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Background and aim: As a result of its rapid spread in various countries around the world, on March 11,

2020, WHO issued an announcement of the change in coronavirus disease 2019 status from epidemic to

pandemic disease. The virus that causes this disease is indicated originating from animals traded in a live

animal market in Wuhan, China. Severe Acute Respiratory Syndrome Coronavirus 2 can attack lung cells

because there are many conserved receptor entries, namely Angiotensin Converting Enzyme-2. The

presence of this virus in host cells will initiate various protective responses leading to pneumonia and

Acute Respiratory Distress Syndrome. This review aimed to provide an overview related to this virus and

examine the body’s responses and possible therapies.

Method: We searched PubMed databases for Severe Acute Respiratory Syndrome Coronavirus-2, Middle

East respiratory syndrome-related coronavirus and Severe Acute Respiratory Syndrome Coronavirus. Full

texts were retrieved, analyzed and developed into an easy-to-understand review.

Results: We provide a complete review related to structure, origin, and how the body responds to this

virus infection and explain the possibility of an immune system over-reaction or cytokine storm. We also

include an explanation of how this virus creates modes of avoidance to evade immune system attacks.

We further explain the therapeutic approaches that can be taken in the treatment and prevention of this

viral infection.

Conclusion: In summary, based on the structural and immune-evasion system of coronavirus, we suggest

several approaches to treat the disease.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Coronavirus disease 2019 (COVID-2019) is caused by a novel

coronavirus known as Severe Acute Respiratory Syndrome Coro-

navirus 2 (SARS-CoV-2) and was identified as a pandemic by the

World Health Organization (WHO) on March 11, 2020 [1]. As of

April 12, 2020, more than 1.8 million people were confirmed to

have been infected and tested positive for COVID-19, with over

114,000 deaths worldwide [2]. This virus was first identified in the

respiratory tract of patients with pneumonia in Wuhan, Hubei

China, in December 2019 which was then indicated as a newly

identified b-coronavirus (nCoV) [3,4].

SAR-CoV2 is an enveloped, non-segmented, positive sense RNA

virus that is included in the sarbecovirus, ortho corona virinae

subfamily which is broadly distributed in humans and other

mammals [5,6]. Its diameter is about 65e125 nm, containing single

strands of RNA and provided with crown-like spikes on the outer

surface. SARS-CoV2 is a novel b-coronavirus after the previously

identified SARS-CoV andMERS-CoVwhich led to pulmonary failure

and potentially fatal respiratory tract infection and caused out-

breaks mainly in Guandong, China and Saudi Arabia. In COVID-19

research, many studies have demonstrated that bats are sus-

pected as the key reservoir of the viruses by finding as much as

96.2% identical genome sequencing of SARS-CoV-2 with bat CoV

RaTG13 [3,7]. In this review, we hypothesize that since the COVID-

19 virus has several complex immune-evasion components that

contribute to its virulence, we suggest this more complete under-

standing can be used to develop an effective approach in the

treatment of diseases caused by this virus.

Abbreviations: MDA5, (Melanoma differentiation associated protein 5); DMVs,

(double-membrane vesicles); MT, (Methyltransferase).
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2. Origin and structure of SARS-CoV2

A sample isolation from pneumonia patients who were some of

the workers in the Wuhan seafood market found that strains of

SARS-CoV-2 had a length of 29.9 kb [8]. Structurally, SARS-CoV-2

has four main structural proteins including spike (S) glycoprotein,

small envelope (E) glycoprotein, membrane (M) glycoprotein, and

nucleocapsid (N) protein, and also several accessory proteins [9].

The spike or S glycoprotein is a transmembrane protein with a

molecular weight of about 150 kDa found in the outer portion of the

virus. S protein forms homotrimers protruding in the viral surface

and facilitates binding of envelope viruses to host cells by attraction

with angiotensin-converting enzyme 2 (ACE2) expressed in lower

respiratory tract cells. This glycoprotein is cleaved by the host cell

furin-like protease into 2 sub units namely S1 and S2. Part S1 is

responsible for the determination of the host virus range and

cellular tropism with the receptor binding domain make-up while

S2 functions to mediate virus fusion in transmitting host cells

[3,10,11].

The nucleocapsid known as N protein is the structural compo-

nent of CoV localizing in the endoplasmic reticulum-Golgi region

that structurally is bound to the nucleic acid material of the virus.

Because the protein is bound to RNA, the protein is involved in

processes related to the viral genome, the viral replication cycle,

and the cellular response of host cells to viral infections [12,13]. N

protein is also heavily phosphorylated and suggested to lead to

structural changes enhancing the affinity for viral RNA [10] (see

Fig. 1).

Another important part of this virus is the membrane or M

protein, which is the most structurally structured protein and

plays a role in determining the shape of the virus envelope. This

protein can bind to all other structural proteins. Binding with M

protein helps to stabilize nucleocapsids or N proteins and pro-

motes completion of viral assembly by stabilizing N protein-RNA

complex, inside the internal virion. The last component is the

envelope or E protein which is the smallest protein in the SARS-

CoV structure that plays a role in the production and maturation

of this virus [12].

In supporting the process of entry of the virus into the host cell,

SARS-CoV2 binds to the ACE2 receiver that is highly expressed in

the lower respiratory tract such as type II alveolar cells (AT2) of the

lungs, upper esophagus and stratified epithelial cells, and other

cells such as absorptive enterocytes from the ileum and colon,

cholangiocytes, myocardial cells, kidney proximal tubule cells, and

bladder urothelial cells [14]. Therefore, patients who are infected

with this virus not only experience respiratory problems such as

pneumonia leading to Acute Respiratory Distress Syndrome

(ARDS), but also experience disorders of heart, kidneys, and

digestive tract.

3. Entry and life cycle of coronaviruses

As a member of the Nidovirus family, coronavirus infection

(SARS-CoV2) can be contracted from animals such as bats, and

fellow humans. This virus can enter the human body through its

receptors, ACE2 which are found in various organs such as heart,

lungs, kidneys, and gastrointestinal tract, thus facilitating viral

entry into target cells. The process of CoV entering into the host cell

begins through the attachment of the S glycoprotein to the receptor,

the ACE2 in the host cells (such as in type II pneumocytes in the

lungs) [15]. This attachment occurs in the binding domain of S

protein of SARS-CoV-2 receptors which are present at 331 to 524

residues, and can bind strongly to human ACE2 and bat ACE2 [13].

The entry and binding processes are then followed by fusion of the

viral membrane and host cell [11].

After fusion occurs, the type II transmembrane serine protease

(TMPRSS2) that is present on the surface of the host cell will clear

the ACE2 and activate the receptor-attached spike-like, S proteins

[15]. Activation of the S proteins leads to conformational changes

and allows the virus to enter the cells [16]. Both of these proteins

(TMPRSS2 and ACE2) are the main determinants of the entry of this

virus. Based on the research of Sungnak et al. nasal epithelial cells,

specifically goblet/secretory cells and ciliated cells, display the

highest ACE2 expression throughout the respiratory tract [17].

Furthermore, entered-SARS-CoV-2 will subsequently release its

genomic material in the cytoplasm and become translated in the

nuclei (see Fig. 2).

The genomic material released by this virus is mRNA that is

ready to be translated into protein. In its genome range, this virus is

complemented by about 14 open reading frames (ORF), each of

which encodes a variety of proteins, both structural and non-

structural that play a role in its survival as well as virulence po-

wer. In its phase of transformation, the gene segments that encode

nonstructural polyproteins are the ones this process first translates

into ORF1a and ORF1b to produce two large overlapping poly-

proteins, pp1a and pp1ab by contributing a ribosomal frame

shifting event [19]. The polyproteins are supplemented by protease

enzymes namely papain-like proteases (PLpro) and a serine type

Mpro (chymotrypsin-like protease (3CLpro)) protease that are

encoded in nsp3 and nsp 5. Subsequently, cleavage occurs between

pp1a and pp1ab into nonstructural proteins (nsps) 1e11 and 1e16,

respectively. The nsps play an important role in many processes in

viruses and host cells (Table 1) [10,20,21] (see Fig. 3).

Many of the nsps subsequently form replicase-transcriptase

complex (RTC) in double-membrane vesicles (DMVs), which are

mainly an assembly by RNA-dependent RNA polymerase (RdRp)-

and helicase-containing subunits, the canonical RdRp domain

residing of CoV nsp 12 and AV nsp9. Furthermore, the complex

transcribes an endogenous genome template of viral entry to

negative-sense genes of both the progeny genome and subgenomic

RNA as intermediate products and followed by transcription to

positive-sense mRNAs that are mainly mediated by RdRp

[19,20,22].

Next, the subgenomic proteins become translated into struc-

tural and accessories proteins such as M, S, and E proteins that

subsequently are insulated in the endoplasmic reticulum and then

moved to the endoplasmic reticulum-Golgi intermediate

compartment (ERGIC). Meanwhile, the previously replicated

genome program can directly join the N protein to the nucleocapsid

form and move into the ERGIC. In this compartment, nucleocapsids

will meet with several other structural proteins and form small

wallet vesicles to be exported out of the cell through exocytosis

[10,19].Fig. 1. Structure of severe acute respiratory syndrome coronavirus 2 [12,13].
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4. Immune response to coronavirus infection

Generally, the body’s immune response to SARS-CoV2 and

SARS-CoV is closely similar being mediated by cytokines [23]. A

case report in Wuhan from 99 COVID-19 patients revealed that

there was an increase in the total number of neutrophils,

Interluekin-6 (IL-6) serum and c-reactive protein about 38%, 52%

and 86%, respectively and 35% decrease of total lymphocytes [24].

Other research found increased expression of proinflammatory

cytokines and chemokines IP-10, MCP-1, MIP-1A, and tumor ne-

crosis factor-alpha (TNFa) [5]. The conditions are correlated with

severity andmortality of this disease which suggest the potential of

cytokines forming as found occurring in SARS-CoV and MERS-CoV

infections [25].

The entry of the virus into the host cell triggers stimulation of

the host’s immune response, which will first be encountered by

innate immune system cells via antigen presenting cells (APC), e.g.

dendritic cells and macrophages as frontline of the immune system

[15,26]. APC have Pattern Recognition Receptors (PRR) including

Toll-like receptors (TLRs), NOD-like receptors (NLRs), RIG-I-like

receptors (RLRs) and other small free molecules that are located

in various places in host cells such as plasma membranes, endo-

somal membrane, lysosomes, endocytolysosomes, and cytosol.

They recognize PAMP comprised nucleic acids, carbohydrate moi-

eties, glycoproteins, lipoproteins and other small molecules that are

found in the structural components of viruses or intermediate

products such as dsRNA and induce cascade signaling to produce

immune system cell effectors. Each of the PRRs could induce a

different biological response to subsequent protein activation

[23,26].

For example, Toll like receptor 4 (TLR-4) might recognize the

outer component of CoV, the protein spike. Furthermore, through

mediation of MyD88, this introduction will trigger the activation of

NF-kB transcription factors and the pathogen-activated protein

kinases (MAPKs) pathway to induce proinflammatory proteins.

Meanwhile, activation of endosomal receptors such as TLR-3 and

TLR that could recognize the RNA or dsRNA genome of coronavirus

leads to recruitment of TRIF adapter protein directly. TRIF subse-

quently activates the IRF3 and NF-kB transcription factors to induce

proinflammatory cytokines such as interferon-a and TNF-b.

Although the introduction of PAMP through TLR-4 can also recruit

TRIF adapter proteins, the recruitment must be mediated by TRAM

and TIRAM [15,25e27]. This secret of proinflammatory cytokines is

the initial response in the first line of defense against virus infec-

tion. Furthermore, type I INF in turn will form complexes with its

receptors, IFNAR and subsequently activate the JAK-STAT pathways.

JAK1 and TYK2 kinases further phosphorylate STAT1 and 2 followed

by its complexation with IRF9, and together they migrate into the

nucleus to initiate the transcription of IFN-stimulated genes (ISGs)

and lead to suppression of viral replication and prevent the severity

of the disease [25]. However, excess releasing of pro-inflammatory

cytokines such as IFN-a, IFN-g, IL-1b, IL-6, IL-12, IL-18, IL-33, TNF-a,

TGFb, and chemokines CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10

from immune effector cells causes hyperinflammation which will

eventually lead to ARDS [28,29].

As the presenter of foreign antigens, the APC will present the

Fig. 2. Genome and nonstructural proteins of Severe Acute Respiratory Syndrome Coronavirus-2 [18].

Table 1

Nonstructural proteins of coronaviruses and their function [10,20].

Nonstructural Protein

(nsp)

Function

nsp 1 & 3 Inhibition of IFN signaling and blocking of host innate immune response by promotion of cellular degradation and blocks translation of host’s

RNA

nsp 2 Binding to prohibition protein

nsp3 & 5 Promoting cytokine expression and cleavage of viral polyprotein

nsp 4 & 6 Contribute to structure of DMVs as transmembrane scaffold protein (DMVs formation)

nsp 7/8 complex Processivity clamp for RNA polymerase by arms hexadecameric complex

nsp9 RNA binding protein phosphatase

nsp 10, 16 & 14 Stimulation of ExoN and 2-O-MT activity

nsp 12 Replication enzyme (RNA-dependent RNA polymerase)

nsp 13 RNA helicase, 50 triphosphatase

nsp 14 Proofreading of viral genome

nsp 15 Viral endoribonuclease and chymotrypsin-like protease

nsp 16 Avoiding MDA5 recognition and inhibit innate immunity regulation
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antigen of CoV to the CD4 þ T-helper cells by MHC class 1, and this

leads to releasing of IL-12 as a co-stimulatory molecule to further

stimulate the Th1 cell activation. In addition to Th1 stimulation,

releasing of interleukin-12 and IFN-a, an increase in MHC Class I

expression and NK cell activation is also needed for resistance of

viral replication for the eradication of virus-infected cells. It also

initiates production of proinflammatory cytokines via the NF-kB

signaling pathway. IL-17 is a proinflammatory cytokine that also is

increased when SARS-CoV2 infection occurs. These cytokines

further recruit neutrophils and monocytes to the site of infection

and activate several other pro-inflammatory cytokines and che-

mokines including IL-1, IL-6, IL-8, IL-21, TNF-b, and MCP-1

[15,26,30,31].

Next, activation of Th1 cells could stimulate CD8þ T cells, which

are one of the effectors of T cells that will target and kill cells

infected with CoV. At the same time, CD4 T cells could stimulate

humoral immune responses by producing antigen-specific anti-

bodies via activating T-dependent B cells [15,28,30].

The antibodies produced are generally IgM and IgGwhich have a

unique presence pattern in response to the presence of coronavirus

[28]. Generally, this infection will produce a specific IgM that can

only last 12 weeks, but IgG with a longer period. In addition to the

formation of antibodies, exposure to this virus also cause the for-

mation of CD4 T cells and CD8 memory that can last for four years

[32]. In fact, based on findings in patients who recovered six year

after coronavirus infection, T cell memory was still able to hit the

peptide spike when the first exposure occurred [33]. This further

explains and directs researchers to the development of vaccines

against the corona virus, especially to SARS-COV-2, which is now a

pandemic outbreak in the worldwide [28].

5. Immuno-evasion of coronaviruses

Generally, viruses including coronavirus have number of

avoidance ways from onslaught of immune system cells to better

survive and infect host cells [28,30]. The strategy can be applied to

various processes, both at the time of introduction (before entering

the cell) and when it has entered the host cell. During the recog-

nition process, this virus can use avoidance strategies through the

formation of double vesicles on the outside of the cell. The for-

mation of these vesicles causes shield recognition of cytosolic PRRs

to dsRNA as an intermediate product of replication virus [28].

In addition to the formation of a double vesicle, this virus has 8

proteins capable of avoiding the immune system through the

blocking of INF. Nsp1 is a non-structural group of proteins from

SARS-CoV that can suppress the work of INFeI through host

translational machinery inactivation, RNA-Host degradation and

inhibition of phosphorylation of STAT1. Themechanism could cause

INFeI failure to induce replication and dissemination of viruses at

an early stage and leads to increased severity of disease [25,27]. The

Fig. 3. Mechanism of entry and life cycle of Severe Acute Respiratory Syndrome Coronavirus [15,19].
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composition of the viral RNA genome including SARS-CoV which

has a 5 0cap less than the host cell RNA makes it easy for immune

system cells to recognize its presence and induce an immune

response. To get around this, the virus developed a strategy of

mimicking the host capping machinery. This strategy employs two

non-structural proteins namely nsp 14 which initiates cap forma-

tion, and subsequently follows modifying the cap of viral RNAs by

nsp 16 so that RNA viral seems similar to host cell RNA and avoids

any PRRs recognition [27,34,35].

Other nonstructural proteins from coronavirus that also have

the ability to prevent this virus from immune responses are nsp3

that encoded two functional proteins, macrodomains and PLpro

(cleavage of nsps). Both of these proteins appear to be employed as

actors in the evading of SARS-CoV from immune response-induce

viruses. This possibility was supported by Fehr et al. in their

in vivo study in BALB/c mice that were infected by SARS-CoV-

lacking macrodomains. The findings of this study revealed that

although there was an increase in expression of type I IFN, ISG15,

CXCL10 and the proinflammatory cytokines IL-6 and TNF, followed

by significantly higher survival, there was no lung pathology

development in themice [36]. The finding is closely similar to other

studies conducted inmice demonstrating a lack of deubiquitinating

enzyme (DUB) activity in MERS-CoV. DUB is another role of PLpro

to help coronavirus evade attack from a host’s immune response by

antagonizing the IFN response. From these findings, we hypothe-

sized that the decline in function of the two proteins may lead to

the direct introduction and sticking of immune troops to continu-

ously infected cells and prevented the replication of the virus and

the life cycle [37,38]. In addition to using nonstructural proteins,

SARS-CoV could utilize its protein accessories to avoid immune

responses. For example the gene segment located on ORF3b of this

virus has the ability to antagonize the INF signaling pathway and

cause inhibition of the effector cell activation cascade for eradica-

tion and inhibition of viral replication [39]. Equally of concern, the

protein encoded in ORF6 could inhibit JAK-STAT signaling pathway

by binding to karyopherin-a2, and tethers karyopherin-b1 on in-

ternal membranes to lead to blocking nuclear translocation of the

transcription factor STAT1 [27].

6. Approach for SARS-CoV-2-related disease therapy

There is no specific treatment for eradication of the SARS-CoV2

virus in patients. Accordingly, the therapeutic approach that can be

done is to use another b-coronavirus approach such as SARS-CoV or

MERS-CoV treatments. Some possible therapies can be given ac-

cording to the approaches including lopinavir/ritonavir, chloro-

quine, and hydroxychloroquine. Aerosol inhalation of alpha-

interferon twice per night also could be used. In some cases coro-

naviruses (such as MERS-CoV) have commonly used combinations

of interferon-a combined with ribavirin [40,41]. This therapy seems

to be able to give results at the beginning of therapy, that is 14 days

after being diagnosed, but this effect disappears when entering day

28. Furthermore, Loutfy et al. found that the combination of

interferon with steroid drugs can accelerate lung repair and in-

crease oxygen survival levels. Therapy using interferon-a is still

confusing. Other studies have concluded that this therapy does not

have a beneficial effect on patients [38,42].

As a matter of fact, as with epidemics that have occurred before

and since the death ratio caused by COVID 19 is quite high, miti-

gation methods need to be developed, one of which is through the

development of vaccines that have not yet been found. Specific

vaccines could be used to initiate the formation of specific anti-

bodies against the SARS-CoV2 virus. This development is being

temporarily developed in various parts of theworld and is the focus

of today’s global efforts. In fact, according to a news release from

Jakarta Globe on March 27, 2019, the G20 has set aside about USD$

4 billion for the development of the vaccine [40,43].

Spike or S protein-based vaccine is one approach to developing

vaccines that has attracted the attention of many researchers in the

discovery of the coronavirus vaccine. S protein has an RBD located

in the S1 subunit of the virus that facilitates entry of the virus into

the host cell by binding to its receptors on the host cell, ACE2.

Furthermore, the existence of mapping and genomic character-

ization of these proteins has increasingly answered the puzzle in

the development of this vaccine [44,45]. Research by Yang et al. that

used combined DNA demonstrated protein S could activate the

immune response through T cell production that subsequently

form antibodies which can neutralize the virus in mice. Another

study shown that this strategy was effective to elicit protective

immunity producing neutralizing antibodies in mice [46,47].

Further studies with closely similar results conducted by Gao et al.

and He et al. that used reconstructed vaccinewhich originated from

S1 fragment of SARS-CoV revealed that it could stimulate immune

response and induce highly potent neutralizing antibodies to

blocking S protein binding and prevent SARS-CoV entry [48,49].

In addition, through recent developments in vaccine-based

therapy for cancers and other diseases, therapeutic development

efforts also focus on drug discovery that can stop the spread and

replication of the virus in the host cell that is intended for patients

who have already contracted an infection. These include camostat

mesylate which is a serine protease inhibitor that can inhibit the

performance of TMPRSS2 enzyme activity in the coronavirus entry

process. This drug has been used clinically in the treatment of

chronic pancreatitis so that it is considered to be a potential therapy

for COVID-19 treatment [50e52]. In addition to the two therapeutic

approaches above, other potential therapeutic development path-

ways for patients with this viral infection can be done through

blocking ACE2 receptors and RNA interference using siRNA or

microRNA [52e54].

It is now well-known that the pathogenesis of ARDS-induced

coronaviruses involves microRNA in the cell nuclei. This discovery

gave rise to new knowledge in the development of microRNA-

based anti-coronavirus therapy approaches. MicroRNA-based

therapy has been proven both in vitro, in vivo and clinically to

cure diseases in the form of viral infections, cancer and other

degenerative diseases [54,55].

7. Conclusions

In summary, we conclude that coronavirus has unique and

complete components. Its immune-evasion components that

contribute to evade from recognition of the immune system lead

infectivity and fatality to host.

It is now well-known that the pathogenesis of disease-induced

coronaviruses, the development of therapy will be more specific.

For example the development of serine protease inhibitor or RBD-

based vaccine also became coronavirus therapy approach. How-

ever, further research is necessary to develop these findings for

clinical application in patients.
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