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Ecosystem restoration is integral to humanity’s recovery 
from COVID-19
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Philip Weinstein, Adam T Cross, Martin F Breed

COVID-19 has devastated global communities and economies. The pandemic has exposed socioeconomic disparities 
and weaknesses in health systems worldwide. Long-term health effects and economic recovery are major concerns. 
Ecosystem restoration—ie, the repair of ecosystems that have been degraded—relates directly to tackling the health 
and socioeconomic burdens of COVID-19, because stable and resilient ecosystems are fundamental determinants of 
health and socioeconomic stability. Here, we use COVID-19 as a case study, showing how ecosystem restoration can 
reduce the risk of infection and adverse sequelae and have an integral role in humanity’s recovery from COVID-19. 
The next decade will be crucial for humanity’s recovery from COVID-19 and for ecosystem repair. Indeed, in the 
absence of effective, large-scale restoration, 95% of the Earth’s land could be degraded by 2050. The UN Decade on 
Ecosystem Restoration (2021–30) declaration reflects the growing urgency and scale at which we should repair 
ecosystems. Importantly, ecosystem restoration could also help to combat the health and socioeconomic issues that 
are associated with COVID-19, yet it is poorly integrated into current responses to the disease. Ecosystem restoration 
can be a core public health intervention and assist in COVID-19 recovery if it is closely integrated with socioeconomic, 
health, and environmental policies.

COVID-19-related health issues
The effects of SARS-CoV-2 infection can vary from 
asymptomatic, to a predominantly respiratory illness, to 
short-term and long-term multisystem illness that is 
characterised by immune dysfunction with symptoms 
referable to multiple bodily systems (figure 1).1–3 
COVID-19 and associated sequelae can be fatal, and the 
global death toll associated with the infection is already 
over 6 million as of August, 2022.4 The costs of COVID-19 
to individuals and society also manifest because of loss of 
employment, loss of mobility, and response measures, 
such as physical distancing and lockdowns.5,6 The 
likelihood of, and outcomes from, infection are also 
heavily skewed. Individuals living in poverty, in accom-
modation of a poor standard, with greater exposure to 
toxicants at home or work, and without access to open or 
green space are more likely to get infected and have 
an increased likelihood of mortality associated with 
COVID-19.7–9 These individuals are also more likely to 
have pre-existing poor health with suboptimal resilience 
and immune functioning and, consequently, substantially 
poorer outcomes from COVID-19.10

Engaging with nature to improve health
In addition to the fundamental roles that ecosystems 
have in human health (eg, resource provision, nutrient 
cycling, and climate regulation), spending time engaging 
with nature is beneficial to both physical and mental 
health.11–13 Several potential pathways link nature 
exposure and health (eg, biological, psychological, social, 
and physical activity). Growing evidence suggests that 
exposure to diverse environmental microbiota is 
important in immunoregulation, and green spaces can 
enhance physical activity and social interaction.14,15

Some of these pathways have direct implications for 
resilience against and recovery from COVID-19. For 

example, emerging evidence suggests that exposure to 
phytoncides (ie, plant volatile compounds) can enhance 
the activity of natural killer cells, a subset of lymphocytes 
that are important in the immune and endocrine 
systems.16,17 A considerable body of evidence also indicates 
that people who live near and regularly engage with 
natural environments of high quality have better mental 
health than do people who live in nature-depleted urban 
areas.9 Exposure to and engagement with nature are 
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Figure 1: Direct and indirect effects of COVID-19 on human health
SARS-CoV-2 infection can directly cause inflammation and respiratory failure, and death in severe cases (ie, direct 
effects). Many cases of secondary infection have been recorded (level 1 indirect effects; eg, bacterial pneumonia, 
long COVID, and post-intensive care syndrome). Other indirect effects of COVID-19 include the exacerbation of 
mental health conditions attributed to social isolation, loss of kin and finances, and unequal access to 
health-promoting environments (level 2 indirect effects).
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important in promoting mental health through 
emotional and cognitive con nectedness and enhanced 
psychological restoration.18 Importantly, metabolic and 
immune dysfunction and mental illness are considered 
risk factors for severe COVID-1919 and are associated with 
an increased risk of infection and mortality.20 Therefore, 
active engagement with the natural environment could 
potentially enhance resilience against and recovery from 
COVID-19.

Gut microbiota appears to have a direct role in 
regulating the magnitude of COVID-19 severity via the 
modulation of host immune responses21,22 and is 
influenced by exposure to environmental microbiota.23–25 
Environmental microbiota exposures and immune 
training can enhance protection against infections and 
autoimmune responses26 and, therefore, improve 
immune-mediated responses to the multifaceted effects 
of COVID-19. Moreover, a randomised controlled trial in 
mice showed an anxiety-reducing effect of trace amounts 
of soil-associated butyrate-producing bacteria, which was 
found particularly in biodiverse soils.23

Ecosystem restoration: a public health 
intervention
Ecosystem restoration is the repair of degraded ecosystems 
and can be considered a public health intervention. For 
example, the repair of damaged ecosystems enhances the 
provision of ecosystem services and can improve society’s 

connection to nature by fostering a sense of environmental 
stewardship and providing increased opportunities to 
engage with biodiversity.27 There are probably microbiota-
derived health benefits associated with restoring biodiverse 
environments (figure 2A). These benefits might result 
from enhancing opportunities for interactions with 
immunoregulatory microbiota,23–25 and provision of 
biogenic compounds, such as phytoncides, which can 
improve resilience to viral infections via immune priming. 
Furthermore, ecosystem restoration should also increase 
regulating ecosystem services, with relevance to COVID-19. 
For example, ecosystem restoration can contribute towards 
reducing air pollution,28 exposure to which is a risk factor 
for increased COVID-19 mortality.29,30 Finally, engaging 
with nature by participating in ecosystem restoration is a 
health-supporting activity, which is often described as 
reciprocal restoration.31

Restored habitats could provide stable populations of 
zoonotic reservoir hosts, and thereby reduce human–
wildlife interactions and the likelihood of spillover events, 
whereas degradation and human encroachment increase 
the risk of spillover events (figure 2B).32 The exploitation 
of ecosystems to supply resources and services to 
generally more urban and affluent communities might 
be leaving rural and poorer communities with higher 
multi dimensional health risks. These risks can manifest 
not only via ecosystem degradation—which reduces 
ecosystems’ capacity to produce quality nutrients, support 

Enzootic reservoir preserved 
but lower risk of zoonotic 
spillover if human 
encroachment is prevented

Higher risk of zoonotic 
spillover as habitats are 
destroyed, wildlife is harvested, 
and populations mix

Ecosystem degradation and
human encroachment

Ecosystem restoration and 
biodiversity conservation

Enhanced
microbial
exposure

Improved 
immune health

Restoring 
microbial 
diversity

Actively restoring ecosystems 
can be an effective nature-based 
health and social intervention

A B

C

Habitats, 
biodiversity, 
space, and 
barriers
between 
humans and 
wildlife

Emerging 
zoonoses 
from 
spillover 
events

Figure 2: Examples of the benefits of ecosystem restoration for human health
(A) Restoring biodiverse environments might promote immune regulation through enhanced exposure to diverse microbiota. (B) Restoring nature can contribute to 
reducing the risk of zoonotic spillover via creating a habitat for stable populations of disease vectors. (C) Active engagement in ecosystem restoration can be 
implemented as a restoration-based health intervention—ie, reciprocal restoration—with important psychosocial and employment co-benefits.
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livelihoods, and maintain resilience to climate change-
related stress—but also by increasing exposure to 
emerging infectious diseases via their animal reservoirs.32 
Ecosystem degradation, along with the projected rise in 
global urbanisation, is likely to further increase hazardous 
interfaces for zoonotic pathogen exposure, thus 
increasing the likelihood of future disease spillover and 
potential pandemics.32 Importantly, restoration should be 
done in the right context and the potential risks of 
restoration in some contexts should be recognised. For 
example, it is possible that restoration in urban settings 
could result in increased human–wildlife interactions by 
restoring the habitat of zoonotic hosts in these dense 
human settlements, leading to increased exposure to 
health risks.33 As a result, a thorough cost–benefit analysis 
of the health-promoting versus harm-causing pathways is 
essential.34

Ecosystem restoration can also improve social equity in 
access to nature, the importance of which was shown 
during COVID-19 lockdowns, during which neigh-
bourhood green and blue spaces had an important role in 
helping people to cope with the pandemic and the public 
health measures implemented to reduce transmission.12,35,36 
There is increasing interest in restoration-based health 
interventions, which are sometimes known as green 
prescriptions, for the health benefits of nature engage-
ment.27 These interventions can encourage education, 
exercise, and broad lifestyle changes that reduce COVID-19 
risk factors, such as metabolic diseases (figure 2C).37,38 
Similar to evaluating how restoration could influence 
health-promoting versus harm-causing path ways, an 
assessment of restoration’s potential to accentuate rather 
than attenuate social inequities is also needed. For 
example, work on green gentrification shows that, without 
appropriate safeguards, creating green spaces in urban 
areas can displace deprived populations in favour of more 
affluent ones.39

The issue of recovery from specific COVID-19 episodes 
(at the individual and societal levels) is also situated 
within the broader health and social variables discussed. 
From an ecosystem restoration perspective, what is 
needed for COVID-19 recovery is not different from what 
is needed to build and maintain good public health more 
broadly; indeed, human health is intimately dependent 
on the natural world.

Policy development for a healthier recovery
Improved policy developments that focus on ecosystem 
restoration are required to integrate health–biodiversity 
co-benefits in the implementation of nature-based 
solutions and assist in society’s recovery from COVID-19 
and adverse sequelae. These policy developments should 
include evidence-based tools to inform policy guidance 
and catalyse health-sector leadership and cross-sectoral 
policy via international and local policy processes. 
Examples of international policy processes of relevance 
include the Sustainable Development Goals, the World 

Health Assembly, and the Conferences of the Parties to 
the UN Framework Convention on Climate Change and 
the Convention on Biological Diversity.

Emphasising the importance of ecosystem restoration 
should be central to any long-term COVID-19 recovery 
programmes and to reducing the risk of future emerging 
infectious disease spillover events. Raising awareness 
among public health practitioners of the importance of 
ecosystem restoration, nature exposure, and engagement 
is crucial to this aim, as will be the integration of 
ecosystem restoration within existing public health 
programmes (eg, environmental health) to reduce the 
growing deficit in immunoregulation and to promote 
rehabilitation from long COVID and multisystem 
diseases. Indeed, if the only public health messaging 
and policy for pandemics, such as COVID-19, is around 
non-targeted cleanliness and staying at home, then the 
protective role of diverse environmental exposure 
diminishes. The potential deficit in immunoregulation 
is acknowledged by the portrayal of COVID-19 as a 
synergistic epidemic,40 the aggregated effects of multiple 
concurrent (including non-communicable) diseases, 
which are often linked to poor immunoregulation. 
Public health policies should recognise this potential 
synergy and emphasise the importance of ecosystem 
restoration in facilitating access to positive environ-
mental exposures. As previously noted, it is also 
important to thoroughly assess the potential of 
restoration projects to worsen health outcomes in some 
contexts, such as through increased contact with vector-
borne diseases in urban areas.

Ecosystem restoration programmes also provide 
employment opportunities,41 which could mitigate 
pandemic-associated job losses. Several socioecological 
problems could be addressed through policy changes 
that promote employment in ecosystem restoration, 
especially if such policy changes prioritise locations 
where ecosystem degradation affects marginalised or 
ill-treated communities. As the world develops strategies 
to recover from COVID-19 and further recognises the 
need for, and the great value of, ecosystem restoration, 
many more people will need to be trained to do this work. 
Struggling economies can be supported through the 
development of restoration economies and the provision 
of jobs.41 These jobs could include environmental 
management, ecotherapy, tree planting crews, and plant 
nursery roles.

Inequities have become evident in the disease risk 
profiles of communities affected by COVID-19, and there 
are strong socioeconomic drivers for the degree to which 
particular community groups have been affected. People 
continue to be reliant on access to natural areas during 
lockdowns,12,37 and marginalised communities in 
deprived areas tend not to have sufficient access to 
nature. However, the degree to which this luxury effect 
contributes to the disease and economic burden of 
COVID-19 is not quantified. COVID-19 has emphasised 
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and exacerbated pre-existing environmental inequalities, 
and interventions should aim to counter these 
inequalities. COVID-19 will probably have the greatest 
health and wellbeing effects in regions that already have 
high levels of poverty and heavily degraded environments, 
because these conditions are least conducive to favourable 
health and resilience. Ecosystem restoration should be 
integrated into social policy as a socioecological 
endeavour that recognises the potential to help to 
improve social equity, health, and resilience by improving 
ecosystem functioning.27 The National Park City 
Foundation movement would help to enable such a 
pursuit. The movement encourages community-led 
action to embrace the importance of urban ecosystems 
for wildlife and people. For instance, in London, UK, and 
Adelaide, SA, Australia, community-led activities under 
the National Park City Foundation initiatives in these 
cities include establishing orchards, initiating nature-
based health and wellbeing events, coordinating art and 
culture activities, establishing ecosystem restoration 
sites, and enhancing the network of community gardens 
across the cities.

The Sustainable Development Goals encompass 
human and ecosystem health challenges, and ecosystem 
restoration is essential to both. The three most directly 
relevant Sustainable Development Goals include Goal 3: 
Good Health and Wellbeing, Goal 11: Sustainable Cities 
and Communities, and Goal 15: Life on Land. Nations 
recognise the importance of restoring nature and 
connecting people with the environment to improve 
health and wellbeing. For example, in the UK, the 
Department for Environment, Food and Rural Affairs 
published the A Green Future: our 25 year plan to improve 
the environment in 2018.42 Key goals in this plan include 
ecosystem restoration and encouraging nature-based 
interventions that aim to facilitate behavioural changes 
to benefit health and wellbeing. The UN Decade on 
Ecosystem Restoration (2021–30) was launched on World 
Environment Day on June 5, 2021, and sets out to support 
governments, organisations, and communities to 
promote a global movement focusing on the restoration 
of degraded ecosystems. One of the key aims is to 
develop legislative and policy frameworks to incentivise 
restoration, which is done under the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services. Implementing these policy developments 
should be a global priority given that, in the absence of 
effective restoration, 95% of the planet’s terrestrial 
ecosystems are projected to be degraded by 2050.43

Conclusion
In this Viewpoint, we have given three examples of links 
between ecosystem restoration and the reduction in risk 
of infection and adverse sequelae from COVID-19 (ie, 
enhancing immunoregulation via exposure to diverse 
microbial communities and biogenic compounds, 
restoring habitats and preventing human encroach ment, 

and enhancing overall health and wellbeing through 
nature engagement and measures to improve social 
equity). If these and other public health interventions 
from ecosystem restoration are to be realised, then urgent 
policy action is required at all levels, from local government 
to intergovernmental platforms, to transform social, 
economic, and financial models towards a simultaneous 
healthy recovery of both ecosystems and humanity.
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