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Globally, SARS-CoV>-2 outbreak is considered as
pandemic viral infection by the World Health
Organization (WHO). In the immunological
response aspect, a very limited understanding has
been progressed, mainly innate and adaptive

immunity responses toward the virus. SARS-COV-
2 causes severe respiratory disease and sometimes
ended with the death. The body of the patients has
ability to develop the immunity to cure the patient
and more importantly both humoral and cellular
immunity have studied against SARS-COV-2.
There are different immune responses against the
viral infection as it has seen in other previous
diseases such as SARS-COV and MESR. On the
base on immune response detected in recovered
patients, scientists have started to develop the
vaccines. Moreover, there are different strategies
that used by researchers and pharmacological
companies to develop vaccines including
attenuated or killed viruses, RNA of a spike
protein, and vector expressing a particular protein
of the virus. The common antibodies have detected
to work against SARS-COV-2 in sera of infected
or recovered patients are immunoglobin G ( IgG)
and immunoglobin M (IgM). The sera of patients
recovered from COVID-19, after tittering of
immunoglobulins (IgG titer) can be used for
either treatment of disease or prophylaxis of
infection by SARS-COV-2. This study gives an
update on the current immunological approaches
and vaccination strategies for the emerging
SARS-COV-2, and discusses the challenges and
hurdles to overcome for developing efficacious
vaccines against this dangerous pathogen.
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1. INTRODUCTION

Anatomically, respiratory tract is an opened tube divided into upper and lower parts; the upper
respiratory tract consists of the nose, mouth and pharynx, while trachea, bronchi and lungs are
a part of the lower respiratory tract, which lining by epithelial tissues. The epithelial tissues in
the respiratory system serve as a barrier layer that separate and protect the internal tissues
from outer environment, provides a marvelous first lines of body defense against pulmonary
diseases by pathogens. Goblet cells seems among ciliated columnar epithelial cells, along with
club and tuft cells secret a surfactant substance, together produce impermeable barrier via
construction of tight junctions occupied the tope surface of the epithelial cells [1][2]. The
action movement upward of the mucocilla is another element of the epithelial tract, which
accelerates clearance of trapped particles pulled to upward of the respiratory tract then,
eliminated or facilitates by coughing [3]. Damaging of epithelial tissues, tight junctions and
changing in the permeability of epithelial cell membrane by air pollutant or allergen and
infections by respiratory viruses. Additionally, the epithelial of respiratory tract is
immunologically active; it has an essential function for regulation and immune response
activation in lung [4].

Pulmonary epithelial cells can detect Pathogen Associated Molecular Pattern (PAMP) in
action of expressing Pattern-Recognition Receptors (PRR) [5], also epithelial cell has the
ability to secrete variety of humoral agents such as cytokines and chemokines which
associated with local immunity leads to eliminate of dead cells via apoptosis and actions of
proinflammatory cells, this process done by intracellular signaling which mediates by
GTPase Ras-related C3 botulinum toxin substrate 1 (Racl). Racl regulate secretion of
several cytokines of bronchia epithelial cells, such as IL-10 and IL-33 it may have crucial
roles in regulation of allergic reactions. In addition, the airway epithelial cells able to secret of
different antimicrobial molecules, such as lysozyme, complement proteins, collectins and
defensins. In the response of foreign particles most of the molecules produced and secreted by
pulmonary epithelial cells can regulate and generate immune responses, activate the cells of
both innate and adaptive system [6] [7].

The respiratory systems continuously exposure to the exterior environment, alveolar epithelial
cells are a target of viral infections includes coronaviruses (CoV) [8]. CoV is an enveloped
non-segmented plus single stranded RNA (ssRNA) virus, the entire genome size ranged from
26 to 32 kilobases, double stranded RNA (dsRNA) produces as an intermediate of synthesize
viral RNA genome during viral replication in the cytosol of infected cells [9]. WHO
announced on Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) as a
pandemic that leads to novel coronavirus disease 2019 (COVID-19) [10].

In case of SARS-CoV-2 infected patients, the histopathological examination of airway show
non-specific inflammatory responses includes; infiltration of inflammatory cells (such as
neutrophils, monocytes, and eosinophils) and edema, also determine serious alveolar epithelial
cells exfoliation and found widening and damaging in alveolar septa. Pathologically, CoV
infection seems leads to degeneration, hyperplasia and infiltration, further pulmonary
interstitial arteriolar walls destruction, demonstrated nonspecific inflammatory responses have
been a critical role all over the viral infection [11]. While SARS-CoV infects a person, host
immune response triggered against virus.

Middle East respiratory Syndrome Coronavirus (MERS-CoV) can affect a variety of cells in
the human body, such as moncytes, T cells and it may be infected DCs also. The ability of
MERS-CoV infections a wide range of cells may be refer to presence the dipeptidyl peptidase-
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4 rceptor on the surfces cytoplasmic membrane of activated white blood cell, while both
SARS-CoV and SARS-CoV-2 consider the angiotensin-converting enzyme 2 (ACE2) as a
speecific receptor [12]. ACE2 receptor expressed mostly in the type-2 alveolary in the lungs,
the study reported that CoV capable to infect macrophage and T-lymphocytes directly and it is
a major factor of virus mediated pathogenesis [13] [14].

Innate immunity can recognize the viral dsSRNA by PPR, such as Toll like receptors (LTRs)
and Retinoic acid-inducible gene 1 (RIG-I)-like receptors (RIG-1) trigger and activate
interferon regulatory factors (IRF) which initiate interferon (IFN) type I production includes
IFN-a and IFN-B, recruit phagocytic cells such as macrophage and dendritic cells (DCs)
natural killer cells cytotoxic T-lymphocytes (CTL) followed by elimination of the virus [15]
16] [17]. DCs is one of the professional antigen presenting cells (APCs) capable to engulf
viruses migrate to lymphoid tissues and display viral particles to helper T-lymphocytes via
aids of major histocompatibility class II (MHC II') [18], DCs have great impact in both
cellular and humoral immunity responses, they obviously able to induce the activation of B
and T lymphocytes, hence link innate and adaptive immunity [19] [20]. Consequently DCs is
one of the target invasions by microbes, such as HIV drive different mechanisms to
manipulate and effects on the functions of DCs, eventually HIV escape from the immune
system and facilitating cell to cell diffusion [21]. This study gives a base for more further
investigation for immunological protection against SARS-CoV-2, and to understand the
pathogencity of COVID-19, and more importantly for the development of efficient vaccine
against this new pandemic viral infection.

Humoral Immune Responses

The cytokine of production is affected when patients are infected by MERS and SARS
coronaviruses due to the impairment of the function of innate cells of immunity in the infected
host [22]. The entry of SARS coronavirus is facilitated via spike (S) protein of the virus.
Receptor binding domain (RBD) of the spike protein which is located in S1 subunit of the
spike is important for the attachment steps of viral replication. Furthermore, the protease
enzyme is priming the S protein of the SARS COV2 helping cleaving of the spike into S1/S2.
This helps the fusion of the virus membrane to the host receptor membrane. This process is
held by S2 of the spike docks on ACE2 (angiotensin-converting enzyme 2) receptor and then
it helps priming of the spike proteins for entry process via Transmembrane protease, serine 2
[23,24]. T and B immune cells responses create important parts of the adaptive immune
response. Humoral immunity through producing large amount of circulating antibodies play a
vital roles in the protection of the infected host in late stages and also in future protection of
recurrent infection. In the previous outbreak of SARS-CoV, all structural proteins of the virus,
M, N, S and E, were mapped by epitopes of the B and T cells [25]. It’s revealed that infected
patients carry a strong human immune response after being infected by SARS-CoV [26]. The
pattern of antibody production, IgM, IgG, and IgA, of SARS-CoV2 is similar to other
coronavirus infections. At the 4-8 days of the beginning of the infection and appearing
symptoms, the host creates the first Ab against SARS-CoV N protein which is made by B-
cells [27]. Cleaning of blood from SARS cove is mainly depends on normalizing Ab, IgGs.
During convalescent stage of the disease, IgG peak to the highest amount and it will drop
down during recovery [28]. It is difficult to immune system to mutualize S protein when its
masked by N-glycan because it has a structure called S protein glycan which works as a shield
to be not recognized easily by Abs. But, less saturated S protein with glycan is less protected
from Abs and it becomes a target of IgGs [29, 30,31].

Infected ferrets had serum neutralizing antibodies at 12 days post-infection, but so far, no re-
challenge experiments have been reported. Rhesus macaques are susceptible to SARS-CoV-2,
where infection causes a respiratory disease lasting 8—16 days, with detectable high viral loads
in the nose, throat and bronchoalveolar lavages. All animals seroconverted to the spike protein
and showed neutralizing antibodies by 10 days post-infection, in another study in rhesus
macaques, two animals were re-challenged with virus at 28 days from the primary infection,
when anti-spike immunoglobulins were detectable and neither became infected, by this way,
antibody responses increased against SARS-S after vaccination or infection of the host which
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gives some protection level against SARS-CoV-2 [32,33,34]. Investigation was done by [35].
During epidemic of the virus infection, IgG saturated serum was used to treat debilitated
patients. This convalescent serum which is useful for treatment of the infected hosts by
different viruses which recorded in different times of history against different viruses
including HIN1 2009 pandemic infection, the West African Ebola epidemic in 2013 [37].
Investigation was done by [35]. During epidemic of the virus infection, IgG saturated serum
was used to treat debilitated patients. This convalescent serum which is useful for treatment of
the infected hosts by different viruses which recorded in different times of history against
different viruses including HIN1 2009 pandemic infection, the West African Ebola epidemic
in 2013 [37]. This covalence serum was tests successfully in SARS-CoV infection which
works gains S protein of the virus [38]. On the other hand, pre-prepared monoclonal Ab is
another and a good choice to cure and control SARS-CoV2 pandemic and it can be used as a
vaccine used for rapid response [39]. When vaccine therapy is not available now, the
covalence serum of recovered patient is the most successful way of emergency treatment for
cleaning of the virus in the infected hosts and it has been tried in different countries [40,41].
This is approved to use by The Food and Drug Administration (FDA) for the current therapy
of SARS-CoV2 and it can be taken from recovered patients who passed 3 weeks after the last
negative PCR test for the virus. The important step of this treatment is availability of the
serum donors who are recovered from the infection [42].

The roles of IgA antibody in COVID-19 infection

The IgA antibody is the major class secreted in mucosal secretion for defense against
microorganisms entering the body through mucous membranes of the respiratory tract,
gastrointestinal tract, and genitourinary tract. This secretory IgA (SIgA) presents in body
secretions protects the body from pathogenic adhesion to mucous membranes [43].

On one hand the antibody immune response and inactivate SARS-CoV-2, on the other hand,
antibodies can form immune complexes with viral particles and participate in pulmonary
inflammatory response which exacerbate or prolong the COVID-19 infections [44]. Currently,
COVID -19 infection is suggested to follow antibody dynamics similar to other respiratory
viral infections; the IgM antibody is the first appear in antibody response, but class switching
can result in the formation of IgA antibodies specific to SARS-CoV-2 within few days after
the appearance of the symptoms. These IgA antibodies are produced by plasma cells in the
lamina propria adjacent to the mucosa in the respiratory lining. The IgA antibody is the main
antibody fights against respiratory viruses in respiratory secretions. It can bind to SARS-CoV-
2 in respiratory tract and thus prevent viral attachment to respiratory epithelium [45].
Systematic studies on IgA antibodies in Covid-19 are lacked, as most of the studies are
focusing on IgM and IgG antibodies which are associated with recent and previous infections
respectively [46]. With the current global challenges due to COVID-19 infections and with
more than 1.16 million worldwide, there is a need for understanding the IgA antibody
response against SARS-CoV-2 and its effectiveness in controlling infections with this virus.
The IgA is positive in about 6 days after the onset of clinical features, which is the same time
for IgM seroconversion, thus after one week of COVID-19 infection, both IgA and IgM anti-
COVID-19 antibodies are detectable in blood of the patients [47]. Then these two antibodies
are decline within 3 weeks up to one month after the start of symptoms [48]. While IgG anti-
COVID-19 antibodies detected within blood in the period of 10-18 days after the clinical
features and continue for months [46].

Vaccine Development and Strategies

COVID-19 is a new virus to human to understand its structure and behavior and the
immunological responses to this virus have not completely understood. Strategies to develop
a successful vaccine are not clear until now. Therefore, it is crucial to work on developing
vaccines on different platforms at the same time. Therefore, from appearing COVID-19 at the
beginning, all of the world countries are competing each other to develop a successful vaccine.
Till now there are a number of vaccine candidates which are in progressing and aims to be
useful in the clinical developments [50]. However, it is not clear whether generate it can be
safe and affective immune response against COVID-19, therefore the best strategies is
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required and the expectation of successful vaccine is important in next years. Several attempts
have undergoing for COVID-19 vaccine development to stop and reduce the viral
transmission and mortality. The most common attempt of vaccine is to induce immunity
against the Spike protein of the virus [51]. Until July, 2020, under the strategy of developing
vaccines, 158 vaccines are on the way and 135 of them reached in the pre-clinical and clinical
tests and the stages of developments. At the time of this study, many companies has vaccine
developments and they are in advanced phases of I/II clinical trials such as Inovio, Inc. (INO-
4800); CanSino Biologicals (Ad5-nCoV); Moderna (mRNA-1273); University of Oxford
(ChAdOx1) and ShinzenGeno-Immune Medical Institute [52]. There are different ways of
building vaccines such as preparing vaccine from attenuated virus or inactivated (killed) virus.
Recent development of vaccine can be generated from preparing a protein of the virus such as
virus-like particles, viral vector expressing the protein of interest (replicating and non-
replicating) [53]. To improve the immunogenicity, different technologies of adjuvant of
vaccines such as AS03 (GSK), CpG 1018 (Dynavax), MF-59 (Novartis) are under the
construction of vaccine development [54]. The immuno-informatics methods are another way
for epitope identification of COVID-19. This has useful role in recognizing epitopes of T-
Cells for proteins of COVID-19 such as of B-cell and cytotoxic T cells [55,56].
Advancements in Vaccine Production and Natural Immunity

The major trouble is producing vaccine in a short period of time is testing safety and mass
production of vaccine to all. This may take very long time to reach to the point of to solve this
problem at the first step. According to the report of WHO, 70 COVID-19 vaccine are under
progress. The Kaiser Permanente Washington Health Research Institute was the first place
who started producing corona virus vaccine. mRNA-1273 vaccine is one candidate made by
the National Institute of Allergy and Infectious Diseases scientists and their collaborators at
the biotechnology company Moderna. The phase 1 of clinical trial to the mentioned vaccine
was supported and started by The Coalition for Epidemic Preparedness Innovations [57,58].
Another viral vaccine called S-protein vaccine is in progress. Jenner Institute at Oxford
University with AstraZeneca pharmaceutical company have developed this vaccine.

It remains unclear to understand how immunity works against COVID-19. however, it is
induced immunity using vaccine may be different from immunity come from the natural that
depends on the natural invasion of the active viral agent. Therefore, importantly it is crucial
for understanding development of natural immunity to help further understanding of vaccine
inducing immunity using effective vaccine to become a strategy of choosing and select the
best vaccine for therapeutic purposes. It is crucially important to understand how immune
response works in different cases of patients such as patients with different clinical signs and
also according to the severity of infection, severe cases, mild cases or even asymptomatic
cases. Furthermore, it is important to understand natural immune responses in different stages
of the disease such as whether it’s in early stages of infection or in the late stages. In addition,
the severity of infection according to ages should be understandable by understanding the
reason why and how immune response is different from young people in elderly. It is believed
that 40-70 of COVID-19 cases are going without clinical symptoms, asymptomatic or mild
[59,60]. It is estimate that people who carry the virus without symptoms, significantly
spreading the virus more that symptomatic patients [61]. On the other hand, mild patients or
asymptomatic produces lower antibody (natural immunity) against the virus and that impedes
the process of developing immunity in community and making herd immunity to be difficult
to gain.

Specific Antibodies and T Cell Mediated Immunity

In most cases of this novel coronavirus infections, both IgM and IgG produce after one to two
weeks of infection [62]. Although, it is still unclear how the T-Cell, and specific antibodies
related to each other. But T-cell production and response is correlated with high levels of
circulated antibodies in the blood of infected individuals [63,64], and this is beneficial to treat
infected patients with convalescent plasmas of recovered persons [65]. In the a study, it was
revealed that the high level of neutralizing antibodies in the recovered patients is correlated to
the severity of infections [66]. Same as other common cold diseases, the levels of neutralizing
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COVID-19 antibodies in most of infected cases were in few weeks of infection [66,67]. In
addition, the level of neutralizing antibodies production in asymptomatic COVID-19
individuals is about the same as in symptomatic patients, but it is different in the time of
decreeing antibody titer and it drops faster in asymptomatic patients [61]. The main target of
immune system to produce neutralizing antibodies is spike (S) protein SARS-CoV2. Spike
protein has two main domains, (S1) and (S2) domains. Receptor binding domain (RBD) of S
protein locates in S1 domain of a spike protein which has important role in binding to host
cells’ ACE2 receptor [68]. SARS-CoV2 S protein has identical property by 88% with S
protein in SARS-CoV, which enables both of them to bind cellular ACE2 with high affinity
[68]. If the antibody catches the RBD S protein, directly block RBD of S with ACE2 receptor
interaction. While, if antibodies catch the other regions of Sl or S2, prevent the
conformational changes of S protein which inhibit the process of membrane fusion between
the host cell and virus membrane [69,70,71]. The successful vaccination program of different
viruses like Influenza viruses is largely depend on not only antibody production, but also T
cell mediated and antibody mediated immunity to build affective protection. The same
requirements are necessary for SARS- CoV-2 [67,72]. Furthermore, the important role of
cytotoxic CD8+ T cells for viral clearance is completely understood when there are not
enough neutralizing antibodies [73]. CD4 and CD8 are important for viral protection. It is
revealed in a study that people who cured from Covid-19 infection have 100% T cells + CD4
which are specific to spike protein and 70% T cells + CD8 which are specific to spike protein
[64]. In pre-clinical study, its revealed that COVID-19 infection is related to suppression of
innate immunity and late T cell activation during 2-12 days of virus incubation or in pre-
symptomatic cases of infected person [74,75] and the same phenomenon was seen in to
previous viral diseases, MERS and SARS. The high levels of T cells and protective antibodies
have detected from individuals who recovered from severe COVID-19 cases, while people
who recovered from mild cases of infection have larger number of T cells and CDS8 in
respiratory tracts [63,64,76].

2. CONCLUSION

There are difference immune responses against this novel coronavirus as it has been seen in
previous diseases such as SARS-COV and MESR. On the base on immune response detected
in recovered patients, scientists started to develop vaccines. There are different strategies used
by researchers and pharmacological companies to develop vaccines including attenuated or
killed viruses, RNA of a spike protein, and vector expressing a particular protein of the virus.
The common antibodies detected to work against COVID-19 in sera of infected or recovered
patients are IgG and IgM. The sera of patients recovered from COVID-19, after tittering of
immunoglobulins (IgG titer) can be used for either treatment of disease or prophylaxis of
infection by SARS-COV-2.
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