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Abstract

In the light of thousands of infections and deaths, the World Health Organization (WHO) has declared the outbreak of
coronavirus disease (COVID-19) a worldwide pandemic. It has spread to about 22 million people worldwide, with a total of
0.45 million expiries, limiting the movement of most people worldwide in the last 6 months. However, COVID-19 became
the foremost health, economic, and humanitarian challenge of the twenty-first century. Measures intended to curb the pan-
demic of COVID-19 included travel bans, lockdowns, and social distances through shelter orders, which will further stop
human activities suddenly and eventually impact the world and the national economy. The viral disease is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). After SARS-CoV-2 virus and Middle East respiratory syndrome
(MERS)-related CoV, COVID-19 is the third most significant lethal disease to humans. According to WHO, COVID-19
mortality exceeded that of SARS and MERS since COVID-19 was declared an international public health emergency.
Genetic sequencing has recently established that COVID-19 is close to SARS-CoV and bat coronavirus which has not yet
been recognized as the key cause of this pandemic outbreak, its transmission, and human pathogen mechanism. This review
focuses on a brief introduction of novel coronavirus pathogens, including coronavirus in humans and animals, its taxonomic
classification, symptoms, pathogenicity, social impact, economic impact, and potential treatment therapy for COVID-19.
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Introduction
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54 Md. Habibur Rahman In the mid of 1960s, coronaviruses were found to infect
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deepkaushik1977 @ gmail.com respiratory syndrome, coronavirus-2 (SARS-CoV-2), has

been developed in recent times and has sparked a pandemic
in several countries and territories, creating global health
havoc (Rodriguez-Morales et al. 2020). Globally, accord-
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distance, also under “shelter in place” orders, are often
used to curb this unprecedented challenge (Gu et al. 2020),
which involve abrupt shifts in human activities and seri-
ously affect the economy subsequently. Therefore, the social
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and economic impacts of the COVID-19 pandemic are also
expected to vary between countries. The countries or regions
with longer social distances or greater reliance upon indus-
tries such as tourism or automotive industry that are most
severely affected and face major challenges are expected to
recover in China, where COVID-19 originated, earlier than
Europe and North America.

It was understood that COVID-19 was involved in dam-
age to multi-organ systems. The SARS-CoV-2 virus affects
the lungs, heart, nerves, brain, vessels, kidneys, and skin
(M. F. Hossain et al. 2020a, 2020b). Coronaviruses are one
of the biggest groups of sense RNA viruses with spiky pro-
jections on their surface and have a broad, uncomplicated
genome with a special, high degree of mutation and self-
replicating recombination phenomenon. This virus will
cross the boundary of this species and find a new host to
live in and reproduce due to these special characteristics
as examples of animal viruses that are of great importance
in veterinary research methodology. Susan and Sonia have
documented avian infectious bronchitis virus (IBV), bovine
coronavirus (BCoV), and porcine transmissible gastroenteri-
tis virus (TGEV) (Weiss et al. 2005). However, SARS-CoV,
porcine epidemic diarrhea virus (PEDV), and Middle East
respiratory syndrome coronavirus (MERS-CoV) are the best
examples of CoV causing epidemic syndromes in animals
with major economic losses, according to a study published
in 2015 (Lau & Chan 2015).

The virus is widely adaptable to the host and is capable
of causing serious illnesses in humans, rodents, dogs, cats,
camels, pigs, chickens, and bats (Pal et al. 2020). BetaCoV
conserved open reading frame 1a/b is less than 90% iden-
tity (Sharun et al. 2020a,b,c). In the internal environment,
the infection was shown by dogs and cats with moderate to
extreme symptoms (Mykytyn et al. 2020). Foodborne and
zoonotic pathogens are an important threat in the poultry
industry for eradication, elimination, and/or control (H. M.
Hafez et al. 2020). With respect to novelty, SARS-CoV-2 dif-
fers from the two other zoonotic coronaviruses, SARS-CoV
and MERS-CoV, introduced to humans earlier in the twenty-
first century. A decade later, in 2012, MERS-CoV was also
replicated as a zoonotic infection that contributed to a con-
tinuing outbreak and intermittent spread in the Arab Penin-
sula (Alluwaimi et al. 2020). SARS-CoV-2 is a new human
CoV that, as of 5 August 2020, contributed to a worldwide
current virus that claimed over 710,110 lives and infected
over 18,895,712 individuals (of the International 2020). It is
artistic with the potential to infect other animal species due
to superior host adaptability compared to previous zoonotic
coronaviruses (Tiwari et al. 2020). Chickens, ducks, and
pigs, on the other hand, are not vulnerable to SARS-CoV-2
infection (Y. Zhao et al. 2020a,b,c). At present, health pro-
fessionals worldwide are seeking to monitor more outbreaks
of disease triggered by the new CoV (originally named
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2019-nCoV). Pharmacokinetic models show that in inhib-
iting SARS-CoV-2 in vitro, hydroxychloroquine sulfate is
substantially superior (5 days prior) to chloroquine phos-
phate (Yao et al. 2020) and was demonstrated to be much
less (40%) toxic than chloroquine in animals (McChesney
1983). In the current review, we focus on a brief introduction
to novel coronavirus pathogens, including coronavirus in
humans and animals, its taxonomic classification, symptoms,
pathogenicity, social impact, economic impact, and potential
treatment therapy for COVID-19.

Symptoms

The signs of COVID-19-infected persons are seen from 2 to
14 days, but this disease also prevails for 27 days. However, a
group of Chinese researchers has shown the average incuba-
tion period is around 5.2 days (Pan et al. 2020). Time relies
on the age and immune system of a patient. The patients
were below the age of 70 years (W. Wang et al. 2020a,b,c,d).
The most common signs of COVID-19 are fever, cough,
and tiredness, while other signs are dry coughing, head-
ache, hemoptysis, diarrhea, and lymphopenia (Carlos et al.
2020; Huang et al. 2020; Ren et al. 2020). Growing evidence
indicates that environmental conditions might influence the
current outbreak of COVID-19 (Hasana et al.). However,
irregular characteristics, including RNAaemia, acute syn-
drome of respiratory failure, acute heart injury, and the
occurrence of ground-glass opacities leading to death, were
seen via a chest CT scan showing pneumonia (Huang et al.
2020). BoCoVs have zoonotic potential in large animals as
isolated from asymptomatic kids and have also been found
to affect numerous domestic and wild ruminants, in which
calf diarrhea in neonates, bloody diarrhea in adult cattle, and
respiratory shipping fever are universal consequences in all
age groups of cattle (Tiwari et al. 2020).

While CoVs have a prospective to be infectious from sev-
eral days to several weeks on food or food packaging, the
potency of infectivity decreases as time passes (Yekta et al.
2020). For their zoonotic origin, various investigations in
China, Southeast Asia, and other constituencies targeting
bats, wild and arrested pangolins, and other wildlife species
will aid in better understanding (Hu et al. 2021). SARS-
CoV-2 is endowed with the potential to infect other ani-
mal species due to superior host adaptability compared to
previous zoonotic coronaviruses (Tiwari et al. 2020). It is
believed that it has initiated from bats, just like SARS-CoV
and MERS-CoV. They were spread to humans via civets
and dromedary camels as intermediate hosts of SARS- and
MERS-CoV, respectively (Park et al. 2020). It is consid-
ered that chickens, ducks, and pigs are not susceptible to
this infection (Zhao et al. 2020a,b,c). In Southeast Asia, it
was observed in bats and pangolins as SARS-CoV-2-related
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viruses have earlier been identified in these creatures.
Sequencing and PCR-based techniques offer more con-
clusive statistics; historical data revealed that serological
studies can be superior and have a greater opportunity of
victory for identification of virus origin because of the fact
those virus-specific antibodies are retained longer than viral
genetic material in diseased animals (Wacharapluesadee
et al. 2021). In certain cases, some peripheral ground-glass
opacity was found in subpleural portions of each of the
lungs, which presumably caused systemic as well as local-
ized immune responses contributing to increased inflamma-
tion (Lei et al. 2020) (Fig. 1). It should be noted that signs
of COVID-19 are identical to early beta-coronavirus, such
as fever, dry cough, and dyspnea as well as bilateral chest
CT opacity in the ground-glass region (Huang et al. 2020).
COVID-19 has shown some unusual clinical characteristics
that show symptoms of the lower airways such as rhinor-
rhea, sneezing, and sore throat (Assiri et al. 2013; N. Lee
et al. 2003). Some instances suggest that, after admission,
the upper lung lobe has an infiltrate associated with increas-
ing hypoxemia dyspnea (Phan et al. 2020).

Pathogenesis and transmission of COVID-19

The serious symptoms of COVID-19 are linked to a grow-
ing number and rate of deaths in an epidemic area of
China in particular. The Chinese National Health Commis-
sion declared the first 17 deaths on 22 January 2020, and
on 25 January 2020, it grew to 56 deaths (W. Wang et al.
2020a,b,c,d). Of 2684 registered cases of COVID-19, the
death rate was about 2.84% as of 25 January 2020, and the
average death age was about 75 (range of 48—89) years (W.

Fig.1 The symptoms of SARS-
CoV-2
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Wang et al. 2020a,b,c,d). Patients with the COVID-19 count
of 11,000 leucocytes/mm?> have been classified by their
full blood cell count as patients with increased leucocyte
count (K. Zhao et al. 2020a,b,c). The source of COVID-
19 is SARS-CoV-2, a zoonosis that is possibly obtained by
the ingestion of wild animals in foodstuffs or by the con-
tact between rural and wildlife residents in those regions
(Coérdoba-Aguilar et al. 2020). Bats have been accused of
evolving viruses since the advent of SARS-CoV and MERS-
CoV. Recently, several studies have documented detecting
pandemic coronaviruses (El Zowalaty & Jarhult 2020; Zhou
et al. 2018). The clinical symptoms of nCOVID-19 are var-
ied, such as cough, fever, tiredness, the radiographic indi-
cation of pneumonia, dyspnea, reduced or normal counts
of leukocyte, and myalgia (Kabir et al. 2020). The SARS-
CoV-2 transmission to mink caused theviral spread between
farm animals and human spillover, resulting in mass abra-
sion of mink to restrict the propagation of the virus. SARS-
CoV-2 has been transmitted to mink, which has triggered
viral spreading between animals and spilling into humans,
leading to the mass exploitation of mink to reduce virus
spread (Mykytyn et al. 2020). MERS-CoV has been docu-
mented as a newly developed zoonotic disease in dromedary
camels (Alluwaimi et al. 2020). A genetic evolutionary study
of SARS-CoV-2 has shown that two bat coronaviruses are
genetically related to this virus (El Zowalaty & Jarhult,
2020). Because of numerous factors such as the flowering
of trade and travel, variation in climate, quickly develop-
ing pathogens, population explosion, altering human hab-
its and behaviors, intensive integrated animal farming, and
others, the risk of evolving and re-emerging zoonoses has
now improved worldwide (Bonilla-Aldana et al. 2020). Pri-
mary transmission occurs through close interaction between
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dromedary camels and human beings (Fung et al. 2020;
Kaur et al. 2021). Older and comorbid patients have an ele-
vated risk of serious COVID-19 disease (Fung et al. 2020).
In an attempt to avoid more public health risks associated
with foodborne zoonotic diseases, SARS-CoV-2 supports a
debate on permanently banning the eating of wildlife (Jacob
et al. 2020). There was increasing interest in investigating
the coronavirus in bats following the SARS outbreak in 2002
(Jacob et al. 2020). Apart from this, SARS-CoV-2 infection
has been identified with animals from zoos such as tigers
and lions and shows clinical symptoms includingvomit-
ing, diarrhea, dry cough, trouble breathing, and wheezing
(Dhama et al. 2020a,b). The new MERS-CoV is enzootic
(mostly Camelus dromedarius) in camels and contributes to
a frequent human spill infection (Jo et al. 2020). Its zoonotic
links and spillover and transmission to humans have been
implicated in this infection as also reported with SARS and
MERS (Dhama et al. 2020a,b).

Laboratory studies showed leucopenia (white blood cell
count: 2.91 X 109/L). Furthermore, a blood-C-reactive pro-
tein value more than the normal range (0-10 mg/L) was
found to be 16.16 mg/L. Also, a high rate of sedimenta-
tion for erythrocytes and D-dimers was observed (Lei et al.
2020). Because of the high genetic diversity, the occur-
rence, and frequent recombination in a wide variety of spe-
cies worldwide, CoV will reoccur from its reservoir to a
new population and thus appear in humans (M. F. Hossain
et al. 2020a,b). The key pathogenesis for COVID-19 infec-
tion, such as the respiratory systems, was severe pneumonia,
RNAaemia, and acute cardiac damage combined with opac-
ity in ground glass (Huang et al. 2020). In addition, the labo-
ratory analyses of the plasma in relation to disease severity
were also shown to be high concentration of other inflamma-
tory cytokines including interleukin-2 (IL-2), interleukin-7
(IL-7), interleukin-10 (IL-10), and tumor necrosis factor-a
(TNF-a) (Guo et al. 2020; Rothan et al. 2020; Huang
et al. 2020). Studies in bats found the possible vector for
human infections to be viruses originating in this genus. For
example, there is a higher risk of horizontal (intra-species)
transmission of these viruses because bats live in colonies.
Further proof of bat to human indirect transfer comes from
spike protein interactions with COVID-19 and the ACE2
receptor (W. Li et al. 2006). SARS-CoV and MERS-CoV
are highly pathogenic coronaviral strains that have been
found both in bat and human transmitting species (Docea
et al. 2020). Interestingly, the first highly pathogenic SARS-
CoV-1 strain of coronavirus has a poor genetic resemblance
with other identified coronaviruses (Drosten et al. 2003).
Three comparative experiments with pangolin strains have
recently been performed. In the first (18 February 2020), a
sequence of 85.5-91.4% compared COVID-19 to corona-
viruses in trafficked pangolins (Lam et al. 2020), with the
following papers showing a sequence of similarities of 90.23

@ Springer

and 91.02%, respectively, with pangolin coronaviruses (Xiao
et al. 2020; Zhang et al. 2020). Although, SARS-CoV-2 has
96% genetic resemblance (whole genome) with coronavi-
rus isolated in Chinese bat species, a-coronavirus strains
that caused human diseases were originally described in the
bats (P. Zhou et al. 2020a,b). Another main problem is, why
China? China is the world’s third largest surface economy
and most populated country. Its different soil features and
climate support enormous biodiversity, which allows for
virus transmission among animal populations. However,
the close coexistence of animals and people and food tradi-
tions that involve several native animals such as wild animals
(bats) result in high risk of vertical transmission across the
food supply chain. Live-bird markets like those in China,
near contact, and sometimes living in African rural areas
with virtually no wild-environment barriers remain very
common to humans and animals (Docea et al. 2020).

In another investigation, researchers demonstrated that
ferrets, cats, and dogs could be infected experimentally with
SARS-CoV-2 through the intranasal route (Tazerji et al.
2020). Mink such as ferrets belong to the Mustelidae family,
and they have good susceptibility to SARS-CoV-2; therefore,
mink can be utilized as an animal model for SARS-CoV-2
infection (Nadeem et al. 2020). It has been documented
that efficient transmission among ferrets has been reported
via direct contact with infectious ferrets and indirect air-
borne spread (Spiteri et al. 2020). The European Centre has
reported for Disease Prevention and Control (ECDPC) that
Europe owns about 2750 mink farms, producing greater
than 27 million pelts each year. As we know, farmed minks
are assembled in many groups in pens in wire cages placed
with bedding that produces a greater amount of dust; there-
fore, there is boundless opening for transmission of infec-
tion among minks. Once the virus is introduced, this might
ignore this spread because infected farms have been identi-
fied through serosurveys that suggest that disease might be
mild, although upper and lower respiratory tract infection
symptoms have also been reported (Oreshkova et al. 2020).
In addition to this, it is also observed through the experience
done from Denmark and the Netherlands that once the virus
is introduced then it might be very problematic to halt trans-
mission of the virus. There has been constant agricultural-to-
farm transmission and numerous studies explore the methods
of transmission between farms (Huo et al. 2020). Although
it is also documented that adaptation to mink would lessen
possibility of transmission among humans, a major concern
is the accumulation of the virus in non-human reservoirs and
from there viruses could be re-introduced, once spreading of
SARS-CoV-2 in humans is suppressed or even immobile. In
the Netherlands, a total of more than 2.7 million mink were
registered on confirmation of SARS-CoV-2, which is 6.5-
fold higher than total human cases. It is not clarified how this
transmission of the virus has occurred between farms, and
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the role of humans was considered in the transmission of this
virus infection (Letko et al. 2020). These disclosed statistics
have fostered discussions on the function of “herd immu-
nity” in natural exposure to emergent tropical or maybe rural
zoonoses. Notice that comparable threats have been reported
with viruses that are not usually connected to highly biodi-
verse geographies or wild meat feeding. In particular, the
2012 MERS-CoV outbreak in the Middle East and Arab
Peninsula has revealed that local and foreign city residents
are not previously exposed to natural camelid hosts, who
continue to have close ties with rural society (Azhar et al.
2014; Haagmans et al. 2014). As shown in COVID-19, the
direct impact of zoonoses on individual health and indirect
effects on healthcare systems emphasize the increased risk
of human transmission in areas where there are blurred wild-
life environments even among developed countries, despite
past exposition and indeed immunity. The most common
pathetic conditions underlying the disease are, i.e., pneu-
monia, mostly due to fever, tobacco, sore throat, exhaustion,
headache, and shortness of breath. SARS-CoV-2 can lead
to a severe immune reaction in the host body, leading to
massive tissue damage in some cases. Interleukin-6 (IL-6),
which triggered a series of inflammatory events, is one of
the leading actors of this reaction. Viral pneumonia usually
occurs bilaterally and affects primarily the lower lobes and
is more serious in geriatric and comorbidity patients older
than 70 years (Di Gennaro et al. 2020). Nevertheless, most
children and young individuals suffering from SARS-CoV-2
have mild to moderate flu-like signs with an outstanding
prognostic. In addition to the health conditions described

Fig.2 The illustrations of mink
as a possible reservoir host of
SARS-CoV-2 and transmission
of CoV strain

above, several patients have complained of gastrointestinal
issues including vomiting and diarrhea (Guo et al. 2020).
SARS-CoV-2 has been conjectured to have initiated from
bats and pangolins, although other species have been exam-
ined to establish some intermediate host. Its current detec-
tions in farms (mink), and domesticated (cats and dogs) and
wild animals (tigers, pumas, and lions) have raised ques-
tions about the zoonotic origins of COVID-19 (Sharun et al.
2020a,b,c). In a subsequent SARS-CoV-2 natural infection
investigation in farmed mink, a serological survey was exe-
cuted among stray cats/feral cats found in the Netherlands
around mink farms (Oreshkova et al. 2020; Sharun et al.
2020a,b,c). The illustrations of mink as a possible reservoir
host of SARS-CoV-2 and transmission CoV strain are shown
in Fig. 2. Viruses can come into the body via mucosa, espe-
cially nasal mucosa and larynx mucosa, pass through air-
ways, reach the lungs, and quickly replicate (Li et al. 2020;
2021). While various transmission methods are available,
the main route for the dissemination of the virus is through
the propagation of breathing or sneezing which can also be
done by asymptomatic persons (Jin et al. 2020; Morawska
& Cao 2020). SARS-CoV-2 can also be transmitted via
fecal—oral transmission because this virus has been found
in patients’ stools and urines (Jin et al. 2020). If the virus has
reached the body, angiotensin-converting enzymes 2 (ACE2)
will potentially invade target tissues such as the liver, heart,
kidney, and gastrointestinal tract (Jin et al. 2020).
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Taxonomic classification and structure

Nidovirus order consists of the Coronaviridae family
(SARS, PEDV), Arteriviridae (spinal and equine patho-
gens), and Roniviridae family (invertebrate virus) (Cowley
et al. 2000). Figure 3 shows other common Nidovirales
features. The key variances in the Nidovirus family are the
number, size, and form of structural proteins that cause the
virus structure’s morphologic and structural changes. Still
under debate, coronavirus is in SARS-CoV (Goebel et al.
2004; Gorbalenya et al. 2004). The reverse transcript, phy-
logenetic replication, and nucleocapsid sequences of the
coronavirus sequence of feral pigeons, graylag gulls, and
mallards have been used for cellular receptors (Cavanagh
et al. 2002; Jonassen et al. 2005). The current taxonomy
of viruses users usually organize all diversity of viruses
into a hierarchical structure in terms of the order, family,
genus, and species (Alluwaimi et al. 2020). The corona-
virus of about 80—125 nm in size is rounded, enveloped,
and non-segmented. It contains positive sense RNA with
a genome size of 30 kb and includes four structural pro-
teins encoded within the viral genome’s 3" end (Lee et al.
1991). The virus also includes membrane proteins, a small
membrane protein, and a short N-terminal ectodomain,
along with a cytoplasmic tail and a strongly lipophilic pro-
tein that stretches three times to the outer surface as shown
in Fig. 4 (Delmas et al. 1990). Spike glycoprotein medi-
ates the entry of coronaviruses into host cells (S protein).
Overall, the SARS-CoV-2 S protein structure resembles
that of the closely related SARS-CoV S protein. The S1

Fig.3 Characteristics of
Nidovirales

and S2 subunits remain non-covalently bound in a prefu-
sion conformation. To identify various entry receptors,
different types of coronaviruses use special domains in
the S1 subunit (Wang et al. 2020a,b,c,d). Coronaviridae
family members consist of large, enveloped RNA viruses
with a single stranding. It is the most known RNA virus
with genomes between 25 and 32 kb and virions with a
diameter of 118—140 nm. Within the subfamily, Corona-
virinae has four genera, the alpha-, beta-, gamma-, and
deltacoronaviruses (Payne 2017). Both family members
have the same special mRNA synthesis strategy in which
the complex polymerase leaps from one region of the
template into a distant region. Viruses are approximately
spherical and notable for the large (S) spike glycoprotein,
16-21 nm from the envelope of the virus (Payne 2017).
Table 1 offers a thorough classification of the coronavirus
community with its CoV host, virus, disease, and cellular
response. The structure of the human coronavirus causing
respiratory syndrome is shown in Fig. 5.

Social impact

A combination of aspects like very high density, insuf-
ficient access to fundamental infrastructure services, and
unstable living style makes it hard, if not difficult, to con-
tain the spread of COVID-19 in slums via encouraging
social distance and quarantine actions. These concerns
have already been facts across various cities of Asia,
South Africa, South America, and so on. Quarantine and
social distancing could have a significant effect on the

Order of Nidovirales

Ribosomal frame shifting expresses
several non-structural gene and
downstream gene expression is
synthesized by 3 ¢ sub-genomic
mRNAs
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Fig.4 Structure of the corona-
virus: (1) spike (S), (2) mem-
brane protein (M), (3) envelope e Membrane (M)
protein (E), (4) lipid bilayer, (5) Spike (S)
nucleocapsid (N) ; —
!RNA Viral Genome! La )

@1 Nucleocapsid (N)‘

Table 1 Classification of host, virus, disease, and cellular response classes of coronavirus

Cellular responses

Types of disease

Reference

Group Host category Name of the virus
I (Animal pathogens) Cat Canine coronavirus,
FeCoV, FIPV
Pig TGEYV, PRCoV
Human 229E and NL-63
II (Veterinary pathogens) Cow BCoV
Human 0C43, HKUI, and
SARS-CoV
Pig Hemagglutinating
encephalomyocarditis
Mouse MHV
III (Avian pathogens) Chicken IBV
Turkey Turkey coronavirus

Canine and feline APN

Porcine APN
Human APN and ACE2

Neu5,9Ac2-containing
moiety

Neu5,9Ac2-containing
moiety

Neu5,9Ac2-containing
moiety

Murine CEACAMI1
Not determined

Not determined

Respiratory, enteric and
neurologic infection,
and hepatitis

Respiratory and enteric
infection
Respiratory infections

Enteric infection

Respiratory infection,
possibly enteric infec-
tion

Respiratory, enteric and
neurologic infection,
and hepatitis

Enteric and neurologic
infection and hepatitis

Respiratory infection,
hepatitis

Respiratory and enteric
infection

(Sood et al. 2020)

(Sood et al. 2020)

(Ijaz et al. 1985)
(Sood et al. 2020)

(Saletti et al. 2020)

(Sood et al. 2020)

(Miura et al. 2004)
(Dai & Gao 2020)

(Bayram et al. 2020)

psychological impact on the population’s health. Parti-
tioning from dear ones, the loss of liberty, ambiguity over
ailment status, and tediousness can, on occasion, create
dramatic effects. Suicide has been reported, significant
annoyance caused, and grievances fetch following the
implementation of quarantine in earlier outbreaks (Zei-
dner et al. 2016). In reviewed investigations, economic
loss because of quarantine produced severe socioeconomic
distress and was reported to be a risk aspect for indications
of psychological disorders, and both anger and anxiety
continue months after quarantine. While quarantine and

isolation are used to protect the physical health of indi-
viduals from infectious diseases, the mental health effects
of these steps should also be taken into consideration for
those with these limitations (Hossain et al. 2020a,b). Sui-
cidal thoughts are also reported among people affected
by COVID-19 (Hodzi¢ et al. 2020). Lockdown severely
affected schools’ and colleges’ regular schedule of educa-
tion because all educational institutes were closed during
this lockdown period and exams were also postponed. In
addition to this, many research scholars put their research
work on hold. Fear of infection, economic reduction, short
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Fig. 5 Illustration of coronavi-
rus causing severe acute respira-
tory syndrome in animals

supplies, and stigmatization are the major issues that
resulted in mental health problems during the COVID-19
era (Brooks et al. 2020). Suicidal cases were also iden-
tified among COVID-19-affected patients (Rogers et al.
2020). Another acute problem is the impact of COVID-
19 on the psychological behavior of healthcare work-
ers. Spoorthy et al. reported that healthcare employees
across the globe had faced a significant degree of anxiety,
stress, and insomnia during this pandemic era (Spoorthy
et al. 2020). It can be summarized that the core of the
COVID-19 pandemic is socioeconomic demographics. It
significantly affects industrial and economic activities and
ensures that post-COVID economic and social objectives
are in stark contrast with the pre-COVID-19 timeline by
introducing a full and minimal lockdown strategy.

According to data published on 20 May 2021 by Ten-
cent (https://www.tencent.com/zh-cn/investors.html), in
WeChat (WeiXin in Chinese), as a trending social media
app for Chinese people’s daily work and life, every month
there were > 1.2 billion active users globally. This app was
not used for conducting commercial transactions, working,
and learning but used for shopping, playing games, and com-
munication. Additionally, it was also used to prevent infec-
tion with the COVID-19 virus and for close observation in
China (Li et al. 2021).

Exercising at home may result in relief from stress, retain-
ing fitness, and defending their life satisfaction. The latest
study also revealed that people doing workouts regularly
during this pandemic have the best mood (Brand et al. 2020).
This virus hit almost all nations with wildly different levels
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due to differences in cultural norms and heathcare system, as
well as mitigation events such as social distancing, resulting
in closure of many public institutions (Okorie et al. 2021).

Economic impact

COVID-19 resulted in considerable chaos of the global
economy, mainly in transport, the vacation industry, and
global supply chain. The World Bank declared that gross
domestic product worldwide contracted by 5.2% in 2020, the
most significant decline in decades. The economic growth
was diminished in all continents, namely the Middle East
and North Africa (4.2%), East Asia and Pacific (0.5%), Sub-
Saharan Africa (2.8%), South Asia (2.7%), Europe and Cen-
tral Asia (4.7%), and Latin America (7.2%) (Pitoyo et al.
2021). After the highly integrated global capital outbreak,
the influence of a new strain of coronavirus and mortality
and morbidity has become evident. The global blocking was
related to production interruptions as the global economy
slowed down. The global supply chain, which contributes
to a significant socioeconomic increase, was also inter-
rupted. The findings show that the increasing number of
lockdown days, fiscal arrangements, and travel constraints
tremendously affected the degree of financial growth, and
end, opening, minimal, and most notable stock expenses in
large stock exchanges.

The impact of COVID-19 also affected the informal sec-
tor. The International Labour Organization (ILO) declared
that more than 1.6 billion workers in informal sectors were


https://www.tencent.com/zh-cn/investors.html

Environmental Science and Pollution Research (2021) 28:68071-68089

68079

affected during this pandemic (ILO 2020a). Moreover, other
concerns resulting from COVID-19 are the rise in unem-
ployment and underemployment rates (ILO 2020b). More
than 436 million informal businesses were highly affected
economically throughout the pandemic, like manufacturing
(111 million), housing and food (51 million), and other busi-
nesses (42 million) (ILO 2020a,b). The informal workers
faced helplessness (Tim Forbil Institute and IGPA 2020).
This pandemic resulted in skyrocketing food uncertainty in
low-income continents, responsible for increment of sus-
ceptibility to this. The COVID-19 outbreak has severely
impacted the economies worldwide. Varona et al. found
that the leading economies dropped to an average of —5%
in the year’s first quarter. The USA and the European
Union economies are projected to drop—7.1% and —9.3%,
respectively, for the year 2020 (Varona et al. 2021). The
urban economy is decreased due to long-term economic
shutdowns. Early research revealed that the outbreak had a
considerable impact on city tax revenues, citizens’ income,
tourism, unemployment, small and medium-sized busi-
nesses, urban food supply chains, and migrant workers
(Sharifi et al. 2020). During the lockdown period, the trave-
ling and transportation industries had fallen to almost zero.
Economic institutes have relieved spur packages of > $6 tril-
lion for solving this issue (Holmes et al. 2020). Agriculture,
education, and healthcare sectors also have several negative
impacts, but a drastic improvement in the air quality index
of urban centers has been recorded during lockdowns (Kousi
et al. 2021). The period of lockdown disrupted the mood
of sports lovers also. Several sports events were canceled
worldwide that not only affected the mood of sports lovers
but also disrupted the financial status of sportspersons and
organizations (Kousi et al. 2021). In one report on Greece,
it was found that there was a decline in mobility trends in
retail and recreation places (85%), parks (—70%), and transit
stations (—80%). There was also a decline in movement near
grocery and pharmacist shops (—45%), as well as working
places (—55%) (Kousi et al. 2021).

On the other hand, the restriction on domestic develop-
ment and higher spending of the money approach positively
affected financial growth, although the increasing number
of reported coronavirus cases had no significant impact on
economic growth (Ozili et al. 2020). Global businesses,
regardless of scale, have begun to face production and export
cuts due to the further downturn in bounded transportation
activities in confined countries. The tertiary sector has also
had an impact on COVID-19. In addition to the impact
on education for undergraduates, research into many non-
COVID-related topics often impacts most strongly on the
postgraduate research culture. In the UK, the national health
research funding agency stops all non-COVID research so
that qualified, usually academic, staff can go back to the
frontline (Thornton 2020). Time, sales, and direct financial

harm of the medical bears and related facilities are extra to
the quantitative evaluation of the economic losses caused by
COVID-19. India has been described as a tourism power-
house and the world’s largest market in the Southern Asian
economy. Today, it is the 8th largest nation to contribute
to GDP (Sundaram et al. 2020). Although the COVID-19
pandemic is constantly spreading with little indication of
containment as of 15 April 2020, it will probably have a
very significant negative effect on economic growth in the
region. The UN has warned of a coronavirus pandemic with
a major adverse impact on the global economy, and India’s
GDP growth is most importantly predicted to fall to 4.8%
in the current economy (Neves et al. 2020). The decrease of
social distance, travel constraints, and self-isolation reduced
economic sectors around the world and caused the loss of a
large number of educational institutions. In addition, vari-
ous scientific conferences have been canceled or postponed.
These conferences are important to scientific investigation in
a wide range of fields which enable research to be distributed
and provide collaborative and job search networking oppor-
tunities. Therefore, by taking into account the physical risk
and social and physical distancing policies, the countrywide
lockdown has enforced tremendous stress on the population
below the poverty line. In the meantime, webinars played a
significant role in providing people with recent information
by increasing knowledge among them by claiming that they
are in a pandemic situation at home.

Potential treatments

As a deadly new process and wreaking havoc have reached
the COVID-19 pandemic, the world is seeking ways to slow
the spread of new strains and discover viable drugs. It would
promote the reduction of the burden on a nation’s healthcare
system by limiting various critically ill people with COVID-
19 and decreasing the length of the carriage of infection to
reduce the transmission of the network (Colson et al. 2020).
There is also a significant need for SARS-CoV-2 therapy. It
is appalling that the FDA has not yet approved medicines for
COVID-19; however, the coronavirus treatment acceleration
program has created a single crisis program for potential
therapies. It uses every method to transfer new drugs to
patients as quickly as possible under the circumstances and
at the same time testing for their utility or damage (FDA
2020). Currently, therapy is mainly symptomatic and organ
support is given for critically ill individuals (Zumla et al.
2020). The use of old antiviral drugs will be a fascinating
technique because of safety profiles, reactions, and phonol-
ogy, and contact of medicines is remarkable (Colson et al.
2016). Here, we discuss a part of the essential medicinal
products that can help combat COVID-19. Recent papers
have revealed the inhibitory effect for the production of

@ Springer



68080

Environmental Science and Pollution Research (2021) 28:68071-68089

SARS-CoV-2 in vitro by remdesivir and chloroquine (M.
Wang et al., 2020). Thus, 20 clinical exams were carried out
in many Chinese emergency clinics following the in vitro
findings (Jie et al. 2020). The results show that chloroquine
500 mg was predominant twice a day for 10 days compared
with control group therapy, as long as pneumonia, indicator
duration, and viral liberty were decreased, all without
extreme reactions (Gao et al. 2020). Similarly, it has been
demonstrated that hydroxychloroquine (chloroquine analog)
has an effect on in vitro SARS-CoV operation (Yao et al.
2020). A series of further in vitro preclinical studies indicate
that both chloroquine and HIC have activity against SARS-
CoV-2 despite an in vitro inquiry which suggests that HIC
may be better than chloroquine and has a higher antiviral
in vitro effect than chloroquine (Dong et al. 2020; Yao et al.
2020). The clinical benefit profile of hydroxychloroquine is
better than that of chloroquine (when long-term use is
required) and provides higher daily doses (Marmor et al.
2016). Both drugs are responsible for hindering large viral
enzyme replication, such as DNAand RNA,and processes
like glycosylation, assembly of viruses, the transport of new
infection molecules, and discharge of infections. Some
reports indicate that these drugs can lead to ACE?2 receptor
inhibition, surface acidifications of the membrane impeding
virus fusion, and cytokine release immunomodulation (Ben-
Zvi et al. 2012; Colson et al. 2020). Remdesivir is an antivi-
ral agent with a wide variety of nucleosides (adenosine).
Gilead Sciences developed it for Ebola infection in 2017.
Remdesivir, for example, can repress SARS-CoV and
MERS-CoV replication in in vitro studies (Rong et al. 2021;
Agostini et al. 2018). Remdesivir represses movement using
human CoV receptors of bat CoV, SARS-CoV, and MERS-
CoV strains, which can replicate in human epithelial cells
and function like intermediate channels. Remdesivir sug-
gested prophylactic and remedial suitability for 2002 SARS-
CoV (Agostini et al. 2018; Sheahan et al. 2017). Remdesivir
was suggested as a possibility for treating COVID-19
patients (W. Liu et al. 2020a,b). Remdesivir has shown
remarkable coronavirus activity and a great genetic barrier
to resilience in preclinical trials (Agostini et al. 2018). The
assessment of safety and effectiveness of reconstruction in
hospitalized patients with mild or moderate respiratory dis-
ease COVID-19 will be performed by a randomized con-
trolled, double-visual preliminary trial (Qu et al. 2020).
Remdesivir treatment for a patient with COVID-19 was initi-
ated intravenously on the 7th day. A total of 68% of patients
were seen to benefit clinically with remdesivir when treated
(Holshue et al. 2020). Remdesivir acts as an RNA-dependent
polymerase inhibitor. Adenosine triphosphate is reportedly
used to be inserted into the newer viral RNAchains. As no
fast chain ends exist in RDV-TP (three additional nucleotides
were linked after RDV-TP), the drug tends to resist viral
exoribonuclease proofreading (Colson et al. 2016; Gordon
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et al. 2020; Warren et al. 2016; H. Zhao et al. 2020a,b,c). In
the lopinavir- and ritonavir-treated patients, however, there
was no difference between the length of viral shedding fol-
lowing clinical treatment improvement (Cao et al. 2020).
These two medicaments have been found to bind with Mpro
(key enzyme for the replication of virus) and to help prevent
coronavirus action (W. Liu et al. 2020a,b; X. Liu et al.
2020a,b). Favipiravir, another commonly used antiviral
medication popular in vitro for treating SARS-CoV-2 dis-
eased RNA viruses, is clinically examined (Peking Univer-
sity 2020) (Shiraki et al. 2020). Favipiravir is a polymerase
inhibitor of RNA, which suppresses RNAsynthesis (Shiraki
et al. 2020). Azithromycin and hydroxychloroquine were
also used in a clinical trial to prevent bacterial pollination in
COVID-19 patients (Gautret et al. 2020). At first, the pos-
sible value of azithromycin as additional therapy is apparent.
Azithromycin was used as an adjunct therapy for MERS-
CoV (Arabi et al. 2019). Teicoplanin, another glycopeptide
for the treatment of bacterial infection used regularly, has
been considered a SARS-CoV in vitro dynamic and com-
bined with the rundown of particles that could have been
used as a restraining agent against COVID-19 (Baron et al.
2020). This antibiotic has recently proven to be effective for
various infections such as Ebola, flu virus, flavivirus, hepa-
titis C virus, HIV virus, and coronavirus, in particular, in
staphylococcal infections (MERS-CoV and SARS-CoV)
(Colson et al. 2016). The extended plasma junctions of
inflammatory cytokines, such as TNF-a and IL-2, 7, and 10,
have been seen in patients with COVID-19, in particular for
ICU which indicated that a storm occurred (Huang et al.
2020). Based on these research findings, COVID-19 could
prove effective by an inhibitor IL-6 monoclonal antibody,
called tocilizumab. Of the 21 patients, 20 were recovered
and released within 14 days of treatment after tocilizamab
(Xu et al. 2020). Additional clinical feasibility knowledge
for COVID-19 is evaluated (Zhao et al. 2020a,b,c). Tocili-
zumab prevents intercom passed IL-6 movement by binding
IL-6 receivers both solvent and film-bound (Shetty et al.
2014). For COVID-19, other monoclonal IL-6 receptor
inhibitors (sarilumab and siltuximab, namely) are suggested
as they are responsible for cytokine discharge dysfunction
that is a part of the severe cases in COVID-19 patients (Zhao
et al. 2020a,b,c). The research was performed on 21 patients
who were treated with siltuximab with COVID-19 pneumo-
nia/ARDS (Gritti et al. 2020). In extreme COVID-19
patients, including IL-2, IL-4, IL-6, IL-7, IL-10, TNF-a,
and IFN-v, an elevated serum level of proinflammatory
cytokines was recorded. Among these, a different intracel-
lular signaling pathway regulated by Janus kinases (JAKSs)
is used by many cytokines (Luo et al. 2020). Another mono-
clonal antibody, leronlimab, responded by assessing
cytokine tempests for possible treatment of COVID-19 to
intensify the insensitive reaction (Muslim et al. 2020). The
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use of COVID-19 convalescent plasma for treatment of
patients with severe or immuno-life-threatening diseases is
to be tested by clinical trials. The prevention of the disease
is not predicted with COVID-19 recovery plasma. The
plasma collected from those recovering from COVID-19
may have SARS-CoV-2 antibodies to clinical preliminaries
in clinical patients (Caly et al. 2020). In patients adminis-
tered convalescent plasma, rousing results were obtained.
The FDA is also investigating the use of NSAIDs in patients
suffering from COVID-19 (Caly et al. 2020). Worries have
been suggested for the possible deterioration of COVID-19
symptoms, but no significant clinical evidence is available
(Loutfy et al. 2003). The work of safe changes in COVID-19
care or prevention is unclear. Some improvements for both
care and prophylaxis (for example zinc, nutrient C, and
nutrient D) are under consideration in conjunction with other
treatment approaches (Sood et al. 2020). Since COVID-19
disease is not licensed and investments in potential vaccine
developments have to be made, it is ideal for everyone to
unite their hands in combatting coronavirus by rehearsing
self-cleanliness and social distance. Remdesivir efficacy and
safety is being tested in several clinical trials for COVID-19
therapy. The results were published in the latest clinical trial
on COVID-19 by Gilead Sciences on remdesivir effective-
ness (Grein et al. 2020). Ivermectin antiviral function is also
found to be correlated with other pathways. Ivermectin has
been reported to suppress pseudorabies virus replication by
obstructing nuclear imports of UL422 (Sharun et al.
2020a,b,c). The efficacy of oseltamivir in treating SARS-
CoV-2 infection is still being tested in many clinical trials.
Oseltamivir is also used in some combinations such as with
chloroquine and favipiravir, in clinical research (Rosa et al.
2020The prodrug favipiravir first reaches the infected cells
by endocytosis and is then converted by phosphoribosylation
and phosphorylation into active favipiravir ribofuranosyl
phosphates (Furuta et al. 2017). Antiviral activity, however,
is shown by selectively targeting conservative RNA-depend-
ent RNApolymerase catalytic domain, interfering with the
process of nucleotide addition during replication of viral
RNA(Wu et al., 2020). Later, umifenovir was shown to have
an in vitro antiviral effectiveness in the widespread virus
strains including Ebola, human herpesvirus 8, hepatitis C
virus, and arenavirus of Tacaribe (Pécheur et al. 2016).
China is examining efficiency and safety of umifenovir for
COVID-19 by executing two randomized and open-label tri-
als (Wu et al. 2020). In this review, the utility of remdesivir
was generally discussed. The sample size of this study was
reasonably low for COVID-19 therapy; however, inefficiency
and determining efficacy should be examined (Table 2)
(Rahman et al. 2020a, 2020b). Immunotherapy, an effective
way to treat infectious illnesses clinically, has been sug-
gested (Cutino-Moguel et al. 2017). A new perspective on
infectious disease control is the use of monoclonal

antibodies. Monoclonal antibody is used to bind to a particu-
lar body material. This binding is very flexible and can imi-
tate, block, or trigger change in precise mechanisms and
provide an efficient treatment for diseases (Lu et al. 2020).
Based on similarity among SARS-CoV-2 and SARS-CoV,
multiple studies have shown that SARS monoclonal antiviral
antibodies have been used in patients suffering from SARS-
CoV-2 (W. Li et al. 2003). Dexamethasone, a broad-spec-
trum immunosuppressor agent, belongs to the synthetic
corticosteroid class with greater activity and longer duration
of action than cortisone (Huang et al. 2020; Theoharides &
Conti 2020). It acts via different mechanisms of action;
therefore, it can affect various systems of the body. Dexa-
methasone exhibits anti-inflammatory activity due to its abil-
ity to decrease the gene transcription of many pro-inflam-
matory cytokines, chemokines, and adhesion molecules
(Rhen et al. 2005). Based on this fact, dexamethasone can
be utilized to treat COVID-19 patients because of its prop-
erty to inhibit the release of cytokines that further reduces
their devastating effects. Therefore, this drug may be useful
to curb the cytokine storm associated with COVID-19
(Huang et al. 2020). Moreover, it has been described by
some studies that short-term use of dexamethasone reduced
the severity of inflammation through inhibition of the
cytokine storm and hyper-inflammatory phase in COVID-19
patients who developed pneumonia (Miga et al. 2020). These
outcomes were further substantiated by a large randomized
controlled trial (RECOVERY) that showed the promising
effects of dexamethasone therapy on COVID-19 patients at
the dose of 6 mg four times a day for 10 days. This RECOV-
ERY trial reported that this treatment approach gave signifi-
cant improvements in the patients with hypoxemia and who
are under invasive and non-invasive respiratory support, but
this study did not show any improvement sign in patients
without hypoxemia (Verity et al. 2020; C. Wang et al.
2020a,b,c,d). On the other side, dexamethasone can also
prevent the B-cell-mediated antibody production that further
reduces the beneficial effects of T cells and eventually pre-
vents the clearance of apoptotic cells mediated via mac-
rophages that further increases the risk of secondary infec-
tions (Huang et al. 2020; Theoharides & Conti 2020). A
national plan must be formulated and enforced internation-
ally to contain the recent outbreak. The key lessons, how-
ever, are probably the fact that natural immunity is the first
line of protection and that global health needs to be seen as
a unit that cannot be easily dispelled. One of the most help-
ful immune therapies is the vaccine since it is able to facili-
tate defense against infectious diseases through the targeted
path of the immune system (H. Hafez et al. 1999). A valu-
able, permanent vaccine and/or antiviral therapy for this will
take time to grow (T. Rahman et al. 2020a,b). Human vac-
cines are vital for life-saving and well-being, and thus much
more important than the invention of farm animal vaccines.
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Table 2 Antiviral medicines for COVID-19

Intervention Class Type and mechanisms of action =~ Recommendations Reference
Remdesivir Antiviral Remdesivir is a drug contact to Tests in clinical studies (M. F. Hossain et al. 2020a,b)
combat the invasion of RNA
polymerases
Favipiravir Antiviral Favipiravir blocks viral pol- Completed clinical studies proved (M. H. Rahman et al. 2020a,b)
ymerase RNA efficacy
and thus stops viral replication
Convalescent plasma Antiviral Curated plasma contains defen- Confirmed effectiveness (M. F. Hossain et al. 2020a,b;
sive antibodies against SARS- M. H. Rahman et al.
CoV-2 2020a,b)
Lopinavir Antiviral HIV-approved protease inhibitors Inconsistency in clinical trial (Horby et al. 2020)
are lopinavir/ritonavir findings
EIDD-2801 Antiviral Drives mutagenesis and impedes  Clinical testing prepared (M. H. Rahman et al. 2020a,b)
viral replication integration
throughout RNA synthesis
EDI-2801
Ritonavir Antiviral Ritonavir is HIV-approved pro- Inconsistency in clinical trial (Owa et al. 2020)
tease inhibitor findings
Ivermectin Antiviral To suppress the replication of the ~Confirmed effectiveness (Sharun, Dhama, et al. 2020)
pseudorabies virus by inhibiting
nuclear import of UL42
Oseltamivir Antiviral Antiviral action is showed Completed clinical studies proved (Rosa et al. 2020)
through selectively targeting efficacy
conservative catalytic domain
of RNA-dependent RNA poly-
merase (RdRp)
Umifenovir Antiviral To block the virus-cell membrane Completed clinical studies proved (Pécheur et al. 2016)
fusion efficacy
Favipiravir Antiviral Antiviral action is showed Confirmed effectiveness (Furuta et al. 2017)
through selectively targeting
conservative catalytic domain
of RdRp, interrupting nucleo-
tide incorporation process amid
viral RNA replication
GC376 Protease inhibitor Blocks virus replication Confirmed effectiveness (Sharun et al. 2021)
GC373 Protease inhibitor Blocks virus replication Confirmed effectiveness (Sharun et al. 2021)

The global spread of SARS-CoV does not appear to threaten
poultry production (Mykytyn et al. 2020). During the
COVID-19 pandemic, the production of vaccines was highly
regarded as the most powerful method for protecting human
and animal health and eradicating health threats (H. M.
Hafez et al. 2020). Investigations for the development of new
vaccines and to monitor improvements in RNAand epide-
miological diseases can continue to prevent risks of zoonotic
disease (H. Hafez et al. 1999). CoV infection, however, is
routinely monitored by vaccination on various domestic ani-
mals like cats, dogs, pigs, livestock, and poultry. The bovine
coronavirus (BCoV) vaccines protect young calves from
enteric and respiratory diseases (Alluwaimi et al. 2020).
For example, infectious bronchitis virus (IBV) was the
first approved vaccine in chicks to prevent upper CoV infec-
tion in the respiratory tract (Alluwaimi et al. 2020). A major-
ity of veterinary vaccines were developed to prevent shipping
fever on young calves for CoVs, for example, canine enteric
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coronavirus (CECoV) infection in dogs, porcine epidemic
diarrhea virus (PEDV), and transmissible gastroenteritis
virus (TGEV) infections in pigs, and BCoV in cattle (Gerdts
et al. 2017). Recombinant vaccines have been promoted by
the use of reverse genetics as a prevention strategy (Tizard
2020). Searching for a suitable vaccine by InovioPharmaceu-
ticals and other firms, including CanSino Biologics, Sinovac
Biotech Ltd., and Johnson&Johnson, for the SARS-CoV-2
mRNA-based vaccine (mMRNA-1273) (NASDAQ: MRNA),
is underway and the clinical trials are finalized. The clinical
review involves 29 vaccine candidates and 138 are preclini-
cal evaluations as of 13 August 2020 (Rabaan et al. 2020).
In addition, SARS-CoV-2 S-protein vaccine candidate is in
the final step using mRNA vaccine technology (Rabaan et al.
2020). INOVIO Pharmaceuticals has developed and report-
edly induces intradermal inoculation to induce immune cell
activation through DNA plasmid—dependent vaccine aim-
ing at SARS-CoV-2 protein (INO-4800) (Kim et al. 2020;



Environmental Science and Pollution Research (2021) 28:68071-68089

68083

Table 3 List of vaccines approved for their emergency use

Vaccine Type Shot

Age group

Adverse effects

Pfizer-BioNTech mRNA vaccine 2 shots, 21 days apart

Moderna mRNA 2 shots, 28 days apart

Janssen Viral vector Single shot

Oxford-AstraZeneca Viral vector

Novavax Protein adjuvant 2 shots, 3 weeks apart

16 and older

12-84 years old

Chills, pain, headache, tiredness, and swelling at the
injection site

Adults 18 and older Chills, pain, headache, tiredness, and swelling at injec-

tion site

Adults 18 and older Fatigue, fever headache, injection site pain, or myalgia
2 shots, 4-12 weeks apart Adults 18 and older Tenderness, redness, pain, warmth, itching, swelling at

the injection site

Pain at the site of injection, fatigue, and fever

Rabaan et al. 2020). In comparison, recombinant vaccines
based on DNA and mRNA are more available and quicker
for clinical trials. DNA, chimeric viral, and membrane vesi-
cle vaccines are valuable options (Shang et al. 2020).

Various efforts are ongoing for its treatment. Various
vaccines have been developed but failed in clinical trials.
But some of the vaccines got the approval of their treatment
such as Covishield, Covaxin, Sputnik V, Moderna vaccine,
Pfizer-BioNTech COVID-19 Vaccine, Johnson&Johnson’s,
and Jab.

Covishield and Covaxin are mostly vaccinated vaccines
in India. India has also approved Johnson&Johnson’s sin-
gle-dose vaccine for emergency usage. Jab is India’s second
foreign vaccine to be granted emergency use authorization
(Emergency approved vaccine 2021). Table 3 includes a list
of vaccines approved for their emergency use.

The Sputnik V (uses adenoviruses) is also an approved
vaccine that shuttles genetic material of SARS-CoV-2 into
cells of vaccinated individuals. The mRNA-based Moderna
vaccine spurs an immune response for at least half a year
(Approved vaccine 2021). USFDA approved the first vac-
cine for COVID-19 called Pfizer-BioNTech and will now
be commercially available as Comirnaty (koe-mir’-na-tee)
for prevention of COVID-19 in persons 16 years and older
(USFDA approved vaccine 2021).

Conclusion

In 2002, in Guangdong, China, the SARS-CoV-1 epidemic
was a tragedy but in December 2019, in Wuhan, China,
SARS-CoV-2 was a new coronavirus that triggered epi-
demics worldwide. This virus has spread so exponentially
that more than hundreds of thousands of people world-
wide have been infected. Although the source, nature, and
transmission mechanism of coronaviruses are not yet clear,
preventative action is recognized worldwide such as social
distancing, hand washing, and hand sanitation. Research-
ers study this problem quickly and help people solve this
pandemic. Doctors, intelligence agents at the border, mili-
tary personnel, police officers, nurses, and local staff are

all working hard to save the world from this epidemic.
Quarantine and social distancing could substantially affect
the psychological impact on the health of the population.
Partitioning from dear ones, loss of liberty, ambiguity
over ailment status, and tediousness can sometimes pro-
duce dramatic effects. Economic loss because of quaran-
tine and severe socioeconomic distress were risk aspects
for symptoms of psychological disorders, and both anger
and anxiety continue months after quarantine. COVID-
19 resulted in considerable chaos of the global economy,
mainly in transport, the vacation industry, and global sup-
ply chain. The World Bank declared that gross domestic
product worldwide contracted by 5.2% in 2020, the most
significant decline in decades. Agriculture, education,
healthcare, and informal sectors also have several negative
impacts, but a drastic improvement in the air quality index
of urban centers has been recorded during lockdowns. The
global supply chain, which contributes to a big socioeco-
nomic increase, was also interrupted.

To date, in large-scale clinical trials, most vaccine
candidates have entered the final stages of vaccine safety
and protection effectiveness, with very recent announce-
ments by BioNTech/Pfizer and Moderna/NIAID claiming
safety and very high levels of protection effectiveness for
their leading candidates for mRNA vaccine. Covishield,
Covaxin, and Sputnik V are the most used vaccines for
vaccinations. India has also approved Johnson&Johnson’s
single-dose vaccine for emergency usage. The Jab is the
second foreign vaccine to be granted emergency use
authorization in India. Different antiviral products have
meanwhile been used primarily for short-term benefits,
combined with azithromycin. Finally, this is a lesson for
any possible pandemic like this to be learned based on this
viral tragedy in terms of global and public health.
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