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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) that causes coronavirus disease 2019 (COVID-19)
pandemic has affected millions of people worldwide. The
pathophysiology of this virus is not very clearly known, thus,
enormous efforts are being made by the scientific commu-
nity to delineate its evading mechanism. In this review, we
have summarized the hyperinflammation and humoral and
cell-mediated immune response generated in human body
after infection with the SARS-CoV-2 virus. The inflammatory
response generated after infection by increased proinflam-
matory cytokines and chemokines, and complement pro-
teins activation may likely contribute to disease severity. We
also discussed the other factors that may affect immunity
and could be important comorbidities in the disease severity

and outcome. ©2020S. Karger AG, Basel

Introduction

The emergence of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) from Wuhan, China, that
causes COVID-19 poses an unprecedented health crisis.
It was declared a pandemic by the WHO on March 11,
2020. Coronaviruses comprise of 4 genus namely alpha
coronaviruses, beta coronaviruses, gamma coronaviruses,
and delta coronaviruses. SARS-CoV-2 belongs to the beta
coronavirus genus. Its closest relative among human
coronaviruses is SARS-CoV, with 79% genetic similarity.
However, among all known coronavirus sequences,
SARS-CoV-2 is most similar to bat coronavirus RaTG13,
with ~96% similarity, and coronavirus sequences in the
pangolin (a scaly anteater mammal) with ~91.02% simi-
larity [1]. The receptor-binding domain of spike protein
of pangolin CoV and SARS-COV-2 has the same 6 amino
acids which interact with angiotensin-converting en-
zyme-2 receptor while 5 of these 6 residues differ between
SARS-CoV-2 and SARS-CoV. However, the polybasic
cleavage site of spike protein is different that makes SARS-
CoV-2 more aggressive for cellular infection in humans

[1].

© 2020 S. Karger AG, Basel

KARGER

karger@karger.com
www.karger.com/nim

Shashi Bala Singh

Director, National Institute of Pharmaceutical Education and Research (NIPER)
Balanagar, Telangana

Hyderabad 500 037 (India)

drshashisingh @ gmail.com



| « Start of genome

M N

Non-structural proteins

29,903 nucleotide sequences >|

ORF 1ab protein Structural proteins

Spike E

Accessory proteins

3

1
0
Fig. 1. Annotation of SARS-CoV-2 pro- IT

lil ﬁ ERY 13 15 3a 67b9% 1I0
B iy
4 6 810 12 14 16 3b 7a8 9c

teins. SARS, severe acute respiratory syn-
drome; CoV, coronavirus.

SARS-CoV-2 is + sense, single-strand RNA virus
which has about 29,903 nucleotide sequences which
makes about 14 genes that makes ~27 proteins [1, 2]. It
includes nonstructural proteins (nsp 1-16), and nsp 12 is
known as RNA-dependent RNA polymerase or RdRp
that makes more RNA copy of the virus a target of Rem-
desivir, a promising drug for COVID-19. Structural pro-
teins include spike (S), envelope (E), membrane protein
(M), and nucleocapsid (N) proteins (Fig. 1). The S pro-
teins make crown-like spikes give coronaviruses their
name. Others are accessory proteins.

Enormous scientific literatures have been generated
during the last 4-5 months on the understanding of im-
mune response as well as immunopathogenesis induced
by SARS-CoV-2. Here, we have reviewed the innate and
adaptive immunity along with other factors which may
contribute to immune modulation in COVID-19 pa-
tients.

Differential Inmune Response Generation in Mild
and Severe COVID-19 Patients

A schematic diagram of immune response generation
in COVID-19 is described in Figure 2. There are many
factors which may be responsible for differential immu-
nity in mild and severe COVID-19 cases. Some of them
are described as under:

Role of Innate Immunity in Virus Clearance
The SARS-CoV-2 primarily infects type-II pneumo-

cytes of upper and lower respiratory tract cells. The recep-
tor-binding domain of spike protein interacts with mem-
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brane-bound angiotensin-converting enzyme-2 of the
host cells and facilitates entry inside host cell [3]. After
getting entry inside the cell, virus replicates and infects
more cells. Increased number of virus cause the host cell
to undergo pyroptosis and release damage-associated
molecular patterns (DAMPs), including nucleic acids
and ASC oligomers. These DAMPs are recognized by pat-
tern recognition receptors present on lung epithelial cells,
endothelial cells, and alveolar macrophages, triggering
the generation of proinflammatory cytokines and chemo-
kines. Recognition of viral RNAs by RIG-1, MDA-5, and
TLR3 triggers type I interferon production (IFN-a and
IFN-B) which protects from any viral infection. In the in
vitro studies, Lokugamage et al. [4] and Mantlo et al. [5]
demonstrated that SARS-CoV -2 is sensitive to IFN-I pre-
treatment [4, 5]. However, the role of interferon stimulat-
ing genes still needs to be elucidated in case of SARS-
CoV-2 infection.

In young individuals, after recognition of viral DAMPs,
immediately type I interferon is secreted and virus replica-
tion is inhibited [6]. Probably, this could be a reason for
the majority of positive cases being asymptomatic. How-
ever, in old individuals with comorbid conditions, due to
immune senescence, delayed IFN-I production may lead
to further recruitment of inflammatory cells such as
monocytes, macrophages, and neutrophils. These cells se-
crete huge proinflammatory cytokines known as cytokine
storms that damage the lung alveoli causing severe acute
respiratory syndrome. It then turns into sepsis causing
dangerously low blood pressure and can damage multiple
organ systems [7]. A study conducted by Petrilli et al. [8]
in New York on 4,103 patients found early elevations of
inflammatory marker C-reactive protein and D-dimer,
which had the strongest association with the requirement
of ventilator support for patients or death [8].
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Fig. 2. Immune response generation in COVID-19. COVID-19, coronavirus disease.

Natural Killer Cells

Natural Killer (NK) cells are large granular lympho-
cytes which kill virus-infected cells. In severe COVID-19
patients, a significantly reduced number of NK cells were
reported in the peripheral blood mononuclear cells as
compared to age-matched nonsevere COVID-19 patients
[9-12]. The NK cells are nonresident lung cells; however,
they can infiltrate into lungs from peripheral blood via its
chemokine receptor CXCR3 towards chemoattractant li-
gands secreted by monocytes and macrophages in the
lungs of COVID-19 patients [13, 14]. Wilk etal. [15] have
reported the reduced intracellular granzyme B level in
NK cells indicating that NK cell cytotoxicity is reduced in
severe COVID-19 patients.

Complements Activation and Hyperinflammation

The complement system is part of the innate immune
response and is involved in the initiation of proinflamma-
tory responses that protects from bacterial infections, and
often neutralizes invading viruses. It has 3 pathways that

Immunity in COVID-19 Patients

converge on the common pathway[16]. The activation of
the classical pathway occurs by immune complexes, the
alternative pathway triggered by specific surface antigens
and lectin pathway induced by binding mannose residues
on the pathogen surface. The common pathway includes
production of C3a and C5a which triggers inflammatory
response. Clinical data on the role of complement activa-
tion in the development of SARS-CoV-2-associated
ARDS are very limited. A recent study reported that lung
biopsy samples from patients with severe COVID-19
showed activation of complement lectin pathway, show-
ing aberrant C3a generation and C3-fragment deposi-
tion. A significant increase of serum C5a levels was also
observed. Importantly, treatment of patients with an anti-
C5a antibody led to immediate clinical improvement, as
measured by increased lung oxygenation and decreased
systemic inflammation [17]. Some of the severe CO-
VID-19 patients showed thromboembolic disorder this
may be attributed to thrombo-inflammatory processes
[18,19]. Autopsy reports of SARS patients had also shown
coagulopathy without the infiltrates of virus that can oc-
cur in many different clinical scenarios including patho-
genic complement activation [20]. The unrestrained acti-
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vation of complement pathway induced by the SARS-
CoV-2 plays a major role in acute and chronic
inflammation, endothelial cell dysfunction, thrombus
formation, and intravascular coagulation, and ultimately
contributes to multiple organ failure and death. Risitano
etal. [21] reported that activation of complement cascade
may lead to maladaptive inflammatory response; hence,
inhibition of complement C3 and C5 may have therapeu-
tic potential on SARS-CoV-2 induced hyperinflamma-
tion in severe COVID-19 patients.

Adaptive Immunity and T- and B-Cell Response

The adaptive immune response involves T and B
lymphocytes. The cell-mediated immunity is driven by
T lymphocytes while humoral immunity is driven by B
lymphocytes. When viruses infect the cell, the viral pep-
tides are loaded on MHC class I of nucleated cells such
as epithelial cells, monocytes, dendritic cells, etc. These
viral peptides are recognized by cytotoxic T lympho-
cytes (CD8 T cells), and infected cells are subsequently
killed by cytotoxic T lymphocytes by apoptosis. The se-
creted proteins of viruses are also loaded on class II
MHC molecules and interact with T-cell receptor of
CD4 T cells (helper T cells). CD4 T cells secrete cyto-
kines like IL-2 and IL-6 which help virus-specific B cell
to proliferate. B cells become secretory cells called plas-
ma cells, and memory and plasma cells secrete IgM,
IgG, and IgA antibodies specifically to neutralize the
viruses [16]. These processes take a little time to devel-
op. In case of COVID-19 published literature suggested
that acute antibody responses to SARS-CoV-2 generate
within 19 days after symptom onset [22]. Seroconver-
sion for IgG and IgM occurred simultaneously or se-
quentially [22].

Ju et al. [23] reported that some degree of cross-reac-
tivity to SARS-CoV-1 S and N proteins and to MERS-
CoV S protein was found in the plasma from COVID-19
patients, but, no cross-reactivity was found to the RBD
from SARS-CoV-1 and MERS-CoV. In addition, plasma
from COVID-19 patients did not neutralize SARS-CoV-1
or MERS-CoV [23], thus, SARS-CoV-2 and SARS-CoV
are immunologically distinct. Memory B-cell response is
important to prevent further infection of SARS-CoV-2. A
study conducted by Bao et al. [24] in rhesus macaques
indicated that macaques that had resolved the primary
infection developed immunity against SARS-CoV-2 and
28 days after rechallenge no symptoms of COVID-19 ap-
pear [24]. This study gives a clue that protective immu-

4 Neuroimmunomodulation
DOI: 10.1159/000513198

nity could be generated from vaccines being tested for
COVID-19. However, the long-term memory response is
yet to be studied because of the timing.

CD4 and CD8 T Cells in COVID-19

Several studies have reported the reduced lymphocyte
counts with significantly reduced number of CD4 and
CD8T cells in COVID-19 patients [24-27]. In severe CO-
VID-19 cases, the CD8 T cells were drastically reduced
(24, 26, 27]; however, in mild cases, the patients had nor-
mal or slightly higher CD4 and CD8 T cell counts [28, 29].
Current data point to potentially diverse patterns of
CD8+ T cell responses in patients with COVID-19. There
are few reports which suggest that SARS-CoV-2-specific
CD8 T cells in patients, who have recovered, provide evi-
dence of CD8 T-cell memory in many convalescent pa-
tients [30, 31].

Zheng et al. [12] reported that expression of NKG2A
was increased in cytotoxic T cells and NK cells but the
level of granzyme b production was reduced. Also, the
percentage of NKG2A + cytotoxic lymphocytes was de-
creased in recovered patients infected with SARS-CoV-2,
signifying that NKG2A expression may be correlated
with functional exhaustion of cytotoxic lymphocytes and
disease progression in the early stage of COVID-19 [12].
The reports published so far indicating that COVID-19 is
associated with both functional exhaustion as well as re-
duction of T cells.

There is a limited study to clear the actual CD4 and
CD8 T-cell response, central, and effector memory T-cell
generation against SARS-CoV-2, and more studies are re-
quired to clear the exact T cell response in COVID-19
patients. The virus-specific CD8 T-cell response is impor-
tant to understand the cell-mediated destruction of
SARS-CoV-2 which is tricky to measure.

Other Factors That May Affect Immunity and
Severity of Disease

Age

It is well established that immunity of young and old
individuals differs. Therefore, age may be one of the risk
factors. Older people and people with chronic illness are
at greater risk. According to the data from China, the old-
er COVID-19 patients are more likely at risk as compared
to the younger patients [32]. The recent analysis of Chi-
nese data reported the chance of death in confirmed CO-
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VID-19 cases were more than 13% for patients above 80
years and older, compared to about 0.15% for patients in
their 30 s, and virtually 0% for patients under 20 [32].

Ethnicity

The effects of ethnicity on COVID-19 is yet to be es-
tablished, however, emerging data from the USA, suggest
that death rates among Black/African American persons
(92.3 deaths per 100,000 population), and Hispanic/La-
tino persons (74.3) were substantially higher than that of
white (45.2) or Asian (34.5) persons [33]. In a preprint
study from the UK, no significant effect of ethnicity itself
was found on severe outcomes of COVID-19 patients
with adjustment for age/sex/comorbidities [34]. The
higher observed incidence and severity in some ethnic
groups may be associated with socioeconomic, cultural,
or lifestyle factors, genetic predisposition, or pathophysi-
ological differences in susceptibility or response to infec-
tion [35].

Comorbidities

Emerging data on COVID-19 patients who develop se-
rious or fatal COVID-19 are disproportionately likely to
have at least 1 major underlying health condition, such as
hypertension, obesity, diabetes, asthma, kidney disease,
chronic obstructive pulmonary disorder, or chronic in-
flammatory diseases [8]. Obesity is a main risk factor for
these comorbidities and more generally for impaired
metabolic health and is also linked to an increased risk of
pneumonia [36]. Measurement of anthropometric char-
acteristics such as BMI and metabolic parameters is cru-
cial to better estimate the risk of complications in patients
with COVID-19. Obesity represents a risk factor that also
puts younger people at increased risk. On the other hand,
obesity is a modifiable risk parameter. Nevertheless, in
most cases, a large amount of weight loss is difficult to
achieve. In this respect, it would be important to mention
that achieving metabolic health in obesity is expected not
only to reduce the risk of cardiometabolic diseases but
also of a severe course of COVID-19 [37].

Diet

Eating right is equally important to enhance immu-
nity. Therefore, balanced diet is always advised. The diet
rich in high fiber content is helpful as it strengthens gut
microbes which strengthen immunity and sleep well as it
is proven immune booster. Vitamin D also helps in boost-
ing immunity. It is produced by the body in response to
sunlight and has major health benefits. Deficiency in vi-
tamin D may pose at greater risk to infectious diseases. A

Immunity in COVID-19 Patients

majority of global population is vitamin D deficient.
Therefore, food with rich in vitamin D is required to ful-
fill the daily need [38-40]. Yoga and moderate exercise
are also helpful in strengthening immunity [41], so regu-
lar practice of yoga and moderate exercise will strengthen
immunity. One should not be panic or stressed because
stress lowers immunity. The strong immune system is
able to kill the virus at the early stage of infection.

Herd Immunity

If the majority of the population is immune to an in-
fectious agent, the chance of a susceptible individual con-
tacting an infecting individual is so low that the suscep-
tible individual is not likely to become infected. This is
known as herd immunity [16, 42-45]. The possible ways
to build widespread SARS-CoV-2 immunity are (a) natu-
ral immunization of global population with the virus over
time and (b) vaccination of global population with an ef-
fective and safe vaccine. The consequences of former ap-
proach could be far reaching as millions of people may die
due to natural infection of virus and a sudden boom in
sick people needing ICU care will overwhelm hospitals.
Slowing it down by imposing restrictions would mean
health systems could be spared and lives saved. Therefore,
in the absence of a vaccine, establishing herd immunity
should not be the ultimate goal.

Conclusion

The rapid spread of SARS-CoV-2 from Wuhan, Chi-
na, to all 6 continents in a very short span of time has
posed urgency in both basic science and clinical research,
and looking at the tremendous amounts of information
generated every day is remarkable by the scientific com-
munity. A significant knowledge has been generated in a
short time about the understanding of immunology of
SARS-CoV-2 infection. The epidemiological data emerg-
ing from world suggest higher transmissibility rate of
SARS-CoV-2 as compared to the previous coronaviruses
such as SARS and MERS. Here, we have reviewed the in-
nate immunity including NK cell functionality, comple-
mentactivation, and interferon production in COVID-19
patients and further highlighted the adaptive immune re-
sponse in terms of humoral and cell-mediated immunity.
However, more studies are required to address the differ-
ential immune response generation in severe and mild
COVID-19 patients. The outcome of studies being con-
ducted on SARS-CoV-2 worldwide will likely provide a
robust framework to fulfill that unmet need.
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