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INTRODUCTION

In Wuhan city, Hubei Province, the pandemic now known as 
COVID-19 began. Many cases of pneumonia due to etiol-
ogy not known were reported in the said place on December 
8, 2019, and prevailed ever since 1. Later a novel coronavi-
rus which was named as 2019-nCoV by the World Health 
Organization was isolated from the throat swab of a person 
affected by this pathogen and had shown disturbances in the 
respiratory system2. Later on, the Coronavirus study group 
renamed 2019-nCoV to Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV2). This pathogen is highly con-
tagious and has a high incubation period. The transmission 

of this pathogen is found out to occur from person to person 
through droplets and biological fluids, especially respiratory 
fluids 3,4.

The clinical manifestations of this pathogen were found to be 
cough, fever, expectoration among the most common ones. 
Rare clinical manifestations include decreased oxygen satu-
ration, leukopenia, lymphopenia, and increased value of C 
reactive protein. The mentioned symptoms in the patients 
are seen approximately at a period of 5.2 days, which marks 
its incubation period. The average time period between the 
appearance of the symptoms and the time of the patient’s 
death is fourteen days 5. From the clinical features revealed 

.ABSTRACT
Introduction: Immunopathogenesis is the process of the development of a disease that involves immune response or immune 
system. The focus of the study is basically on the understanding of control and management along with the role-play of host 
immune responses and the pathogenesis of the microorganism. Coronavirus (CoV) is a large family of viruses which will lead 
to mild to severe illness, with symptoms most commonly cough, cold, and fever. The severe forms include Middle East Respira-
tory Syndrome (MERS-CoV) and Severe Acute Respiratory Syndrome (SARS-CoV). The worldwide pandemic COVID-19 was 
started in Wuhan city. Wuhan city, located in the Hubei province has a huge market called Huanan Seafood market housing 
numerous non-vegetarian foods which has now become the place where the pandemic started. A new strain of the virus that 
had not been earlier detected in humans is the Novel coronavirus (nCoV). These ranges of viruses are known to be zoonotic in 
nature, which means they can be easily transmitted between animals and human patients. The significant challenge faced with 
these viruses is their evolutionary nature.
Materials and Methods: This is a review article wherein various articles were searched through search engines like Google 
Scholar and Pubmed using keywords like pathogenesis of COVID-19, immune mechanism of COVID-19, the role of TNF-Alpha, 
interferons, and diagnosis of COVID-19. Over 50 articles were collected and reviewed thoroughly.
Results and Discussion: The nCoV is made up of a special protein called the glycosylated protein, which is also called the 
Spike protein or S protein. It plays a vital role in allowing the entry of viruses into the host cell. The spike protein is a large type 1 
transmembrane protein that contains a range of 1160 amino acids. Spike protein is a trimeric class one fusion protein that exists 
in a metadata level perfusion. The ectodomain of all coronaviruses is known to share the same organization in two domains: an 
N-terminal domain called S1 that is responsible for receptor binding action and a C terminal S2 domain which is responsible for 
fusion. This review will give details of the molecular immunopathogenesis of COVID-19.
Key Words: Immunopathogenesis, Pathogenesis of COVID-19, Diagnosis of COVID-19, TNF Alpha in COVID-19, Interferons 
in COVID-19, Growth factors in COVID-19

Molecular Immune Pathogenesis and Diagnosis of 
COVID-19 - A Review
M. Rithanya1, M. P. Brundha2

1Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai-77, India; 2Associate Professor, 
Department of Pathology, Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences, Saveetha University, Chennai-77, 
India.

IJCRR
Section: Healthcare
Sci. Journal Impact 
Factor: 6.1 (2018)
ICV: 90.90 (2018)

Copyright@IJCRR



Int J Cur Res Rev ��| Vol 12 • Issue 21 • November 2020

Rithanya et al.: Molecular immune pathogenesis and diagnosis of COVID-19 - a review

S-70

by a CT scan of the chest, unusual findings were seen. Acute 
respiratory distress syndrome, acute cardiac injury and oc-
currence of ground-glass opacities which eventually led to 
death 6. These are some of the unusual findings seen. There 
is a special protein present in this pathogen 7. It is called the 
spike protein, S protein, or glycosylated protein. It is found 
that this glycosylated protein is responsible for the entry of 
the virus. It binds with the cell membrane. This S protein or 
the glycosylated protein binds to the cellular receptor ACE2, 
CD 209L, and DPP4 8.

The clinical diagnosis of this pathogen is based on the epi-
demiological history, the clinical manifestations mentioned 
earlier, and the auxiliary examinations like CT scan, nucleic 
acid detection, ELISA, and immune identification technol-
ogy. The envelope spike glycoprotein has specific receptors 
like ACE for SARS-CoV and SARS-CoV-2, CD209L which 
is a C type let in, also called L-sign for SARS-CoV and DPP 
which is for MERS-CoV.

This review article is mainly focused on the importance of 
the pathogenesis of COVID-19. The mechanism of action of 
this pathogen is a vital key point which will lead the pathway 
to identify a way to stop its action 10. Getting a better picture 
of pathogenesis in a detailed manner will pave the way for 
finding a better, faster, and convenient diagnosis method 11,12. 
This review article also focuses on the mechanism of spike 
protein which plays the key role in virus entry into the host 
cell. Reading and discussing in detail about the mentioned 
topics will ultimately lead to a better and improved treat-
ment plan and may also be a milestone in the invention of 
drugs that inhibit the action of this virus and also the possible 
prophylaxis can be found 13.

Previous researches done on this topic is focused on high-
lighting the effects and adverse effects of the highly patho-
genic SARS-CoV-2 that appeared in December 2019 which 
could even cause death; its role in leading to damaged lungs 
and when combined with imbalanced immune responses, it 
may lead to pneumonia. It also highlights the significance 
of RT-PCR and CT scans in the diagnosis of SARS-CoV-2 
infection and also the effect of drugs. Another article dis-
cusses the genetics and rapid genomic sequencing along with 
advanced vaccine technology. 

The aim of this study is to find the molecular immune patho-
genesis and diagnosis of COVID-19 which will lead to better 
treatment of the patients with this disease 14,15. 

This review is done with research articles that were searched 
from various search engines. Data collection was done and 
information was retrieved by searching keywords such as 
COVID-19, diagnosis, immunology, and immunopatho-
genesis. A total of 27 articles were reviewed. The inclusion 
criteria of this review article include articles related to the 
pathogenesis of COVID-19, immunology of COVID-19, di-

agnosis of COVID-19, the role of TNF-α in COVID-19, and 
role of various growth factors that are involved and respon-
sible for the COVID lesions. Other articles related to various 
other categories of coronavirus were considered under exclu-
sion criteria. The period of duration of the articles considered 
is from 2005 to 2020 which is fifteen years. All the data were 
thoroughly analyzed to conclude about the molecular immu-
nopathogenesis and diagnosis of COVID-19.

IMMUNOPATHOGENESIS AND DIAGNOSIS OF 
COVID-19

Pathogenesis of COVID in Oral Cavity
When affected with the pathogen SARS-COV-2, being suf-
fering from COVID-19, there will be a high overload of this 
pathogen in the oropharynx and mucous membrane. Our oral 
cavity is in direct association with the evolutionary process-
es involved with the pathogen SARS COV 2. It also comes 
through contact from the inhalation process 16. These inhaled 
viruses will be focused on binding to the epithelial cells of 
the host, mainly in the nasal cavity and then the oral cavity. 
Then the replication process begins. In the cell membrane, 
the binding activity of the virus to the host occurs with the 
help of a special glycosylated protein called the spike protein 
or the S- protein. This protein plays a vital role in viral entry. 
This glycosylated protein will find its entry into the host cell 
and it is done through the structured rearrangement made by 
this S-protein 17.

To find the presence of this pathogen, throat swabs and nasal 
swabs are taken with appropriate protection measures to pre-
vent the spread of the disease 18. A highly specific and sen-
sitive laboratory diagnosis is necessary to control the fast-
evolving coronavirus. PCR assays are proven useful which 
targets the RNA dependent RNA polymerase 19.

Pathogenesis of COVID in Lungs
The deadly pathogen SARS-CoV-2 is highly macrophage-
tropic. It is also found with noticeable aberrant cytokines or 
chemokine expression and is also characterized by lympho-
cyte depletion. In the lungs, severe damages are caused by 
these pathogens. HCoV-2293 and H-CoV-NL63 are the im-
portant cytokines that are related and elevated during lung 
injury due to SARS-CoV-2. In coronavirus, the spike protein 
is a significant determinant in virus entry and it binds to the 
cellular receptors ACe2, CD209L, and DPP-4. Increased leu-
kocyte and increased amount of cytokines will promote se-
verity. Lung pneumocytes are held as the primary targets 20.

The most common clinical manifestation seen in COVID-19 
is respiratory problems. It was also once recognized as pneu-
monia before identifying the etiology of the disease. Lungs 
are affected during the course of this pathogen infestation 
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and pneumonia may occur as a result of exaggeration in the 
immune response. The diagnosis measures include RT-PCR 
and CT scans 21.

Role of TNF Alpha in COVID
The characteristic feature of TNF alpha is that it is quickly 
released and that it initiates inflammatory reactions 22. Anti-
tumor Necrosis Factor along with TNF antibodies are used 
for more than 20 years in severe cases of autoimmune in-
flammatory disorder like Rheumatoid arthritis 23, inflamma-
tory bowel disease or ankylosing spondylitis. COVID-19 
patients should have proper management of pro-inflamma-
tory cytokines with the inclusion of IL-1, IL-6, TNF, and 
interferon-γ in their bloodstream. TNF alpha is also known 
for its repression action in biological activity 24. A single in-
fusion of the anti-TNF antibody will be able to tone down 
some of the activity that occurs during the inflammatory re-
action of the lung 5. TNF alpha also acts as a valid target for 
diseases related to inflammation.

Researchers are open to any acceptable safe treatment op-
tions to get rid of this many life-risking coronaviruses to 
reduce the death rate. One of such measures taken into con-
sideration is the use of anti-TNF alpha in the treatment of 
COVID-19 25. From the anti-TNF Alpha treatment done so 
far, there have not been any safety hazards reported. So, it 
is also established that this kind of treatment does not ag-
gravate any bacterial or fungal superinfection due to immune 
suppression. This anti-TNF alpha treatment should be taken 
as early as possible within the infection to get good results 26.

Role of Interferons in COVID
Interferons and cytokines primarily function as signal car-
ries in between the cells. Interferons, which the host cells 
release, are actively involved in activation, balancing, and 
immunological response. Interferons downstream signaling, 
signals the decreased immunological response and leads to 
proliferation and apoptosis of the cell. Type I interferon can 
be the drug of treatment due to its wide antiviral activity. 
Type-I IFN has been made of ubiquitous alpha and beta sub-
type plasmacytoid dendritic cells. It also has the property to 
induce phosphorylation, make changes in transcriptional fac-
tors, and cause immune modulation 26,27.

According to some studies, interferon treatment has been 
moderately effective against SARS-CoV and MERS-CoV 13. 
2019 Novel coronavirus has been a bit more sensitive when 
compared to other coronaviruses when it comes to interfer-
ons. Among other interferons, IFN-β appears to be the most 
fitted for the treatment of coronavirus 28. Now a warrant is 
given for treatment based on interferon for this pathogen. 
It is also to be taken into consideration that this interferon-
based treatment should be performed on patients at the early 
stage of the virus manifestation. 

Role of FGF, VEGF, and other Growth Factors in 
COVID Lesions
Growth factors are a group of proteins that stimulate growth 
only in specific tissues. Its primary function is to promote 
cell division and lead in cell differentiation 29. The role of 
nASX will enhance immune response and be used in inflam-
matory therapy. Some growth factors like VEGF, PDGF, and 
IVIG have an important role in the modulation of cytokines 
in COVID-19. When there is an increased amount of coro-
navirus, growth factors will reduce the immune. Inflamma-
tory cytokine storms are common in patients with severe 
COVID-19 30,31.

The role of Interleukin-6 in the pathogenesis of COVID-19, 
SARS-CoV-2 has been established with the proper evidence. 
This Interleukin-6 works in two pathways: the classic path-
way - which is the anti-inflammatory pathway and the trans-
signaling pathway which is also called the pro-inflammatory 
pathway.  It’s also proven that SGP130Fc is able to inhibit 
the Interleukin 6 trans-signalling or pro-inflammatory path-
way in COVID-19. The inhibitory action of the STAT path-
way which is being activated by IL6 is done by Barcitinib 
and Ruxolitinib32. 

A comparatively higher rate of mortality is seen in SARS-
CoV-1, SARS-CoV-2, and MERS-CoV. The reason found 
out behind this is that it’s due to the availability of Cytokines 
that cause the cytokine storm. So to completely overcome 
this virus, targeting the pathogen alone will not be enough, 
the associated inflammatory action caused by the cytokines 
should also be taken care of in order to get fully recovered33.

CONCLUSION

COVID 2019 continues to spread as a worldwide pandemic 
even after so many lockdowns and other various precaution-
ary steps taken by the Government and people. During such 
terror causing a pandemic, it is necessary to try already ex-
isting antiviral drugs and medications in addition to doing 
research and developing new drugs. Adalimumab can play a 
possible therapeutic role, which is a TNF alpha based drug. 
A timely anti-inflammation treatment at the right window 
time is of pivotal importance. Focusing only on the patho-
gen will not be enough to overcome the virus, so along with 
that, the inflammatory action by the cytokines should also 
be monitored. Various treatment methods like plasma thera-
py and early diagnosis of the disease could be very helpful. 
This review highlights the role of TNF alpha interferons and 
other growth factors which is necessary for better diagno-
sis and treatment of COVID-19. This review article gives a 
clear insight into the immunopathogenesis and diagnosis of 
COVID-19 and allows for future betterment. 
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