IMMUNOLOGY & covid – 19
PREPARED BY
Janis Alabasinis / Theodora Ioannidou / Ioanna Andritsogianni
Supervisor: Aggeliki Maniatakou
POWERED BY

Immunology & COVID-19
Project: Alabasinis Janis, Ioannidou Theodora, Andritsogianni Ioanna
Supervisor: Maniatakou Angeliki
January 2021
Introduction
The novel coronavirus, known as severe acute respiratory syndrome coronavirus
(SARS‐CoV)‐2, has been identified as the pathogen causing coronavirus disease 2019
(COVID‐19). Since December 2019 the World Health Organization has announced a public
health emergency worldwide. A serious outbreak of the disease has spread, causing
105.394.301 confirmed cases and 2.302.302 deaths worldwide until today (WHO, 2021). In
this literature review, information about COVID-19 immunology is summarized. Particularly,
knowledge about general immunology, virus immunology, and COVID-19 immunology are
being reviewed. Furthermore, certain factors which may affect susceptibility and disease
severity, and the expression of gene receptors in specific cells are discussed.
Immune system
The immune system is a broad network of cells, tissues, and organs that coordinate
the body’s defense against diseases. It consists of the innate (non-specific) and the adaptive
or acquired (specific) immunity. Innate immunity refers to the body’s general mechanisms to
fight off a pathogen without explicitly recognizing it. The adaptive immune system involves
the specific recognition and neutralization of the pathogen, using chemical weapons called
antibodies. It also provides immunological memory, as some of the lymphocytes that produce
antibodies remain in the body as memory cells (Allot, 2014).
The immune system consists of three layers of defense, each with specific
mechanisms to protect the individual from being infected. The first line of defense comprises
the physical barriers of the body, the skin, and the mucous membranes. The skin provides a
physical barrier that prevents the entry of pathogens and secretes chemicals that make the
skin’s conditions unfavorable for microbial growth. Mucous membranes line the body’s
internal surfaces, such as the respiratory tract. Some of these membranes contain cilia that
help remove pathogens, while others secrete fluids containing antimicrobial properties. Other
organs like the stomach produce acid that is also capable of killing microbes.
The second line of defense is activated after a pathogen enters the body. General
mechanisms of defense such as fever, inflammation, and phagocytosis by macrophages
(phagocytic leukocytes) take place in order to destroy the pathogen. The first and second
lines of defense do not provide specific recognition and elimination of the pathogen, thus
belonging to the innate immune system.
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The third line of defense is specific and is also referred to as the adaptive immune
system. It is activated when innate immunity cannot effectively encounter a pathogen. If the
pathogen manages to pass through the first and second lines of defense, the body activates the
T and B lymphocytes, which specifically target the antigen. A type of T-lymphocytes is
called cytotoxic T cells because they kill cells infected by a virus. Cytotoxic T cells possess
antigen-binding receptors in their membranes, called T cell receptors (TCRs). The
macrophages engulf the pathogens and present some of the pathogen’s fragments on their
surface, known as antigens. These antigens are specifically recognized by helper Tlymphocytes, which activate specific B-lymphocytes, capable of producing antibodies
specific to the antigen. B-lymphocytes undergo proliferation and segregate into antibodysecreting plasma cells or memory B cells. Large amounts of antibodies are produced by
plasma cells and help to eliminate the pathogen. Plasma cells undergo apoptosis after the
elimination of the pathogen from the organism. Memory B cells can live for a long time, and
they play a key role in case of re–exposure. More specifically, after a second exposure to the
same antigen, the body will produce a huge amount of antibodies very quickly, protecting the
individual from being infected (Europe PMC, 2020; IQWiG, 2020; Bretannica, 2021).
Viral Immunology
Immune responses to viruses can be categorized into three main groups, depending on
the mechanism they use to kill infected cells. Immune response can occur via cytotoxic cells,
via interferons and via antibodies. Class I major histocompatibility complex proteins (MHC
class I) are molecules used for the recognition of the infected cells inside the body. These
proteins are used to present pieces of protein from inside the cell upon their cell surface.
When a cell becomes infected by a virus, the proteins displayed on the surface of infected
cells will include pieces of viral proteins. Every cytotoxic T cell has a TCR for the specific
recognition of a particular antigen bound to an MHC protein. If the T cells detect viral
proteins, they release cytotoxic factors to kill the infected cells, eliminating the virus from the
body (Figure 1).

Figure 1. How T-cell mediated cytotoxicity works. Illustration by: Original: Dananguyen Derivative:
nagualdesign [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia Commons
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Other cells of the immune system are also capable of detecting infected cells, if the T
cells fail to recognise them, due to the adaptability of viruses. Some viruses have developed
mechanisms by which they inhibit MHC molecules from being presented on the surface of
cells. Another type of cells, natural killer cells (NK cells) release toxic substances and kill
infected cells, even if fewer MHC molecules are present (Laing, 2021).
Furthermore, the body is able to respond to viruses is via interferons. Interferons are
small proteins, categorized as cytokines, produced by virally infected body cells. Their name
derives from their ability to interfere with the proliferation of the virus. When a cell becomes
infected by a virus, interferons are secreted, stimulating the infected and nearby cells to
produce proteins that inhibit the proliferation of the virus inside them (Brittanica, 2021).
The third way in which viruses can be eliminated from the body is via the production
of antibodies. Antibodies may act in various ways, either by neutralising a virus, or by
sticking together, causing agglutination. Immune cells can easily recognise and destroy
agglutinated viruses. Phagocytosis is also used, as antibodies which stick on viruses bind to
specific receptors on the phagocytic cells which engulf them to destroy the virus (antibody
mediated phagocytosis) (Laing, 2021).
COVID-19 Immunology
COVID-19 is a disease caused by SARS-CoV-2, a newly identified virus, member of
the Coronaviridae family. The main structure of the virus includes a single-stranded, positive
sense, non-segmented RNA genome (∼30 kb), which codes for the structural proteins Spike
(S), Envelope (E), Membrane (M), and Nucleocapsid (N) (Figure 2). Its diameter is about 70120 nm (Boopathi et al., 2020).

Figure 2. Structure of the SARS-CoV-2 (source:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7196923/).
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The S-protein is embeded on the surface of the virus, and is responsible for the
attachment of the virus to the cell surface receptors of the host cell. It also contributes to the
fusion between the viral and host cell membranes, thus facilitating viral entry into the host
cell (Kirchdoerfer et al., 2016).
SARS-CoV-2 uses a specific mechanism to infect cells. Virion recognition of host
cells is initiated by interactions between the S protein and its receptor ACE2. ACE2 is a type
I transmembrane metallocarboxypeptidase with homology to ACE, an enzyme long-known to
be a key player in the renin-angiotensin system. Specifically, human cells such as the ones
lining the lungs possess these receptors, therefore the respiratory system is the main system
through which the coronavirus can enter the human body. Following receptor binding, the
virus gains access to the host cell cytosol through acid-dependent proteolytic cleavage of the
S protein. For SARS-CoV-2, a number of proteases including molecular scissors TMPRSS2
and CTSL cleave at the S1 and S2 boundary and S2 domain (S2’) to mediate membrane
fusion and virus infectivity (Huang et al., 2020; Felsenstein et al., 2020).
There are many questions concerning the significance of antibodies against different
viral proteins. Most researches have shown that the antibodies against the S protein block the
virus attachment to susceptible ACE2 cells, as shown in Figure 3. However, the significance
of antibodies against various viral proteins is still questionable.

Figure 3. ACE-2 is the host cell receptor responsible for mediating infection by SARS-CoV-2, the novel
coronavirus responsible for coronavirus disease 2019 (COVID-19). Treatment with anti-ACE-2 antibodies
disrupts the interaction between virus and receptor (source: https://www.rndsystems.com/resources/articles/ace2-sars-receptor-identified).

Immunoglobulin M, also known as IgM is a type of antibody mainly found in blood
and lymph fluid. It is the first antibody the body makes when it tackles a new infection.
Immunoglobulin A, also known as IgA is a type of antibody mainly found on the surface of
the respiratory tract and digestive system, as well as saliva. IgA has an important role in
protecting these surfaces against pathogens by inhibiting the attachment of respiratory viruses
to epithelial cells or by neutralizing them (Sterlin et al., 2021). Immunoglobulin G, also
known as IgG, is the most common antibody as it is contained in blood and other body fluids
and is used for protection against bacterial and viral infections. This specific antibody can
take some time to form after an infection. It has been recently reported that neutralization of
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SARS-CoV-2 is more closely correlated with IgA than IgM or IgG during the first weeks
after the beginning of symptoms (Sterlin et al., 2021). However, because the COVID-19
pandemic is still a new infection, it is not yet known how long the protection of these
blocking antibodies will remain active.
It is also important to understand the immunological spectrum of COVID-19. During
a COVID-19 infection there is an immune response failure occurring resulting at times in
deviation of the protective response into a dysfunctional program. This can lead to cytokine
release syndrome with serious inflammation and a multiorgan failure (García, 2020). In mild
cases of COVID-19 symptoms of common cold are observed, but in severe patients
multiorgan failure is commonly observed. This condition is characterized by acute lung
failure, acute kidney injury, acute liver failure, cardiovascular disease and other
hematological and neurological disorders (Mokhtari et al., 2020). The causes of this
condition have not been explained in depth, but it is considered that the organ failure is most
probably induced by a cytokine storm (Mokhtari et al., 2020).
Disease manifestation
The immune response to SARS-CoV2 is known for involving all the components of
the immune system that all together are responsible for the recovery of infections. While
there is limited information on how our immune system responds to a SARS-CoV2 infection,
it is paralleled with the similar viruses MERS-CoV and SARS-CoV. It is proven that SARSCoV2 escapes the host’s immune response. The virus shares 50% RNA sequence homology
with MERS-CoV and 80% with SARS-CoV. The viral spike protein of SARS-CoV2 is 20-30
amino acids longer than SARS-CoV, thus easier to transmit between people. It is likely that
SARS-CoV2 uses similar immune evasion strategies to previous coronaviruses.
Both SARS-CoV2 and SARS-CoV use ACE2 as their host cell receptor, which is
expressed in many organs in the body, such as the lung, heart, kidney, testis, liver,
lymphocytes, and nervous system (Mokhtari et al., 2020). While for SARS-CoV there has
been detected infection of immune cells like monocytes and T cells it is not clear yet to what
extent SARS-CoV2 can also infect those specific cell types. ACE2 can also be expressed on
monocytes and macrophages, at lower levels, making it a possible entry mechanism into
immune cells for SARS-CoV2. It is also possible that other receptors and phagocytosis of the
virus containing immune complexes may also be involved (R&D Systems, 2021).
The manifestations defined from COVID-19 include a range of asymptomatic to
severe cases. Most people infected by the virus will experience mild to moderate respiratory
illness and will recover without needing special treatment. The most common manifestations
in patients with mild COVID-19 include fever, dry cough and myalgia. The worst symptoms
were observed in older people or cases with underlying conditions, such as cardiovascular
disease, diabetes, renal disease, high blood pressure, malignancy, obesity and chronic
respiratory diseases (Guzik et al., 2020). Moreover, patients who become severely ill
approximately one week after the beginning of symptoms of COVID-19, may develop acute
respiratory distress syndrome (ARDS) (Mokhtari et al., 2020).
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It is still unknown why despite SARS-CoV2 has high infectivity, not everyone
exposed to it becomes infected. One possible reason why there is such resistance is that the
virus does not reach the lower respiratory tract, where susceptible target cells are found. It is
most likely that a protective immune response must be present in patients with asymptomatic
and mild infections, which is capable of inhabiting viral replication and eliminating the host’s
infected cells with minimal tissue damage (Felsenstein et al., 2020). It has been observed that
younger people infected with COVID-19 show milder symptoms, and also have lower death
rates (Figure 4). More specifically, children are usually asymptomatic and have very low
death rates. This age-related difference has been explained by some protecting factors present
in children, including the decreased density, affinity and distribution of ACE2 receptors in
their cells (Zimmermann & Curtis, 2020).

Figure 4. https://time.com/5805894/coronavirus-charts/

Treatment
Currently, there are several ongoing studies focusing on COVID-19 treatments. Until now a
number of novel therapeutics such as monoclonal antibodies have been developed.
Not many drugs have been largely tested so far for the treatment of COVID-19. One of the
most promising antiviral drug is remdesivir. Remdesivir works by inhibiting the activity of
RNA-dependent RNA polymerase (RdRp). Another option is hydroxychloroquine with
azithromycin, which have been shown to provide effectivness against the disease (Jean et al.,
2020). If a patient is severly ill, support can be provided also through fluids to reduce the risk
of dehydration, medication to reduce the fever or supplemental oxygen. Patients with
difficulties in breathing due to COVID-19 may need a mechanical ventrilator.
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Vaccines have been recently manufactured and are now a promissing tool for future
immunization of the worldwide population. Several research teams have worked the past 12
months on developing vaccines that protect from SARS-CoV-2, and the vaccinations have
already begun in many countries. The three main vaccines available so far are those
developed by Pfizer/BioNtech, Moderna and Oxford/AstraZeneca (Rabson, 2021). Pfizer and
Moderna have used a novel approach, the mRNA vaccines, a technology that has been
licensed for the first time for human use. There are many other teams currently researching
and testing on new vaccines for COVID-19, whose results will be available for analysis in the
future.

Genetics of SARS-CoV-2
Many research projects have been carried out to determine what might make a person
more susceptible to COVID-19 than someone else. This has been done not only to determine
who should be more protected and take extra precautions in communities, but also to learn
more about the virus itself, and how it acts in a given environment. This could help scientists
create a cure for SARS-CoV-2, by locating and interpreting the virus’s intricacies.
It has been found that the chromosome 3p21.31 locus is involved in SARS-CoV-2
susceptibility. On chromosome 3p21.31, six genes were found to possibly associate with
Covid-19 (SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, and XCR1) (Massachusetts Medical
Society, 2020). For instance, SLC6A20 encodes a transporter protein (sodium–imino acid
proline transporter SIT1) known to interact with angiotensin-converting enzyme 2 (ACE2),
the cell-surface receptor that allows the novel coronavirus SARS-CoV-2 to bind to and infect
human cells. Moreover, there are genes in this locus which can encode some of chemokine
receptors (including the CC motif chemokine receptor 9 (CCR9) and the C-X-C motif
chemokine receptor 6 (CXCR6)). These play a role in the immune response in the airways of
human lungs. More specifically, CXCR6 is responsible for the location of lung-resident
memory CD8 T cells throughout the immune response to airway pathogens, including
influenza viruses (Collins, 2020).
Genetic mapping revealed several other loci of interest. These include a locus on
chromosome 3 (with 23 genes and 13 non‐coding RNAs) that contains the ubiquitin E3
ligase TRIM55 gene (tripartite motif containing 55). This could be possibly associated with
protein‐protein interactions, and have a role in SARS‐CoV‐2- induced inflammatory response
in the lungs (Ovsyannikova et al., 2020). Finally, flanking genes (e.g. CCR1 and CCR2) can
also have relevant functions, but further studies will be needed to determine their importance
on a human cell’s susceptibility to this virus.
Additional factors which have been implicated in susceptibility to SARS-CoV-2
infection include age, sex, and smoking status. Significant associations of ACE2 expression
indicate increased expression with age in AT2 and secretory cells, and increased expression
of ACE2 in males in multiciliated cells. Further indications associate past or current smoking
with decreased ACE2 expression in AT2 cells, and increased ACE2 expression in basal cells
(Zhou et al., 2020).
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Another factor which could have implications in susceptibility to SARS-CoV-2 may
be ABO blood groups (Figure 5). Blood type is determined by an area of the genome on
chromosome 9 (9q34.2). Whether someone is classified as an A, B, AB, or O blood type, it
depends on how their genes instruct their blood cells to produce (or perhaps not produce) a
set of proteins. Genetic mapping confirmed that non-O blood groups are associated with a
higher risk of acquiring Covid-19 than that in O blood groups; however, non-A blood groups
were associated with a higher risk than blood group A. The researchers additionally
mentioned that this area of chromosome 9 also includes a genetic variant associated with high
levels of interleukin-6, which has an effect in inflammation and could potentially have
implications for SARS-CoV-2 (Zietz et al., 2020).

Figure 5. Diagram of the ABO blood groups (source: https://buzzle.com/articles/blood-typeschart.html).

Conclusion
The present report summarizes the immunology of COVID-19 and reviews some of the basic
knowledge about the manifestation, symptoms and treatment options that have been recenlty
published by the scientific community. This novel virus, SARS-CoV2 is able to escape innate
immune responses, which allows it to produce large copies in infected tissues, such as airway
epithelia. It is evident that SARS-CoV2 is a threat to millions of people globally, but even
though it is a very infectious virus with increasing cases and deaths worldwide, there are
several studies about new treatments and vaccines under investigation. The scientific
community has focused on the study of this novel virus and it is likely that new therapies and
ways of protection against COVID-19 will be available soon.
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