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Abstract
The re-emergence of novel coronavirus variant has grappled the world and 
imposed a halt across the globe. Since, its identification as a novel pathogen, the 
SARS-Coronavirus-2 has caused more than 2 million deaths worldwide. This novel 
virus against which humans have vastly variable immune response is still expanding 
its reach all over the globe. Hence, it is really critical to understand the important 
facts about such a lethal entity. Here, in this review, we bring together the pieces 
of the puzzle to understand the origin, epidemiology, pathogenesis, prevention 
and treatment strategies of this novel disease COVID-19. Important references 
to the previous SARS-coronavirus have been made to better understand the re-
emergence pattern. This comparison will also help us to understand the crucial 
drivers of such re-emergence and the important lessons that we need to learn for 
prevention of any such future outbreaks.
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Introduction
As per the World Health Organization, till the end of January, 
2021, the SARS-CoV-2 (Severe Acute Respiratory Syndrome- 
Coronavirus-2) has infected over 100 million people and caused 
more than 2 million deaths worldwide (https://covid19.who.int). 
This novel pathogen emerged in a Chinese city, Wuhan, in late 
2019, with clinical presentation similar to influenza-like-illness. 
It was perceived as pneumonia of unknown etiology, which 
was later termed as Coronavirus Disease-2019 (COVID-19) after 
identification of the causative microorganism as the ‘2019 novel 
Coronavirus (2019-nCov)’. Subsequent genomic analysis revealed 
that the novel virus belonged to the lineage of betacoronaviruses 
and had 79.6% similarity to the previously reported SARS-CoV of 
the 2002–2003 epidemic fame [1]. This led to renaming of the 
virus as SARS-CoV-2 by the ICTV (International Committee on 
Taxonomy of Viruses). All the initial cases had a shared history 
of exposure to the Huanan Seafood Wholesale Market (the so-
called “wet market”). An epidemiologic alert was imposed on 
30th December 2019 and the wet market was closed. After a 
week, on 10th January 2020, Chinese researchers shared the full 
genetic sequence of the novel SARS-CoV-2 which allowed rapid 
development of molecular diagnostics [2]. On 30th January 2020, 
the World Health Organization (WHO) declared the COVID-19 
outbreak as a global public health emergency of very high-risk 
category. With the passage of time, the virus’ super-spread across 
the globe led to its categorization as a pandemic. 

https://covid19.who.int
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Coronaviruses: General information and the 
related diseases
The term, Coronavirus, comes from ‘corona’ in Latin meaning 
‘crown’. These are so-named due to resemblance of the viral 
surface ‘spike’ proteins as crown-shaped. CoVs are positive-
sense RNA viruses and belong to the Coronaviridae family (sub-
family: Coronvirinae) of the Nidovirales order [3].There are four 
genera of CoVs, viz., alpha, beta, gamma, and delta, as per the 
viral genome variations. The host species of alpha- and beta-CoVs 
is mammal and these viruses generally infect epithelial cells in 
the respiratory and/or enteric tracts, causing respiratory disease 
and/or gastroenteritis with short incubation period, ranging from 
a few days to a week [4]. The recent emergence of the novel 
SARS-coronavirus-2 has led to a total of seven coronaviruses 
known to cause disease in humans, according to the Centre of 
Disease Control (https://www.cdc.gov/coronavirus/types.html). 
Four of the earlier known viruses, i.e., HCoV-NL63, HCoV-229E, 
HCoV-OC43 and HKU1, are related to mild common cold-type 
illness in immune compromised individuals [5], while the other 
two previous viruses, i.e., SARS-CoV and MERS-CoV, can cause 
severe diseases presented as acute respiratory distress syndrome 
(ARDS) [6] and have very well demonstrated considerable 
epidemic potential. The new addition in the family, SARS-CoV-2 
is responsible for much-feared COVID-19 pandemic and scientists 
are still not able to fully understand the disease. A comparison of 
various features of the SARS-CoV (2002) and SARS-CoV-2 (2019) 
infections is summarized in the Table 1.

Structure: Genotype and phenotype
Coronaviruses are enveloped, single, positive-stranded RNA 
viruses and have a polycistronic genome. Similar to other HCoVs, 

the SARS-CoV-2 viral envelop is made up of a lipid bilayer in which 
the structural proteins, viz., spike (S), envelope (E) and membrane 
(M) proteins, are anchored and inside the virus’ envelop, there is 
the nucleocapsid (N) protein which is bound to the RNA genome 
(Figure 1) [6,7].The genome size of this virus is around 30 kb 
encoding different non-structural proteins at the 5′-end, four 
structural proteins (S, E, M and N) and several lineage-specific 
proteins at the 3′-end [6]. The structural proteins are encoded 
by the S, E, M and N genes, while the multiple non-structural 
proteins are encoded by the open reading frame (ORF) genes, 
namely ORF1a and ORF1b genes. The other accessory proteins 
are encoded by the ORF3a, ORF3b, ORF6, ORF7a, ORF7b, ORF8a, 
ORF8b, and ORF9b genes in SARS-CoV and ORF3, ORF6, ORF7a, 
ORF7b, ORF8, and ORF9b genes in SARS-CoV-2 (Figure 2) [6]. 
The SARS-CoV-2 genome lacks the hemagglutinin-esterase gene 
which is characteristically found in lineage A betacoronaviruses 
[7].

Origin of Coronavirus and SARS: 2002 and 2019 
Outbreaks
The first Coronavirus (CoV) to be isolated was the avian infectious 
bronchitis virus in the year 1930. Subsequently, various other 
CoVs were isolated from different infected animals, such as, 
rodents, mouse, pig, cow, turkey, cats, and dogs. CoVs were, 
initially, thought to be non-human pathogens, however, in 1965, 
the first coronavirus of human origin, a human CoV (HCoV) strain 
B814, was isolated from common cold patients and since then 
many additional strains have been isolated in human embryonic 
tracheal organ cultures and in monolayer cell cultures [8]. The 
now well-known HCoV strains such as, the 229E and the OC43 
were prevalent in 1960s and contributes up to 15-30% of the 

Trait SARS-CoV (2002) SARS-CoV-2 (2019)
Virus origin • Horse-shoe bats as evolutionary reservoir host

• Civets as intermediate amplifying host
• Unknown reservoir host

• Rhinolophus affinis bats as evolutionary reservoir host
• Unknown intermediate-amplifying host
• Unknown reservoir host

Entry receptor • ACE2 as entry receptor
• Both human ACE2 and civet ACE2 capable of supporting 
SARS-CoV entry
• Mouse ACE2 less efficient in supporting entry of SARS-CoV  
compared with human ACE2

• ACE2 from humans, Rhinolophus affinis bats, civets and 
swine as entry receptor
• Mouse ACE2 unable to serve as entry receptor

Human-to-human 
transmission route

• Droplets in most cases
• Contaminated fomites
• Feces or oral
• Aerosols uncommon but possible under special 
circumstances

• Droplets in most cases
• Contaminated fomites
• Feces or oral
• Aerosols uncommon but possible under special 
circumstances
• Higher attack rate within family clusters

Super spreading events • Hong Kong
• Beijing

• Diamond Princess cruise ship

Case fatality rate • 9.6% • 0.1-25%
Clinical
presentations

• Lower respiratory infection
• ICU care required in ∼30% patients
• ARDS in ∼20% patients
• Gastrointestinal and CNS infection

• Lower respiratory infection
• ICU care required in 5–10% patients
• ARDS in ~5% patients
• Gastrointestinal infection
• Asymptomatic carriers

Abbreviations: ACE2: Angiotensin-Converting Enzyme 2; ICU: Intensive Care Unit; ARDS: Acute Respiratory Distress Syndrome; CNS: Central Nervous 
System.

Table 1 Comparison of various characteristics of SARS-CoV (2002) and SARS-CoV-2 (2019).

https://www.cdc.gov/coronavirus/types.html
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cases of common cold or upper respiratory tract infections [9]. It 
was believed that the HCoVs cause mild respiratory disease only 
until the emergence of the SARS-CoV in the year 2002. The first 
case of SARS, initially recorded as an atypical pneumonia, was 
reported in November, 2002 in the Guangdong Province of South 
China [10]. Successively, the SARS was identified as an epidemic 
outbreak that led to more than 8000 cases in 37 countries [11]. 
Some superspreading events during the epidemic caused fear 
among the people. The exact cause of superspreading is yet to 
be understood. It is speculated that the host factors had more 
part to play in regulation of release of large amounts of virions 
during the superspreading events.  The SARS-CoV infection was 
different from the infection by the previously circulating HCoVs, 
viz., 229E and OC43. The SARS-CoV causes lower respiratory 
tract infection along with cytokine storm in patients and led to 
poor outcome [12]. While the 229E and OC43 were known to 
cause upper respiratory tract infections and led to mild disease 

only, SARS-CoV also led to the deadly acute respiratory distress 
syndrome (ARDS) as well as non-respiratory diseases such as 
gastrointestinal and CNS infection in some patients [13,14].

The SARS-CoV-2 was also initially reported to cause pneumonia 
of unknown etiology in the Hubei prov ince of China. The health 
authorities in the month of December, 2019 reported a series of 
patients showing similar symptoms. The disease ranged from mild 
to serious and fatal; with the first death reported in the second 
week of Janu ary, 2020. Soon, reports of case clusters among 
families and health care workers were recorded suggesting 
human-to-human transmission of the infection.

For identification of the source of the novel SARS-CoV-2, 
comparison of nucleotide sequences was done between the 
SARS-CoV-related CoVs (SARS-rCoV) of 2002-03 period and 
the 2019-20 period. It was found that the SARS-CoV-2 shared 
96.2% nucleotide homology with a bat CoV strain named 

Figure 1 Structure of coronavirus. SARS-CoV-2 virus is an enveloped, single, positive-stranded RNA virus of zoonotic origin. It 
contains four structural proteins viz., spike (S), membrane (M), nucleocapsid (N) and envelope (E) proteins. The S, M, and 
E proteins together form the envelope of SARS CoV-2 virus. The N proteins remain associated with the RNA, forming a 
nucleocapsid inside the envelope. The S proteins remain embedded in the envelope giving it an appearance of a crown 
and hence, the name coronavirus.

Figure 2 Genome organization of HCoVs. Schematic diagram of the beta-human coronaviruses (HCoVs). The genes encoding 
structural proteins spike (S), envelope (E), membrane (M), and nucleocapsid (N) are in brown. The genes encoding 
non-structural protein (NS) and haemagglutinin-esterase (HE) in lineage A of betacoronaviruses are in blue and 
yellow respectively. The genes encoding accessory proteins are in green [6,7].
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“RaTG13” and 79.5% sequence identity to SARS-CoV [7,15].
However, the receptor-binding domains in these two viruses 
showed significant variations.  The direct animal source is yet 
to be identified but bamboo rats and civets remain the prime 
suspects as intermediate hosts.  Pangolins are known to carry 
betacoronaviruses, and shares ∼90% nucleotide homology 
with SARS-CoV-2 [16]. The pangolin betacoronaviruses are also 
phylogenetically related to both SARS-CoV-2 and RaTG13 bat 
virus [16]. Further investigations are currently on to determine 
the exact source of the SARS-CoV-2.

Role of Host Immunogenetics in SARS Severity
The intensity of an immune response to any pathogen including 
SARS-CoV-2 is genetically determined. A single base difference, 
or point mutation, is capable of altering the genetic disposition 
at a level where the phylogenetic disposition is hugely impacted. 
Some studies have reported the association between ABO blood 
groups and SARS-CoV-2 infection as well as its severity [17,18].
While individuals with blood group O were observed to have a 
lower risk compared with non-O blood groups, those with blood 
group A have a significantly higher risk of acquiring COVID-19 
compared with non-A blood groups [18]. Another study also 
reported associations of ABO and Rh blood groups with SARS-
CoV-2 infection, while lower numberof infections were observed 
in individuals with blood group O, those with blood group B had 
higher frequency of SARS-CoV-2-positive patients [19]. Further, 
Rh(D)-positive blood types were observed to be independently 
associated with SARS-CoV-2 infection and death following 
infection. Earlier studies have reported the associations of single 
nucleotide polymorphisms (SNPs) and acute respiratory distress 
syndrome (ARDS). Shortt et al (2014) selectively validated that 
SNPs rs78142040 and rs9605146 were associated with the ARDS 
susceptibility while, rs3848719 was associated with severity 
of ARDS [20]. Further, in cases of ARDS, increased level of 
interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis 
factor-α (TNF-α) were reported to be associated with disease 
severity and poor outcome [21].

A recent study using comparative genetic analysis of more than 
80,000 human genomes across different populations reported 
possible associations of coding region variants of angiotensin-
converting enzyme 2 (ACE 2) and transmembrane serine protease 
(TMPRSS2) genes with COVID-19 susceptibility, severity, and 
clinical outcomes [22]. While ACE2 receptor binds to spike (S) 
protein and hence involved in entry of the virus into the cell, the 
TMPRSS2 helps in priming of the spike (S) protein [23]. Apart from 
these, polymorphisms in some other genes, like, CD14, and ApoE 
are also linked to ARDS in terms of predisposition, severity and 
outcome [24-26]. Although, pre-existing dementia was reported 
to be as a major risk factor for COVID-19 severity in older adults 
in the UK Biobank [27] the ApoE e4e4 homozygous genotype 
has been reported to increase the risk of severe COVID-19, 
independently of pre-existing dementia, cardiovascular disease, 
and type 2 diabetes [25]. In addition to the effect on lipo-protein 
function and subsequent cardio-metabolic diseases, the ApoE 
e4 allele has been found to moderate macrophage pro-/anti-
inflammatory phenotypes [28]. However, more studies may be 
required to unravel the biological mechanisms behind the genetic 

association of ApoE gene with COVID-19 severity.

Some other investigations on immunogenetic basis of SARS 
have highlighted the role of human leukocyte antigen (HLA) 
complex in the infection. In one study on smaller numbers of 
Taiwanese SARS patients, HLA-B∗46:01 was found to be linked 
to predisposition to and severity of infection [26] Further, in 
Chinese patients, HLA-B∗07:03 and -DRB1*03:01 were found 
to be significant markers of susceptibility to SARS [29]. A recent 
study after analyzing a group of 99 patients affected by a severe or 
extremely severe form of COVID-19 and comparing the data with 
a reference group of 1017 individuals, reported the association 
of HLA-DRB1*15:01, -DQB1*06:02, and -B*27:07 alleles with 
predisposition to an adverse outcome [30]. Another study 
from China based on its preliminary results reported significant 
associations of HLA-A*11:01, -B*51:01, and -C*14:02 with worst 
clinical outcome [31]. However, substantial inconsistencies have 
been observed for immunogenetic association of COVID-19 
among different populations. Further, the relevance of the 
purported ‘predisposing’ alleles is doubtful for clinical practice 
in terms of efficiency. Larger population analysis along with 
appropriate controls is needed to correctly identify efficient 
immunogenetic biomarkers for the same. The outcome of such 
important studies may aid in determination of predisposition to 
infection and the host–pathogen interactions.

Cytokine Storm in SARS-CoV-2
The leading cause of mortality in the SARS-CoV-2 infection 
is multiorgan failure. Cytokine storm plays a crucial role in 
occurrence of multi-organ failure, ultimately leading to the 
death of the severely ill COVID-19 patients. “Cytokine storm” 
or hypercytokinemia is defined as an auto-amplifying cascade 
of cytokine secretion which eventually leads to an uncontrolled 
host immune response triggered by various conditions such as 
infection, malignancy, autoimmune disorders, etc [32]. It is also 
described in literature as systematic inflammatory response 
to infection leading to over activation of immune cells and 
production of high levels of pro-inflammatory cytokines [33]. 
Critically ill patients are reported to have higher levels of pro-
inflammatory cytokines, especially interleukin-6 (IL-6) than 
moderately ill COVID-19 patients and thus high levels of cytokines 
indicate a poor prognosis in COVID-19 [34].

Though the exact role of cytokine storm in multi-organ failure 
is yet to be understood, it has been put forward that cytokine 
storm induces apoptosis of epithelial and endothelial cells, 
leading to increased vascular permeability and subsequently 
acute respiratory distress syndrome (ARDS). Presence of ARDS 
and T-cell over activation has been demonstrated in postmortem 
lung specimens of patients who died of covid-19 infection [35].
The main cause of ARDS was suggested to be the increase in the 
number of T-helper 17 (Th17) cells and high cytotoxicity of the 
CD8+ T cells. In a meta-analysis of 25 COVID-19 studies using the 
data of more than 1200 patients, the authors concluded that 
cytokine concentrations were elevated in patients with severe 
and critical COVID-19 but the role of a cytokine storm in COVID-
19-induced organ dysfunction needs to be further investigated [36].
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Case fatality rate
The case fatality rate (CFR) of SARS of the 2002-2003 epidemic 
was reported to be 9.6% [37] while that of SARS-CoV-2 has varied 
in different studies from 0.1% to more than 25% as per the 
geographical area according to the World Health Organization 
(WHO) (https://apps.who.int/iris/handle/10665/333642).

Diagnosis
Early and rapid diagnosis is crucial to effectively control the disease 
outbreak. The current molecular diagnosis is based on nucleic 
acid detection, either by in-house or commercially available 
real time RT-PCR test kits. This technique remains the reference 
standard   for providing a confirmatory diagnosis for clinical cases 
of COVID-19, despite the false negative rate [38]. The Availability 
of full length or near-complete genome sequences of SARS-CoV-2 
strains from across the globe have greatly helped in identification 
of variations in the viral genome. Although the homology among 
all the strains were high at both nucleotide (99.99%) and amino 
acid (99.79%-100%) levels, the overall variation was low in open-
reading frame (ORF) regions [39]. Few mutations were observed 
at nt28144 in ORF8 gene and nt8782 in ORF1a gene, suggesting 
that care should be taken while designing primers and probes for 
diagnosis of SARS-CoV-2 [39].

The samples for SARS-CoV-2 detection include bronchoalveolar 
lavage fluid, sputum, nasal swabs, fiberoptic bronchoscopy brush 
biopsy specimen, pharyngeal swabs, stool, urine and blood and 
have shown varied diagnostic performance [40]. Throat swab 
and sputum samples tested using N-gene quantitative RT-PCR 
assay showed that viral load was highest at about 5 to 6 days 
of onset of symptoms ranging from 104 to 107 copies/mL [41]. 
Nevertheless, the kinetics of SARS-CoV-2 viral load was reported 
to be different from the previous CoV infections [42]. Therefore, 
further studies are required to understand the nature of the 
SARS-CoV-2. Apart from molecular diagnosis of SARS-CoV-2 virus, 
radiological investigations have been carried out for COVID-19 
diagnosis. Chest CT scan showed multiple lesions and later 
patchy ground-glass opacity. Further, it was observed that chest 
CT scan showed high sensitivity (97%) but low specificity (56%), 
suggesting that chest CT scan could play a complementary role in 
the early detection of COVID-19 [43].

Other than molecular testing and chest CT scan, virus isolation 
and culture can also provide confirmatory diagnosis [44]. Initially, 
human airway epithelial cell lines were used for isolation of 
the virus. However, virus isolation and culture approach is a 
time-consuming process and requires considerable technical 
expertise and higher level biosafety laboratory (BSL) facilities. 
Thus, in resource-limited settings, serological assays can be used 
for detection of SARS-CoV-2. Geurts van Kessel et al. (2020) 
performed a detailed comparison of serological COVID-19 assays 
and found that the Wantai SARS-CoV-2 AbELISA which detects 
the immunoglobulins against the receptor binding domain 
(RBD) of SARS CoV-2 had the best overall performance to detect 
functional antibodies in different stages and severity of disease, 
including the potential to set a cut-off indicating the presence 
of protective antibodies [45]. Similar to SARS-CoV, both the 
disease severity and timing influence the levels of IgM and IgG 

against SARS-CoV-2. Patients with severe COVID-19 were found 
to have higher concentrations of SARS-CoV-2-specific IgG than 
patients with mild symptoms and all patients without detectable 
IgG antibodies have detectable virus-neutralizing antibody, 
suggesting immunity [46].

Recently, RT-LAMP (reverse transcription-loop-mediated 
isothermal amplification) assay was developed for the detection 
of SARS-CoV-2. LAMP primers, targeting the viral RNA of SARS-
CoV-2 in the regions of ORF1ab, S gene and N gene were used for 
virus detection and a colorimetric change was used to report the 
results and thus, ruling out the need for sophisticated detection 
equipment or skilled personnel [47]. Further, the RT-LAMP is a 
one-step process wherein RNA amplification is achieved directly 
from a sample without the need for RNA extraction and hence, this 
method is simple, rapid and sensitive. Another novel technique 
for the diagnosis of COVID-19 is CRISPR-based SHERLOCK (Specific 
High Sensitivity Enzymatic Reporter UnLOCKing) test developed 
by Zhang F et al (2020). This technique used synthetic COVID-19 
virus RNA fragments to consistently detect COVID-19 target 
sequences in a range between 20 and 200 aM (10-100 copies per 
microliter of input). RNA purified from patient samples was used 
for this test and the visual read-out of the test result was done 
using commercially-available paper dipstick [48].

Treatment 
Given its sudden emergence and spread resulting in the world-
wide pandemic, there is no effective treatment nor specific 
curative therapy for COVID-19 so far. The treatment for the same 
is confined to supportive care to relieve symptoms. Once a person 
is diagnosed with COVID-19, the foremost measure is isolation of 
the patient and making sure that transmission to the other people 
is avoided. If the symptoms are mild, it is recommended that the 
disease be managed at home ensuring appropriate hydration, 
good diet and monitoring and control of fever. Oxygen supply 
should be ensured to hypoxic patients through nasal prongs, 
high flow nasal cannula (HFNC) or mechanical ventilation, etc. 
Antibiotics and anti-fungal medicines are advised only in cases 
of bacterial or fungal co-infections. Use of corticosteroids is not 
proven and hence not recommended as per the international 
consensus and WHO. However, low moderate monitored doses 
have been allowed in China for treatment of COVID-19 and it was 
found that in patients with severe COVID-19 pneumonia, early, 
low-dose and short-term application of corticosteroid improved 
of clinical symptoms faster [49].

Till date, there is no approved treatment for COVID-19. 
However, based on a prior experience with SARS and MERS, 
several antivirals such as ribavirin, lopinavir, ritonavir, etc., are 
being used to treat COVID-19 patients. In patients with SARS, 
favorable clinical response was observed with lopinavir-ritonavir 
and ribavirin [50] but in adult COVI-19 patients, no benefit was 
observed with lopinavir–ritonavir treatment beyond standard 
care [51]. However, a triple combination of antiviral therapy with 
interferon β-1b, lopinavir–ritonavir, and ribavirin was found to 
be safe and highly effective in shortening the duration of virus 
shedding, reducing cytokine responses and alleviating symptoms 
in patients with mild to moderate COVID-19 [52]. Another 
antiviral drug remdesivir was found to be superior to placebo 

https://apps.who.int/iris/handle/10665/333642
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in decreasing the recovery time in adults hospitalized with 
COVID-19 and had evidence of lower respiratory tract infection 
[53]. While some studies have revealed that children have also 
suffered life-threatening complications due to COVID-19, others 
have reported that pediatric infections were milder and required 
only basic treatment [54].

In some cases, critically ill patients were given convalescent 
plasma therapy (CPT) to reduce mortality with varying outcomes. 
Studies have reported that CPT effectively increased neutralizing 
antibody titers but more scientific data is required to understand 
the effect of convalescent plasma transfusion in SARS-CoV-2-
infected patients. That being said, based on the limited scientific 
data, CPT therapy in COVID-19 patients appears safe, clinically 
effective, and hence, reduces mortality and therefore, it might 
be worthwhile to test the safety and efficacy of CPT in COVID-19 
patients [55].

In early months of 2020, Hydroxychloroquine (HCQ) or 
chloroquine, an immunomodulant drug traditionally used for the 
treatment of malaria, was reported to be apparently effective 
against of SARS-CoV-2 infection [56]. However, current data 
show that administration of HCQ does not reduce deaths among 
hospitalized COVID-19 patients nor help people with moderate 
disease [57]. Some other drugs proposed for COVID-19 treatment 
include arbidol which targets the SARS-CoV-2 spike glycoprotein 
and impedes its trimerization (a key for host cell adhesion), 
anticytokine therapy using cytokines which are produced 
during the cytokine storm such as interleukin (IL)-6, IL-1, tumor 
necrosis factor– α (TNF-α), interferon-γ (IFN-γ) and intravenous 
immunoglobulin therapy [58-60].These proposed therapies 
require subsequent research and extensive trials to even be 
considered a probable candidate for the disease treatment 
and therefore, until a definite cure is found, prevention and 
management remains the best options to defeat COVID-19.

Vaccine
The COVID-19 pandemic, which has claimed more than two million 
lives in the world, is the deadliest since the Spanish flu. Therefore, 
the COVID-19 pandemic challenged the scientific community 
internationally to find solutions in terms of therapeutics and a 
race against time to develop an effective vaccine to control SARS-
CoV-2. Thus, a speedy discovery and development followed by the 
rapid evaluation for a competent and a safe vaccine was needed. 
Previous clinical research on SARS-CoV and MERS pandemics has 
directed researchers in the direction of a vaccination strategies 
against this novel coronavirus. This is attributed to the fact that 
SARS-CoV-2 uses the same receptor as SARS-CoV on the host cell 
[61] i.e., human Angiotensin Converting Enzyme 2 (hACE2) and is 
approximately 79% genetically similar to SARS-CoV. 

The early trials for the COVID-19 vaccine were started initially in 
China, as soon as the outbreak of novel coronavirus erupted and 
then all over the world as the disease was declared a pandemic by 
WHO. The scientists have been successful in developing effective 
COVID-19 vaccines and their emergency use has been initiated 
by December 2020; however, their long-term efficacy and 
side effects will be known only in near future. Usually, vaccine 
development takes decades in normal scenario, however, the 

COVID-19 vaccines have been developed in less than a year. 
The reasons behind the speedy discovery and development of 
successful COVID-19 vaccines were the meticulous research, 
superfast clinical trials, emergency government and FDA 
approvals. The COVID-19 vaccines required a cautious validation 
of efficacy and adverse reactivity as the target vaccine population 
include high-risk individuals e.g., frontline healthcare workers, 
people over the age of 60, particularly those with chronic co-
morbid conditions, pregnant women, immunocompromised 
individuals, children and others.

The genome of SARS-CoV-2 is approximately 79% similar 
genetically to SARS-CoV and both of them use the same receptor 
on the host cell i.e., human Angiotensin Converting Enzyme 2 
(hACE2). The COVID-19 vaccines developed or being developed 
are based on different forms of preparations including virus 
vectored vaccines, protein subunit vaccines, genetic vaccines, 
and monoclonal antibodies (passive immunization) to curtail 
unwanted immune-potentiation which plays an important role 
in the pathogenesis of this virus (Figure 3) [62,63]. While, some 
of these are under evaluation phase, others have already been 
approved for emergency use against SARS-CoV-2 with each 
having discrete benefits and few hindrances.

Nucleic acid-based vaccines include DNA vaccines which are 
produced by genetic modification in the viral genome using 
recombinant DNA technology and mRNA vaccines that use part 
of viral genetic material such as the gene encoding coronavirus 
spike (S) protein and insuring the mRNA into human cells [64].
The cells in turn make copies of the viral protein, triggering an 
immune response. Another strategy for vaccine development is 
to use the virus itself, either in attenuated (live but weakened) 
and inactivated (dead) forms [65]. Protein-based vaccines 
include viral proteins or peptide subunits, usually fragments 
of virus’ spike protein. Recombinant virus-like particle-based 
vaccines uses empty virus shells that lack genetic material and 
are composed of viral structural proteins with the ability to 
mimic authentic native viruses and trigger immune response 
in the body [66]. Protein-based vaccines are usually combined 
with an adjuvant in order to enhance immunogenicity [67]. 
Viral vector vaccines are usually of two types - replicating or 
non-replicating viral vector vaccines. Non-replicating viruses 
are genetically engineered to render them replication-defective 
while replicating viral vectors are genetically modified to reduce 
their virulence so that they cannot cause disease though they can 
still replicate within the cells [68]. Each of the different vaccine 
types has varying advantages and disadvantages in terms of cost, 
ease of production, safety, efficacy and immunogenicity and so, 
it remains to be seen which vaccine will most effectively protect 
the body against COVID-19.

Although, COVID-19 vaccines are highly promising but like any 
other vaccines, might have side effects too. Initially, these vaccines 
are planned to be provided to frontline healthcare providers, 
their assisting staffs and those involved in essentials services 
followed by the elderly people over the age of 60, particularly 
those with chronic diseases like diabetes and hypertension. The 
COVID-19 pandemic which probably is the most devastating 
one in the last 100 years after Spanish flu mandated the speedy 
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discovery and development as well as evaluation of the multiple 
vaccines for competence to elicit protective immunity and safety. 

Though the scientific community has been able to develop few 
successful COVID 19 vaccines, at the moment the world is still 
relying on social distancing, hygiene measures and repurposed 
drugs. Eight vaccine candidates that had entered Phase 1 
clinical trials in mid- 2020,including BioNTech/Pfizer BNT162b2, 
Oxford/AstraZeneca’s AZD1222, Moderna's mRNA-1273, 
Bharat Biotech and ICMR’s Covaxin, Zydus Cadila’s ZyCoV-D and 
Sinovac'sCoronaVac vaccines (https://covid19.trackvaccines.
org/vaccines/). A few of them were given emergency approvals 
in USA, Europe, South Asia and other countries including India. 
Some of these vaccines entered the advanced phase II and III 
trials of vaccine development by the end of the year 2020 and 
beginning of 2021.  

Prevention of COVID-19
There has been no specific therapeutic or preventive intervention 
against COVID-19 caused by SARS-CoV-2. The management 
of the viral disease has been limited to just palliative care 
which focuses on alleviating the suffering, both physical and 
psychological, of COVID-19 patients. The uncertainty of the 
course of illness, isolation, anxiety and stress related disorders, 
fear of death and the perceived stigma from people/society, are 
some psychological distress associated with COVID-19 and these 
issues can be addressed by empathetic communication, holistic 
psychosocial support and clear dissemination of the disease-
related information. The psychological distress affects greatly 

not just the patients but their care-takers as well, particularly, 
the health care providers and frontline health professionals. In 
this regard, vaccination of health-care providers becomes very 
important so that they are protected from contracting COVID-19 
while discharging their duties and avoid incidences of hospital-
acquired human-to-human transmission. Further, prevention 
of COVID-19 can be sought by washing one’s hands regularly 
and thoroughly with soap and water or hand sanitization with 
alcohol-based sanitizers, following social distancing norms 
and maintaining good 'respiratory hygiene' such as wearing 
protective masks and covering mouth and nose with tissues 
while sneezing and properly disposing used masks and tissues in 
closed bins (https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/advice-for-public).

There are no known vitamins or supplements that effectively 
prevent coronavirus infection, including COVID-19. However, 
certain nutrients and dietary patterns can help boost the 
immune system and better prepare the body to fight against 
microbial attacks. Nutrients essential for the growth and 
function of immune cells include vitamin C, vitamin B6 and B12, 
folate, vitamin D, zinc, iron, copper and protein, including the 
amino acid glutamine [69]. A diet rich in vegetables, fruits and 
lean protein boosts the body’s ability to fight disease. Further, 
prebiotics and probiotics may also reduce the risk of infections 
as gut microbiota plays a vital role in the development and 
modulation of the immune system [69,70]. Mind-body therapies 
such as relaxation, psychotherapy, deep breathing exercises and 
mindfulness meditation also help prime the immune system to 
ward off infections [71].

Figure 3 Types of Covid-19 vaccines. This figure illustrates the different types of Covid-19 vaccines currently under different phases of 
clinical trials or approved for emergency use. Genetic or nucleic acid-based vaccines include DNA and RNA vaccines. Genetic 
vaccines use recombinant DNA technology (DNA vaccines) or part of viral genetic material such as Spike protein mRNA 
(RNA vaccine) which is inserted into human cells. The cells in turn make copies of the viral protein, triggering an immune 
response. Whole virus vaccines use the virus itself and include both attenuated (live but weakened) and inactivated (dead) 
forms of the coronavirus. Protein-based vaccines are viral proteins or peptide subunits, usually fragments of virus’ spike 
protein. Empty virus shells called “virus-like particles” which lack genetic material are also used to trigger immune response. 
Viral vector vaccines are usually of two types - replicating or non-replicating viral vector vaccines. Non-replicating viruses 
are genetically engineered to render them replication-defective while replicating viral vectors are genetically modified to 
reduce their virulence so that they cannot cause disease though they can still replicate within the cells [62,63].

https://covid19.trackvaccines.org/vaccines/6/
https://zyduscadila.com/
https://covid19.trackvaccines.org/vaccines/
https://covid19.trackvaccines.org/vaccines/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
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Apart from nutritional supplements, maintaining good habits 
such as regular exercise, good personal and space hygiene are 
some crucial practices required to fight COVID-19. Individuals 
with underlying health conditions or comorbidities such as 
hypertension, diabetes, cancer, chronic obstructive pulmonary 
disease (COPD) and other chronic illnesses are particularly 
susceptible to COVID-19 and more likely to suffer from serious 
complications with poor outcome [72]. Since the pathogenesis 
of the COVID-19 is still unknown, being well informed about the 
SARS-CoV-2 virus and taking preventive measures are paramount 
to control and suppress spread of the infection. Given the 
unprecedented nature of the COVID-19 pandemic, taking all 
necessary precautions to avoid getting infected with SARS CoV-2 
is probably the simplest and most practical way to respond to 
COVID-19.

Lessons for future
It is difficult to speculate the course of the current pandemic. 
Extreme measures have been taken by the world over to contain 
the spread of SARS-CoV-2 such as closing the borders by countries, 
strict lockdowns, complete isolation of COVID-19 patients and 
aggressive tracing of people they might have come into contact 
with. These extreme steps were taken to block human-to-human 
transmission and protect the most vulnerable population, 
including senior citizens and those with immunocompromised 
systems. These extraordinary measures have yielded varying 
outcomes in different countries owing to different socio-cultural 
and politico-economic settings existing in different parts of the 
world. 

Unfortunately, the COVID-19 is not the last pandemic in the 
world and WHO has warned of more severe future pandemics 
and hence the need to prepare ahead to tackle such crisis. 
Recently, cases of mutated COVID-19 strains are being reported 
in South Africa and the United Kingdom (UK). South African and 
UK virus variants have mutations in the virus’ spike gene and 
were reported to be more infectious [73] It is too early to assume 
that the viral transmission may stop over the course of time due 
to the inherent viral features, human restriction factors and 
human responses to fight the COVID-19. A more likelihood is the 
novel SARS-CoV-2 eventually getting adapted to humans and may 
become less pathogenic like the previous human coronaviruses 
such as HCoV-229E, HCoV-OC43, etc.  

During the Spanish influenza pandemic over a hundred years 
ago, social distancing measures were imposed that ranged from 
prohibiting public gatherings to closing schools, churches and 
theatres and isolating sick people in hospitals or encouraging 
them to stay home [74]. Some of these measures have since 
become predictable and preventive first steps to tackle global 
pandemics, including COVID-19. Despite the lessons of the past, 
COVID-19 pandemic caught the world off-guard, revealing the 
world to be deeply unprepared to handle a pandemic of this 
scale and hence, there are several lessons to be learned from the 
current pandemic so that the world may be better prepared for 
the next crisis. Such lessons include enhancing medical capacities, 
investing much more in scientific research and development, 
promoting data-driven technologies, tackling misinformation 
and clearly disseminating disease-related information.

In the twenty first century, the world is more globalized than ever 
before and hence, more vulnerable to diseases which respect 
no geographical boundaries. The world today is connected 
extensively through economic transactions more than anything 
else. COVID-19 has shown that collaborations between nations 
need to go beyond the markets into health, science and 
technology. Responses to disease outbreak requires concerted 
global efforts. One country’s failure to contain a disease outbreak 
might quickly become a disaster for the whole world. Therefore, 
one country’s disease containment strategy must, as far as 
possible, align with another country’s strategy and strategies of 
other global institutions such as WHO (for instance, the WHO 
response plan for COVID-19). 

Since the COVID-19 pandemic started, many older medications 
which are typically used to treat other conditions (e.g., HCQ, 
Remdesivir, etc.) were tested to determine whether they are 
also effective for COVID-19 but till date, no new drug has been 
developed to cure COVID-19. Therefore, the need of hour is to 
invest extensively in scientific research and further strengthen 
the development of drugs and vaccines. Further, the COVIC-19 
pandemic overwhelmed health care systems in many countries 
and this need to be tackled by drastic improvement of overall 
health infrastructure and enhancing medical capabilities, 
including building up the critical care segment. Investing in the 
critical care sector will ensure that the most vulnerable people 
who contract the disease and those with severe infections have 
better outcome compared to the current scenario. In the post-
COVID-19 world, social distancing may become a norm and 
technology is expected to play a major role. Promoting data-
driven technologies and creating innovative ideas to leverage 
digital connectivity and artificial intelligence will ensure that 
future pandemics and related challenges are faced intelligently 
and smartly. Despite the availability of huge data on COVID-19, 
so little is known about it and moreover, many disease models 
proposed during the COVID-19 pandemic were found to be biased 
and used assumptions which proved to be false. In addition, 
overabundance of information as well as misinformation in 
the media, both traditional and non-traditional, made the fight 
against COVID-19 more difficult [75]. Tackling misinformation 
about COVID-19 specifically and scientific developments at 
large, including vaccine development, remains a challenge. The 
availability of better data-driven technologies and responsible 
dissemination of disease-related information will go a long way 
in bringing about effective and empathetic communication.

Conclusion
The unprecedented COVID-19 crisis caught the world off-guard 
and imposed a huge toil, be it health, social or economic, across 
the globe. The pathogenesis of SARS-Coronavirus-2 virus is not 
fully known yet and hence, many questions about the much-
feared COVID-19 pandemic remains to be answered. With the 
roll-out of COVID-19 vaccines in several countries by the end 
of 2020 and early 2021, the world may be on course towards 
achieving population or herd immunity which is needed to 
end the pandemic. Until such a time, continuing with the basic 
practices such as avoiding crowds or confined spaces, wearing 
masks and maintaining good personal hygiene remain the most 
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effective strategy to prevent the transmission of SARS-CoV-2. 
Further, given the zoonotic origin of coronaviruses and rapid 

spread of COVID-19 across the world, it is worthwhile to halt and 
ponder over the human choices and behaviors to prevent any 
such future outbreaks.
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