test due
to symptoms were estimated for each state/territory, for different age-groups, and for the
type of test sought (only a RAT, only a PCR test, both RAT and PCR test).

For individuals (within a specific symptom category) who reported taking either a PCR test or
RAT, the probability of the respective test being positive was estimated. For all individuals
who had a positive RAT, the probability of the positive RAT being self-reported via an online
portal was also estimated (PCR test results were systematically reported by laboratories).

The probability of individuals in the FluTracking surveillance system who self-reported ILI
(fever and cough) seeking a test was estimated for the subset of participants who work/do
not work with patients (note that this question is only asked for participants aged 15 years or
older, those aged under 15 years are assumed to not work with patients). We compared
these estimates to estimates of the probability of participants (self-reporting fever and cough)
seeking a test due to any reason or seeking a test due to their symptoms, in the NBS.

Trends over time for all probabilities were estimated by calculating the proportion and 95%
confidence intervals (as above) over a rolling four-week time window. Note that the NBS did
not collect any data for three weeks from 20 December 2021 to 10 January 2022 and so
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estimates are not presented over this period and are not presented until at least 18 January
so that the four-week time window includes at least a week of data. For questions in which
data only began being collected midway through the study period, estimates of probabilities
are only presented for a period in which there were four weeks of data available.

Analysis was performed in the R statistical computing environment (version 4.2.3) [37].
Binomial confidence intervals were calculated using the epitools package (version 0.5.10.1).
[38] Figures were created using the ggplot2 package (version 3.4.2) [39].

Data availability

Access to the individual-level survey data from the NBS and FluTracking is restricted to
protect participants’ anonymity. The aggregated values and confidence intervals for all
figures and supplementary figures are provided in the supplementary materials.

Code availability

Code that performed the analyses and generated the figures is available at
https://github.com/Eales96/test-seeking-behaviour/
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Figure 1: Changes in test-seeking behaviour by symptom status in the NBS. (A)
Probability of an individual reporting testing for COVID-19 (with the presence of symptoms
given as a reason for testing) given they were exhibiting: at least one symptom (purple); at
least one core symptom (orange); at least two core symptoms (pink); or at least fever and
cough (green). For each date the proportion of individuals testing due to symptoms for the
previous four week period is shown with point estimate (line) and 95% confidence interval
(shaded region). Note that no data was collected from 20 December 2021-10 January 2022
inclusive; estimates are not shown from 20 December 2021 to 17 January 2022 (ensures
estimates in January 2022 have at least one week of data). (B) The daily number of cases
per 100,000 people is shown for the Australian Capital Territory (ACT), New South Wales
(NSW), the Northern Territory (NT), Queensland (QLD), South Australia (SA), Tasmania
(TAS), Victoria (VIC), and Western Australia (WA). Grey shaded regions show the periods
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over which each variant (labels) was the dominant variant (greater than 50% of all variants
circulating) [36].
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Figure 2: Changes in test-seeking behaviour by state/territory in the NBS. Probability of
an individual reporting testing for COVID-19 (with the presence of symptoms given as a
reason for testing) given they were exhibiting at least one core symptom. (A) For each date
the proportion of individuals testing due to symptoms for the previous four week period is
shown with point estimate (line) and 95% confidence interval (shaded region). Note that no
data was collected from 20 December 2021-10 January 2022 inclusive; estimates are not
shown from 20 December 2021 to 17 January 2022 (ensures estimates in January 2022
have at least one week of data). Estimates are shown for three groupings of
states/territories: the Australian Capital Territory (ACT), New South Wales (NSW), and
Victoria (VIC); Queensland (QLD), the Northern Territory (NT), South Australia (SA), and
Tasmania (TAS); and Western Australia (WA) (B) The average proportion of individuals
testing due to symptoms over three periods of the study by state/territory. The three periods
chosen represented the BA.1/BA.2 epidemics (2 November 2021 - 20 June 2022), the
BA.4/BA.5 epidemic (21 June 2022 - 7 November 2022) and the assorted omicron
epidemics (8 November 2022 - 3 September 2023). Point estimates (points) and 95%
confidence intervals (lines) are given.
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Figure 3: Changes in test-seeking behaviour by age-group in the NBS. Probability of an
individual reporting testing for COVID-19 (with the presence of symptoms given as a reason
for testing) given they were exhibiting at least one core symptom. (A) For each date the
proportion of individuals testing due to symptoms for the previous four week period is shown
with point estimate (line) and 95% confidence interval (shaded region). Note that no data
was collected from 20 December 2021-10 January 2022 inclusive; estimates are not shown
from 20 December 2021 to 17 January 2022 (ensures estimates in January 2022 have at
least one week of data). Estimates are shown for three age-groups: 18-29 year olds; 30-59
year olds, 60+ year olds. (B) The average proportion of individuals testing due to symptoms
over three periods of the study by finer resolution age-groups. The three periods chosen
represented the Delta/BA.1/BA.2 epidemics (2 November 2021 - 20 June 2022), the
BA.4/BA.5 epidemic (21 June 2022 - 7 November 2022) and the assorted omicron
epidemics (8 November 2022 - 3 September 2023). Point estimates (points) and 95%
confidence intervals (lines) are given.
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Figure 4: Changes in test-seeking behaviour by test type in the NBS. (A) Probability of
an individual reporting testing for COVID-19 (with the presence of symptoms given as a
reason for testing) given they were exhibiting at least one core symptom. For each date the
proportion of individuals testing due to symptoms for the previous four week period is shown
with point estimate (line) and 95% confidence interval (shaded region) by what test they took
(PCR test only, RAT only, both RAT and PCR tests). Note that no data was collected from 20
December 2021-10 January 2022 inclusive; estimates are not shown from 20 December
2021 to 17 January 2022 (ensures estimates in January 2022 have at least one week of
data). Note that data on Rapid Antigen Testing was not available until 11 January 2022, but
there only would have been limited Rapid Antigen Testing in December 2021 as they were
not widely available or in use in Australia at that time. (B) The probability of an individual who
tested positive for COVID-19 using a RAT reporting their result. For each date the proportion
of individuals reporting their positive RAT is shown with point estimates (line) and 95%
confidence intervals (shaded region). Note that data on reporting of RAT results was only
available from 9 February 2022 and RAT reporting ended in some jurisdictions 1 June 2023;
estimates are only shown from 8 March 2022 (four weeks after data first became available)
to 1 June 2023.
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Figure 5: Comparison of the test-seeking behaviour exhibited by participants in the
NBS and in the Flutracking surveillance system. Probability of an individual reporting
testing for COVID-19 given they were exhibiting at least fever and cough (described as
influenza-like illness in Flutracking surveillance system). For each date the proportion of
individuals testing due to symptoms for the previous four week period is shown with point
estimate (line) and 95% confidence interval (shaded region). Estimates are shown for
individuals in the FluTracking study by whether they identified as working face-to-face with
patients (orange) or did not identify as working with patients (green). Estimates are shown
for individuals taking part in the National survey by whether they reported testing due to
symptoms (pink) or reported testing due to any reason (purple). Note that in the National
survey no data was collected from 20 December 2021-10 January 2022 inclusive; estimates
are not shown from 20 December 2021 to 17 January 2022 (ensures estimates in January
2022 have at least one week of data). Note that FluTracking participants are always asked
about the prior week ending Sunday, hence the step-like patterns in the (rolling four-week
average) time series.
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Supplementary Figure 1: Changes in test-seeking behaviour by reason to test.
Probability of an individual reporting testing for COVID-19 due to: the presence of symptoms
(pink); contact with an infected individual (green); testing being a requirement of their job
(orange); and any other reason (purple). Estimates are shown for individuals that were
exhibiting: at least one symptom (bottom-left panel); at least one core symptom (top-right
panel); at least two core symptoms (bottom-right panel); or at least fever and cough (top-left
panel). For each date the proportion of individuals testing (due to the specific reason) for the
previous four week period is shown with point estimate (line) and 95% confidence interval
(shaded region). Note that no data was collected from 20 December 2021-10 January 2022
inclusive; estimates are not shown from 20 December 2021 to 17 January 2022 (ensures
estimates in January 2022 have at least one week of data).
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Supplementary Figure 2: Changes in test-seeking behaviour and case rates over time
by state.

Probability of an individual reporting testing for COVID-19 (with the presence of symptoms
given as a reason for testing) given they were exhibiting at least one core symptom
(left-hand axis). For each date the proportion of individuals testing due to symptoms for the
previous four week period is shown with point estimate (black line, left-hand axis) and 95%
confidence interval (shaded region, left-hand axis). Note that no data was collected from 20
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December 2021-10 January 2022 inclusive; estimates are not shown from 20 December
2021 to 17 January 2022 (ensures estimates in January 2022 have at least one week of
data). Also shown is the daily number of cases per 100,000 people (red points, red line,
right-hand axis). The time series for the daily number of cases per 100,000 people has been
translated by two weeks along the x-axis (to the right) to better match the dates for the
probability of testing due to symptoms (rolling previous four-week average). Estimates are
shown for the Australian Capital Territory (ACT), New South Wales (NSW), the Northern
Territory (NT), Queensland (QLD), South Australia (SA), Tasmania (TAS), Victoria (VIC), and
Western Australia (WA).
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Supplementary Figure 3: Changes in the probability of a test being positive for
symptomatic individuals over time. Probability of a (A) RAT and (B) PCR test returning
positive results given the individuals testing are exhibiting: at least one symptom (purple); at
least one core symptom (orange); at least two core symptoms (pink); or at least fever and
cough (green). For each date the proportion of tests that are positive for COVID-19 for the
previous four week period is shown with point estimate (line) and 95% confidence interval
(shaded region). Note that data was only available on test positivity from 11 January 2022
and estimates are only shown from 7 February 2022 (four weeks after data first became
available).
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Supplementary Table 1: Weekly study recruitment quotas throughout the analysis
period.
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Question Response options

Have you experienced any of the following
symptoms during the past two weeks?
Select all that apply.

Cough*
Fever*
Difficulty breathing
Sore throat*
Tiredness
Joint aches
Headache
Runny or stuffy nose
Any change in taste or smell*
Nausea and/or vomiting
Chills
I have not experienced any of these
symptoms in the past two weeks

Did you have a PCR test (e.g., at a
drive-through, respiratory clinic or hospital
that is sent to a lab) or a Rapid Antigen Test
(RAT) (e.g., at home, work, school, etc)?
Select all that apply.

PCR test
Rapid Antigen Test (RAT)
I don’t know.

What was the result of your most recent
PCR test? Select the option that best
applies.

This question is only asked of respondents
who report seeking a PCR. An equivalent
question is asked of respondents who
report seeking an antigen test.

The test showed I have COVID-19
(positive result)
The test showed I do not have
COVID-19 (negative result)
The test result was inconclusive
I’m still waiting to hear the result
Prefer not to say

Why did you get a COVID-19 test? Select
all that apply.

This question is only asked of respondents
who report seeking either a PCR or antigen
test or both.

I experienced symptoms consistent
with COVID-19 infection
I was informed I had been in contact
with a confirmed COVID-19 case
It was required as part of my job or
occupation
Other reason (please specify)

Did you report your positive rapid antigen
test (RAT) result to a state/territory health
department?

This question is only asked of respondents
who report a positive RAT result.

Yes
No
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Supplementary Table 2: Survey questions used in the analysis. Core symptoms in the
responses to the first question are marked with an asterisk.
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Supplementary Table 3: Number of participants by state/territory, age-group and
gender for the National Survey and FluTracking study.
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Supplementary Table 4: The probability of testing by reason to test. The average (over
entire study duration) probability of an individual (by symptom status) reporting testing for
COVID-19 due to: any reason (any); the presence of symptoms (symptom); contact with an
infected individual (contact); testing being a requirement of their job (job); and any other
reason (other).
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Supplementary Table 5: The probability of testing due to symptoms by state/territory.
The average (over three separate periods of the study) probability of an individual (by
state/territory) reporting testing for COVID-19 (with the presence of symptoms given as a
reason for testing) given they were exhibiting at least one core symptom.
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Supplementary Table 6: The probability of testing due to symptoms by age-group. The
average (over three separate periods of the study) probability of an individual (by age-group)
reporting testing for COVID-19 (with the presence of symptoms given as a reason for
testing) given they were exhibiting at least one core symptom.
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Supplementary Table 7: The probability of a test being positive. The average (over the
entire study duration for which data was available: 8 February 2022 onwards) probability of a
PCR test and RAT being positive by the symptom status of the individuals testing.

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 7, 2024. ; https://doi.org/10.1101/2024.06.06.24308566doi: medRxiv preprint 

https://doi.org/10.1101/2024.06.06.24308566
http://creativecommons.org/licenses/by-nc-nd/4.0/

