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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2 virus has attracted a lot of attention globally due to the autoimmune and inflammatory processes
Autoimmune diseases that were observed during the development of Covid-19 disease. Excessive activation of immune response and
Covid-19

triggering of autoantibodies synthesis as well as an excessive synthesis of inflammatory cytokines and the onset
of cytokine storm has a vital role in the disease outcome and the occurring autoimmune complications. This
scenario is reminiscent of infiltration of lymphocytes and monocytes in specific organs and the increased pro-
duction of autoantibodies and chemoattractants noted in other inflammatory and autoimmune diseases. The
main goal of this study is to investigate the complex inflammatory processes that occur in Covid-19 disease and
to find similarities with other inflammatory diseases such as multiple sclerosis (MS), acute respiratory distress
syndrome (ARDS), rheumatoid arthritis (RA) and Kawasaki syndrome to advance existing diagnostic and ther-
apeutic protocols. The therapy with Interferon-gamma (IFN-y) and the use of S1P receptor modulators showed
promising results. However, there are many unknowns about these mechanisms and possible novel therapies.
Therefore, the inflammation and autoimmunity triggered by Covid-19 should be further investigated to improve
existing diagnostic procedures and therapeutic protocols for Covid-19.

Inflammatory reaction

Therapeutic protocols
Immunological reaction

Cytokine storm

B-cell tolerance and T-cell tolerance

phenomenon for observation during the pandemic caused by SARS-CoV-
2 virus. Interestingly, disturbances of the immune system have often

1. Introduction

The immune system represents a wide palette of different cell types
that create complex networks in their interplay, which participate in the
body's defence against various pathogens, including bacteria, viruses,
tumour cells and other foreign substances. When the immune system
mistakenly starts attacking its own tissues and starts creating antibodies
against its cells, autoimmune diseases occur. Some autoimmune diseases
lead to the damage of only one organ, such as autoimmune orchitis,
while other autoimmune diseases can affect the whole organism, such as
rheumatoid arthritis. However, the exact cause of autoimmune diseases
can often not be determined [1]. In most cases, the appearance of the
disease is triggered by many different factors and their combined effects.
Among them are viruses, which make this a very interesting

been reported during or after coronavirus attacks on an organism, which
further causes the onset of autoimmune phenomena [2].

Research results presented in the most famous journals and articles
after the beginning of this new dangerous pandemic confirmed the
connection that exists between many autoimmune diseases and Covid-
19 disease. It was shown that Covid-19 induces the activation of
different immune cells and increases the synthesis of pro-inflammatory
cytokines as well as autoantibodies. The cytokine molecules such as IL-6
and TNF- a can affect endothelial and immune cells in different organs in
the body such as the testis, kidney, liver and lungs. Consequently, this
leads to the development of more severe forms of Covid-19 as well as the
onset of life-threatening complications, such as ARDS or encephalitis
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[3]. These inflammatory and autoimmune disorders triggered by the
Covid-19 virus can be seen in a wide range from only causing the syn-
thesis of autoantibodies to the development of autoimmune diseases.
Therefore, the wide palette of specific, general symptoms and signs of
the Covid-19 pandemic caused by the changes in immune system
including antibody production and the autoimmune characteristics
occuring in some patients with Covid-19 infection are particularly
interesting for researchers and clinicans [4]. Furthermore, it is high-
lighted that the impact of coronavirus infection can be manifested sys-
temically in already existing autoimmune diseases such as arthritis or it
can have newly diagnosed organ-specific manifestations such as hae-
matological or neurological manifestations [5].

In this context, systematic reviews are being conducted to analyze
current data on emerging autoimmune diseases, which are noted during
or after the infection with the Covid-19 virus [6,7]. The search strategy
consisted of the research of relevant publications in the indexed data-
bases PubMed and Scopus. Additionally, the related citations and ref-
erences used in the evaluated articles were also considered for inclusion.
Publications were searched by the use of the following terms and key-
words: “Coronavirus”, “COVID-19”, “Hypercytokinemia”, “Renin-
angiotensin system”, “Immune response, specific”’, “Immune response,
non-specific”, “Molecular mimicry”, “Immune tolerance”, “Autoanti-
bodies”, “Rheumatoid arthritis”, “Vasculitis”, “Antiphospholipid Syn-
drome”, “Systemic Vasculitis”, “Orchitis”, “Interstitial lung disease”,
“Multisystem inflammatory syndrome, children”, “Multisystem inflam-
matory syndrome, adults”, “Lupus Erythematosus” and “Systemic”.
Publications were excluded if they did not review or research the rela-
tionship between autoimmunity and Covid-19. The goals of this review
are to analyze the different impacts of the coronavirus on specific ex-
amples of autoimmune diseases, but also to give insight into novel
pharmacological treatments that can be used in their treatment such as
the therapy with Interferon-gamma (IFN-y) or the sphingosine-1-
phosphate (S1P) receptor modulators. Reviews like this can be a very
helpful addition to healthcare professionals in daily work and set a good
basis for further research and clinical trials.

1.1. Interplay between Covid-19 infection and host's immune system

One of the common characteristics between the infection caused by
the coronavirus and other viruses is that they all have the ability to
activate different types of immune responses. The first barrier that
stands in the way of pathogen organisms including viruses is called the
innate immune response. In some cases, the reaction of the host's im-
mune system is not proportional to the threat itself that consequently
leads to the development of a very dangerous hyperinflammatory state,
which is characterized by an increased level of cytokines that enhance
inflammation. This dangerous phenomenon is marked as a cytokine
storm and it was mostly recorded in patients who have progressed to a
more severe level of Covid-19 infection [8]. Nevertheless, this type of
cytokine storm is different from the cytokine storm caused by other vi-
ruses [9]. After the SARS-CoV-2 virus enters the host's cell, the cytokine
storm that occurs does not cause activation of all types of cytokines [10].
Interestingly, when it comes to the infection with Covid-19, the main
attribute of the cytokine storm is a pathological release of a certain
group of cytokines in the serum of an infected person and this applies to
interleukin IL-2 and IL-7 [11].

Such a high concentration of cytokines leads to the increase of the
factor that describes granulocyte-macrophage colonies (GM-CSF) but it
also activates the granulocyte colony factor (G-CSF). Additionally, the
activation of gamma-induced protein 10 (IP10) by interferons was also
observed. The increased presence of cytokines caused by this infection
activates the macrophage inflammatory protein 1a (MIP1a) that is an
important chemoattractant of monocytes. In many cases where cytokine
storm developed, two parameters, interferon-gamma (IFN-Y) and factor
a of tumour necrosis (TNF-a) were elevated. In patients with a severe
clinical presentation, an increased concentration of chemokines was
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observed. Interestingly, it almost seems that it is specifically aiming to
destabilize the type I response mediated with interferons [8]. The main
thing that characterizes the defence against this infection is the increase
in levels of interferons, which represents important molecules in the
chain of activation of the innate immune response. A prolonged immune
response was also observed with Covid-19, as well as it was observed
with MERS (Middle East Respiratory Syndrome) and SARS (Severe Acute
Respiratory Syndrome). This immune response indicates that it is a
virus-induced mechanism that facilitates the breakthrough of a virus in
cells of an attacked host [12].

This sequence of events within the immune system enhances the
penetration of the virus into the epithelial cells of the lungs, which
eventually results in a strong inflammatory response, mostly caused by
the activation of a large number of cells, which are a part of non-specific
immunity. Fig. 1 shows the structure of the coronavirus that has also
been used as a base to start the process of development of vaccines
against this virus. The coronavirus has a very specific strategy for
achieving its harmful actions, in contrast to similar viruses that attack
respiratory organs, such as the virus that causes influenza, marked as
type A (IVA). In diseases caused by other viruses, almost a complete
reduction of IFNs or chemokines at the time of infection was noted.
Unlike them, SARS-CoV-2 has only a weakened IFN immune response,
although it shows completely unexpected elevation of different che-
mokines. This specific compartmentalization that is noted with innate
immune response in Covid-19 infection may be the main weapon that
this virus uses for an invasion of the respiratory system and to enable
viral replication. The consequent increase in a viral load in the affected
cells of the epithelium of the host can be the cause of tissue injury and
could result in an additional increase in the release of chemokines, as
well as in the enhancement of the action of other circulating immune
cells. A non-specific immune response would completely and unex-
pectedly interfere with virus shedding and support further virus repli-
cation [8].

Optimal specific responses of host's immunity, which can be either
mediated by T cell or humoral are characteristic of both asymptomatic
patients as well as mildly symptomatic patients. In contrast, patients
with severe early-stage Covid-19 expressed prolonged humoral-
mediated or/and T cell-mediated protective responses of immunity. It
should be noted that the surviving patients had a strong and lasting
specific immune response after Covid-19 infection. Additionally, in
cases with more expressed and progressive symptoms of Covid-19
infection, a rise in the activation of CD4+ T cells and T helper 7 (Th7)
cells was observed, which is a confirmation of the existing increased
concentration of cytokines in their organisms [14]. On the contrary, this
phenomenon does not occur in patients who are asymptomatic or have a
mild clinical picture. It is also interesting that the granulocyte-
macrophage colony-stimulating factor (GM-CSF) is highly increased
only in more serious cases of infection with SARS CoV-2 and it is not
elevated in mildly symptomatic cases. This was not observed when the
cause of the infection was the influenza virus [6].

Fig. 2 shows the immune response in asymptomatic patients with
mild clinical manifestation and patients who have a more severe clinical
picture during or after the infection with Covid-19 [8]. One common
feature that is noted, whether the patient had a mild or severe case of
Covid-19 is lymphocytopenia, which is especially affecting T cells and a
special group of T cells, extremely important for the antiviral activity,
called CD8 T cells. Lymphocytopenia is interdependent with the severity
of symptoms and a very low number of T cells can serve as a predictor of
a poor outcome for the patient. However, the molecular factors
responsible for these processes and the activation of the process of
killing T cells in infection with this virus are currently unclear [15].
Other common features that are noted in patients with Covid-19 infec-
tion, especially in more severe cases, are the onset of the cytokine storm
due to the increased synthesis of pro-inflammatory cytokines and the
release of interleukins as well as the activation of coagulation pathways
and increased development of thrombotic complications [15]. Another
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Fig. 1. The graphic displays the structure of SARS-CoV-2 virus particles and its most important structural parts [13].
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Fig. 2. The activation of innate and adaptive immune response and cytokine release in asymptomatic, mild clinical and severe clinical manifestation [8].

induces lesions and atrophy of lymphoid tissue in human organisms
such as the lymph nodes and spleen, consequently lowering the pro-
duction and effects of T cells [17].

mechanism caused by the virus in infected persons that leads to the
death of T cells and includes decreased numbers of SARS-CoV-2 entry
receptors [16]. In recent studies, it has been proven that SARS-CoV-2
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Laboratory parameters of patients with SARS-CoV-2 infection indi-
cate that increased levels of cytokines may be one of the main reasons
standing behind the death of T cells. It was also confirmed that levels of
TNF, IL-, IL-8 and IL-10 were higher and associated with lower T-cell
counts in severe Covid-19. A review of the available information leads to
the conclusion that improved replication of this virus when compared to
other viruses such as the influenza virus or other viruses that attack the
respiratory system is an important factor that contributes to the
increasing risk of mortality and greater virulence of SARS-CoV 2 infec-
tion. Replication also contributes to a greater burden and dysregulation
of the specific and non-specific immune response. This could also be
seen that controlling replication and reducing it by applying appropriate
therapy such as antiviral therapy or managing the dysregulated immune
response of the host cell by using immunomodulatory therapy is the key
to adequate therapy of infection with Covid-19 [8].

1.2. Pathogenesis of Covid-19

1.2.1. Invasion of host cells

Covid-19 virus has the ability to enter into host cells that is one of the
most important components of its infectivity and pathogenesis. Entry
into the host cell is a major component of interest for the development of
adequate, fast human intervention plans that could also boost immunity
in the host organism. The first step in the process of invading host cell is
binding to a cell receptor. After binding to the receptor that is placed on
the attacked cell surface, the virus enters the endosomes. Afterwards, the
viral and lysosomal membranes join. The spike protein (S protein) that is
expressed on the surface of virus is the main component that participates
in the entry of the coronavirus. The viral spike protein is in the form of a
trimer. Namely, it has three heads marked as S1 whose role is to connect
with the receptor expressed on the host cell. S1 heads are located on top
of the membranous S2 stalk [18]. Since the entry of the coronavirus into
the host cell is one of the important components of Covid-19 pathogenic
potential, this entry mechanism has been thoroughly investigated.

SARS-CoV subunit, marked as subunit S1 on the surface of this virus,
binds to its specific receptor and the further role of this completely
formed receptor is to recognize the enzyme that converts angiotensin 2
(ACE2) as its receptor. It is a lock that needs to be opened so that the
virus enters the targeted cell. The S2 subunit has the function of joining
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two membranes - the host cell's membrane and the membrane of the
virus. To finally fuse the membranes, the activation of spikes at interface
of S1 and S2 subunits on the virus is needed. Afterwards, S1 dissociates
and S2 has a major structural change in its form. Proteases produced by
the SARS-CoV virus additionally activate primarily proteases placed on
the surface of the cell (TMPRSS2) and lysosomal proteases cathepsins,
which are the priming spike proteins of the virus. This enables the
process of degradation of the two membranes and then allows their
fusion into one new membrane through a complex process of endocy-
tosis [19] that is shown in Fig. 3.

The main cause that leads to symptoms such as fever, headache and
respiratory symptoms is the multiplication and release of this virus in
the upper respiratory organs. It has been experimentally proven that the
virus also causes temporary damage to the olfactory epithelium that
results in a temporary dysfunction of the sense of smell. The temporary
loss of taste can be explained similarly [21]. The position of ACE 2 re-
ceptor in certain tissues explains why Covid-19 virus is targeting more
aggressively some tissues over others. If ACE 2 receptor is located on the
epithelium of various organs such as endothelial cells of lungs, heart,
kidneys, blood vessels and intestines that could explain the enhanced
manifestations of various symptoms connected with that organ. There-
fore, the placement of ACE 2 receptors is precisely what is underlying
cardiovascular complications and gastrointestinal symptoms that occur
when human organisms is attacked by this virus. Frequent damage was
also observed at post-mortem pathological examinations and the effec-
ted organs were mostly the heart, liver and kidneys. This confirms that
the virus can directly effect the function of many different organs not
only the respiratory tract [22].

Recently, novel routes of Covid-19 entry and invasion of the host
cells are being researched such as the interaction of virus with trans-
membrane protein called cluster of differentiation 147 (CD147). It is
proposed that CD147 has an important role in the development of SARS-
CoV-2 infection by promoting entry of the virus through endocytosis
process. In addition, lower expression or blocking of CD147 was asso-
ciated with inhibition of SARS-CoV-2 infection. Therefore, the beneficial
effects of drugs that interfere with CD147, such as azithromycin are
being investigated. However, additional studies are needed to evaluate
the dynamic between the effects of CD147 and Covid-19 replication as
well as the possible therapy protocols that include these drugs [23].
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Fig. 3. The entry of SARS-CoV-2 virus in the cell by the interaction of S1 and S2 proteins with receptor-binding domain for angiotensin-converting enzyme 2 [20].
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Another proposed route for the entry of SARS-CoV-2 virus into the
host cell is mediated by neuropilin-1 (NRP-1). Neuropilin-1 is a signal-
ling protein expressed on the cell surface that was proven to have the
ability to enhance SARS- CoV-2 invasion and dissemination in vitro. The
proposed mechanism is the spread of virus through olfactory epithelium
into the central nervous system, leading to the development of neuro-
logical manifestations seen in patients with Covid-19. It is thought that
NRP-1 has an important effect in the cytokine storm often seen in severe
cases of Covid-19, possibly by being an immune checkpoint for the
memory of T cells. The increased serum levels of NRP-1 have been linked
with oxidative stress, inflammation as well as an increased risk of the
development of pulmonary thrombosis in these patients. However, there
are still many unknowns about the possible role of NRP-1 in the use of
antiviral therapy in clinical practice and further studies are needed [24].

A recent study [25] also researched the interaction between the
sphingosine-1-phosphate receptor (S1PR) and SARS-CoV-2 virus. It is
proposed that the sphingosine-1-phosphate (S1P) has an important role
in stabilizing the membrane of endothelial cells. Consequently,
improving the maintenance of vascular homeostasis and enhancing the
protection against the effects of SARS-CoV-2 virus, especially in central
nervous system. The S1P receptor modulators are being researched for
their use in the treatment of Covid-19 such as the drug called fingolimod
(FTY720). Yet, there are still many unknowns about the possible effects
of this therapy and further studies should aim to investigate the effects of
S1P analogues on the interaction between the host and SARS-CoV-2.

1.2.2. Initiation of specific inmune response

A specific or adaptive immune response is an important factor in
organism's defence against viral infections. Specific immune response to
the presence of virus is based on the activation of CD4+ T cells, enabling
greater manufacture of antibodies that are specific for this virus, through
T-dependent activation of B cells. CD8+ T cells are activated. They are
cytotoxic and eliminate virus-infected cells. Additionally, increased
values of D-dimer and inflammatory cytokines were expressed in pa-
tients with more expressed symptoms and signs while the values of T
cells and B cells were reduced, which indicates that the immune system
cannot adequately regulate the acute phase of infection [26]. A vital role
in the pathogenesis of this disease is played by the capacity of corona-
virus cell to infect immune system and its different parts. For example,
lymphocyte infection has a crucial role in the virally induced patho-
genesis of SARS-CoV-2 [27].

1.3. Hypercytokinemia and organ damage

Local secretion of cytokines is considered one of the key pathological
correlations responsible for clinical manifestation of ARDS in patients
suffering from Covid-19. The results of many studies confirm that
cytopathic changes are the main pathological instances in lungs [28].
Therefore, it can be said that severe lung injury occurs in patients with
excessive immune response and infection with SARS-CoV-2. Further-
more, excessive activation of immune response as well as an excessive
synthesis of inflammatory cytokines and chemical mediators, called
cytokine storm has a vital role in the disease outcome. This is one of the
most significant factors effecting the severity of Covid-19. It is consid-
ered that the severe clinical picture or fatal outcome in patients with
Covid-19 disease is connected with excessive secretion of cytokines as
well as with severe lymphopenia and thrombosis, but with large infil-
tration of mononuclear cells in many different organs [29].

The mechanism of cytokines storm is based on the invasion of host
cells by SARS-CoV-2. During entry, the spike protein binds to ACE 2
receptor. After entering epithelial cells, the viral cell causes an immune
response. A weak interferon response is the cause of excessive cytokines
production. Proinflammatory immune responses by Thl cells, CD14+
and CD16+ monocytes are interfered with by receptors placed on the
membrane and downstream signalling pathways. Consequently, the
infiltration of macrophages and neutrophils into the lung tissue occurs,
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resulting in an enormous release of cytokines [35]. It could be seen that
infected patients with SARS-CoV-2 have weakened acquired immunity
and an uncontrolled innate response to this infection and as a result of
such condition, a cytokine storm occurs [11]. Even though the charac-
teristic of Covid-19 disease are mostly respiratory problems, it can
damage other systems in the organism and belonging organs such as the
heart, liver or kidneys. In a study conducted in Wuhan [28], quite few
patients with Covid-19 permanently lost kidney function. The corona-
virus binds to the cell via the ACE2 receptor that can be found in tissues
of various organs as previously explained. Excessive accumulation of
inflammatory cells can lead to damage to the epithelial cells of organs.
For these reasons, some patients with this disease require specialized
care, sometimes even in intensive care units. Additionally, many studies
noted that cytokine storm is one of the most important links in life-
threatening spiral that could occur in patients with SARS-CoV-2 infec-
tion [28].

1.3.1. Heart damage

Numerous diagnostic procedures discovered that patients tend to
develop heart diseases during or after Covid-19. They often have
irregular heart rhythms called arrhythmias that is mostly caused by the
imbalance of electrolytes, such as hyperkalemia or occurring fever in
these patients. Additionally, these damages to the heart muscle can even
appear as side effects of drugs used in Covid-19 treatment or the inter-
action of those drugs. Furthermore, ischemic damage of the heart muscle
is noted, mostly because of the hypoxic niche in which heart muscle cells
live, because of the onset of pericarditis and myocarditis in infected
patients. However, there is a great danger of thrombotic events devel-
opment, such as pulmonary embolism and deep vein thrombosis, espe-
cially in patients with preexisting cardiovascular diseases [30]. The
damage to cardiovascular system has also occurred in some patients who
did not have heart disease previous to Covid-19 disease but developed it
afterwards and the main cause is most likely a cytokine storm [31].
Therefore, it is fundamental to investigate the application of cytokines
inhibitor therapy in the hope that these studies will confirm the desired
results and widen the therapy options for this disease [28].

1.3.2. Acute respiratory distress syndrome

The lungs are the organ that is most often exposed to the attack of
SARS-CoV-2 virus [32]. Pneumonia is a characteristic phenomenon that
starts as a result of an infection caused by different types of pathogen
microorganisms and it can progress to the appearance of acute respi-
ratory distress syndrome (ARDS) [33]. This can be confirmed on
computed tomography by the appearance of a bilateral vitreous
appearance. The pathophysiology of ARDS that develops as a conse-
quence of Covid-19 is similar to ARDS that is caused by the actions of
other pathogen viruses. Recent studies have noted that neutrophil
extracellular traps (NETs), which is a complex network of mitochondrial
or nuclear DNA strings and histones have an important role in Covid-19
pathogenesis and the onset of lung complications. Namely, their main
role is to capture the pathogens and help their elimination from the host
organism. However, in SARS-CoV-2 infection, the formation of NETs and
their over-activation is associated with the onset of acute respiratory
distress syndrome (ARDS) because of NETs-IL-1p loop and increased
synthesis of IL-1p. NETs enhance the development of cytokine storm
(CS) in patients with severe Covid-19 as well as the activation of pro-
thrombotic cascade [34].

Additionally, the cytokines storm syndrome is a mechanism that
leads to accelerated lung injury, mostly caused by the activation of in-
terleukins and activation of coagulation pathways, in which the main
role belongs to the thrombin. The main role of thrombin is in complex
cascade that results in the creation of a blood clot and prevention of
bleeding. This important aspect increases inflammation through re-
ceptors activated by proteinases (PAR), especially proteinase 1 that can
activate platelets, monocytes and other inflammatory cells [28]. For this
reason, it is believed that treatment with PAR 1 antagonists will be very
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effective in alleviating lung damage caused by a cytokine storm, but
additional studies need to be conducted to confirm these drugs as a part
of a standard treatment protocol for Covid-19.

1.3.3. Kidney damage

Acute kidney injury is noted in patients with Covid-19 disease,
especially in patients who develop more serious symptoms and who are
being treated in the intensive care units. It could also be a factor that
largely enhances patient's fatal outcome. One of the reasons is cytokine
storm that can trigger an inflammatory response, leading to hyper-
perfusion damage of tubules inside the kidney. The hyperperfusion of
the kidney tubules leads to weakening of the function of heart muscle
and the onset of cardiorenal syndrome type 1, which is a medical con-
dition described by the simultaneous development of rapid heart failure
and acute kidney injury [35]. Direct injury of the host's kidney cells
induced by SARS-CoV-2 infection is considered to be an important
mechanism that enhances kidney damage because of the activation of
ACE 2. It starts a deadly cascade of damaging kidney cells, such as
podocytes or cells which form the Bowman's capsule, leading to pro-
teinuria and acute kidney damage [28].

1.3.4. Liver damage

Previously, it was thought that the infection with SARS-CoV-2 virus
directly damage the liver. It was thought that it is caused by the onset of
viral hepatitis, accompanied by increased levels of bilirubin and
aminotransferase in infected patients. However, recent studies show
that it is not characteristic that liver injury develops during Covid-19
disease. There is a possibility that the elevated liver enzymes are prob-
ably not originating from the liver alone and it is of additional concern
that myositis may be the cause of this increase or that the therapy that is
being used for this disease might be an underlying initiator of liver
damage [28]. On the contrary, substances and cytokines produced in the
course of a Covid-19 infection enhance the production of specific pro-
teins in the liver that are responsible for the protection of an organism
against pathogens. The increased levels of these proteins could lead to
blood clot formation that further leads to the clogging of blood vessels
[36]. Consequently, the arrival of oxygen to other organs is prevented
that can lead to their failure, the progression of the disease and even
death. Nonetheless, new protein modification mechanisms called QTY
codes are invented. Structurally, these proteins act similarly to anti-
bodies. They can be injected into the body that could be one of the
methods used to treat cytokine storm because they bind to excess cy-
tokines and can slow done or completely inhibit extreme cytokine
release [28].

1.3.5. Central nervous system

Neurological manifestations such as headache, ataxia and memory
impairment are present in a large number of Covid-19 cases, which is an
indication that this infection has an important neurological impact.
Interestingly, it was noted that these manifestations mostly occurred in
patients with more severe clinical picture. Neurological symptoms can
occur as a consequence of the damage found in skeletal muscles because
of ACE receptors involvement and elevated pro-inflammatory cytokines
[12]. Many different mechanisms are proposed as the key to deciphering
the involvement of CNS such as spread of virus via synapses through
endocytosis and vesicles filled with SARS-CoV-2 travelling through
axons. It is well-known that this virus attacks immune system cells,
therefore, it is possible that it infiltrates and uses them as a carrier
through brain-blood barrier [38].

Furthermore, different studies confirmed that oxidative stress and
elevation of inflammatory cytokines can cause neuroinflammation and
polyneuropathy [37]. Guillain-Barre syndrome can occur between 5 and
10 days after the first symptoms appear [38]. The multisystem inflam-
matory syndrome occurs mostly in pediatric population with features
that reminiscence to Kawasaki disease. This can also occur in adults,
however, rarely noted [39]. More recent studies have shown that
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glibenclamide has the potential to be a protective agent that decreases
the process of neuroinflammation in brain. Glibenclamide is a drug used
as a therapy option for the treatment of diabetes mellitus type 2. It can
inhibit the adenosine triphosphate (ATP) channels in pancreatic cells in
type 1 sulfonylurea receptors (SUR-1). However, it has strong anti-
inflammatory properties. Glibenclamide inhibits the function of nod-
like receptor pyrin 3 (NLRP3) that is induced by SARS-CoV-2 invasion.
This reduces the damage of brain-blood barrier caused by oxidative
stress. Therefore, glibenclamide inhibits the activation of NLRP3
inflammasome, lowers oxidative stress as well as the over-activation of
microglial cells in the brain tissue and release of pro-inflammatory cy-
tokines [40]. Consequently, the onset of cytokine storm is less likely to
occur and the process of neuroinflammation is reduced in patients with
neurological manifestations of Covid-19 [41].

1.4. Importance of renin-angiotensin system

Pneumonia caused by Covid-19 virus is atypical pneumonia with
uncharacteristic pathophysiological phenomena underlying its devel-
opment [32]. Interestingly, SARS-CoV-2 utilizes the ACE2 as an entrance
to the host cell and thereby induces an effect on the renin-angiotensin
system (RAS) [42]. The most important role of RAS is the control of
blood pressure. In recent studies, numerous pathological processes
conditioned by the classical RAS pathway, in which angiotensin binds to
AT1 and AT2 receptors have been studied and described. The protective
RAS pathway in which angiotensin connects with MAS receptors and
causes dilatation of the blood vessels and has anti-inflammatory effects,
may be overlooked and compromised in Covid-19. This could cause
excessive stimulation of the classical pathway that can lead to the
damage of endothelial cells, respiratory and cardiovascular damage,
hypercoagulation, inflammatory processes and resistance to insulin.

The hypothesis of excessive activation of RAS caused by Covid-19
infection can be used to understand many of the previously mentioned
clinical and epidemiological findings that are characteristics of Covid-19
disease [43]. This is especially important in early days of this infection
and in sensitive patients with existing risk-factors. In sensitive in-
dividuals, this is quite likely to have the largest impact on the early
development of the disease in combination with increased cytokine
release. This mechanism is very prevalent when talking about the severe
form of Covid-19 infection, but it is not unique. The most important role
that this hypothesis has is in the prevention of the disease worsening.
The use of certain drugs, such as AT2R agonists could enable the host's
protective response. Additionally, some studies suggested that the use of
fenofibrate that is an agonist of peroxisome proliferator-activated re-
ceptor alpha (PPAR-a) has beneficial effects in the treatment of Covid-
19. This drug expresses strong anti-inflammatory anti-thrombotic
properties. The proposed mechanism is the inactivation of spike protein
that SARS-CoV-2 virus uses as an entry point to bind the ACE2 receptor.
Consequently, the initial invasion of SARS-CoV-2 virus into the host cell
is disabled [44]. Research on this topic is of great importance and has
been greatly intensified in the previous period. Therefore, the results of
these studies show that therapeutic approach is recommended for
application based on these hypotheses [45].

1.5. Risk factors for more severe Covid-19 disease

Identifying high-risk populations for progression from mild Covid-19
infection to severe and critical illness is crucial for the strategies used for
combating Covid-19. A large number of risk factors have been identified
as being related to the progression of this disease and its severity [46].
Some of the most important are age, male sex, co-morbidities such as
increased body mass index (BMI) and blood pressure, cardiovascular
diseases (CVDs), heart, liver and kidney damage, previously developed
pulmonary diseases and some other chronic illnesses. Some conse-
quences of Covid-19 disease also include coagulation imbalance, acute
kidney injury and thromboembolism [47]. Potential complications and
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progression of the Covid-19 disease are monitored through laboratory
parameters, including the monitoring of interleukin levels, highly sen-
sitive positive inflammation reactant called C-reactive protein (CRP),
lymphocytes, platelet count, D-dimer [48], SpO2 (oxygen saturation),
peripheral capillary oxygen saturation and ferritin [49]. A report from
Japan's Covid-19 registry noted that patients who had co-morbidities
such as kidney dysfunction, liver disease, diabetes, hypertension,
obesity and older age tended to develop a more severe clinical picture
than patients without such comorbidities. Additionally, patients who
have previously been diagnosed with lung diseases developed critical
illnesses with a high probability of death, especially in the case of
chronic obstructive pulmonary disease (COPD). The course of the Covid-
19 disease in lungs is usually monitored by chest CT (computed to-
mography) scan [49].

1.5.1. Initiation of non-specific immune response

The decisive role in the protection and ultimate barrier against
pathogens (such as viruses) is non-specific or innate immune response.
Type I interferon (IFN) activation is first response of the host's immune
system to viral infection. Its activation is the main factor that controls
viral multiplication and it elicits an adequate adaptive immune
response. However, viruses use different mechanisms to suppress the
antiviral immune response [50]. First of all, the process of suppressing
type I interferon is activated by viruses. This complex process is char-
acteristic of coronavirus with expressed pathogenic abilities, SARS-CoV
and MERS-CoV is connected with disease's course and outcomes. One of
the studies [51] compared the level of interferon in a patient infected
with MERS-CoV with different levels of disease severity. A significantly
lower level of type I interferon was observed in patients with a severe
clinical picture, especially in population of patients for whom this dis-
ease ended fatally, in comparison to the levels of type I IFN in patients
who recovered or had a mild clinical manifestation . IFN production is
conditioned by the activation of IFN-regulatory factor type III (IRF3)
that is inhibited after SARS-CoV infection. Inhibition of type III inter-
feron regulatory factors was also observed after SARS-CoV infection.
Viral proteins ORF4a, ORF4b and ORF5 inactivate the nuclear trans-
location of IRF type 3 that effects the expression of IFN. In addition,
MERS-CoV 4a accessory protein stops IFN production through a direct
interplay with RNA. It is envisioned that SARS-CoV-2 uses similar
mechanisms as other types of coronaviruses such as SARS-CoV and
MERS-CoV to alter the type I IFN response because the genetic similarity
between them is high [51].

However, several sequence analysis studies [51] have shown certain
differences in SARS-CoV-2 that make it more susceptible to type I
interferon than these other types of coronavirus. SARS-CoV-1 has a
similar rate of replication as SARS-CoV-2. However, it is much more
sensitive to type I IFN treatment and a significant reduction in virus
replication is observed after type I IFN treatment that could represent
one of the potential therapeutic protocols for Covid-19 disease. Unfor-
tunately, prolongation of type I IFN response disrupts the early control
of virus and thus induces an influx of inflammatory cells such as neu-
trophils, monocytes and macrophages that onsets a dangerous cascade
formation of pro-inflammatory cytokines [52]. In some cases, this is the
threshold for the triggering of a cytokine storm [53]. Cytokine levels are
especially elevated in more severe forms of disease caused by infection.
The number of total lymphocytes and neutrophils in blood changes with
the patient's condition, therefore, those with a severe form have very low
values of lymphocytes and high neutrophils unlike those with mild
symptoms [54].

2. Immunological tolerance and autoimmunity

Immune tolerance is known as the state in which immune system
dose does not react to its own antigens or to a specific antigen that can
cause an immune response in the body. Immune tolerance is broadly
categorized as central and peripheral tolerance with different
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mechanisms that provide and maintain this extremely important state of
self-tolerance [55]. This classification is based on the location of the
initial induction of this process. If it is induced in the thymus and bone
marrow then such tolerance is called central tolerance and if the con-
dition is induced in other tissues and lymph nodes then it is called pe-
ripheral tolerance. The mechanisms by which these two forms of
tolerance develop are different, but the result is almost identical [56].
The human immune system is constantly evolving, trying to protect the
host as efficiently as possible from different pathogens. It consists of
innate and acquired immunity. An innate or non-specific mechanism
exists even before contact with a pathogen occurs and represents a key
part of the first line of defence against pathogens through numerous
mechanisms. Another part of the immune system is acquired or specific.
This defence barrier works through the activation of receptors that are
distributed among lymphocytes. The wide range of these receptors
provides an adequate response to most pathogens [55].

Immune tolerance is of fundamental importance for normal physi-
ology. Through central tolerance, the immune system learns how to
distinguish a foreign antigen from the hosts and it destroys lymphocytes
with a very important unwanted characteristic of autoreactivity. If these
lymphocytes survive, eventually they lead to the onset of different dis-
eases with autoimmune characteristics. On the other hand, the main role
of peripheral tolerance is to prevent an excessive immune response to
foreign bodies after lymphocytes, both T and B, leave thymus, mature
and enter the lymph nodes and other tissues. Deficiencies of both types
of immunity, peripheral and central tolerance are the ones to blame for
the autoimmune diseases onset and progression [56]. Understanding the
mechanism behind the process of tolerance is of key importance. Un-
derstanding the lack of tolerance and how it leads to the development of
the disease could later be used in their therapy. This would help to
replace the current long-term drug treatment regimes with highly
effective short-term treatments [57]. Therefore, the basic role of im-
mune tolerance is to prevent an excessive immune response and to
ensure that it regulates the response to foreign bodies adequately
without harming the host itself [56].

2.1. T lymphocyte tolerance

The basic role of the T cells is to recognize part of the pathogen,
through the surface proteins that are a part od the major histocompat-
ibility complex (MHC) group of molecules that are placed in the host
cells [58]. As such, they can cause serious injuries to healthy tissue if
they are not aiming at the right target, which means they will not react
to foreign antigens but their own. B-lymphocyte tolerance is in some
way conditioned by T lymphocyte tolerance that gives it additional
importance in this entire process. Based on this, it can be concluded that
the eventual failure of T-cell tolerance can cause large number of dis-
orders including different autoimmune diseases [59]. After the forma-
tion of T-cell receptor and emergence of progenitor T-cell in thymus, the
mechanism of T tolerance is triggered. However, the mechanism of
central toleration alone is not sufficient because not all antigens, which
T cells need to recognize correctly reach the thymus. Through special
mechanisms, central T cells are provided with additional help in the
form of peripheral T cell effects and tolerance [60].

2.1.1. Central T cell tolerance

Central T cell tolerance has been mostly noticed in thymus because it
develops during the stay of T lymphocytes in the thymus. At the
beginning, all precursors of T cells have the same genome and then
different receptors arise and their rearrangement occurs. After the
recombination, there is a rearrangement of T-cell receptor (TCR) genes
[61]. T-cell genes contain a large number of parts that need to be
physically recombined, consequently leading to the insertion of new
bases. As a result, the diversity of these genes and receptors is increased
that leads to the formation of complementarity-determining regions
(CDR). Such combinations in genome lead to the creation of receptors
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for T-lymphocytes, however the synthesis of antibodies against different
types of foreign antigens. Therefore, a strong host response to rapidly
evolving pathogens is developed. T-cells are self-regulatory that means
they could alone recognize the antigen that is present in the host and is
considered to be the foreign antigen [62]. During the maturation of T-
cells in thymus, they are still sensitive to the host antigens [63]. The
development of central tolerance largely depends on the encounter of
lymphocytes with autoantigen. This means they can develop central
tolerance only in lymphatic organs such as thymus [64].

The thymus has one important specificity — it is the source of antigens
that are originating from certain organs. The mechanism of central T-cell
tolerance is based on the recognition of MCH molecules during the
development of T-cells through selection processes that are of funda-
mental importance. There are two types of selection that T-cells go
through, namely positive and negative selection [64]. Positive selection
occurs in the thymus cortex. Thymic epithelial cells that are rich in MCH
molecules on the surface, take part in this process. Those cells that do
not recognize MCH peptide do not bind to this protein and die. This
selection mechanism tells that T-cells recognize the antigen but only in
MCH. This is essential because the main role of T-cells is to recognize
pathogenic cells. The selection process determines whether a T-cell will
become a CD4+ or a CD8+ cell. All thymocytes are double positive
before the positive selection process and during this process, they are
converted to either positive or negative. Whether they turn positive or
negative depends on the cell's ability to recognize MCH [64].

Negative selection takes place in the thymic medullary epithelial
cells (mTECs) and dendritic cells. The interaction of an antigen-
presenting cell and an immature lymphocyte potentiates the deletion
of clones of T lymphocytes that have the ability to attack their own cells.
This process is largely conditioned by the expression of ectopic antigens

Positive selection, neglect, and clonal deletion
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specific to tissues. However, the process in thymus cannot destroy every
self-regulatory T-cell. Thus, for example, T-cells that bind to a protein
may be found elsewhere in the body or T-cells may be at a different stage
of development [60]. Fig. 4 shows the different types of cells that create
a central immune tolerance. To prevent the development of autoim-
munity through the development of effector cells, the organism devel-
oped a mechanism of peripheral tolerance. This was necessary because
some self-reactive lymphocytes can escape the mechanism of central
tolerance.

2.1.2. Peripheral T cell tolerance

Peripheral tolerance occurs after the exit of T-cells from thymus. The
main goal of all complex processes that in the end develop peripheral
tolerance is to prevent T-cells that have escaped central tolerance from
causing autoimmune disease. Although central tolerance mechanisms
are very efficient, they cannot eliminate all self-reactive lymphocytes
[65]. The reason for this is that not all autoantigens are expressed at the
primary site of lymphocyte development that is the thymus. Peripheral
tolerance leads to the inactivation of effector T-cells. This can happen by
clonal deletion or changing to regulatory T-cells (Treg). Regulatory T-
cells are created during the development of T-cells and their main role is
to suppress effector cells in the periphery. Some of the mechanisms for
removing self-reactive T-cells in the periphery are clonal deletion and
conversion to Tregs, suppression and induced anarchy as shown in
Fig. 5. The main cause of adaptive immune system activation is the
activation of dendritic cells. Dendritic cells could also cause tolerance to
CD4+ and CD8+. Immature dendritic cells bind antigens from the pe-
riphery and present them to T cells that are inactive. If the cell recog-
nizes the antigen, its transformation into Treg will occur. As dendritic
cells mature, they lose these abilities. In addition, other cells can cause
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Fig. 5. Representation of the development of peripheral tolerance of T cells and the processes of anergy and apoptosis [60].

similar effect [56]. Suppression of Treg effector T-cells is also an
important mechanism in protection against autoimmunity. Treg cells are
generated in the periphery or the thymus. Through different mecha-
nisms, Tregs can protect the organism from autoimmunity [60].

2.2. B lymphocyte tolerance

B cells participate in host defence through effects of antibodies that
are created as the protective mechanism after microorganisms' presence
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is detected. The development of B cells is shown in Fig. 6. The lack of B
cells in some patients leads to the inability to produce antibodies and a
high tendency to infection [66]. Specifically, each B cell owns a unique
antigen receptor (BCR) [67]. After cell identifies an antigen from the
side that is on the membrane, the reactive B cells start a mechanism in
which the cells rapidly multiply to increase their number and then
secrete their specific antibody in the form of immunoglobulins: IgM,
IgD, IgG, IgA or IgE. Activated B cells can improve antigen specificity
and affinity, together with CD4+ T follicular helper cells (TFH) and
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Fig. 6. Detail mechanism underlying the development of B cells, starting from the common lymphoid precursor (CLP) to the mature B cell that synthesis anti-

bodies [70].
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other cell types [68]. The basic role of antibodies is to provide an
adequate response to a large number of infections. However, there are
cases when antibodies can be pathogenic causing the development of a
large number of autoimmune diseases, such as type I diabetes, rheu-
matoid arthritis and others [69].

2.2.1. Central B cell tolerance

Antigen identification by immature B-cells in bone marrow is of
crucial importance for the development of central tolerance for these
cells. By the use of this mechanism, the produced cells will not recognize
internal, host antigens but they can recognize pathogens, i.e. foreign
antigens. Therefore, this can be concluded that the central point of B-cell
tolerance is in bone marrow (BM) [63]. In the process of negative se-
lection, immature B-cells have reduced reactivity and at that stage, they
recognize only the molecules that are in the bone marrow. Upon expo-
sure to an antigen, the B-cell loses its receptor and that process is called
clonal deletion [71]. B-cells that have surface IgM are eliminated in the
process of clonal deletion. This kind of cell death is also called pro-
grammed death or apoptosis. However, through various research, it was
concluded that by genetic rearrangement only reactive B-cells can be
saved and receptors can be replaced. Immature B-cells, also called low-
valent cells do not die but they lose the ability to express [gM. Something
similar happens with developed tolerance to autoantibodies and drugs
[63]. For this reason, such B-cells go to the periphery, express IgD and
cannot respond to antigens. They are called anergic cells. A foreign
antigen can only be recognized by B-cells that have not encountered the
antigen in the bone marrow and that possess both IgM and IgD receptors.
Defective tolerance of central B cells has been observed in many patients
with autoimmune diseases such as type 1 diabetes, rheumatoid arthritis
and others [71].

2.2.2. Peripheral B cell tolerance

Central B-tolerance and the deletion of autoreactive B cells is
sometimes not fully completed and self-reactive B cells migrate to the
periphery. To avoid the migration of self-reactive B-cells and their
dangerous, unwanted effects, many mechanisms related to peripheral
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tolerance have been developed. Peripheral tolerance occurs when B-
cells encounter an antigen in the periphery. Further, if B-cells meet with
an antigen on the periphery, these could be anergic. Such anergic cells
cannot ask for help from T cells, so their lifespan is shortened [72]. The
main influence on an adequate B cell response is the presence of T-cell
that is specific for a certain antigen. The production of autoantibodies is
precisely organized by the presence of T-cells [73]. Although many
different mechanisms that are controlling self-reactive B cells are
known, in the case of autoimmune diseases, central and peripheral
mechanisms of tolerance fail [73]. Many studies have analyzed the
pathways that control the reaction of B cells and in the case of auto-
immune diseases, these simply do not work [73]. Such data on mecha-
nisms that fail and lead to a loss of central and peripheral tolerance
could be of great importance because they provide information on how
these autoimmune diseases are triggered. They can also be used for
therapeutic purposes. Fig. 7 shows the mechanism of B cell central and
peripheral tolerance.

2.3. Potential molecular mechanisms of autoimmunity in Covid-19

With the emergence of an infection caused by SARS-CoV-2, research
about the connection between infections and autoimmune diseases was
conducted. The results of a large number of studies show a connection
between infections and autoimmunity [75]. That connection is mostly
represented by processes such as molecular mimicry, hyperstimulation
and dysregulation of the immune system.

2.3.1. Molecular mimicry

Viruses use different ways to infect the host, often using the host's
biochemical pathways. One of the primary ways of infecting the host is
molecular mimicry of proteins. This mechanism has been long known
and the phenomenon of Covid pandemic caused by SARS-CoV-2 inten-
sified these studies. Viruses often use the host's machinery to more
effectively evade the immune system's response, but primarily they are
used for the cycle of replication. The viral proteins are similar to host
proteins because of this process. It is thought that viruses have managed
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to imitate the host proteins. This is supported by the fact that viral
material of corona virus was found in other organs as well, such as
kidneys, brain, heart and liver in addition to the lungs [6]. Through a
detailed study of Covid-19 disease, it was concluded that there is a
possibility of molecular mimicry. In an other study [76] the sharing of
peptides, mostly hexapeptides and heptapeptides between SARS-CoV-2
spike glycoproteins and human proteins was confirmed.

Interestingly, a large number of these proteins are closely related to
pulmonary, cardiac, vascular, coagulation and immune disorders. Other
studies [6] have shown associations and matches between SARS-CoV-2
and human proteins, including pulmonary surfactant, brainstem
neuronal proteins, chaperones, heat shock proteins, ankyrin, an odorant
receptor and many other proteins associated with parts of the respira-
tory system as well as some which contribute to the onset of different
autoimmune diseases. One of them is polymerase 9 (PARP9) that con-
tributes to the development of diseases in the lower respiratory organs.
It is important to state that monoclonal antibodies that are aimed against
SARS-CoV-2 spike protein and nucleoprotein can create a cross-reaction
with a large number of proteins in the tissues such as nuclear antigens,
isolable nuclear antigen, mitochondria, thyroglobulin and many other
proteins. Therefore, the main aim of the mechanism of molecular
mimicry is to facilitate infection, through imitating host proteins. As is
the case with other viruses, SARS-CoV-2 also often encodes host proteins
precisely to ease the infection. This is also one of the characteristics of
other corona viruses such as MERS-CoV [33].

2.3.2. Autoantibodies

Stimulation of immune system is a complex process that has many
benefits for human organism, but if its activation escapes control
mechanisms, many serious consequences can occur. On one hand, the
immune system and the pathways that regulates are necessary for
defence against various exogenous substances and potentially infectious
substances. On the other hand, hyperstimulation of the immune
response can trigger autoimmune disorders. Many factors can contribute
to autoimmune diseases developing in a patient and some of the most
influential ones are genetic factors, hormones, a weakened immune
response as well as individual environmental factors. The results of
numerous studies confirm that people infected with Covid-19 develop a
greater number of autoantibodies. For the vast majority of antibodies, it
is unknown whether they were created after the patient's recovery from
the infection or whether they existed before the infection as well as
whether they will effect the possible onset of disease with autoimmune
characteristics in the future [77].

The first line of defence against viral infections is represented by type
I interferons (IFN). Autoantibodies that neutralize type I IFN have long
been known. Such results have been reported in patients with viral in-
fections, but also in some patients with chronic systemic diseases. Until
the emergence of SARS-CoV-2 virus, these antibodies were considered to
be clinically negligible. The synthesis of these autoantibodies can start in
childhood, but they are characteristically found in patients with auto-
immune polyendocrine syndrome type-1 (APS-1), found in patients with
hypomorphic RAG1 or RAG2 mutations as well as many other genetic
mutations. From these results and the significant function of type I [FN
in the immune response, it could be assumed that innate errors in
antiviral immune response in type I IFN may be a possible basis for the
development of severe and even life-threatening Covid-19 [77].

The results also indicate in patients with autoantibodies that
neutralize IFN-oa2 show that an enviable number of patients who
developed a severe clinical picture and life-threatening Covid-19
possessed these neutralizing autoantibodies. This should also be
mentioned that none of these neutralizing autoantibodies was detected
in asymptomatic patients or patients with a mild clinical picture. The
factors that influenced the probability of finding autoantibodies are
gender (over 90 % in men) and age of the patient [77]. These results
were subsequently confirmed by many publications around the world.
Patients with APS-1 belong to the group of high-risk patients with an
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increased risk of developing severe disease during Covid-19 infection
[78]. Considering such evidence, it can be concluded that neutralizing
autoantibodies to type I IFN is one of the important factors in the
development of complications during Covid-19 infection. This could
also be assumed that these autoantibodies help other viral diseases
especially in the elderly people [77,78].

3. Systemic autoimmune manifestations associated with Covid-
19

Viral infections such as Covid-19 are closely related to many auto-
immune diseases. Some of these are rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), vasculitis, a multisystem inflammatory
syndrome in children and adults (MIS-C and MIS-A), antiphospholipid
syndrome (APS) as well as many other autoimmune diseases [79]. Fig. 8
shows organic systems that could be effected by Covid-19.

3.1. Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is one of the systemic manifes-
tations associated with Covid-19 infection. Several studies [79,80] have
described an association between SLE and Covid-19 infection. The
mechanism behind this process is still unclear, but it is thought that
these patients had an increased activation of B cells and also an increase
in interferon release. Additionally, there is a possibility that patients
already had developed SLE but the symptoms were not expressed yet or
were not properly diagnosed and Covid-19 only accelerated the onset of
more severe symptoms. Further studies are needed to clarify this phe-
nomenon. Acute kidney injury was the main complication that was
noted after the onset of SLE. The thrombocytopenia was presented to a
greater extent than leucopenia and a lesser extent, pericardial effusion.
Patients with Covid-19, who developed SLE were treated with cortico-
steroids, namely dexamethasone or prednisone and to a lesser extent
with chloroquine. In addition, plasmapheresis and intravenous immu-
noglobulin were used to treat some patients [79].

3.2. Rheumatoid arthritis

Rheumatoid arthritis is a disease that is part of a wide spectrum of
diseases that have autoimmunity as their main characteristic, in this case
mostly associated with inflammation of the mucous membrane lining
the joint. The cause of this disease is still unknown, but many different
factors were associated such as nutrition, infections, enzyme, hormone
imbalances, stress and other forms of emotional trauma. They can either
trigger or significantly worsen the disease. However, it is interesting that
excessive activation of cytokines in RA is similar to that noted in cases
infected with SARS-CoV-2 virus [80]. Many different studies suggested
that rheumatoid arthritis leads to an increased chance of acquiring
infection with SARS-CoV-2 due to immunologic dysfunction and the use
of potent immunomodulatory medications [36]. There is evidence that
Covid-19 infections can affect the musculoskeletal system and even
trigger the onset of rheumatoid arthritis.

Some studies [79] suggested that Covid-19 infection often presents
itself with joint pain and this symptom appears during the period of
infection but during the recovery period. The main characteristic is
arthralgia (pain in joints) that often occurs with myalgia (pain in mus-
cles) [81]. In addition, the data showed that arthralgia and myalgia were
present in patients with this infection in a high percentage (over 40 %)
[79]. The most likely mechanism is immuno-inflammation that could
lead to the start of inflammatory changes in joints, called arthritis in
patients with Covid-19 infection. Interestingly, Covid-19 and rheuma-
toid arthritis share two potentially similar mechanisms in their devel-
opment. The SARS-CoV-2 virus uses an ACE receptor on the cell to attack
and infiltrate them. This leads to increased activation of these receptors
and production of angiotensin II, consequently leading to increased
production of vascular growth factors (VEGF).
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Fig. 8. The number of cases noted and organs affected by the new-onset rheumatic autoimmune diseases reported during or after Covid-19 [79].

This cascade is eventually responsible for the entry and infiltration of significant effect on the onset of the disease [82]. Additionally, people
inflammatory cells in healthy tissues. This could be seen in RA as well as suffering from vasculitis have a hyperactive immune system. Normally,
arise in the number of aberrant macrophage clusters in alveoli in Covid- the human body fights against various infections (viruses and bacterias).
19 and synovial liquid in RA [36]. In conclusion, respiratory infection In patients with vasculitis, the immune system attacks its own blood
with SARS-CoV-2 is associated with the development and progression of vessels causing chronic inflammation [83]. The mechanism of vasculitis
rheumatoid arthritis. Rheumatoid arthritis can affect the course of development can be compared to the mechanism of the onset of infec-
Covid-19 disease because these patients often have comorbidities in a tion with Covid-19 because both develop as a consequence of hyper-
much higher percentage than individuals without rheumatoid arthritis activation of the immune response.
such as asthma, diabetes and many others [81]. Therefore, additional It is thought that this virus starts a process of pyroptosis. The term
follow-up is needed in patients with both rheumatoid arthritides and are pyroptosis is used to describe endothelial and innate cells of the immune
suffering from Covid-19. However, in the group of patients with pre- system after being damaged by the virus or some other toxic agent,
disposition for RA development because Covid-19 infection could be a release cellular components that enhance inflammation and oxidative
trigger for its onset. stress. This could be proven by a noted increase in the levels of molecules

produced in these damaging processes such as low-density lipoproteins,
heat-shock proteins, proteases and phospholipids that have been
oxidized. For this reason, it is considered that vasculitis can often
accompany a virus infection and that could develop as a more serious
consequence of Covid-19. Furthermore, this is confirmed by a study that
investigated the interplay between vasculitis and Covid-19 [84]. A
maculopapular purple rash was observed in a large number of patients
but papular and erythematous rashes were common. Such manifesta-
tions indicate a clear connection between these two diseases. Cortico-
steroids were mostly administered to patients as well as intravenous

3.3. Vasculitis

Vasculitis is a clinical-pathological process characterized by
inflammation and necrosis (death) of blood vessels throughout whole
organism or in a specific organ. The consequences of these pathological
events usually compromise the lumen of blood vessels - arteries, arte-
rioles, capillaries and venules. The disease is most likely caused by
several different factors. It is believed that some hereditary factors,
infection or other factors from the external environment can have a
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immunoglobulins [38].

Leukocytoclastic (LCV) forms are the most common forms of
vasculitis detected in patients infected by SARS-CoV-2. The presence of
immunoglobulin A vasculitis (IgAV) and Kawasaki disease were slightly
less expressed in adult patients than in pediatric patients [84]. IgA
vasculitis (IgAV) is mostly detected in pediatric patients but it was also
noted in adult patients. This type of vasculitis is a systemic vasculitis that
effects small blood vessels and is characterized by non-
thrombocytopenic palpable purpura, joint pain and abdominal pain.
For the treatment of IgAV, no special therapy is used other than sup-
portive therapy because it resolves on its own. Leukocytoclastic vascu-
litis is very similar to IgA vasculitis. This is systemic, usually effects
small blood vessels and mainly occurs in adults [85]. Kawasaki disease is
a type of vasculitis that occurs predominantly in children up to five years
of age. The symptoms associated with Kawasaki disease are rash, fever
and swelling of the extremities. It could cause heart problems if it is not
properly treated. The manifestations of all types of vasculitis are related
and similar to the manifestations that are characteristic of Covid-19 that
speaks in the favour of their connection [79].

Life Sciences 319 (2023) 121531
3.4. Antiphospholipid syndrome

Antiphospholipid syndrome (APS) is a part of the complex group of
autoimmune diseases, which are characterized by the production of
specific antibodies that attack healthy host cells. This antibody is called
antiphospholipid antibody (aPL). The common complications that the
action of these antibodies can cause are complex and dangerous such as
the formation of blood clots and low levels of platelets (thrombocyto-
penia) [86]. This is noted that patients have APS do not manifest often
clinical symptoms and positive antibodies cannot be detected. Interest-
ingly, a person can be positive for the antibody test (aPL) without ever
developing APS and without any clinical symptoms [87]. Catastrophic
antiphospholipid syndrome (CAPS) is a more serious and dangerous type
of this autoimmune condition with a severe manifestation of APS. This
CAPS syndrome develops in a small number of patients (around 1 %) or
even less patients with already developed APS. CAPS has a very high
mortality rate of around 50 % that is the reason this is called cata-
strophic [88]. Fig. 9 shows the mechanisms of APS pathophysiology.

In CAPS, blood clots form in a short time, usually within 24 h. This
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Fig. 9. Proposed mechanisms of APS pathophysiology and potential therapeutic targets for coronavirus disease [87].
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causes serious dysfunction and injury of lungs and leads to neurological
disfunction due to brain injury [89]. The international CAPS registry has
published key data for diagnosing this syndrome and therapeutic
guidelines for the treatment of effected patients [90]. In the review of
registry data of cases with developed CAPS, it was noted that a large
number of cases (almost half) had a viral infection previous to the onset
of this disease [91]. The Covid-19 infection is not only causing damage
to the lungs but also to other organs at large extent [92]. Based on the
analysis of swabs from people with SARS-CoV-2 virus, the infection that
can cause inflammation and damage small vessels of the mucosa was
noted. This is caused by the formation of small blood clots, called
microthrombi. This microthrombi can easily cause the appearance of
APS or even in the worst case CAPS [87].

Furthermore, in many registered cases of Covid-19 a frequent
occurrence of deep vein thrombosis, pulmonary embolism and micro-
thrombi formation has occurred [93]. The frequency of these occur-
rences is significantly higher than expected in hospitalized patients with
more severe form of the disease. Although it was previously demon-
strated through experiments on animals that aPL are thrombogenic. A
recent research shows that there must be a factor that will initiate the
entire process of thrombosis. SARS-CoV-2 can cause damage to the
endothelium that is manifested by dysregulation of redox balance due to
the increased amount of reactive oxygen molecules produced by mac-
rophages. Viruses, such as the coronavirus, reduce the effects of anti-
oxidant pathways by binding to ACE2 receptor, thereby inhibiting nitric
oxide pathways, especially nitric oxide synthesis. That dangerous inhi-
bition of antioxidant pathways can cause a series of cascade reactions
such as the activation of cascade coagulation and the formation of a
thrombus [87].

3.5. Multisystem inflammatory syndrome in children

A large number of accompanying disorders caused by this disease
were reported in Covid-19 pandemic, such as a multisystem inflamma-
tory syndrome. This syndrome was mostly observed in pediatric popu-
lation. The mechanism of this disorder is most likely based on the
development of hyperinflammatory shock but further studies need to
research this phenomenon [94]. Interestingly, all children with devel-
oped MIS-C had confirmed SARS-CoV-2 infection and MIS symptoms
appeared approximately 2 weeks after being infected with the corona-
virus that indicates the cause of MIS development is the aggressive im-
mune reaction. It was shown that the dysfunction of endothelial cells is
the main issue because increased levels of C5b-9 (a weapon of the
complement system used for damaging cell membranes) and autoanti-
bodies that attacked endothelial cells were detected [95].

The clinical manifestations that occurred in reported patients with
this multisystem inflammatory syndrome are very similar to the symp-
toms that were present in Kawasaki disease, which is common in infants
and young children. The most common symptoms observed in patients
with multi-inflammatory syndrome were fever, rash, gastrointestinal
problems with stomach pain and elevated heart damage parameters. The
presence of this syndrome in children was confirmed in many later
publications, with a high prevalence (above 30 %). Therefore, additional
studies should identify the exact cause and underlying risk factors for
MIS onset in pediatric patients and the potential prevention of its
development [95].

3.6. Multisystem inflammatory syndrome in adults

In addition to the disease occurring in children (MIS-C), MIS has been
identified in adults effected with SARS-CoV-2 virus. The identification of
multi-inflammatory syndrome in adults (MIS-A) is an important prob-
lem. The reason for this is the appearance of many other hyper-
inflammatory throughout the body that accompany the infection of
Covid-19. This kind of clinical dilemma is very difficult to solve. Addi-
tionally, distinguishing MIS-A from other diseases such as biphasic acute
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Covid-19 is often complex because there is an overlap both in their
manifestations and in diagnosis. It is further complicated by the fact that
MIS-A has not been investigated enough in Covid-19 infection and its
temporal relationship with the infection is not known [41]. The most
commonly used therapy for MIS-A is the use of corticosteroids, immu-
noglobulins and agonists of IL-1 receptor, anakinra that had a good ef-
fect on the treatment of children with MIS-C. Acute myocarditis has
often been described in cases with MIS-A and it is treated with corti-
costeroids [95]. A better description of MIS-A is of key importance
because the treatment may differ from some other accompanying dis-
eases as well as from severe Covid-19 [41].

3.7. Other systemic autoimmune diseases

Covid-19 disease is accompanied by numerous disorders both organ-
specific and systemic that is shown in Fig. 10. A large number of pub-
lications [79] evidenced the occurrence of a wide range of systemic
diseases that were triggered by Covid-19 infection. The most frequently
reported disorders were systemic lupus erythematosus (SLE) and
myositis of proximal limbs but also paraspinal myositis [96]. Both types
of myositis were diagnosed on magnetic resonance imaging (MRI) as
well as by the recorded elevation of creatine kinase (CK) level that is a
marker of muscle damage. The biggest problem in the studies that fol-
lowed these cases is incomplete diagnostics, such as an absence of
muscle biopsy or electromyography. Cases of ankylosing spondylitis
have also been reported, causing back or joint pain in people with pol-
ymyalgia rheumatica, pain occurred in the muscles but it was resolved
with the use of adequate therapy (hydroxychloroquine) [5].

In addition, novel studies have shown the association between the
onset of diabetes mellitus type 1 and Covid-19 infection. Previously, it
was proven that viral infections such as enterovirus infection can in-
crease the production of antibodies that attack pancreatic beta cells that
are responsible for insulin production. This is an underlying mechanism
of onset of diabetes mellitus type 1. The SARS-CoV-2 could enhance the
production of autoantibodies against antigens expressed in the pancre-
atic beta cell and induce their damage. In addition, it was recently
discovered that ACE2 receptor is expressed in pancreatic endocrine cells
responsible for insulin production. This receptor is the main entry point
that SARS-CoV-2 virus uses to invade host cells. Therefore, SARS CoV-2
could directly attack human pancreatic cells and lead to their apoptosis.
However, the data that would support these hypotheses are still insuf-
ficient and further studies should investigate the interplay between
Covid-19 and diabetes mellitus type 1 as well as possible therapies that
the patients would benefit from [97].

The latest studies found a link between autoimmune diseases of the
thyroid gland such as hyperthyroidism with Covid-19 infection. It was
also shown that SARS-CoV-2 can induce thyrotoxicosis and autoimmune
thyroiditis. The proposed mechanism behind this is the use of ACE2
receptor and transmembrane protease serine 2 (TMPRSS2) as the main
complex that induces the SARS-CoV-2 invasion of the host cell. These
receptors are expressed in both the thyroid gland and lungs. Therefore,
patients infected with Covid-19 are at increased risk of induction or
relapse of autoimmune hyperthyroidism. The cytokine storm that is
induced in severe cases of SARS-CoV-2 infection and the released
proinflammatory cytokines have a thyrotoxic potential. This is often
seen in older patients that could increase the mortality in Covid-19. In
addition, systemic inflammation and the over-activation of immune
cells, especially the lymphocytes, resemble the processes noted in thy-
roid diseases that is enhanced by the synthesis of autoantibodies in
immune cells. However, further studies need to investigate these pro-
posed mechanisms as well as therapeutic approaches that can improve
outcomes of Covid-19 in patients with or without preexisting disease of
thyroid gland [98,99].
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Fig. 10. Presentation of the most common symptoms and signs accompanying systemic immune disease in patients with Covid-19 [5].

4. Organ-specific autoimmune manifestations associated with
Covid-19

After the beginning of Covid-19 pandemic, various organ damages
have been reported. The most commonly effected organs are the lungs,
heart, liver and kidneys, but their manifestations could be presented
differently. Mechanisms of organ damage caused by the infection of
Covid-19 are numerous. Cytokine storm is thought to be among the
leading causes of organ damage that is influenced by many other factors
through many different mechanisms such as inflammation, ischemia and
hypoxia. However, these mechanisms have not been completely
researched such as in the case of the injury of the myocardium in the
heart of person who have developed a multi-inflammatory syndrome
(MIS). Among the most common unusual side effects of Covid-19 were
haematological, neurological, skin and ocular manifestations [100].

4.1. Haematological manifestations

Haematological manifestations often accompany viral infections and
Covid-19 is not an exemption. For example, lymphopenia was detected
in numerous viral infections associated with a severe clinical picture or
poor outcomes [100]. Interestingly, haematological manifestation that
was often seen in patients with this infection was lymphopenia as well as
leukopenia and thrombocytopenia, these are characteristic of this
infection [100,101]. Lymphopenia and leukopenia were particularly
noticeable in patients with a severe clinical picture. Lymphopenia was
often seen in critically ill patients, especially if they developed ARDS
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[100]. Therefore, lymphopenia is a significant sign of disease's severity.
Cytopenia has been rarely reported in people infected with Covid-19 and
it was mostly detected in asymptomatic patients.

Thrombocytopenia is frequently seen in people with Covid-19.
Interestingly, a close association of thrombocytopenia with poor out-
comes in patients with Covid-19 was noted. This is additionally
confirmed by research data that showed a linear association between the
deaths caused by Covid-19 and the registered number of platelets in the
blood. Possible mechanisms should yet be identified but it is thought
that the main role belongs to the insufficiency of platelets production
caused by cytokine storm. It is possible that the destruction and damage
of the platelets is happening on the periphery because of a direct attack
on host's platelets as well as an increase in autoantibodies production
[102]. In addition, it was reported that thrombocytopenia was present in
severe forms of the disease. Consequently, thrombocytopenia can be
used as a biomarker for the detection of organ damage and the level of
platelets could be used as a predictor of the disease prognosis because of
having an important role in its course [100].

Interestingly, other autoimmune haematological manifestations of
Covid-19 have been detected such as immune thrombocytopenic pur-
pura (ITP). This phenomenon has been observed in a large number of
patients over 50 years, usually 14 days after the initial infection. Sero-
logical testing and detection of IgG antibodies presence may indicate a
delayed immune response. Autoimmune hemolytic anemia (AIHA) was
also detected in elderly [103]. The symptoms characteristic of AIHA is
asthenia and jaundice that are manifested during the first seven days of
disease's course. Additionally, in severe Covid-19 disease, a significant
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rise of the D-dimer values was noted in patients. This points out that the
activation of a dangerous coagulation cascade is often seen in people
with Covid-19. The increased value of D-dimer was noted mostly at
advanced stages of this disease and it was significantly lower in the
group of patients with moderate or mild disease, which indicates that
this parameter is related to the course of disease. Therefore, it should be
monitored to detect hypercoagulation on time and prevent its full onset

[5].
4.2. Skin manifestations

Different presentations of skin symptoms and signs can be used as
clues to determine the severity of infection in viral diseases including
Covid-19. The skin manifestations caused by Covid-19 in adult patients
that are mostly recorded are morbilliform rash, urticarial lesions, vesi-
cles, pseudo-chills and vaso-occlusive lesions [104]. The maculopapular
lesions are often seen as a localized skin manifestation accompanying
this infection. Additionally, skin lesions can develop as a side effect of
medications. By reviewing the results of different studies, it was deter-
mined that almost half of the skin lesions that occur in Covid-19 are
maculopapular lesions [105]. Age is a risk factor for onset of these le-
sions, also found in younger people. These lesions are most often located
on the trunk of the body [100].

Furthermore, an increased incidence of sores, also called pernio has
been noticed in patients with Covid-19. They occur on certain parts of
the body, mostly feet and hands, these are characterized by inflamma-
tion of the skin. These lesions are characterized by a change in the skin
colour to red or blue and swelling of the extremities. A popular term
used to describe infected patients with these lesions is “Covid on the
toes”. Medical literature supports the association of these lesions with
the infection of Covid-19 or with some autoimmune diseases although
these lesions are mostly of unknown causes [100]. Additionally, the
vesicular rash was recorded in some of the patients. It manifests itself as
lesions that resemble bags that are filled with liquid and are located
under the epithelial layer. A common name used for such lesions is
blisters. The size of these lesions often does not exceed 1 cm and rarely
appear individually but rather in groups.

Risk factors that lead to this phenomenon are infection by viruses
and bacteria, drugs, heatness and contact dermatitis. They rarely occur
in Covid-19 disease and they are most often localized on the extremities
and occur in middle-aged people [100]. However, the main problem is
that these lesions could also occur as a side effect of drugs and Covid-19-
infected patients are usually treated with many different drugs. There-
fore, it is not advised to use maculopapular lesions and any other skin
lesions as the diagnostic characteristic of infection with this virus. Drugs
that can potentially lead to the appearance of these sores are mostly
from the group of antiretroviral drugs such as ritonavir and lopinavir as
well as intravenous immunoglobulin (IVIG) that are often used in the
treatment of Covid-19 patients [106].

4.3. Ocular manifestations

The presence of the previously detected coronaviruses has been
noted in tear secretions, cornea and conjunctival cells. This indicates
that these types of coronavirus could cause conjunctivitis, especially due
to a lack of treatment and low level of prevention. Interestingly, ocular
manifestations are often registered in Covid-19 and research shows that
one out of ten patients with this disease had some type of ocular
manifestation [107]. Conjunctivitis is the most commonly reported
ophthalmic complication confirmed in patients suffering from Covid-19
[108]. This virus often causes a more severe form of conjunctivitis with
pronounced cilia-conjunctival hyperemia. The time of this ocular
manifestation is not precisely defined but the most likely time of
appearance of conjunctivitis is between 5 and 20 days after the initial
detection of symptoms. The mostly used eye drops to treat these viral
conjunctivitides are ribavirin eye drops, although further studies need to
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be conducted to confirm their safety. In recent research, case series of
oculomotor paralysis (OMP) and retinopathy have also been described
[107].

A review of the medical literature also found that medicines used in
the therapy protocols for Covid-19 can cause ocular changes such as
cataracts and ocular hypertension. This was often noted in more severe
clinical cases. In addition to conjunctivitis that was the most common
ocular manifestation (Over 80 %), dry eye, redness, itching, eye pain and
discharge were noted [107]. The most common symptoms of conjunc-
tivitis can be redness and itching but it could also cause fever.
Conjunctivitis commonly occurs in adults and less in children. Impor-
tantly, this conjunctivitis has a high risk of transmission for people who
treat infected patients, therefore additional safety measures should be
applied when treating a patient with conjunctivitis and Covid-19 [109].

4.4. Neurological manifestations

Several reports confirmed that neurological manifestations are
highly prevalent in patients suffering from Covid-19. The most common
neurological symptoms accompanying the Covid-19 infection are
anosmia, ageusia, myalgia, vertigo, headache, encephalitis and Guillain-
Barre syndrome [110,111]. Anosmia and ageusia were often detected in
patients infected with this virus. More severe complications in the
neurological sphere such as Guillain-Barre syndrome or stroke occurred
very rarely. It was proposed that the transmission of a virus from the
respiratory system to the brain can occur because of a “cytokine storm”
and the injuries of the brain-blood barrier as a consequence of their
effects [40]. Interestingly, virus proteins and increased markers of
inflammation, such as C-reactive protein (CRP), fibrinogen and D-dimer
were detected in the cerebrospinal fluid of patients that were diagnosed
with encephalitis. Additionally, it was shown that different antibodies
appear after Covid-19 infection and some of them affect the neurological
system such as antibodies against anti-myelin oligodendrocyte glyco-
protein (MOG) and antibodies against hypocretin receptors.

Hypocretin is a neuropeptide that regulates important brain func-
tions such as sleep, appetite, and wakefulness but some extracerebral
processes such as heart contractility [103]. Another pathophysiological
mechanism is shown in Fig. 11. The earlier explained mechanism of the
binding of coronavirus to the ACE2 is a key factor that enables the
entrance of the coronavirus into host cells. ACE2 receptors are expressed
in different cell types in the brain such as astrocytes, cells that line the
endothelium of blood vessels and pericytes. ACE2 can be expressed in
blood vessels and the choroidal epithelium in choroid plexus of the
lateral ventricles, possibly allowing the penetration of SARS-CoV-2 virus
into the cerebrospinal fluid (CSF). Fig. 12 shows this interaction of
coronavirus with the ACE2 receptor. Although the expression of ACE2
was also found in a larger number of different types of cells in brain's
tissues, these are still less expressed in the brain than in peripheral tis-
sues. Therefore, it is hypothesized that direct infection of the brain by
SARS-CoV-2 virus is also possible but more research is required to pre-
cisely decipher Covid-19 virus affinity towards the brain and possible
prevention and therapy of neurological manifestations of this disease
[111].

4.5. Interstitial lung disease

The system that is often affected by the SARS-CoV-2 virus is respi-
ratory system especially the lungs. Interestingly, pneumonia that has
SARS-CoV-2 as the main cause of infection could cause secondary pul-
monary fibrosis. Secondary pulmonary fibrosis can potentially prolong
the respiratory symptoms caused by this infection that is called inter-
stitial lung disease (ILD) [112]. Interstitial lung disease can significantly
increase the risk of critical illness or mortality [113]. The therapy used
to treat patients with IDL is mainly based on corticosteroids [114].
Among the diseases that have the predisposition to cause secondary lung
infections such as interstitial lung disease is diabetes mellitus [115]. The
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Fig. 11. One of the possible neuropathological mechanisms of SARS-CoV-2 [111].
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patients diagnosed with diabetes mellitus more often develop asthma,
COPD, pneumonia and pulmonary fibrosis [116]. The processes behind
this phenomenon have not been fully elucidated yet, so further research
is necessary although it is thought that autoantibodies could play an
important role. The therapeutic strategy for IDL is not established and
immunosuppressants are thought to be useful in the treatment of ILD
[113]. Additionally, novel studies have shown that pirfenidone (PFN),
the anti-fibrotic agent has beneficial effects on the pulmonary fibrosis
that occurs after the Covid-19 infection. PFN can lower the activation of
inflammatory cells and decrease the release of pro-inflammatory cyto-
kines such as transforming growth factor beta (TGF-$1). Consequently,
the proliferation of fibroblasts and the synthesis of extracellular matrix,
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especially collagen is decreased. However, the use of PFN in the treat-
ment of pulmonary complications after Covid-19 should be researched
in future studies [41].

4.6. Orchitis

The human testes are also at risk of becoming collateral damage of
Covid-19 infection. The most common manifestation is orchitis,
although it is not an often-seen consequence of this disease [117]. The
mechanism that helps this virus to avoid blood-testis barrier is most
likely connected with the presence of ACE2 in the testis. However, this
receptor is not expressed enough on the cell surface in the testes to
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enable the virus entrance into cells. Therefore, it is thought that
TMPRSS2 has an important role. It is a protease that is responsible for
the priming of the spike protein of this virus and it helps ACE2 to open
the door of the host cell for its entry [118]. The inflammatory response
that is triggered by the production of molecules marked as cytokines
such as IL-6 and TNF- « effects the testes that could change and disrupt
the barrier between testis and blood. Additionally, the increased body
temperature in infections such as Covid-19 could directly damage
testicular cells and lead to leukocyte infiltration [119]. The number of
studies investigated the effects of SARS-CoV-2 virus on the male repro-
ductive system is insufficient. Because the consequences of inflamma-
tion in these organs are serious such as sterility or impaired
spermatogenesis, further studies are needed to properly address the
diagnostic and therapeutic protocols for this disease.

5. Conclusion

Covid-19 infection is a trigger for various types of autoimmune dis-
eases that manifest either as a systemic disease or as an organ-specific
one. Excessive activation of immune response and triggering of auto-
antibodies synthesis as well as an excessive synthesis of inflammatory
cytokines and onset of cytokine storm have a vital role in the disease
outcome. These processes are important factors in onset of autoimmune
complications of Covid-19 such as arthritis, vasculitis, antiphospholipid
syndrome and multisystem inflammatory syndrome. Yet, many un-
knowns need to be deciphered about Covid-19 autoimmune manifesta-
tions. The precise knowledge of complex mechanisms behind the
inflammatory and autoimmune reactions could impose novel thera-
peutic options for their treatment, especially for the use of immuno-
suppressants and different receptor modulators in limiting the body's
immune response. Corticosteroids are known for reducing suppressive
action of the immune response that has an impact on mortality reduc-
tion. Additionally, the therapy with Interferon-gamma (IFN-y) showed
promising results as well as the use of S1P receptor modulators, such as
the drug called fingolimod. However, there are still many unknowns
about the use of these novel therapies. Therefore, the inflammation and
autoimmunity triggered by Covid-19 should be further investigated to
improve existing diagnostic procedures and therapeutic protocols for
Covid-19.
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