
Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 17(SUPP9): 131-137, Nov 2021 131

review ARTICLE

A Review on Known Human Coronaviruses 
Julia Joseph1, Rasedee Abdullah2, Nozlena Abdul Samad1 

1 	Integrative Medicine Cluster, Advanced Medical and Dental Institute (AMDI), Sains@BERTAM, Universiti Sains Malaysia, 
13200 Kepala Batas, Pulau Pinang, Malaysia.

2 	Department of Veterinary Laboratory Diagnostics, Faculty of Veterinary Medicine, Universiti Putra Malaysia, 43400, Serdang, 
Selangor, Malaysia

ABSTRACT

SARS-CoV-2 is a newly emerging virus that is highly transmissible and pathogenic. The virus originated in Wuhan, 
China in 2019 and has since spread globally to the Americas, Europe, Eastern Mediterranean, South-East Asia, Africa 
and the Western Pacific with over 50 million cases worldwide. Like all human coronaviruses, SARS-CoV-2 mainly 
infects the respiratory tract. This review discusses the conserved characteristics of human coronaviruses (HCoV-299E, 
HCoV-OC43, SARS-CoV, HCoV-NL63, HCoV-HKU1, MERS-CoV and SARS-CoV-2), epidemiology, symptoms, and 
receptor binding domains in coronavirus infections. HCoV-299E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1, 
occur commonly in the human population and cause milder symptoms compared to SARS-CoV, MERS-CoV or 
SARS-CoV-2. Most human coronaviruses use bats or rodents as reservoirs. The rapid and devasting global spread of 
SARS-CoV-2 is attributed to its low case fatality rate as well as the furin-like cleavage site present in its spike protein.
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INTRODUCTION

Coronaviruses are positive-sense single-stranded RNA 
viruses (1). According to the International Committee on 
Taxonomy of Viruses (ICTV), coronaviruses are classified 
under the realm Riboviria, order Nidovirales, suborder 
Cornidovirineae, family Coronaviridae, and subfamily 
Orthocoronavirinae.  This subfamily is further divided 
into four genera, the Alphacoronavirus, Betacoronavirus, 
Gammacoronavirus and Deltacoronavirus (2). Currently, 
there are seven known coronaviruses, HCoV-299E, 
HCoV-OC43, SARS-CoV, HCoV-NL63, HCoV-HKU1, 
MERS-CoV and SARS-CoV-2, infecting humans. Human 
coronavirus (HCoVs) infections are often associated with 
respiratory diseases.  In this review, the characteristics 
of all the known human Coronaviruses are briefly 
discussed, as well as speculations on the reasons behind 
the rapid spread of the emerging human coronavirus, 
SARS-CoV-2.

Human Coronaviruses
HCoV-229E, HCov-OC43, HCov-NL63 and HCov-
HKU1, are prevalent in the human population. These 
HCoVs often occur as mixed viral infections with human 
rhinovirus, enterovirus, and parainfluenza virus (3). In 
healthy hosts, the common symptoms of coronavirus 

infections include mild upper and lower respiratory 
diseases. However, the HCoVs are can induce severe 
illness in immunocompromised individuals, the elderly, 
and neonates. SARS-CoV, MERS-CoV and SARS-
CoV-2 are associated with severe respiratory diseases 
and are responsible for 2 epidemics and a pandemic, 
respectively. Being respiratory viruses, the modes of 
transmission of HCoVs most likely include spread by 
droplets, indirect and direct contacts or any of these 
combinations (4). These droplets are generated by an 
individual through coughing or sneezing. 
 
Virion Structure
The basic virion structure is conserved in all the HCoVs 
(Fig. 1). HCoVs are usually 80 to 120 nm in diameter 
with 20 nm long surface projections called spike protein 
(S) (3,5). Under electron microscopy, these projections 
resemble a crown, which is corona in Latin, thus the 
assigned name of Coronavirus (6). Other structural 
proteins include the membrane protein (M), which is 
the most abundant structural protein in the virion, the 
envelope protein (E), and the nucleocapsid protein 
(N), which binds to the viral RNA (7). An additional 
structural protein, the hemagglutinin-esterase protein 
(HE), is present in two of the HCoVs, HCoV-OC43 and 
HCoV-HKU1 (3). The HE protein is a short projection on 
the virion surface (3). A summary of the functions of the 
viral structural proteins is shown in Table I. Besides the 
structural proteins, the HCoVs  show similar genomic 
expression and organization, where 16 nonstructural 
proteins are encoded by open reading frame (ORF) 
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1a/b at the 5’ end, followed by the structural proteins 
encoded by ORFs at the 3’ end (8). The receptor-binding 
domain of the spike protein, however, is highly variable 
and contributes to the host range and cell tropism of the 
viruses. The HCoVs attach to their respective receptor 
binding sites on host cells via the S protein, which 
initiates fusion of the viral and cellular membranes to 
facilitate entry of the virus (9).

HCoV-229E
HCoV-299E is an Alphacoronavirus of subgenus 
Duvinacovirus. The virus was first isolated in 1966 
from individuals with the common cold (11).  HCoV 
originated in hipposiderid bats in Africa and adopted 
the dromedary camels (camelids) as intermediate 
hosts before infecting humans (12). Thus, HCoV-229E 
most likely shares evolutionary history with MERS-
CoV. The genome of HCoV-229E is approximately 
27.5 kb in size and there is low sequence divergence 
among isolates around the world (3,7). The virus also 
shares 65% nucleotide identity with HCoV-NL63 (12). 
Individuals, especially the immunocompromised, with 
HCoV-299E infection usually display symptoms such as 
nasal discharge, sneezing, sore throat, and pneumonia 

(13,14). The incubation period of the infection usually 
lasts between two to five days with the illness lasting 
between two to 18 days (8). HCoV-229E infects cells 
with the assistance of the human Aminopeptidase N 
(hAPN) that is mostly present on non-ciliated cells of the 
bronchus (15).  

HCoV-OC43
HCoV-OC43 is a BetaCoronavirus of subgenus 
Embecovirus and subspecies BetaCoronavirus 1 
(BetaCoV1). The host species for the BetaCoV1 strains 
are highly divergent. HCoV-OC43 was first isolated in 
1967 from the nasopharyngeal wash fluid of individuals 
with acute upper respiratory illness and adapted to 
grow in organ cultures (16). HCoV-OC43 most likely 
originated in rodents with cattle as its intermediate host 
(17). This HCoV is proposed to be a recent zoonotic 
transmission event because it shares antigenic and 
genetic similarities with the bovine Coronavirus (BCoV) 
(18). The genome size of HCoV-OC43 is approximately 
>30 kb. HCoV-OC43 infection produces symptoms 
similar to that of HCoV-299E infection, but with a 
higher incidence of sore throat. The virus was shown to 
have neuroinvasive properties in the human neuronal 
cell lines (3). HCoV-OC43 possesses the HE protein 
with hemagglutinating activity through its attachment 
to the N-acetyl-9-O-acetylneuraminic acid moiety on 
erythrocytes (18). Instead of the cell surface peptidase, 
HCoV-OC43 employs glycan-based receptors carrying 
9-O-acetylated sialic acid in the binding to the receptor 
on spike protein domain A (19).

SARS-CoV
SARS-CoV is a BetaCoronavirus of the subgenus 
Sarbecovirus. The virus was first identified in 2003, in a 
physician returning from Guangdong, Hong Kong. The 
infection subsequently caused global outbreaks (20).  
Although the period of the SAR-CoV epidemic was less 
than a year, the global cumulative number of cases was 
8422 with 916 deaths, giving a case fatality rate of 11% 
(21). Chinese horseshoe bats are thought to be the natural 
reservoirs for SARS-CoV with marketplace animals like 
palm civets and raccoon dogs as intermediate hosts 
(22,23). Other viruses similar to SARS-CoV are currently 
circulating in bats in China (24). The symptoms from 
infection by this virus include fever, cough, acute 
respiratory distress syndrome and pneumonia (25). The 
majority of cases were in young adults aged 20 to 29 
(25). SARS-CoV uses the angiotensin-converting enzyme 
2 (ACE2) as a receptor to enter cells (26). ACE2 is most 
abundant on the surface of alveolar and small intestinal 
epithelial cells (25), thus, SARS-CoV usually infects the 
lung alveoli epithelium (type I pneumocytes), ciliated 
bronchial cells, and endothelial cells (27). SARS-CoV 
is also capable of binding to dendritic cell-specific 
intercellular adhesion molecule 3-grabbing nonintegrin 
(DC-SIGN)  (28). DC-SIGN does not allow for SARS-
CoV to infect dendtritic cells, instead allows the cells to 
redirect SARS-CoV to its target cells (28,29).

Figure 1:  Structure of Human Coronaviruses. Hemagglutinin 
esterase protein (HE) is only present in the HCoV-OC43 and 
HCoV-HKU1 virus. 

Table I: Brief functions of structural proteins in human Coronaviruses

Protein Function

Spike Protein (S) Mediates attachment to host cells 
and induces the fusion of virus 
envelope with host cell membrane 
and determines species tropism (5).

Membrane Protein (M) Facilitates in the assembly of the 
Coronavirus particle and gives the 
virion its shape (10).

Envelope Protein (E) Modulates assembly process and 
virion release contributing to viral 
pathogenesis (3).

Nucleocapsid Protein (N) Binds with viral genomic RNA to 
form a helical nucleocapsid in 
‘bead-on-string-manner’ and facili-
tates viral genome replication (3).

Hemagglutinin-esterase 
Protein (HE)

Acts as a hemagglutinin and cofac-
tor of the S protein to mediate cell 
entry (7).
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HCoV-NL63
HCoV-NL63 is an AlphaCoronavirus of subgenus 
Setracovirus with a genome size of approximately 
27.5 kb (3). The virus was first isolated in 2003 from a 
7-month-old child with acute respiratory disease (30). 
There is speculation that HCoV-NL63 diverged from 
an HCoV-229E ancestor approximately 1000 years ago 
(31). HCoV-NL63 showed sequence similarity with 
the Kenyan bat Coronaviruses, particularly, the strain 
BtKYNL63-9a, suggesting that the most likely origin of 
the virus are bats (32). Clinical symptoms from HCoV-
NL63 infection include fever, cough, and rhinorrhoea 
and in some cases, bronchiolitis (31). It was reported 
that there is an association between HCoV-NL63 and 
Kawasaki disease, a systemic vasculitis in children (33). 
HCoV-NL63 uses the angiotensin-converting enzyme 
(ACE) 2 as a receptor for entry into host cells (34). 

HCoV-HKU1
HCoV-HKU1 is a BetaCoronavirus of subgenus 
Embecovirus. It was discovered in 2005 from 
nasopharyngeal aspirates of patients with pneumonia 
(35). This virus is hypothesized to have originated in 
rodents (17). Clinical symptoms present are similar to 
those produced by other HCoVs, which are associated 
with chronic pulmonary disease (36). HCoV-HKU1  
possesses HE protein with sialate-O-acetylesterase 
activity that acts as a receptor-destroying enzyme (37). 
The virus uses glycan-based receptors to bind to the 
C-terminal receptor-binding domain of its S protein (38). 
Based on alveolar human airway epithelium cultures, 
HKU1 exhibits strong tropism for alveolar type II cells 
(39).

MERS-CoV
MERS-CoV is a BetaCoronavirus of the subgenus 
Merbecovirus. The virus was first isolated in Saudi 
Arabia in 2012 from the sputum of a male patient 
with acute pneumonia and renal failure (40). Lasting 
for nearly 7 years, this epidemic infected 2519 people 
with 866 deaths and a global case fatality rate of 34.8% 
(41). Although MERS-CoV is likely to have originated 
in bats (42,43), there is speculation that at least 30 
years ago, it had spilt over to its intermediate host, the 
dromedary camels (44). MERS-CoV infection normally 
causes fever, cough, shortness of breath, diarrhoea 
and in severe cases, atypical pneumonia and acute 
renal failure (45). The virus predominantly affects the 
elderly aged 50 and above, particularly patients with 
underlying comorbidities like diabetes, hypertension, 
and chronic cardiac and renal diseases (46). MERS-CoV 
is responsible for causing a larger number of chronic 
diseases, requiring invasive mechanical ventilation and 
vasopressor treatment, and pleural effusions in patients 
when compared to SARS-CoV (25,47). MERS-CoV 
mainly infects type II pneumocytes and non-ciliated 
bronchial cells (27). The virus uses dipeptidyl peptidase 
4 (DPP4) as a receptor for entry into the host cells (48). 
DPP4 is a versatile cell surface protein that is mostly 

expressed in the alveoli (49).

SARS-CoV-2
SARS-CoV-2 is a BetaCoronavirus of the subgenus 
Sarbecovirus.  The Coroniaviridae Study group of the 
International Committee on Taxonomy of Viruses 
formally recognizes this virus as a sister clade of SARS-
CoVs (2). It was first isolated in December 2019, 
in Wuhan, China, from the bronchoalveolar lavage 
fluid of a male patient suffering from fever, chest 
tightness, unproductive cough, pain, and fatigue (50). 
As of November 19th 2020, SARS-CoV-2 has infected 
56,583,049 people with 1,355,147 deaths and a case 
fatality rate of 2.39% (51). Based on genome sequencing, 
SARS-CoV-2 is 82 and 50% identical to SARS-CoV and 
MERS-CoV, respectively (52). It is hypothesized that the 
virus originated in bats. The bat Coronavirus, RaTG13, 
isolated from Rhinolophus affinis bat is 96.2% identical 
to SARS-CoV-2 at the genome-wide level (53). There is 
also speculation that the Malayan pangolins function 
as intermediate hosts for this virus (54,55). Symptoms 
of this infection include fever, cough, headache, sore 
throat, chest pain, nausea, and diarrhoea (56). Severe 
cases include pneumonia and progressive respiratory 
failure due to alveolar damage (53). SARS-CoV-2 uses 
ACE2 as its receptor for entry into cells (57). The virus 
is hypothesized to mainly infect type II pneumocytes 
and bronchial epithelial cells (25). The receptor-binding 
domain for both SARS-CoV and SARS-CoV-2 are highly 
similar, with SARS-CoV-2 having a higher affinity for 
ACE2 than SARS-CoV (58).

HOW DID SARS-COV-2 BECOME A PANDEMIC?

Since its emergence in December 2019, SARS-CoV-2 
has spread rapidly throughout the world. The case 
fatality rate in SARS-CoV-2 infection is not as high when 
compared to MERS-CoV and SARS-CoV infections, 
which plausibly is the reason for its efficiency in the 
global spread. SARS-CoV-2 was also found to be easily 
transmissible and in most cases show high viral loads in 
the upper respiratory tract. These features of the virus 
increased the potential for asymptomatic infected people 
to shed and transmit the virus. Also, SARS-CoV-2 can 
remain viable in aerosols for up to three hours. The virus 
is also stable on plastic and stainless steel, surviving as 
long as 72 hours or longer (59). The outbreak of SARS-
CoV-2 spread was worsened by the Spring Festival in 
China, during which there were active countrywide 
movements of its huge population.

SARS-CoV-2 has a furin-like cleavage site in its S protein, 
which is lacking in other SARS-like Coronaviruses, 
despite sharing a high similarity genome sequence with 
SARS-CoV (60).  Furin is abundantly expressed in the 
lungs. Thus, given that SARS-CoV-2 is an enveloped virus 
that infects the respiratory tract, it may have successfully 
used furin to activate its surface glycoprotein and infect 
cells (61). A variation on the S protein usually plays a 
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role in cellular tropism and pathogenesis (27). This 
furin-like cleavage site may provide a gain of function 
for SARS-CoV-2, enabling it to more efficiently spread 
in humans than other BetaCoronaviruses.

Mutations are the building blocks of evolution, thus, 
the high mutation rates give rise to a higher rate in 
evolution. Mutations increase genetic variation on 
which natural selection can act on. This promotes the 
accumulation of deleterious or neutral alleles, but also 
increase the chances of acquiring beneficial alleles that 
may help in establishing new niches (62). This rate of 
mutation is often correlated with enhanced virulence 
and evolvability which renders the virus the ability to 
emerge in novel hosts. SARS-CoV-2, being an RNA 
virus, shows a high mutation rate, which may contribute 
to the ability of the virus to cross the species barrier 
from bats to infect humans. However, compared to 
other RNA viruses, coronaviruses have slightly lower 
mutation rates because of their RNA-dependent RNA 
polymerases (RdRp) independent proofreading activity, 
which corrects mistakes during replication (63). This 
also allows for Coronaviruses to have much larger 
genomes than other RNA viruses. Table II summarises 
the zoonotic origin, discovery method and symptoms of 
all the known human coronaviruses. 

CONCLUSION

In conclusion, SARS-CoV-2 is speculated to have spread 
rapidly worldwide because the case fatality rate is low 
and due to the presence of the furin-like cleavage site 
in its Spike protein compared to other known human 

coronaviruses. The infection of SARS-CoV-2 is also 
easily transmissible and the beginning of the pandemic 
coincides with the Spring Festival in China.  

All known HCoVs have conserved characteristics with 
SARS-CoV-2 and share common natural reservoirs 
found in bats or rodents. There may more hidden 
viruses yet to emerge from animal reservoirs that could 
potentially spill over into the human population. Thus, 
it is imperative to understand how animal coronaviruses 
adapt to different species and jump species barriers for 
the formulation of preventive and control measures for 
future zoonotic events. 
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