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Abstract: 
Patients complaining from cough, fever, dyspnea, and severe pneumonia were recorded 

in Wuhan, China in late December 2019 due to an unknown microbial agent. Virus 

genome sequencing of the examined patients during this period confirmed the presence of 

β- CoV strain. This extracted new β-CoV exhibits 88 percent similarity to the series of 2 

severe bat-derived acute respiratory syndromes (SARS)-like coronaviruses, bat-SL-

CoVZC45, and bat-SL-CoVZXC21, and about 50 percent identical to the MERS-CoV 

series. Later, the International Commission for Virus Classification called the novel β-

CoV "SARS-CoV-2." On the eleventh of February 2020, the World Health Organization 

(WHO) reported another name for the disease caused by the 2019-n CoV: which is 

Corona Virus Disease (COVID-19). Several complex immune system mechanisms exist 

against the newly discovered COVID-19. Communication has undergone between 

different branches of the immune system, but the exact mechanism remained unclear 

until now. This study helps to clarify COVID-19 molecular immune pathogenesis. 

Keywords: COVID-19, T helper, cytokines, lymphopenia, MHC molecules. 

Abbreviations: ARDS: acute respiratory distress syndrome, COVID -19: Coronavirus 

disease, 2019, MERS: the Middle East respiratory syndrome, RMSD: root mean square 

deviation, ERGIC: Endoplasmic reticulum-Golgi intermediate compartment, MIP: 

macrophage inflammatory protein, MBL: mannose-binding lectin, TGFβ: Transforming 

growth factor β, MCP-1: monocyte chemoattractant protein, ADE: Antibody-dependent 

enhancement. 

 

Introduction: 
       In December 2019 a coronavirus 

outbreak was reported in Wuhan City, 

China, currently known as Coronavirus 

Novel 2019 (2019-Nov). As of 30 

January 2020, China reported that 7,734 

cases were infected with COVID-19.
(1)

 

The World Health Organization (WHO) 

stated on February 11, 2020, another 

name for the 2019-n CoV-caused 

disease: which is Corona Virus Disease 

(COVID-19). At this time, WHO 

announced the disease as a pandemic.
 (2)  

Most coronaviruses are pathogenic to 

humans. Most of them suffer from mild 

clinical symptoms, with two serious 

clinical presentations: severe acute 

respiratory syndrome (SARS), 

coronavirus (SARS-CoV), and Middle 

East respiratory syndrome (MERS).
 (1, 3)

 

Coronaviruses are enveloped viruses 

having a positive-sense (26–32 kb) 
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single-stranded RNA genome. To date, 

four genera of coronaviruses (α, β, π, ÿ) 

which affect human found in the genera 

α coronavirus (HCoV-229E and NL63) 

and β coronavirus (MERS-CoV, SARS-

CoV, HCoV-OC43 and, HCoV-HKU1). 
(4)

 

 Patients with acute respiratory distress 

syndrome (ARDS) with coughing, 

fever, and dyspnea due to an unknown 

microbial agent were found in Wuhan, 

China, in late December 2019. 

Sequencing of the virus genome of all 

patients established the involvement of 

β-CoV strain. This extracted new β-

CoV exhibits 88 percent similarity to 

the sequence of two severe bat-derived 

acute respiratory syndromes (SARS) 

like coronaviruses, bat-SL-CoVZC45, 

and bat-SL-CoVZXC21, and around 50 

percent identical to the MERS-CoV 

strain. The International Virus 

Classification Commission then named 

the novel β-CoV "SARS-CoV-2".
 (5) 

This study helps to clarify COVID-19 

molecular immune pathogenesis. 

Morphology of the virus: 

Coronaviruses are large pleomorphic 

spherical particles with a bulbous base, 

120 nm in diameter and 80 nm in-depth, 

and 20 nm in spikes. These viruses 

were with positive-stranded RNA 

(Figure 1).
 (6)

 The 2019-nCoV is the 

7th member of the RNA enveloped 

coronavirus.
 (7)

 The overall SARS-CoV-

2 'S' protein structure is similar to that 

of SARS-CoV 'S' with a root- mean 

square deviation (RMSD) of 3.8 Å 

above 959 Cα atoms. 
(8)

 Spike protein 

(S) aids the binding and entry of SARS-

CoV-2 into cells. S1 glycoprotein 

subunit allows tight binding to the 

ACE2 receptor, whereas, fusion with 

the target cell as a subunit of S2 is 

maintained.
(9) Within the host, the 

respiratory tract and gastrointestinal 

tract epithelial cells can be affected. 

Coronaviruses typically infect 

respiratory epithelial cells 

(pneumocytes), and enteric cells 

(enterocytes), and cause cytopathic 

changes. The main targets of COVID -

19 are type two pneumocytes and 

unciliated bronchial epithelial cells. 
(10) 

It has revealed cytopathic effects on 

respiratory epithelial cells and cessation 

of cilium beating in the lungs.
 (11)

 

 

Figure (1): Morphology of 

coronavirus 
(6)

 

Pathogenesis of COVID-19: 

COVID-19 infected patients showed 

radiographic evidence similar to SARS-

CoV and MERS-CoV. Also, multiple 

manifestations such as fever, non-

productive cough, dyspnea, myalgia, 

fatigue, and pneumonia were reported 

in all strains. Since the pathogenesis of 

COVID-19 has not been established, 

the related mechanisms of SARS-CoV 

and MERS-CoV can also help us to 

understand the pathogenesis of SARS-

CoV-2 infection to promote our 

knowledge of COVID-19.
 (12) 

Coronavirus entry and replication:  

Coronavirus S protein is a major 

determinant of the entry of the virus 

into the target cells. The spike 
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glycoprotein envelope attaches to 

ACE2 for SARS-CoV and SARS-CoV-

2, CD 209L (a lectin type C, also 

named L-SIGN) for SARS-CoV, and 

DPP4 for MERS-CoV. Initially, the 

passage of SARS-CoV into cells was 

enhanced through the direct fusion of 

the membrane between the virus and 

the plasma membrane.
 (13)

  

The key proteolytic cleavage event on 

the SARS-CoV S protein occurred at 

the location (S2), mediated membrane 

fusion, and viral infectivity. The 

MERS-CoV has also produced an 

irregular two-step activation for 

membrane fusion. In addition, clathrin-

dependent and independent endocytosis 

also helps the entry of SARS-CoV. 

Following the entry of the virus, there is 

a release of the viral RNA genome is 

into the cytoplasm and then the 

translation of this genome into two 

polyproteins and structural proteins. 

After, these steps the viral replication 

starts.
 (14) 

The recently developed envelope of 

glycoproteins attaches to the 

endoplasmic reticulum or Golgi 

membrane, and the nucleocapsid is 

developed by combining genomic RNA 

and nucleocapsid protein. The viral 

particles then germinate into the 

endoplasmic compartment of the 

intermediate reticulum-Golgi (ERGIC). 

Lastly, the vesicles that contain the 

virus particles combine with the plasma 

membrane to release the virus. 
(15) 

The immune response towards 

COVID 19 include:  

A- Antigen presentation in 

coronavirus infection. 

Once the virus reaches the cells, the 

antigen is introduced to the antigen-

presenting cells (APC), which play a 

basic role in the immunity against the 

virus. Antigenic peptides are expressed 

in humans by major histocompatibility 

complexes (MHC or HLA), and then 

identified by virus-specific T 

lymphocytes (CTLs). Thus, knowledge 

of the SARS-CoV-2 antigen 

presentation will increase our 

knowledge of COVID-19 pathogenesis. 

SARS-CoV's antigen presentation relies 

mainly on MHC- I molecules but MHC 

II also helps in its presentation.
 
The 

vulnerability to SARS-CoV may be 

related to several HLA polymorphisms 

such as HLA-B*4601, HLA-B*0703, 

HLA-DR B1 * 1202, and, HLA-

Cw*0801, whereas, the defense 

mechanism against has been related to 

alleles HLA-DR0301, HLA-Cw1502 

and, HLA-A*0201 defense mechanism. 
(16) 

The vulnerability to MERS-CoV 

infection has been contributed to MHC 

II molecules such as HLA-DRB1*11:01 

and HLA-DQB1*02:0. In addition, the 

gene polymorphisms of 

MBL
(26)

(mannose-binding lectin) which 

is related to antigen presentation are 

associated with the possibility of 

SARS-CoV infection. These findings 

would give useful ways for COVID-19 

diagnosis and prevention.
 (17)

 

 
B-Cellular and humoral 

immunity: 

The immunological pathways initiated 

against SARS-CoV-2 are mediated by 

T cell and B cell, in addition to direct 

stimulation of macrophage and 

stimulated lymphocyte response. Both 

processes include antigen recognition 

and presentation. B-cell, T-helper and, 

cytotoxic T cells are activated too. 

Cytotoxic T cells may kill the virus 

directly, while helper T cells present it 
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to B cells for immunoglobulin 

production and neutralization. 
(18) 

SARS-CoV-2 attacks respiratory 

mucosal epithelial cells and spreads to 

other cells, infecting white blood cells 

in the peripheral and immune cells, 

particularly T lymphocytes. The 

cellular response can be identified via 

multilobular infiltration and 

lymphopenia observed in SARS-CoV-

2. Lymphopenia is documented in 

COVID-19 patients with cellular 

immune deficiency and suggests an 

immune response to SARS-CoV-2 

mediated by such cells. Damage to 

lymphocytes by a coronavirus, 

including T lymphocytes, leads to 

lymphopenia, predisposes to secondary 

bacterial infections, and increases the 

severity.
 (19)

 

A decrease in T helper cells along with 

regulatory T cells count was reported in 

patients with less severe COVID-19 but 

a pronounced decrease in T helper cells, 

regulatory T cells, and memory T cells 

occur in extreme COVID-19. 

Surprisingly, a higher naïve population 

of T-helper cells indicated that 

lymphocyte analysis should be 

considered for initial COVID-19 patient 

screening along with the neutrophil-

lymphocyte-ratio
. (20)

 An increase in 

proinflammatory cytokine levels that 

suggest T cell-mediated response to 

SARS-CoV-2, resulting in a cytokine 

storm that causes hyper-inflammation 

leading to severe COVID-19 

pneumonia. 
(18)

 COVID-19 patients 

showed higher plasma levels of pro-

inflammatory cytokines along with 

chemokines such as IFNγ, IL-1, MIP-

10, and MCP-1, while extreme cases 

requiring ICU admission had higher 

TNF-α, G-CSF, MCP-1, MIP-10, IL-8, 

IL-10, and MIP-1A concentrations. 

Increased IL-6 expression in serum and 

IL-2 receptor was documented in severe 

cases; this may play a crucial role in 

evaluating COVID-19 severity. 
(20)

 

  In SARS-CoV and MERS-CoV 

infections, and also in COVID-19,  the 

upregulation of pro-inflammatory 

cytokines in serum was found 

associated with significant pulmonary 

damage and inflammation. 

Surprisingly, high levels of both Th1 

and Th2 cytokines were documented in 

SARS-CoV-2 infections in comparison 

to SARS and MERS, where only Th1 

cytokines were upregulated. 
(21)

 

In COVID-19 pathogenesis, the 

humoral immune response plays a role. 

When the levels of immunoglobulins in 

COVID-19 decrease, this may suggest 

effects on antibody-producing B 

lymphocyte cells. While SARS-CoV-2 

antigens have shown the potential to 

stimulate the development of 

antibodies, the impact of general 

lymphopenia may have caused 

immunoglobulins to deplete. 
(19)

 

Antibodies produced against SARS-

CoV-2, especially anti-spike protein 

antibodies, may be responsible for 

immune cell infection. Antibody-

dependent enhancement (ADE) 

requiring pre-exposure to particular 

antigenic coronavirus epitopes may be 

responsible for the severity of the 

disease resulting in acute respiratory 

damage, and other complications such 

as cellular immunodeficiency, 

activation of coagulation cascades, 

myocardial damage, liver, and kidney 

affection, and superimposed secondary 

bacterial infection.
 (22)

 

C) Cytokine storm in COVID-

19: 
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Acute respiratory distress syndrome is 

the major cause of death in COVID-19 

infected patients. ARDS is a frequently 

reported event for SARS-CoV-2, 

SARS-CoV, and MERS-CoV 

infections. The cytokine storm is one of 

the key mechanisms for ARDS. In 

SARS-CoV infection, the unregulated 

systemic inflammatory reaction results 

from the release of large quantities of 

pro-inflammatory cytokines and 

chemokines by immune-effector cells. 

In addition, there is high serum levels 

of IL-6, IFN-α, and CCL5, CXCL8, 

CXCL-10 compared to those with mild-

moderate illness. The cytokine storm 

will initiate a severe attack on the body 

by the immune system. This will cause 

ARDS and several organ damages, and 

eventually death in serious cases of 

SARS-CoV-2 infection. 
(23)

 
 

Mechanism of COVID-19 evasion 

from the immune system: 

SARS-CoV and MERS-CoV use 

various methods to suppress immune 

responses to be still live in host cells. 

The pattern recognition receptors 

(PRRs) can identify the pathogen-

associated molecular patterns (PAMPs). 

SARS-CoV and MERS-CoV, however, 

may stimulate the formation of double-

membrane vesicles that lack PRRs and 

then replicate in these vesicles, thus 

preventing their dsRNA's host 

recognition. IFN-I (IFN-α and IFN-β) 

has a protective impact on SARS-CoV 

and MERS-CoV infections but IFN-I 

pathways are suppressed in the infected 

mice.
 (24) 

MERS-CoV Accessory Protein 4a can 

block IFN induction by direct 

combination to double-stranded RNA at 

the MDA5 activation site. Furthermore, 

the membrane proteins ORF4a, ORF4b, 

ORF5, and MERS-CoV suppress IFN 

regulatory factor 3 (IRF3) nuclear 

transport and IFN β promoter 

activation. Coronavirus may also have 

affected the antigen presentation 

process. For example, gene expression 

associated with the antigen presentation 

is down-regulated after a MERS-CoV 

infection. Therefore, the destruction of 

SARS-CoV-2's immune evasion is 

important in its treatment and specific 

drug development.
 (25)

 

 

Vaccines: 
Effective SARS-CoV-2 vaccines are 

important to minimize the seriousness 

of the disease, viral shedding, and 

transmission, thereby helping to 

manage outbreaks of coronaviruses. 

There are several methods for 

vaccination against SARS-CoV, 

MERS-CoV tested in primates, 

including a live attenuated virus, viral 

vectors, inactivated viruses, subunit 

vaccines, recombinant DNA, and 

protein vaccines. 
(23)

 

These trials are currently in progress 

but it takes months to years to produce 

the SARS-CoV-2 vaccines. There could 

currently be some promising targets for 

SARS-CoV-2 but further laboratory and 

clinical data needs to be examined as 

well. The WHO is cooperating with 

Chinese scientists to launch more than 

80 clinical trials on possible SARS-

CoV-2 treatment. 
(23) 

 

Conclusion: 

Further studies are needed to 

understand the immunopathogenesis of 

SARS-CoV-2. Any immunomodulatory 

action against T-helper 2 could provide 

life-saving opportunities for severely 

ill- patients and reduce the disastrous 

effects of inflammatory pneumonia. 
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One of the therapies is interleukin-10, 

which inhibits IFN-gamma and IL-12 

and TNF-alpha and directs the immune 

system towards Th2 and away from Th-

1
.(27), 

A therapeutic clinical trial could 

shed light on the impact of such 

immunomodulatory action on the 

morbidity and mortality of seriously ill 

COVID-19 infected patients. 
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