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Abstract

Context The COVID-19 pandemic has impacted all
sectors of society, with effects that have been acute-
lyexperienced at the local, national, regional, and
global levels.

Objectives This study examined the heterogeneous
impacts of and vulnerability to COVID-19 for pro-
moting urban sustainability and resilience.
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Methods We performed a scoping review on the
basis of the relevant literature from the Web of Sci-
ence and PubMed, and a national survey conducted
among a total of 5,376 participants in early 2020.
The survey adopted a repeated cross-sectional design
to study changes in residents’ risk perception of
COVID-19 across the three stages (21-23 January,
27-28 February, and 24-27 March), using a snowball
sampling method to recruit 2,144, 2,021, and 1,211
participants, respectively.

Y. Kestens
Centre de Recherche en Santé Publique, Montréal, Canada

M. Luo
Xiangya School of Public Health, Central South
University, Changsha, China

S. Liu
Center for Governance Studies, Beijing Normal University
at Zhuhai, Zhuhai, China

J. Su
School of Humanities, Tsinghua University, Beijing, China

G.G. Liu
National School of Development, Peking University,
Beijing, China

G.G. Liu

Institute for Global Health and Development, Peking
University, Beijing, China

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10980-024-02039-z&domain=pdf

32 Page 2 of 20

Landsc Ecol (2025) 40:32

Results This study revealed that the spatial, social,
economic, and health impacts of COVID-19 have not
been distributed evenly among populations, with spe-
cific individuals and communities more vulnerable
than others. Among the determinants of these ine-
qualities are socioeconomic status, housing arrange-
ments, and working requirements, which influence
the extent to which people can safely adhere to stay-
at-home and social distancing policies and how they
perceive risks. Additionally, racial/ethnic minorities
face differing risks, in part because of socioeconomic
factors but also because some groups experience
higher shares of comorbidities. Moreover, overall,
these risk factors are the healthcare systems meant to
shield individuals and communities from pandemic
impacts, which, however, have become increasingly
taxed due to the sudden influx of patients and the
resultant shortages of resources — including crucial
personal protective equipment to minimize interper-
sonal transmission.

Conclusions Understanding the  heterogeneous
impacts of and vulnerability to COVID-19 could
inform the design of environmentally sustainable and
socially resilient cities, making them better equipped
to encounter future epidemics. This study would help
us identify more effective and equitable solutions
to the ongoing challenges of the pandemic, promot-
ing sustainability and resilience at multiple societal
levels.
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Introduction

At the global policy level, the United Nations Sus-
tainable Development Goals (SDGs) were adopted
by member states of the United Nations in September
2015, aiming to guide the development of global sus-
tainability in the decades ahead. However, the coro-
navirus disease 2019 (COVID-19), caused by SARS-
CoV-2 and declared as a pandemic on 11 March
2020, has affected the progress towards the SDGs
(Clemente-Suarez et al. 2022; Leal Filho et al. 2020;
Nundy et al. 2021). On one hand, the dynamic, cross-
boundary, multi-scale, and rapidly changing determi-
nants of the COVID-19 pandemic are challenging tra-
ditional frameworks for understanding and protecting
public health. On the other hand, ongoing global soci-
etal, environmental, and ecological changes—includ-
ing rapid urbanization, population growth, increased
global connectivity through trade and travel, climate
change, widespread ecological modification (e.g.,
deforestation), political instability, and fragile public
health systems—will yield epidemics that are more
frequent, complex and difficult to prevent and con-
tain (Bedford et al. 2019; Destoumieux-Garzon et al.
2022; Dobson et al. 2020), and epidemics in turn have
an impact on the environment and ecology (Piquer-
Rodriguez et al. 2023; Verma and Prakash 2020).
However, these challenges provide opportunities to
employ new technologies, cross-disciplinary science,
and cross-sector efforts to interpret and protect the
most vulnerable communities. To help design and
promote environmentally and ecologically sustainable
and socially resilient cities without being affected
by future epidemics, we need to understand which
aspects of the city and society have been influenced
by the pandemic and how spatial design of cities and
social systems have influenced the spread and vulner-
ability of the pandemic (Pamukcu-Albers et al. 2021).

The pandemic has called for a more robust and
systematic response and a renewed and expanded
social contract. Health at the center could be a last-
ing legacy of the pandemic caused by the spread of
COVID-19. The heterogeneous impacts of COVID-
19, which vary across populations and regions all
over the world due to different vulnerabilities, have
devastated global economy, intensified stress on polit-
ical institutions, and exacerbated spatial and social
inequalities and environmental problems. Disciplines
spanning epidemiology, ecology, environmental
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sciences, biomedical sciences, economics, interna-
tional relations, logistics, behavioral sciences, and
crisis management must be urgently integrated to
marshal the requisite global responses (Azevedo
et al. 2020). Meanwhile, future pandemic preven-
tion and preparedness efforts will likewise require an
expansive and progressive approach encompassing
ecosystems, wildlife disease surveillance, agricul-
tural practices, dietary trends, and cultural traditions.
A One Health perspective is needed that integrates
traditional domains of knowledge, governance, and
sectors to address the challenges posed by COVID-
19 and future pandemic threats. Our perception and
understanding of epidemics must evolve from cri-
sis response during discrete outbreaks to an effec-
tive system of public health that integrates lessons
learned from previous potential pandemics. To ensure
that we can manage any future outbreaks, one must
thoroughly understand the causes and effects of the
pandemic. The perspectives of each economic sector
are equally essential to chime in towards promoting
environmentally and ecologically sustainable devel-
opment goals, where we can all work towards achiev-
ing urban sustainability (Holzer and Orenstein 2023).

The emerged landscape sustainability science
offers a new perspective for understanding heteroge-
neous impacts of and vulnerabilities to COVID-19.
For example, landscape sustainability science pro-
poses cross-disciplinary approaches to understand
and promote the long-term coexistence of social, eco-
nomic, and environmental systems within landscapes,
including landscape resilience, landscape governance,
and regional biophysical human-nature connected-
ness (Wu 2021). More specifically, landscape sus-
tainability science provides frameworks for analyzing
how COVID-19 affects various aspects of landscapes,
for example, how different components of landscapes
(e.g., ecosystems, communities, infrastructure) may
respond and adapt to the impacts of COVID-19
could be examined; the effectiveness of governance
structures and policies in managing the COVID-19’s
effects on landscapes could be investigated, such as
issues of equity (e.g., regarding discrimination, edu-
cation), resource allocation (e.g., supply chain, energy
production and consumption), and decision-making
processes.

Based on the existing literature and a national
survey we have carried out, we adopted the frame-
work of landscape sustainability science to

understand heterogeneous impacts of and vulner-
ability to COVID-19 across spatial, social, eco-
nomic, and health dimensions. By examining spatial
inequalities, social inequalities, and the effectiveness
of governance, we examined how COVID-19 dis-
rupted sustainability and how human-environment
systems—primarily ecosystems, human communi-
ties, infrastructure, and governance—tresponded to
and adapted to these challenges. To make this review
manageable and concentrated, we focused primarily
on China and supplemented with findings from other
parts of the world, whenever necessary. The findings
of this review would help us better understand urban
sustainability and realign with the SDGs.

Impacts of COVID-19

Pandemics rarely affect populations uniformly. The
Black Death in the fourteenth century reduced the
global population by one third, with the highest num-
ber of deaths observed among the poorest regions
(Duncan and Scott 2005). Seven centuries on—with
a global gross domestic product (GDP) of almost
US$100 trillion—is our world adequately resourced
to prevent another pandemic? Current evidence from
COVID-19 suggests otherwise (Ahmed et al. 2020).

Othering and structural inequalities

Creating societies that embrace inclusivity, reject dis-
crimination, and work towards reducing inequalities
is a recurring focus throughout all the SDGs (Hackl
2018). These goals acknowledge a strong intercon-
nection between urban sustainability, ethical values,
and the promotion of fairness and justice (Holzer
and Orenstein 2023). However, throughout history,
infectious diseases have been associated with the
social practice of “othering”, in which certain groups
are stigmatized as being harmfully foreign (White
2020). Pandemics have historically stimulated nativist
sentiment, providing populist politicians with open-
ings to advance a xenophobic agenda. One of the
most well-known historical examples of this is the
rise in anti-Semitism during outbreaks of the bubonic
plague in Europe during the medieval era (Cohn
2007). COVID-19 has been an unfortunate occasion
for such social fracturing, including the spread of
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discriminatory actions and policies and the marginali-
zation of minority groups.

Rather than being a social equalizer, forcing peo-
ple to recognize the common risks arising from
ordinary humanity, COVID-19 has elicited racially
harmful policy responses that have disproportion-
ately affected people of color and migrants (Lopez
et al. 2021). These include being over-represented in
lower socioeconomic groups, having limited health-
care access, or working in high-risk jobs. Moreover,
such ethnic groups as African American, Hispanic,
and Latin American face higher discrimination due
to their living conditions. It is found that these ethnic
groups are more likely to live in closely knitted com-
munities, both socially and spatially, than the other
races (Webb Hooper et al. 2020). Furthermore, the
link between a tightly knit community and crowded
housing conditions has brought about household
assessments whereby these groups are more likely
to work in service and transportation jobs. Due to
the nature of jobs as having close contact with oth-
ers, these communities are discriminated against their
race and jobs, which are seen to only be taken up by
poor people (Lopez et al. 2021; Webb Hooper et al.
2020).

Moreover, social distancing policies are a privilege
that only the rich can uphold; the poor live in tightly
knitted homes and communities, which adds to the
racial discrimination (Abedi et al. 2021). This rising
discrimination compounds the risks faced by minor-
ity groups already suffering from high rates of comor-
bidities (e.g., hypertension in African American pop-
ulations (Go et al. 2014) and diabetes in people with
South Asian backgrounds (Unnikrishnan et al. 2018)).
Furthermore, migrants, particularly those without
documentation, often avoid hospitals for fear of iden-
tification and deportation, as has been observed dur-
ing COVID-19 (Neil 2020).

Economic repercussions

The most recent estimates indicate that COVID-19
could cost the global economy more than US$10 tril-
lion (IMF 2020), although considerable uncertainty
exists concerning the projected spatial extent of the
virus and the efficacy of the various policy responses
(Ahmed et al. 2020). The severity of the impact on
the global economy is primarily due to the imple-
mentation of quarantines, social distancing, and
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other “lockdown” policies, which have caused a sig-
nificant drop in production, consumption, trade, and
investment across the world (Wang and Wu 2021).
In Malaysia, the first lockdown led to a decline in the
transportation of shipping lines (by 25.5% in May
2020), where the trade and supply lines are crucial
for imports and exports of the country (Menhat et al.
2021). Due to the closure in the port, trade led to a
standstill where many perishables are left to rot in
the port. The lockdown has no doubt caused numer-
ous problems on a national scale, but in the bigger
picture, it affects the global economy where sev-
eral countries have to rely on one country’s exports
(Amul et al. 2022). According to the latest estimates
from the International Monetary Fund, global GDP,
the primary indicator of macroeconomic conditions,
is expected to fall 3% in 2020, the steepest drop
since the Great Depression more than 70 years ago
(IMF 2020). The impacts will be widespread, with
advanced economies (e.g., the US, Japan, and the
European Union) likely to see the steepest falls in
GDP. Since such records have been kept for the first
time, emerging markets are also expected to collec-
tively experience contraction (IMF 2020).

After lockdowns were enacted across most states
in the US, the resultant fall in retail sales was 14.7%
in April 2020 (IMF 2020). Estimations of the US
economy since the start of COVID-19 until a predic-
tion of stagnation, possibly up till 2030, would yield
an astronomical cost 90% of the current US GDP.
This value is by far greater than the economic loss
incurred during the US war on terror campaign in
the middle east, up until the recent withdrawal from
Afghanistan (Cutler and Summers 2020). The Euro-
pean Union had already undergone nearly a decade of
economic stagnation due to the 2009-2010 financial/
Eurozone crisis. They too underwent an estimated
fall in the retail of 3.26 billion pounds ($4.24 bil-
lion) in the six weeks to 20 April 2020 (IMF 2020).
In China, the relatively quick containment of disease
spread allowed the country to begin “reopening” (i.e.,
allowing workers to return to factories, offices, and
other places of work) by April 2020. Nonetheless,
first-quarter GDP dropped by 6.5%—the first time
the country experienced economic contraction since
quarterly data started to be kept in the early 1990s
(Chen et al. 2021b; Cutler and Summers 2020).

The declining consumer demand due to stay-
at-home orders led to a significant increase in



Landsc Ecol (2025) 40:32

Page 50f20 32

unemployment across many sectors. In the US, which
leads the world in the number of infections and fatali-
ties, unemployment claims totaled 20.5 million in
April 2020 alone (raising the unemployment rate to
14.7%)—by far the most significant number ever
recorded (Statistics 2020). In China, unemployment
also ticked up to 6% in April 2020, only a modest
increase in the international context but a significant
drawback for an economy that had been experiencing
three decades of continuous, high-speed growth. In
the European Union, unemployment rates were also
more modest than in the US due to more extensive
welfare protections (preventing layoffs through fur-
loughs and income support for laid-off workers).

The impact on international trade has also been
significant. Over the first quarter of 2020, the inter-
national trade of goods and commodities fell by 5%,
and the number is expected to decline further by 27%
in the second quarter—another record-setting drop
in a crucial economic indicator (IMF 2020). Addi-
tionally, the pandemic-induced surge in demand for
ventilators and personal protective equipment (PPE),
concentrated in China, exposed the potential prob-
lems of current supply-chain dynamics. The “just-
in-time” supply chains established over the previous
decades, in which efficiency has been prioritized over
distributional balance and system resilience, conflict
with the perceived national security interests of many
countries in crises. Consequently, analysts have pre-
dicted that global supply chains could undergo struc-
tural changes post-pandemic with a more significant
localization of production, especially for those goods
and commodities deemed sensitive to national secu-
rity (Jim et al. 2020).

The economic aftermath of the pandemic will pre-
sent profound obstacles—perhaps most significantly
in terms of the financial burden and deflationary pres-
sures, leading to lower trend growth in GDP and per-
sistent unemployment problems. Although the global
economy is projected to experience rebound growth
of close to 6% in 2021, it will likely take years for
macroeconomic conditions in most countries to stabi-
lize and for income and employment to return to pre-
crisis levels. Additionally, if international trade frac-
turing and associated geopolitical tensions worsen, so
will downward pressures on production, consumption,
and investment. During the crisis, the enormous debts
accrued by governments as they attempted to mitigate
unemployment, prevent commercial bankruptcies,

and inject purchasing power into households will also
act as a drag on economic recovery (Martin 2020a).
For instance, it is projected that US gross federal debt
is likely to reach 125% of its GDP in 2021 — which is
more significant than during the Second World War
(IMF 2020).

Environmental impacts

The long duration of COVID-19 has brought nega-
tive environmental and ecological impacts in mul-
tiple aspects, varying by type of human impact. For
instance, in Europe, despite the reduction of deli-
cate particulate matters and NOx emissions during
COVID-19 (by about 8% and 53%, respectively), the
concentration of ozone has increased by about 17%,
which may further increase the human mortality rate
and decrease the production of crops (Sicard et al.
2020). Also, the increasing use of PPEs (e.g., medi-
cal masks and gloves) in daily life and disposal of
other single-use plastics has substantially increased
waste pollution, such as an estimated monthly use of
129 billion face masks and 65 billion gloves globally
during the pandemic (Prata et al. 2020). Such accu-
mulation of plastic waste has put extra pressure on
regular waste management practices. For example,
plastic wastes discarded in animals’ natural habitats,
both land, and ocean, could be mistakenly eaten by
animals, leading to their death (Adyel 2020).

It has been reported that deaths in marine life are
more common now, with the addition of face masks
as discarded waste in the open ocean (Thompson
et al. 2020). Already harmed wildlife, such as the
sea turtle that consumes jellyfish, is at a higher risk
of being harmed with the inclusion of face masks.
Due to the nature where plastic bags flow in water,
the face mask, too, resembles a jellyfish; while this
is only one example, accidental consumption by wild-
life is at a higher rate than before (Dharmaraj et al.
2021; Patricio Silva et al. 2021). Additionally, when
dumped into the environment, face masks would
break down through chemical and physical processes;
as a result, microplastics are formed whereby they
harm both water and soil (Tesfaldet and Ndeh 2022).
This environmental pollution is another point to note
where the global food chain is harmed, starting from
the phytoplankton that ingests these microplastics,
then the larger zooplankton, fish, and crustaceans
consume them. Subsequently, these marine lives are
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then consumed by humans, and thus microplastics are
ingested—Ileading to health risks (De-la-Torre et al.
2021; Torres-Agullo et al. 2021).

The concentration of disinfectants in domestic
wastewater has also increased, which may generate
toxic by-products; discharging wastewater polluted
with excessive disinfectants and their by-products
into surface water through drainage pipe networks
can exacerbate existing environmental and ecological
problems to levels that are not yet being recognized
(Chu et al. 2021; Li et al. 2021).

Food security

Economic and social shocks can have significant con-
sequences for food security and undernutrition (Stud-
dert et al. 2001; Brinkman et al. 2009; Yngve et al.
2009; Vilar-Compte et al. 2015; Loopstra et al. 2016),
and increasing food security and landscape multi-
functionality could contribute to urban sustainability
(Clark and Nicholas 2013). COVID-19 has placed
unprecedented strains on global food supply chains.
The highly integrated global food system is vulner-
able to instability, leading to global food price vola-
tility and uneven regional resilience to price spikes
(Falkendal et al. 2021). Supply chains are complex
and often stretch across international borders, involv-
ing the trade of agricultural inputs, widely distributed
farming activities, storage and processing in large-
scale facilities, and transportation and retail of food
products to consumers. As agriculture dwindles in
many low and middle-income countries, so does their
food security. The types of products that they grow
include wheat, maize, and rice, all of which are pri-
mary food sources that high-income countries require
for the industry needs. Consequently, the steps and
processes are backed up from raw materials to pri-
mary consumers. In China, as just one example, soy-
beans imported from the US may be processed in one
province—and the processing plant itself may be a
subsidiary or jointly owned by an international corpo-
ration—used as poultry feed in another province, and
the poultry exported to South Korea (Hawkes et al.
2009; Sun et al. 2018; Haque et al. 2021).

Short-term shocks to the food supply chain
during COVID-19 have been significant, includ-
ing panic buying or stockpiling, shifting patterns
of food purchasing from restaurants and schools
to food markets, labor shortages stemming from
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infections among domestic workers and policies
targeting migrant workers, and difficulties in trans-
porting agricultural and food products due to move-
ment and trade restrictions (Hobbs 2020). In China,
these shocks have led to higher prices for many
types of food, especially fresh produce and animal
products such as meat, fish, and eggs (Dou et al.
2020). Whether and how these short-term impacts
will translate to long-term effects is uncertain, but
these trends are intersecting with global economic
forces that are disproportionately impacting groups
that are already disadvantaged concerning nutrition
and health (Béné et al. 2021).

The agriculture sector in China has experienced
labor and input supply challenges stemming from
quarantine policies. Restrictions on travel and
movement led to shortages in labor supply, fertiliz-
ers, pesticides, and the inability of farmers to move
agricultural products to storage, slaughterhouse, and
markets (Martin 2020b; Antwi et al. 2021). Early
data suggest that rural areas experienced drastically
higher unemployment rates and reduced income
than urban areas during the lockdown, resulting in
undernutrition (Kartari et al. 2021). Higher food
prices across the country increased concern for and
experience of food insecurity in many areas (Dou
et al. 2020).

Reductions in international food trade exacerbated
domestic supply issues, particularly for soybeans,
which are critical for animal feed and cooking oil pro-
duction in China, and pork, following steep declines
in the domestic supply in 2019 due to the African
swine fever epidemic (Thukral et al. 2020; You et al.
2021). Countries, including Russia, Kazakhstan, and
Cambodia, have imposed export bans on their staple
crops to protect domestic supplies. Although not cur-
rently a threat to China’s ability to import sufficient
crops, such actions can escalate global trade crises,
cause global spikes in food prices, and further desta-
bilize the supply chains that countries rely upon to
meet population nutritional needs (Zhao et al. 2021).
China has thus far mitigated the effects of the pan-
demic on the food trade by increasing market access
and easing customs and quarantine procedures for
imports (Martin 2020b). Looking ahead, China is pre-
paring for further international supply disruptions by
increasing national stores of essential crops and insti-
tuting policies to increase domestic agricultural pro-
duction (Lu et al. 2022).
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Energy production and consumption

The comprehensiveness of pandemic-induced lock-
down regimes across the world has had significant
implications for energy use. Indeed, countries that
have been placed under total lockdown—i.e., restric-
tions on travel and movement and stay-at-home
orders for all non-essential workers—have expe-
rienced an average decline in energy demand of
approximately 25% per week, with an estimated 18%
decline for countries in partial lockdown (Dawn et al.
2022). Daily data until 14 April 2020 for 30 countries
that constitute over two-thirds of the global energy
demand show that this demand depression has been a
function of the duration and stringency of lockdowns
(Lazo et al. 2022). Global energy demand fell by
3.8% in the first quarter of 2020, with the most signif-
icant drop occurring in March as confinement meas-
ures began to be enforced in Europe, North America,
and elsewhere (Gollakota and Shu 2023).

Coal and oil, the most widely used fossil fuels, and
transportation and industry lifeblood saw unprece-
dented declines. Global coal demand in the first quar-
ter of 2020 dropped by almost 8% compared with the
first quarter of 2019 (Koca and Geng¢ 2020). There
were three primary drivers. First, China’s coal-based
economy (coal accounted for 57.7% of the national
energy mix in 2019) was the first to be stricken by
COVID-19, going into complete lockdown through
most of the first quarter (Tu 2020). Second, the lower
demand for coal was exacerbated by concomitant low
gas prices and the continued growth of renewable
energy (Corbet et al. 2020). Finally, mild weather
in China and many other countries meant decreased
demand for coal during a period where coal-fired
heating is usually standard. Even in Europe, where
lockdown measures were enacted in a more frag-
mented fashion across countries, coal-based power
generation fell by 37 GW in April 2020 (or a drop of
12% compared to the 5 previous years) (Werth et al.
2021).

The oil demand also experienced a precipitous fall
of nearly 5% in the first quarter of 2020 (Gollakota
and Shu 2023). This fall was primarily due to the cur-
tailment of automobile use and low commercial avia-
tion traffic, accounting for nearly 60% of the global
oil demand (Abu-Rayash and Dincer 2020; IEA
2020). By the end of March 2020, global road trans-
port activity was almost 50% below the 2019 average,

and aviation was 60% below (IEA 2020). In Europe
alone, oil-based power generation was reduced by
approximately one-third (IEA 2020). The impact of
the pandemic on demand for natural gas, the third pri-
mary fossil fuel, was more moderate, inducing a drop
of around 2%, as natural gas-based economies such as
Russia and Germany were not strongly affected in the
first quarter of 2020 (Alam et al. 2023).

Like the demand for transportation fuels, the elec-
tricity demand has fallen significantly. Electricity
demand has been depressed by 20% or more during
periods of total lockdown in several major econo-
mies, with the demand curve through much of the
first and second quarters of 2020 resembling that of
a prolonged Sunday when usage is typically lowest
(IEA 2020). As a result of lockdown-induced lifestyle
and job requirement changes, people have spent much
more time at home, increasing the residential load
demand for electricity. However, this was insufficient
to balance the substantial, concomitant decreases in
commercial and industrial loads.

Demand fell for all sources of electricity except
renewable energy, which was the only energy source
that posted growth in demand in 2020, driven by
larger installed capacity and priority dispatch, or
the obligation of operators to transmit energy from
renewable sources ahead of other sources (Stri-
elkowski et al. 2021). Despite a fall in overall elec-
tricity consumption, the demand for renewable energy
increased by about 1.5% in the first quarter of 2020,
primarily as a result of wind and solar projects com-
pleted over the previous year, but also due to the
preferential access to power grids under “priority
dispatch” regulations in most major economies (IEA
2020). Renewables are expected to be the only energy
source that will grow in 2020, although the projected
growth rate of 5% will be lower than in previous years
(IEA 2020).

Education

The pandemic has severely impacted education and
associated lockdown measures like other social and
economic aspects. In response to COVID-19, at least
107 countries had implemented national school clo-
sures as of 18 March 2020. However, analysis of
data from the 2002 to 2003 SARS outbreak in main-
land China, Hong Kong, and Singapore suggested
that school closures do not necessarily contribute to
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the control of disease spread, with modeling stud-
ies producing conflicting results (Viner et al. 2020).
Recent modeling studies of COVID-19 have pre-
dicted that school closures alone could only prevent
2-4% of deaths, which, while not insignificant (espe-
cially on humanitarian grounds), was not as system-
atically effective as other social distancing policies.
Other, less disruptive social distancing interventions
in schools merit further consideration if restrictive
social distancing policies are implemented for long
periods (Viner et al. 2020).

As with work-from-home regimens sustained by
digital networks, “online classrooms” have become
increasingly widespread in many countries in
response to pandemic lockdowns. Students can access
important documents and lectures through online
platforms in most cases. This “learn-from-home”
approach may become increasingly normalized even
after the pandemic has abated and students return to
their physical classrooms. A significant limitation
is that socioeconomic inequalities mean that not all
schoolchildren have reliable internet access at home,
even in affluent countries. These issues of differential
accessibility and, consequently, an opportunity could
have long-term impacts on educational attainment
(Gecaite-Stonciene et al. 2021; Neuwirth et al. 2021).

Vulnerability to COVID-19

COVID-19 has revealed sharp health disparities and
had more significant impacts on highly vulnerable
regions and populations, including those who were
disproportionally exposed and highly susceptible to
severe COVID-19 infection. Vulnerability describes
the susceptibility of a given population, system,
or region to harm from exposure to the hazard and
directly affects the ability to prepare for, respond to,
and recover from hazard and disasters (Adger 2006;
Cutter et al. 2009). It is clear that there exists signifi-
cant dynamic vulnerability to COVID-19. That is, a
region or person not considered vulnerable at the out-
set of a pandemic can become vulnerable depending
on the policy response. Differences in socioeconomic,
demographic, and spatial contexts, such as income
and access to medical resources, race/ethnicity, and
proximity to outbreak epicenters, result in different
levels of exposure to the pandemic and capacity to
treat infections.
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Spatial inequalities

The impact of COVID-19 on any region is not spa-
tially uniform, with geographical factors profoundly
influencing individuals’ risks through various chan-
nels (Yang et al. 2021a; Huang et al. 2022; Zhang
et al. 2022b). Economically disadvantaged places
often lack sufficient spatial access to healthcare
services, which could worsen during public health
emergencies when access to testing is crucial
(Yang et al. 2021b; Jia et al. 2022). For example,
rural areas and low-income urban neighborhoods
frequently face shortages of healthcare providers
including different levels of healthcare facilities
(e.g., hospitals, primary healthcare centers, pharma-
cies), resulting in delayed diagnosis and treatment
(Pirisi 2000). It is particularly true in China, where
some municipalities and provinces, such as Shang-
hai, Beijing, and Tianjin, generally have greater
proximity to the nearest primary healthcare cent-
ers; in contrast, regions such as Tibet, Guizhou,
and Guangxi, have lower proximity to the nearest
primary healthcare centers (Jia et al. 2022). Also,
rural hospitals in the United States are often under-
resourced and face significant financial challenges,
affecting their ability to respond to COVID-19
effectively (Mueller et al. 2021).

Additionally, individuals in remote areas or under-
served urban communities may lack access to reli-
able sources of information, making them more
susceptible to misinformation and hence disregard
health advisories from governments. For example,
during COVID-19, village-level data from Sichuan
Province of China revealed that households with
lower socioeconomic status were more vulnerable to
the pandemic, highlighting disparities in the access
to resources and resilience capacities (Ur Rahman
et al. 2021). Rural populations in the United States
faced challenges in accessing reliable Internet ser-
vices, which has impeded them to receive timely and
accurate public health information (Bekemeier et al.
2023). The uneven spatial distribution of healthcare
resources and infrastructure could therefore create
substantial disparities in health outcomes during epi-
demics; unequal spatial access to healthcare and test-
ing facilities, often exacerbated by socioeconomic
factors, could lead to higher infection rates and poorer
health outcomes in disadvantaged areas (Rocha et al.
2021).
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In addition to the access to healthcare services and
information sources, population outflows and urban
resilience also exhibit significant spatial inequalities.
For instance, population outflows from the outbreak
regions of COVID-19, posed elevated risks to desti-
nation regions, highlighting how spatial dynamics
and mobility patterns exacerbated inequalities (Qiu
et al. 2020). In China, urban resilience is higher in
eastern regions, urban agglomerations, and larger
cities than in central and western regions, non-urban
agglomerations, and smaller cities (Wang et al.
2023). This uneven distribution of resilience under-
scores disparities in the infrastructure and economic
development. Furthermore, the factors impeding the
improvement of urban resilience have evolved over
time, such as economic status and education, leading
to more severe spatial inequalities.

Social inequalities

Intertwined with spatial inequalities, social inequali-
ties further exacerbated the risks and impacts of
COVID-19. Many workers in the lowest-wage sectors
(e.g., food and delivery systems) are deemed “essen-
tial” and continue to risk their lives to keep society
functioning. Major supermarket chains have reported
employee deaths, and the soaring rates of infection in
meatpacking plants reveal an industry-wide lack of
attention to the safety of their workforces, who have
had to strike for paid sick leave, sanitization proce-
dures, and basic protections like hand sanitizers. In
the US, for instance, people of color (e.g., African
and Latin Americans) are over-represented in those
sectors, thus magnifying the risk for those in already
vulnerable socioeconomic groups (Devakumar et al.
2020). In pandemic conditions, those who perform
this “essential” work and remain unprotected physi-
cally, socially, environmentally, and financially face
elevated risks of infection and mortality rates.

During the COVID-19 lockdown, school closure
and the transition to online learning exacerbated the
existing education gaps, particularly for children from
low-income families who had limited access to digi-
tal devices and reliable Internet service (Cruz 2021).
This is especially pronounced in rural areas of China,
where inadequate infrastructure and resources have
left many students at a disadvantage, further entrench-
ing long-term educational inequalities (Zamir and
Wang 2023).

Socioeconomic status played a pivotal role in
shaping vulnerability to COVID-19. Lower-income
households often lack the financial flexibility to
stockpile supplies or access private healthcare,
leaving them more exposed to disruptions during
the pandemic (Li et al. 2023). Additionally, limited
financial resources constrain individuals’ ability to
seek timely medical treatments or adopt preventive
measures, such as purchasing personal protective
equipment or maintaining proper hygiene (Cheng
et al. 2021). Furthermore, socioeconomic status
influenced mental health during COVID-19. Finan-
cial stress and job insecurity were significantly
correlated with the increased anxiety and depres-
sion among the disadvantaged groups (Brown et al.
2022). These challenges underscore the need for tai-
lored measures of social protection to mitigate the
impacts of socioeconomic status-related disparities
during public health emergencies.

Disparate health outcomes can reflect differ-
ent comorbidities, behavior sets, and other factors
determined by broader social conditions. The expe-
riences of ethnic minority communities in western
countries are illustrative. There have been increased
morbidities and mortalities in Black and other
minority groups in previous pandemics; especially
during COVID-19 in the US and the UK (Zhao
et al. 2015; Richardson et al. 2020). Furthermore,
in the UK, it has been found that South Asians have
higher rates of some comorbidities (e.g., diabetes,
hypertension, cardiovascular diseases) compared to
Europeans. These comorbidities have been associ-
ated with severe disease and mortality in COVID-
19 (Tillin et al. 2013). Moreover, ethnicity can be
a factor in spreading viruses through its associa-
tion with socioeconomic status. However, it may
also interact with cultural differences such as spe-
cific health-seeking behaviors and intergenerational
cohabitation. Furthermore, it may be challenging to
disentangle given the complexity of social dynam-
ics and the interactions (Pareek et al. 2020). Under-
standing the roles played by social inequalities
in pandemic risk will require studies quantifying
absolute risks and outcomes in these disadvantaged
groups, as well as qualitative studies of behav-
iors and responses to pandemic control messages
(Pareek et al. 2020).
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Housing and living conditions

The ability to engage in physical distancing is sen-
sitive to one’s housing conditions (e.g., whether
to live in a detached home or an apartment block),
health status (e.g., whether to need regular hospi-
tal visits), the population density of the surround-
ing neighborhood, and other environmental condi-
tions (Yang et al. 2021d). The primary strategies
recommended for the prevention of COVID-19—in
particular social distancing and frequent handwash-
ing—may be difficult or impossible to follow for
those in crowded living conditions or with inad-
equate access to clean water (Chia et al. 2021). For
example, incarcerated persons may encounter una-
voidable close contact in densely populated, poorly
ventilated, and unsanitary facilities, with restricted
movement and limited medical care (Kinner et al.
2020). Practical challenges of physical distanc-
ing and quarantining are abundant for those with-
out shelter and populations in urban slums, where
people may congregate in informal settlements,
and where there is shelter, multiple people may
share a room, and multiple households rely on the
same limited infrastructure. Enforcement of lock-
downs has been accompanied by an increase in the
authoritarian behavior of the police, with the poor
experiencing brutal civil rights violations as docu-
mented in India, Nigeria, Kenya, South Africa, and
elsewhere (Cash and Patel 2020). In sharp contrast,
lockdowns can impose little more than an incon-
venience for the affluent members of such socie-
ties (Cash and Patel 2020). Policies to control the
pandemic and restore stability and prosperity must
explicitly account for these differences in vulnera-
bility, lest they create or exacerbate social injustice.

Rural settings also face infectious disease risks,
although these may arise from different factors. For
instance, rural areas tend to have fewer health care
resources and may experience increased risk if there
is a flight from urban areas due to pandemic con-
cerns. In India, for instance, lockdown measures in
cities prompted tens of millions of migrant workers
to return to their village homes, potentially spreading
COVID-19 along the way and into vulnerable rural
communities. Effective pandemic containment poli-
cies must therefore address the potential risks in rural
and peri-urban areas in addition to those in urban
centers (Ranscombe 2020).

@ Springer

The ability to access nature within one’s living
environment serves as a mitigating factor in coping
with the stressors and impacts of COVID-19 on men-
tal health. For instance, research has demonstrated
that contact with nature—whether through views of
green spaces or the presence of plants in the home—
can alleviate anxiety, depression, and other psycho-
logical stressors associated with confinement and iso-
lation during the pandemic (Garrido-Cumbrera et al.
2023). Similarly, having indoor plants has been linked
to one’s improved mood and reduced stress during
lockdown periods, underscoring the therapeutic value
of green environments in homes (Pérez-Urrestarazu
et al. 2021). An increasing body of evidence reveals
that contact with blue-green spaces may positively
affect mental health and aid individuals in coping
more effectively with lockdown measures (Pouso
et al. 2021; Garrido-Cumbrera et al. 2022; Grace
et al. 2024). The importance of incorporating natu-
ral elements into housing and urban planning is evi-
dent, as green space could not only improve physical
well-being, but also enhance mental resilience during
crises like COVID-19. Policies aimed at improving
housing conditions must therefore consider the inte-
gration of natural space to promote both physical and
psychological health.

Health systems

Infectious disease reporting, an essential component
of a health system, is generally subject to inherent
time lags and can therefore have limited value for
identifying early risks and issuing warnings prior
to public health emergencies. Although most coun-
tries have set guidelines and defined procedures
to counter the spread of infectious diseases such
as COVID-19, most have been ill-prepared to deal
with the pandemic’s abruptness, scale, and pace.
Improving protocols and infrastructure for how pub-
lic health professionals should initiate work, assess
risk, release information, and investigate and man-
age infected cases in the event of a major crisis such
as COVID-19 should be a priority for future public
health policy. For example, the national intelligent
syndromic surveillance system (NISSS) has been
considered necessary in the era of infodemiology
to detect early and tackle the epidemic quickly and
forecast the outbreak accurately and robustly at the
early stage of the epidemic (Jia and Yang 2020a, b).
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The NISSS expects to identify early risks based on
information about patients’ symptoms (e.g., cough,
fever, shortness of breath) during the early phases
of illness and surrogate data indicative of early ill-
ness (e.g., school or work absenteeism data, unex-
pected avian deaths). Identifying early risks would
first involve a central data bank integrating multiple
data sources. Then, an artificial intelligence-based
analytical core to support decision-making. Further-
more, a location-based service system that enables
real-time and geo-tagged communication between
public health officials/professionals and citizens is
expected to be implemented. By informing multiple
stakeholders (e.g., health officials, hospitals, citi-
zens), immediate actions to curb the epidemic at the
first moment are possible (Yang et al. 2021c).

In China, although the absolute level of public
health investment has grown, its proportion over the
total health expenditure has decreased since 2009.
The country has developed large-scale infectious dis-
ease surveillance and reporting system. However, a
higher proportion of public health investment (includ-
ing programs that target infectious disease risks)

% Public health expenditure in China
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- = % of GEoH over the fiscal expenditure

++ % of GEoH over the GDP
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% of GEoH over the healthcare cost
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would likely have improved the country’s detection of
and response to the recent pandemic (Fig. 1).

In the ongoing pandemic, frontline containment
efforts are being carried out by medical profession-
als in hospitals, clinics, and temporary treatment
locations (Chen et al. 2020d; Li et al. 2020b). These
individuals are at high risk of infection and have
experienced substantially elevated COVID-19 inci-
dence rates (Pan et al. 2020). For instance, China’s
National Health Commission reported that more than
3300 healthcare workers had been infected by early
March 2020, with at least 22 deaths; in Italy, 20% of
responding healthcare workers became infected, also
attended by a relatively high number of deaths (Lo
and De Angelis 2020). As the pandemic worsened,
access to PPE for health workers became a key con-
cern, although it can be supplemented by storage,
deployment, and expansion of production capacity.
While certain countries (e.g., China, which is also the
world’s leading producer of PPE) had readier access
than other countries globally—numerous others
affected by shortages. Additionally, the available PPE
often did not meet safety requirements in the early

% of PHSF over the healthcare cost
% of PHSF over the fiscal expenditure

% of PHSF over the GEoH

% of free medical insurance over the GEoH
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Fig. 1 Changes in public health expenditure during 1978-2018 in China (GEoH: government expenditure on healthcare; PHSF:

public health service fund)
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epicenters of the pandemic in the US; some doctors
and nurses even had to improvise face shields and res-
pirators using everyday products (Lo and De Angelis
2020).

Other strains on healthcare systems have com-
pounded this lack of PPE (Care and Relief 2020). In
many countries, the influx of patients has led to insuf-
ficient hospital beds and ICU spaces and low staff-to-
patient ratios. Doctors may decide who can receive
critical care in these conditions and who cannot.
These challenges are acute in low/middle-income and
high-income countries where critical care and pallia-
tive care services are the most significant shortages.
Palliative care, which is under-resourced at the best
of times, is critical to the elderly population, which
are among the most vulnerable groups to COVID-19.
The 2017 Lancet Commission on Palliative Care and
Pain Relief described the widespread lack of access
to inexpensive and effective interventions across the
world as a travesty of justice.

Furthermore, today, the worst pandemic in over a
century has intensified pre-existing stresses on health-
care systems that provide safe and effective palliative
care, including end-of-life care. The lack of health-
care resources, including human resources and clini-
cal equipment, is challenging to supplement quickly.
Therefore, after the worst of the pandemic has passed,
much more significant investment in healthcare
resources, from ensuring adequate stockpiles of PPE
to more outstanding training for and promotion of
palliative care, should be a priority for governments.
Pandemic preparedness should be another focus by
increasing the capacity for infectious disease surveil-
lance, contact tracing, and public education.

Risk perception and public understanding

Supporting public understanding of COVID-19 has
been critical for enacting and enforcing containment
policies. The public perception of risk influences
has increased willingness to comply with regula-
tions (e.g., stay-at-home orders, travel restrictions)
and population-level morale. Governments must be
mindful of these dynamics as they design and imple-
ment policies, mainly how to communicate relevant
information in a timely and understandable way to the
public (the US CDC, for instance, has a training pro-
gram on public communication during public health
emergencies: https://emergency.cdc.gov/cerc/).
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We have conducted a nationwide survey in
China under a repeated cross-sectional design,
to study changes in residents’ risk perception of
COVID-19 at the early (W1, 21-23 January), mid-
dle (W2, 27-28 February), and late stages (W3,
24-27 March) of COVID-19, using a snowball
sampling method to recruit 2144, 2021, and 1211
participants, respectively (Table 1). When the
health agency responses to the outbreak became
more effective in China, residents’ perceived sus-
ceptibility and severity significantly decreased.
Their importance to the epidemic also fell,
although remaining high (Fig. 2). Trust in official
media platforms (e.g., Xinhua News, China Cen-
tral Television) gradually increased with time. The
official media eventually became the most trusted
information source by the Chinese public (Fig. 3).
The results from two rounds of surveys—in which
residents of Wuhan were represented at 7.6% and
14.8%—suggested that government information
helped inform and improve public perception of
the disease risks and encouraged compliance with
policies.

Global risk perceptions and public understand-
ing varied significantly across geographical regions
and cultural contexts. For instance, in Europe, trust
in government and health authorities was found to
influence the compliance with COVID-19 contain-
ment measures, such as in Germany, where public
trust was relatively high, saw better compliance
compared to countries like Sweden, where trust was
lower (Bargain and Aminjonov 2020). Similarly, a
study in the United States highlighted that political
polarization affected public perception and adher-
ence to health guidelines (Rothgerber et al. 2020).
Different political groups exhibited varying lev-
els of trust in the information provided by health
authorities. Specifically, compared to progressiv-
ism, conservatism showed a contrasting level of
compliance with behaviors aimed at preventing the
spread of COVID-19. In African countries, the pub-
lic’s risk perception and understanding of COVID-
19 were shaped by previous experiences with
infectious diseases like Ebola, leading to higher vig-
ilance and quicker adoption of preventive measures
in those regions with such experiences compared to
those without (Blanco-Penedo et al. 2023).
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Table 1 ‘So'ciodemographic Characteristics Number (%)
characteristics of the
national survey W1 (n=2144) W2 (n=2021) W3 (n=1211)
Age (year)
<20 126 (5.9) 251 (12.4) 135 (11.1)
>20-30 970 (45.2) 494 (24.4) 426 (35.2)
>30-40 720 (33.6) 666 (33.0) 351 (29.0)
>40-50 257 (12.0) 403 (19.9) 193 (15.9)
>50-60 64 (3.0) 145 (7.2) 82 (6.8)
>60 7(0.3) 62 (3.1) 24 (2.0)
Sex
Male 804 (37.5) 841 (41.6) 540 (44.6)
Female 1340 (62.5) 1180 (58.4) 671 (55.4)
Educational level
High school and below - 207 (10.2) 106 (8.8)
Bachelor - 1225 (60.7) 622 (51.4)
Graduate and above - 589 (29.1) 483 (39.8)
Urbanicity
Urban - 1795 (88.8) 1103 (91.1)
Rural - 226 (11.2) 108 (8.9)
5.00 4.64 4.59
4.00
3.00
1.98
2.00 1.83
1.00
0.00
January 21-23 February 27-28 March 24-27
—®— Domestic severity Global severity Susceptibility —@— Self-efficacy —@— Attitude

Fig. 2 Changes in the perception of risk of COVID-19 during the early phase of COVID-19 in China (the Y-axis is a unitless scale

of 5, with 1 being weakest and 5 being strongest)

Environmental conditions

Recent analysis has shown that 78% of deaths across
66 administrative regions in Italy, Spain, France, and
Germany occurred in the five most polluted regions
(Ogen 2020). Persistent exposure to air pollution is

likely to impair respiratory health, exacerbating the
potential effects of COVID-19 infection. Large urban
centers, such as the major industrial cities of China,
may host large populations of vulnerable individuals
owing to the effects of prior air pollution exposure
(Qin et al. 2024). Moreover, more heavily polluted
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Fig. 3 Changes in Chinese residents’ trust in information sources of major media platforms (the Y-axis is a unitless scale of 5, with

1 being weakest and 5 being strongest)

regions usually have higher population density and
poorer PPE conditions, resulting in higher incidence
rates and case facility rates of COVID-19 in those
regions. Indoor air pollution, a severe risk for rural
and urban populations in developing countries, such
as India, could also exacerbate COVID-19 health
impacts. More in-depth ecological and epidemio-
logical research is needed to identify the associations
between both outdoor and indoor air pollution and
with vulnerability to and incidence rates of COVID-
19, as well as spatial patterns of comorbidities related
to COVID-19.

In addition to air pollution, other environmen-
tal problems could affect COVID-19 spread, such
as water and soil pollution that may arise from the
increasing use of plastics and drugs. Wastewater
could contribute to the transmission of infectious
diseases, weakening populations and increasing their
vulnerability to severe outcomes from COVID-19
(Kataki et al. 2021). Contaminated water sources can
worsen pre-existing health conditions and impede
efforts of hygiene practices implemented to curb the
spread of COVID-19.

Meteorological conditions also play crucial roles
in the transmission dynamics of COVID-19. Signifi-
cant outbreaks have tended to occur in places that
generally experience cool, dry weather. The lipid
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bilayer envelope surrounding coronaviruses makes
them more susceptible to heat, leading to seasonal
patterns in case numbers. Most established coronavi-
ruses exhibit winter seasonality, and similar patterns
have been observed for SARS-CoV-2 (Dowell and Ho
2004; Liu et al. 2021; Zoran et al. 2021). Research
has shown that SARS-CoV-2 can survive for up to
72 h on hard surfaces like plastic and stainless steel
at temperatures between 21 and 23 °C and in relative
humidity of 40%, although these findings occurred
in a laboratory setting, and other factors could influ-
ence real-world transmission risks (Hu et al. 2021).
Moreover, it was found that COVID-19 increases its
transmission during high humidity and low tempera-
tures during winter, while high temperature and low
humidity during summer can reduce the transmission
of COVID-19 (Coccia 2022; Yin et al. 2022).

Political processes and governance

A necessary perspective in public health emergency
and risk management is the worst-case scenario,
i.e., the most severe pandemic for which the public
health institutions should be prepared. Such strate-
gic planning could prepare for and minimize contin-
gencies that may result in many issues. These issues
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include lack of healthcare resources, mental issues
due to social distancing measures, unusual weight
gain due to eating disorders and lack of physical
activity, declines in academic functioning due to
school closure, etcetera (Venkatesh and Edirappuli
2020; Yu et al. 2021; Luo et al. 2022a,b; Yang et al.
2022; Zhang et al. 2022a). Also, it is vital to inter-
rupt the emergence of new infectious diseases by
refraining from the consumption of wildlife, with
legislation being only part of the solution. The ulti-
mate solution lies in changing people’s consump-
tion habits. In response to the outbreak of COVID-
19, China’s government banned all forms of wildlife
transaction, accompanied by official and civil soci-
ety outreach to explain the risks involved in con-
suming wildlife. Biodiversity conservation, from
regulating or banning the wildlife trade to protect-
ing natural habitats, can mitigate the flow of disease
pathogens between humans and other animals (Jia
et al. 2021a; Li et al. 2020a).

It is also vital to conduct continuing surveillance
and interventions to contain COVID-19 eventu-
ally (Chen et al. 2020c; Hao et al. 2020; Tian et al.
2020). Although many government responses have
thus far been uneven, short-term, and reactive, there
has been an overall consensus to prioritize the protec-
tion of human life over economic prosperity (Chen
et al. 2020b, 2021c). There will likely be a public
stock-taking of what constitutes effective action once
the pandemic is over. A broader change in political
prerogatives, and which has already been evinced by
the willingness of so many national governments to
undertake lockdown measures on economic activities,
is the recognition that the primary role of a govern-
ment is to serve and protect its people—that matters
of health, life and death should be prioritized over
GDP. Such a change could be based on the principles
of reciprocal rights and responsibilities that form the
basis of many political systems worldwide (although
they are inconsistently followed). Interconnected-
ness and interdependence among local communities
and countries will become an increasingly undeniable
fact for governance. Additionally, the importance of
well-resourced and well-prepared healthcare and pub-
lic health systems will likely rise on political agen-
das (Chen et al. 2021a, 2020a). If so, a renewed and
expanded social contract, with health at the center,
could well be a lasting political legacy of COVID-19
(The Lancet 2020).

Conclusions

COVID-19 has had systemic and far-reaching impacts
across all sectors of society, affecting regions and
populations unevenly. It highlights the need for more
comprehensively understanding and documentation
of existing processes and mechanisms, including
structural determinations of population health and
health system, to better guide future decision-making
(Sachs et al. 2021). While short-term solutions to
COVID-19 are essential, the long-term consequences
of COVID-19 necessitate systems thinking and sig-
nificant reforms to mitigate future risks. Integrating
landscape sustainability science with SDGs offers a
framework for these necessary reforms, so multiple
SDGs related to pandemic prevention could be bet-
ter coordinated and mutually achieved, such as good
health and well-being (SDG 3), quality education
(SDG 4), sustainable cities and communities (SDG
11), and partnerships for the goals (SDG 17).

This review has summarized many of the lessons
of COVID-19—by pointing to various deficiencies
of current systems. However, the full consequences,
for example, in mental health, ecology, economy, ine-
quality, or global and local governance, will unfold in
the coming years. By revealing both the fragility and
the intricate nature of our current systems, COVID-
19 has further highlighted the importance, breadth,
and comprehensiveness of the 17 SDGs. Sustained
cross-country and cross-sector efforts to address
these SDGs will lessen the impacts of COVID-19
and reduce the burden of future pandemics. However,
this study is a scoping review wherein, for example,
we neither adopted a search strategy for systematic
reviews nor used experimental or quasi-experimental
methods to evaluate causal impacts of COVID-19.
Also, this review was conducted by a COVID-19
expert panel formed at the early stage of COVID-19,
mainly including opinions from China, North Amer-
ica, and Europe. As COVID-19 has been spreading
over nearly all countries and continues to evolve at a
rapid pace in some regions and raise new problems
in various populations, it will be necessary to revisit,
extend, and update these opinions later by a larger,
more interdisciplinary panel from more countries.
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