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Abstract: The coronavirus disease 2019 (COVID-19), a life-threatening pandemic caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has resulted in massive destruction and
is still continuously adding to its death toll. The advent of this global outbreak has not yet been
confirmed; however, investigation for suitable prophylaxis against this lethal virus is being carried
out by experts all around the globe. The SARS-CoV-2 belongs to the Coronaviridae superfamily, like
the other previously occurring human coronavirus variants. To better understand a new virus variant,
such as the SARS-CoV-2 delta variant, it is vital to investigate previous virus strains, including their
genomic composition and functionality. Our study aimed at addressing the basic overview of the
virus’ profile that may provide the scientific community with evidence-based insights into COVID-
19. Therefore, this study accomplished a comprehensive literature review that includes the virus’
origin, classification, structure, life cycle, genome, mutation, epidemiology, and subsequent essential
factors associated with host–virus interaction. Moreover, we summarized the considerable diagnostic
measures, treatment options, including multiple therapeutic approaches, and prevention, as well
as future directions that may reduce the impact and misery caused by this devastating pandemic.
The observations and data provided here have been screened and accumulated through extensive
literature study, hence this study will help the scientific community properly understand this new
virus and provide further leads for therapeutic interventions.

Keywords: COVID-19 pandemic; SARS-CoV-2; genomic characteristics; pathogenesis; treatment
and prevention

1. Introduction

In late December 2019, the novel coronavirus strain, severe acute respiratory syndrome
(SARS-CoV-2), was first traced at the Wuhan metropolis of China’s Hubei province [1].
Though the virus was limited in China during the very early phase of the coronavirus
disease 2019 (COVID-19) outbreak, the current scenario is quite devastating throughout
the globe. The ongoing pandemic has not only created a massive burden on the universal
health care system but also impacted global human beings’ social, economic, and health
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measures [1,2]. The causative agent of this outbreak, a type of ß-coronavirus that emerged
from unknown or mysterious sources, is SARS-CoV-2, which belongs to the Coronaviridae
family [3]. The world health organization (WHO) declared this public health emergency as
a pandemic on 11 March 2020 [4]. As of September 2021, the global community has counted
around 234 million cases and near 4.8 million deaths from this infectious disease and its
imposed complications. However, at the current time more than 210 million SARS-CoV-2
infected patients have recovered from this infection [5]. As this pathogenic virus has newly
emerged, the exact mechanism of pathogenesis and its biochemical pathway are still vague
and unclear. The spike protein of SARS-COV-2 might have a strong affinity towards the host
cell receptor, enhancing its much higher human-to-human transmission [6]. The primary
investigation has revealed that this viral particle infects the respiratory tract and causes
respiratory complications ranging from very simple clinical manifestations of hypoxia to
acute respiratory distress syndrome (ARDS) [7,8].

Although both the infection and mortality rates were improving, the most virulent
variant, the delta variant, has evolved in most countries of the world and worsened the
situation with record-breaking infections [9,10]. Furthermore, WHO has officially declared
the earliest onset of symptoms as having been on 8 December 2019 and set a Public Health
Emergency of International Concern (PHEIC) on 1 February 2020 [11,12]. There are two
opinions towards this pathogen. The first is that the origin of this virus is laboratory-based.
The second opinion proffers evidence from genomic information suggesting this virus is
unique compared to previous coronaviruses [13]. The cause of COVID-19’s severity is well
known, and is because it has s1, s2 polybasic cleavage sites in its spike glycoprotein which
lead to high binding affinity with ACE-2 receptors [14,15]. According to a comparison
between SARS-CoV-2, SARS (Severe Acute Respiratory Syndrome), and MERS (Middle
East Respiratory syndrome) concerning their appearance in community transmission across
the globe, SARS-COV-2 appeared at the top. The SARS-COV-2 has shown the highest
projected basic reproductive number (R0) of (2–3.58) whereas the R0 was (1.7–1.9) and <1
for SARS and MERS, respectively [16,17]. However, the aim of this comprehensive study is
to give an overview of the virus and its origin, including its classification, structure, life
cycle, genomic constitution, mutation, epidemiology, prognosis, and pathogenesis. We
also summarize the aftermath of the infection, treatments, disease associated factors, and
the methods of prevention as guided by public health experts in different sections of our
literature review.

2. Invasion of SARS-CoV-2

COVID-19 is an infectious disease caused by the infection of SARS severe acute respira-
tory syndrome coronavirus 2. Coronavirus (CoV) belongs to the RNA virus families that are
organized varyingly in animal species. It can invade the respiratory tract, gastrointestinal
systems, and the hepatic and nervous systems in humans [18]. Underneath the electron mi-
croscope, it appears to be a crown-like structure because of spike glycoproteins [19]. CoVs
cause about 5 to 10% of acute respiratory infections. It is reported that 2% of the global
population is regarded as healthy carriers of these viruses [18]. In immune-competent
individuals, these CoVs result in self-limiting respiratory infections and common colds. In
the case of aged people and immune-compromised individuals, CoVs can affect the lower
respiratory tracts [19]. Yet, functional deactivation of these viruses can be attained by using
ether (75%), ethanol (60%), and chlorine-containing disinfectants [20].

3. Origin of SARS-CoV-2

Like SARS-CoV and MERS, SARS-CoV-2 also displays strong similarities with viruses
of bat origin [21]. The whole-genome alignment between the SARS-CoV-2 and the strains
from Rhinolophus affinis species (Bat-CoV RaTG13) from Yunnan province matched up to
96%. [22]. Additionally, it is clearly seen that SARS-CoV-2 and previously occurring SARS
CoV and MERS harbor bats as a common source (Table 1) [23]. In addition, the study
suspects pangolins as the natural stockpile of SARS-CoV-2. This claim was based upon
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the result inferred by aligning the genome contigs among SARS-CoV-2-like coronaviruses
such as Pangolin-CoV, previously sampled from the lung tissue of two dead Malayan
pangolins [24]. The overall genome sequence of Pangolin-CoV had a 91.02% similarity
with SARS-CoV-2 and a 90.55% similarity with Bat-CoV RaTG13 [23,25].

Table 1. Synopsis of the natural reservoir, median host, and target host for major coronaviruses.

Virus Source of Virus Transitional Host Final Host

SARS-CoV-1 (SARS-2002) SARS-like Bat-CoV Civet cat Human
MERS-CoV (MERS 2012) SARS-like Bat-CoV Camel Human

SARS-CoV-2 (COVID-2019) Bat-CoV RaTG13 Pangolin (Pangolin-CoV) Human

4. Classification of Coronavirus

SARS-CoV-2 is a large, enveloped, and single-stranded RNA virus that is a member of
the Coronaviridae family. The Coronaviridae family can be genotypically and serologically
categorized into two subfamilies (Figure 1), such as (1) Coronaviridae that consist of alpha,
beta, gamma, and delta coronavirus, and (2) Torovirinae that includes unknown genera of
Torovirus [26]. To date, a total of seven types of coronaviruses have been found susceptible
to cause infection in humans, including α CoVs (HCoV-NL63 and HCoV-229E) and β

CoVs (SARS-CoV, MERS-CoV, HCoV-HKU1, HCoV-OC43, and SARS-CoV-2) [27]. Out of
these, three (SARS-CoV, MERS-CoV, and SARS-CoV-2) are considered highly deleterious
for infecting the lower respiratory tract. In contrast, other species are associated with
upper respiratory tract infection with mild symptoms [26]. Gene characterization revealed
that bats and rodents are the primal gene root of alpha-CoV and beta-CoV. On the other
hand, species that include avians are considered as genetic sources of gamma-CoV and
delta-CoV [28]. Genome classification reports of the novel variant have shown an 89%
nucleotide identity with bat SARS-like CoV-ZXC21 [18,29]. Concurrently, 82% of matching
nucleotides have been found in the human SARS virus [29].
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5. Structure of SARS-CoV-2

SARS-CoV-2 possesses a single and positive-stranded RNA virus enfolded in a lipid
bilayer, as shown in (Figure 2) [30,31].



Biologics 2021, 1 360

Biologics 2021, 1, FOR PEER REVIEW 4 
 

 

5. Structure of SARS-CoV-2 

SARS-CoV-2 possesses a single and positive-stranded RNA virus enfolded in a lipid 
bilayer, as shown in (Figure 2) [30,31]. 

 
Figure 2. Structural view of SARS-CoV-2. 

The lipid bilayer merges into the host’s cell membrane, delivering a positive RNA 
strand into the cytoplasm and seeding the translation of different viral proteins. The 
newly replicated viral proteins and RNA genome reconcile into new viruses, which even-
tually rush out of the cell [32,33]. SARS-CoV-2 is very weak when susceptible to heat and 
ultraviolet [19]. The spike protein (S-protein) is a glycoprotein expressed as a homotrimer 
on the viral counterpart, called the viral envelope [34]. Each S-protein is comprised of S1 
and S2 subunits. S1 incorporates a receptor-binding domain that spots receptors on the 
host cells, and S2 modulates the membrane fusion. This viral S-protein ties up with the 
human ACE2 (Angiotensin Converting Enzyme 2) receptor protein [35]. Tissues such as 
lung, heart, kidney, and adipose are rich with ACE2 receptors [36,37]. 

6. Life Cycle of SARS-CoV-2 
The virus particle seems to follow two stages of their complete lifespan: (1) Early 

stage (entry and initiation, S protein cleavage, membrane fusion) and (2) Advanced stage 
(translation and RNA replication, virion release) (Figure 3) [22,38,39]. 

 
Figure 3. Schematic representation of SARS-CoV-2 entire life cycle. 

  

Figure 2. Structural view of SARS-CoV-2.

The lipid bilayer merges into the host’s cell membrane, delivering a positive RNA
strand into the cytoplasm and seeding the translation of different viral proteins. The newly
replicated viral proteins and RNA genome reconcile into new viruses, which eventually
rush out of the cell [32,33]. SARS-CoV-2 is very weak when susceptible to heat and
ultraviolet [19]. The spike protein (S-protein) is a glycoprotein expressed as a homotrimer
on the viral counterpart, called the viral envelope [34]. Each S-protein is comprised of S1
and S2 subunits. S1 incorporates a receptor-binding domain that spots receptors on the
host cells, and S2 modulates the membrane fusion. This viral S-protein ties up with the
human ACE2 (Angiotensin Converting Enzyme 2) receptor protein [35]. Tissues such as
lung, heart, kidney, and adipose are rich with ACE2 receptors [36,37].

6. Life Cycle of SARS-CoV-2

The virus particle seems to follow two stages of their complete lifespan: (1) Early
stage (entry and initiation, S protein cleavage, membrane fusion) and (2) Advanced stage
(translation and RNA replication, virion release) (Figure 3) [22,38,39].
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6.1. Early Stage
6.1.1. Entry and Initiation

All SARS CoVs, MERS, and SARS-CoV-2 possess an S protein that goes through a
cleavage event by fusion proteins (Figure 4). An RBD (receptor-binding domain) at the
spike protein enables ACE2 (Angiotensin-converting enzyme 2), the host receptor protein,
to initiate membrane fusion activity. SARS-CoV-2 shows a higher binding affinity with
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the ACE2 receptor than any other coronavirus variant, even 20-fold greater than SARS-
CoV [40]. ACE2 receptors are located in different parts of our body, including oral mucosa,
nasal epithelium, vascular endothelium, lungs, kidney, small intestine, testis, colon, heart,
and brain [41,42]. A study conducted by Devaux et al. [43] reported 32 different ACE2
receptors, including seven hotspot variants specified in the different populations. In
addition, it is experimentally found that proteases such as cathepsins, human airway
trypsin-like proteases, trypsin, furin, and transmembrane protease serine protease (2/4)
(TMPRSS) assist in proteolytic cleaving of the S protein into S1/S2 subunits [44–47]. The
furin protease entry is called endocytosis, whereas TMPRSS (2/4) adopts a direct fusion
mechanism [48].
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Figure 4. A schematic representation of the entire life cycle of SARS-CoV-2. (i) The entry of the virus
particle is initiated by binding of Spike (S) glycoprotein to the ACE2 receptor of the host cell. (ii) The
S glycoprotein is cleaved into S1/S2 either by TMPRSS2 or by the furin protease, in association with
some cofactors. (iii) S2 stalk domain undergoes a conformational change and facilitates the fusion
between the host cell membrane and the virus envelope protein. (iv) In this advanced stage, host cell
machinery is used by the virus to translate viral polyprotein pp1a and pp1ab into nsps. The RNA
genome and N protein are made in the host cell cytoplasm and the S, E, and M structural proteins are
packaged in the endoplasmic reticulum (ER). (v) The mature virion is transferred to the Golgi body
followed by exocytosis, budding, or cell death.

6.1.2. S Protein Cleavage

There are two pathways to S protein cleavage. The first is by protease TMPRSS (2/4)
in the host cell, and the second is by furin and furin-like proteases [49]. TMPRSS (2/4)
belongs to type II transmembrane serine protease found extensively in gastrointestinal,
urogenital, and respiratory tracts [50]. In contrast, the furin and furin-like proteases belong
to a group called proprotein convertases, a type I transmembrane protein. It converts the S
protein into globular S1 and bio-membrane anchored stalk S2 domain [51]. Interestingly
there is no compensation activity between TMPRSS (2/4) and furin and furin-like proteases;
therefore, halting either of them can be a promising target zone for drug discovery [52].
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6.1.3. Membrane Fusion

There are three mechanisms of membrane fusion. The first is endocytosis, the second
is direct fusion, and the third is the proteolytic activity of cathepsins, TMPRSS (2/4), the
furin proteases, or other trypsin-like proteases that penetrate through into the endosomes
or lysosomes of the cell [49].

6.2. Advanced Stage
6.2.1. Translation and RNA Replication

The step of replication and transcription occurs after the entry of viral RNA (positive
single-stranded) [53]. It involves activities like (1) RNA synthesis, (2) template proofreading,
and (3) mRNA capping. The NSPs (non-structural protein) domain initially comprising
two polypeptides further generates non-structural proteins like papain-like protease, PLpro

(nsp3), main protease, Mpro (nsp5), and RNA-dependent RNA polymerase, RdRp (nsp12).
Host proteases are utilized during the processing of the initial two polypeptides. The
further processing activity is undergone by the PLpro and Mpro of the virus [31,54,55].
RdRp plays the focal role in viral replication by the catalysis activity of nsp12, along with
nsp7 and nsp8 as cofactors [56]. The RNA proofreading and capping of the mRNA are
processed by the nsp14. Apart from nsp14, the capping machinery comprises nsp13, nsp16,
and nsp10 as cofactors. mRNA capping is inevitable for viral stability and protection
against host immunity [57–61]. In the host cell cytoplasm, two of the most vital proteins,
including N structural protein and the virus RNA, are biosynthesized, and the rest of the
structural proteins(S, E, M) are produced in the host’s endoplasmic reticulum (ER) [49].

6.2.2. Virion Packing and Release

The genome is affected by the infection if it occurs within the middle of the ER–Golgi
compartment [48,62–64]. The virus may leave the host cell either via exocytosis, budding,
or cell death. Most often, undeveloped virion adopts the budding process. At the same
time, a mature virus is ejected from the host cell through exocytosis. In some cases, virus
particles crack the host cell lysosomes and, in the long run, prompt cell demise. The new
virus particles either can contaminate new cells or be delivered into the climate, focusing
on another host [65,66].

7. Genome Organization of SARS-CoV-2

Human coronaviruses have initially been traced back to the late 1960s, expressing
some mild symptoms in the population, similar to the common cold [67]. The date of
the first published genomic sequence of SARS-CoV-2 was 24 January 2020, which was an
open-access publication. It was found by Wei et al. as a recombinant sequence after the
codon usage analysis. However, this notion was disproved by Paraskevis’ full-genome
evolutionary analysis and Chen’s Simplot investigation [68,69]. According to the present
study, it is found that SARS-CoV-2 is a new type of positive-sense, single-stranded RNA
virus in the Betacoronavirus genus from the Coronaviridae family [31,69,70]. This novel
virus’ non-segmented whole genome length is 29,891 to 29,903 nucleotides, making it one
of the largest viruses among RNA viruses [19]. Akin to SARS-CoV and MERS-CoV, the
novel SARS-CoV-2 genome carries two untranslated regions (UTRs), 5′-methylated cap
and 3′poly-A tail structure, and a single open reading frame (ORF) that codes for a single
polyprotein [29,70]. The 5’-end of the SARS-CoV-2 genome organization is composed
of viral replicase (ORF1a and ORF1b)-4 structural proteins (nucleocapsid (N), envelope
protein (E), spike protein (S), and membrane protein (M)) and the 3′-end encodes some
accessory protein genes, such as ORF 3a, 7, and 8, which are arranged alongside the
structural proteins (Figure 5) [29–31,69–71].
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proteas), nsp12 (RNA dependent RNA polymerase), and nsp13 (Helicase).

In the SARS-CoV-2 genome, the ORF1a and ORF1b cover about 66% of the entire
genome, encoding 16 non-primary proteins (nsps), whereas the remaining 33% encodes
adornment proteins and underlying proteins [10,70]. The source of tests was gathered
from bronchoalveolar lavage liquid or throat swabs, the Huanan fish market, and lung
injuries of patients. A phylogenetic report showed about a 96.2% arrangement com-
parability among Bat-CoV and SARS-CoV-2 genomes. Genomic grouping character in-
formation likewise showed 79.0% and 50.0% succession similarity with SARS-CoV and
MERS-CoV, respectively [72]. Surprisingly, genomic comparison from a dead Malayan
Pangolin (Manis javanica) with SARS-CoV-2 matched up to 91.02%, indicating that Pangolin
could have contributed as an intermediary host in virus transmission [24]. In recent times,
sequences from diverse regions have been recorded in various public databases, making
virus tracking a lot more feasible than previously [73].

8. Mutation in SARS-CoV-2

SARS-CoV-2 displays very little sequence diversity due to having a proofreading
mechanism, yet there are still chances for natural selection to occur in its favor [74–76].
The more SARS-CoV-2 pandemic remains in the population, the greater its possibility to
gather immunologically associated mutations, even after the vaccine is available [77–81].
Scientists are solely focused on understanding the evolutionary mechanisms of SARS-
CoV-2, including mutation, recombination, and tracing for indels in the genome as they
were found in previously discovered coronaviruses [82]. Experiments with the evidence of
antigenic drift were seen in previous strains, such as OC43, 229E, and SARS CoV-1, but
have not yet been found in SARS-CoV-2 [77–81,83,84]. In 2003/2004 viruses, the point
mutation D480A/G on the receptor binding domain (RBD) spread with an impactful
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prevalence in humans and civet cats. In vitro, recapitulated elevation of D480A/G was
induced due to immune pressure by neutralizing antibody 80R [85]. Likewise, point
mutations were detected to be worthwhile as an inhibitor for neutralizing antibodies in
SARS-CoV-1 and MERS-CoV [85,86]. An evolutionary analysis on 351 sequences found
two mutations in nsp6 and near the ORF10 region in earlier COVID-19 strains may con-
fer less stability to protein structures. Notably, the nsp6 creates autophagosomes and is
available in the endoplasmic reticulum (ER) of both alpha and beta coronaviruses. Ac-
cordingly, the mutation in nsp6 may confer a noteworthy change in the expression of
SARS-CoV to its host, especially in the autophagic lysosomal system [87]. In SARS-CoV-2,
another significant amino acid change, D614G, has been traced to appear recurrently in
the spike protein worldwide. Before the G614 variant, the original D614 form was firmly
retained. An A-to-G mutation gave rise to D614G substitution in the Wuhan reference
strain at positions 23,403 [88]. In early March of 2019, G614 was infrequent worldwide, but
gradually thriving in Europe. Eventually, variants carrying the D614G substitution were
designated as “G clade”. Three additional mutations are also found to be present concur-
rently with the D614G variant, namely: (1) a C-to-T mutation at position 241, according to
Wuhan reference sequence in the 5′ UTR, (2) a C-to-T silent mutation at position 3037, and
(3) a C-to-T mutation at position 14,408 (RdRp P323L). Currently, the haplotype containing
these four interlinked mutations is starting to be found frequently in Europe, continuing
to North America, Oceania, and finally Asia. A study found evidence of higher titers
(elevated 2.6–9.3 times) for the G614 variant in infected patients’ samples with lower Ct
(cycle threshold) value in vivo, indicating higher viral load; yet, this does not confirm
disease severity [16]. However, G614 may induce spike stability and membrane fusion [89].

9. Epidemiology of COVID-19

A few measures are regularly used to decide the death pace of a pestilence flare-
up [90]. Regular epidemiological terms incorporate the case casualty rate (CFR), which
focuses on the extent of people with a specific case who passed on from that condition. The
case-casualty proportion is an assessment of the seriousness of that condition. Although a
massive loss of life has occurred, still, overall, the CFR of SARS-CoV-2 is lower than earlier
variations, specifically SARS CoV-1 and MERS [61,91]. The SARS-CoV-2 is zoonotic, and
human-to-human transmission transformed this disease into a pandemic. The medical
clinics’ flood with patients having clinical manifestations of SARS-CoV-2 demonstrates
the raised degree of human-to-human transmission rate [92]. Since the day the princi-
pal contamination was affirmed, the number of tainted people proceeded consistently
(Table 2) [61]. More than 220 countries have already reported confirmed cases all around
the globe [71].

Table 2. Top 10 countries with the count of SARS-CoV-2 related cases, along with the total case count worldwide as of
27 July 2021.

Country Total Cases New Cases Total Deaths New Deaths Total Recovered Active Cases Critical Cases

Worldwide 194,669,939 +296,849 4,172,559 +4552 176,662,440 13,834,940 84,074
USA 35,185,064 +393 626,717 +4 29,507,148 5,051,199 7771
India 31,396,300 +24,814 420,758 +173 30,555,315 420,227 8944
Brazil 19,670,534 549,500 - 18,340,760 780,274 8318
Russia 6,126,541 +24,072 153,874 +779 5,490,634 482,033 2300
France 5,697,912 - 111,616 - 5,674,587 192,492 878

UK 5,978,695 +29,173 129,158 +28 4,450,204 1,118,550 699
Turkey 5,587,378 - 50,879 - 5,415,937 120,562 543

Argentina 4,839,109 - 103,584 - 4,480,336 255,189 4318
Colombia 4,716,798 - 118,538 - 4,477,155 121,105 8155

Italy 4,317,415 +4,743 127,949 +7 4,123,209 66,257 178

Evidence revealed that intra-family and local area transmission is the potential trig-
gering factor for the mass spread of the SARS-CoV-2 virus. Contamination might occur
when people unconsciously come into contact with an infected individual who is sniffling,
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coughing, or releasing respiratory vapor through their nose or mouth [93–95]. Even these
droplets remain for a long period in the environment, and may cause infection to a person
staying at a distance of more than a meter [95]. Still, more investigation is required to get a
clear insight into the community transmission process of SARS-CoV-2 [96].

10. Fatality Rate of the Pandemic

Fatality rates can be an indicator of the disease severity and healthcare quality of
an outbreak like COVID-19. By now, two distinguished criteria are used to facilitate the
understanding of the death proportion of an infected population, namely infection fatality
ratio (IFR) and case fatality ratio (CFR). The IFR is calculated by considering all the deaths
against the total number of infected individuals. In comparison, CRF counts the death
rate by dividing total deaths by individuals with confirmed cases. However, use of the
term “rate” here is theoretically incorrect, as the “rate” assigns a time component, and the
time factor lacks in CRF. Therefore, curators have proposed calling this the “case fatality
proportion” or “case fatality ratio”. The accurate estimation of the IFR and CFR depends
upon the definite counting of infected people, and the number of deaths resulting from
the disease. In the case of an ongoing pandemic like COVID-19, most of the fatality ratio
records being conducted depend upon surveillance and crude tracking. Consequently, the
CFR varies between countries, ranging from below 0.1% to over 25% [97,98]. The IFR and
CFR equations recommended by WHO [97] are as follows:

Infection fatality ratio (IFR, in %) = Number of deaths from disease
Number of infected individuals × 100

Case fatality ratio (IFR, in %) = Number of deaths from disease
Number of confirmed cases of disease × 100

In the case of an ongoing pandemic, using the above-mentioned formula provides
conditional CFR estimation due to reporting lag dates of the deaths and cases. As a result,
the curated version [97] is as follows:

Case fatality ratio (IFR, in %) =
Number of deaths from disease

Number of deaths from disease + Number of recovered from disease
× 100

A study on laboratory-confirmed cases of COVID-19 declared the global CFR for
Singapore to be from ~0.1% to ~6.9%, and from ~0.1% to ~16.3% in Belgium [99]. Fur-
thermore, CFR has been found to be low in people below 19 (0–0.1%) and from 20 to
54 (0.1–0.8%) years of age [100,101]. There is a significant rise in the CFR along with an
increase in age, such as between 55 and 74 (1.4–4.9%) years, 75 and 84 (4.3–10.5%) years,
and ≥85(10.4–27.3%) years [102,103]. The situation was, surprisingly, more dreadful in pa-
tients with comorbidity, including diabetes, cardiovascular problems, threatening tumors,
liver, and kidney-related intricacies, or bargained invulnerable systems [104]. Additionally,
weight and hypertension are reasons for higher CFR. Conversely, high COVID-19 testing
facilities, healthcare facilities, and people living in rural areas are significantly less prone
to CFR [98]. Surprisingly, SARS-CoV-2 has comparatively lower CFR value than previous
SARS CoV-1 (CFR 9.5%) and MERS (CFR 34.4%) [105]. Furthermore, SARS-CoV-2 has a
higher transmission ability with a Ro (reproduction rate) of about 2.5%, by WHO analy-
sis [106]. Elevated values of Ro and CFR create more vulnerable and fragile situations for
the healthcare system [107,108].

11. Pathogenesis Process
11.1. Transmission

At first, the cases were identified with direct exposure to contaminated creatures
(transmission from animal to human) at a fish market in Wuhan, China. After that, clinical
cases with community transmission came to light. This supported the idea regarding
a doable human-to-human transmission of the infection. In this way, human-to-human
transmission is currently viewed as the principal type of transmission. The virus can
also be transmitted from an asymptomatic person; yet, symptomatic individuals are the
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predominant transmission source. The transmission process begins with the passing of
respiratory droplets via sneezing or coughing [19]. The study also reports that transmission
can occur due to nearby interaction between individuals [109]. Current statistics suggest
three to seven days as the incubation period for the virus, whereas some studies depicted
it to be closer to five days and the incubation time between 2 and 14 days [110–113]. These
outcomes have been recorded from earlier cases. Therefore, advanced studies are required
to track down transmission dynamics and incubation times [20]. Transmission can be
traced down to the patient’s natural liquids, for instance, respiratory beads, spit, excrement,
and pee [9]. The most appropriate temperature for virion endurance demonstrates that
22 ◦C has a less noteworthy endurance rate than 4 ◦C [114,115]. As SARS-CoV-2 virions are
held all throughout the clinical course, patients with asymptomatic symptoms of COVID-19
can spread the disease as well, during the indicative course, and at the hour of the clinical
recuperation time frame. Furthermore, additional alerts ought to be kept up during the
endurance time of the SARS-CoV-2 virions on a superficial level. SARS-CoV-2 infection
half-life on copper, vaporizers, cardboard, hardened steel, and plastic surfaces are 1, 1.5,
3.4, 5.6, and 6.8 h individually, as per the information given by specific tests [116].

11.2. Pathological Process

Although β coronavirus shows a higher species conservancy than the other coron-
avirus families, the minor mutation in its genome can suddenly change to its pathogenicity,
tissue tropism, and host range. The introduction of this zoonotic disease (SARS CoVs
and MERS) into the human chronicle provides an indisputable sign of adaptability of
these virus particles [117,118]. There is a censorious role played by the median hosts that
completes the cross-species transmission process, and this is important at the same time
for building the connection between the virus and the new hosts to facilitate the viral
replication process in a new environment [119].

In order to limit the quick pervasiveness of SARS-CoV-2, immediate surveillance is
required to monitor its further host adaptation, transmissibility, infectivity, viral evolution,
and pathogenicity. The receptor and multiple molecular interactions are some of the modu-
lating factors for the viral host range. Regardless of the difference between the SARS CoV
and SARS-CoV-2, structural similarity was found in their spike protein’s receptor-binding
domain (RBD) [31]. Moreover, critical residues such as Asn501 and Gln493 modulate
the interaction between the ACE2 from host receptors and RBD of SARS-CoV-2, which
ultimately facilitates the person-to-person transmission process [120].

11.3. Host Response

SARS-CoV-2 adopts a dodgy mechanism to escape the host’s innate immune response
and successfully infect healthy individuals. Since SARS-CoV-2 and SARS-CoV show close
clinical manifestations, SARS-CoV-2 has unique pathogenesis and biochemical processes
comparable to SARS CoV [121]. Following SARS-CoV infections, the release of IFN-
stimulated genes (ISGs) induced by the type I interferon (IFN) occurs against the viral
replication process. In response to this defense activity by host cells, SARS-CoV-2 secretes
a minimum of eight antagonizing factors that neutralize the ISG’s activity [122]. However,
the immune response mediated by the host’s defense system poses a critical role in limiting
viral dissemination. Nevertheless, excess promptness of the immune cells, coupled with
lytic stress by viral invasion, results in severe disease outcomes. The most common
symptoms manifested at the early stage include patients with acute body pain, pneumonia,
dry cough, and fever [121,123]. Further progress rapidly results in acute respiratory stress
syndrome (ARDS), septic shock, and organ failure, followed by death [123]. After COVID-
19 infection, the development of ARDS and the subsequent damages occurring at the
alveolar type II pulmonary cells as well as in the ciliated epithelium cells of the airways
suggest that ACE2 is abundant in lung cells, acting as a gateway for virus entry [124]. A
similar mode of the inflammatory cascade has been reported in both SARS-CoV-2 and
SARS-CoV infected patients. A bulk load of pro-inflammatory cytokines (e.g., interleukin
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(IFN-γ, IFN-γ-induced protein 10 (IP10), IL-1, IL-6, IL-12)), monocyte chemoattractant
protein-1 (MCP1), and macrophage inflammatory proteins1A (MIP1A) were found in
serum collected from previously infected patients with SARS-CoV. These immune cells are
also related to severe lung damage and pulmonary inflammation [125]. In addition, a high
level of pro-inflammatory cytokines such as TNF-α, IL1β, IL-2, IL7, and MCP1were found
in samples of SARS-CoV-2 infected patients. On the other hand, (ICU) intensive care unit
patients of COVID-19 contained a greater load of cytokines such as TNF-α, GSCF, MCP1,
and IP10 compared to the non-ICU patients. This suggests that cytokine storms can be
the underlying cause of severe disease manifestation [31]. The study reports that a high
cytokine concentration has a reversible correlation with the total immune cell (T, CD4+,
and CD8+) counts in SARS-CoV-2 infection. Hence, lower T cell counts can be a potential
biomarker for risk stratification of patients infected with COVID-19 [126]. Besides, other
findings reported that adults (males) are more vulnerable to SARS-CoV-2 infection than
young children [121,123]. A similar finding was observed in the experiment on a primate
model called Cynomolgus macaque (crab-eating monkey) [127]. Further follow-up studies
are warranted from the scientific community to get a better understanding of the virulence
factors of SARS-CoV-2 [128].

12. Post-Infection Outcomes
12.1. Clinical Features

Clinical signs of SARS-CoV-2 infection have close likenesses with SARS-CoV, where
the most well-known indications incorporate fever, dry hack, dyspnea, chest torment,
exhaustion, and myalgia [31,129]. Less continuous signs include migraine, unsteadiness,
stomach torment, loose bowels, queasiness, and regurgitating [31,130]. Given the data of
the first 425 affirmed cases from Wuhan, the most well-known signs incorporate fever, dry
hack, myalgia, and weariness. Then again, more uncommon side effects are sputum cre-
ation, migraine, hemoptysis, stomach torment, and looseness of the bowels (Table 3) [131].
Around 75% of patients have bilateral pneumonia [132]. Apart from SARS-CoV and MERS
viral infections, COVID-19 patients display noteworthy upper respiratory tract symptoms,
including sore throat, rhinorrhea, and sneezing [31]. Extreme inconveniences and intrica-
cies, such as hypoxemia, intense ARDS, arrhythmia, stun, severe cardiovascular damage,
and serious renal damage, have been noted in COVID-19 patients [31,132]. A study of 99
patients revealed that approximately 17% of patients displayed ARDS, and 11% of patients
died of several organ failures. [132]. The median time from onset of symptoms to ARDS is
eight days [133].

12.2. Disease Prognosis

Reports from the study based on a large number of positive cases of COVID-19, es-
pecially the severely ill patients, found complications such as ARDS, acute cardiac injury,
acute renal injury, shock, and secondary infection. The fatality rate due to COVID-19
infection fluctuated from 0 to 14.6% [121,123,134–136]. A comparative data analysis be-
tween the ICU patients and the non-ICU patients showed that most aged adults with
comorbidities occupied the ICU and had more frequent abdominal pain, anorexia, and
dyspnea [134]. Concurrently, it is suggested that patients in ICU deposited a bulk amount
of chemokine and plasma cytokines that include TNFα, GSCF, MCP1, MIP1A, IL2, IL7, IL10,
and IP10 [121]. Conversely, the non-surviving patients develop more acute lymphopenia
and enriched levels of neutrophil, d-dimer, and fibrin derogation products than the surviv-
ing individuals [134,137]. As of 22 January 2020, an analysis conducted on 17 death cases
of COVID-19 by Wang et al. found that the median days from the onset of early symptoms
until death were 14.0 (range 6–41) days, and consistently appeared to be shorter for older
individuals [138]. Symptoms such as abdominal pain and dyspnea, comorbidities, age,
and significant clinical anomalies (elevated d-dimer, lymphopenia, etc.) may all lead to the
risk of poor outcomes (Table 4) [134,138–140]. However, SARS-CoV-2 has a comparatively
lower mortality rate than SARS-CoV and MERS [72,141].
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Table 3. Clinical manifestations and laboratory-based findings of a patient with SARS-CoV-2 viral infection.

Outcomes Percentage (%)

Common signs and
symptoms

Fever 77.4–98.6%
Cough 59.4–81.8%
Fatigue 38.1–69.6%

Dyspnea 3.2–55.0%
Myalgia 11.1–34.8%

Sputum production 28.2–56.5%
Headache 6.5–33.9%

Underlying diseases 25.2–50.5%

Laboratory outcomes

Lymphopenia 35.3–82.1%
Thrombocytopenia 5.0–36.2%

Leukopenia 9.1–33.7%
Increased CRP 60.7–86.3%

Increased D-dimer 36.4–46.4%
Increased LDH 27.4–75.8%
Increased CK 8.0–32.5%

Prolonged prothrombin time 58.0%
Increased ALT 16.1–28.3%
Increased AST 22.2–36.7%

Increased interleukin-6 51.5%
Increased serum ferritin 62.6%

Increased ESR 84.8%
Increased procalcitonin 5.5–11.3%

Increased troponin I 12.2%
Increased creatinine 1.9–9.8%

Complications and fatality

ARDS 3.4–29.3%
Shock 1.0–8.7%

Acute renal injury 0.5–7.3%
Acute cardiac injury 7.2–12.2%
Secondary infections 9.8%

ARDS: acute respiratory distress syndrome; CRP: C-reactive protein; LDH: lactose dehydrogenase; CK: creatinine
kinase; ALT: alanine amino transferase; AST: aspartate aminotransferase; ESR: erythrocyte sedimentation rate.

Table 4. Risk factors associated with COVID-19 patients.

Risk Factors Aftermath

Age
Adults (65–84) years make up estimated COVID-19 deaths of
(4–11%) in the U.S, while adults ages 85 and above make up

10–27%.

Diabetes (type 1 and type 2) People with diabetes were nearly 3.7 times more likely to have
a critical case of COVID-19 or die from the disease.

Heart disease and hypertension
People with conditions that affect the cardiovascular system,

such as heart disease and hypertension, generally suffer worse
complications of COVID-19.

Smoking Smokers face a heightened risk of developing pneumonia,
suffering organ damage, and requiring breathing support.

Blood group type
People with blood types of A group (A-positive, A-negative,

and AB-positive, AB-negative) were at a higher risk of
contracting the disease compared with non-A-group types.

Obesity
Obese COVID-19 patients were more than twice as likely to

develop severe pneumonia as compared to patients who were
of normal weight.

Genetic factors Genes for ACE2 receptors in patient’s body make it easier
getting infected by COVID-19.

13. Diagnostic Strategies for COVID-19

To track down the disease severity, complicated detection methods are inevitable.
There are two types of diagnosis methods—(1) molecular or viral test and (2) serological or
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antibody test [142]. The molecular tests involve the testing of a nasopharyngeal (NP) swab
or oropharyngeal (OP) swab, stool, sputum, or bronchoalveolar lavage for the existence of
viral RNA. However, the FDA suggests patients’ sputum for testing in the laboratory as an
“Emergency Use Authorization” [142]. WHO prescribed that samples be collected from
both lower and upper respiratory tracts [20]. The molecular test consists of two types, the
(1) PCR test and (2) antigen test. Additionally, a serology test involves tracing antibodies in
blood samples to ensure prior viral infection of a patient [143]. Molecular tests provide the
utmost accuracy relative to other detection methods [144]. Combining both of the methods
gradually increases the detection sensitivity (p < 0.001) [145]. The FDA has authorized two
hundred manufacturers for molecular tests and 50 manufacturers for serological tests [146].
Serology tests can be executed as an elective identification approach on the off chance
that the sub-atomic test is inaccurate; however, both of the discovery techniques have a
few downsides. The sub-atomic perceptibility may be diminished due to inappropriate
sample handling or issues incurred when blood tests are performed before the principal
seven-day stretch of the disease. Serology test results will be flawed when not performed
at the appropriate time, since IgM does not appear until seven days after infection and IgG
until 15 days [145]. RT-PCR is a foremost testing technique that utilizes warm cycling to
create about 35 billion DNA duplicates from RNA records. Fluorescent color is utilized to
recognize the presence of target tests. The outcome is positive after it arrives at a specific
cycle limit (Ct-esteem). For the same RT-PCR, another atomic procedure RT-LAMP (Reverse
Transcriptional Loop-Mediated Isothermal Amplification) uses a similar method. However,
rather than applying a progression of various temperature cycles, like RT-PCR, it prompts
a steady temperature size of around (60–65) ◦C. The uniqueness of this technique is that
it very well may be estimated with unaided eyes, since a compound called “magnesium
pyrophosphate” makes an overcast shading. Simultaneously, serological tests including
ELISA and lateral flow measures distinguish antigens and neutralizers in blood tests [147].
Besides, computerized tomography (CT) can be a compensative choice for the deficit of
RT-PCR technology. An experimental report from Wuhan depicts that CT images referred
to 98% detection sensitivity compared to RT-PCR (78%). CT images have also been used in
Turkey because of test kit shortage [148]. However, cell culture is not recommended due
to its numerous drawbacks. Additionally, CRISPR-Cas mediated technology can become
another potential diagnostic method over time [144].

14. Prevention against COVID-19
14.1. Preventive Measures

The shock of Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) in 2002
and the Middle East Respiratory Syndrome Coronavirus (MERS-CoV) in 2012 were viewed
as the most effective variation of COVIDs until the emergence of COVID-19, the third novel
Covid to cause a wide-scale scourge in the 21st century [149]. COVID-19 has far stronger
transmissibility compared to prior variants, causing emergent outbreaks throughout the
world. Though COVID-19 has been considered a category “B” infectious disease by law,
it is being treated and handled as a category “A” contagious disease due to its rapid
transmissibility. Transmission root impeding, source controlling, and protecting susceptive
people can effectively impede the illness’ severity [150]. The spread of COVID-19 can
be limited by agreeing with the accompanying rules given by WHO to the worldwide
populace, which include the following [151].

• Optimizing infection control protocols, self-isolation, and isolated accommodation for
patients.

• Immunocompromised, aged persons must take special care; health care personnel
must use PPE such as N95, FFP3 mask, gowns, face shield, etc.

• Frequent handwashing with soap and water, with hand sanitizer as an alternative
disinfection process; alcohol can also be used.

• Avoid public gatherings and maintain social distancing of at least 1 m. Must wear face
masks and cover coughs and sneezes to help prevent aerosol transmission.
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Public health measures are daily precautionary activities that include:

• All of us should put on face masks and maintain respiratory and hand hygiene.
• Staying home during sickness.
• Covering mouth and nose with bent elbow or tissue at the time of sneezing or coughing.

Used tissue should be disposed of instantly.
• Washing hands regularly with soap and water. Hand hygiene refers to the use of

alcohol-based hand sanitizers before and after each patient’s contact as well as after
touching any surface, transport, money, etc. Washing hands with soapy water for 20 s
is also very effective and essential for everyone. It is also advised to maintain hand
hygiene before and after cooking, before eating, before and after removing gloves and
face masks, and after using the toilet. Distinct reusable utensils can be used by the
patient after proper cleaning.

• Avoiding handshaking is also advised for the time being for your protection.
• Cleaning regularly touched surfaces and objects. Disinfecting the surrounding en-

vironment of the patient, including toilet and furniture [152]. Clean and disinfect
bathroom and toilet surfaces at least once every day. Regular household soap or
detergent should be used first for cleaning and rinsing purposes; regular household
disinfectant and germ killer containing 0.5% sodium hypochlorite (NaOCl) should be
applied [153].

• Provisionally, prevention is the best way to stop the spread of infection. WHO has
boldly recommended hand and respiratory hygiene for cases, contacts, and health
care workers [154].

• The medical musk is not needed for the general public, excluding doctors and people
associated with the health care system [155]. Patients and caregivers are recommended
to remove the mask from behind and practice hand hygiene after removing it [153].

• The doctors and health workers are particularly advised to wear personal protective
equipment (PPE), including an N95 respirator mask and eye shield, while collecting
respiratory samples. Avoiding contact with body fluids is mandatory [156].

• The duration of quarantine is 14 days from the last contact with PCR confirmed
COVID-19 case. They should be checked daily for fever and other symptoms associ-
ated with COVID-19 [157].

• Children’s health monitoring is necessary during this time. Children with a history of
close contact with infected patients need to be routinely observed for body temperature
and clinical features. When presenting with doubtful symptoms, children should
be taken to a delegated hospital for screening. Newborns delivered by COVID-19
infected mothers must complete a pathogen test and be isolated in a single cabin room
or at home according to their medical conditions [150].

14.2. Treatment

As new immunizations are intermittently gaining endorsement, this doesn’t guaran-
tee accessibility, nor the adequacy of the antibodies. Experts assume that around 90% of
individuals of lower-income nations will be denied immunization until 2023 or later. At the
same time, immunization aversion in wealthier countries like the USA may transform this
into an even more mind-boggling circumstance. Subsequently, even though immunizations
are continuously being provided locally, this is no time to overlook security measures (indi-
vidual cleanliness, face masks, social separating) [158]. However, researchers are trying to
globally defend against this virus attack with every possible means. After a comprehensive
literature review, we categorized the whole treatment approach into two major groups:
(1) physiological treatment and (2) mediated treatment (Figure 6). The physiological
treatment mainly involves monitoring viral symptoms and providing equipment support
(oxygen saturation, balanced water-electrolyte level, balanced diet, etc.) [159].
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Table 5. Different approaches of prospective therapeutic trials against nCoV-19. 

Treatment Drugs Function Dose Host Ref. 

Anti-viral 

Oseltamivir No activity 75 mg every 12 h (orally)  Human 

[160,166,167] 

Ganciclovir - 0.25 g every 12 h (IV) Human 

Remdesivir 
Inhibits coronavirus 

replication including SARS-
CoV-2. 

0.77 µM 48 h Vero E6 cells 

Lopinavir/Riton
avir 

Blocks the main protease of 
SARS-CoV-1 and inhibits viral 

replication 
400/100 mg twice daily Human 

Arbidol 
(Umifenovir) 

No clinical data are available 200 mg Orally 3 times Human 

Interferon-α 
(IFN-α) Reduces infection rate 500 mg ribavirin combined (2–3) times a day Human 

Anti-malarial 

Chloroquine 1. Anti-viral and anti-
inflammatory activities and 2. 
Post translation alteration by 

glycosylation inhibition. 

1.13 µM 48 h Vero E6 cells 

[166,168] Hydroxyl 
chloroquine 

200 mg every 8 h (orally) Human 

Cortico 
steroids 

Methyl 
prednisolone 

- 1–2 mg/kg·d For 3 days (IV) Human [159] 

Immune 
therapy 

Convalescent 
Plasma therapy 

(CPT) 
- 200–500 mL 

Human [169–172] Tocilizumab 
(Atlizumap) 

mAb 

Anti-interleukin-6 receptor 
activity 

400 mg (For body weight < 75 kg) Or 600 mg 
(For body weight ≥ 75 kg)max dose  800 mg 

Repeat after 12 h if required (IV) 

Anakinra Anti-interleukin-1β 
neutralizing 

100 mg twice a day for 72 h and later on single 
dose per day for 7 days 

IV: Intravenous; mAb: Monoclonal antibody. 
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Coronavirus patient management depends upon steady estimates that incorporate
ventilation, liquid administration, oxygenation, low–portion antiviral complex, and inter-
feron inward breath [160,161]. The significant commitment before intensive treatment is to
confine any presumed patients in a different room, as per the specialist’s proposal. Basic
cases are promptly take to the ICU. The resulting treatment course includes sufficient bed
rest, consuming sufficient water and calories, and guaranteeing sufficient oxygen immer-
sion [150,162]. A study suggests that mildly symptomatic patients can be treated at home
by providing standard care, including an adequate supply of proper nutrition, hydration,
fever, and cold management. For patients with fatigue and a temperature above 38.5 ◦C, it
is recommended to provide a lukewarm water bath and antipyretic drug therapy. However,
routine medication with antibiotics and anti-viral drugs is highly prohibited [162]. Along
with supportive treatment, some potential COVID treatments have been tested in trials,
listed in Table 5.

Moreover, repurposing of existing antiviral medications, including lopinavir, ritonavir,
chloroquine, interferon beta, and remdesivir, has been launched as an international clinical
trial by the WHO SOLIDARITY trial project [163]. However, these medication trials could
not provide any reliable remedy, and two of the reports rejected the use of these antiviral
drugs [164]. Surprisingly, remdesivir has been proved to be efficient for severe patients
with increased ventilation and proved to be less risky [165].
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Table 5. Different approaches of prospective therapeutic trials against nCoV-19.

Treatment Drugs Function Dose Host Ref.

Anti-viral

Oseltamivir No activity 75 mg every 12 h (orally) Human

[160,166,167]

Ganciclovir - 0.25 g every 12 h (IV) Human

Remdesivir Inhibits coronavirus replication
including SARS-CoV-2. 0.77 µM 48 h Vero E6 cells

Lopinavir/Ritonavir
Blocks the main protease of

SARS-CoV-1 and inhibits viral
replication

400/100 mg twice daily Human

Arbidol
(Umifenovir) No clinical data are available 200 mg Orally 3 times Human

Interferon-α
(IFN-α) Reduces infection rate 500 mg ribavirin combined (2–3)

times a day Human

Anti-malarial

Chloroquine 1. Anti-viral and
anti-inflammatory activities and 2.

Post translation alteration by
glycosylation inhibition.

1.13 µM 48 h Vero E6 cells

[166,168]Hydroxyl
chloroquine 200 mg every 8 h (orally) Human

Cortico
steroids

Methyl
prednisolone - 1–2 mg/kg·d For 3 days (IV) Human [159]

Immune
therapy

Convalescent
Plasma therapy

(CPT)
- 200–500 mL

Human [169–172]Tocilizumab
(Atlizumap)

mAb

Anti-interleukin-6 receptor
activity

400 mg (For body weight < 75 kg)
Or 600 mg (For body weight ≥
75 kg)max dose 800 mg Repeat

after 12 h if required (IV)

Anakinra Anti-interleukin-1β neutralizing
100 mg twice a day for 72 h and
later on single dose per day for

7 days

IV: Intravenous; mAb: Monoclonal antibody.

Moreover, another multidimensional approach for COVID-19 treatment involves
5000-year-old traditional Chinese medicine (TCM), including Huoxiang Zhengqi, Lianhua
Qingwen, Shufeng Jiedu, and Xue Bijing used as pills, powder, tea, or tincture, which
was proven to be effective in 2002 against the SARS-CoV infection at an early stage by
increasing patients’ oxyhemoglobin arterial saturation [168,173]. Furthermore, the intake
of antioxidant-rich foods containing Vitamin A, C, D, and E can mitigate the damage
via oxidation as well as the risk of cardiovascular disease [159]. Additionally, curcumin,
honey, omega-3 fatty acids, and potato starch have some natural anti-inflammatory ac-
tivities [159,174]. On March 16 of 2020, Regeneron Pharmaceuticals Inc., US, and Sanofi
collaboratively announced the phase 2 and 3 clinical trials of a human monoclonal an-
tibody called Sarilumab (Kevzara) against the interleukin-6 (IL-6) receptor on about
400 hospitalized corona patients [167]. On the other hand, a study showed the pro-
phylaxis potential of Tocilizumab (humanized monoclonal antibody) and Melatonin (N-
acetyl-5-methoxytryptamine) as two candidate molecules for nCoV-19 treatment [166,175].
Other potential COVID-19 treatments may include nanotechnology, nitric oxide (NO),
CRISPR/Cas13d System, Yoga, and Ayurveda [149,176–178].

Vaccination

As of now, vaccination is considered a definitive encapsulation comparative with any
remaining existing solutions for COVID-19 outbreak. Researchers universally are working
next to each other, utilizing accessible innovation and labor to beat this pandemic [159,179].
This overall process may need around 12 to 18 months for achieving promising outcomes
and high throughput manufacturing [180]. By now, mainly the mRNA, epitopes, and
spike protein RBD (receptor binding domain) structure-based vaccine initiatives are being
proposed (Table 6) [181]. At present, 98 vaccines are being evaluated on humans clinically,
32 are in their last phase of the trial, and a minimum of 77 vaccines are in their active
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preclinical animal trial [182]. Several leading vaccine candidates were listed in Table 6
according to the data of 27 July 2021.

Table 6. Top 10 leading vaccine candidates with their efficacy level worldwide as of 27 July 2021 [182].

Vaccine Name Developer Technology Dose Phase Efficacy Approved in
Countries

Comirnaty or
Tozinameran or

BNT162b2
Pfizer and BioNTech mRNA 2 doses

(Three-weeks apart) 2/3 91.3%

Bahrain, Brazil,
New Zealand,
Saudi Arabia,
Switzerland

mRNA1273 or Spikevax Moderna mRNA 2 doses
(Four-weeks apart) 3 Over 90% Switzerland

Sputnik V or
Gam-Covid-Vac)

Gamaleya Research
Institute

Ad5, Ad26
(Adenovirus)

2 doses
(Three-weeks apart) 3 91.6% Russia

(Emergency use)

Vaxzevria or AZD1222
(also known as

Covishield in India)

University of Oxford
and the

British-Swedish
company

AstraZeneca

ChAdOx1 2 doses 2/3 76% Brazil

Convidecia (also known
as Ad5-nCoV)

CanSino Biologics
and Institute of

Biology, Academy of
Military Medical

Sciences

Ad5(Adenovirus) Single dose 3 65.28% China

Ad26.COV2.S
Johnson & Johnson

Beth Israel Deaconess
Medical Center

Ad26(Adenovirus) Single dose 3

72% (U.S.A.);
68% (Brazil);
64% (South

Africa)

USA (Emergency
use)

EpiVacCorona Vector Institute Protein 2 doses
(Three-weeks apart) 3 Unknown Turkmenistan

NVX-CoV2373 Novavax protein 2 doses
(Three-weeks apart) 3 89.7% N/A

BBIBP-CorV Sinopharm. Inactivated 2 doses
(Three-weeks apart) 3 78.1% Bahrain, UAE,

China

CoronaVac (formerly
PiCoVacc) Sinovac Biotech Inactivated 2 doses (Two-weeks

apart) 3
50.65% (Brazil

trial) 83.5%
(Turkey trial)

China

The vaccine pillar of the ACT, COVAX, is co-led by Gavi (the Coalition for Epidemic
Preparedness Innovations) and WHO. It is formed to maintain the pace of vaccine de-
velopment and production and ensure the equal distribution of the vaccine, so that no
low-income country lags in vaccination. COVAX set a target of vaccine supply that can com-
pensate a minimum of 20% of the country’s population [183]. At this point, AstraZeneca has
agreed to provide vaccines to COVAX, whereas Moderna and Pfizer have not yet confirmed
anything. On the other hand, there are also some vital issues relating to the mass supply
and conservation of the vaccines in remote places, including cold-chain requirements,
logistics, and delays, which has made the situation more challenging [184].

14.3. Boosting Immunity

Boosting resistance includes measures like a reasonable eating regimen, standard
exercise, maintaining a strategic distance from additional pressure and weariness, oral
wellbeing, and sufficient rest, that are significant not just in forestalling different contamina-
tions, like viral assault, but also in maintaining mental and psychological wellness. Organic
citrus products containing Vitamin C (ascorbic corrosive) and different nutrients can stimu-
late the insusceptible framework, as well. Overall, inoculation is the most essential step to
protect against the resistant triggers of a viral assault like SARS-CoV-2 [150].
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15. Infection Associated Factors
15.1. Gender Biases

The reports from different case study data indicate a clear contrast between men
and women, especially in the case of mortality and other disease outcomes [185]. Studies
governed in China and Italy showed that the mortality rate in men is much higher than in
women [6,123,186]. The higher ACE2 receptor expression in the lungs of men compared to
women can be a causative factor for this [187]. Moreover, the risk appears higher in men in
their 50s and starts to mitigate in the 90s. In China, the mortality rate for men and women
was 2.8% and 1.7%, respectively [186]. The exact reasons behind the gendered impact of
COVID-19 remain unsolved, although behavioral and genetic factors could be plausible
indicators for this [185]. Reasons why men may possess greater susceptibility to COVID-19
relative to the female population may include a higher smoking rate in men, sex-based
immunological variance, and a higher portion of comorbidity (hypertension, heart disease)
in men [186].

15.2. Ethnic Differences

The COVID-19 effects on various ethnic groups are affected fundamentally by the aber-
rations between medical care availability and financial status. Lower financial conditions
and a raised pace of comorbidity impact the COVID-19 withdrawal [188]. In March 2020,
The CDC and COVID-19–Associated Hospitalization Surveillance Network conducted a
study on 580 hospitalized COVID-19 patients with ethnicity data from 14 states in the US.
This study found that, among the patients, about 45.0% were Caucasian (~76% of the US
population), 33% were African-American (~13% of the US population), 8% Hispanic (~18%
of the US population), and the remainder consisted of 5% Asian, less than 1% American
Indian/Alaskan Native, and 7.9% from unknown or other races. However, the racial
distribution varied by state depending on the target population size. It has been noted
that smaller populations like African Americans have greater COVID-19 infection risk
as they are much more prone to have heart disease, asthma, obesity, hypertension, and
diabetes [189]. Moreover, minority populations also possess a higher number of people
with low socio-economic conditions, contributing to the risk of COVID-19 contraction. A
prior investigation on CytoMegalo Virus (CMV) found a significant relationship between
cell-mediated immunity and low socio-economic status among different socio-economic
populations in the USA, suggesting that people with poor socio-economic condition have
access to fewer healthcare facilities, greater life stressors, and a poorer diet, which results
in a weak immune system [190–192]. On the other hand, higher ACE2 receptor expres-
sion in Asian people than in the African American and Caucasian populations may cause
dispersed outcomes across different countries [187].

15.3. Environmental Effect

Viruses do not replicate outside of a living cell, yet the infectious viruses may continue
on infected natural surfaces, and the span of an active infection is obviously controlled
by certain ecological boundaries, for example, temperature and moistness [193]. Dirty
surfaces are significant vectors in the infection transmission measure in medical clinic
conditions, just as in the local area. A recent study reported that surfaces and suspensions
could be recognized as potential transmission sources that might lead to hospital-acquired
infections with human coronavirus [193]. The environmental sustainability of SARS-CoV-2
was previously unknown. However, various studies have demonstrated that SARS CoV
can withstand at least two weeks in dry conditions. The dried-out virus on smooth surfaces
maintains its viability for more than five days at a temperature of 22–25 ◦C and relative
humidity of 40–50%. The virus remains constant for three weeks at room temperature
in a fluid environment, but it is easily killed by heat treatment at 56 ◦C for 15 min [194].
However, virus viability was quickly lost when temperature and humidity were relatively
higher (38 ◦C, and relative humidity of >95%). This indicates that SARS-CoV-2 is a stable
virus that may be transmitted through indirect contact or fomites [195]. Such consequences
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may allude to the significant role of contaminated surfaces in pathogen transmission in
the hospital and the community. SARS-CoV-2 is relatively firmer and steadier than the
human coronaviruses 229E or OC43, and some other viral respiratory pathogens, such as a
respiratory syncytial virus. Generally, direct droplet transmission is an important route of
transmission [195]. The robust stability of SARS coronavirus at low temperature and in a
low humidity environment may allow for its rapid community transmission in subtropical
areas (such as Hong Kong) during the spring season. These findings may also explain the
reason why some Asian nations in equatorial areas (for example, Malaysia, Indonesia, or
Thailand) with high temperatures and relatively humid environments did not have strong
community outbreaks of the SARS virus compared to European regions [196].

15.4. Blood Group and Coronavirus

A study indicates that people having blood group A is related to greater danger of
disease by COVID-19 contrasted with non-A blood groups, while blood group O was
connected with a similarly lower risk of contamination than non-O blood groups [197].
Ensuing investigation showed that A positive individuals are at a 45%increased respira-
tory danger, though individuals with blood group O are at a 35% diminished likelihood
of having respiratory complications. Late, an Italian–Spanish genome-wide affiliation
examination-based investigation uncovered the linkage between blood groups and coron-
avirus [197]. The effect of age and gender on the ABO blood group distribution in patients
with novel coronavirus from two distinct hospitals was analyzed. The results concluded
that age and gender do not impact the blood group [198]. However, interestingly, the
consequence is significant for A and O blood group type only when the Rh factor is positive
in blood samples [199].

16. Conclusions and Future Directions

The current COVID-19 pandemic situation has indeed affected the whole world,
socially and economically. The world is now on the move to compensate for the damage
done by COVID-19, and to fight back by developing vaccines, many of which are already
being delivered globally. However, it should be noted that vaccines are effective only when
vaccination is governed properly. Equity distribution to the lower-income countries and
willing participation towards vaccination should be maintained to eradicate this crisis.
Despite the vaccines’ release, the global population should regularly practice personal
hygiene, face masking, and social distancing until the vaccines are proved fully functional
and available globally. However, the minimization of the huge load on the healthcare
system and the growing mortality rate are two major problems currently receiving global
efforts. The lesson taught by COVID-19 should be remembered for a long time, and
advanced preparation is needed for any further global hazards that can put global health
at stake. Furthermore, paying considerable attention to the plausible cause of this virus’
transmission, there should be a total restriction on trading wild creatures and birds as a food
source across the globe, and further investigations on SARS-CoV-2 genomic makeup must
be carried out to understand its pathogenicity, epidemiology, and transmission pattern.
Disclosing the genomic construction can provide insight into effective drug design and
vaccine construction for subsequent variants. Artificial intelligence (AI) could also be an
excellent tool to track down the transmission pattern of a deadly virus before it turns into an
outbreak. Therefore, uninterrupted surveillance and proper coordination between national
and international health stakeholders can balance the situation. Since the advancement in
technology gave us the liberty to utilize our utmost potential to contribute to the betterment
of human civilization, so this should be the time to make the best use of it.
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