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A B S T R A C T   

Since the beginning of the COVID-19 pandemic in early 2020, global efforts to respond to and control COVID-19 
have varied widely with some countries, including Australia, successfully containing local transmission, and 
minimising negative impacts to health and economies. Over this time, global awareness of climate variability due 
to climate change and the risk factors for emerging infectious diseases transmission has increased alongside an 
understanding of the inextricable relationship between the health of the environment, humans, and animals. 
Overall, the global response to the current pandemic suggests there is an urgent need for a One Health approach 
in controlling and preventing future pandemics, through developing integrated, dynamic, spatiotemporal early 
warning systems based on a One Health approach for emerging infectious diseases.   

Australia is currently experiencing its largest outbreak of COVID-19 
since the beginning of the pandemic in 2020 and pressure is now 
increasing to remove restrictions and co-exist with the virus. The lessons 
learned so far from the COVID-19 pandemic can contribute to future 
responses both in the short term, specifically informing the Australian 
public health response to COVID-19, and in the longer term, in dealing 
with other emerging infectious diseases. The knowledge gained can also 
be applied in a changed “post-COVID” world facing worsening climate 
change, where the health of vulnerable individuals and communities is 
disproportionately affected by the consequences of inadequate action on 
health and climate change. Australia had previously avoided the worst 
of the COVID-19 pandemic prior to the emergence of the Delta variant, 
enabling researchers and policymakers to learn from the global experi
ence with COVID-19, to inform future public health response including 
the effectiveness of non-pharmaceutical interventions (NPI) for pre
venting and controlling COVID-19 transmission. Within Australia, the 
state-level responses have varied with differing levels of success, and 
there are lessons to be learned from this for both the future of COVID-19 
and other infectious diseases and, more broadly, for improving early 
warning systems (EWS) and implementing a One Health approach to 
emerging infectious diseases and future COVID-19 outbreaks. 

Following the emergence of the Delta variant, Australia was facing 
growing pressures on previously effective suppression strategies, with 

contact tracing in some states overwhelmed by the Delta outbreak, and 
limited vaccine supplies further complicated by inequitable access to 
vaccines between communities, with some populations such as regional 
Indigenous communities, with a high prevalence of underlying health 
conditions, remaining poorly protected [1]. The Delta outbreaks in New 
South Wales (NSW) and Victoria (VIC) from June 2021 proved a chal
lenge to contain using previously successful strategies, the daily effec
tive reproductive number (Reff) in NSW remained >1. After more than 
14 weeks of strict stay-at-home orders and public health measures, NSW 
began trending below the Reff threshold following increased vaccination 
coverage (>80%) (Fig. 1). Following reports of a new highly trans
missible SARS-CoV-2 strain (Omicron variant) with a high number of 
mutations in South Africa in mid-November 2021, locally transmitted 
cases were detected on 3rd December and as of January 2022, Omicron 
accounts for the majority of new infections in Australia. At the time of 
writing, daily case numbers in all states and territories are increasing 
(excluding WA), with record numbers of cases being recorded every day, 
though these numbers are likely undercounting the actual cases in the 
wider community as laboratory testing capacity is unable to process 
demand and rapid antigen tests are in limited supply. Hospitalisations 
and deaths are steadily increasing, mitigated by higher vaccination 
coverage compared with the previous Delta outbreak. On a global level, 
it is a similar situation following the emergence of Omicron variant as 
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new cases are recorded at record levels and hospitalisations and deaths 
again increase, with more cases now being recorded in younger popu
lation groups and the unvaccinated compared with wild type SARS-CoV- 
2 infections [2]. 

Comparison of the effectiveness of COVID-19 public health responses 
between countries and states has many limitations as there are many 
contributing factors to the effectiveness of suppression methods, 
including climate, weather and air pollution; housing quality and 
workplace ventilation; global and localised patterns of human mobility 
and contact across regions and populations; crowding and urban den
sity; sociocultural norms and economic factors including lifestyle, in
come disparity and access to healthcare [4]. Additional considerations 
are the willingness of individuals to comply with health directions and 
remain in quarantine or isolation. Anti-lockdown and anti-vaccination 
messaging on social media and from political figures locally and glob
ally have influenced sectors of public opinion negatively towards lock
downs and achieving elimination or suppression of COVID-19 [5]. 

On a global level, the effect of worsening climate change leading to 
increasing weather variability will likely contribute to emerging infec
tious diseases and increased risks to health as human behaviour and our 
interactions with the environment are changing, such as access to clean 
air and water, which is vital to healthy living. Climate change contrib
utes to the emergence of novel infectious diseases and the spread of 
existing infectious diseases through the health impacts of climate vari
ability - temperature extremes, and extreme climate and weather events 
[6]. Previous research suggests weather, particularly variations in 
temperature and humidity, contributed to the transmission of COVID-19 
[7]. Human activities contributing to environmental change, such as 
deforestation, intensive agricultural practices, biodiversity loss and 
increasing interactions with wild animals and live animal markets, in
crease the likelihood of emerging zoonoses and spillover events [8]. Air 
pollution, including high levels of particulate matter from burning fossil 
fuels, contribute to the development of chronic diseases such as car
diovascular disease, asthma and other respiratory diseases and increases 
the risk of mortality and hospitalization from COVID-19 and other res
piratory infections [9]. Action to mitigate climate change is likely to 
decrease the risk of emerging infectious diseases and health risks 
contributing to poor health outcomes. 

In the context of a changing climate, with increasing risks to human 
health through environmental stressors and emerging zoonoses, and the 
ongoing COVID-19 pandemic, the importance of a One Health approach 

for global action is more important than ever, particularly with 
emerging evidence of transmission of SARS-CoV-2 from humans to wild 
animal populations [10]. One Health, as defined by the World Health 
Organization (WHO), is an integrated, unifying approach that aims to 
sustainably balance and optimize the health of humans, animals, and 
ecosystems [11]. This approach requires communication, collaboration, 
capacity building and coordination of health response at the interface of 
human (doctors, epidemiologists, public health workers), environ
mental (ecologists, agricultural workers) and animal (veterinarians) 
health [12]. One Health requires global collaboration applied at the 
local level with the aim of achieving better public health outcomes, from 
addressing the impact of climate and environmental change through to 
the implementation of surveillance and EWS to detect COVID-19 vari
ants of concern and other emerging pathogens with the potential to 
cause future pandemics [13]. Of particular importance is enhancing and 
building capacity in existing early notification systems based on local
ised surveillance and health system data for emerging infectious dis
eases, such as seasonal influenza strains, novel coronavirus (SARS, 
MERS) and future COVID-19 at the local, national, regional and global 
levels to enable the implementation of joint responses to health threats 
[14]. This is of great importance as prior to the detection of SARS-CoV-2, 
certain governments were trending towards reducing or defunding of 
pandemic preparedness. e.g. the Global Public Health Intelligence 
Network (GPHIN) in Canada [15], Pandemic Preparedness Plan in the 
USA, and reducing funding to the WHO [16]. The current COVID-19 
pandemic has further highlighted the gaps in surveillance and risk 
communication. 

For the future, enhancing the current surveillance methods in 
Australia must be a priority, to improve detection of community-level 
transmission of SARS-CoV-2 and detection of emerging variants in 
human and animal populations, and predict the magnitude of outbreaks 
for targeted and dynamic application of public health measures. 
Throughout the COVID-19 pandemic, ongoing genomic sequencing of 
COVID-19 variants has provided an up-to-date picture of the most 
prevalent strains across populations, though due to the increasing case 
numbers in Australia, widespread genomic sequencing has largely 
ended. To prepare for future COVID-19 variants and emerging zoonoses, 
genomic sequencing of human and animal populations must be priori
tised. Spatiotemporal models have long played a key role in under
standing the social and environmental determinants of infectious 
diseases. These models could be used to develop more accurate, viable 

Fig. 1. Mean daily Effective Reproductive Number (Reff) curve in Great Sydney Area for the Delta Outbreak 16th June to 6th January 2022. The Great Sydney Area 
restrictions commenced on June 26th 2021, and first Omicron case detected on 3rd December 2021. Bayesian Estimation theory was used to estimate Reff with a 10- 
day averaging window [3]. 
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and innovative EWS [17]. With the existing surveillance methods, EWS 
that integrate big data including internet-search queries, mobility data, 
socio-ecological factors, weather variability and other environmental 
factors [18] could be developed that would enable robust and dynamic 
models for timely infectious disease surveillance and public health ac
tion. This will refine current monitoring for ‘real-time’ COVID-19 sur
veillance in Australia and contribute to more effective surveillance for 
emerging infectious diseases. 

In the short term, lessons from the COVID-19 response in Australia 
integrated with a One Health approach can be used to inform effective 
public health response. Identification of NPI’s effectiveness in preven
tion and control of COVID-19 will likely contribute to the prevention of 
future respiratory diseases, vector-borne and intestinal infectious dis
eases; however, these measures need to be balanced against impacts on 
ecosystems and animals. As Australia has moved away from local 
elimination, public health responses should be targeted – such as 
localised restrictions on movement and interaction with the aim of 
preventing overburdening the public health system, and continued 
surveillance of human and animal populations for emerging variants. 
Now is the time to develop integrated dynamic spatiotemporal EWS 
based on socioenvironmental factors and other big data [19] for future 
emerging infectious disease outbreaks to improve detection and tar
geting of public health measures [20]. More broadly, integrating a One 
Health multidisciplinary approach to public health to address risk fac
tors associated with COVID-19 and effects of climate and environmental 
change and for future pandemic preparedness is essential. Actions that 
limit climate change will also reduce the future risk of emerging infec
tious disease and the health impact of COVID-19. 
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