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Abstract

Objective: Calculate the incidence of SARS-CoV-2 (COVID-19) infection notifications and the influence of area-level geographic and
socioeconomic factors in Queensland using real-time data from the COVID-19 Real-time Information System for Preparedness and Epidemic
Response (CRISPER) project.

Design and setting: Population-level ecological study and spatial mapping of the incidence of COVID-19 infection notifications in Queensland,
by postcode, 2020-2022.

Main outcome measures: Proportions and distribution of COVID-19 infection notifications by year, age-group, socioeconomic disadvantage,
and geospatial mapping. Incidence rate ratios (IRRs) were calculated.

Results: Between 28 January 2020 and 30 June 2022, a total of 609,569 cases of COVID-19 associated with a Queensland postcode were
recorded. The highest proportion of cases occurred in 2022 (96.5%), and in the 20- to 24-year age category (IRR = 1.787). In non—Major City
areas, there was also a higher incidence of COVID-19 cases in lower socioeconomic areas (IRR = 0.84) than in higher socioeconomic areas (IRR =
0.66).

Conclusions: Queensland experienced its highest proportion of COVID-19 cases once domestic and international borders opened. However,
geographic and socioeconomic factors may have still contributed to a higher incidence of COVID-19 cases across some Queensland areas.

Implications for Public Health: Although Australia has moved from the emergency response phase of the COVID-19 pandemic, we need to
ensure ongoing prevention strategies target groups and areas that we have identified with the highest incidence.
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Introduction and background patients with COVID-19 will be beneficial for future public health
planning and implementation of prevention measures, guidelines,
ealth inequality and socioeconomic deprivation can and interventions aimed at identifying vulnerable populations.®
contribute to the burden of morbidity and mortality in
pandemics and endemics."? This has shown to be no Roder et al.’ examined socioeconomic factors that may have
different in the 2019 pandemic of SARS-CoV-2 (hereinafter referred to contributed to the non-homogeneous incidence of SARS-CoV-2
as COVID-19). Following an initial outbreak in Wuhan, China, it was infections across Victoria. In regional areas of Victoria, incidence of
reported that as of March 19, 2020, a total of 5,939 cases were COVID-19 infection increased with mean household size [per person:
localised to 39 well-developed cities within the Hubei province, with incidence rate ratio (IRR) = 7.30; 95% confidence interval (Cl) =
almost half of the total cases in China being reported outside of 4.37-12.2], unemployment (per percentage point: IRR=1.50; 95%

regional city areas.®> A 2021 rapid review of literature concluded that Cl=1.33-1.69), and for whom rent (IRR=1.15; 95% Cl=1.07-1.22) or
there is limited evidence regarding key socioeconomic determinants, mortgage repayments (IRR=1.22; 95% Cl=1.15-1.28) exceeded 30%
such as occupation, education, and housing status, and the resulting of household income. Furthermore, this study discusses how factors
incidence of COVID-19 infection on a global scale.” Furthermore, it has associated with lower socioeconomic status, such as poor housing
been emphasised that analysis of socioeconomic characteristics of conditions, age, and employment, interact together and contribute to
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transmission of COVID-19 through differing exposure and
engagement with public health measures.® One such example of this
is employment, whereby those in lower socioeconomic positions tend
to engage in part-time or casual work and may face job insecurity and
not be entitled to paid sick leave. This in turn may discourage
individuals from reporting COVID-19 illness to avoiding mandatory
isolation, in the form on non-paid time off work, thereby increasing
community and household transmission. Similarly, a 2020 study in the
United States of America found that among households with poor
housing conditions, there was a 50% higher risk of COVID-19
incidence (IRR = 1.50, 95% Cl = 1.38-1.62) and a 42% higher risk of
mortality from COVID-19 infections [mortality rate ratio (MRR): 1.42,
95% Cl = 1.25-1.611.” In Australia, there have been no studies that
have spatially mapped COVID-19 cases geographically or by
socioeconomic status to identify specific areas of high disease burden.
We aimed to examine all notified cases of COVID-19 infections in
Queensland by age and map the cases spatially by remoteness of
living and socioeconomic status.

Methods

Data for COVID-19 cases in Queensland were obtained from the
COVID-19 Real-time Information System for Preparedness and
Epidemic Response (CRISPER) project.® This system collected
integrated data from multiple sources in the one platform in spatially
explicit real-time to capture the number of national COVID-19 cases,
deaths, rapid antigen tests (RATs) and polymerase chain reaction
(PCR) tests and contact tracing locations in Australia at a postcode
level. For Queensland cases, CRISPER sourced publicly available data
from Queensland Department of Health and the National Notifiable
Diseases Surveillance System to include those who met the national
case definition. In Australia, the case definition for a confirmed COVID-
19 case requires laboratory definitive evidence in the form of

either the detection of SARS-CoV-2 by nucleic amplification acid
testing; or SARS-CoV-2 IgG seroconversion or a four-fold or greater
increase in SARS-CoV-2 antibodies of any immunoglobulin subclass
including ‘total’ assays in acute and convalescent sera, in the absence
of vaccination. A probable COVID-19 case includes individuals who
present laboratory-suggestive evidence in the form of detection of
COVID-19 by the RAT. It is important to note that due to the
overwhelming number of cases experienced within certain time
periods, the recommendation was made to consider using alternative
testing technologies such as RATs for other priority groups to relieve
pressure on the pathology system.'® For this study, we have used data
from both RAT and PCR test results as COVID-19 cases as RATs have
been considered to have high specificity (99.9%, 95% Cl = 99.5-100.0)
to COVID-19 infections.'' People who became COVID-19 positive
whilst in hotel quarantine were counted as cases and were included
in the results.

For this study, we obtained data between 28 Jan 2020 and 30 June
2022 (inclusive). For the year 2022, data were available for the first half
of the year. Population estimates were calculated using the Australian
Bureau of Statistics (ABS) 2021 Census Data,'” and as 2022 was an
incomplete year, rates per 1,000 Queensland population were
adjusted to reflect this. Socio-Economic Indexes for Areas (SEIFA)
indexes were taken from the 2016 ABS Census of Population and
Housing: Socio-Economic Indexes for Areas, Australia.”® The Index of
Relative Socio-economic Disadvantage (SEIFA-IRSD) was chosen for

analysis as this incorporated more variables to determine relative
advantage and disadvantage.'®

Accessibility/Remoteness Index of Australia (ARIA) data were also
obtained from the 2016 ABS.'* Data were cleaned and analysed using
STATA-SE 17, and graphs were produced using Microsoft Excel. The
mapping component was performed using ArcMap 10 version
10.7.1,"° and shapefiles for Queensland were downloaded from the
2021 ABS.'°

For the SEIFA analysis, the Queensland population was divided into
Major City and non-Major City classes, which is consistent with the
Australian Institute of Health and Welfare (AIHW) annual health
reporting.'” When analysing the health of population groups using
the ARIA index, rural and remote populations are often combined
with those living in inner and outer regional areas'’ to account for
small population sizes. Within Australia, approximately 72% of the
total population reside in a Major City, followed by 26% in the
combined classes of Inner and Outer Regional areas, and only 2%
reside in the combined Remote and Very Remote areas.'®

Statistical analysis

Epidemic curves were created using daily aggregated Queensland
case numbers and graphed as cases per week. The distribution of
cases was calculated by age group. Postcode-level data were used to
categorise cases into SEIFA and ARIA indexes, and these are presented
as proportions for each decile. In general, cells with <5 cases are not
reported in Queensland Government reports. To account for small cell
sizes, the SEIFA deciles were combined to form quintiles, which is a
common practice for analysing SEIFA indexes in epidemiological
studies.® Postcodes corresponding to a major city were classified as
“Major Cities” under the ARIA Index, whereas those corresponding to
a non-major city were combined from the “Regional Outer, Regional
Inner, Remote, and Very Remote” areas. Incident cases of COVID-19
were spatially mapped according to the individual postcode of
residence to demonstrate a visual representation of the proportion of
COVID-19 cases across Queensland.

Results

Between 28 January 2021 and 30 June 2022, a total of 609,569 cases
of COVID-19, associated with a Queensland postcode were recorded.
In 2020, there were 1,297 cases reported and 19,151 cases in 2021.
The remainder and majority of cases (n=583,727) occurred between
01 January 2022 and 30 June 2022. A further 23,735 cases were
reported to have occurred in Queensland but were associated with an
“unknown” postcode; four postcodes were recorded as having no
COVID-19 cases (4051, 4384, 4493 and 4706), and these were
excluded from the spatial mapping analysis. The highest incidence of
cases per postcode population was reported for the postcode 4008,
containing the suburbs of Brisbane/Pinkenba/Brisbane Airport. The
distribution of COVID-19 cases by week of notification is shown in
Figure 1.

Age distribution

Overall, the lowest incidence of cases occurred in the 70- to 74-
year age group (IRR = 0.452; 95% Cl = 0.444, 0.460) followed by the
75- to 79-year age group (IRR = 0.461; 95% CI = 0.451, 0.470). The
highest proportion of cases occurred in the 20- to 24-year age group
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Figure 1: Changes in distribution of incidence (per 1,000 population) of COVID-19 in Queensland by year.
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(IRR = 1.787; 95% Cl = 1.77, 1.802) followed by the 25- to 29-year age
group (IRR = 1.55; 95% Cl = 1.540, 1.566). When categorised by year, a
similar pattern for the highest incidence was observed
(Supplementary Figure 1).

Geographic characteristics

The incidence of COVID-19 cases in Queensland between 2020 and

2022 was not evenly distributed. There was a higher proportion of

notifications in the major cities, with the highest incidence occurring
in both the Far North and the South East regions. This was supported
by the analysis of ARIA distributions. The highest incidence of COVID-
19 notifications occurred in postcodes with an ARIA index correspondi
ng to Inner Regional Areas (IRR = 1.222; 95% Cl = 1.214, 1.230). This
was followed by Major Cities (IRR = 1.161; 95% CI=1.155, 1.168) and
the condensed classes of Remote and Very Remote areas (IRR = 0.88;
95% Cl = 0.869, 0.902). The lowest occurrence of cases occurred in

postcodes in Inner Regional areas (IRR = 0.668; 95% Cl = 0.663, 0.673).

The distribution of COVID-19 cases changed substantially for each
year of the pandemic (Figure 1). In 2020, there was a large cluster of
cases in central Queensland in addition to those in the capital city of
Brisbane. In 2021, there was a more uniform distribution of cases
throughout Queensland with the highest proportion of cases
occurring in the capital city of Brisbane. For the first half of 2022, there
was a large proportion of cases in the Far North region of Queensland
in addition to Brisbane and South East Queensland regional area.

Socioeconomic characteristics

There was an uneven distribution of COVID-19 cases across SEIFA-
IRSD quintiles (Table 1). When notifications were differentiated as
either Major City or non—-Major City, there was a higher incidence of
COVID-19 cases in residents living in the lower socioeconomic
quintiles from Major City areas (SEIFA Quintile 2; IRR = 1.05; 95%Cl =
1.04, 1.06) than in the higher socioeconomic quintile (SEIFA Quintile 5;
IRR = 0.89; 95% CI = 0.88, 0.90). In non-Major City areas, there was

also a higher incidence of COVID-19 cases in lower socioeconomic
areas (SEIFA Quintile 1; IRR = 0.84; 95% Cl = 0.84, 0.85) than in higher
socioeconomic areas (SEIFA Quintile 5; IRR = 0.66; 95% Cl =

0.64, 0.69).

There was also variance in COVID-19 cases by SEIFA quintile when
cases were mapped geographically (Figure 2). Those from the lowest
quintile of advantage (SEIFA-IRSD quintile 1), had the highest
proportion of cases throughout Queensland. In contrast, those from
the highest advantage group (SEIFA-IRSD quintile 5) were more
confined to South East Queensland and Brisbane.

Table 1: Incidence of COVID-19 by area and Socio-Economic Indexes for Areas

quintile.

Category SEIFA Incidence (per Incidence rate ratio (95%

quantile 100,000) confidence interval)
Overall 1 11045.12 0.862 (0.856, 0.868)
(disadvantage)
2 12189.42 0.972 (0.965, 0.979)
3 12955.09 1.050 (1.044, 1.056)
4 13088.00 1.064 (1.058, 1.071)
5 (advantage) 12716.78 1.022 (1.015, 1.029)
Major Cities 1 13413.07 1.031 (1.021, 1.042)
(disadvantage)
2 13666.39 1.054 (1.043, 1.065)
3 13231.56 1.019 (1.011, 1.027)
4 13344.72 1.038 (1.031, 1.045)
5 (advantage) 11953.51 0.894 (0.887, 0.901)
Non—Major 1 10125.15 0.848 (0.840, 0.857)
City (disadvantage)
2 13181.08 1.232 (1.220, 1.24)
3 1112115 0.969 (0.960, 0.979)
4 12824.39 1.138 (1.118, 1.159)
5 (advantage)  7663.26 0.668 (0.647, 0.690)

Abbreveations: SEIFA: Socio-Economic Indexes for Areas.



4 Full Length Article

Figure 2: Changes in incidence (per 1,000 population) of COVID-19 between different Socio-Economic Indexes for Areas Index of Relative Socio-economic Disadvantage

quintiles 01/01/2020-30/06/2022.
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Discussion

Between 2020 and 2022, most COVID-19 cases occurred in the major
cities of Queensland and among the 20- to 24-year age group. Our
study is the first to map COVID-19 cases in Queensland by individual
postcode and demonstrated a higher incidence of cases in Remote
and Very Remote areas where there are larger populations of First
Nations people and/or those with less access to health care. The
mapping component of our study also highlighted the disparity in the
number of cases between those living among areas of higher
advantage compared to those living in areas of lower advantage.

These findings are reflective on a national scale, with a 2022 report by
the AIHW describing incidence of COVID-19 being highest among
those living in major cities compared to regional centres and for
individuals aged between 20 and 39.'° On a global scale, a US study
of COVID-19 cases also found a significantly higher incidence of
COVID-19 infection in adolescents and youth than in older adults.*
While the higher incidence of COVID-19 cases in the Major City region
of Brisbane and South East Queensland is consistent with the patterns
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observed in other Australian jurisdictions, the higher incidence of
cases in Far North Queensland is concerning, given the vulnerability
of the population in that region.”’ A 2019 report by the Northern
Queensland Primary Health Network found that 26.6% of the
population falls within the lowest (most disadvantaged) quintile of
the SEIFA.”” The report also highlighted a higher prevalence of the
population engaged in health behaviours that have been linked to
poorer outcomes when infected with COVID-19 such as daily smoking
(13.8%), daily alcohol drinking (27.1%), overweight or obesity (61.6%
of the population), and high prevalence of preventable premature
death (266 deaths per 100,000 population).? In addition, another
study found that overcrowded housing was a key contributing factor
to the increased burden of respiratory disease in the Northern
Queensland region.”

A 2022 case report evaluating the public health policies used in
Australia during the pandemic suggests that the government’s
response, combined with the health system organisation, resulted in
better management of the pandemic than in countries that did not
enact such responses.”* Numerous studies analysing cases of COVID-



19 in Australia in 2020 and early 2021 found that effective elimination
was largely maintained using lockdown and quarantine
measures.”” *° This is reflected in the findings of the low number of
cases of COVID-19 in Queensland during 2020.%° It is important to
note that prior to 13" of December 2022, the Queensland borders
were closed to both international and interstate travellers.>’ However,
this finding may also be due to the high levels of vaccination
coverage that was achieved in Queensland during the early stages of
the COVID-19 vaccine roll-out in 2021.°?

A 2022 report published by the Australian National University Centre
for Epidemiology and Population Health outlined the clear
discrepancy in uptake of the COVID-19 vaccine across different
socioeconomic populations in Australia.”® Key findings from this
report showed that males, First Nations people, and people who
speak a language other than English at home were less likely to be
vaccinated for COVID-19 than others.>* Previously, many studies have
shown that the willingness to receive a COVID-19 vaccination was
lower in socioeconomically disadvantaged groups such as those with
lower levels of education,®* >’ persons identifying as a First Nations
person,®~® non-English speaking background

people,®®>? refugees,”® and those living outside a capital city area.”’
Our data have confirmed a higher incidence of COVID-19 cases in the
areas where these groups are less likely to be vaccinated; therefore,

36,39

mobilising and prioritising strategies to increase vaccination in these
areas is warranted.

Limitations

As our data included all notified positive cases who were in hotel
quarantine following their return from overseas, the high proportion
of cases recorded for Brisbane may have been influenced by these
cases and was not a reflection of community transmission. A
limitation to using COVID-19 case data is the inconsistency in both
testing and reporting of cases. Our data showed a sharp climb in the
number of people utilising the home RAT in 2022. While there are no
official data on the number of under-reported RAT results in Australia,
leading epidemiologists have suggested that the true number of
infections circulating in the community would likely be potentially
five-times higher than the sum of RAT and PCR tests.** Further
supporting this point, a small-scale survey of 117 households on the
Gold Coast, Queensland, found that 20 of those participants tested
positive for COVID-19, and of these, only 16 presented with any
symptoms.*® Although a small sample, only two of those who tested
positive were aware that they had COVID-19.*

As we did not have access to postcodelevel-associated outcome data
from COVID-19 notifications, we were therefore unable to determine
the severity of infections such as hospitalisation, ICU cases, and/or
deaths and SEIFA/ARIA indices. A 2022 national report by the AIHW'®
suggested that a higher rate of deaths occurred in persons from lower
socioeconomic backgrounds and in older age groups. However, we
highlight that Queensland has accounted for only 10.6% of all COVID-
19-related deaths in Australia, with the majority attributed to other
jurisdictions [New South Wales (NSW) 38% and Victoria 45.7%].'° In
addition, a cohort study by Liu et al.* found that those who were in
higher advantage SEIFA deciles in NSW, had an age-adjusted hazard
risk ratio of 0.55 (95% Cl = 0.37-0.81) when compared to those in the
less advantaged areas. Therefore, our findings of RAT incidence may
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have been an under-representation of the true number of
Queensland COVID-19 cases, especially in lower socioeconomic areas.

Conclusion

This study highlights that postcode-level geographic and
socioeconomic factors may have contributed to the non-homogenous
incidence of COVID-19 cases across Queensland between 2020 and
2022. Queensland experienced its highest proportion of COVID-19
cases once domestic and international borders opened; however,
geographic and socioeconomic factors may have still contributed to a
higher incidence of COVID-19 cases across some Queensland areas.
This study contributes novel spatial mapping data that has
highlighted key areas of vulnerability among the Queensland
population, which can now be used to inform future policy
development during the ongoing pandemic of COVID-19 and prepare
for similar pandemics in future. Although Australia has moved from
the emergency response phase of the COVID-19 pandemic, we need
to ensure ongoing prevention strategies for target groups and areas
that we have identified with the highest incidence.

Ethics approvals

The CRISPER project was approved by the Australian National
University Human Research Ethics Committee (HREC) as a negligible
risk project, HREC approval number: 2021/HE000897. In addition, this
project was approved by the University of Queensland HREC approval
number: 2021/HE000897.

Funding

This study did not receive any individual funding and was conducted
as part of a University of Queensland Master of Epidemiology project.
LMc was supported by a University of Queensland postgraduate
stimulus grant.

Acknowledgements

We would like to thank and acknowledge the CRISPER Cl team. In
particular, we would like to thank Prof Colleen Lau, Haotian Weng,
and Graham Williams for their guidance and assistance with data
acquisition.

Author ORCIDs

Selina Ward
Lisa McHugh

https://orcid.org/0000-0002-7776-8419
https://orcid.org/0000-0001-8580-9551

Conflict of interest

The authors declare that they have no conflict of interest.

References

1. Quinn EK, Massey PD, Speare R. Communicable diseases in rural and remote
Australia: the need for improved understanding and action. Rural Rem Health
2015;15(3):327-45.

2. Flavel J, McKee M, Tesfay FH, Musolino C, Freeman T, Van Eyk H, et al. Explaining
health inequalities in Australia: the contribution of income, wealth and
employment. Aust J Prim Health 2022;28(6):474-81.

3. Zeng QL, Li GM, Ji F, Ma SH, Zhang GF, Xu JH, et al. Clinical course and treatment
efficacy of COVID-19 near Hubei Province, China: a multicentre, retrospective
study. Transboundary and Emerging Diseases 2020;67(6):2971-82.


https://orcid.org/0000-0002-7776-8419
https://orcid.org/0000-0002-7776-8419
https://orcid.org/0000-0001-8580-9551
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref1
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref1
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref1
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref1
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref2
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref2
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref2
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref2
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref3
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref3
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref3
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref3

6

20.

21.

22.

23.

24,

25.

Full Length Article

. Upshaw TL, Brown C, Smith R, Perri M, Ziegler C, Pinto AD. Social determinants

of COVID-19 incidence and outcomes: a rapid review. PLoS One 2021;16(3):
€0248336.

. Khalatbari-Soltani S, Cumming RC, Delpierre C, Kelly-Irving M. Importance of

collecting data on socioeconomic determinants from the early stage of the
COVID-19 outbreak onwards. J Epidemiol Community Health 2020;74(8):620-3.

. Roder C, Maggs C, McNamara BJ, O'Brien D, Wade AJ, Bennett C, et al. Area-level

social and economic factors and the local incidence of SARS-CoV-2 infections in
Victoria during 2020. Med J Aust 2022;216(7):349-56.

. Ahmad K, Erqou S, Shah N, Nazir U, Morrison AR, Choudhary G, et al. Association

of poor housing conditions with COVID-19 incidence and mortality across US
counties. PLoS One 2020;15(11):e0241327.

. Field E, Dyda A, Lau CL. COVID-19 real-time information system for preparedness

and epidemic response (CRISPER). Med J Aust 2021;214(8):386.

. Communicable Diseases Network Australia. Coronavirus disease 2019 (COVID-

19). In: Health Do, editor. CDNA national guidelines for public health units. 4
edition, vol. 7; 2022.

. Australian Government. Coronavirus (COVID-19) — testing framework for COVID-

19 in Australia. In: Department of health and aged care. 1 edition 2022. 2.

. Jegerlehner S, Suter-Riniker F, Jent P, Bittel P, Nagler M. Diagnostic accuracy of a

SARS-CoV-2 rapid antigen test in real-life clinical settings. Int J Infect Dis 2021;
109:118-22.

. Australian Bureau of Statistics. https://www.abs.gov.au/census, 2021. [Accessed

22 August 2023].

. Pink B. Socio-economic indexes for areas (SEIFA)-technical paper. Commonwealth

of Australia; 2006.

. Australian Bureau of Statistics (ABS). Australian statistical geography standard

(ASGS) volume 5 — remoteness structure. 2018.

. Institute EESR. ArcMap 10. Redlands. California; 2019. Software version 10.7.1.
. Australian Bureau of Statistics (ABS). Australian statistical geography standard

(ASGS). https://www.abs.gov.au/statistics/standards/australian-statistical-geogra
phy-standard-asgs-edition-3/jul2021-jun2026/methodology; 2021.

. Australian Government. Rural and remote health. https://www.aihw.gov.au/

reports/rural-remote-australians/rural-and-remote-health; 2022.

. Australian Government. Profile of Australia's population. In: Australian Institute of

health and Welfare; 2022. https://www.aihw.gov.au/reports/australias-health/
profile-of-australias-population.

. Australian Government. Australia’s health 2022: data insights. Australian Insititute

of Health and Welfare; 2022. https://www.aihw.gov.au/reports/australias-health/
australias-health-2022-data-insights/about.

Schneiderman M, Rumain B, Kaganovskiy L, Geliebter A. Incidence and relative
risk of COVID-19 in adolescents and youth compared with older adults in 19 US
states, fall 2020. JAMA Netw Open 2022;5(7).

Fitts MS, Russell D, Mathew S, Liddle Z, Mulholland E, Comerford C, et al. Remote
health service vulnerabilities and responses to the COVID-19 pandemic. Aust J
Rural Health 2020;28(6):613-7.

Northern Queensland Primary Health Network. Health needs assessment. 2019.
ngphn.com.au/sites/default/files/2020-09/NQPHN%20Health%20Needs%
20Assessment%20%28HNA%29%202019-2022.pdf.

Pak A, Adegboye OA, Eisen DP, McBryde ES. Hospitalisations related to lower
respiratory tract infections in Northern Queensland. Australian and New Zea-
land. J Publ Health 2021;45(5):430-6.

Vasilaki O, Moisoglou I, Meimeti E. Public health policies regarding the COVID-19
pandemic management: the cases of Australia, New Zealand, Singapore, Finland
and Iceland. Int J Caring Sci 2022;15(1):680-93.

Stobart A, Duckett S. Australia's Response to COVID-19. Health Econ Pol Law
2022;17(1):95-106.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Su Z, Cheshmehzangi A, McDonnell D, Ahmad J, Segalo S, Xiang Y-T, et al. The
advantages of the zero-COVID-19 strategy. Int J Environ Res Publ Health 2022;
19(14):8767.

Stylianou V. A policy response to COVID-19: an Australian perspective. Journal of
the International Council for Small Business 2021;2(3):159-66.

Ip RH, Demskoi D, Rahman A, Zheng L. Evaluation of COVID-19 mitigation pol-
icies in Australia using generalised space-time autoregressive intervention
models. Int J Environ Res Publ Health 2021;18(14):7474.

Hasan A, Putri ER, Susanto H, Nuraini N. Data-driven modeling and forecasting of
COVID-19 outbreak for public policy making. ISA Trans 2022;124:135-43.

Price DJ, Shearer FM, Meehan MT, McBryde E, Moss R, Golding N, et al. Early
analysis of the Australian COVID-19 epidemic. Elife 2020;9:e58785.

Palaszczuk A. Queensland borders Re-open. https://statements.qld.gov.au/
statements/93994], 2021. [Accessed 22 August 2023].

Horn A. Why has there been a surge in Queenslanders getting their COVID-19
vaccinations?  [Availible from. https://www.abc.net.au/news/2021-11-21/qld-
coronavirus-covid-vaccinations-why-now/100628062], 2021. [Accessed 22
August 2023]. ABC News.

Centre for Social Research and Methods and the National Centre for Epidemi-
ology and Population Health. Socioeconomic determinants of vaccine uptake:
july 2021 to January 2022.

Rhodes A, Hoq M, Measey M-A, Danchin M. Intention to vaccinate against
COVID-19 in Australia. Lancet Infect Dis 2021;21(5):e110.

Wang B, Nolan R, Krumeich B, D'Onise K, Marshall H. COVID-19 vaccine will-
ingness prior to and during the COVID-19 vaccination rollout in Australia. Hum
Vaccines Immunother 2022;18(5):2079345.

Biddle N, Edwards B, Gray M, Sollis K. Determinants of COVID-19 vaccination and
views of parents about vaccination of children in Australia. August 2021. https://
csrm.cass.anu.edu.au/research/publications/determinants-covid-19-vaccination-
and-views-parents-about-vaccination-children. [Accessed 22 August 2023].
Davis SR, Ampon RD, Poulos LM, Marks GB, Toelle BG, Reddel HK. Willingness to
receive vaccination against COVID-19: results from a large nationally represen-
tative Australian population survey. medRxiv 2021. pp. 2021-07.

Seale H, Heywood AE, Leask J, Sheel M, Durrheim DN, Bolsewicz K, et al.
Examining Australian public perceptions and behaviors towards a future COVID-
19 vaccine. BMC Infect Dis 2021;21(1):1-9.

Wang B, Nolan R, Marshall H. COVID-19 immunisation, willingness to be vacci-
nated and vaccination strategies to improve vaccine uptake in Australia. Vac-
cines 2021;9(12):1467.

Liddell BJ, Murphy S, Mau V, Bryant R, O'Donnell M, McMahon T, et al. Factors
associated with COVID-19 vaccine hesitancy amongst refugees in Australia. Eur J
Psychotraumatol 2021;12(1):1997173.

Kaufman J, Tuckerman J, Danchin M. Overcoming COVID-19 vaccine hesitancy:
can Australia reach the last 20 percent? Expet Rev Vaccine 2022;21(2):159-61.
Maloney R, Testa C. Regional COVID-19 case numbers are likely double with RAT
results not yet counted, expert says. ABC News; 2022.

Palaszczuk A. Survey reveals true prevalence of active COVID-19 cases on the Gold
Coast. https://statements.qld.gov.au/statements/94380; 2022.

Liu B, Jayasundara D, Pye V, Dobbins T, Dore GJ, Matthews G, et al. Whole of
population-based cohort study of recovery time from COVID-19 in New South
Wales Australia. The Lancet Regional Health—Western Pacific 2021;12.

Appendix A Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.anzjph.2023.100094.


http://refhub.elsevier.com/S1326-0200(23)05271-8/sref4
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref4
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref4
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref5
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref5
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref5
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref5
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref6
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref6
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref6
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref6
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref7
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref7
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref7
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref8
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref8
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref9
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref9
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref9
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref10
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref10
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref10
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref11
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref11
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref11
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref11
https://www.abs.gov.au/census
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref13
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref13
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref14
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref14
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref14
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref15
https://www.abs.gov.au/statistics/standards/australian-statistical-geography-standard-asgs-edition-3/jul2021-jun2026/methodology
https://www.abs.gov.au/statistics/standards/australian-statistical-geography-standard-asgs-edition-3/jul2021-jun2026/methodology
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health
https://www.aihw.gov.au/reports/australias-health/profile-of-australias-population
https://www.aihw.gov.au/reports/australias-health/profile-of-australias-population
https://www.aihw.gov.au/reports/australias-health/australias-health-2022-data-insights/about
https://www.aihw.gov.au/reports/australias-health/australias-health-2022-data-insights/about
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref20
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref20
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref20
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref21
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref21
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref21
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref21
http://nqphn.com.au/sites/default/files/2020-09/NQPHN%20Health%20Needs%20Assessment%20%28HNA%29%202019-2022.pdf
http://nqphn.com.au/sites/default/files/2020-09/NQPHN%20Health%20Needs%20Assessment%20%28HNA%29%202019-2022.pdf
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref23
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref23
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref23
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref23
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref24
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref24
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref24
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref24
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref25
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref25
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref25
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref26
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref26
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref26
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref26
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref27
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref27
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref27
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref28
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref28
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref28
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref29
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref29
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref29
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref30
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref30
https://statements.qld.gov.au/statements/93994]
https://statements.qld.gov.au/statements/93994]
https://www.abc.net.au/news/2021-11-21/qld-coronavirus-covid-vaccinations-why-now/100628062]
https://www.abc.net.au/news/2021-11-21/qld-coronavirus-covid-vaccinations-why-now/100628062]
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref34
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref34
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref35
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref35
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref35
https://csrm.cass.anu.edu.au/research/publications/determinants-covid-19-vaccination-and-views-parents-about-vaccination-children
https://csrm.cass.anu.edu.au/research/publications/determinants-covid-19-vaccination-and-views-parents-about-vaccination-children
https://csrm.cass.anu.edu.au/research/publications/determinants-covid-19-vaccination-and-views-parents-about-vaccination-children
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref37
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref37
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref37
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref38
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref38
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref38
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref38
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref39
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref39
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref39
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref40
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref40
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref40
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref41
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref41
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref41
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref42
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref42
https://statements.qld.gov.au/statements/94380
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref44
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref44
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref44
http://refhub.elsevier.com/S1326-0200(23)05271-8/sref44
https://doi.org/10.1016/j.anzjph.2023.100094
https://doi.org/10.1016/j.anzjph.2023.100094

	Area-level geographic and socioeconomic factors and the local incidence of SARS-CoV-2 infections in Queensland between 2020 ...
	Introduction and background
	Methods
	Statistical analysis
	Results
	Age distribution
	Geographic characteristics
	Socioeconomic characteristics
	Discussion
	Limitations
	Conclusion
	Ethics approvals
	Funding
	References


