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ecosystem. It has become a great challenge for the government sectors to impose strict regulations for

Face_ mask ) the proper disposal of the masks as medical waste by the public. Neglecting the seriousness of this issue
Marine environment may lead to the release of large tonnes of micro-plastics to the landfill as well as to the marine envi-
Follution ronment where mostly end-up and thereby affecting their fauna and flora population vastly. Besides, this
study highlights the COVID-19 spread, its evolutionary importance, taxonomy, genomic structure,
transmission to humans, prevention, and treatment.

© 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

The world is facing a major crisis because of the coronavirus
disease 19 (COVID-19) outbreak. It has made a great impact on the
human population after severe acute respiratory syndrome coro-
navirus (SARS-CoV) in 2003 and the Middle East respiratory syn-
drome coronavirus (MERS-CoV) in 2012 (Shereen et al., 2020).
COVID-19 is a type of virus that causes pneumonia by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). People prone to
this viral infection get primarily infected in the lungs, resulting in
inflammatory conditions causing severe damage to alveolar cells
leading to high fluid accumulation. This causes gas exchange
obstruction, which proceeds to symptoms like respiratory diffi-
culties, dry cough, fever, chest pain, muscle aches, fatigue, chills,
and later pneumonia-like symptoms, which leads to a severe con-
dition termed acute respiratory distress syndrome (ARDS) (Yuki
et al., 2020; Li et al., 2020). If the inflammation becomes severe,
viral particles enter through the blood resulting in septic shock and
multi-organ failure and the condition is called systemic inflam-
matory response syndrome (SIRS) (Fig. 1).

COVID-19 has established an incredible impact around the
world. At present, almost all the countries are focused on con-
taining the spread of the COVID-19 disease by implementing
certain public policies like the complete shutdown of public places
(theatres, shopping malls, bars, hotels, and restaurants), travel re-
strictions, and stoppage of all public transport facilities (buses,

trains, flights). These are being done, taking into consideration the
health and welfare of the general public. Governments also ask the
people to adopt social distancing among individuals, stay at home,
and office-based employees are instructed to work from home. This
pandemic situation has rendered numerous jobless, and most
businesses are also struggling. Though these measures or regula-
tions may significantly affect the economy of most of the countries
but some positive or negative impacts have occurred to the envi-
ronment like a sudden drop in greenhouse gas (GHG) emissions,
which has not been witnessed after World War II, because many
industries around the world halted their productions and usage of
vehicles drastically decreased (Global Carbon Project, 2020). These
factors led to a marked reduction in the concentrations of Nitrogen
Dioxide (NO3) and Particulate Matter (diameter less than 2.5 um)
around the world. These conditions have prevailed because every
countries government has adopted social distancing policies and
ordered country citizens to stay in their homes to control the
spread of the novel coronavirus disease. Noise pollution levels have
also significantly reduced in most of the countries due to a decrease
in the use of public or private transports and other commercial
activities. Though COVID-19 has generated some positive effects on
the environment there are still adverse effects. Few cities have
stopped collecting the waste as well as suspended the recycling
units in order to minimize the spreading of the virus at their
recycling centers. More organic and inorganic wastes were gener-
ated due to online shopping and food ordering (Zambrano-
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Covid-19 is a disease caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2)

The virus enters through mouth, nose or eyes travels down to
the lungs causing inflammation and severe damage to the
alveolar cells.

respiratory distress syndrome (ARDS).

resulting in septic shock and multi-organ failure and the
condition called systemic inflammatory response syndrome

Fig. 1. SARS-CoV-2 virus entry and infecting the lungs of humans causing the inflammation condition ARDS or SIRS (Alveolar cells reproduced from www.azuravesta.com).

Monserrate et al., 2020). A higher number of medical wastes also
has been generated nowadays and this topic is separately detailed
below.

Medical waste of COVID-19 a major threat to the environment:
There has been a great threat even before the COVID-19 pandemic
which is the waste management all over the world particularly
plastics. This has become a major concern nowadays due to the
pollution faced by both terrestrial and marine environments.
Currently, during the COVID-19 epidemic, there is a sudden in-
crease in the usage of gloves, face mask, hand sanitizer bottles and
syringes, which are mostly made of plastic. If these products are not
properly handled or disposed of it may still carry pathogen con-
taminants potentially considered hazardous waste. Many countries
in the world are still struggling to manage plastic waste that
threatens the environment. Recently, hazardous medical waste
which is mostly made of plastics of COVID-19 origin, is emerging as
a great threat to Earth’s ecosystems (Saadat et al., 2020).

Face mask usage during COVID-19: Generally, the main func-
tion of a face mask is to protect the individuals from contracting
and transmitting the SARS-CoV- 2 viral infections. It is imperative
to cover the mouth and nose because the SARS-CoV- 2 viruses are
high level at the infected areas. Generally, this virus is transmitted
through air droplets to other people when they cough, sneeze,
breathe, and talk. During the mid of March 2020, when COVID-19
infection was at the peak, the World Health Organisation (WHO)
and Centre for Disease Control and Prevention (CDC) instructed the
healthcare workers and the infected patients to wear masks so that
community spreading can be minimized. Currently, three types of
masks are in circulation i) Respirator mask (N95, FFP2), ii) Surgical
or medical mask and iii) Non-certified disposable mask (cloth
mask) (Ho et al., 2020; Das et al., 2020).

The World Health Organisation (WHO) also initially instructed
that it is necessary for healthy people to wear masks only if they are

taking care of infected patients. Later, considering the advantages of
using a mask, healthy people were also advised to wear masks to
reduce the risk of getting exposed to infections from pre-
symptomatic or asymptomatic people. This conflicting informa-
tion caused worries among the public and led to panic buying, with
people stocking up the masks, hand sanitizers, and even toilet pa-
per (WHO, 2020a,b,c).

As the spread of disease worsened throughout the world, there
was a rush to buy face masks, particularly of the surgical type, to
protect from infection. This condition caused surgical mask
shortage for those in need, such as infected people, because it can
reduce the rate of transmission of respiratory droplets to others.
Earlier reports suggested that the oral cavity was the source of
respiratory droplets, ranging in size from 5 to 100 um and trans-
mitted via air, particularly during coughing and communicating.
Wearing masks would significantly reduce the probability of
airborne infections. On 3 April 2020, the Centre for Disease Control
and Prevention (CDC) announced the public to wear a non-certified
mask (cloth mask) where physical distancing is not possible. The
spread can also be contained by hand washing or social distancing,
but lacks evidence of preventing the disease. There has also been a
report that cloth mask (70% cotton and 30% polyester), which
contains three layers, exhibited nearly 40—60% filtration efficiency
(Carlos Rubio-Romero et al., 2020).

Traces of SARS-CoV-2 virus have been detected for 6—8 h on
plastics, 5—6 h on stainless steel, and up to 7 days on the face
mask’s outer surface, but with a lower cell density of approximately
0.1 percent of the original inoculum (van Doremalen et al., 2020). It
clearly shows that medical waste generated during COVID-19 such
as needles and syringes used for blood tests, face masks, PPE, can
have a longer SARS-CoV-2 persistence. Including the self-
inoculation of mucous membranes of the eyes, nose and mouth,
virus transmissions from infected dry surfaces have been


http://www.azuravesta.com

S. Dharmaraj, V. Ashokkumar, S. Hariharan et al.

postulated. By raising the reproductive number (Rp) from its
determined range between 2.2 and 3.58, exposure to medical waste
may theoretically increase the virus’s spread (Li et al., 2020). A host
carrier of SARS-CoV-2 may likely be the viral loads of saliva, cough,
tears, and urine left with the medical waste of COVID-19. The main
route of transmission of SARS-CoV-2 is splatters released during
respiration and expelled by an infected individual’s sneezing. The
common use of face mask and hand gloves during COVID-19
exhibited every possibility of these waste being disposed of along
with solid waste due to its size and lightweight. So careful handling
of such waste is recommended because it can be highly contagious
for a sustained period of 7 days (Ilyas et al., 2020; Zhao et al., 2020).

Marine environment and its pollutants: The pollution entering
the oceans are man-made or some natural causes which vastly
affect the marine ecosystem. They all enter through the land to the
sea, causing great danger to the marine fauna and flora and also
affects humans. Marine pollutants exist in many forms like solid
waste (plastics), nutrient enrichment (eutrophication), toxic
chemicals (persistent organic pollutants [POP’s], pesticides, heavy
metals from mine tailings, pharmaceutical waste, gases), untreated
sewage discharge, radioactive substances, oil spills, and discarded
fishing nets. These marine pollutants change the physical, chemical
and biological characteristics of coastal and ocean zones vastly and
threaten marine diversity, which ultimately affects their produc-
tivity (Li et al., 2016).

Marine debris consists of mostly solid materials that are dis-
carded or transported to the oceans. These include numerous ma-
terials like metals, paper, wood, rubber, glass, clothes and plastics
(Setyo and Muhammad, 2019). These are classified, under two
groups, as biodegradable and non-biodegradable. One of the most
significant concerns in the current world is the non-biodegradable
plastics heavily polluting the marine environment. There are
lightweight in nature and can be easily transported by wind and
water. It has been estimated by world scientists that a minimum of
5.25 trillion plastic particles weighing nearly 269,000 tons are
prevailing in the world’s oceans. Almost 280 million tons of plastic
materials are produced in the world annually and these mostly end
up in landfills or the oceans (Xuan-Thanh et al., 2020). Nowadays,
they play a vital role in many applications like industrial, medical,
municipal and commercial sectors. It has been estimated that
nearly 267 species have been affected worldwide by plastics, of
which 86% are sea turtles, 44% seabirds, and 43% marine mammals.
Plastics affect or harm the marine species by ingestion (reduce the
stomach capacity, hinder growth, internal injury, intestinal block),
entanglement (through nets or other materials leads to drop in
their feeding, drowning) and strangulation. The world is now
dealing with one more emerging plastic pollutant named “Micro-
plastics,” which has a particle size smaller than 5 mm. It has spread
all over the world from land to the oceans. Owing to a smaller size,
it affects the marine environment both physically and biologically
and also their food chain drastically (Nirban and Upendra, 2019;
Klemes et al., 2020). Microplastics can go up in the marine food
chain has led to great concern for humans since they are the major
consumers of seafood and still, its adverse effects on human health
are currently difficult to assess.

This review highlights the spread of COVID-19 disease, its
evolutionary link, taxonomy and structural characteristics, genome
outlook, mode of transmission to humans, prevention, and treat-
ment. Besides, the major objective of this study focuses on the
usage of face masks during COVID-19: its primary benefits and
drawbacks. This study also demonstrates the adverse effect of face
mask medical waste (as plastic or microplastic) and its serious
threat to the marine ecosystem. Lastly, its safe recycling process,
energy conversions and alternatives are briefed as future
applications.
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2. Spreading of COVID-19 — mechanism

It has been a disastrous start for the year 2020 with the spread of
pandemic COVID-19, which has already infected nearly 21.83
million people worldwide as of 15t August 2020 and causing a
devastating death toll of about 7,73,122 people. This pandemic has
its origin in the mid-December 2019 from the West District of
Southern China Seafood Wholesale Market in Wuhan city of China
and rapidly infected more than 50 patients (Lu et al., 2020). This
seafood market has a history of selling live animals like bats, frogs,
snakes, birds, marmots, and rabbits apart from fish and shellfish. It
has been hypothesized that the cause of infection might be from
either visiting the seafood market or by consumption of the animals
or birds that are sold or by interaction with sellers who have
infection history. Initially, the infected patients admitted to the
hospitals had symptoms of cough, fever, dyspnoea with acute res-
piratory distress syndrome (ARDS). At the end of December 2019,
the Chinese government informed WHO that several patients
developed viral pneumonia with an unknown cause. By early
January 2020, the National Health Commission of China provided
the details of the disease spread and the viral isolates upon genome
sequencing confirmed the presence of novel B-coronavirus genera
(Gennaro et al., 2020). These strains exhibited more than 80% ho-
mology with severe acute respiratory syndrome coronavirus (SARS-
CoV) and 50% similarity with that of the Middle East respiratory
syndrome coronavirus. The earlier outbreak of this pneumonia-
causing novel virus was referred to as Wuhan-Hu-1-CoV or 2019
novel coronavirus (2019-nCov) by the Chinese researchers named
after its origin from Wuhan Seafood Wholesale Market. By February
11, 2020, due to its epidemic scale of spreading this novel corona-
virus worldwide. TheWorld Health Organisation (WHO) Director-
General, Dr. Tedros Adhanom Ghebreyesus, announced the global
name of this virus as severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) and the disease was called COVID — 19 based
on the recommendation from the International Committee on
Taxonomy of Viruses (ICTV). World Health Organisation declared
the status of the COVID-19 spread to be a pandemic on 11" March
2020 based on 114 countries affected with more than 118,000 cases
with a death count of 4000 people (World Health Organization,
2020).

3. The evolutionary importance of SARS-CoV- 2 virus

It had been hypothesized that the SARS-CoV-2 virus, which is
triggering COVID-19 disease, is not the first virus to cause such a
respiratory disease outbreak. Earlier in 2003, a similar spread of
coronavirus causing Severe Acute Respiratory Syndrome (SARS-
CoV) in Guangdong province of China occurred, leading to more
than 8000 infected and 776 deaths (Zheng et al., 2004). Similar to
COVID-19 disease, the patients of SARS-CoV were also affected with
pneumonia-like symptoms damaging the alveolar cells causing
acute respiratory distress syndrome (ARDS) (Kan et al., 2005).
Nearly after ten years of SARS-CoV outbreak, another epidemic
disease caused by coronavirus emerged among the Saudi Arabian
people in the year 2012. It was named Middle East Respiratory
Syndrome Coronavirus (MERS-CoV), causing 2428 people infected
and 838 deaths. Initially, MERS-CoV caused a slight respiratory
injury, while its progression later led to severe respiratory disease
(Paden et al., 2018). Like SARS-CoV, MERS-CoV affected patients
suffer pneumonia, which further progresses, leading to ARDS
condition and finally complete kidney failure. Genome sequencing
analysis of the SARS-CoV- 2 virus revealed similar homology with
SARS-CoV and MERS-CoV and even belongs to [-coronavirus
genera (Shi and Hu, 2008).

Generally, to contain the infection caused by the viruses, its
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origin and mode of transmission have to be determined and
appropriate measures or vaccines could be developed to prevent
further spreading. Coronaviruses are pathogens of zoonotic origin.
They are transmitted from animals to humans either directly or by
the intermediate host, which can act as carriers of these viruses. In
the year 1960, the first human coronavirus was detected in children
causing many infections in the upper respiratory tract. Even the
latest SARS-CoV-2 and other coronavirus epidemics might have
originated from the zoonotic host bats. Bats have been found to be
the key host in transmitting several human viruses like Nipah,
Hendra, Rabies, Marburg and SARS-CoV. But it may also have some
other animals as an intermediate host to get transmitted to humans
(Annan et al., 2013).

Scientists initially believed that raccoon dogs and palm civets
were the main suspected species responsible for the infections in
the 2003 case of SARS-CoV, which originated from China’s
Guangdong market. The samples of palm civets (Paguma larvata)
exhibited positive on viral RNA detection and anti-SARS-CoV anti-
bodies. But further research of the farmed and wild palm civets
showed that the virus was transmitted to them by other animals
suggesting that it may be the secondary hosts. Later by 2005, some
researchers found that the SARS-CoV virus in horseshoe bats (genus
Rhinolophus) and their findings suggest that bats might be the
primary host or source of the SARS-CoV and palm civets were only
intermediate hosts. The SARS-CoV isolated from palm civets arises
from the recombination of two bat coronavirus strains, namely
WIV16 and Rf4092 (Huynh et al., 2012). The bats, too, possessed
anti-SARS-CoV antibodies. The recombination of strains occurred
within the bats and later on transmitted to palm civets by fecal or
oral mode. These then further underwent mutations before
infecting humans.

Later by 2012, another pandemic - the Middle East respiratory
syndrome coronavirus (MERS-CoV) spread in Saudi Arabia. This
also comes under the classification of p-Coronavirus like SAR-CoV
and dromedary camels have been the primary host of trans-
mission to humans. MERS-CoV-specific antibodies are mostly pre-
sent in camels of Middle Eastern, African and Asian countries. Like
SARS-CoV, even MERS-CoV exhibited high genomic similarities
with the bat B-coronavirus (Tylonycteris bat coronavirus HKU4,
Pipistrellus bat coronavirus HKU5). They have matching genomic
structures, highly conserved poly-proteins and structural proteins
like the bat coronavirus. But they showed variability in their spike
protein and some accessory proteins. Thus, all the genomic
sequencing evidence suggested that bats may be the key host and
through which it might be transmitted to other animals (Lau et al.,
2013).

Phylogenetic analysis of the latest COVID-19 virus indicated
nearly 88% sequence similarity with the two SARS-CoV, namely
bat-SL-CoVZ(C45, bat-SL-CoVZXC21 and 50% sequence identity with
MERS-CoV. Since the similarity is very close to SARS-CoV, it was
termed as SARS-CoV-2. Scientific evidence is very clear that the
novel B-coronavirus (SARS-CoV-2) might have originated in bats
and later transmitted through intermediate species to humans
(Chan et al., 2020a). Recent updates on novel coronavirus (SARS-
CoV-2) indicated that rodents may also be a primary host or may act
as an intermediate host. But till now, there is no substantial evi-
dence which animal serves as primary or intermediary host. Thus
there is an urgent need to know about the origin and transmission
of viruses in order to develop preventive measures to contain the
spreading (Chan et al., 2020b). One surprising fact is that no vaccine
was developed during SARS-CoV or MERS-CoV, but the virus got
vanished. Many factors were involved at the end of SARS-CoV or
MERS-CoV, perhaps including summer weather and strict quaran-
tine of all those who had contact with infected individuals, but
exactly how the epidemic ended is unknown. Generally, viruses are
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like that, unpredictable!

4. SARS-CoV-2 taxonomy and their unique structural
characteristics

Coronaviruses are most prevalent in animals as well as humans.
Basically, in animals, they affect the gastrointestinal region and
when considering humans, it causes mostly respiratory diseases.
Earlier, before 2003, these coronaviruses were not as fatal to
humans as what is seen nowadays. It caused mild symptoms such
as running nose, headache, mild fever, cough, sore throat, which
lasted only a few days. This virus rarely caused respiratory diseases
like pneumonia and bronchitis to the patients with weaker im-
mune systems. After the outbreak of SARS-CoV (Severe Acute
Respiratory Syndrome Coronavirus) in 2003, in Guangdong, China,
this coronavirus became a serious issue due to the large number of
people it affected and fatalities (Alanagreh et al., 2020).

The current classification and taxonomy of the SARS-CoV- 2
viruses are mostly based on genome sequencing methods. The
novel SARS-CoV- 2 belong to the realm of Riboviria under the order
Nidovirales (Gorbalenya et al., 2019). It is classified in the family of
Coronoviradae, subfamily Orthocoronavirinae, subgenera Betacor-
onavirus and sub-genra Sarbecovirus (Table 1). This taxonomical
classification was brought out by the Coronaviridae Study Group
(CSG), which falls under the organization of the International
Committee on Taxonomy of Viruses (ICTV, 2018). Generally, coro-
naviruses belonging to the family Coronaviridae has four genera,
namely a, B, v and 3. Most of these genotypes infect bats and avian
species while o and B alone affects humans. Previously several
coronaviruses typeswere detected in humans of o type genera like
HCoV-229E, NL63, and B type genera include MERS-CoV, SARS-CoV,
HCoV-0C43, HCoV-HKU (Adams et al., 2017). This SARS-CoV-2
belongs to the novel B type genera, as mentioned above in the
classification (Wu et al., 2020). Upon phylogenetic analysis of
coronaviruses, it was thought to be of ancient origin, which initially
infects the bats or birds. Later on, several mutations or re-
combinations occurring in the strains led to the cross-species
transmission to the mammals and then to humans.

Typically, SARS-CoV- 2 are spherical or pleomorphic enveloped
virus consisting of single-stranded positive RNA with a large
genome in size ranging from 26.4 to 31.7 kb. They are in the size of
80—160 nm in diameter and have G + C contents in the range of
32%—43%. It was named coronavirus because of its crown-like
appearance of large glycoprotein spikes or peplomers on its enve-
lope when observed under an electron microscope (Czub et al.,
2005; Woo et al., 2010; Van Boheemen et al,, 2012). Like any
other virus, its genome typically also possesses a 5'-cap structure
and 3’ poly-A tail (Fig. 2) (Yang and Leibowitz, 2015). The structure
SARS-CoV- 2 consists of five main parts i) Spike protein, ii) Mem-
brane protein, iii) Envelope protein, iv) Nucleocapsid protein, and v)
Hemagglutinin-esterase protein.

Spike protein (S) — These are present at the outer surface of the
virus and are type 1 membrane glycoprotein composed of
peplomers. These spike proteins help in the binding of the virus to
the host-specific cell surface receptors, thereby causing the
attachment, which can lead to the viral genome entry inside the
host. Sometimes the spike proteins can lead to the fusion of many
cells resulting in the formation of giant multinucleated cells, which
can directly damage the neutralizing antibodies causing viral
spreading between the cells (Kirchdoerfer et al., 2016).

Membrane protein (M) - It is the structural glycoprotein that
stretches the membrane lipid bilayer three times. It has a short
amino-terminal domain projected externally in the virus and a long
carboxy-terminal inside the virion’s cytoplasmic domain. Mem-
brane proteins act as a central organizer for the virus formation and
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Table 1

Taxonomy of SARS-CoV-2 virus.
Category Virus
Realm Riboviria
Kingdom Orthornavirae
Phylum Pisuviricota
Class Pisoniviricetes
Order Nidovirales
Suborder Cornidovirineae
Family Coronaviridae
Subfamily Orthocoronavirinae
Genus Betacoronavirus
Subgenus Sarbecovirus
Species Severe acute respiratory syndrome-related coronavirus (SARS-CoV-2)
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Fig. 2. Structure of SARS-CoV-2 Virus (created using biorender.com).

interact with all other structural proteins. Membrane proteins are a
huge reserve of structural proteins and give proper shape to the
viral envelope. It is necessary for spike proteins to interact with
membrane proteins so that it is retained in the endoplasmic re-
ticulum — Golgi intermediate compartment/Golgi complex and also
for its integration in the new virions. Membrane protein binding
causes nucleocapsid protein and the internal core of virions stabi-
lization, which will lead to the viral assembly completion. The
interaction of a membrane protein with envelope protein promotes
the viral envelope formation and it is enough to produce and
release virus-like particles (De Haan et al., 1998).

Envelope protein (E) — These are the smallest integral membrane
protein that contains smaller spikes and has an important role in
the life cycle of the virus, such as assembly, budding, envelope
formation, and pathogenesis. Envelope protein has certain func-
tions like ion-channeling viroporin, numerous interactions with
other proteins of the virus as well as with the host cell proteins.
Envelope proteins are highly expressed inside the host cell during
the replication process, and only a very small part is assimilated in
the virion envelope. Envelope proteins are mostly directed to a
particular site of intracellular trafficking where it involves in virus
assembly as well as its budding (Schoeman and Fielding, 2019).

Nucleocapsid protein (N) — These are phosphor-proteins present
inside the virus, which are bounded with virion RNA and regulates
the viral RNA synthesis. It is also involved in the functions of the
replication cycle and host cell response to viral infections. Nucle-
ocapsid protein has certain temporary expressions, such as helping
in the gradual rise of virus-like particle production, which leads to
the completion of virion formation (Siu et al., 2008).

Hemagglutinin-esterase protein (HE) — This protein interacts
with envelope protein to help in the construction of the viral
membrane. In most cases, it acts similarly to the influenza virus
hemagglutinin, which binds to the sialic acid present in the cell
surface glycoproteins of the host (Hussain et al., 2020).

Genome Structure: Most commonly, Coronaviruses have the
largest genomes among all other RNA viruses. They possess
different numbers of small open reading frames (ORFs) on their
genomic strand. In Coronaviruses, the genes required for the syn-
thesis of all structural proteins occur in 5’-leader and 3’-terminal
sequences, and they are in a certain order like S, E, M and N. One of
the typical characteristics of coronaviruses is that they possess at
least six ORFs within their genomes (Wu et al., 2020). The ORF
cover more than two-thirds of the whole-genome length, which
encodes for at least 16 non-structural proteins (NSP1 to NSP16).
These NSPs on further processing forms the replication-
transcription complex (RTC) that participate in viral genome
replication and transcription. The ORF 1a and ORF 1b, which is
present at the upstream 5’ end of genome upon —1 frame-shift,
synthesize two polypeptides, namely ppla and pplb. NSP3 and
NSP5 genes in ORFla encode chymotrypsin-like protease (3CL-
protease) and Papain-like protease (PLP) and helps in the pro-
cessing of these polypeptides (pp1a, pp1b). Later the peptides help
in cleaving and blocking the host’s innate immune response.
Similarly, NSP12 genes in ORF1b helps in encoding RNA-dependent
RNA polymerase (RdRp) and NSP15 encodes RNA helicase, which
takes part in the transcription and translation process of the
genome. As a result, a group of sub-genomic RNAs (sgRNAs) is
synthesized by RTC in the form of discontinuous transcription.
Other ORFs that are present on the 3’ terminus end mostly encodes
for the four structural proteins synthesis like spike (S), membrane
(M), envelope (E), and nucleocapsid (N) (Chen et al., 2020a,b,c; Hui
et al., 2020). Each protein has its individual function like S protein,
which is of glycoprotein in nature helps in recognizing the host cell
surface receptors, M proteins involve in the proper folding or di-
mensions to the virions, E proteins assemble the virions as well as
their release and N proteins are involved in the packaging of the
RNA genome. They have roles in pathogenicity as an interferon
(IFN) inhibitor. More structural and accessory proteins are still
present, and they are mostly species-specific, like HE protein, 3a/b
protein, 4a/b protein. These accessory proteins are highly unique
among the coronaviruses in relation to numbers, genomic organi-
zations, sequences, and functions. These structural and accessory
proteins are mainly translated from the sub-genomic RNAs (Li et al.,
2020; Gralinski and Menachery, 2020; Xu et al., 2020). These pro-
teins are responsible for several essential functions in genome
maintenance and virus replication (Fig. 3).

5. Mode of transmission among humans

The mode of transmission and spread of the SARS-CoV-2 virus
among humans is mostly from symptomatic people. Another pos-
sibility of spreading would be from asymptomatic individuals who
might have transmitted the virus before symptoms. SARS-CoV-2
viruses are respiratory pathogens that are transmitted through
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Fig. 3. SARS-CoV-2 genome organization.

coughing or sneezing and are carried by tiny respiratory droplets
(particles >5—10 pum in diameter), causing infection among
humans. The infection of the SARS-CoV-2 virus would also be
possible by aerosol transmission if there is an elevated concentra-
tion in closed spaces (Li et al., 2003; Bosch et al., 2003; Chen et al.,
2020a,b,c). These respiratory droplets, which carry SARS-CoV- 2
virus enter through the mouth or nasal passage, then passes
through the mucous membranes and then enters the lungs through
the respiratory tract. Later, on entry, the virus targets the organs
that express angiotensin-converting enzyme 2 (ACE2) like the
lungs, heart, renal system, and gastrointestinal tract (Letko et al.,
2020; Zou et al.,, 2020). Once the virus enters, it takes nearly
7—14 days to reach its second phase, where the infection aggra-
vates, resulting in reduced B lymphocyte and ultimately affecting
antibody production. Another inflammatory factor, interleukin 6
(IL-6), also gets increased and causing aggravation of the disease
within 2—10 days (Belouzard et al., 2009).

SARS-CoV-2 enters the alveolar cells (Type II) via two ways,
namely the endosomal pathway (endocytosis) or plasma mem-
brane fusion. Spike proteins or S-glycoproteins (S1, S2) that are
present on the outer surface of SARS-CoV-2 virus through its
receptor-binding domain (RBD) helps in the attachment to the host
cell membrane and also binds to the angiotensin-converting
enzyme 2 (ACE2) receptor (Millet and Whittaker, 2014; Walls
et al,, 2020). Spike proteins have two subunits, namely S1 and S2
in which S1, an ectodomain comprising the RBD, governs the host
range, cellular response, and helps in attaching the virus to the
target cell and S2 a trans-membrane endodomain that facilitates
the fusion of virus and host membranes through endocytosis pro-
cess. One of the critical moves in virus entry into the host is affinity
chemistry between Spike proteins and ACE 2 receptors. Recent
studies have shown that the binding capacity of spike protein and
ACE 2 is nearly 10 to 20-fold higher than SARS-CoV and it clearly
explains how pathogenic is the SARS-CoV-2 virus (Ou et al., 2020).
More understanding of this binding mechanism would help in
finding the drug targets. One of the unique characteristics of SARS-
CoV-2 is that at the S1/S2 cleavage site without cleavage, the viral
genome gets assembled and incorporated. This is due to the exis-
tence of a furin cleavage site [“Reverse phase protein array (RPPA)”
sequence] at the S1/S2 cleavage site, which acts as another protease
site. SARS-CoV-2 viruses possess unique pre-cleavage characteris-
tics, which may be the reason for higher infections compared with
other coronaviruses (Belouzard et al., 2012).

Once the spike protein of the virus and ACE2 of the host get
engaged, it leads to the entry of the viral genome in the form of
endosomes. Cathepsin L, a cysteine protease, cleaves the endo-
somal membrane and M proteins, thus releasing viral genes into
the host cell’s cytoplasm. Alternatively, another protein called cell
surface-associated transmembrane protease serine 2 (TMPRSS2)

activates the spike protein to bind near the ACE2 receptor causing
fusion with the plasma membrane of the host (2 Hoffmann et al.,
2020). The plasma membrane fusion opens up the M protein to
release the viral genome directly to the cytoplasm for its replication
inside the host cell and this entry is less likely to trigger host cell
antiviral immunity. Thus upon entry, the positive-sense ssSRNA(+)
viral genome in the cytoplasm of the host encodes for two large
poly-cistronic open reading frames ORFla and ORF1b at the 5'-
leader end. These ORFs present in the most substantial part of the
viral genome encodes nearly 16 non-structural proteins (NSP1—
NSP16) and this gets involved in the formation of
replication—transcription complex (RTC) (Guo et al., 2020).

Each NSP has specific roles in early translation, replication,
transcription but some of their functions are still unknown. The
ORFla and ORF1b in the translation process produces two poly-
proteins (pp1a, pp1b). The synthesized polyproteins are processed
into 16 non-structural proteins (NSPs) to form RTC, which is later
involved in genome transcription and replication. Other ORFs
present along with ORFla and ORF1b in the genome help in the
encoding of structural proteins, including the spike, membrane,
envelope, nucleocapsid and accessory proteins. NSP1 and NSP2 are
believed to show a role in host modulation to suppress an antiviral
response. NSP3 and NSP5 present in the replication—transcription
complex encodes for the protease enzymes: Papain-like protease
(PLP), 3CL-protease, and they function in polypeptide cleaving as
well as in stopping the host immune response. NSP3, NSP4, and
NSP6 are trans-membrane proteins that induce the formation of
double-membrane vesicles, which helps improve viral replication
mediated by membrane-associated replication (Chen et al,
2020a,b,c). During replication, a full length (—) RNA genome is
generated by replication—transcription complex and used as tem-
plates for full-length (+) RNA genomes. NSP12, which encodes for
RNA-dependent RNA polymerase (RdRp) and NSP15 encodes for
RNA helicase, help in the replication process. The replication
complex formations are guided by NSP7, NSP8 and NSP9 that are
believed to interact with NSP8 in the replication complex. These
help in the release of primase, which generates short RNA primers
for the primer dependent RdRp and thus increases its processivity.
NSP13 and NSP16/NSP10 have helicase/triphosphatase and meth-
yltransferase activity,and cap the nascent viral mRNA. NSP14 is an
exonuclease with proofreading function in the replication ma-
chinery and helps in more SARS-CoV-2 RNA synthesis and NSP15 is
uridine-specific endoribonuclease of replication complex (Masters,
2006). The genomic RNA directly synthesizes the RNA viral genome,
and the fragments of sub-genomic RNAs (sgRNAs) helps in the
production of structural proteins (N, S, M, E) in a manner of
discontinuous transcription. Even though these sgRNAs may have
several open reading frames (ORFs), only the closest ORF (to the 5’
end) will be translated. RNA-dependent RNA polymerase is mainly
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Fig. 4. SARS-CoV-2 virus life cycle inside the host cell.

accountable for the replication of structural protein RNA. Except for
the nucleocapsid, all other structural proteins (S, M, E) are trans-
lated by the ribosomes, which get bound in the endoplasmic re-
ticulum (ER). They all assemble for the virion formation on the
surface of the ER. The nucleocapsid is translated and released in the
cytoplasm, where it gets connected with the viral genomic RNA.
Later the nucleocapsid containing viral genome gets fused with the
virion precursor and then assembled in the endoplasmic reticulum
(ER)—Golgi intermediate compartment (ERGIC) (DeDiego et al.,
2006; Neuman et al., 2010; Demogines et al.,, 2012; Fehr and
Perlman, 2015; Cui et al., 2015). The so-formed mature virion
containing Golgi vesicles are transported to the cell surface and
released from the infected cell via exocytosis, which can search for
another host to repeat its cycle (Fig. 4).

6. Preventions and treatment of COVID-19

Currently, there is no single or specific vaccine developed for
COVID-19, and the people must prevent or reduce the intensity of
infections among themselves. In order to avoid the spreading of
COVID-19, all nations have been instructed by World Health
Organisation (WHO) to follow certain guidelines, which include: i)
Regular and thorough cleaning of hands with an alcohol-based
hand sanitizer or with soap and water; ii) Maintaining at least
1 m (3 feet) distance between each other in order to avoid people
who may cough, sneeze, or speak and are likely to spray small liquid
droplets from their nose or mouth which may contain the virus.
Even close contact with an infected person can lead to the transfer
of droplets; iii) Avoid going to crowded places, where there is a
higher chance of getting in contact with infected people as it is
difficult to maintain the recommended physical distance of 1 m; iv)
Avoid unnecessary touching of eyes, nose and mouth, which may
lead to the entry of the virus inside the body and causing infections
via contaminated hands; v) Maintenance of good respiratory hy-
giene such as covering the mouth and nose with bent elbow or

tissue when during a cough or sneeze; vi) Proper disposal of the
used tissues and immediate washing of hands with soap; vii) Strict
warning given to people to stay home and self-isolate themselves
when they possess minor symptoms such as cough, headache, mild
fever until complete recovery; viii) If it is really necessary to leave
the house, then a mask should be worn either to avoid getting
infected or infecting others; ix) People, who have fever, cough and
difficulty in breathing needs immediate medical attention; x)
People should know updated information about the COVID-19 from
the local or national health authorities (WHO, 2019; Wu, 2020;
CDC, 2019).

Apart from the guidelines suggested by the World Health
Organisation (WHO) certain other preventive measures can be
followed for self-secure of individuals like a) When going out for
office job or getting essential goods it can be a mandatory applied to
wear face masks, b) Better to cover completely when coughs or
sneezes with tissue paper and its immediate proper disposal, c)
Regular hand wash with soap or hand sanitizer containing a proper
proportion of alcohol in it, d) Social distancing from infected peo-
ple, e) Unnecessarily touching the eyes, nose, and mouth with
unwashed or contaminated hands has to be adopted, f) Any sign of
symptoms pertaining to COVID 19 need immediate medical atten-
tion and self-isolation and medical advice from healthcare provider
had to be strictly followed., The severity of the disease prognosis,
warrants immediate hospital care with oxygen therapy. If all these
measures are properly followed, then the spread of COVID-19
(Adhikari et al., 2020; Hopman et al., 2020).

Early or common signs that can be seen among COVID-19 pa-
tients would be coughing, sneezing, fever, shortness of breath,
respiratory symptoms and other breathing difficulties. The
advanced stage can affect the patients with pneumonia, severe
respiratory failure requiring ventilation support in an intensive care
unit (ICU), multi-organ affecting events like sepsis, septic shock,
and multiple organ dysfunction syndromes (MODS) (Lupia et al.,
2020). Pneumonia was found to be the most serious sort of
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infection that can be basically characterized by fever, cough, dys-
pnea, and bilateral infiltrates, which can be viewed on chest im-
aging using CT scan. Other most common symptoms include
headaches, sore throat, and rhinorrhoea. Apart from respiratory
infections, there are few reports on gastrointestinal symptoms like
nausea and diarrhea (Yang et al., 2020).

Pneumonia condition occurring in COVID -19 infected patients
was found to be a complex pathogenic mechanism. It has been
sensed that SARS-CoV-2 viral infection will cause an enormous
immune reaction inside the host. Several immune cells like T-
lymphocytes, macrophages, dendritic cells secrete immersive
amounts of cytokines and chemokines. This stage has been so
popularly referred as “cytokine storm” which means excess and
uncontrolled release of effector immune cells consisting of pro-
inflammatory cytokines (IFNa, IFNy, IL-18, IL-6, IL-12, IL-18, IL-33,
TNFa, TGFB) and chemokines [low molecular weight proteins with
a powerful chemo-attractant activity which play a role in the im-
mune cell recruitment during inflammation] (CXCL10, CXCLS,
CXCL9, CCL2, CCL3, CCL5) precipitate and sustain the abnormal
systemic inflammatory response (Bennardo et al., 2020). This
condition encourages the immediate attack on the immune system
of the body, which leads to a drastic situation called Acute Respi-
ratory Distress Syndrome (ARDS) followed by multiple organ fail-
ure, finally resulting in death. The main promoter of this storm is
interleukin 6 (IL-6). This IL-6 is synthesized upon leukocyte acti-
vation, which acts on a large number of cells and tissues (Chen
et al., 2020a,b,c). IL-6 mainly helps in the differentiation of B lym-
phocytes, growth of some types of cells, and in some other cells,
they inhibit their growth. The main role played by IL-6 is pro-
inflammatory activity but also possess anti-inflammatory effects.
During certain conditions like inflammatory diseases, infections,
heart diseases, autoimmune disorders, several cancer types, there
will be an increase of IL-6 that results in cytokine release syndrome
(CRS), which is an acute systemic inflammatory syndrome leading
to fever and multiple organ dysfunctions (Pyle et al., 2017; Rose-
John, 2018; Lei et al., 2018; Letko et al., 2020).

The treatments for COVID-19 have been delicately improving
every day, but still, critical care support, antibiotic medication and
good nourishment are the primary methods followed. There are
different methods adopted for treating the COVID-19 patients and
these depend upon their immune levels, other medical histories
and medications provided. Currently, there are symptomatic
treatments, oxygen therapy, and antiviral drugs that are used for
COVID-19 patients. Most standing clinical and preclinical data on
antiviral treatment is taken from other viruses, including SARS-
CoV-1, Middle East Respiratory Syndrome virus, and non-
coronaviruses (Ebola). The basic treatment given for COVID-19
patients is a complete rest with an excellent calorie diet, water
intake to reduce the risk of dehydration, a random interval check of
vitals and saturation of oxygen. In severe cases, blood count, C-
reactive proteins, chest imaging, urine test, and other blood-related
tests were carefully monitored. Antipyretic drug treatments are
given to patients whose body temperature exceeds 100 °F. Com-
mon drugs include ibuprofen orally, 5-10 mg/kg every day and
acetaminophen orally, 10—15 mg/kg every day. Oxygen therapy is
needed when the patient is in a state of hypoxia when the lungs are
severely infected with the virus. In emergency conditions, non-
invasive or invasive mechanical ventilation is provided to the
COVID-19 patients (Chhikara et al., 2020).

Generally, any anti-viral drug targets the viral replication pro-
cess in the host cell. Prominently all strains of the virus have the
same mode of action and infection. Some of the suggested antiviral
drugs for the treatment of COVID-19 are Oseltamivir, peramivir, and
zanamivir. These are neuraminidase inhibitors thathave been used
for influenza treatments. «-interferon, lopinavir/ritonavir,
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chloroquine phosphate, ribavirin, and arbidol are therapeutically
used to prevent, diagnose, and treat coronavirus-induced pneu-
monia patients by the National Health Commission (NHC) of the
People’s Republic of China for tentative treatment of COVID-19.
There has been a recent report from Shanghai Institute of Materia
Medica and Shanghai Tech University, where drug screening by
enzyme activity test and In Silico approach using nearly 30 agents
like indinavir, saquinavir, lopinavir, carfilzomib, ritonavir, remde-
sivir, atazanavir, darunavir, tipranavir, fosamprenavir, enzaplatovir,
presatovir, abacavir, bortezomib, elvitegravir, maribavir, raltegravir,
montelukast, deoxyrhapontin, polydatin, chalcone, disulfiram,
carmofur, shikonin, ebselen, tideglusib, PX-12, TDZD-8, cyclosporin
A, and cinanserin was performed against the virus. Plasma therapy
also helped certain percentages of people around the world to be
cured completely of the COVID-19 disease. The polyclonal
neutralizing antibodies carried by recovered patients are able to
reduce the viral count drastically. Above all, the basic foundation is
to prevent and fight against COVID-19 through strong immunity.
This is the right time to focus on individuals’ health, get some
adequate sleep, fresh air, and sunlight daily. People should stay
hydrated, minimize the intake of overly processed foods and make
sure to eat enough micronutrients (Lu, 2020; Gao et al., 2020;
Martinez, 2020; Dong et al., 2020).

The World Health Organization’s (WHO) pandemic declaration
of COVID-19 disease on 11™ March 2020 and its subsequent
genome sequence of SARS-CoV-2 publications have led the world’s
research and development sectors to develop vaccines against the
dreadful virus (Wu, 2020). Usually, any new vaccine production
takes about 15 years, but the hunt for the SARS-CoV2 vaccine is
going on rapidly, resulting in almost a breakthrough by many
research institutions and vaccine manufacturers in the develop-
ment of vaccines. However, in a pandemic case, the entire vaccine
production process, including clinical trials, is shortened and can be
quickly tracked for 15—18 months. The simultaneous promotion of
many vaccines is expected to occur by the beginning of 2021 (Kaur
and Gupta, 2020; Dutta, 2020).

Coronaviruses with a glycoprotein spike on the surface are
enveloped, positive-sense single-stranded RNA viruses, mediating
receptor binding and cell entry during infection. The functions of
the spike protein make it an attractive vaccine antigen for receptor
binding and membrane fusion. Apart from the full virion inacti-
vated vaccine, almost all manufacturers target spike protein as
antigen (Thanh et al., 2020; Fadda et al., 2020). For the production
of this vaccine, there are numerous methods and platforms being
tried. Vaccines are typically produced either as inactivated, live
attenuated or sub-unit, but different organizations and manufac-
turers are trying next generation techniques. The world is likely to
see several new platforms to develop the Covid-19 vaccine. Thus,
the first RNA vaccine is expected to find a place in the history of
vaccine production as an effective agent for Covid-19 prevention. In
addition, in making of the SARS-CoV2 vaccine, DNA, vector-based
RNA, subunits and several other variants of RNA technologies are
being studied. The messenger RNA vaccine’s idea is relatively recent
but quite basic, in which the spike protein mRNA coding is injected
and the host produces the antibody and can be developed on an
industrial scale (Wu, 2020).

As of 12" November 2020, according to WHO, there are 50
candidate vaccines that are in advanced stages of development and
another 164 are in preclinical stages. All the following 50 candidate
vaccines are either in Phase 1, 2, or 3 clinical trial stages and many
have shown encouraging results after animal studies. Most of the
countries are full-fledged involved in vaccine development,
particularly in the USA, Europe, China, Russia, India, etc. The top 10
vaccine candidates which have entered phase 3 clinical trials are
discussed in Table 2. Currently, more than 100 candidates for
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Table 2
Phase 3 clinical trials of COVID-19 Vaccines (www.raps.org).
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S.

No.

Vaccine Developer

Candidate Mechanism

Current Status

1.

5.

9.

Moderna; Kaiser Permanente
Washington Health Research Institute.

Sinovac; Sinovac Research and
Development Co., Ltd.

Bharat Biotech; National Institute of
Virology
Pfizer; BioNTech

The University of Oxford; AstraZeneca;
IQVIA; Serum Institute of India

Johnson and Johnson

Wauhan Institute of Biological Products;
China National Pharmaceutical Group
(Sinopharm)

Novavax

Gamaleya Research Institute; Acellena
Contract Drug Research and
Development.

mRNA-
1273

mRNA-based vaccine

CoronaVac Inactivated vaccine (formalin
with alum adjuvant)

Covaxin  Inactivated vaccine

BNT162 mRNA-based vaccine

AZD1222 Replication-deficient viral vector

vaccine (adenovirus from
chimpanzees)

NJ-
78436735

Non-replicating viral vector

Not
named

Inactivated vaccine

NVX-
CoVv2373

Nanoparticle vaccine

Sputnik V. Non-replicating viral vector

10

On 12 May, mRNA-1273 was granted Fast Track designation by the FDA. A
Phase 3 vaccine trial is underway and is being funded by OWS. The Medicines
and Healthcare Products Regulatory Agency (MHRA) of the United Kingdom
has begun a real-time analysis of mRNA-1273, which will allow a faster
vaccine approval process.

Sinovac representatives told Reuters that the vaccine appeared to be effective
for older participants in the trial and did not cause any significant side effects.
Preliminary findings from the Instituto Butantan trial announced by the
company suggest that CoronaVac has so far been safe and no significant
adverse reactions have been identified. Owing to a patient death, the trial in
Brazil was briefly suspended, but the trial has later resumed.

According to an ICMR scientist who spoke to Reuters, the vaccine could begin
distribution as early as February 2021.

For BNT162b1 and BNT162b2, Pfizer and BioNTech have secured the Fast
Track designation from the FDA. Based on the totality of available evidence
from our preclinical and clinical trials, including selected immune response
and tolerability parameters, BNT162b2 was chosen to progress to a Phase 2/3
safety review. The companies also requested the FDA to consider an extended
procedure to include up to 44,000 participants for the Phase 3 trial. European
Medicines Agency (EMA) has launched a rolling review of BNT162b2, which
may accelerate the candidate’s approval. According to the Wall Street Journal,
Pfizer and BioNTech may be able to file for an Emergency Use Authorizations
(EUA) in November and have the vaccine ready for use in December. In
Australia, the Australian Therapeutic Goods Administration (TGA) provided
BNT162b2 with a provisional determination, which is the first step on the
path to approval of the vaccine in the region. Shanghai Fosun Pharmaceutical
Company, BioNTech’s partner in China announced that it was seeking
approval for BNT162b2 in China but would no longer conducting BNT162b1
clinical trials.

In part, the Biomedical Advanced Research and Development Authority
(BARDA) and OWS are financing the AstraZeneca trials. IQVIA has announced
that they are working with AstraZeneca to advance the vaccine’s clinical trials.
In the United States and at study sites in India, phase 3 studies are being
conducted, but have been put on hold following a serious adverse event. Trials
have since resumed. The Human Medicines Committee (CHMP) of EMA has
begun a rolling review of AZD1222 to decrease the amount of time before a
safety and efficacy decision is taken, as has Health Canada. The Australian
Therapeutic Good Administration (TGA) granted the provisional
determination of AZD1222 in Australia, the first step in the approval process.
An accelerated analysis of AZD1222 in Britain has also been initiated by the
Medicines and Healthcare products Regulatory Agency (MHRA).

Johnson and Johnson announced on 10" June 2020, that it is accelerating
Phase 1/2 trials and that human trials are underway. According to the firm,
the Phase 3 study, estimated to enrol up to 60,000 individuals, is also under
way. The ENSEMBLE research was on hold pending a review of an adverse
condition developed by a participant in one of the study arms, but after the
Independent Data Protection and Monitoring Board recommended the trial
restart recruiting, Johnson and Johnson was cleared to resume the trial in the
U.S. and Brazil. Johnson and Johnson said it expects as soon as possible to
begin testing its vaccine in adolescents.

In Peru, Morocco, and the United Arab Emirates, a Phase 3 trial is underway.

Novavax has received the NVX-CoV2373Fast Track Designation from the FDA.
The Coalition for Epidemic Preparedness Innovations (CEPI) announced on
11" May 2020, that it had provided Novavax with an additional $384 million
to develop and produce NVX-CoV2373. As part of its recent acquisition of
Praha Vaccines, Novavax plans to produce 1 billion doses of NVX-CoV2373 by
2021. According to a company press release, Novavax was awarded a $60
million by US Department of Defense contract to produce NVX-CoV2373, and
another $1.6 billion from Operation Warp Speed if the candidate is successful
in clinical trials. The candidate has formally initiated a Phase 3 trial in the
United Kingdom to test the vaccine for up to 10,000 participants, the company
said in a press release. Novavax updated its Phase 3 trial of NVX-CoV2373 in
North America on 27™ October 2020, announcing that the trial will begin at
the end of November, approximately one month later than anticipated.

The Russian Federation’s Health Ministry has approved Sputnik V as the first
COVID-19 vaccine. To date, however no trial information has been released.
Due to a lack of safety and efficacy evidence, the approval has drawn
controversy in the medical community. In Brazil, the Institute has made a
preliminary pre-submission of the vaccine appropriate for its use in the
region.
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S.  Vaccine Developer Candidate Mechanism

No.

Current Status

10. CanSino Biologics; Tongji Hospital; Ad5-nCoV Recombinant vaccine

Wuhan, China.

(adenovirus type 5 vector)

As reported to Reuters on 25 June by the Central Military Commission of China
announced that the military had been allowed to use Ad5-nCoV for a duration
of one year.

COVID-19 vaccines are in the developmental stage, with a number
of them in the human trial process. Through the Access to COVID-19
Tools (ACT) Accelerator, WHO works in partnership with scientists,
industry, and global health organizations to speed up the pandemic
response. COVAX (led by the WHO, the Global Alliance for Vaccines
and Immunization [GAVI] and the Coalition for Disease Prepared-
ness Innovations [CEPI]) will promote the equal access and distri-
bution of these vaccines to protect citizens in all countries when a
safe and efficient vaccine is developed and people who are most at
risk will be given first priority on vaccination (Sharma et al., 2020;
Rabaan et al., 2020).

7. Effects of COVID-19 on the environment

The emergence of the COVID-19 pandemic has resulted in both
positive and negative impacts on the environment. The positives
include a decrease in air pollution, noise pollution, clean beaches, a
reduction in emission of greenhouse gases, and traffic injuries. The
negative impacts are increased waste, reduction in waste recycling,
unemployment, economic crises and manufacturing demand.
Before COVID-19, the world was facing many environmental issues
like industrial pollution, noise pollution, water pollution, ozone
layer depletion due to greenhouse gases from industry and vehi-
cles, excessive use of chemicals in agricultural sectors, etc. (Saadat
et al., 2020).

7.1. Positive impact of COVID-19 on environment

7.1.1. Air pollution

The major air pollutants include nitrogen dioxide (NO,), carbon
monoxide (CO), Sulfur dioxide (SO2), Ozone (O3), fine particulate
matter (PM2.5), and coarse particulate matter (PM10). The sources
of these types of pollutants are mostly from industries and auto-
mobile exhaust. Carbon monoxide (CO) gases are emitted from
fossil fuel burning and heavy machinery. Sulfur dioxides (SO;) are
sourced from motor vehicles, domestic heating and power gener-
ation unit.,, The emission of these gases affects the respiratory
system, lungs, and mucus secretions. Nitrogen dioxide (NO,) reacts
with air to release ozone which is mainly emitted by vehicle or
industry and cause severe damage to the lungs that leads to
breathing problem and they are the source of early childhood
asthma. Particulate matter (PM) was mainly found to be sourced
from acid rain and cause cancer because it can easily penetrate
inside the lung’s cells. Based on the size, it is of two forms, namely
PMjp and PM;5. PMyp with a size less than 10 um includes the
pollens, molds and dust. PM2.5 is even smaller than PM, causing
adverse health effects like chronic obstructive pulmonary disease
and lower respiratory infection, which has led to the death of nearly
three million people worldwide. Another important toxic pollutant
includes the Ozone (0O3), which is formed from harmful gases
emitted by vehicles or industry, causing severe breathing problems,
lung-function reduction, triggers asthma and lung diseases. The
spread of COVID-19 disease has led to completely shut down most
of the industries as well as automobile traffic reduction, which
resulted in a drastic decrease in air pollution universally (ESA, 2020
a; b).
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7.1.2. Clean beaches

Beaches are considered an important natural resource found in
coastal areas. They are the source of land, sand, fishing grounds for
the survival of coastal communities. As far as the government is
concerned, beaches are a good source of revenue in the form of
tourism. But currently, most of the beaches are highly polluted due
to anthropogenic activities. The lockdown situation due to COVID-
19 in many countries has caused decreased movement of people in
and around the coastal areas, which has led to clean beaches and
clear waters around the surrounding areas (Zambrano-Monserrate
et al., 2020).

7.1.3. Reduction of environmental noise level

The major cities around the world are highly contaminated
nowadays with noise pollution, which is mostly due to human
activities like automobile traffic, high volume speakers in com-
mercial spaces, and sounds from various industries. These cause
lots of discomfort and health-related problems to humans. Noise
pollution affects animals psychologically and especially birds,
which are highly sensitive. Since the government imposed the
lockdown due to COVID-19, the reduction in all modes of transport
and commercial activities has caused a huge drop in noise level
around the world’s major cities (Zambrano-Monserrate and Ruano,
2019).

7.2. Negative impact of COVID-19 on environment

7.2.1. Increased waste

Many of the countries have imposed strict quarantine to control
the spread of COVID-19 disease, which caused a vast increase in
organic and inorganic waste. Since most of the essentials are or-
dered online for home delivery, wastes like food packaging and
household goods have led to the rise of organic as well as inorganic
waste. Apart from that, a huge amount of medical waste has been
generated by hospitals. In the present situation, the governments
are in a critical state to handle the sudden rise of medical waste
(gloves, masks, and disposable aprons) generated from the hospi-
tals. Even the public is aware of its proper disposal in these times. If
they are not properly disposed of, they still may carry traces of viral
contaminants and that can lead to severe problems in the future
(Calma, 2020).

7.2.2. Reduction in waste recycling

Another major problem currently rising is waste recycling.
Waste recycling is done to prevent pollution, save energy and
conserve natural resources. Currently, the recycling waste man-
agement operations of most countries have ceased as these a pose
to risk to the workers in recycling centers who may get infected as
the household or medical waste may carry trace amounts of this
contaminant. Most countries are trying to find a solution for proper
as well as safe disposal of COVID-19 waste. Till then, waste man-
agement will be difficult to process (Bir, 2020).
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8. Face mask
8.1. Types of face mask, its primary benefits and drawbacks

COVID-19 disease has emphasized the importance of global
health care among people. The spread of the deadly virus can be
optimally prevented or avoided by the effective usage of personal
protective equipment (PPE) like gloves, face masks, air-purifying
respirators, goggles, face shields and gowns among health care
workers, the general public and infectious patients. One of the
essential is the face mask, which has nowadays become a world-
wide healthcare necessity. Though healthcare professionals are
running many detection tests and other treatments, the main
measures that have been focussed upon the general public by the
world governments are the strict follow up of social distancing and
certain other measures like safety protocols and good hygiene
adoption. Previously these face masks (FFP2, FFP3, N95, KN95) are
used only by occupational health and safety professionals, but now
they have become common to everyone and have created a positive
effect in the field of health and safety as well. This non-
pharmacological face mask helps in the filtering of airborne parti-
cles, which are associated with health hazards and also prevent the
rapid transmission of highly infectious diseases among each other.
The main purpose of wearing a face mask is to ensure that the
infected aerosols should not be expelled from them and trans-
mitted to others. Currently, healthcare workers and the general
public use this face mask daily, and it has become a universal
requirement during this pandemic situation due to the lack of a
vaccine or antiviral drugs (Carlos Rubio-Romero et al., 2020).
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The quality of face mask has become a great obstacle among the
public. Some metrics are followed to evaluate face mask perfor-
mances, which include particle filtration efficiency (PFE), bacteria
filtration efficiency (BFE), virus filtration efficiency (VFE), and
filtering facepieces (FFP). Even the healthcare workers frequently in
use of face mask would not be familiar with these types of metrics.
Only limited official information has been provided to the public to
select appropriate masks (Syed et al., 2003). Currently, three types
of masks are in use by the health care workers as well as the public,
namely i) Surgical or Medical mask, ii) Respirators (N95, FFP2) and
iii) Non-certified mask (Cloth mask) (Fig. 5). Table 3 shows that the
face mask types and its potential benefits.

i) Surgical or Medical mask —The health care professionals use this
type of mask. Generally, these consist of three layers, which can
give protection as well as more air permeability. The inner layer
is a standard non-woven fabric mainly used to absorb the
moisture and release it by the wearer. The outer layer is a
waterproof non-woven fabric used to isolate patient’s liquid
sprayed. The filter layer in the middle is made from melt-blown
material, which stops the microbes from entering and exiting
the mask. The most common material which is used for making
the mask is polypropylene. Other materials like polystyrene,
polycarbonate, polyethylene, or polyester are also used to make
masks of both 20 and 25 g per square meter (gsm) in density.

The filtering mechanism of medical masks is by Brownian
diffusion, entrapment, inertial collision, gravity sedimentation and
electrostatic adsorption. The first four are physical factors, that is,

Three Layers of Protection

Disposable Facemask

S Layers PM2.S Activated Carbon Filter

Clear Air

Polluted Air

Activated carbon mask

Surgical or Medical Mask

Non-certified Facemask
(Cloth Mask)

Bio-based mask

Fig. 5. Different types of Masks that are currently in use as well as in research stage (Das et al., 2020, reproduced with permission).
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Table 3
Different types of Masks and its uses.

Chemosphere 272 (2021) 129601

TYPES OF
MASKS

SURGICAL MASK

CLOTH MASKS

N95 RESPIRATORS REFERENCES

Testing and European Standard EN 14683:2019 + AC: 2019, ASTM
Approval F2100- 11 in the United States, YY 0469 in China.

None

Intended use Fluid resistant and protects wearer from large droplets,

and splashes and bodily fluids
purpose not fluid
resistant
Breathability Breathable Breathable

Material Non-Woven Fabric Polypropylene 3 Layers - Outer Layer- Cotton
Hydrophobic Non-Woven layer, Middle layer - Melt Filter paper,
blown filter, Inner layer -Soft absorbent Non-Woven Nylon
layer

Leakage Leakage through mask edges Leakage occurs

throughout
cloth

Face Seal Loose-fitted Loose-fitted

Filtration Moderate level filtration Low level

filtration

Limitation  Disposable/Single use Re-useable

for usage

Helps protect
others from you, airborne particles including small

AENOR, 2010; AFNOR 2020; Battelle,
2016; Bimedica, 20204, b; CDC 2020a, b;
ECDC, 20204, b; FDA, 2020a, b; UNE,
2020.

European Standard EN 149:2001 +
Al: 2009, NIOSH-42CFR84 in the
United States, GB2626-2006 in
China.

Reduces wearer’s exposure to

particle aerosols and large fluid
droplets.

Difficult

1st layer - Spun-bond
polypropylene

2nd layer - Cellulose/Polyester
3rd layer -Melt-blown
polypropylene Filter Material
4th layer — spun-bond
polypropylene

Minimal leakage. When [properly
fitted and worn]

Tight-fitted
High level filtration

Discard after each use,
But can be used up to 5 times

the characteristics of the non-woven fabric produced by the melt-
blown method and the filterability rate is about 35%. A surgical
mask is of loose-fitting type disposable device, but it does not filter
or block very small particles in the air that may be transmitted by
cough or sneeze. But they are effective barriers in retaining large
droplets released from the mouth and nose by the wearer in public.
It also helps in reducing exposure of the wearer’s saliva and res-
piratory secretions to others, which may travel up to 26 feet. The
surgical mask protects the patients from contaminants, and it
should not be worn for more than 3—8 h. The hypothetical part
about the surgical mask is that it does not protect against
“airborne” infectious agents. The advantages of using a surgical
mask include its good filtering ability and disposable nature. The
main disadvantage they possess includes the poor sealing ability
and environmental pollution if not disposed of properly (Long et al.,
2020).

ii) Respirator (N95) — N95 respirators stop the contaminants,
bacteria, and other matter from reaching the nose and
mouth. They supply the user with clean air from a tank or
other uncontaminated source. N95 respirators are one of the
personal protective equipment that happens to be in high
demand among healthcare workers while handling COVID-
19 infected patients. This respirator filters out at least 95%
of very small (0.3 microns) particles, including bacteria and
viruses. They reduce the wearer’s exposure to airborne par-
ticles from small aerosol particles to large droplets. This type
of mask has non-leakage proof around the edges of the
respirator. N95 respirators are intended for single use in
health care settings. CDC does not recommend the general
public to wear N95 respirators to protect themselves from
respiratory disease. Patients who possess chronic respiratory
diseases or asthma should check with health care provider
before using N95 respirators. The main advantages include
the effective filtering of the surgical plume, bacteria, virus,
fungi entering the mouth and allergens. N95 respirators
generally have an excellent sealing effect. It may not feel
comfortable to wear for long hours. The maximum time
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prescribed for wearing these types of respirators is 1-2 h and
there is an increased chance of respiratory diseases among
frequent users. It’s another polypropylene-based product
that can act as pollutants to the environment (Radonovich
et al., 2019).

iii) Cloth Mask: There has been a high demand for medical masks
or respirators during the COVID-19 spread. Due to shortage,
many non-certified or home-made masks are in circulation
among the public users. It has become popular among non-
infected people as it tends to be more comfortable/breath-
able. These can be washed and reused. WHO recommended
the fabric masks provided it consists of three layers, the outer
layer of the mask should be water-resistant, the inner layer
has to have water absorbent capacity and the middle layer
should act as a filter. The cloth mask has less capacity in
filtering the virus-containing droplets. It can still serve as an
effective protective agent when the social distance is main-
tained among the infected and non-infected people. Wearing
a cloth mask will not completely protect anyone from con-
tracting the coronavirus, but it can reduce the possibility of
spreading it. The main advantages of using a cloth mask are
that these are easy to handle, cheap and reusable (Ho et al.,
2020).

Many studies have exhibited that airborne particles cause res-
piratory, cardiovascular and pulmonary irregularities. Particles
with a size of PM 2.5 will easily enter through the mouth or nose,
reaching the alveolar cells of the lungs, causing asthma and cancer.
A recent report suggested the nano-fiber-based filter can stop the
inhalation of particles of size PM 2.5. Polysulfone-based nano-fibers
are used to filter out the particles below PM 2.5 effectively. These
nano-fibers can be used in the future to produce low-cost respi-
rators and also will have longevity over other respirators that are
currently available (Lim et al., 2004; Schlogl and Abd, 2009).
Another study described the usage of carbon nanofibre and acti-
vated carbon as mask cartridges. These can effectively absorb and
remove highly volatile organic vapors upon inhaling the air. These
can act as a suitable substitute for normal respiratory cartridges
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because it has comparatively very low weight as well as acceptable
absorption capacity (Jahangiri et al., 2012). A recent study, an up-
date on the above observation with the same carbon nanofiber and
activated carbon on impregnation with nickel nitrate catalyst
exhibited still lesser weight and higher absorption capacities than
previous findings. In the future, carbon nanofibers can be a suitable
material for absorption and can be used with catalyst support for
their unique properties, purity, mechanical strength and larger
surface area (Jahangiri et al., 2013; Abbasinia et al., 2018).

Moreover, most of the currently available face masks are made
from polypropylene, which is non-degradable, causing heavy
environmental pollution. A sustainable way has to be adopted to
develop face masks with excellent efficiency than the available
ones. Recently researchers have designed a bio-based mask in
which they used wheat gluten biopolymer that has been electro-
spun into nanofibre membranes and after that, they have carbon-
ized them at over 700 °C to form a network structure. This mesh
can act as the filter, and additionally, very low amounts of lanosol
have been bonded and shaped by thermoforming to create the face
masks. This type of bio-based mask that is completely biodegrad-
able can effectively reduce the transmission of infectious diseases
and also it will be an environmentally sustainable product (Das
et al., 2020).

The Centre for Disease Control and Prevention (CDC) recom-
mend that almost everyone wear a mask during the COVID-19
epidemic to control the spread of the infection (CDC, 20203, b).
This situation has led to increased use of masks by people from the
different sectors, which has caused a shortage of masks. It is esti-
mated that approximately 89 million medical masks are needed
each month to treat and take care of COVID-19 patients (WHO,
2020d). It is the prior responsibility of the government sectors,
hospitals, pharmaceutical companies and researchers around the
world to find a remedy on usage the mask vastly or to identify new
personal protection equipment that has to be cost-effective as well
as being reusable. In the coming days, most countries may lift the
lockdown because continuous shutdown will affect their economy
drastically, and also common people will get frustrated in staying
home for a long time. During that time, there will be more re-
quirements for masks.

8.2. Face masks - medical waste of COVID-19 a blooming threat to
the marine ecosystem

During the COVID-19 pandemic, the demand for medical prod-
ucts and packaging has increased sharply. Due to this, the amount
of hazardous medical waste generated is enormous when
compared to normal conditions prevailing in any hospital around
the world. Medical health sectors and waste management systems
have already taken certain precautionary steps to control the
contamination as well as disposal of the medical waste. But still,
clearance of medical waste is increasing day by day and it is difficult
for any government to find a solution very soon (Ho et al., 2020).
Each individual must adopt certain measures for the safe disposal
of face masks as well as other medical wastes. This is needed since
whatever medical waste generated may carry a trace of infectious
agents until a proper technology is acquired to destroy it
completely. Some people may be more prone to medical waste
exposure like cleaners, trash collectors and other people who spend
much time in public places (Saadat et al., 2020).

Face masks are made mostly from plastic material, highly liquid-
resistant and non-degradable and may carry traces even after being
discarded. This kind of hazardous plastic waste either ends up in
landfills or oceans, causing huge damage to that surrounding
ecosystem. Health caretakers wearing surgical mask that cannot be
worn more than a day and empty hand sanitizer bottles along with
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used tissue papers are disposed massively from each hospital
which may end up as hazardous medical waste in future to the
environment (Phan and Ching., 2020). The sudden usage of face
mask, disposable gloves and hand sanitizers by billions of people
will create an enormous amount of trash around the world. As a
medical waste, its impact will be extended in the future and if these
are not properly treated, it may cause deleterious effects to land and
ocean ecosystem (Hellewell et al., 2020).

Medical waste like a disposable face mask, used gloves and
gowns generated daily from hospitals has to be treated properly to
destroy the remaining pathogens. The treatment technologies are
based on thermal processes such as autoclaving, incineration and
plasma or microwave treatment (Windfeld and Brooks, 2015; Liu
et al, 2015). Most of the treatment facilities are designed to
handle the average flow rate and composition of medical waste.
Currently, the expected amount of medical waste generated during
COVID-19 from hospitals exceeds the available capacity for the
waste treatment of hazardous materials. In fact, compression or
suppression of waste alone cannot effectively reduce the capacity. It
also has to be ensured that pathogens contained in them are
completely eradicated. After the pandemic subsides, it can be
assumed that a large amount of treated waste will remain in the
dump yard, which may or may not carry pathogens but still be left
as a huge pollutant to the environment (Yu et al., 2020).

It has been estimated that nearly 90% of marine debris is
composed of plastics, Styrofoam, food and packaging materials.
Though the percentage of discarded fishing nets found in oceans is
less, it still causes extensive trapping of marine organisms. They
also cause the entangling of birds, turtles and other marine life
forms. Currently, another growing concern is about microplastics
that have been found in coastal as well as interior oceans. These are
tiny bits of plastics with a size measuring less than 5 mm in
diameter (Li et al., 2016). Microplastics are classified based on their
origin into two types: 1) Primary and 2) Secondary microplastics
(Avio et al., 2017). Micro-sized synthetic polymers are the primary
microplastics that are utilized as exfoliates for several processes
such as chemical preparations, sandblasting media, plastic goods
maintenance, as well as synthetic clothing manufacturing. Another
type of primary microplastic includes the microbeads (size < 2 mm)
consisting of polyethylene (PE), polypropylene (PP), polystyrene
(PS), which were used in cosmetic and health care products. Sec-
ondary microplastics are the disintegrated product of macro or
meso plastics and are formed primarily by different environmental
processes, such as hydrolysis, thermal degradation, photo-
degradation, biodegradation, and thermo-oxidative degradation
(Sharma and Chatterjee, 2017). Plastic particles with a size of <
1 pum are referred as nanoplastics, and both of these microplastics
and nanoplastics have possible consequences for the bio-
amplification and bioaccumulation of different chemicals and
contaminants because of their large ratio of surface to volume (da
Costa et al., 2016). These microplastics are easily washed down
the drain and can enter the wastewater treatment plants or waste
recycling facilities. But they don’t have filters fine enough to
remove these microparticles and most likely, they are discharged
into rivers along with the treated effluent or washed off as such,
ending up in the oceans (Fig. 6).

Because of their micron-sized particle existence, microplastics
are persistent throughout the aquatic environment that is mistaken
as food and eaten by various marine biota that includes phyto-
plankton’s, zooplanktons, corals, sea urchins, lobsters, fishes, etc.
and are eventually gets transported to higher tropical levels. A
problem of concern is the effect of microplastic on marine biota, as
it contributes to entanglement and ingestion that can be lethal to
marine life (Sharma and Chatterjee, 2017). Microplastics also have a
detrimental impact on planktons, which play the most significant
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Existing plastic
pollution in marine
environment

Future medical waste
plastic pollution in
marine environment

Fig. 6. Present and future plastic pollutants that exist in coastal and marine environment.

part in the marine ecosystem. The heterotrophic plankton un-
dergoes the phagocytosis process when exposed to microplastics
and holds these tiny plastic fragments in its tissues. Penetration of
microplastics along the phytoplankton cell wall results in a
decrease in chlorophyll absorption (Nerland et al., 2014). Zoo-
planktons have a crucial role in the marine environment, as these
organisms are important primary consumers of the aquatic food
chain. Zooplanktons have a variety of feeding pathways and they
use the chemo-mechano receptor system for prey selection. The
omnipresent presence of microplastics in marine environments
results in interactions between microplastics and these zooplank-
tons, as both of them are of the same size (>333 pum), resulting in
highly feasible interactions (Cole et al., 2013). Zooplankton appears
to ingest beads of polystyrene with measurements between 1.7 and
30.6 um. A well-known copepod, the Centropages typicus, was
known to ingest microplastics of size 7.3 pm and gradually lost its
feeding capacity, which had a negative impact on their health. In
the benthic organism, Hyalella azteca, ingestion of polyethylene
(PE) microplastics contributes to a decrease in the growth and
reproduction process (Au et al., 2015). The uptake of microplastics
in the Arenicola marina, a marine lugworm caused a decrease in
their feeding capacity and weight loss (Besseling et al., 2013). By
feeding on planktons, corals obtain energy to acquire important
nutrients necessary for their growth, development and reproduc-
tion. In Australia, the Great Barrier Reef was firstly reported for the
presence of microplastics in Scleractinian corals. The feeding coral
experiment showed that corals eat these tiny fragments at a rate of
~50 pg plastic cm—2 h~! when exposed to microplastics. Micro-
plastics’ exhibited an adverse effect on corals, including the accu-
mulation of plastic particles in mesenterial tissue, leading to a
decline in feeding potential and reduction in their energy reserves
(Hankins et al., 2018).

Certain microplastic characteristics, such as microscopic size,
attractive colors, and high buoyancy, make these tiny fragments
readily accessible to fishes. By mistaking these particles as
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planktons or other natural prey, fishes eat microplastics. In a report,
microplastic ingestion was observed in the Acanthochromis poly-
acanthus planktivorous fish where microplastics of < 300 um size
were present in the intestinal cavity of the individual fish (Critchell
and Hoogenboom, 2018). Another study has shown that micro-
plastic ingestion in fish induces metabolic changes, including up-
regulation and down-regulation of fatty acids and amino acids
(Lu et al., 2016). Particularly in the case of sea birds, the harmful
effects of microplastic ingestion are a matter of concern as half of
the species are endangered and the toxic impact of plastic particles
has detrimental effects on their bodies that could cause changes in
feeding behaviour, reproduction and mortality (Wilcox et al., 2015).
Six species of sea birds, Phalacrocorax bougainvillii, Pelecanoides
garnotii, Pelecanoides urinatrix, Pelecanus thagus, Spheniscus hum-
boldti and Larus dominicanus were found to have plastic fragments
in their stomach area, and maximum ingestion ability was detected
in the case of Larus dominicanus, which typically feeds on fishing
nets, waste disposal items and plastic containers (Thiel et al., 2018).
Large marine biota species, including sharks, whales, dolphins, sea
turtles and polar bears, are also prone to the ingestion of micro-
plastics in oceans worldwide. In the stomach and intestine of the
harbour seal, Phoca vitulina, the presence of microplastics was
observed. This class of marine mammals were filter feeders and
therefore ingests large quantities of microplastics either directly
from ocean water or indirectly through the ingestion of the prey
containing microplastics. The presence of microplastics in the in-
testine of sharks from Sea of Cortez and whales from the Medi-
terranean Sea showed that much of the world’s littered plastic
waste inevitably ends up at sea and poses a significant threat to
marine animals (Bravo Rebolledo et al., 2013; Gabbatiss, 2018).

8.3. Face masks - safe recycling and energy conversion

A higher volume of medical waste like masks, gloves and other
protective equipment has been generated from infected and non-
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infected sources during the COVID-19 pandemic. In this situation,
the most important aspect is the sound management of these
medical wastes, which can reduce the unexpected health effects
both on humans as well as the surroundings. For effective man-
agement of these medical wastes, it needs i) Proper identification
(Infected or Non-infected), ii) Collection and separation, iii) Storage
and transportation, iv) Treatment and disposal. It also requires
certain associated factors for the waste management handlers like
disinfection, personnel protection and training (Bourouiba, 2020).

The source of medical waste is generated from hospitals or
advanced healthcare services and the patients infected by mild
symptoms with self-quarantine facilities or the non-infected stay-
ing at home. Apart from the normal situation, it requires a specific
protocol in the waste management system. It has to start with the
sorting of the waste, its collection, treatment methodology and
safety protocol for the waste handlers or workers. The countries of
the world have taken numerous measures to handle the COVID-19
waste like double bagging with well-tied garbage bags for house-
hold waste as well as food containers, as these are now to be
considered as hazardous because there may be a risk of pathogen
contamination. In addition, suspected or positive cases are pro-
vided with separate waste collection systems. Though many pre-
cautionary steps are practiced, it still encourages the use of plastics
as well as its generation as mixed waste. The COVID-19 pandemic
has created a situation in which waste management systems, its
associated economic and environmental issues, are of high concern
and it must be carefully handled. But still, most countries have
certain setbacks in tackling the current conditions (Association of
cities and regions, 2020). Common techniques used for the
COVID-19 waste treatment include the Incineration, Physical and
Chemical methods. These techniques are applied at various stages
in the Waste Management Systems (WMS) to handle the different
types of waste that are carried by the COVID-19 Wastes (CW) (Ilyas
et al., 2020). Incineration at a low or high temperature can be an
efficient technology that can be adopted for handling the large
some of CW and also, it would be sufficient investment for dis-
infecting pathological and pharmaceutical CW. Chemical disinfec-
tion combined with other technologies like Steam or autoclave
disinfection techniques at later stages can be followed by the small
investment hospitals for clearing the CW. Though incineration
technology would efficiently degrade SARS-CoV-2 viruses at high
temperatures still carries certain drawbacks like the release of
toxins into the environment, which affects the immune system of
humans and animals drastically (Ghodrat et al., 2017; Wang et al.,
2020). Thermal technology is the latest technique that assist
competently in degrading the CW and they are sub-classified into
two types such as 1) Pyrolysis (operates at high temperatures), and
2) Microwave (operates at medium range temperatures) (Papari
and Hawboldt, 2018).

Currently, plastic waste (mostly medical waste) generated dur-
ing the pandemic has high calorific values when compared with
other regular fuels. Plastics alone accounts for nearly 25% of calo-
rific value in municipal solid waste. Pyrolysis and gasification were
the techniques that have been adopted as additional sustainable
waste treatment. The hidden energy in the plastics can be recov-
ered through the recycling process like the usual mechanical or
chemical methods, which are followed by the thermal processes.
Most of this energy are lost when these are taken up to landfills as
such or as a solid pollutant to the environment (Al-Salem, 2019).

Recycling plastics to be utilized as an energy source can be an
alternative solution to overcome the current scenario, but there are
some delays in executing it. Most recycling technologies are highly
sensitive to purity (Lee et al.,, 2019; Cheng et al., 2020). The energy
from recycled plastic or recycled waste can be utilized in the future
as a replacement for fossil fuels. Currently, plastics have become an
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important application during COVID-19 management. But its usage
can be minimized by providing awareness to the public and
applying strict government regulations on its use. Often, plastics’
impact is not caused directly, but due to improper handling or
disposal by the consumers. It then turns out as an environmentally
hazardous pollutant (Zheng and Suh, 2019).

Few technologies can be applied for the recovery of energy from
hazardous medical waste. Life cycle assessment and its associated
methods can be a preferable alternative in treating hazardous
medical waste. Burning of medical waste, which can release a high
amount of energy as heat, can be recovered as well as the chemical
content of plastics also can be recaptured by the process and uti-
lized for useful purposes (Hong et al., 2018). Usage of life cycle
assessment technology confirms that efficient heat energy has been
recovered, causing minimal environmental impacts. However, the
recovered heat energy usage still remains an obstacle and the
emission of Products of Incomplete Combustion (PIC), dioxins and
Furans in trace amount remains a problem. PIC’s are formed when
the waste gets disintegrated during the treatment process and gets
reorganized into small particles later on by post-combustion
cooling. Dioxins are released unanimously on burning medical
waste since most components are of plastics wastes. The metals
which are carried by medical waste upon treatments are dispersed
inside the reactor chamber and can act as a catalyst for the for-
mation of dioxins. Furans coexist, along with the other toxins that
are released during the treatment process. Toxins released during
the process can store in fatty cells and run along the food chain.
They are carcinogenic substances that can harm the immune sys-
tem as well as causing an imbalance in hormonal secretions (Ilyas
et al., 2020). The current concern is more on the safe disposal of
medical waste rather than making energy recovery from it. Yet, the
process of handling the huge amount of accelerating medical waste
to energy recovery remains uncertain in a short period of time
(Makarichi et al., 2018).

The occurrence and requirement of plastics in everyday life have
led to the global presence of this hazardous material or pollutant in
the environment (Klemes et al., 2020). Laws and regulations related
to the discharge of plastics into the sea, implementation of biode-
gradable plastics, recycling and awareness campaigns can help in
minimizing the problem of the use of plastics as well as its safe
disposal. The other remedial measures that can be followed include
enforcing strict environmental laws in the disposal of waste, wide
knowledge on plastic waste management among the public and
improvisation of recycled plastic product standards.

8.4. Challenges and future prospects

During COVID-19 outbreak, several types of medical and haz-
ardous waste are generated, including used face masks, gloves, and
other personal protective equipment. The coronavirus pandemic
brings a new form of pollution as single-use personal protective
equipment (PPE) floods our ocean. Plastic waste pollution was
already considered as one of the major threats to our planet before
the COVID-19 outbreak. The increased use of PPE to prevent the
spread of the disease will now further contribute to this pollution.
Millions of people are being advised to wear face masks to protect
from the disease outbreak; however, little guidance has been given
to the public about the safe disposal of the same and its recycla-
bility. The lifting of lockdown restrictions in many countries
translates to usage of billions of face masks every day globally.

Today, millions of used gloves and masks are being disposed
every single day. The source of polluted medical waste is not limited
to hospitals. Some advanced healthcare facilities have become
insufficient for managing the rapidly increasing medical waste. To
avoid the spread of COVID 19, wearing a face mask is considered a
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primary solution; on the other hand, this leads to an extraordinary
increase in disposable mask production. Mostly, the face masks and
other PPE are produced from long-lasting plastic materials. If not
properly discarded, these can persist in the environment from de-
cades to hundreds of years and create several problems for the
people and the environment. In this context, special attention
should be taken care to save our ecosystem. These pollutants must
be treated as hazardous medical waste because they may carry the
risk of contamination with pathogens (Klemes et al., 2020).

The patients with mild symptoms/suspected cases who self-
isolate at home also contribute to this medical waste. They
should be educated on the use of separate waste collection systems.
The PPE, which is made from plastic materials, first breaks down
into microplastic and then to nanoplastics. These nano plastic
particles and fibers are long-lived polymers that can affect the food
chains. Therefore, the governments worldwide should promote the
environmentally friendly production of PPE, which are non-toxic,
biodegradable, or easily recyclable alternatives that come from
rice husk, a natural fiber obtained from plants, etc. Concerning the
PPE pollution in the ocean, a single solution can’t solve this issue;
however, it should be brought through by rapid and concerted
action by which we can break the plastic pollution.

This constant increase in the quantity of wastes makes it
imperative for new and better waste treatment methods to be
created. Traditional methods of waste management, such as com-
posting, landfilling and incineration, are obsolete and should be
replaced by new solutions that are reliable and easy to run. As we
look forward to a post-COVID-19 future, it will be of primary
concern to counter fear-driven prejudices toward hygiene of reused
and recycled goods. Investments in safety gear and physical facil-
ities for sorting, collecting and recycling will restore the trust of
sanitation workers in the safety of waste handling and can
contribute to clear, homogeneous streams of plastic waste for re-
cyclers. Automation and creativity in current as well as the
emerging technologies into collection and segregation will help in
effective waste management services.

9. Conclusion

The COVID-19 pandemic has been continuously causing heavy
damage to the people around the world. Lots of life has been taken
up by the virus and it still continues. For the control of the virus
spreading, health care personnel, essential workers and the general
public have to be completely reliant on personal protective equip-
ment on this occasion. Nowadays, face mask has become an
essential commodity and huge tons are manufactured every day to
meet the world’s needs. They are mostly derived from petro-
chemicals as raw materials that are non-degradable and are
considered as one of the hazardous medical waste now as well as in
the future. There has been an alarming rise in face mask usage as
well as other medical waste from hospitals and household garbage.
It has become a huge task for the world countries to clear this
particular waste, which may or may not carry a trace of infectious
agents along with them. A constructive methodology or system has
to be adopted by world countries for effective management of
increasing medical waste. Adequate waste recycling or its conver-
sion to other energy forms may be an excellent solution that can be
implemented by any government to control the current situation. If
the generated medical wastes are not properly treated now, its
impact will be extended in the future and also may cause delete-
rious effects to the land and ocean ecosystem. An alternative to
overcome the problem is improvised face mask production either
made through nanotechnology or biomaterial, which should
possess an equal or better efficiency than the conventional ones
and should be completely biodegradable so that it may not harm
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the terrestrial as well as the marine ecosystem.
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The authors regret that the printed version of the above article protein, and iv) Nucleocapsid protein. A fifth protein, Hemagglutinin-
contained an error. In Section 4, “SARS-CoV-2 taxonomy and their esterase dimer, is present in some betacoronaviruses”.
unique structural characteristics”, we have mentioned that the structure The authors would like to apologise for any inconvenience caused.
of SARS-CoV- 2 consists of five main parts. However, the fifth protein is Acknowledgement: We thank Dr. Milad Zandi (Department of
not present in all coronaviruses. Thus, the following sentence in this Virology, School of Public Health, Tehran University of Medical Sci-
section should be changed to: “The structure of SARS-CoV- 2 consists of ences) and Dr. Saber Soltani (Research Center for Clinical Virology,
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