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Abstract 

COVID-19, a pandemic caused by a betacoronavirus known as SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus-2) has recorded 18 354 342 number of cases and 696 147 deaths globally as of August 5, 2020. It was first 
recorded in Wuhan, China in 2019. The virus bears close resemblance to SARS-CoV-1 and MERS-CoV that have emerged 
and caused outbreaks of deadly human diseases. The main component of the virus responsible for the host range specific 
tropism and pathogenicity is the S-glycoprotein. The primary route of transmission of infection is through human to human 
via close contact, usually through spraying of droplets from sneeze or cough of an infected person. The incubation period for 
COVID-19 following viral infection is between 2 to 14 days. The target cells of SARS-CoV-2 are those cells that highly 
expressed ACE2 (angiotensin-converting enzyme 2). Viral receptor binds to the ACE2, to allow the virus entry into the cell 
via endosomal pathway. The host innate immune system detects the viral infection by using pattern recognition receptors 
which result in activation of downstream signalling cascade. Understanding the virulence factors contributing to pathology, 
host immune responses and strategies employed by the virus in bypassing host immune response is paramount in developing 
therapeutic options that can help to tackle the COVID-19 pandemics.  
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1. Introduction 

Corona Virus Disease 2019, abbreviated as COVID-19, 
is caused by a novel betacoronavirus, SARS-CoV-2 
(severe acute respiratory syndrome coronavirus-2) 
(Kowalik et al., 2020). It is a newly emerging virus 
previously named 2019 novel coronavirus (2019-nCoV). 
The international committee on the taxonomy of viruses 
(ICTV) christened the new coronavirus as severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) on the 
11th day of February, 2020 due to its close genetic 
relatedness to SARS-CoV that caused an outbreak in 
2002/2003 (Wu et al., 2020; CSG-ICT, 2020). An 
outbreak of the disease was first recorded in Wuhan, Hubei 
Province of China in December 2019, from which it 
disseminated to other parts of China and every other 
country. It was later declared a pandemic in March 2020 
by the World Health Organization (Cucinotta and Vanelli, 
2020). Currently, more than 6 million people have been 
infected globally with over 369, 258 deaths (WHO, 2020). 
The newly emerging virus, SARS-CoV-2 is an enveloped, 
un-segmented, positive sensed single stranded-RNA virus 
found within the subfamily “Coronavirinae”, which 
includes viruses that infect humans and mammals. Three 
of these viruses known to cause human diseases have 
emerged during the last two decades and have caused 
widespread outbreaks of deadly human diseases. These 
highly pathogenic zoonotic coronaviruses include SARS 

coronavirus-1(SARS-CoV-1) which was first observed in 
2002, Middle East respiratory syndrome coronavirus 
(MERS-CoV) first identified in 2012 and SAR-CoV-2 
which was first reported towards the end of 2019 (Dorsten 
et al., 2003; Zaki et al., 2012; Wu et al., 2020). 

The clinical manifestation, morbidity rate, mortality 
rate and the case fatality ratio have slowly emerged. 
However, there are still some confusion about the 
pathogenesis and the specific role of the host immune 
responses in combating the infection. A lot of conclusion 
is being drawn from cumulated data on the previous 
coronaviruses namely SARS-CoV-1 and MERS-CoV 
because of their close genetic relatedness to the novel 
SARS-CoV-2. This review examines issues related to 
SARS-CoV-2 pathogenesis as well as the specific role 
played by the host immunity during infection drawing 
insights from other published works on the outbreak of 
COVID-19.  

2. Virulence Factors 

The occurrence and course of clinical manifestation in 
COVID-19 depend on pathogen factors which include 
virus type, virulence factors, viral load, mutation, 
replication and viability of the virus in vitro (Tang et al., 
2020). Meanwhile, host factors such as the age of an 
infected person and the presence of comorbidities have 
also been identified to affect the clinical outcome of the 
viral infection (Abduljalil and Abduljalil, 2020). 
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Coronaviruses are crown-like shaped, enveloped 
viruses of about 100 nm in diameter that are surrounded by 
spikes which protrude from the envelope. The virus 
genome is complemented by about 14 open reading frames 
(ORF). Each ORF encodes an array of proteins, accessory 
proteins, structural proteins and non-structural proteins 
that have important roles in virulence and propagation of 
the virus. The virus consists of four important structural 
proteins, membrane (M) glycoprotein, envelope (E) 
glycoprotein spike (S) glycoprotein and nucleocapsid (N) 
glycoprotein, as well as 16 nonstructural proteins (Fehr 
and Perlman, 2015; Kim et al., 2020). 

Membrane and envelope glycoproteins are required for 
virus maturation, assembly, and replication.  Together, 
they form the viral envelope as well as determine its shape. 
N-glycoprotein forms an enclosure around the virus RNA 
genome known as viral nucleocapsid while spike 
glycoprotein is the elemental determinant of pathogenicity 
and host tropism (Hulswit et al., 2016; Felsenstein et al., 
2020).  

S glycoprotein is a transmembrane protein found in the 
outer region of the virus with a molecular weight of 150 
kDa. It enables the binding of viruses to host cells by 
forming homotrimers projecting on the surface of the virus 
to bind ACE2 found in cells of various organs including 
the kidney, liver and the lung (Fehr and Perlman, 2015). 
Furin-like protease of host cell split S protein into two 
subunits (S1 and S2). S1 subunit consists of two important 
domains; receptor binding domain (RBD) and N-terminal 
domain (NTD) (Wall et al., 2020). The RBD of the S 
glycoprotein has six critical amino acids that are 
responsible for binding to receptor ACE2 on host cells as 
well as the determination of virus cellular and host tropism 
(Andersen et al., 2020). On the other hand, the S2 
functions in mediating the fusion between the virus and 
host cellular membrane (Guo et al., 2020). 

Nonstructural proteins (nsps) carry out very essential 
roles in several processes in viruses as well as in the host 
cells; Nsp5 and Nsp3 encode proteases enzymes; 
chymotrypsin-like main protease and papain-like protease 
respectively. These enzymes help in the expression of 
cytokines, production and cleavage of viral amino acids 
polyprotein. 

The virus demonstrates a high replication number 
(Anastassopoulou et al., 2020; Li et al., 2020) and it is 
more infectious probably as a result of acquisition of furin-
cleavage site, which makes it spread very easily amongst 
people than the previous coronaviruses (Liu et al., 2020). 
The genome of SARS-CoV-2 consists of a sequence 
encoding amino acids PRRA and R within the original 
sequence of the S glycoprotein, generating a polybasic 
cleavage site (RRAR) for Furin protease at the junction of 
S1 and S2, leading to increase in the virus infectivity 
(Andersen et al., 2020; Liu et al., 2020). Combination of 
RBD and an insertion of cleavage site in genome of the 
virus have been reported to increase its infectivity in a 
study involving analysis of genomic sequences of SARS-
CoV-2 (Wu et al., 2020). 

SAR-COV-2 has been indicated to evolve into leucine 
(L) and serine (S) types from the analyses of 103 SARS-
CoV-2 genomes, where the serine type might be the 
ancestral type and leucine type might spread rapidly and 
be more aggressive (Tang et al., 2020). It has been 
suggested that variations in genome of SARS-CoV-2 

might provide a basis for multiple sources outbreak (Zhang 
et al., 2020; Ceraolo and Giorgi, 2020). 

3. Viral Recognition by the Immune System 

Pathogenesis of coronavirus disease is still under 
research; the first site of infection with SARS-CoV-2 is 
airways epithelial cells. COVID-19 affects only the lungs 
in most patients as it is mainly a respiratory disease. The 
transmission of viral infection is primarily between 
humans through spraying droplets from cough or sneeze of 
an infected person in close contact with a susceptible 
person. The incubation period of COVID-19 is between 2 
to 14 days, during which the virus can be spread (CDC, 
2020). On the average, an infected person has the potential 
to infect at least two other people (Wu et al., 2020). Fever, 
cough, sore throat, fatigue and shortness of breath are the 
most common symptoms of the disease. 

The functional receptor of SARS-CoV-2, angiotensin 
converting enzyme 2 (ACE2) plays a critical role in the 
pathogenesis of the virus. It provides the virus the 
opportunity of entry into human cells (Shereen et al., 
2020; Lan et al., 2020). S glycoprotein of SARS-CoV-2 
binds to ACE2. The binding domains of S-protein are 
present in 331 to 524 residues. Coding variants of ACE2 
display high similarity in structural and binding affinity 
with the S glycoprotein of SARS-CoV-2. The cells of the 
host most commonly targeted by SARS-CoV-2 are those 
cells that highly expressed ACE2 and these include 
epithelial cells of oesophagus and ileum, alveolar cells, 
proximal tubule cells of kidney, myocardial cells and 
bladder urothelial cells (Chen et al., 2020; Zhou et al., 
2020). Subsequent to the receptor binding, the virus gains 
entry into the cell through the endosomal pathway. The 
virus entry is mediated by S glycoprotein activated by the 
host cell type II transmembrane serine protease 
(TMPRSS2) present on the host cell surfaces (Ou et al., 
2020). TMPRSS2 will clear the ACE2 and also activate S 
glycoproteins attached to the receptor by cleaving it into 
S1 and S2 subunit (Simmons et al., 2013; Rabi et al., 
2020). S2 subunit facilitates the fusion of virus to the host 
cell membranes. Upon entry, the genomic material of the 
virus is released within the cytoplasm. The virus mRNA 
released into the cytoplasm is subjected to translation in 
the nuclei to produce replicase polyproteins (pp1a and 
pp1b) by ribosomal frame-shifting (Masters, 2006). The 
polyproteins are processed by protease enzymes encoded 
in Nsp3 and Nsp5. Subsequent cleavage of pp1a and pp1b 
into small proteins (Nsps1–Nsps11 and Nsps1–Nsps16 
respectively) occurs. Viral RNA and nucleocapsid proteins 
interaction occur in the endoplasmic reticulum-Golgi 
complex compartment leading to the assemblage of the 
virion which can be liberated from the infected cell 
through exocytosis to infect adjacent cells (Hoffmann et 
al., 2020; Zhou et al., 2020).  

4. Immune Effector cells and their Activation 

With RNA viruses especially the coronaviruses, the 
human innate immune system uses the PRRs (pattern 
recognition receptors) such as TLR (toll-like receptors), 
RIG-I (retinoic acid inducible gene‐I‐like receptor), NLR 
(nucleotide-binding oligomerization domain like receptor), 
MDA5 (melanoma differentiation-associated protein 5 
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receptor) and other free  small receptor molecules located 
in the cytoplasm to recognize coronavirus PAMPs 
(pathogen associated molecular patterns) in order to detect 
the viral infection (Li et al., 2020; Kumar et al., 2020). 
PAMPs in the form of viral genomic RNA comprising 
nucleic acids, carbohydrate moieties, glycoproteins, 
lipoproteins and/or the intermediates products of viral 
replication (dsRNA) are recognized by the PRR. Each of 
the PRRs can then induce various biological responses 
through the activation of adapter proteins. TLRs results in 
the translocation of NF-κB and IRF3 while RIG-I and 
MDA5 effect in the activation of IRF3 (Yi et al., 2020; Li 
et al., 2020).  

Recognition events by PRRs lead to the activation of 
the downstream signaling cascade using specific signal 
adapter proteins to produce immune system effector cells 
followed by their translocation into the nuclei. NF-κB and 
IRF3 (transcription factors) promote the synthesis of type I 
interferons (IFNs) and other pro-inflammatory cytokines in 
the nuclei (de Witt et al., 2016). Type I IFN via the cell 
surface receptor; IFN-α receptor complex (IFNAR) 
subsequently activates the Janus kinase-signal transducer 
and activator of transcription (JAK-STAT) signaling 
pathway, where JAK1 and JAK2 kinases phosphorylate 
STAT 1 and 2. STAT1/2 produce a complex with IRF9 
and together, enter the nucleus to begin the transcription of 
interferon-stimulated genes, which leads to the suppression 
of viral replication by limiting viral spread and promotion 
of phagocytosis of viral particles by macrophages 
(Bergmann and Silvermann, 2020; Prompetchara et al., 
2020). However, excess expression of pro-inflammatory 
cytokines and chemokines such as IFN-γ, IFN-α, IL-33, 
IL-21,  IL-18, IL-12, IL-6, IL-1β, TGFβ, TNF-α and MCP-
1 from effector cells of immune system, result in hyper-
inflammation which will ultimately lead to acute 
respiratory distress syndrome (ARDS) (Chen et al., 2010; 
Li et al., 2020). 

T lymphocytes (CD4+) are promptly activated into T-
helper (Th1) cells when fragmented viral structural protein 
particles are presented by the major histocompatibility 
complex or human leukocyte antigen (HLA) and then 
recognized by virus-specific cytotoxic T lymphocytes. 
CD4+ T promotes the production of virus specific 
antibody by activating T cell-dependent B cells. Activated 
B cells will produce two specific immunoglobulins (Ig); 
IgM that last for only 12 weeks and IgG that can last for 
longer period and also provide long lasting immunity 
(Rabi et al., 2020; Astuti and Ysrafil, 2020). Activated T-
helper cells are able to stimulate CD8+, which are part of 
the effectors of T lymphocyte that are cytotoxic and can 
destroy coronaviruses infected cells. Pro-inflammatory 
cytokines including interleukins-12 and interferon-α are 
generated by T-helper cells via NF-kB signaling pathway. 
Generated cytokines induce inflammatory T cells, 
monocytes and neutrophils which induce inflammatory 
response (Zhou et al., 2020). These monocytes and T cells 
might move into blood circulation from where monocytes 
transformed into macrophages in tissues (Tang et al., 
2020). Several cytokines including IL-6 in combination 
with dendritic cells (Nazinitsky and Rosenthal, 2010) 
trigger cytokine release syndrome (CRS) (Zhou et al., 
2020). These responses allow the suppression of the viral 
infection inside the infected organs, clearance of the virus 
as well as the repair of the damaged tissues. 

5. Virus Response to Host Immune System 

Viral pathogenicity depends, in part, on the response of 
the virus against immune responses mounted by the host 
immune system. There are various strategies employed by 
coronaviruses in their response to the host immune system 
(Kikkert, 2020). Below are some of the specific 
mechanisms detected to play protective role in 
coronaviruses pathogenicity.  

Viruses try to escape recognition by PRR in the cytosol 
through the formation of vesicle using some non-structural 
proteins by forming a capsule composed of protein and 
intracellular membrane around its genetic material. 
Viruses avoid recognition by MDA5 through the synthesis 
of RNA terminus crown to hide its 5’ end thereby 
mimicking RNA terminus crown of human cells (Li et al., 
2020; Petrosillo et al., 2020; Siddique and Mehra, 2020).  

Apart from avoiding recognition by PRR which is 
important for the initiation of host immune response, 
coronaviruses employ mechanisms that directly disrupt 
host defenses. Evidence of interruption of some processes 
of protein synthesis within cells infected with 
coronaviruses has been provided (Gaete-Argel et al., 
2019). Viruses employ proteases to disrupt regulatory 
processes such as interferon activation within the infected 
cells that are dependent on ubiquitin. SARSCoV-2 has 
been found to cause the alteration of ubiquitination and the 
degradation of RIG-I/MDA5/MAVS/TRAF3/IRF3/IRF7 
pathways (Siu et al., 2009). Important pathways for host 
specific responses against viruses such as RIG I and 
IRF3/7 can be targeted and blocked by viral proteins in 
various ways; inhibition of mitochondrial antiviral 
signaling (MAVS) proteins synthesis, increase in 
stimulation of pro-inflammatory cytokines, NF-kB and 
necroptosis leading to inadequate synthesis of type 1 
interferon and impairment of specific immune responses 
which will invariably result in hyper-inflammation, 
enhanced cellular death and cytokine storm (Li et al., 
2020; Yi et al., 2020). 

SARS-CoV-2 viral proteins target and inhibit various 
signaling proteins involved in the activation of 
TLRs/TRIF/MyD88/IkB/NF-kB/MAPK/AP-1 pathway 
thereby causing inhibition of the synthesis of pro-
inflammatory cytokines (Conti et al., 2020). Nonstructural 
proteins are involved in blockage and inhibition of 
interferon pathway and NF-κB pathway while interferon-
inducible mRNA nuclear export complex can be impeded 
by Orf6 (Dai et al., 2020; Gordon et al., 2020).  

Coronavirus can combine with non-neutralizing 
antibodies to form immune complexes which often lead to 
a severe inflammation (Hohdatsu et al., 1998; Jaume et al., 
2011). These complexes can bind to the Fc receptor of 
specific neutralizing antibodies thereby enabling SARS-
CoV-2 to penetrate and multiply in target cells such as 
antigen-presenting cells and phagocytes. Maffia et al. 
(2019) reported that SARS-CoV-2 directly infects 
macrophages and T cells by attaching to CD209 receptor 
on macrophages thereby invading effector cells in vascular 
and cardiac tissues. 

Impairment of protective immune responses by SARS-
CoV-2 allows it to easily propagate and cause severe 
damage to infected cells in organs such as intestine and 
kidney where ACE2 are highly expressed. Pro-
inflammatory cells such as granulocytes and macrophages 
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in the damaged cells induce inflammatory response in the 
lung (Shi et al., 2020). 

6. Conclusion 

COVID-19 caused by SARS-CoV-2 is still a pandemic 
affecting the lives of millions of people worldwide. SARS-
CoV-2 propagates and replicate easily in target cells by 
actively disrupting host immune responses. It induces 
hyper-inflammation which often leads to cytokine storm or 
life threatening condition by recruiting uninfected cells to 
the focal point of infection and/or infecting effector cells 
of immune system.. Understanding the virulence factors 
contributing to pathology, host immune responses and 
strategies employed by the virus in bypassing host immune 
response is paramount in developing therapeutic options 
that can help to tackle the COVID-19 pandemics.  
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