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ABSTRACT

Viruses are non-living organisms that annually cause many problems for human societies. The spread of some of the most dangerous
viruses causing acute pneumonia, including novel Corona virus has led to the largest death toll in the world. With a long incubation
period, Corona virus causes many problems for the immune system. Studies have shown that antioxidant enzymes play an important
role in reducing infection and boosting the immune system. The immune system of people with chronic infections is often weak.
Specific immunity is one of the most important responses to the virus. The present study therefore investigates association of
Coronavirus pathogenicity with the level of antioxidants and immune system.
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Introduction

Corona viruses are a group of long-standing, prevalent and diverse
viruses that cause various diseases in human and animal. These
viruses are the second leading cause of colds after Rhinovirus.["?
They cause diseases in the respiratory, gastrointestinal, and central
nervous system. The prominent spike proteins on the coating of
these viruses gave them a crown-like appearance, and since the
Latin wotd corona means crown, they wete called Corona virus.”!
Prior to 2019, there were only six CoVs capable of infecting
human and causing respiratory diseases, including HCoV-229E,
HCoV-OC43, HCoV-NL63, HKU1, SARS-CoV, MERS-CoV. In
2019, the WHO introduced a novel Corona virus, 2019-nCo V.1
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Most viruses infecting the human body are controlled by the
immune system.”! The human immune system is one of the most
sophisticated biological systems. It is a complex network of cells
and chemicals, and its job is to protect human against foreign
organisms and substances. Almost all viral infections induce
various types of inflammatory cells, especially macrophages
and in some infections, neutrophils.! On the other hand, viral
infections often cause the production of Radicals and Reactive
Oxygen Species (ROS) in cells. ROSs may harm host cells and
conttibute to pathogenesis.”

The production of free ROSs in the lung may contribute to
damage the lung tissues through the virus activity.®! Antioxidants,
as substances that delay or inhibit substrate oxidation, play
an important role in the body’s immune system against ROS.
Antioxidants are found in many foods, including fruits and
vegetables.”! The present study therefore investigates association
of Corona virus pathogenicity with the level of antioxidants and
immune system.
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Corona viruses, its size and structure

Coronaviruses (CoVs) belong to the subfamily Orthocoronavirinae
in the family Coronaviridae and the order Nidovirales. These
subfamilies include @, coronavirus; [3, corona virus; Y, coronavirus,
and delta, coronaviru."”? Coronaviruses have a coating, a helical
capsid, and their genome is a positive single-stranded RNA that
has the largest genome size among viruses with an approximate
size of 26-32 kb.”'l These viruses ate 80 to 90 nanometers.”
The coronaviral genome encodes four major structural proteins:
the spike (S) protein, nucleocapsid (N) protein, membrane (M)
protein, and the envelope (E) protein, all of which are required
to produce a structurally complete viral particle. Figure 1 shows
the structure, function of the structural proteins and electron
microscopic images of the virus. Coronavirus replication begins
by binding its spike protein (S) onto the surface molecules of
the host cell. Binding of the receptor (S) is important to initiate
virus entry into host cells. The virus enters its genetic material
after binding to the receptor. In addition, some CoVs may enter
the cell with the help of proteases."!!

The immune system functions

The human immune system is a complex network of specific cells,

tissues and organs, with the task of protecting the organism against
diseases caused by specific pathogens such as viruses, bacteria,
and other parasites.”! In fact, it is equipped with a mechanism
that allows living organisms to differentiate between insider and
outsider cells.'” The firstline of defense against pathogens includes
physical barriers in the skin and mucous membranes. If pathogens
break this barrier of protection, the innate immune system is
activated to diagnose and fight them. Thus, its task is to provide
powerful nonspecific defenses preventing or limiting infection by
most pathogenic microorganisms.”! For successful petrformance,
the acquired immune system produces a large number of cells,
mostly in the bone marrow after childhood. In a routine blood test,
there found five different types of white blood cells to defend the
body, including."! neutrophils: primary responders with the task
of phagocytosis and local killing;” lymphocytes: provide adaptive
immunity and are divided into T'and B cells;”! monocytes: primary
responders working on phagocytosis and antigen production. The
adult type is called macrophages;!"
defend against parasites.!"”

basophils; and® eosinophils:

However, T lymphocytes play the most important role in viral
infection. In fact, the viruses are specifically identified in a

Hemmaglulinin

=Y

&gv
o5,

2,
%

W,Qﬂ

Lipid bilayer
membrane

Encelope small

membrane protein E Rna + nucleoprotein N

E protein

M protein

Membrane protein M
Structural Protein Function of Protein

Nucleocapsid Protein (N)  + Bound to RNA genome

to make up nucleocapsid

Critical for binding of
host cell receptors to
facilitate entry of host
cell

Spike Protein (S) .

Interacts with M to form
viral envelope

Envelope Protein (E) .

Membrane Protein (M)  + Central organiser of CoV
assembly
* Determines shape of

viral envelope

Figure 1: The structure and electron microscopic

Journal of Family Medicine and Primary Care

610

Volume 10 : Issue 2 : February 2021



Hejrati, et al.: Coronavirus pathogencity

intracellular

Extracellular

NFX

Figure 2: Innate immune responses and adaptive immune responses to Coronaviruses (CoV) during infection. *Red lines show inhibitory effects

and green lines show activation effects (3)

highly complex cellular response by lymphocytes. Specificity in
the acquired immune system is that viral antigens are exposed
to T lymphocytes by antigen-processing cells. During this
process, by entry of the virus into body, the immune system
is activated, and by examining the antigenic levels of the
pathogen, confirms the entry of the external pathogen. Antigen
processor cells, including endothelial, dendritic, macrophages,
and B lymphocytes, transcribe and transmit large numbers of
viral antigens T lymphocytes through binding to and digesting
them. T lymphocytes replicate these antigens and play an
important role in the destruction of the target virus by providing
surface-associated receptors compatible with the virus.!'*'®

Immune response to coronavirus

The initiation of an immune response to invading microorganisms
requires that the host detects that organism and its components,
including non-viral RNA, cellular stress, metabolic changes, and
cellular damage resulting from infection.!"” These virus-related
molecules, such as DNA and genomic RNA or double-stranded
RNA are detected by Pattern Recognition Receptors (PRRs) in
the virus-infected cell™ Known PRRs mainly include Toll-like
receptors (TLRs), RIG-like receptors (RLRs), NOD-like
receptors (NLRs), C Lectin-like receptors (CLmin), and
free-floating receptors in the cytoplasm such as cGAS, IFI16,
STING, and DALF! After detecting viral compounds, PRRs initiate
an appropriate and effective antiviral response, which involves the
production of a variety of cytokines and adaptive and inflammatory
immune responses. Interferons I (IFN_f and IFN-0t molecules)
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are key cytokines produced after virus infection that induce the
initiation of immune tesponse and adaptation thereafter.”” IFNS,
as the main antiviral molecules in the host, restrict the virus and
play an important role in enhancing phagocytosis of macrophages,
antigens, and restricting NK cells of infected target cells and T/B
cells. Thus, inhibition of IFNs production had a direct effect
on virus survival in the host.”! Figure 2 illustrates the immune
response to the coronavirus. In the Section A, Figure 2, CoV infects
macrophages and then macrophages deliver the CoV antigen to T
lymphocytes. This process leads to activation and detection of T
cells and production of cytokines associated with different T' cell
subsets (e.g. Th17), followed by extensive release of cytokines to
enhance the immune response. Continued production of these
intermediates due to virus stability has a negative effect on NK
and CD8 T cell activation. However, CD8 T cells provide very
effective intermediates for clearing CoV. Part B. Binding of CoV
to DPP4R on the host cell via protein S leads to the emergence of
genomic RNA in the cytoplasm. The immune response to dsRNA
is partially produced by CoV proliferation. TI.R-3 is affected by
dsRNA and cascades of signaling pathways are activated (IRFs
and NF-kB activation) following the production of type I IFNs
and pre-inflammatory cytokines. To protect uninfected cells,
the production of type I IFNs is crucial to increase the release
of antiviral proteins. Occasionally, CoV proteins may interfere
with TLR-3 signaling and bind to coronavirus dsRNA during
replication and prevent TLR-3 activation and immune response.
It is likely that TT.R-4 detects S protein and results in activation
of pre-inflammatory cytokines through MyD88-dependent
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signaling pathway. The cell-virus interaction results in a high
production of immune mediator. The secretion of large amount
of chemokines and cytokines (IL-1, IL-6, IL-8, IL-21, TNF-f3 and
MCP-1) in response to CoV infection increases in infected cells.
These chemokines and cytokines, in turn, attract lymphocytes
and leukocytes to the site of infection.”! In people with a strong
immune system, lymphocytes, especially T' lymphocytes, act more
rapidly and specifically kill the pathogen. On the other hand, in
people with a weak immune system, COVID-19 causes acute
inflammation triggered by the development of pneumonia and
increased cytokines. Regarding SARS, which is in the family of
Coronaviruses and is genetically similar to the novel coronavirus,
the acute stage is associated with a severe decrease in the number of
T cells in the blood.”'*" indicating the major role of lymphocytes
in specific immunity regarding the Coronavirus diseases.

Antioxidants

To balance the oxidation state, plants and animals have complex
systems of antioxidants, which help regulate cellular responses.””!
Antioxidant is any substance that significantly inhibits or delays the
oxidation of that substance if it is present at low concentrations
compated to an oxidizer.” Oxidation is a chemical reaction that
can produce free radicals (Reactive Oxygen Species), thereby
leading to chain reactions and subsequently damaging the cells
of organisms.”™ The physiological role of antioxidants is to
complete these chain reactions and to prevent the damage of
free radicals to the cellular components caused by the chemical
reactions. ROS is a molecular group produced by cellular
metabolism through the activation of mitochondrial oxidases
or other cellular components.? These molecules have an
unpaired electron in their atomic orbit.” Low levels of ROS are
required for intracellular signaling, though the higher level causes
irreversible damage to lipids, proteins, and DNA.?7 Types of
antioxidants include catalase, glutathione peroxidase, glutathione
reductase, superoxide dismutase, alpha-tocopherol, ascorbate, and

glutathione.?

I In infected cells, viral products cause an oxidative
environment;?” and oxidative stress, directly caused by the virus
or by the host’s immune response, is an important pathological
mechanism in the body.” Viral infections often produce oxygen
radicals in cells. Although ROS can act as a key element in antiviral
defense, they can be harmful to host cells and contribute to
pathogenesis.l! Regular consumption of vegetables and fruits
containing antioxidants significantly reduces the risk of chronic
diseases. Citrus such as orange and lemon contain high levels
of natural antioxidants including vitamin C. Also, Blueberry,
strawberry, grape, plum, red bean, spinach, cabbage, broccoli,
and alfalfa sprout have high levels of antioxidants.”

Antioxidants and viruses

Viral infections are associated with oxidative stress, which plays
an important role in their pathogenesis. Oxidative processes
cause virus replication in infected cells, decrease cell proliferation,
and induce cell apoptosis. In patients with neuroviral infections,
there is intensification of lipid oxidation processes and severe
suppression of the body’s antioxidant defense system by free
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radicals.”” The role of oxidants in inactivating viruses was
discovered in the early 1970s, but the metabolic role of oxidants

in viral infections was later elucidated.””

| Antioxidants are used by
various mechanisms to prevent or treat vatious diseases associated
with oxidative stress and in many cases have therapeutic effects.
Since natural antioxidants such as vitamins C and E (ascorbic acid
and 0-tocopherol), curcumin, and various polyphenols considered
as antiviral agents because they reduce the level of ROS in infected
cells and the expression of pre-apoptotic signaling molecules as
well as regulate the cellular levels of stress proteins, including c-Jun
N-terminal kinase (JNK), mitogen-activated protein phospho-p38
kinase (MAPK), extracellular signal-regulating kinases (ERIK-1/2),
and NF-kB transcription factor.”

Solutions

Antioxidants

Antioxidants are considered to be the first line of defense against
free radical damages, which are abundantly found in fruits,
vegetables, and teas.”) The most important aspect of treating viral
diseases is to suppress virus replication followed by cell survival.
Researchers ate looking for antiviral drugs among antioxidants.””
Studies have shown that the use of antioxidants is very effective
in reducing inflammation and has had a beneficial effect on the
recovery of chronic lung disease as adjunctive therapy. According
to studies on the treatment and control of COVID-19 in China,
Chinese medicine, including the use of antioxidants as adjunctive

therapy, has a beneficial effect.*

I Since regular consumption
of antioxidant vegetables and fruits reduces the risk of chronic
diseases, fruits such as blueberry, strawberries, grape, plum,
red bean, spinach, cabbage, broccoli, alfalfa sprout, and drinks
containing antioxidant are highly recommended. Certainly not all
antioxidants provide a 100% response so further investigations

should be considered in the case of Coronavirus.

Immune system

Although there have been many studies on the immune system,
two were discussed here. Among the factors strengthening
the immune system is physical exercise. Physical exercise, by
reducing the stress of the cell and regulating cytokines, improve

the immune system.P*?’

I Another important issue is stress.
Previous studies has cleatly demonstrated that psychological
stress clinically affects immune functions, including inflammatory
processes, wound healing, and responses to infectious agents.
Prolonged stress increases the immune system by increasing
steroid hormones. In addition, it increases inflammation and
consequently oxidative stress in the cells. People with diabetes
are exposed to oxidative stress because of the blood sugar, which
is an important factor in strengthening the immune system
and fighting viruses. Also, viral infection itself is said to create
inflammatory and oxidative stress in cells. Studies have shown
that everyone who suffers from a particular disease, even the
common cold, is exposed to cellular oxidative stress.P** As
a result of balanced physical exercise, stress reduction, and
antioxidant intake will be the contributing factor.
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Vaccination

Another solution is to produce an effective vaccine. Since
Coronavirus S protein is capable of stimulating neutral antibodies,
responding to CD4 and CD8 receptors, and N protein can induce T
cell response in humans, both of these proteins are potentially useful
candidates capable of producing strong humoral and cellular (innate
and acquired) immunity against SARS-CoV. Importantly, previous
studies have shown that some vaccines encoding N proteins induces
eosinophilic responses.’! Therefore, these vaccines should be
carefully controlled. There is currently no information available on
epitopes known in patients with Coronavirus, though investigating
epitopes can help develop the vaccine.

Conclusion

Studies have shown that viral diseases, such as corona, activate
the innate and acquired immune system to fight the virus,
though the role of acquired immunity is especially important
for lymphocytes. Also, the more the T lymphocytes enter the
fight against the virus, the better the immune system withstands
the virus. In addition, viral diseases increase the production of
free radicals, and since antioxidants play an important role in
eliminating free radicals, reducing viral infection, and boosting
the immune system, diets containing these antioxidant can be
very useful. Antioxidants help the immune system to function
better in its regeneration by reducing oxidative stress and thereby
reducing inflammation. It is recommended that a study on
patients with Coronavirus be conducted to evaluate antioxidant
and lymphocyte levels.
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