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ABSTRACT

Autoimmunity, hyperstimulation of the immune system, can be caused by a variety of reasons. Viruses are
thought to be important environmental elements that contribute to the development of autoimmune antibodies.
It seems that viruses cause autoimmunity with mechanisms such as molecular mimicry, bystander activation of T
cells, transient immunosuppression, and inflammation, which has also been seen in post-Covid-19 autoimmunity.
Infection of respiratory epithelium by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) dysregu-
lates the immune response, triggers both innate and acquired immunity that led to the immune system’s
hyperactivation, excessive cytokine secretion known as “cytokine storm,” and finally acute respiratory distress
syndrome (ARDS) associated with high mortality. Any factor in the body that triggers chronic inflammation can
contribute to autoimmune disease, which has been documented during the Covid-19 pandemic. It has been
observed that some patients produce autoantibody and autoreactive CD4* and CD8™ T cells, leading to the loss of
self-tolerance. However, there is a scarcity of evidence defining the precise molecular interaction between the
virus and the immune system to elicit autoreactivity. Here, we present a review of the relevant immunological
findings in Covid-19 and the current reports of autoimmune disease associated with the disease.

1. Introduction

Both innate and acquired immunity play a crucial role in response to
SARS-CoV-2 and a disease progression [11]. It has been shown that

Beta-coronaviruses (p-CoVs) belong to the genus of coronaviruses
(CoVs) and family of zoonotic viruses. After the incidence of severe
acute respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV) in 2003 and 2012,
respectively, the newest of p-CoVs appeared in December 2019 in
Wuhan city, China, was named SARS-CoV-2 [1]. SARS-CoV-2 has been
identified as the cause of coronavirus disease 2019 (Covid-19), defined
as an acute inflammatory infectious disease [2-4]. Over 80 million cases
of Covid-19 have been confirmed universally, at a ~2.2% case fatality
rate that mostly happens in the 15-20% of the severe cases of the disease
with bilateral interstitial pneumonia [5]. In these cases, acute respira-
tory distress syndrome (ARDS), characterized by the quick beginning of
widespread inflammation in the lungs, is considered as the leading cause
of mortality [4,6-10].

Covid-19 disrupts normal protective antiviral immunity, particularly in
patients with comorbidities, old age, and specific genetic background by
causing lymphopenia (CD4" T, CD8" T, NK, and B cell), reduction of
regulatory T cells (Treg), overactivation of T cell, overproduction of pro-
inflammatory cytokines (IL-2R, IL-1, IL-6, IL-8, IL-10, IL-17, and TNF-a),
exhaustion of T cell, and an increase in antibodies [12-14]. Studies show
that defects in immune tolerance and homeostasis mechanisms lead to
inappropriate activation of the interferon pathway and auto-
inflammation [15,16]. It is now broadly acknowledged that autoim-
mune disorders are linked to autoinflammatory conditions [17,18].
Although the precise etiology of such complicated diseases remains
unclear [19], various factors including genetic susceptibility [20],
epigenetic effects, the environmental stimuli such as microbial, fungal,
parasitic, and viral pathogens can predispose a person to autoimmune
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disorders [21-25]. Viral infections can cause intolerance by different
mechanisms, including molecular mimicry (cross-reacting epitope be-
tween pathogen-derived and the self-antigens), bystander killing (virus-
specific CTLs migrating to the target tissues and exerting cytotoxicity),
epitope spreading (polyclonal activation due to the constant presence of
viral antigens driving immune-mediated injury), clearance deficiency
and viral persistence that can increase the risk of autoreactivity. These
factors contribute to autoinflammatory reactions and exacerbations of
autoimmune disease [16,26-29]. Like as many viral infections [30],
SARS-CoV-2 can lead to various autoimmune symptoms [31]. By
entering the upper respiratory tract, virus multiplies in the respiratory
mucosa’s epithelial cells. The immune system eradicates the virus.
Otherwise, the virus reaches the lungs with the possibility of over-
activation of the innate and acquired immune system, followed by the
entry of antibodies into the bloodstream. The antibodies produced
against the virus can be reacted with the proteins expressed on human
cells, causing systemic manifestations [32,33]. Several autoimmune
disorders such as Immune thrombocytopenic purpura (ITP), Guillian-
Barré syndrome (GBS), Miller Fisher syndrome (MFS), Kawasaki-like
disease in children, etc. have been recorded in connection with
COVID-19 [34-38].

Given the increasing mystery of SARS-COV.2 virus and its essential
relationship to the autoimmune complications, we reviewed current
advances in autoimmune conditions following COVID-19 disease.

2. Covid-19 and autoimmunity

Entry and replication of SARS-CoV-2 in a host cell are mediated by
the interaction of angiotensin-converting enzyme 2 (ACE-2) host re-
ceptor, expressed in respiratory epithelial cells, with the receptor-
binding domain (RBD) region of virus Spike glycoprotein (S) [39].
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Then, antigen-presenting cells (APCs) such as dendritic cells, macro-
phages, and B cells can endocytose-released viral particles and present
peptide antigens to CD4™ T cells by MHC class II. Activated CD4™ T cells,
as a central mediator, are involved in pro-inflammatory cytokine
secretion, macrophage activation, CD8" T cells priming, promoting B
cells to antibody production and targeting the SARS-CoV-2 [40,41]. The
antibody often interacts misleadingly with the host surface proteins in a
phenomenon called “Molecular mimicry” (Fig. 1) [42]. It usually hap-
pens when microbial peptides share the same antigenic sequences with
host self-proteins [43]. Several studies have suggested that molecular
mimicry may play an important role in autoimmunity generation in
Covid-19 [44,45]. It has been shown that hexapeptide sequences of
SARS-CoV-2 (nucleocapsid (N), membrane (M), ORF7b, ORF7a,
ORF71a, ORF71b, especially S glycoprotein) shared a similar sequence
with human proteins that can cause a wide range of complications from
pulmonary disorders, cardiac and vascular failure, neurological disor-
ders to autoinflammatory syndrome and ADs [46,47]. Hexapeptides of N
and surface glycoprotein of SARS-CoV-2 have shown notable similarity
with three human proteins, namely DAB1, AIFM, and SURF1, which are
involved in neurons development and mitochondrial metabolism [48].
Angileri et al. revealed the cross-reactivity of SARS-COV-2 amino acid
sequences with human proteins including OR7D4, PARP9, SLC12A6 on
the plasma membrane of olfactory neurons, the cytoplasmic matrix of B
cell and macrophage, endothelial cells of various organs, respectively,
leading to a malfunction in target organs [44]. Also, Angileri et al. found
Ankyrin 1 (ANK-1) amino acid sequence (323-LLLQY-327) similar to S
glycoprotein of SARS-CoV-2 (752-LLLQY-756), describing autoimmune
hemolytic anemia associated with SARS-CoV-2 disease [49]. Further-
more, shock protein (HSP)/chaperones with a high grade of similarity in
all organisms can be targeted by the immune response, probably due to
molecular mimicry. Cellular stress, followed by decreases in oxygen
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Fig. 1. The SARS-CoV-2 proliferates by binding to ACE-2 receptor on the surface of

host epithelial cell. Intracellular signaling pathways are activated and produce

inflammatory cytokines such as TNF-a, IFN-p, IL-6, IL-1p, IL-17, and IL-18 that may cause autoimmunity via systemic inflammation. APCs process the antigens and
present them to TCD4™ cells. Activated TCD4™ cells have a role in inflammatory cytokine secretion, MQ activation, and antibody formation. Antibody against the

viral antigen can recognize host tissue antigens that cause autoimmunity. Also, TCD:
infected and uninfected cells mainly via perforin-granzyme and Fas and its ligand.

8" cells can detect viral antigens via TCR-MHC I and cause apoptosis in virus-
This procedure is named bystander activation and causes autoimmunity. The

apoptotic bodies which contain self-antigens are presented to autoreactive T cells and cause autoimmunity. Given that autoimmunity is driven by recognition of self-

antigen and CD8 T-cell exhaustion dependent on chronic antigen stimulation, T-c

repertoire under chronic stimulation. Also, the reduction of T-reg by the SARS-CoV-

ell exhaustion could facilitate the retention of antigen-specific T cells in the
2 reduces self-tolerance and leads to autoimmunity.
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levels by SARS-CoV-2-induced pneumonia, can induce molecular
chaperones to migrate to the plasma-cell membrane, probably after
being modified and, consequently, can be recognized as foreign antigens
by circulating antibodies made against cross-reactive microbial anti-
gens, thus, creates the conditions for autoimmunity [32,45]. Addition-
ally, sequence analysis of the 41 human proteins associated with acute
and chronic immune-mediated neuropathies showed that SARS-CoV-2
shares two immunologically relevant hexapeptides (KDKKKK and EIP-
KEE) with the human heat shock proteins 90 (HSP90B and HSP90B2)
and 60 (HSP60), respectively, which are associated with Guillain-Barré
syndrome, myasthenia gravis, and multiple sclerosis (MS) [42]. Vojdani
et al. tested five SARS-CoV-2 IgG and IgM antibody positive blood
samples and found that the monoclonal antibodies against S and N
proteins of SARS-CoV-2 in three samples have strong reactions with
human tissue antigens, including transglutaminase 3 (tTG3), trans-
glutaminase 2 (tTG2), ENA, myelin basic protein (MBP), mitochondria,
nuclear antigen (NA), a-myosin, thyroid peroxidase (TPO), collagen,
claudin 5 + 6, and S100B [50]. Furthermore, in the clinical context, it is
worth noting that SARS-CoV-2 shares 6 minimum immunological de-
terminants (KTVLK, TPEEH, RETMS, PFVVS, GLEAP, ICLLQ) with the
Kawasaki antigen Inositol-triphosphate 3-kinase [51]. A common hep-
tapeptide sequence (LDKYFKN/Follistatin-related protein 1) between
the SARS-CoV-2 spike and human proteins is found in the serum of
rheumatoid arthritis, systemic lupus erythematosus, Sjogren’s syn-
drome, and systemic sclerosis patients [51,52]. These outcomes high-
light the cross-reaction of SARS-CoV-2 proteins and tissue antigens as a
potential mechanism to onset autoimmunity disorders in the conse-
quence of SARS-CoV-2 infection.

Studies show that despite lymphopenia during SARS-CoV-2 infec-
tion, CD4 " and CD8™ T cells are active with high proportions of HLA-DR
(CD3), CD 28, CD38, and increase the expression of the proliferation
marker Ki67 [53-55]. CD8" T-cells showed a notable ability to clear-
ance SARS-CoV-2 infected cells with long-lasting immunity [56].
Bystander killing in the elimination of infected cells is another probable
mechanism to promote autoimmunity followed by COVID-19 (Fig. 1).
Also, during the clonal expansion of reactive T-cells to an infection, a
significant proportion of self-reactive T-cells may be increased in Covid-
19 [57].

In the pathogenesis of autoimmune disease, cytokines may also play
an essential role. SARS-CoV-2 infection stimulates the secretion of serum
cytokines majorly TNF-a, IFN-p, IL-6, IL-1p, IL-17, and IL-18 [53],
leading to an aberrant innate and acquired immune response [58,59]
and loss of tolerance to self-antigens, ADs, and deterioration patients
with ADs [60]. CD4™ T-regulatory cells suppress the immunity at the end
of an immune response, control immune homeostasis via inhibiting the
pro-inflammatory function of effector T cells [61]. They are identified by
FOXPE expression as a specific transcription factor, and also, high levels
of variable inhibitory molecules include CTLA-4, GITR, CD39, and
CD73. T-regs can also be characterized based on the secretion of
immunosuppressive cytokines that can prevent autoimmune phenom-
ena, including TGF-beta, IL-10, and IL-35 [62]. Studies indicate the
diminished and dysfunctional T-regs in severe Covid-19 patients
[63,64]. Besides, a proportion of Treg will shift their phenotype to Th17
cells under an inflammatory environment, which will enhance the in-
flammatory response and trigger neutrophils [65,66]. So, the balance
between these two cell populations is a hallmark factor to immune-
homeostasis, and disturbance of this balance is known to be associated
with ADs pathogenesis [67]. Additionally, IL-6, which is the most
prominent cytokine produced in Covid-19 patients, inhibits CD4"
CD25" FOXP3 T-reg cells, therefore attributing to the development of
various ADs [68]. Increased expression of inhibitory receptors (CD57,
PD-1, and Tim-3) in CD8™ T cell is associated with prolonged infections,
and T cell exhaustion has been observed in patients with Covid-19
[69-71]. The binding of PD-L1 to PD-1 on the surface of CD8 T cell in-
hibits the proliferation of CD8™ T cell, inflammation, results in apoptosis
of infiltrating lymphocytes, diminished cytotoxicity, and prevents
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autoimmune tissue damaging [72]. T-cell exhaustion is a characteristic
of chronic illness that prevents the immune response and encourages
viral retention [73]. On the other hand, auto-reactive immune cells
followed by a persistent chronic inflammatory response exert major
autoimmune diseases [43]. Canas CA et al have put forward a hypothesis
that the development of post-COVID-19 autoimmunity may be a
consequence of transient immunosuppression of both innate and ac-
quired immunity leading to a lack of self-tolerance and an insufficient
process of immune reconstitution [74]. It seems that the immune
response may not be well regulated in some infected individuals, paving
the way for the development of secondary autoimmunity to SARS-CoV-
2, which is summarized in Table 1.

2.1. Post-SARS-CoV-2 Idiopathic thrombocytopenic purpura (ITP)

Idiopathic thrombocytopenic purpura (ITP) is a hematological dis-
order affecting the total number of blood platelets and thrombocyto-
penia (platelet count < 100 x 10°/L, normal range 150-450 x 10°/L)
[75]. Two-thirds of ITP cases can be secondary to infections that induce
autoantibodies cross-reactive to glycoproteins IIb-IIIa or Ib on platelets
and megakaryocytes, causing reduced longevity of circulating platelets
and impaired platelet production [76]. CD4" T helper cells reacting with
platelet antigens are correlated with B cells’ differentiation into auto-
antibody secreting plasma cells in ITP. Opsonization and phagocytosis of
platelet by splenic macrophages, dendritic cells induce platelet
apoptosis. Also, disrupted function and decreased number of Treg cells,
cytotoxic T cells, and Th2 that are important to the immune homeostasis
contribute to the development of ITP [77].

In a case series study, Bomhof et al. showed that the ITP occurred not
only during active COVID-19 infection but also up to 10 days after the
reduction of the clinical symptoms of COVID-19 [78]. In a case study
report, a 48-year-old man with a history of type 2 diabetes, obesity, and
obstructive sleep apnea was diagnosed with Covid-19 according to a
chest X-ray and a reverse transcription-polymerase chain reaction (RT-
PCR) test of a nasopharyngeal swab. CBC results on the ninth day of
hospitalization revealed a thrombocytopenia (96,000/mm?) with
macroscopic hematuria and minor bleeding from oral mucosa. A further
decline was observed on the 12th day (2,000/mm3) with petechial
bleeding appeared on the trunk. Based on the clinical and laboratory
evaluations with the exception of other possible causes of thrombocy-
topenia, including DIC, bacterial sepsis, and medication, COVID-19-
associated ITP was suspected. The direct Coombs test was positive for
IgG; the indirect coombs test was negative, showing antibodies against
red blood cells. Intravenous dexamethasone and IVIG therapy at the end
of the corticosteroid therapy improved platelet count and oxygenation
[791.

Nesr et al. show the role of COVID-19 in the ITP flare. They reported
a 34-year-old pregnant woman, known to have ITP since 2013, diag-
nosed with mild Covid-19 with a 1-day history of dry cough, fever,
petechiae, and gum bleeding. Initial CBC shows a platelet count of
13 x 10°/L on admission. The normal kidney and liver functions, and
the absence of red cell fragments, excluded thrombotic micro-
angiopathies. One day after IVIG and oral prednisolone therapy, the
platelet count reached 34 x 109/L, and the patient reported improve-
ment in gum bleeding and no new petechiae elevated platelet and
response to IVIG and steroids make a diagnosis of gestational throm-
bocytopenia unlikely, and the diagnosis of ITP flare-up was instated
[801.

Artru et al. reported a 38-year- old COVID-19 obese patient with
decompensated cirrhosis and IgA nephropathy that was treated with
hydroxychloroquine and co-amoxicillin during the first four days and
showed a rapid decrease of platelet count to 1 x 10°/L and severe
epistaxis one day after Covid-19 treatment. A blood smear confirmed
severe thrombocytopenia and did not show any schistocytes. Other
causes of thrombocytopenia were excluded, and SARS-CoV-2-related
ITP diagnosis was approved. Although in this case, the autoantibody
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level was not measured, IVIG and high-dose dexamethasone adminis-
tration resulted in rapid platelet counts and epistaxis [81]. The response
to IVIG and corticosteroids therapy is a fair indicator of immune origin
in thrombocytopenia and has a beneficial effect on excessive SRAS-CoV-
2 inflammatory reactions.

2.2. Post-SARS-CoV-2 Graves’ disease (GD)

Graves’ disease (GD) is an autoimmune hyperthyroidismis that on-
sets in the consequence of immune imbalance and the development of
auto-antibodies against the thyrotropin receptor (TSHR) [82]. Other
antibodies, including thyroid peroxidase (TPO) and thyroglobulin (TG)
antibodies, may be significantly elevated but are not specific to GD [82].
In an active GD, T-lymphocytes are sensitized to thyroid antigens and
promote the B lymphocytes to produce antibodies. Also, T-lymphocyte
suppressor function is diminished in GD [83].

Studies show that SARS-CoV-2 can be directly involved in the
pituitary-thyroid axis via infecting target cells, including thyroid cells on
thyroid follicular and pituitary cells, or indirectly through systemic
inflammation in immune responses to the virus [84]. Also, the increased
cytokine and hyperactivation of Th1/Th17 of immune responses to virus
infection may have a role in the pathogenesis of thyroid disorders
following SARS-CoV-2 [85]. Infection of the thyroid gland and increased
concentrations of interleukins, especially IL-6, lead to thyrotoxicosis
that was reported in SARS-CoV-2-related subacute thyroiditis [86].
Mateu-Salat et al describe two autoimmune hyperthyroidism cases
identified after SARS-CoV-2 infection in Italy. One of them had a pre-
vious history of GD with remission for more than 30 years, and another
was known to have no history of thyroid disease. These hyperthyroidism
cases were diagnosed 1 and 2 months after the clinical onset of Covid-19,
respectively. TSHR, TPO, and TG antibodies were positive for both cases.
Administration of thiamazole and propranolol improves the symptoms
and thyroid function in both cases [87].

2.3. Post-SARS-CoV-2 multiple sclerosis (MS)

Multiple sclerosis (MS) is a central nervous system (CNS) autoim-
mune disease that induces serious neurological impairment. Demyelin-
ation, inflammation, and axonal loss in the CNS are the pathological
conditions characterized in MS [88-90]. Although the precise mecha-
nism of MS has been remaining unclear, activation of Toll-like receptors
(TLRs) on microglia/macrophages and dendritic cells by viral particles
can disrupt self-tolerance and promote auto-immunity [91]. The
autoreactive CD4" T lymphocytes in MS patients are related to an
upregulation of adhesion molecules and chemokines on endothelial cells
and immune cells, pro-inflammatory cytokines, matrix metal-
loproteinases (MMPs), which contribute to increased permeability and
crossing of antibodies in the blood-brain barrier (BBB) [92]. Nerve
demyelination does not seem to occur directly by virus particles, but can
be caused by active T lymphocytes and inflammatory mediators. Several
evidence provided the association between viral infections and demye-
linating disease progression. For example, infection with the Epstein-
Barr virus is considered a significant risk factor for MS development
and the viral respiratory infections may also exacerbate MS [93,94].

It has been suggested that SARS-CoV-2 can induce brain and spine
demyelinating lesions. Palao et al reported the first case of CNS demy-
elinating shortly after SARS-CoV-2 manifestation. The case was a 29-
year-old woman with a history of asthma and rhino-conjunctivitis who
had not previously experienced any neurological symptoms. SARS-CoV-
2 PCR analysis in nasopharyngeal and CSF was negative, whereas
immunological testing was positive for IgM and IgG, indicating a pre-
vious infection. The MRI showed inflammation in the right optic nerve
and demyelinating lesions in the CNS. Laboratory results showed the
presence of oligoclonal IgG bands in the CSF and no detectable anti-
AQP4-IgG and anti-MOG antibodies in serum samples. The clinical
and serological studies in blood and CSF met the criteria for MS and
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ruled out other etiologies. The improvement of ocular pain and visual
acuity patient was observed after intravenous methylprednisolone
therapy. The researchers suggested that SARS-CoV-2 acted as an accel-
erating factor for MS manifestation [95].

Neuromyelitis optica spectrum disorder (NMOSD) is a rare severe
demyelinating autoimmune inflammatory disorder of the CNS, which
was thought to be a variant of MS, predominantly affecting the optic
nerves and spinal cord [96]. De Ruijter et al. reported a case of a 15-year-
old boy who had been ill for about ten days with fever, nausea, and a
cough followed by developed subacute visual loss at the hospital pre-
sentation. The presence of anti-MOG-IgG in serum and optic nerve
swelling was confirmed following a supposed SARS-CoV-2 infection.
Serum anti-AQP4-IgG was negative, and cerebrospinal fluid analysis
showed no oligoclonal bands. He was diagnosed with NMOSD and was
treated with intravenous methylprednisolone, leading to a significant
resolution of symptoms [97].

2.4. Post-SARS-CoV-2 Guillain-Barré syndrome (GBS)

Guillain Barré syndrome (GBS) is a worsening neuromuscular dis-
order that tends to destroy the nerves and leads to muscle paralysis [98].
The precise cause of GBS is unknown, but post-respiratory or gastroin-
testinal infection, and rarely recent vaccination can develop the disease
[99,100]. Immunological research indicates that GBS pathogenesis re-
quires both cell-mediated and humoral immunity. The production of
cross-reactive nerve ganglioside antibodies like anti-GM1 and anti-GD1a
can cause complement activation and membrane attack complex for-
mation at the surface of nerve cells that have increased myelin invasions
by macrophages [101].

From March 2020 to April 2020, the reported number of GBS cases
was fivefolds higher than the number of reported cases in the last three
years [102]. The GBS caused by SARS-CoV-2 was found in a case study in
Italy [103]. Korem et al. reported a 58-year-old woman with three years
history of cervical spondylosis and disc herniation. The COVID-19 test
was positive, and she was treated with azithromycin at home. Two
weeks later, after resolving her upper respiratory tract symptoms, she
developed symmetric ascending quadriparesis and paresthesia. The
diagnosis of GBS was made through cerebrospinal fluid analysis, and she
was successfully treated with IVIG [104]. Hirayama et al reported a 54-
year-old female patient with a history of asthma who showed numbness
and weakness in her limbs twenty days after the positive results for
SARS-CoV-2. The patient was diagnosed with GBS based on neurological
and electrophysiological findings. Blood tests showed no abnormalities
in glucose levels and no results suggestive of collagen disease, thyroid
disease, or vitamin abnormalities [105,106]. Although the role of anti-
bodies in developing GBS remains unclear, antibody-independent
pathways such as hyperinflammation following macrophage activation
and vascular endothelial damage of the brain may lead to neurological
symptoms in patients with SARS-CoV-2 infection [107].

2.5. Post-SARS-CoV-2 myasthenia gravis (MG)

Myasthenia gravis (MG) is an autoimmune disorder characterized by
fluctuating fatigability and muscle weakness. MG can appear with
extraocular muscle involvement as the initial symptom, usually pro-
gressing to other bulbar muscles and limb muscle groups, resulting in
generalized MG. It may be associated with thymoma, and anti-
neuromuscular junction autoantibodies, or it may appear without au-
toantibodies [108]. Thymic impairment and peripheral self-tolerance
mechanisms followed by different factors such as viral infection pro-
mote CD4™ T cell-mediated B cell activation and synthesis of pathogenic
high-affinity autoantibodies. The autoantibodies bind to the acetylcho-
line receptor (AchR) and lead to impaired neuromuscular transmission
and clinical manifestation of the disease [109,110].

SARS-CoV-2 may trigger an MG crisis [111]. Restivo et al. describe
three patients (64- and 68-year-old men and a 71-year-old woman)
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without previous neurologic or autoimmune disorders. They were
diagnosed with myasthenia gravis 5-7 days after the onset of COVID-19
symptoms such as fever and cough. RT-PCR testing for COVID-19 of two
patients showed a positive result. The neurologic examination, differ-
ential diagnosis, elevated concentration of AChR antibodies
(mean = 28.6 pmol/L; normal value, <0.4 pmol/L) confirmed the MG.
The patients were treated with the administration of pyridostigmine
bromide and prednisone, and IVIG. A patient with plasmapheresis and
hydroxychloroquine treatment improved and was extubated [112].
Huber et al. reported a case of 21-year-old female who, four weeks after
mild respiratory symptoms, showed subacute ocular manifestation, no
pyrexia, temperate exhaustion with the pain in limbs and head. At the
same time, a negative oropharyngeal swab testing suggested no acute
SARS-CoV-2 infection, while SARS-CoV-2 IgA and IgG were positive in
serum and negative in CSF. There was no sign of acute infection in
further analysis and additional examinations of thoracic X-ray and MRI
did not show a thymoma, and inflammatory modifications in lung pa-
renchyma. Additional antibodies associated with myasthenia (Agrin,
LRP4, MuSK, Titin) were unremarkable. The MG syndrome was easily
treated with IVIg and oral pyridostigmine [113]. Furthermore, Sriwas-
tava et al. described a case of ocular MG-secondary to Covid-19 infection
based on laboratory investigations and electrodiagnostic testing in a 65-
year-old woman who demonstrated neuromuscular manifestations two
weeks after positive results of the COVID-19 test. Laboratory results
revealed elevated inflammatory markers (IL-6, serum CRP, ferritin,
fibrinogen, and D-dimer) and AchR antibody [114]. According to the
reviewed studies, the MG manifestation can be a particular complication
of Covid-19 patients. However, further studies are needed to make a
definitive statement and to find an exact link between the pathogenesis
of Covid and myasthenia gravis.

2.6. Post-SARS-CoV-2 systemic lupus erythematosus (SLE)

Systemic lupus erythematosus (SLE) is a clinically heterogeneous
autoimmune disorder that results from a multifaceted interaction of the
immune system, genetics, and environmental factors [19,115,116]. SLE
pathogenesis comprises the inherent and adaptive immune systems,
autoantibody formation, complement system activation, cytokine dys-
regulation (especially interferons of type I) and disrupted apoptotic
clearance [117-119].

Literature indicates that Covid-19 could possibly be correlated with
SLE. Slimani et al. demonstrated the onset of SLE with antiphospholipid
syndrome (APLS) in a formerly healthy 23-year-old woman who later
developed a skin rash on the trunk 13 days after the Covid-19 diagnosis.
SARS-CoV-2 RT-PCR test in a nasopharyngeal swab sample and a fresh
skin biopsy sample was positive and negative, respectively. Serologic
testing showed the presence of anti-nuclear antibodies (ANAs), anti-
double-stranded DNA antibodies (anti-dsDNA), anti. Steroid therapy
had been launched; however, the patient was dead resulting in poor
respiratory outcome [120]. Cardoso et al present a new case of SLE
concomitantly who was an 18-year-old female with Covid-19 and the
development of antiphospholipid antibodies. In this case, SLE was
diagnosed based on clinical signs, laboratory, and serology tests within a
week after the onset of Covid-19 symptoms. She received ceftazidime,
vancomycin, azithromycin, hydroxychloroquine, steroids and under-
went plasmapheresis for a short time. She also evolved severe anemia
and thrombocytopenia, which was resolved with supportive care and
transfusions. She then developed thrombosis, raising concerns for anti-
phospholipid syndrome, and was started on anticoagulation. Unfortu-
nately, on the seventeenth day of her hospitalization, she died of a
cardiac arrest [121].

3. Conclusion

Studies showed the gradual recognition of complications of SARS-
CoV-2 infection. Although the respiratory system is affected mainly by
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the SARS-CoV-2, other organs, including gastrointestinal, hematopoi-
etic, genitourinary, nervous, and cardiovascular systems, may even be
affected without respiratory symptoms [122-125]. COVID-19-related
complications are either directly caused by the virus attack or indi-
rectly due to the antiviral immune response [126,127]. An inadequate
immune response can lead to the spread of infection, and a strong im-
mune response can lead to serious immunopathologic reactions, in some
cases contributing to autoimmunity [128]. The relationship between
autoimmunity and viral infection is often clarified by molecular mim-
icry, bystander activation, and viral persistence [129].

The SARS-CoV-2 infection could cause or simulate a type of organ-
specific autoimmunity in predisposed patients, according to the sero-
logical, radiological, and histopathological similarities between Covid-
19-associated ARDS and lung manifestations of connective tissue dis-
ease in a study [130]. Production of autoantibody, higher levels of IL-6
and TNF-a, increased inflammatory phenotypes of CD4" T cells
including Th1, Th17, and Th22, increased numbers of CD8+ T cells, and
reduced numbers of Treg cells can contribute to the autoimmunity
[131]. In addition to virus infections, vaccination can also be a cause of
autoimmunity, as the increased risk of Guillain Barre syndrome
following influenza vaccine was reported [132]. The possible mecha-
nisms that vaccines can induce autoimmune reactions are molecular
mimicry and bystander activation [133]. Understanding molecular
mimicry about SARS-CoV-2 peptide sequences and comprehensive
human proteome researches can be effective in producing safe and high-
quality vaccines [134]. Such studies are necessary to reduce the risk of
acute autoimmune reactions to vaccination and the development of
autoimmune diseases following COVID-19 disease.
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