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SARS-CoV-2: a new dimension to our understanding of coronaviruses
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Abstract
Coronaviruses have marked their significant emergence since the twenty-first century with the outbreaks of three out of the seven
existing human coronaviruses, including the severe acute respiratory syndrome coronavirus (SARS-CoV) in 2003, Middle East
respiratory syndrome coronavirus (MERS-CoV) in 2012, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
2019. These viruses have not only acquired large-scale transmission during their specified outbreak period, but cases of MERS-
CoV still remain active, although there is only limited transmission. While, on the other hand, SARS-CoV-2 continues to remain
a rising threat to global public health. The recent novel coronavirus, SARS-CoV-2, responsible for the ongoing coronavirus
disease 2019 (COVID-19), emerged during December 2019 in Wuhan, China, and has repeatedly raised questions about its
characteristic variability. Despite belonging to the same family, SARS-CoV-2 has proven to be quite difficult to control and
contain in terms of transmissibility, leading to around 19.8 million reported cases and more than 730,000 deaths of individuals
worldwide. Here, we discuss how SARS-CoV-2 differs from its two other related human coronaviruses in terms of genome
composition, site of infection, and transmissibility, among several other notable aspects—all indicating to the possibility that it is
these variations in addition to other unknowns that are contributing to this virus’ differing deadly pattern.

Keywords Coronavirus . SARS-CoV .MERS . SARS-CoV-2 . Transmissibility . Genome . ACE2 . Case fatality rate

Introduction

The emergence of deadly viral infections has significantly
affected human health despite the extraordinary efforts in
management, therapeutics, and vaccine developments over
the years. Viruses are sub-microscopic infectious agents that
consist of an RNA or DNA genome enclosed within a protein
coat called capsid; in some cases, they might have an outer
envelope of lipids. These agents invade living cells and use
their host’s molecular machinery to replicate their own genetic
material. While these agents can be of various types, a newly

identified strain from the Coronaviridae family had emerged
in China in December 2019, known as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). This virus is respon-
sible for the current worldwide pandemic of respiratory ill-
ness, called the coronavirus disease 2019 (COVID-19).

Coronaviruses are known to infect animals and humans,
causing respiratory, gastrointestinal, hepatic, and neurologic
disorders. Coronaviruses belong to the subfamily
Orthocoronavirinae, which is mainly classified into four gen-
era: Alpha-coronavirus, Beta-coronavirus, Gamma-
coronavirus, and Delta-coronavirus (Payne 2017; King
et al. 2011). Among the known coronaviruses, seven
coronaviruses have been identified to be associated with
humans. Within these seven human coronaviruses, three be-
ta-coronaviruses already well known for the outbreaks are
SARS-CoV (which had an outbreak in 2002, in Guangdong,
China), MERS-CoV (which emerged in Saudi Arabia in 2012,
and still involves both the circulation in camels and a limited
human-to-human transmission in several countries), and
SARS-CoV-2 (Drosten et al. 2003; Zaki et al. 2012; Zhu
et al. 2020). Although the known human coronaviruses main-
ly cause respiratory infections, the beta variants primarily at-
tack the upper respiratory tract. MERS-CoV and SARS-CoV
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usually have easier access and therefore successfully infect the
lungs (Cyranoski 2020). Surprisingly, SARS-CoV-2 can effi-
ciently infect both the upper respiratory tract and lungs.
Similarly, unlike SARS-CoV, SARS-CoV-2 was also ob-
served to have replicated in neuronal cells of COVID-19 pa-
tients, representing their potential to cause significant neural
symptoms such as anosmia, confusion, and ageusia, which are
rarely reported in patients with SARS-CoV (Chu et al. 2020).

This review highlights the differential traits of SARS-CoV-
2, from SARS-CoV and MERS-CoV, in order to provide pos-
sible evidence of its characteristic variation in traits. These
traits depict its potential pattern of transmissibility, structural
differences, and therapeutic approaches.

Genome and structural composition

SARS-CoV-2 is an enveloped, non-segmented, positive-sense
RNA virus with a diameter of about 65–125 nm. It consists of
crown-like spikes on its outer surface. The strains SARS-
CoV-2 and a bat SARS-related coronavirus (SARSr-CoV;
RaTG13) were initially thought to be closely associated
(Zhou et al. 2020). Moreover, even though molecular analysis
of these strains revealed only a 4% variability in genomic
nucleotides, a difference of ~ 17% at neutral sites indicated a
much more significant divergence than previously assumed
(Tang et al. 2020). A phylogenetic tree analysis revealed that
SARS-CoV-2, along with SARS-CoV and bat SARS-like co-
ronavirus, belongs to a different clade than MERS-CoV. It
was also seen to be more phylogenetically related to bat
SARS-like coronaviruses than to the usual SARS-CoV. This
suggests a different viral evolution from SARS-CoV and
MERS-CoV, involving bats as a wild reservoir (Wu et al.
2020; Benvenuto et al. 2020; Chan et al. 2020a, b; Lu et al.
2020; Paraskevis et al. 2020; Petrosillo et al. 2020).

SARS-CoV-2 constitutes four major structural proteins,
which include spike (S) glycoprotein, small envelope (E) gly-
coprotein, membrane (M) glycoprotein, and nucleocapsid (N)
protein, and several accessory proteins (Jiang et al. 2020) (Fig.
1). The spike or S glycoprotein is a transmembrane protein
found in the outer surface of the virus. It forms homotrimers
protruding from the viral surface and facilitates the virus par-
ticle to bind to host cells with the help of angiotensin-
converting enzyme 2 (ACE2) receptors that are expressed in
lower respiratory tract cells as well as utilizing the serine pro-
tease TMPRSS2, for S protein priming (Hoffmann et al.
2020). The host cell’s furin-like protease cleaves this S glyco-
protein into two subunits, an N-terminal S1 subunit and a
membrane-bound C-terminal S2 region (Astuti 2020;
Coutard et al. 2020). The S1 subunit consists of a receptor-
binding domain (RBD) that recognizes explicitly ACE2 as its
receptor, and the S2 subunit facilitates the virus fusion in
transmitting host cells (Guo et al. 2020b; Fehr and Perlman

2015; Walls et al. 2020). The N protein or nucleocapsid is
localized in the endoplasmic reticulum-Golgi region bound
to the virus’s nucleic acid material; this enables the N protein
to be involved in processes that include the viral genome, its
replication cycle, and also the response of the host cells to the
viral infection (Tai et al. 2020). The membrane or M protein
determines the shape of the virus envelope along with its abil-
ity to bind to all the other structural proteins, and the envelope
or E protein, which is known to be the smallest protein of the
SARS-CoV structure, contributes to the production and mat-
uration of the virus (Schoeman and Fielding 2019). Moreover,
the entry of the viruses into their host cells is facilitated by
different receptors. Dipeptidyl-peptidase 4 (DPP4) is the re-
ceptor for only MERS-CoV, and ACE2 is the receptor for
both SARS-CoV and SARS-CoV-2, to enter cells and infect
the human body or other organisms (Zhou et al. 2020; Mou
et al. 2013).

Transmission pattern

Several studies have contributed to the possibility of higher
transmissibility of SARS-CoV-2 compared to SARS-CoV or
MERS-CoV. The affinity of SARS-CoV-2 to ACE2 was 10–
20 times higher than SARS-CoV, suggesting the possibility of
a higher transmitting ability (Wrapp et al. 2020). Current stud-
ies also revealed the S protein as the initial target of neutral-
izing antibodies, and a closer look into their structure can be of
possible significance (Yu et al. 2020). Moreover, another
study showed that three mutations in S protein’s receptor-
binding domain could bring about changes in its antigenicity
(Phan 2020). Another source of mutation could be the 12
inserted bases in a gene at the junction between the coding
regions of S1 and S2; this introduces furin proteolytic sites in
the glycoprotein, increasing the transmissibility of SARS-
CoV-2 (Li et al. 2020). The basic reproduction number (R0)
is the average number of secondary cases generated by a pri-
mary case in a population of susceptible individuals. While
different studies estimated different R0 values depending on
the variation in methods, regions, and sample sizes, they all
further indicate an enhanced transmission ability of SARS-
CoV-2 (Table 1) (Guo et al. 2020a).

Apart from the assumed higher transmissibility, SARS-
CoV-2 attains its lethal characteristics compared to the other
coronaviruses through an array of adaptation processes.
Unlike the others, they are also known to readily attack human
cells at varying points, primarily targeting the lungs and the
throat. The accumulation of mutations may lead to a decrease
in the severity of infection caused by the virus. However,
several commonly used antivirals, mostly nucleoside analogs,
e.g., ribavirin, incorporate into viral genomes and disrupt viral
replication, which is often ineffective towards coronavirus’
genomic proofreading mechanisms. These mechanisms may,
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in turn, prevent the accumulation of any mutation in the virus
genome, reassuring its stability and proving the possible inef-
fectiveness of such antivirals that work by inducing mutations
(Robson et al. 2020). Studies involving viral cultures from
several COVID-19 patients showed mild symptoms which
revealed that the virus was actively replicating in the upper
respiratory tract; it was also reproducing and infectious
(Wölfel et al. 2020). The observations from these studies con-
cluded that, in SARS-CoV-2, the viral particles spread from
the throat to the saliva before showing any apparent symp-
toms, which can then easily pass from one person to another.
This was not the case with SARS-CoV, therefore making it
easier to contain and control previously. All three of these
human coronaviruses among the existing seven show a clini-
cal spectrum from asymptomatic or mild to severe symptoms
and may even lead to deaths. They are also seen to have more
typical effects on older people, weakened immune systems,
and those with chronic diseases. While they have moderately
similar symptoms, the viruses that are the causative agents of

SARS-CoV and MERS-CoV do not usually spread before the
development of the disease, but SARS-CoV-2 appears to be
transmissible days before the visibility of symptoms
(European Centre for Disease Prevention and Control 2020;
World Health Organization 2020).

Differential traits

Despite many similarities between SARS-CoV and SARS-
CoV-2, they have different traits regarding their attachments
to the ACE2 receptor. Even though both SARS-CoV and
SARS-CoV-2 bind with ACE2 receptors, the spread of
SARS-CoV-2 is further aided, due to its complementary fit
to the receptor-binding domain. Therefore, SARS-CoV-2 is
10–20 times more likely to bind to ACE2 than SARS-CoV
(Cyranoski 2020; Wrapp et al. 2020). Moreover, SARS-CoV-
2 is also known to utilize the enzyme furin, abundant in the
human respiratory tract, to cleave the viral spike proteins. The

Fig. 1 Genome organization of a
SARS-CoV-2, b SARS-CoV, and
c MERS-CoV. All three viruses
consist of the 5′-untranslated
region (5′-UTR), polyprotein with
open reading frame (ORF) 1a/b,
which represent non-structural
proteins for replication, structural
S glycoproteins, M proteins, E
proteins, and N proteins. They
further comprise accessory
proteins—ORF 3a/b, 5, 6, 7a/b,
8a/b, 9b and 10, and the 3′-un-
translated region (3′-UTR). The
diagram also represents dotted
lines, below and above the struc-
tures, which are the marker pro-
teins to demonstrate the key dif-
ferences among SARS-CoV-2,
SARS-CoV, and MERS-CoV.
The diagram is not drawn to scale

Table 1 Clinical outcomes and epidemiological data of SARS, MERS, and COVID-19 (Tang et al. 2020; Paraskevis et al. 2020; Jiang et al. 2020;
Gisanddata.maps.arcgis.com 2020). This table represents data until 31 July 2020

Features SARS-CoV MERS-CoV SARS-CoV-2

Major symptoms Fever, malaise, myalgia, headache,
diarrhea, shivering, shortness of
breath, and coughing

Fever, coughing, shortness of breath Fever, coughing, shortness
of breath, pneumonia

Phylogenetic origin Clade I, cluster IIb Clade II Clade I, cluster IIa

Incubation period 2–7 days 5–6 days 7–14 days

R0 values 1.7–1.9 < 1 (less than 1) 2.0–2.5 (estimated)

Total cases/deaths 8096/774 2519/866 17,321,394/673,822

Fatality rate 9.6% 34.4% 2.3%

Countries affected 29 27 188
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cleavage molecules that facilitate the spread of SARS-CoV
are much less available and ineffective than those of SARS-
CoV-2 (Cyranoski 2020; Shang et al. 2020). The inclusion of
furin may provide evidence of the aided transmission from
cell to cell, person to person, and possibly animal to human
in cases of SARS-CoV-2. This gives SARS-CoV-2 about a
100–1000 times greater chance than SARS-CoV when enter-
ing the body and affecting the lungs due to their ability to
access greater depths within the body (Cyranoski 2020).
Research to determine the pathogenicity of the strain led to
proofs of the high stability of the COVID-19 viral genome
(Wakida et al. 2020). While researchers hope for the virus to
have a reduced infection rate due to the development of pos-
sible mutations over time, no such evidence of reduction was
observed, probably because of the efficient genetic repair
mechanism of the virus.

Further analysis of the structure of the virus and its com-
parisons and findings could be of great significance in our
efforts to find an effective cure or better understand the virus
itself. A systematic comparative study between SARS-CoV
and SARS-CoV-2 led to the identification of 380 amino acid
substitutions, which may have contributed to the functional
and pathogenic divergence of the current strain (Pal et al.
2020). While there were no substitutions in the amino acids
of non-structural proteins, substitutions were observed in the
amino acids of proteins nsp3 and nsp2, spike protein, RBD,
underpinning subdomain, and C-terminal of the receptor-
binding subunit S1 domain. The SARS-CoV-2 genome was
also proven to have much lower mutation rates and genetic
diversity than SARS-CoV based on the current genome se-
quence data. These differences in mutation rates and genetic
diversity between SARS-CoV-2 and SARS-CoV were also
supported by studies that revealed higher genetic diversity
and mutation rates of SARS for all the open reading frames
(ORF) in the virus genome compared to SARS-CoV-2 (Jia
et al. 2020).

Comparative outline and treatment
approaches

SARS-CoV-2 spreads with greater ease from person to per-
son, increasing the transmissibility and infection rate.
Similarly, the deaths caused due to COVID-19 far outweigh
SARS andMERS even though it has a lower case fatality rate.
With the increasing infection and death rate following SARS-
CoV-2, the need for a highly efficacious and immune-
boosting vaccine remains vital. There are no specific, ap-
proved antiviral therapies for the treatment of SARS-CoV-2,
in common with the previous SARS-CoV and MERS-CoV
outbreaks (Avendano et al. 2003; Zumla et al. 2015).
However, the World Health Organization (WHO) and nation-
al governments are taking possible measures for the drug and

vaccine developments alongside considering the different
treatment strategies, e.g., virus-targeted drugs, plasma and an-
tibody therapies, and vaccines. Generally, symptomatic and
supportive treatments are being provided to COVID-19 pa-
tients (General Office of National Health Commission 2020).

Furthermore, due to the high conservancy and high homol-
ogy of four specific enzymes with the other two CoVs, the
enzymes are considered as potential targets for drug develop-
ment (Morse et al. 2020; Tsai et al. 2006; Anderson et al.
2009). The virus-targeted drug, remdesivir, showed broad-
spectrum activity against SARS-CoV-2 in vitro and showed
antiviral and clinical effects on the other two, SARS-CoV and
MERS-CoV, in cell and animal model–based studies
(Sheahan et al. 2017; Warren et al. 2016; Brown et al. 2019;
Sheahan et al. 2020; de Wit et al. 2020). Since this drug
proved its effectiveness in only one case, it needs further val-
idation and must undergo proper clinical trials to prove its
effectiveness and safety for COVID-19 patients. Moreover,
another drug known as chloroquine diphosphate has shown
its effectiveness in showing visible virus clearance and
slowing down the disease (Gao et al. 2020). However, the
drug chloroquine used for malaria was seen to lead to sudden
cardiac deaths. Furthermore, angiotensin-converting enzyme
inhibitors act as inhibitory agents for ACE only and not
ACE2; rather, they increase the concentration of ACE2, facil-
itating the entry and replication of SARS-CoV-2 (Fang et al.
2020). The existing variations of the viral antigens and the
immune-suppression phenomena indicate that the develop-
ment of SARS-CoV-2 vaccines is far more challenging.

Conclusion

Although SARS-CoV-2 exhibits several similarities to SARS-
CoV and MERS-CoV, several factors contribute to its unique
characteristics. The increased affinity of SARS-CoV-2 to bind
to ACE2 receptors and the existence of several other notable
changes in its structure aid its faster transmission than other
CoVs; several studies of R0 values can again prove the in-
creased transmissibility of this virus. However, R’s value is
rather imprecise and is affected by several factors, including
the social dynamics of a population or public health measures.
The scenario was observed when the R0 value from January
and that after the lockdown in Wuhan was compared, which
had decreased from 3 to 1. This represented that the R0 esti-
mates corresponding to SARS-CoV-2 and SARS-CoV were
quite similar. Unlike SARS-CoV and MERS-CoV, SARS-
CoV-2 infects both the upper respiratory tract and the lungs
and is also known to spread without showing any visible signs
or symptoms. SARS-CoV-2 also has more available and ef-
fective cleavage molecules compared to the other related
coronaviruses. While drugs common to SARS-CoV and
MERS-CoV seem to have been effective in some cases of
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SARS-CoV-2, a higher dose or a combination of these with
other drugs may bring about adverse effects. These factors,
along with the viral antigen variations and immune-
suppression mechanisms, also make it challenging to develop
a vaccine for SARS-CoV-2. Despite researchers working
faster than ever towards developing vaccines or possible ther-
apeutics as possible treatments for COVID-19, the concerns
for their safety and validations remain. SARS-CoV-2 is an
emerging pathogen and has already been found to have a
significant number of differences in its structure, infection
rate, and transmission. These factors influence the possibility
that these differences and several other unknown characteris-
tics of the virus contribute to its far deadlier nature compared
to others—raising the question of a new dimension to
virology.
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