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Coronavirus disease 2019 (COVID-19) pandemic caused by
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), first reported in December 2019, from Wuhan,
China, has been declared as health, social and economic
disaster unlike any other since World War II. The irrevers-
ible socio-economic changes brought by the pandemic have
already disrupted the efforts to achieve the Sustainable
Development Goals (SDGs) and even reversed the progress
of some goals such as food security, inequality, health and
education systems, economy, biodiversity, and environment
conservation. Although some species of coronaviruses are
well known as human pathogens, for example, severe acute
respiratory syndrome coronavirus (SARS-CoV) and mid-
dle east respiratory syndrome coronavirus (MERS-CoV),
both of which caused outbreaks in very recent past, yet man-
kind was caught by surprise and under-preparedness after
the arrival of the contagion, COVID-19. It is important to
research upon what went wrong because of which a novel
virus ran through the globe and overwhelmed the health
system in almost all the countries. Yes, there are successes
seen in vaccine development and health systems, but have
we learnt about the root cause of such pandemics related to
frequent arrival of zoonotic pathogens in human population?

‘Anthropocene epoch’ with human population touching 8
billion, and anthropogenic activities causing huge impact on
natural ecosystems have resulted in a raging environmental
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pandemic on the planet since last few decades. This has
resulted in several issues including the transmission of novel
zoonotic microbes to humans. As per World Health Organi-
zation (WHO) about 70% of the novel pathogens arriving
in human population are zoonotic in nature. Research has
shown that novel coronavirus is a zoonotic virus and most
likely was transmitted to humans from wild animals. Bats
and pangolins are the most common reservoirs of the coro-
naviruses. With a loss of around seven million hectares of
dense forests each year; one million animal and plant spe-
cies on the verge of extinction; world heading towards 3.2 °C
rise in temperature by the end of this century; 75 per cent
of the terrestrial and 66 per cent of marine areas being dis-
turbed; the arrival of a zoonotic microbe in human popu-
lation is becoming ever more likely (Mishra et al. 2021).
The breaching of multilayered protection system of natural
ecosystems due to deforestation, fragmentation of habitats,
biodiversity loss resulting in extinction of natural hosts and
climate change are the key factors driving the movement
of zoonotic pathogens. Additionally, unplanned urbaniza-
tion, easy transportation, poorly managed “wet markets” or
slaughterhouses, trade in bush meat, warmer environment
due to climate change and unorganized livestock cultiva-
tion are important factors as well. Global warming result-
ing in melting of permafrost is a warning sign for arrival of
novel pathogens which are dormant since ages (Hofmeister
et al. 2021). Apart from the environmental factors there
are other challenges associated with a novel virus such as
SARS-CoV-2. The development of mutants due to high rate
of infection in the population is a challenge. Mutants can be
more contagious, dangerous and may result in lower effec-
tiveness of the vaccines. The pandemic is still in a dynamic
phase and strategies must be developed accordingly to tackle
the ever changing situation due to the virus. We need to
be ahead of the evolving virus to control the pandemic as
early as possible. In February 2021, International Science
Council (ISC) has already established a multidisciplinary
Oversight Panel with experts and technical team to report
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every 6—8 months about the possible scenarios developing
due to COVID-19.

The positive aspect of COVID-19 pandemic has been the
development of diverse vaccines based on different princi-
ples and platforms, in a very short response time. Some of
these are novel vaccines. The mRNA technology is used for
the first time to develop a vaccine. This may revolutionize the
vaccine development in future for other deadly diseases and
novel pathogens. The nimble plug-and-play concept along
with faster development than conventional methods, mRNA
technology can be the new dawn to curb future pandemics
(Ball 2021). The vaccines approved by WHO (for COVID-
19) are using various technologies; Moderna-mRNA-1273,
Pfizer/BioNTech-BNT162b2 (both m-RNA based), Janssen
(Johnson & Johnson)-Ad26.COV2.S (non-replicating viral
vector), Oxford/AstraZeneca AZD1222 (non-replicating
viral vector), Serum Institute of India-Covishield (Oxford/
AstraZeneca formulation; non-replicating viral vector),
Sinopharm (Beijing)-BBIBP-CorV (Vero Cells; inactivated
virus), Sinovac-CoronaVac (inactivated virus). There has
not been any other pathogen/ disease for which such a wide
variety of vaccines are available. National Institute of Health
(NIH), United States, has already suggested the concept of
booster dose to enhance the immunity against the variants
of novel coronavirus. Also, National Institute of Allergy
and Infectious Diseases (NIAID) collaborating with vac-
cine giant-Moderna has developed tweaked version of vac-
cine specifically for variants. Although a number of vaccines
have been approved by WHO and several others rolled out
by various countries, still there is inequality as far as avail-
ability (of vaccines) and vaccination of population is con-
cerned in different parts of the globe. While in some of the
low and middle income countries less than 5% population is
vaccinated, on the other hand there are countries which have
already vaccinated more than half of their population. This
inequality can lead to delay in controlling the pandemic and
may also result in development of dangerous mutants which
can even dodge the vaccines. Responding to the variants,
epidemiologists and virologists propose the requirement of
robust genomic and environmental surveillance system in
order to halt the rampant spreading of viruses and detect the
change in mechanism of transmission and even their influ-
ence on vaccination.

In last one year, molecular diagnosis of COVID-19 has
also seen tremendous growth in technological upgradation
and use. Till now, reverse transcription polymerase chain
reaction (RT-PCR) based detection has been the most pre-
ferred and accepted diagnostic method, while serologi-
cal—rapid antigen test, along with the use of metagenomic
next generation sequencing (NGS) have aided testing and
characterizing of SARS-CoV-2 RNA. The open platform
Global Initiative on Sharing All Influenza Data (GISAID)
already reports around 4,87,487 genome sequences of
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SARS-CoV-2 virus across the globe (Joint WHO-China
Study Team report 2021). Experts opine that without “de-
identified meta-data” of patients from where the sequences
were isolated, the modern genomic technology would be
incapable of explaining the cause of mutation, the tar-
geted population of the variant, or their mechanism of
action. Furthermore, learning from the past, the present
pandemic also requires analysis of various environmental
matrices to inhibit their transmission pathways or use as
an early warning system. WHO also approved the use of
early warning systems for identifying the virus outbreak
in a particular region. Studies have shown the presence
of SARS-CoV-2 RNA in wastewater and that the virus
may remain infectious for days to weeks in sewage (WHO
2020). Sewage water can thus be a good indicator to check
the presence of the virus in a particular community. This
can cut the cost and also help in taking proper measures to
confiscate the virus. Detection of IgG antibodies in sew-
age can also be used as an early sign for the spiking cases.
Renninger et al. (2021) demonstrated that surveillance of
indoor dusts could be a potential matrix for the monitoring
of disease transmission in high-risk populations and build-
ings. Additionally, other practical scenarios required to
be emphatically considered are interior spaces, especially
densely crowded with poor ventilation, air conditioning
ducts; logistic chain, especially cold food-related environ-
ment due to the low-temperature resistance of CoVs; and
treatment plants along with the recipient water body (Yao
et al. 2021). Several countries have established various
consortium labs to aggressively trace, track and genetically
characterize the variants and determine the case fatality
rate (CFR). However, the integrated surveillance-response
systems should not only be limited to wastewater, food or
fomites but must also include wildlife or domestic ani-
mals as potential reservoirs of zoonotics, to prevent the
outbreak at the very first place.

The way forward to curb future pandemics is “One Health
Approach” integrating the well-being of the environment
and biodiversity in totality. The pandemic has already
warned that interfering with planetary health can result in
emergence of novel diseases. Steps to safeguard the environ-
ment is the right investment to protect from future pandem-
ics. Lately UNEP has put forward a new category of interna-
tional crime—‘ecocide’ (crimes against nature), elaborating
our responsibilities towards nature and to stop the over-
exploitation. Dobson et al. (2020) predict that preventing
future zoonotic outbreaks like COVID-19 through reduced
deforestation and restricted wildlife trade would be just 2%
of the economic and mortality costs inflicted due to COVID-
19 pandemic. Realizing the targets of sustainability of eco-
systems and environment as whole should be the prime focus
to avert the future pandemics and curb the arrival of novel
zoonotic microorganisms in human population.
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There are different opinions on the origin and emergence
of COVID-19, yet its rapid spread across the globe, followed
by lockdowns and social restrictions have highlighted the
role of environment in this pandemic. While role of anthro-
pogenic activities and their impact on environment result-
ing in emergence and spread of zoonotic diseases such as
COVID-19 is being studied vigorously now, positive effects
of social restrictions imposed due to COVID-19 on envi-
ronment have also invited huge attention among scientists
and environmentalists. Almost whole planet was like a natu-
ral laboratory for studying the recovery of ecosystems and
reduction of environmental pollution during the restrictions.
The research in such unique conditions showed the way to
achieve the targets of SDGs in the coming time. The special
issue “COVID-19 and Environmental Linkages” was envis-
aged with the objectives to attend the issues of environmen-
tal linkages of COVID-19, addressing the global response
to the pandemic, and the environmental perspectives that
may be significant for making the policies to sustain the
planet and avert the future biological disasters. Researchers
from around the globe have contributed in the special issue
focussing on the causes of onset of pandemic, its impact on
the environment and future directions of research related
to environmental sustainability for controlling disease out-
breaks largely caused by zoonotic microorganisms.
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