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Abstract
The novel coronavirus SARS-CoV-2 responsible for Coronavirus infectious disease of 2019 (COVID-19) in human, now a Global 

pandemic affecting 212 countries in all the five Continents, damages the cells that have ACE2 receptor expression on their surface. 
Hoffman., et al. (2020) observed that in addition to ACE2 receptor required for cellular attachment of the virion, cellular entry 
mechanism of the virus requires a cellular serine protease, TMPRSS2 and because alveolar type 2 cells express higher levels of both 
ACE2 and TMPRSS2 receptors, these cells might be the primary entry point for the virus in the lung. Intestine and kidney also have 
high expression of ACE2. The virus along with the ACE2 receptor enters the cells by endocytosis that results in reduction of ACE2 on 
cells, and as a consequence serum level of angiotensin II increases. Angiotensin II acts both as a vasoconstrictor and pro-inflammatory 
cytokine. Exposure to the virus does not necessarily cause infection, and not all people infected develop ARDS (acute respiratory 
distress syndrome) or succumb to the disease. Though people of all age group and sex are susceptible, the disease could be more fatal 
in elderly persons > 60 years of age. Extensive lung damage due to elicitation of Cytokine Storm (cytokine release syndrome; CRS) has 
been described by Hirano and Murakami (2020) and Shi., et al (2020). Role of specific HLA loci and alleles (class I or II) in developing 
protective immunity to this virus infection remains to be elucidated. It has been reported by Iwasaki and Yang (2020) that antibodies 
to SARS-CoV-2 at low concentrations as well as low affinity antibodies in the body can result in antibody-dependent enhancement 
(ADE) by utilizing Fc receptors on immune cells including macrophages, monocytes and B lymphocytes. ADE has detrimental effect in 
some patients with virus specific antibodies. High WBC count with associated lymphocytopenia is common in the COVID-19 patients. 
Ganji., et al. (2020) have reported significant reduction in the numbers of circulating lymphocytes and platelets, CD4+: CD8+ ratio of 
2:1, and higher expression of CD8+ and hyperactivation of CTLs and no significant change in the expression level of CD4+ compared 
to healthy individuals. Anti-viral immune response to SARS-CoV-2 infection was due to over expression of CD8 and hyper activation 
of CTLs. Pathophysiology and pathology of the disease has been elaborated by Yuki., et al. (2020) and Sahu., et al (2020). The present 
review compiles the aspects of pathogenesis and involvement of the host immune system in aggravating the disease through the 
process of immune response. 
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Introduction

The coronaviruses were first discovered in the 1930s with the 
isolation of infectious bronchitis virus (IBV) that causes an acute 
respiratory infection in domesticated chickens. The Human coro-
naviruses were discovered in the 1960s. A pneumonia outbreak 

in human caused by a novel strain of coronavirus (nCoV) was di-
agnosed in Wuhan, China, in December 2019. The virus was given 
the interim name 2019-nCoV by the World Health Organization 
(WHO) and later renamed as Severe Acute Respiratory Syndrome 
(SARS)-CoV-2 by the International Committee on Taxonomy of 
Viruses (ICTV). It has been identified as a new strain of group 2B 
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Beta-coronavirus, with nucleotide identity of 96%,91%, 80%, 55% 
and 50% with coronaviruses of bat, pangolin, SARS, Middle East 
Respiratory Syndrome (MERS) and common cold, respectively [8]. 
The sequence identity in the S (spike glycoprotein) gene of SARS-
CoV-2 with the bat origin viruses was estimated to be only 75%; 
the S protein determines host tropism and transmissibility of the 
virus. There is less genetic similarity of SARS-CoV-2 with SARS-
CoV of 2003 and MERS-CoV of 2012 [9]. The receptor binding do-
main (RBD) of both SARS-CoV-2 of 2019 and SARS-CoV of 2003 
recognize and bind to angiotensin converting enzyme 2 (ACE 2) 
receptor on the susceptible cells, whereas that of MERS-CoV binds 
to DPP4 (dipeptidyl peptidase 4) receptor [2,7]. On January 30, the 
WHO declared the novel coronavirus outbreak (COVID-19) a Glob-
al Public Health Emergency, and more than 200 countries, and 
all the continents, are now affected. In India the case numbers as 
well as death rate are much less than many other countries. People 
of all ages and both the sexes are susceptible to COVID-19. Older 
people are at higher risk of dying from the disease as compared 
to younger ones. The fatality rate is about 3.6% in people of > 60 
years of age and about 0.2% in younger ones of < 40 years old [7]. 
The disease has three stages, viz. asymptomatic with or without 
detectable virus, symptomatic but not severe with detectable vi-
rus and severe respiratory disease (acute respiratory distress syn-
drome; ARDS) with high virus load in the body [6,10]. Cytokine 
release storm/syndrome (CRS) and antibody dependent enhance-
ment (ADE) have been detected to complicate the pathology. Both 
innate and adaptive immunity play role in defending the host spe-
cies from microbial infection, and genetic difference due to HLA 
variability results in differences in immune response to the invad-
ing pathogen. However, the specific HLA loci and the alleles (class 
I or II) associated with induction of protective antibodies and im-
munity to SARS-CoV-2 remains to be identified [3]. The present 
review includes some of the important findings and observations 
made by different groups of scientists investigating the disease in 
the areas of virus-host cell interaction and immunopathology re-
sponsible for ARDS. 

Currently, medical treatment is largely supportive/symptom-
atic and drugs including lopinavir-ritonavir, remdesivir, hydroxy-
chloroquine and azithromycin have been tested in clinical trials 
[11,12]. But none of these are specific for the causative virus. 
Hydroxychloroquine is being used in many countries for treating 
patients. Lacking an effective antiviral drug or vaccine, affected 
countries have resorted to social distancing by implementing lock-
downs to check human to human and further community spread 
of the virus. 

Causative agent of COVID-19 and other human coronaviruses
Coronaviruses (Order Nidovirales and family Coronaviridae) 

are enveloped, positive-sense, single-stranded RNA viruses of ~30 
kb that can infect a wide variety of host species. Of the four genera 
(α, β, γ, and δ) of Coronaviridae, genus α and β coronaviruses infect 
only mammals [13]. A total of seven CoVs have been reported caus-
ing mild to severe disease in humans; 04 with seasonal circulation 
causing mild cold (HKU1, NL63, OC43 and 229E) and the remaining 
03 are more pathogenic and zoonotic ones, viz., SARS-CoV (2003), 
MERS-CoV (2012) and SARS-CoV-2 (2019), that originated in dif-
ferent bat species and transmitted to human through an interme-
diate host [Civet in case of SARS-CoV, Dromedary Camel in case of 
MERS-CoV, and possibly Pangolin [14] in case of SARS-CoV-2 caus-
ing COVID-19. Human coronaviruses responsible for common cold 
belong to genus α coronavirus, whereas SARS-CoV, MERS- CoV and 
SARS-CoV-2 belong to genus β coronavirus. The SARS-CoV-2 be-
longs to the subgenus Sarbecovirus (lineage B). The genome orga-
nization of coronavirus is: 5′-leader-UTR-replicase/transcriptase 
(RdRp)-spike (S)-envelope (E)-membrane (M)-nucleocapsid (N)-
3′UTR-poly (A) tail. At least 12 coding regions have been predicted 
in the virus genome, and spike protein of SARS-CoV-2 is longer than 
SARS-CoV of 2003 and MERS-CoV of 2012 [9]. The life cycle of the 
virus in the host cell consists of 5 steps, namely, attachment, pen-
etration, biosynthesis of non-structural and structural proteins, 
maturation and release of new virion particles. Coronaviruses con-
sist of four structural proteins; Spike (S), membrane (M), envelop 
(E) and nucleocapsid (N). 

Virus receptor and cellular entry
Spike glycoprotein (S) protruding from the viral surface is com-

posed of a transmembrane trimetric glycoprotein, which deter-
mines the diversity of coronaviruses and host tropism. The spike 
comprises two functional subunits; S1 subunit is responsible for 
binding to the host cell receptor and S2 subunit for the fusion of 
the viral and cellular membranes for endocytosis [9]. The recep-
tor binding domain (RBD) of beta-coronaviruses is located in the 
C- terminus of S1 domain. The RBD region of SARS-CoV-2 (29,903 
bases) spans from nucleotide 1030-1651 [15]. The RBD has a re-
ceptor binding motif (RBM) composed of 70 amino acids, the block-
ade of which results in neutralization of the SARS-CoV and there is 
only 59% similarity in amino acid sequence between the RBM of 
SARS-CoV and SARS-CoV-2, as against 82% amino acid similarity in 
the entire RBD region, and 94% similarity outside the RBM region 
[16]. Angiotensin converting enzyme 2 (ACE2) was identified as a 
functional receptor for SARS-CoV [17]. Structural and functional 
analysis showed that the spike for SARS CoV-2 also binds to ACE2 
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as its receptor [1,18-20]. Hoffman., et al. [1] further showed that 
ACE2 dependent virus entry required cellular transmembrane ser-
ine protease 2 (TMPRSS2). ACE2 expression is high in lung, heart, 
ileum, kidney and bladder [21]. In lung, ACE2 is highly expressed 
on the epithelial cells in the alveolar space. As alveolar type 2 cells 
highly express both ACE2 and TMPRSS2, these cells may be the pri-
mary entry point for the virus in the lung [2]. Hoffmann., et al. [1] 
demonstrated that the SARS-CoV-2 uses ACE2 for entry into cells, 
and TMPRSS2 and the endosomal cysteine proteases cathepsin B 
and L (CatB/L) for priming of spike protein. After binding of SARS- 
CoV-2 to the host protein, the spike protein undergoes protease 
cleavage at the S1/S2 junction for activation [22]. After the cleav-
age of the S1/S2 site, S1 and S2 subunits remain noncovalently 
bound and the distal S1 subunit contributes to the stabilization of 
the membrane anchored by the S2 subunit [20]. Subsequent cleav-
age at the S 2 site presumably activates the spike for membrane 
fusion via irreversible conformational changes. The coronavirus 
spike is unusual among viruses because a range of different pro-
teases can cleave and activate it [23]. The characteristics unique 
to SARS-CoV-2 among coronaviruses is the existence of furin cleav-
age site (“RPPA” sequence) at the S1/S2 site [23]. The S1/S2 site of 
SARS-CoV-2 is entirely subjected to cleavage during biosynthesis in 
a drastic contrast to SARS-CoV spike, which is incorporated into as-
sembly without cleavage [20]. Though the S1/S2 site is sensitive to 
cleavage by proteases TMPRSS2 and cathepsin B/L, the ubiquitous 
expression of furin likely makes this virus very pathogenic [1,22]. 
As ACE2 is highly expressed on the apical side of lung epithelial 
cells in the alveolar space [24]; this virus can destroy these cells. 
This is in line with the fact that the early lung injury is often seen in 
the distal airway of SARS-CoV.

COVID-19: incubation period, clinical symptoms and epidemi-
ology 

The SARS-CoV-2 virus primarily affects the respiratory system, 
although other organ systems are also susceptible. Initially, COV-
ID-19 cases were mostly observed among elderly people [25]. Sub-
sequently, as the outbreak progressed, children of < 18 years of age 
were also found affected with the disease. However, the incidence 
is much lower in children. Epidemiological studies have shown that 
mortality is higher in elder people as compared to younger ones 
[11,18]. Co-morbidity with cardiac ailment, diabetes and hyper-
tension are considered to be risk factors for development of fatal 
ARDS. The average incubation period is of about 5 days (up to ~14 
days) with average case-fatality rate of 2.3% [26,27]. Following 
Global spread of the disease, as on 04 May 2020 (05.02 GMT), the 
number of COVID-19 cases was the highest in the U.S.A., followed 
by (to name a few) Spain, Italy, U.K., France, Germany, Tukey, Iran, 

Russia, China, Brazil, Canada, and Belgium (www.worldometers.
info/coronavirus) with extrapolated case fatality rates (CFR; Total 
deaths/Total cases, %) of 5.77, 10.22, 13.7, 15.2, 14.75, 4.14, 2.7, 
6.37, 0.95, 5.6, 6.9, 6.2 and 15.7, respectively. During the same pe-
riod, in India the CFR was about 3.27%. This difference in CFR may 
be due to the age of the people infected with the virus; age could 
be directly proportional to the number of deaths, in addition to the 
extent of co-morbidity. The differences in CFR may also be due to 
the difference in total number of the people tested and cases diag-
nosed. HLA loci and alleles (either MHC class I or II) responsible for 
susceptibility/resistance to COVID-19 are yet to be identified. 

According to WHO, symptomatic Covid-19 patients show most 
common symptoms like fever, tiredness, and dry cough. Some pa-
tients may have aches and pains, nasal congestion, runny nose, sore 
throat or diarrhoea. These symptoms are usually mild and begin 
gradually. Some people become infected but do not develop any 
symptoms or feel unwell. Most people (about 80%) recover from 
the disease. Around 15% people infected with SARS-CoV-2 become 
seriously ill with difficulty in breathing, and older people with 
co-morbidity are more likely to develop serious illness like ARDS 
needing ventilator support. 

Treatment options and disease management
Currently, medical treatment is largely supportive/symptom-

atic, and drugs including lopinavir-ritonavir, remdesivir, hydroxy-
chloroquine, and azithromycin have been tested in clinical trials 
[12] and are being used under compassionate ground. However, 
none of these are specific for the causative virus. Patients in a re-
cent clinical trial in the U.S. receiving Remdesivir recovered faster 
than those getting placebo (https://www.niaid.nih.gov/news-
events/nih-clinical-trial-shows-remdesivir-accelerates-recovery-
advanced-covid-19). Remdesivir is an antiviral drug that has been 
used previously in Ebola virus infection in humans and has shown 
promise in animal models for treating Middle East respiratory 
syndrome (MERS) and severe acute respiratory syndrome (SARS), 
which are caused by other coronaviruses. Remdesivir is an adenos-
ine nucleotide triphosphate analogue; its active metabolite inter-
feres with the viral RNA-dependent RNA polymerase (RdRp) and 
also evades proofreading by viral exoribonuclease, resulting in de-
crease in viral RNA production [28,29]. It is a pro-drug, converted 
to ribonucleotide analogue GS-441524 in the body. The affected 
countries have resorted to social distancing by implementing lock-
downs to check human to human spread of the virus, and also com-
munity spread (stage 3). 
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Immune response and protection
Immune protection against invading pathogen/microbe(s) 

comprises of both innate and adaptive immunity. Innate immunity 
recruits immune cells to the site of infection through production 
of chemical factors called cytokines, activates complement cas-
cade and adaptive immune system through antigen presentation. 
Inflammation, a protective response involving immune cells, mo-
lecular mediators and blood vessels, is one of the first responses 
of the immune system to infection initiated by cells present in all 
the tissues, viz., macrophages, dendritic cells, histiocytes, Kupffer 
cells, and mast cells. 

The major histocompatibility complex (MHC) is a large locus 
on vertebrate DNA containing a set of closely linked polymorphic 
genes that code for cell surface proteins essential for the adaptive 
immune system. In humans, the MHC gene cluster is divided into 
three regions: classes I, II, and III. MHC molecules (also known as 
histocompatibility antigens) are highly polymorphic glycoproteins 
encoded by MHC class I and MHC class II genes, which are involved 
in the presentation of peptide antigens to T cells. Human MHC class 
I and II molecules are also called human leukocyte antigen (HLA). 
The MHC molecules bind peptide fragments from pathogens and 
display them on the cell surface for recognition by the appropri-
ate T cells, that results in killing of virus infected cells. Besides, B- 
lymphocytes are sensitized to produce antibodies to neutralize the 
pathogen(s). MHC class I molecules are expressed on all nucleated 
cells and present antigens/immunological domains (epitopes) to 
killer T cells (cytotoxic T lymphocytes; CTLs), and help in eliciting 
cellular immune response to counter intracellular pathogens, such 
as viruses and other intracellular microbes. MHC class II molecules 
occurs mostly on antigen-processing/presenting cells (APCs), in-
cluding macrophages, and dendritic cells. MHC Class III molecules 
include several secreted proteins with immune functions, viz., 
components of the complement system, cytokines like TNF-α, and 
heat shock proteins [30]. Not much is known about the process of 
immune-response to the SARS-CoV-2. 

Immuno-protective response to viral infections include activa-
tion of both innate and specific (adaptive) immune systems of the 
body. Viral infections usually activate cellular immune response 
involving both CD4+ T-lymphocytes (helper T cells, Th) and CD8+ 
T-lymphocytes (cytotoxic T cells, CTLs). The CD4 Th lymphocytes 
help CTLs and B- lymphocytes that produce specific anti-viral anti-
bodies [31]. The CD8 CTLs secrete a large number of biomolecules 
including Interferons (ability to interfere with virus proliferation) 
and perforin (pore forming cytolytic protein in the granules of 

CTLs and natural killer (NK) cells) to eliminate viruses and virus 
(infected) altered cells from the infected/diseased host [32]. 

Innate and adaptive immunity in SARS-CoV-2 infection
Epithelial cells, alveolar macrophages and dendritic cells are 

three main components for innate immunity in the lung’s airway 
[33]. Dendritic cells reside underneath the epithelium, whereas 
macrophages are located at the apical side of the epithelium. These 
two types of cells serve as innate immune cells to fight against vi-
ruses till adaptive immunity comes into play. T-Lymphocytes, both 
CD4+ and CD8+, play important role in anti-viral immune response. 
There has been no detailed study on immunity to SARS-CoV-2 in 
human. But studies on other coronaviruses contribute to believe 
that convalescence from COVID-19 may impart protection from 
SARS-CoV-2 re-infection. 

Patho-immunobiology of COVID-19
COVID-19 patients with severe disease (including ARDS) have 

lymphopenia, particularly the reduction in peripheral blood T cells 
[11,18,34]. In a study [5] conducted on COVID-19 patients revealed 
high WBC count with significant reduction in the numbers of cir-
culating lymphocytes (lymphocytopenia) and platelets, CD4:CD8 
ratio of 2:1 as in the healthy individuals, and higher expression of 
CD8 and hyperactivation of CTLs. There was no significant change 
in the expression level of CD4 compared to normal individuals. This 
study [5] inferred that anti-viral immune response to SARS-CoV-2 
infection is through over expression of CD8 and hyper activation 
of CTLs. 

The perspectives on immune responses to COVID-19 has been 
elaborated by Shi., et al. (2020) [3]. During the incubation period 
and non-severe clinical stage, specific immune response is required 
to eliminate the virus and check progression to severe stage, that 
is ARDS. When and if, adaptive immune response fails or is inad-
equate, the virus propagates causing massive destruction of host 
cells that have high expression of ACE2 receptor, including alveo-
lar cells, intestine (enterocytes) and kidney. Damaged cells induce 
inflammation in the lungs mediated by macrophages and granulo-
cytes. Granulocytes (neutrophils, eosinophils, and basophils) and 
mast cells are important mediators of inflammatory response. 

T-cell antigen receptors (paratopes) on CD4+ and CD8+ cells rec-
ognise antigens presented by antigen processing/ presenting cells 
(APCs). Genetic differences can contribute to individual variation in 
immune response. It could be advantageous to have HLA molecules 
with increased binding specificities to the SARS-CoV-2 antigens 
presented by antigen processing/ presenting cells [3]. Therefore, it 
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is required to identify whether specific HLA loci and alleles (class 
I or II) are associated with development of immune protection to 
SARS-CoV-2. 

T-cell mediated responses against coronaviruses have been 
studied. These responses are initiated by antigen(s)/ epitope(s) 
presented on dendritic cells (DCs) and macrophages. These 
cells can phagocytize virus infected cells [35] and then pres-
ent antigen(s)/ epitope(s) to T cells. Sometimes, these cells can 
also get infected. Based on the Immunological Genome database 
(http://rstats.immgen.org), there is limited expression of ACE2 
on splenic dendritic cells and alveolar macrophages. SARS-CoV 
(of 2003) can bind to dendritic-cell specific intercellular adhesion 
molecule-3-grabbing nonintegrin (DC-SIGN) and DC-SIGN-related 
protein (DC-SIGNR, L-SIGN) in addition to ACE2 [36]. DC-SIGN is 
highly expressed on dendritic cells and macrophages. This aspect 
in SARS-CoV-2 needs further investigation. The APCs move to the 
draining lymph nodes and present viral antigens/epitopes to CD4+ 

and CD8+ T-lymphocytes, the former activate B- lymphocytes for 
the production of virus-specific antibody, while the latter functions 
as cytotoxic T-lymphocytes/cells (CTLs) and kill virus infected 
cells. 

Role of cytokines
Patients with severe Cov-2 infection have been reported to have 

increased plasma concentrations of proinflammatory cytokines, 
including interleukin (IL)-6, IL-10, granulocyte-colony stimulat-
ing factor (G-CSF), monocyte chemoattractant protein 1 (MCP1), 
macrophage inflammatory protein (MIP)1α and tumour necrosis 
factor α (TNFα) [19,34,37]. The more severe condition was as-
sociated with higher level of IL-6. Patients having activated CD4+ 
and CD8+ T cells had higher expression of CD69, CD38 and CD44 
markers. NK group 2 member A (NKG2A), another marker for ex-
haustion was elevated on CD8+ T cells [38]. Exhaustion of T cells 
might lead to the progression of the disease. Another finding was 
that in COVID-19 patients with severe disease, there were aberrant 
pathogenic CD4+ T cells co-expressing interferon-γ (IFN-γ) and 
granulocyte-macrophage colony-stimulating factor (GM-CSF) [19]. 
GM-CSF production by T cells has been previously reported as a 
response to virus infection. GM-CSF can help to differentiate innate 
immune cells and augment T cell function; but when in excess, it 
can initiate tissue damage [39]. GM-CSF+IFN-γ+ CD4+ T cells were 
seen having strong T cell receptor (TCR) response in experimen-
tal autoimmune encephalomyelitis models, where CD8+ T cells 
expressing GM-CSF were found at higher percentage and secreted 

IL-6. These immunological studies were exclusively reported from 
adult patients. Immunological responses in paediatric population 
needs to be examined.

The study of SARS-CoV of 2003 had revealed that virus infected 
lung epithelial cells produce IL-8 in addition to IL-6 [33]. IL-8 is a 
chemoattractant for neutrophils and T cells. Infiltration of a large 
number of inflammatory cells were observed in the lungs of severe 
COVID-19 patients [40-42] and these cells presumably consisted 
of innate immune cells and adaptive immune cells. Among innate 
immune cells, there could be abundance of neutrophils that can in-
duce lung injury [43]. The majority of the infiltrating adaptive im-
mune cells could be T cells, as there was significant reduction in 
circulating T cells. The CD8+ T cells are primary cytotoxic T cells. 
Severely sick patients also had cytotoxic T cells derived from CD4+ 
T cells [44]. These cytotoxic T cells can kill virus and contribute to 
lung injury. Circulating monocytes respond to GM-CSF released by 
these pathological T cells. CD14+CD16+ inflammatory monocytes, 
which rarely existed in healthy controls, were also found at signifi-
cantly higher percentage in COVID-19 patients. These inflammato-
ry CD14+CD16+ monocytes had high expression of IL-6, which likely 
accelerated the progression of systemic inflammatory response. 
Another observation was that ACE2 was significantly expressed on 
innate lymphoid cells (ILC2 and ILC3). NK cells are a member of 
ILC1, which constitute a large portion of ILCs in the lung (~95%). 
ILC2 and ILC3 contribute to mucous homeostasis. There is a very 
limited study of ILC2 and ILC3 in coronavirus infection. Innate 
lymphoid cells (ILCs) are innate immune cells, and in response to 
pathogenic tissue damage contribute to immunity by secreting sig-
nalling molecules (cytokines). 

Endothelial cells also express ACE2 [45] and represent one third 
of the lung [46]. Microvascular permeability due to endothelial in-
jury can facilitate viral invasion. The function of the endothelium 
includes promotion of vasodilation, fibrinolysis and anti-aggrega-
tion. As endothelium plays a significant role in regulation of throm-
bosis, hypercoagulable profiles seen in severe diseases may indi-
cate endothelial injury. 

It has been reported that ACE2 is abundantly expressed on 
well-differentiated ciliated epithelial cells [47]. Human lung and 
epithelial cells continue to develop following the birth. Therefore, 
ACE2 expression may be lower in paediatric population. From the 
lung gene expression analysis portal (https://research.cchmc.
org/pbge/lunggens/mainportal.html), ACE2 expression in mice 
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increased around at birth. Its expression reduced till around P10 
(postnatal 10), then increased.

Effect of gender, age, immune response and cytokine storm on 
COVID-19

Gender may also affect ACE2 expression. ACE2 gene is located 
on the X-chromosome. Circulating level of ACE2 is higher in men 
than in women [48] and this may attribute for the difference in 
severity and mortality between men and women both in the adult 
and the paediatric population (birth to 16 years of age) [49,50]. 

Children have a different response to the SARS-CoV-2 than 
adults. With increase in age, continuous antigen stimulation and 
thymic involution leads to a shift in T cell subset distribution from 
naïve T cells to central memory T cells, effector T cells and effec-
tor memory T cells [51]. The process of ageing is accompanied by 
the loss of expression of co-stimulatory molecules such as CD27 
and CD28, with increased susceptibility to infections [52]. CD27 
is a member of the tumour necrosis factor receptor superfamily. 
CD28 is expressed on T cells and helps in T cell activation and 
survival. T cell stimulation through CD28 provides signal for the 
production of IL-6. At the early stage after birth, CD4+ T cells lack 
in production of Th1 (cellular immune system) associated proin-
flammatory cytokines and diverted toward Th2 (humoral immune 
system). CD8+ T cells also have reduced expression of cytotoxic 
and inflammatory mediators [53]. As studied in the experimental 
models, low killing ability of T cells at early stage after birth pos-
sibly explains susceptibility of infants to SARS-CoV-2 [54]. Severe 
COVID-19 infection is characterized by a massive proinflammatory 
response or cytokine storm [2,3] that results in ARDS and multi-
organ dysfunction. Also, it has been observed that inflammatory 
responses in adults and children are different [55]. Ageing is as-
sociated with increasing proinflammatory cytokines that govern 
neutrophil functions and have been correlated with the severity 
of ARDS. Presence of other viruses in lungs and airways, common 
in young children, can let SARS-CoV-2 virus compete with them 
and limit its growth [56]. Comprehensive understanding of why 
children in general are less susceptible to severe COVID-19 would 
help to design immunotherapy to eradicate this virus. So far there 
is no animal model for SARS-CoV-2.

The symptoms due to SARS-CoV-2 infection, varies from mini-
mal sickness to ARDS, as in SARS-CoV-1 (SARS-2003). The ARDS 
developed following SARS-CoV-2 infection has been named as 
cytokine release syndrome (CRS), and the cytokine pathway can 
be targeted for chemotherapy [2]. The cytokine storm in ARDS is 
reflected by release of large amounts of pro-inflammatory cyto-

kines vi., INFα, IFNγ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNFα, TGFβ) 
and chemokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10 etc) 
by immune effector cells [57]. The possible therapeutics targeting 
cellular receptors ACE2 and TMPRSS2 could be helpful in prevent-
ing early phases of the infection, but ARDS that is developed late in 
the infection process/cycle as a result of cytokine storms, in which 
immune and nonimmune cells release large amounts of proinflam-
matory cytokines, viz., IL-6, TNFα and chemokines causing severe 
damage to the host, is lethal [2]. This cytokine storm is facilitated 
by activation of both NF-κB (nuclear factor kappa B) and STAT3 
(signal transducer and activator of transcription 3) upon infec-
tion of the respiratory system by the SARS-CoV-2. Activation of the 
NF-κB and STAT3 can activate IL-6 amplifier that induces various 
pro-inflammatory cytokines and chemokines, including IL-6. While 
considering the cytokine and chemokine network in Cov-2 infec-
tion, it is intriguing to note that although diffuse alveolar damage 
(DAD) as seen in ARDS has been reported in many post-mortem 
cases [14], other modes of damage including microvascular injury 
and thrombosis also appear to be a hallmark of many patients re-
sulting in death [58]. 

Neutralizing domains/epitopes of SARS-CoV and SARS-CoV-2 
are located in both receptor binding domain (RBD) and recep-
tor binding motif with in the RBD [59]. In SARS-CoV, attachment 
of the virus to ACE2 receptor can be blocked by specific neutral-
izing antibodies that recognize RBD in the Spike(S) glycoprotein, 
and S mediated viral fusion with cell membrane can be blocked by 
neutralizing antibodies against the heptad repeat 2 (HR2) domain 
[60]. Neutralizing antibodies can also interact with complement, 
phagocytes and natural killer cells to clear the pathogen. Therefore, 
neutralizing antibodies, as well as non-neutralizing antibodies, can 
bind to the Fc receptors present on different immune cells, viz., 
macrophages, monocytes and B-lymphocytes and result in anti-
body dependent enhancement (ADE), as in SARS, that occurs when 
there is suboptimal antibody response [4]. The ADE upregulates 
pro-inflammatory cytokines and down regulate anti-inflammatory 
cytokines, and the danger of ADE is also possible in SARS-CoV-2 
infection and this can complicate the pathology of COVID-19. While 
viral infections are generally considered to confer immunity, re-
infection with Covid-2 have been reported and such infections may 
be more serious than the first exposure, a phenomenon also seen 
in Dengue virus infections. ADE was observed earlier in cats admin-
istered with experimental FIPV (feline infectious peritonitis virus; 
an alpha coronavirus) vaccine causing more severe disease (in im-
munized cats) than in control cats after live virus challenge [61]. 
As scientists attempt to test over 90 vaccine candidates around the 
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world, safety evaluation should include consideration of ADE and 
similar reactions [4]. 

Conclusion 
The last Global pandemic of Spanish Flue due to Influenza A 

virus H1N1 occurred in 1918. People of all ages and sexes were 
affected with the disease. Since January 2020, the SARS-CoV-2 in-
fection causing COVID-19 has become a global pandemic affecting 
212 countries and territories covering all the five continents. As 
no proven vaccine or specific chemotherapy is currently available 
for COVID-19, the control of the spread of virus infection is be-
ing managed worldwide by adopting social distancing to prevent 
person-to-person spread and community transmission. It has been 
observed that the COVID-19 leads to ARDS in elderly people > 60 
years of age with high fatality rate. Though, enough information 
is not available on the immunopathology of the disease, available 
data suggests that untoward immunological reactions (immunopa-
thology) involving cellular immunity lead to ‘cytokine storm’ caus-
ing ‘cytokine release syndrome’ in patients having ARDS. Further, 
neutralizing antibodies as well as non-neutralizing antibodies can 
lead to ADE involving cells of immune system with Fc receptors. 
As on 04 May 2020 (05:02 GMT), there were >3.56 million cases 
worldwide with 7% mortality (CFR) and 1.154 million people re-
covered from the disease (www.worldometers.info/coronavirus). 
The pandemic has caused a severe blow to the economy and life-
style in USA and Europe. In USA, the total number of cases is about 
1.188 million as on 04 May 2020 (05:02 GMT) with CFR of 5.77%, 
whereas, In India, with a population of about 1300 million (1.3 bil-
lion), there were only 42,533 cases with 1,391 deaths, and CFR of 
3.27%. In smaller European countries including Spain, Italy, U.K., 
France, and Belgium, the CFR was in the range of 10.22 to 15.7%. 
In Russia and Germany, the CFR was much lesser at 0.95% and 
4.14%, respectively. It is possible that there is genetic susceptibil-
ity/resistance to COVID-19. It has been recorded elsewhere that all 
exposed to the virus do not get infected. As per Shi., et al. (2020), 
it is important to identify whether there are any specific HLA loci 
and alleles (either class I or II) associated with SARS-CoV-2 pro-
tective immunity. In addition, it will be of interest to investigate 
whether the countries like India where BCG (Bacillus Calmette-
Guerin) vaccination at birth (for prevention against tuberculosis 
and leprosy) is in vogue since many years, have stronger innate im-
munity in the population that may resist community spread of the 
virus infection. In countries where tuberculosis or leprosy is com-
mon, one dose of BCG vaccine is administered to babies as close to 
the time of birth as possible. Different species of Mycobacterium 
genus including M. phlei are known to excite stronger innate im-
munity that continues for long period in life. Further, it remains to 

be seen whether after the COVID-19 pandemic slows down (post 
pandemic period), virus persistence and carrier state is established 
and continues in the population. In the present scenario of the pan-
demic, there is urgent need for preparedness in terms of quick and 
precise diagnostics to monitor presence of viral antigen or antibod-
ies in human population under structured studies. In addition, cir-
culation of SARS-CoV-2 needs to be monitored in different animal 
species, like pets (dogs and cats) which remain in close contact 
with human beings, and possibility of reverse zoonoses. The veteri-
narians, animal virologists, pathologists and immunologists have 
a greater role to play towards the control, prevention and manage-
ment of COVID-19 and similar pandemics of zoonotic nature in 
future along with medical professionals, molecular biologists and 
epidemiologists under ‘one health’ concept. 
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