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Abstract: The world is facing a new healthcare crisis with the rise and spread of novel coronavirus since December 2019.

Also known as Severe Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2), the disease associated with SARS-

CoV-2 is even called COVID-19. COVID-19 is having a pulverizing impact on the scientific community. As of

August 13, 2020, the number of confirmed cases had reached up to 20,439,814 and the death toll to 744,385, affecting

more than 188 territories across the globe. In these difficult times, the world is looking towards research and clinical

work from different scientific communities to lead the way to a solution to the issue. In this review, we are focusing

on COVID-19 emergence, pathogenicity, and existence in humans, as well as the SARS-CoV-2 infection mechanism

and its similarities to previous coronavirus strains.

Introduction

The first case of mysterious pneumonia emerged in December
2019 in Wuhan, Hubei region of China (Wang et al., 2020a).
A new coronavirus was identified by Wu et al. (2020) from the
samples taken from the Wuhan seafood market, and later it
was named Severe Acute Respiratory Syndrome coronavirus-2
(SARS-CoV-2) by the international committee on taxonomy of
viruses (ICTV) (Yang and Wang, 2020a). As of June 12, 2020,
the number of confirmed cases had reached up to 20,439,814
and the death toll to 744,385, affecting approximately 188
territories across the globe (https://www.who.int/docs/default-
source/coronaviruse/situationreports/20200512-covid-19-
sitrep115.pdf?sfvrsn=feac3b6d_2). The number of COVID-19
cases are increasing rapidly, and the situation is getting worsen
day by day. Fig. 1 shows the global increase in COVID-19
confirmed cases and the number of deaths with time. Tab. 1
shows the total number of COVID-19 cases and confirmed
death in six regions, and Tab. 2 shows a comparative analysis
between some countries that are now (on August 13, 2020) the
epicenter of COVID-19 outbreak (https://www.who.int/docs/
default-source/coronaviruse/situationreports).

Coronaviruses are single-stranded, positive-sense,
enveloped RNA viruses having genome size ranges from 27
to 34 kb (Sexton et al., 2016).

Coronaviruses have an outer spike-like projection that
gives them a crown-like appearance, henceforth the name
coronavirus (Wormser and Aitken, 2010). Before SARS-
CoV-2, humans had two previous encounters with
coronaviruses: Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) (Drosten et al., 2003; Ksiazek
et al., 2003) and the Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) (Zaki et al., 2012). In 2002,
the SARS-CoV outbreak was reported in the Guangdong
region of China and spread to five mainlands, infecting
8,098 individuals and causing 774 deaths (mortality
rate approximately 9.6%) (http://www.who.int/csr/sars/
country/table2004_04_21/en/index.html). A decade later,
in 2012, another coronavirus MERS-CoV emerged in
Arabian Peninsula, where it stays a significant well-being
concern and later spread to 27 countries infecting 2,494
people and claiming 858 lives (fatality rate 34%)
(Walls et al., 2020). Both SARS-CoV and MERS-CoV
originated from bats and then crossed the species barrier
to humans trough intermediate host civet (Wang et al.,
2005) and camels, respectively (Briese et al., 2014;
Hemida et al., 2013).

Morphology and structure of SARS-CoV-2
Coronaviruses belong to the Coronaviridae family. Members
of this family are enveloped, single-stranded, and positive
sensed RNA viruses. SARS-CoV-2 has a similar genome
structure as like other coronaviruses having at least ten open
reading frames (ORFs) (Chan et al., 2020). They contain
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5’-terminal non-coding region, an open reading box 1a/b
region coding a non-structural polyprotein that is further
cleaved by viral proteinase 3C-like serine protease (3CLpro)
and papain-like cysteine protease (PLpro) to form RNA-
dependent RNA polymerase and helicase (Zumla et al.,
2016). At 3’ end, genes encoding structural proteins, i.e.,
Spike (S), Membrane (M), Envelop (E), and Nucleocapsid

(N) are present. E and M protein together form a viral
envelope. N protein, along with the 3’ terminal non-coding
region, is responsible for the assembly of virus (Jiang et al.,
2020), and S protein forms a spike-like glycoprotein that
helps in the process of virus attachment with the host
surface. Fig. 2a shows the genetic organization of SARS-
CoV-2 (Jiang et al., 2020). On the basis of genomic
structure and phylogenetic examinations, coronaviruses can
be divided into four genera α, β, γ, and δ, where α and β
genera infect humans and mammals, whereas the other two
genera infect the birds. SARS-CoV-2 belongs to the β
family, having a round or oval shape with a diameter of 60–
140 nm (Zhu et al., 2020).

Coronaviruses are very sensitive to hot and humid
conditions. They can be inactivated at 56°C for 30 min
(Rabenau et al., 2005). Furthermore, 75% ethanol, peracetic
acid, and chlorine-containing disinfectant can successfully
inactivate SARS-CoV-2 (Zhou et al., 2020).

Origin and host range of SARS-CoV-2
After the novel coronavirus is discovered, it is important to
understand where it originates from. It helps to decide what
a suitable approach needs to be taken to control its
transmission. It also helps to develop the therapeutics and
vaccine against the virus (https://apps.who.int/iris/handle/
10665/332197). Initially, the novel coronavirus outbreak has
been referred to as 2019-nCov but, in February 2020,
theinternational committee on taxonomy of viruses (ICTV)
announced that it should be referred to as SARS-CoV-2 and
the disease associated with it referred to as COVID-19
(Gorbalenya et al., 2020). Coronavirus study group (CSG), a
working group of ICTV, taxonomically proved that SARS-
CoV-2 had more than 70% nucleotide identity with SARS-
CoV and 90% nucleotide identity with SARSr-CoV RaTG13
(Gorbalenya et al., 2020; Lu et al., 2020).

In recent years, bats have been an essential reservoir for
different types of coronaviruses (Cui et al., 2019). In February
2017, during an outbreak of severe watery diarrhea of piglets
in Guangdong Province of China, two novel swine enteric
alpha coronaviruses (SeACoV) were detected by two
different groups, which were very similar to bat
coronaviruses (Gong et al., 2017; Pan et al., 2017). The
confinement of these two SeACoV from sick piglets extends
our insight into the host range of coronaviruses.

SARS-CoV and MERS-CoV infections started from bats,
both viruses bouncing species to infect humans through a
different intermediate host (Gong et al., 2017). Civet sold in
the live animal market was the intermediate host of SARS-
CoV, and the dromedary camel was the intermediate host of
MERS-CoV. Fig. 3 explains the possible interspecies
transmission routes of coronaviruses (Gong et al., 2017; Su
et al., 2016). Hence, it is clear that the previous two
coronaviruses required an intermediate host before passing
on to humans (Cui et al., 2019), and this fact indicates that
SARS-CoV-2 may have passed to humans through an
intermediate host. SARS-CoV-2 shares 96% whole-genome
identity with BAT CoVRaTG (Zhou et al., 2020).

Although there is no recognizable proof available for an
intermediate host of novel coronaviruses, early investigation
suggests that it may have jumped from bat to humans (Wu

FIGURE 1. Graph shows No. of cases globally (a) and No. of deaths
globally (b). Exact numbers are indicated vertically. It is clear from
the graph that till 10th march no. of cases and death were linear,
after that there is sudden increase. This increment in cases and
death indicates the severity of COVID-19 disease. Data shown here
are according to WHO daily situation report 206 (https://www.
who.int/docs/default-source/coronaviruse/situation- reports/
20200512-covid-19-sitrep-206.pdf?sfvrsn=feac3b6d_2).

TABLE 1

Total number of cases and death due to COVID-19 outbreak in
different regions

S. No. Region Total
Cases

Death Fatality
Rate

1 Africa 916644 17557 1.9

2 Americas 10950220 398229 3.6

3 Eastern
Mediterranean

1683511 44661 2.6

4 Europe 3668652 218255 5.9

5 South-East Asia 2830404 56636 2.0

6 Western Pacific 389642 9034 2.3

7 Globally 20439814 744385 3.6
*Source: https://www.who.int/docs/default-source/coronaviruse/situation-
reports/20200512-covid-19-sitrep-206.pdf?sfvrsn=feac3b6d_2.
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et al., 2020; Zhou et al., 2020). A study published by Zhang
et al. (2020) suggests that Pangolin-CoV is 91% identical to
SARS-CoV-2, and it may have been the closest relative to
SARS-CoV-2 after CoVRaT. However, the probability of
pangolins being the intermediate host for SARS-CoV-2 is
still under discussion. Recently, a study published by Forster

et al. (2020) revealed that three different types: A, B, and C
of the virus have been circling all around the world.

Pathogenesis
Although the pathogenesis of SARS-CoV-2 is poorly
understood, the clinical symptoms are similar to that of

TABLE 2

Comparative analysis between some countries that are now the epicenter of COVID-19 outbreak

S. No. Country 1st case reported Total no. of cases Death Fatality rate Test Positive rate

1 United States of America 20th Jan 2020 5094500 163340 3.2 8.0#A

2 Brazil 25th Feb 2020 3109639 103026 3.3 83.5#B

3 India 30th Jan 2020 2396637 47033 1.9 8.9#C

4 Russia 31st Jan 2020 907758 15384 1.6 2.8#D

5 South Africa 1st Mar 2020 568919 11010 1.9 17.1#E

6 Mexico 28th Feb 2020 492522 53929 10.9 45.0#F

7 Peru 6th Mar 2020 489680 21501 4.3 10.6#G

8 Columbia 6th Mar 2020 410453 13475 3.2 20.0#H

9 Chile 3rd Mar 2020 378168 10205 2.6 19.8#I

10 Spain 31st Jan 2020 329784 28579 8.6 6.2#J

*Source: WHO Situation Report 206 (https://www.who.int/docs/default-source/coronaviruse/situation- reports/20200512-covid-19-sitrep-206.pdf?
sfvrsn=feac3b6d_2).
#Tast Positive rate=total number of test�100/number of positive sample (TPR is based upon latest data provided from different countries, links are given below:
Ahttps://www.santepubliquefrance.fr/content/download/250807/2596023.
Bhttps://ourworldindata.org/coronavirus/country/brazil?country=~BRA.
Chttps://main.icmr.nic.in/sites/default/files/whats_new/ICMR_testing_update 11 Aug20_9AM_IST.pdf.
Dhttps://rospotrebnadzor.ru/about/info/news/news_details.php?ELEMENT_ID=15149.
Ehttps://github.com/dsfsi/covid19za.
Fhttps://datos.gob.mx/busca/dataset/informacion-referente-a-casos-covid-19-en-mexico.
Ghttps://www.gob.pe/institucion/minsa/noticias/218573-minsa-casos-confirmados-por-coronavirus-covid-19-ascienden-a-407-492-en-el-peru-comunicado-n-191.
Hhhttps://www.ins.gov.co/Noticias/Paginas/Coronavirus.aspx#muestras.
Ihttps://github.com/jorgeperezrojas/covid19-data.
Jhttps://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/COVID-19_pruebas_diagnosticas_06_08_2020.pdf.

FIGURE 2. (a) Genomic organization of SARS-CoV-2
.S1 and S2 subunits of Spike protein are responsible for
attachment and fusion to the host cell respectively. (b)
Comparison of polybasic cleavage site of SARS-CoV-2
.BAT CoV and SARS-CoV(sequence shown here, are
from NCBI gene bank accession codes MN908947,
MN996532 and KY417146). Sequence comparison
clearly shows the presence of an extra polybasic
cleavage site in SARS-CoV-2.
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SARS-CoV and MERS-CoV like fever, headache, sore throat,
nonproductive cough, respiratory distress, myalgia pneumonia.
The incubation period of disease ranges from 4 to 15 days,
with an initial fatality rate of around 1.4% (Huang et al., 2020;
Peiris et al., 2004), but as of 13th August 2020, the fatality rate
has increased up to 3.6% (Tab. 1) (https://www.who.int/
docs/default-source/coronaviruse/situationreports/20200512-
covid-19-sitrep115.pdf?sfvrsn=feac3b6d_2). SARS-CoV-2
infects both the upper as well as the lower respiratory tract.
Studies have shown that the higher viral load is detected in the
nasal cavity than the throat (Zou et al., 2020). All the age groups
among humans are susceptible, but the infection and fatality
rate are higher in people above 60 years of age. Many people
having COVID-19 disease show mild symptoms, while some
may be asymptomatic. But people with compromised
immunity and other co-morbidities may progress to acute
respiratory distress syndrome and multi-organ dysfunction
(Huang et al., 2020).

Similarities between SARS-CoV-2 and other CoVs
Recent studies conducted by Lu et al. Lu et al. (2020) suggest that
SARS-CoV-2 is more related to bat coronaviruses than the
SARS-CoV. SARS-CoV-2 and SARS-CoV share around 79%
of genetic similarities. They also have shown structural
similarities between the receptor-binding domain (RBD) of
SARS-CoV-2 and SARS-CoV. Both viruses utilize similar host
cell receptors and viral proteins for entry into the host cell (Tai
et al., 2020). Furthermore, on comparing the specific domain
of the viral proteins that bind to the cell surface receptor, it
was found that SARS-CoV-2 binds more efficiently to the host
cell than the SARS-CoV (Walls et al., 2020).

Entry of SARS-CoV-2
Viral infection begins with the binding of viral particles to the
host cell surface receptors; hence it becomes very essential to

identify the cell receptors involved in this process. Except for
HCoV-OC43 and HKU1, the other four coronaviruses (HCoV-
229E, SARS-CoV, HCoV-NL63, MERS-CoV) recognize
proteinaceous peptidase as a receptor (Li et al., 2019; Lu
et al., 2013; Raj et al., 2013). The former two viruses are
shown to engage with sugar receptors for the cell attachment
(Li et al., 2005). After the recent episode of COVID-19,
Chinese scientists quickly verified that SARS-CoV-2 likewise
uses human angiotensin-converting enzyme-2 (hACE-2) for
attachment to the cell (Fig. 4) (Zhou et al., 2020).

Novel coronaviruses use its spike-like glycoprotein S for
fusion and entry into the cell (Lu et al., 2015). Further, S
protein is cleaved into S1 and S2 subunit by the host cell
protease, Furin. These two subunits are responsible for
receptor recognition and fusion, respectively (Dijkman and
Van Der Hoek, 2009). SARS-CoV and MERS-CoV utilize
the C-terminal domain (CTD) of the S1 subunit for receptor
recognition called the receptor-binding domain (Li et al.,
2005; Lu et al., 2020). S1 CTD is the critical region in
SARS-CoV-2 that interacts with the human ACE2 (Walls
et al., 2020). Ou et al. (2020) showed that human lung
cancer cell, Calu 3, is highly susceptible to the SARS-CoV-
2v (Ou et al., 2020). The binding of S protein to hACE2
requires conformational changes and protease activation. A
furin site is present between S1 and S2 (AA 682-685 RRAR)
in SARS-CoV-2 S protein (Fig. 2b) (Jiang et al., 2020).
Regardless of whether the proximity of this furin site has
any impact on the viral pathogenesis and spreading among
people, it stays to be resolved.

Immune system activation and invasion
Whenever our body is under attack by a viral pathogen, our
immune system gets activated and antigens are presented to
antigen-presenting cells (APC) by major histocompatibility
complex (MHC) or human leukocyte antigen (HLA) where it
is recognized by the cytotoxic T lymphocyte (CTL). Till now,
there are no reports available regarding the mechanism of
SARS-CoV-2 infection, but we can get some ideas from the
previous research studies available on SARS-CoV and MERS-
CoV. MHC-1 molecules are mainly responsible for the
antigen presentation in SARS-CoV (Liu et al., 2010). Previous
studies have confirmed that polymorphism in the HLA gene
is associated with the susceptibility to SARS-CoV and MERS-
CoV (Keicho et al., 2009; Chen et al., 2006; Tu et al., 2015).

Some initial reports during the early stage of infection
have shown that out of 41 patients, six died due to the
Acute Respiratory Distress Syndrome (ARDS) (Huang et al.,
2020). ARDS is considered as a main pathological event in
SARS-CoV and MERS-CoV (Xu et al., 2020). ARDS mainly
occurs due to the cytokine storm, in which a large amount
of pro-inflammatory cytokines is released due to
uncontrolled inflammatory responses. In severe SARS-CoV-
2 infections, a large amount of pro-inflammatory cytokines
(IL1B, IFNγ, IL15, and IL17) are released (Huang et al.,
2020). This cytokine storm results in an attack on the body
by the immune system causing ARDS, multiple organ
failure, and finally death in severe cases, just like in SARS-
CoV and MERS-CoV (Huang et al., 2020).

Immune invasion of SARS-CoV-2 is not yet fully
understood; however, its previous versions, SARS-CoV and

FIGURE 3. Possible route of interspecies transmission of
coronaviruses (SARS-CoV and MERS-CoV both originated from
Bat and cross the species barrier through CIVET and Camel
respectively as intermediated host. The question mark indicates
that intermediate host of SARS-CoV-2 is not yet identified.
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MERS-CoV2, were able to evade the immune system. They
can incite the creation of double-layered vesicles lacking the
Pattern Recognition Receptor, and then they avoid the host
detection system of their RNA by rapidly dividing in these
vesicles (Snijder et al., 2006). In mice infected with SARS-
CoV and MERS-CoV, the IFN1 pathway was found to be
inhibited, which has a proactive effect on these viruses
(Niemeyer et al., 2013).

Detection and diagnosis of COVID-19
According to the National Health Commission, detection of
genetic material, neutralizing antibody, culture, and isolation
of viral particles are the key laboratory diagnosis that can be
performed for the rapid detection of SARS-CoV-2. The
reverse transcriptase-polymerase chain reaction is also used
to detect SARS-CoV-2 nucleic acid. Nasal swab, throat
swab, and blood samples are used as a diagnostic standard
for detecting the SARS-CoV-2 infection (http://en.nhc.gov.
cn/index.html). US Centre for Disease Control (CDC)
developed the specific primers and probes for the universal
detection of SARS-CoV-2 by real-time RT-PCR. Recently, a
novel method is developed by (Wang et al., 2020b) for the
rapid detection of COVID-19, known as CRISPR/Cas 12a
based assay with a naked eye readout, CRISPR/Cas12a-NER.
This assay is very sensitive and can detect as few as 10
copies of the viral gene within 45 min.

Prevention and control of COVID-19
Since, as of now, there are no affirmed medicines and
treatments for the SARS-CoV-2 infection, avoidance is the
best remedy. The best ways to control the infection are to
take out the source of infection, cutting off the route of
transmission, and isolation of the infected or suspected
individuals. People can contract SARS-CoV-2 infections
from other people already having the virus. This disease
spreads principally from individual to individual through
the small droplets from the nose or mouth, which are
expelled when the individual with SARS-CoV-2 virus
coughs, sneezes, or speaks. Since these droplets are relatively
heavy, they cannot travel too far. That is why it is essential

to maintain a distance of at least one meter from an
infected person (https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/question-and-answers-hub/q-a-detail/
q-a-coronaviruses). No vaccine is available for the prevention of
SARS-CoV-2; although, many research institutes and private
companies are trying to develop the vaccine. For instance,
Moderna, a biotech organization based in Cambridge,
Massachusetts, is working with the National Institutes of
Health on a potential mRNA vaccine candidate against SARS-
CoV-2. AbMax Biotechnology Co., Ltd., reported that it had
effectively developed a SARS-CoV-2’s N protein-specific
monoclonal antibody (Yang and Wang, 2020b).

Conclusion

The COVID-19 outbreak was declared a pandemic on 11th

March 2020 by the World Health Organization. After this,
SARS-CoV-2 infection has tested the financial, clinical, and
general well-being framework of the whole world. Until now,
very little understanding is available regarding how SARS-
CoV-2 crossed the species barrier to humans. More scientific
data is required for understanding the mechanism of SARS-
CoV-2 survival in humans and how it becomes so contagious
(more than SARS-CoV and MERS-CoV). It is also essential
to pay attention to COVID-19 vaccine development. Today,
all the efforts are being made towards controlling this flare-
up, but endeavors ought to be made to devise accurate
measures to forestall future episodes of a zoonotic outbreak.
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FIGURE 4. SARS-CoV-2 entry into host cell and
immune system activation. SARS-CoV-2 attaches to
cell through hACE-2 receptor (indicated in red) and
then fusion to the cell membrane occurs. After entry
into the host cell it activates host immune system
such as T-cell, B-cell activation and pro-
inflammatory cytokine production in uncontrolled
way that may result in Acute Respiratory Distress
Syndrome (ARDS).

CAUSE AND DEVELOPMENT OF COVID-19 IN HUMANS 465

http://en.nhc.gov.cn/index.html
http://en.nhc.gov.cn/index.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub/q-a-detail/q-a-coronaviruses
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub/q-a-detail/q-a-coronaviruses
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/question-and-answers-hub/q-a-detail/q-a-coronaviruses


Ethical Statement: This article does not contain any studies
with animals performed by any of the authors.

References

Briese T, Mishra N, Jain K, Zalmout IS, Jabado OJ, Karesh WB,
Daszak P, Mohammed OB, Alagaili AN, Lipkin WI (2014).
Middle East respiratory syndrome coronavirus quasispecies
that include homologues of human isolates revealed
through whole-genome analysis and virus cultured from
dromedary camels in Saudi Arabia. mBio 5: 859. DOI
10.1128/mBio.01146-14.

Cui J, Li F, Shi ZL (2019). Origin and evolution of pathogenic
coronaviruses. Nature Reviews Microbiology 17: 181–192.
DOI 10.1038/s41579-018-0118-9.

Chan JF-W, Kok K-H, Zhu Z, Chu H, To KKW, Yuan S, Yuen KY
(2020). Genomic characterization of the 2019 novel
human-pathogenic coronavirus isolated from a patient with
atypical pneumonia after visiting Wuhan. Emerging
Microbes & Infections 9: 221–236. DOI 10.1080/
22221751.2020.1719902.

Chen YMA, Liang SY, Shih YP, Chen CY, Lee YM, Chang L, Jung SY,
Ho MS, Liang KY, Chen HY, Chan YJ, Chu DC (2006).
Epidemiological and genetic correlates of severe acute
respiratory syndrome coronavirus infection in the hospital
with the highest nosocomial infection rate in Taiwan in
2003. Journal of Clinical Microbiology 44: 359–365. DOI
10.1128/JCM.44.2.359-365.2006.

Dijkman R, Van Der Hoek L (2009). Human coronaviruses 229E and
NL63: close yet still so far. Journal of the Formosan Medical
Association 108: 270–279. DOI 10.1016/S0929-6646(09)60066-8.

Drosten C, Günther S, Preiser W, Van Der Werf S, Brodt HR, Becker
S, Rabenau H, Panning M, Kolesnikova L, Fouchier RA,
Berger A, Burguière AM, Cinatl J, Eickmann M, Escriou N,
Grywna K, Kramme S, Manuguerra JC, Müller S, Rickerts
V, Stürmer M, Vieth S, Klenk HD, Osterhaus AD, Schmitz
H, Doerr HW (2003). Identification of a novel coronavirus
in patients with severe acute respiratory syndrome. New
England Journal of Medicine 348: 1967–1976. DOI 10.1056/
NEJMoa030747.

Forster P, Forster L, Renfrew C, Forster M (2020). Phylogenetic
network analysis of SARS-CoV-2 genomes. Proceedings of
the National Academy of Sciences of the USA 117: 9241–
9243. DOI 10.1073/pnas.2004999117.

Gong L, Li J, Zhou Q, Xu Z, Chen L, Zhang Y, Xue C, Wen Z, Cao Y
(2017). A New Bat-HKU2–like Coronavirus in Swine, China,
2017. Emerging Infectious Diseases 23: 1607–1609. DOI
10.3201/eid2309.170915.

Gorbalenya AE, Baker SC, Baric RS, De Groot RJ, Drosten C,
Gulyaeva AA, Haagmans BL, Lauber C, Leontovich AM,
Neuman BW, Penzar D, Perlman S, Poon LLM,
Samborskiy DV, Sidorov IA, Sola I, Ziebuhr J (2020).
Coronaviridae Study Group of the International Committee
on Taxonomy Of V, The species Severe acute respiratory
syndrome-related coronavirus: Classifying 2019-nCoV and
naming it SARS-CoV-2. Nature Microbiology 5: 536–544.
DOI 10.1038/s41564-020-0695-z.

Hemida MG, Perera RA, Wang P, Alhammadi MA, Siu LY, Li M,
Poon LL, Saif L, Alnaeem A, Peiris M (2013). Middle East
Respiratory Syndrome (MERS) coronavirus seroprevalence
in domestic livestock in Saudi Arabia, 2010 to 2013.

Eurosurveillance 18: 20659. DOI 10.2807/1560-7917.
ES2013.18.50.20659.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J,
Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li
H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao
Z, Jin Q, Wang J, Cao B (2020). Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet 395: 497–506. DOI 10.1016/S0140-6736(20)30183-5.

Jiang S, Hillyer C, Du L (2020). Neutralizing antibodies against
SARS-CoV-2 and other human coronaviruses. Trends in
Immunology 41: 355–359. DOI 10.1016/j.it.2020.03.007.

Keicho N, Itoyama S, Kashiwase K, Phi NC, Long HT, Ha LD, Ban
Hoa VV, Hang BK, Hijikata NT, Sakurada M, Satake S,
Tokunaga M, Sasazuki K, Quy T, T. 2009. (2009). Association
of human leukocyte antigen class II alleles with severe
acute respiratory syndrome in the Vietnamese population.
Human Immunology 70: 527–531. DOI 10.1016/
j.humimm.2009.05.006.

Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, Emery S,
Tong S, Urbani C, Comer JA, Lim W, Rollin PE, Dowell
SF, Ling AE, Humphrey CD, Shieh WJ, Guarner J, Paddock
CD, Rota P, Fields B, Derisi J, Yang JY, Cox N, Hughes JM,
Leduc JW, Bellini WJ, Anderson LJ (2003). A novel
coronavirus associated with severe acute respiratory
syndrome. New England Journal of Medicine 348: 1953–
1966. DOI 10.1056/NEJMoa030781.

Li F, Li W, Farzan M, Harrison SC (2005). Structure of SARS
coronavirus spike receptor-binding domain complexed with
receptor. Science 309: 1864–1868. DOI 10.1126/
science.1116480.

Li Z, Tomlinson AC, Wong AH, Zhou D, Desforges M, Talbot PJ,
Benlekbir S, Rubinstein JL, Rini JM (2019). The human
coronavirus HCoV-229E S-protein structure and receptor
binding. eLife 8: 352. DOI 10.7554/eLife.51230.

Liu J, Wu P, Gao F, Qi J, Kawana-Tachikawa A, Xie J, Vavricka CJ,
Iwamoto A, Li T, Gao GF (2010). Novel immunodominant
peptide presentation strategy: a featured HLA-A*2402-
restricted cytotoxic T-lymphocyte epitope stabilized by
intrachain hydrogen bonds from severe acute respiratory
syndrome coronavirus nucleocapsid protein. Journal of
Virology 84: 11849–11857. DOI 10.1128/JVI.01464-10.

Lu G, Hu Y, Wang Q, Qi J, Gao F, Li Y, Zhang Y, Zhang W, Yuan Y,
Bao J, Zhang B, Shi Y, Yan J, Gao GF (2013). Molecular basis
of binding between novel human coronavirus MERS-CoV
and its receptor CD26. Nature 500: 227–231. DOI 10.1038/
nature12328.

Lu G, Wang Q, Gao GF (2015). Bat-to-human: spike features
determining 'host jump' of coronaviruses SARS-CoV,
MERS-CoV, and beyond. Trends in Microbiology 23: 468–
478. DOI 10.1016/j.tim.2015.06.003.

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H,WangW, Song H, Huang B,
Zhu N, Bi Y, Ma X, Zhan F, Wang L, Hu T, Zhou H, Hu Z,
Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y, Yuan J, Xie
Z, Ma J, Liu WJ, Wang D, XuW, Holmes EC, Gao GF, Wu G,
Chen W, Shi W, Tan W (2020). Genomic characterisation
and epidemiology of 2019 novel coronavirus: implications
for virus origins and receptor binding. Lancet 395: 565–
574. DOI 10.1016/S0140-6736(20)30251-8.

Niemeyer D, Zillinger T, Muth D, Zielecki F, Horvath G, Suliman T,
Barchet W, Weber F, Drosten C, Müller MA (2013). Middle
East respiratory syndrome coronavirus accessory protein 4a
is a type I interferon antagonist. Journal of Virology 87:
12489–12495. DOI 10.1128/JVI.01845-13.

466 VIVEK KUMAR et al.

http://dx.doi.org/10.1128/mBio.01146-14
http://dx.doi.org/10.1038/s41579-018-0118-9
http://dx.doi.org/10.1080/22221751.2020.1719902
http://dx.doi.org/10.1080/22221751.2020.1719902
http://dx.doi.org/10.1128/JCM.44.2.359-365.2006
http://dx.doi.org/10.1016/S0929-6646(09)60066-8
http://dx.doi.org/10.1056/NEJMoa030747
http://dx.doi.org/10.1056/NEJMoa030747
http://dx.doi.org/10.1073/pnas.2004999117
http://dx.doi.org/10.3201/eid2309.170915
http://dx.doi.org/10.1038/s41564-020-0695-z
http://dx.doi.org/10.2807/1560-7917.ES2013.18.50.20659
http://dx.doi.org/10.2807/1560-7917.ES2013.18.50.20659
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/j.it.2020.03.007
http://dx.doi.org/10.1016/j.humimm.2009.05.006
http://dx.doi.org/10.1016/j.humimm.2009.05.006
http://dx.doi.org/10.1056/NEJMoa030781
http://dx.doi.org/10.1126/science.1116480
http://dx.doi.org/10.1126/science.1116480
http://dx.doi.org/10.7554/eLife.51230
http://dx.doi.org/10.1128/JVI.01464-10
http://dx.doi.org/10.1038/nature12328
http://dx.doi.org/10.1038/nature12328
http://dx.doi.org/10.1016/j.tim.2015.06.003
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1128/JVI.01845-13


Ou X, Liu Y, Lei X, Li P, Mi D, Ren L, Guo L, Guo R, Chen T, Hu J,
Xiang Z, Mu Z, Chen X, Chen J, Hu K, Jin Q, Wang J, Qian Z
(2020). Characterization of spike glycoprotein of SARS-CoV-
2 on virus entry and its immune cross-reactivity with
SARS-CoV. Nature Communications 11: 1967. DOI
10.1038/s41467-020-15562-9.

Pan Y, Tian X, Qin P, Wang B, Zhao P, Yang YL, Wang L, Wang D,
Song Y, Zhang X, Huang YW (2017). Discovery of a novel
swine enteric alphacoronavirus (SeACoV) in southern
China. Veterinary Microbiology 211: 15–21. DOI 10.1016/j.
vetmic.2017.09.020.

Peiris JS, Guan Y, Yuen KY (2004). Severe acute respiratory syndrome.
Nature Medicine 10: S88–S97. DOI 10.1038/nm1143.

Rabenau HF, Cinatl J, Morgenstern B, Bauer G, Preiser W, Doerr
HW (2005). Stability and inactivation of SARS coronavirus.
Medical Microbiology and Immunology 194: 1–6. DOI
10.1007/s00430-004-0219-0.

Raj VS, Mou H, Smits SL, Dekkers DHW, Müller MA, Dijkman R,
Muth D, JaA Demmers, Zaki A, RaM Fouchier, Thiel V,
Drosten C, Rottier PJM, Osterhaus ADME, Bosch BJ,
Haagmans BL (2013). Dipeptidyl peptidase 4 is a functional
receptor for the emerging human coronavirus-EMC.
Nature 495: 251–254. DOI 10.1038/nature12005.

Sexton NR, Smith EC, Blanc H, Vignuzzi M, Peersen OB, Denison
MR (2016). Homology-based identification of a mutation
in the coronavirus RNA-dependent RNA polymerase that
confers resistance to multiple mutagens. Journal of Virology
90: 7415–7428. DOI 10.1128/JVI.00080-16.

Snijder EJ, Van Der Meer Y, Zevenhoven-Dobbe J, Onderwater JJ,
Van Der Meulen J, Koerten HK, Mommaas AM (2006).
Ultrastructure and origin of membrane vesicles associated
with the severe acute respiratory syndrome coronavirus
replication complex. Journal of Virology 80: 5927–5940.
DOI 10.1128/JVI.02501-05.

Su S, Wong G, Shi W, Liu J, Lai ACK, Zhou J, Liu W, Bi Y, Gao GF
(2016). Epidemiology, genetic recombination, and pathogenesis
of coronaviruses. Trends in Microbiology 24: 490–502.
DOI 10.1016/j.tim.2016.03.003.

Tai W, He L, Zhang X, Pu J, Voronin D, Jiang S, Zhou Y, Du L (2020).
Characterization of the receptor-binding domain (RBD) of
2019 novel coronavirus: implication for development of
RBD protein as a viral attachment inhibitor and vaccine.
Cellular & Molecular Immunology 17: 613–620. DOI
10.1038/s41423-020-0400-4.

Tu X, ChongWP, Zhai Y, Zhang H, Zhang F, Wang S, LiuW,Wei M,
Siu NH, Yang H, Yang W, Cao W, Lau YL, He F, Zhou G
(2015). Functional polymorphisms of the CCL2 and MBL
genes cumulatively increase susceptibility to severe acute
respiratory syndrome coronavirus infection. Journal of
Infection 71: 101–109. DOI 10.1016/j.jinf.2015.03.006.

Walls AC, Park YJ, Tortorici MA, Wall A, Mcguire AT, Veesler D
(2020). Structure, Function, and Antigenicity of the SARS-
CoV-2 Spike Glycoprotein. Cell 181: 281–292.e6. DOI
10.1016/j.cell.2020.02.058.

Wang C, Horby PW, Hayden FG, Gao GF (2020). A novel
coronavirus outbreak of global health concern. Lancet 395:
470–473. DOI 10.1016/S0140-6736(20)30185-9.

Wang M, Yan M, Xu H, LiangW, Kan B, Zheng B, Chen H, Zheng H,
Xu Y, Zhang E, Wang H, Ye J, Li G, Li M, Cui Z, Liu YF, Guo
RT, Liu XN, Zhan LH, Zhou DH, Zhao A, Hai R, Yu D, Guan

Y, Xu J (2005). SARS-CoV infection in a restaurant from
palm civet. Emerging Infectious Diseases 11: 1860–1865.
DOI 10.3201/eid1112.041293.

Wang X, Zhong M, Liu Y, Ma P, Dang L, Meng Q, Wan W, Ma X,
Liu J, Yang G, Yang Z, Huang X, Liu M (2020). Rapid and
sensitive detection of COVID-19 using CRISPR/Cas12a-based
detection with naked eye readout, CRISPR/Cas12a-NER.
Science Bulletin 65: 1436–1439. DOI 10.1016/j.scib.2020.04.041.

Wormser GP, Aitken C (2010). Clinical Virology. In: Richman DD,
Whitley RJ, F. G, eds. Clinical Infectious Diseases. vol. 50,
3rd edition, Hayden Washington, DC: ASM Press, 1408–
14pp, 2009,

Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu Y, Tao ZW,
Tian JH, Pei YY, Yuan ML, Zhang YL, Dai FH, Liu Y,
Wang QM, Zheng JJ, Xu L, Holmes EC, Zhang YZ (2020).
A new coronavirus associated with human respiratory
disease in China. Nature 579: 265–269. DOI 10.1038/
s41586-020-2008-3.

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu
H, Zhu L, Tai Y, Bai C, Gao T, Song J, Xia P, Dong J, Zhao J,
Wang FS (2020). Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet
Respiratory Medicine 8: 420–422. DOI 10.1016/S2213-2600
(20)30076-X.

Yang P, Wang X (2020a). COVID-19: a new challenge for human
beings. Cellular & Molecular Immunology 17: 555–557.
DOI 10.1038/s41423-020-0407-x.

Yang P, Wang X (2020b). COVID-19: a new challenge for human
beings. Cellular & Molecular Immunology 17: 555–557.
DOI 10.1038/s41423-020-0407-x.

Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME,
Fouchier RAM (2012). Isolation of a novel coronavirus
from a man with pneumonia in Saudi Arabia. New England
Journal of Medicine 367: 1814–1820. DOI 10.1056/
NEJMoa1211721.

Zhang T, Wu Q, Zhang Z (2020). Probable pangolin origin of SARS-
CoV-2 associated with the COVID-19 outbreak. Current
Biology: CB 30: 1578. DOI 10.1016/j.cub.2020.03.063.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, ZhangW, Si HR, Zhu Y,
Li B, Huang CL, Chen HD, Chen J, Luo Y, Guo H, Jiang RD,
Liu MQ, Chen Y, Shen XR,Wang X, Zheng XS, Zhao K, Chen
QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi
ZL (2020). A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature 579: 270–273.
DOI 10.1038/s41586-020-2012-7.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B,
Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, Wu G,
Gao GF, Tan W (2020). A novel coronavirus from patients
with pneumonia in China. New England Journal of
Medicine 382: 727–733. DOI 10.1056/NEJMoa2001017.

Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu J, Kang M,
Song Y, Xia J, Guo Q, Song T, He J, Yen HL, Peiris M, Wu J
(2020). SARS-CoV-2 viral load in upper respiratory
specimens of infected patients. New England Journal of
Medicine 382: 1177–1179. DOI 10.1056/NEJMc2001737.

Zumla A, Chan JF, Azhar EI, Hui DS, Yuen KY (2016).
Coronaviruses—drug discovery and therapeutic options.
Nature Reviews Drug Discovery 15: 327–347. DOI 10.1038/
nrd.2015.37.

CAUSE AND DEVELOPMENT OF COVID-19 IN HUMANS 467

http://dx.doi.org/10.1038/s41467-020-15562-9
http://dx.doi.org/10.1016/j.vetmic.2017.09.020
http://dx.doi.org/10.1016/j.vetmic.2017.09.020
http://dx.doi.org/10.1038/nm1143
http://dx.doi.org/10.1007/s00430-004-0219-0
http://dx.doi.org/10.1038/nature12005
http://dx.doi.org/10.1128/JVI.00080-16
http://dx.doi.org/10.1128/JVI.02501-05
http://dx.doi.org/10.1016/j.tim.2016.03.003
http://dx.doi.org/10.1038/s41423-020-0400-4
http://dx.doi.org/10.1016/j.jinf.2015.03.006
http://dx.doi.org/10.1016/j.cell.2020.02.058
http://dx.doi.org/10.1016/S0140-6736(20)30185-9
http://dx.doi.org/10.3201/eid1112.041293
http://dx.doi.org/10.1016/j.scib.2020.04.041
http://dx.doi.org/10.1038/s41586-020-2008-3
http://dx.doi.org/10.1038/s41586-020-2008-3
http://dx.doi.org/10.1016/S2213-2600(20)30076-X
http://dx.doi.org/10.1016/S2213-2600(20)30076-X
http://dx.doi.org/10.1038/s41423-020-0407-x
http://dx.doi.org/10.1038/s41423-020-0407-x
http://dx.doi.org/10.1056/NEJMoa1211721
http://dx.doi.org/10.1056/NEJMoa1211721
http://dx.doi.org/10.1016/j.cub.2020.03.063
http://dx.doi.org/10.1038/s41586-020-2012-7
http://dx.doi.org/10.1056/NEJMoa2001017
http://dx.doi.org/10.1056/NEJMc2001737
http://dx.doi.org/10.1038/nrd.2015.37
http://dx.doi.org/10.1038/nrd.2015.37

	COVID-19: Review on Its Etiology, Pathogenesis, and Existence in Humans
	Introduction
	Conclusion
	References


