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Abstract

Coronavirus disease 2019 (COVID-19), caused by the continuously evolving
novel Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), has
been a global health concern since the start of pandemic. Apart from other
COVID-19 associated complications, emerging studies have suggested autoim-
mune manifestations following SARS-CoV-2. Additionally, autoantibodies have
been detected in COVID-19 patients. COVID-19 can lead to autoimmune
manifestations, through various mechanisms such as molecular mimicry,
bystander activation, cytokine storm, generation of autoantibodies, and genetic
susceptibility. Several autoimmune diseases like Guillain-Barre syndrome,
immune thrombocytopenic purpura, autoimmune hemolytic anemia, autoimmune
thyroid diseases, Kawasaki disease, and Alopecia areata have been linked with
COVID-19. Additionally, autoimmune diseases have been linked with the
increased risk of severe illness and mortality after SARS-CoV-2 infection. There-
fore, understanding the pathophysiology of COVID-19 associated autoimmunity
can aid in management and treatment of COVID-19.
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3.1 Introduction

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is still prevalent even after 2 years of pandemic. It has
affected almost all countries with around 450 million confirmed cases and over
6 million deaths as of March 14, 2022 (Singhal 2020; Shoenfeld 2020; Liu et al.
2021; Yazdanpanah and Rezaei 2022). Despite swift advancements in COVID-19
vaccine development, the SARS-CoV-2 virus is still a major health concern. Addi-
tionally, delayed or inadequate treatment causes major proportion of COVID-19
associated mortality (Yazdanpanah and Rezaei 2022). Clinical features, host genetic
factors, co-morbidities, and autoimmune complications have been suggested to
increase the risk of severe illness and mortality post-SARS-CoV-2 infection
(Haberman et al. 2020; Freites Nuiiez et al. 2020; Tan et al. 2021). Therefore, better
risk stratification, clinical management, and better understanding of autoimmune
complications after COVID-19 infection are required for COVID-19 management.

Autoimmune diseases are characterized by loss of immune tolerance leading to
aberrant immune response against the hosts own tissues (Wang et al. 2015). The
prevalence of autoimmune diseases is about 3—-5% worldwide (Leslie and Hawa
1994; Wang et al. 2015). As viruses can induce type II and IV hypersensitivity, there
is a possibility for COVID-19-mediated autoimmunity (Lin and Askonas 1981).
Moreover, since the beginning of COVID-19 pandemic, various reports have been
suggested for the appearance of COVID-19 manifestations after SARS-CoV-2 infec-
tion (Yazdanpanah and Rezaei 2022). Moreover, COVID-19 causes an
hyperinflammatory state which results in autoimmune complications (Yazdanpanah
and Rezaei 2022). Additionally, studies suggest that SARS-CoV-2 infection can lead
to various autoimmune disease like Miller Fisher syndrome, Antiphospholipid
antibodies (APS), thrombosis, Guillain-Barre syndrome (GBS), systemic lupus
erythematosus (SLE), Kawasaki disease, autoimmune hemolytic anemia, and idio-
pathic thrombocytopenic purpura (ITP) (Galeotti and Bayry 2020; Ehrenfeld et al.
2020; Cavalli et al. 2020; McMillan et al. 2021; Liu et al. 2021). In addition, the
autoimmune complications arising from SARS-CoV-2 infection suggest COVID-19
as a classical example for autoimmune/inflammatory syndrome induced by
adjuvants (ASIA syndrome) also known as “Shoenfeld’s syndrome” (Halpert and
Shoenfeld 2020).

The SARS-CoV-2 infection can lead to autoimmunity through various
mechanisms such molecular mimicry, bystander activation, cytokine storm, produc-
tion of autoantibodies, and genetic susceptibility (Moran and Prendergast 2001;
Ercolini and Miller 2009; Smatti et al. 2019; Ragab et al. 2020; Icenogle 2020;
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Liu et al. 2021; Bergamaschi et al. 2021a, b). Moreover, autoimmune complications
after SARS-CoV-2 infection can lead to increased disease severity (Haberman et al.
2020; Freites Nuiiez et al. 2020; Tan et al. 2021). However, in the current scenario a
far better understanding regarding the autoimmune complications after SARS-CoV-
2 infection is needed; therefore this chapter discusses the different autoimmune
conditions that develop after SARS-CoV-2 infection and the possible mechanisms
involved to establish a possible association of COVID-19 and autoimmunity.

3.2  Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2)

Coronaviruses are diverse group of viruses, belonging to the Coronaviridae family
(Gonzélez et al. 2003). It infects different animals and causes mild to severe
respiratory illness in humans (Hu et al. 2020). The name coronavirus was derived
from the Greek word crown refereeing to crown or corona like appearance (House
et al. 2021). They are enveloped RNA viruses with club like spikes on their surfaces
(Fig. 3.1). Its laboratory diagnosis is generally done by detecting viral RNA by real
time PCR. The viruses mutate rapidly, and account for almost 15% of common cold
(House et al. 2021). In 2002 and 2012, two highly pathogenic coronaviruses strains:
severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respi-
ratory syndrome coronavirus (MERS-CoV), emerged causing deadly respiratory
illnesses (Hu et al. 2020). At the end of 2019, SARS-CoV-2 pandemic emerged
from Wuhan city of China. The virus spreads rapidly and surpassed SARS and
MERS infections quickly. The outbreak become a global threat to public health
(House et al. 2021). The SARS-CoV-2 virus was successfully isolated from Wuhan
sea food market in the first week of January (Kumar and Malviya 2020). The SARS-
CoV-2 viral structure consists of helical nucleocapsid with 30 kb plus stranded RNA
genome. The viral RNA interacts with nucleocapsid (N) protein, and the virus
structure consists of structural spike protein (S), membrane protein (M) and envelope
protein (E) (Fig. 3.1) (Wang et al. 2020).
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Fig. 3.1 Structure of SARS-CoV-2 virus. SARS-Cov-2 is an enveloped, positive stranded RNA
virus with four major structural proteins including spike (S), membrane (M), envelope (E), and
nucleocapsid (N) proteins
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The general mechanism by which the virus enters host cells is similar to other
coronaviruses. The virus enters the host cells by attachment of S-protein to the
angiotensin-converting enzyme 2 receptor (ACE2), thus the SARS-CoV-2 virus has
a tropism to pulmonary, hepatic, gastrointestinal, and renal human cells (Santos et al.
2020). The interaction of viral S protein to ACE2 receptors triggers viral endocytosis
and endosome formation. The S protein consists of S1 and S2 subunits, and the
proteolytic cleavage of S1 protein by cellular proteases exposes S2 fusion peptide
allowing the fusion of viral envelope to endosome membrane and release of capsid
to the cell cytoplasm (Santos et al. 2020; Walls et al. 2020). The positively stranded
viral RNA consisting of ORF1la and ORF1b are translated to produce non-structural
proteins (NSPs) (Santos et al. 2020). The NSPs then form replication complex
responsible for replication, RNA synthesis and sub-genomic RNA formation (Santos
et al. 2020; Chen et al. 2020). The sub-genomic RNA is translated to produce S, E,
and M structural proteins (Li et al. 2020). The replicated viral genome is
encapsulated by the N protein and assembled with the structural proteins to form
the complete virion. The complete virion is transported through cellular vesicles to
the cell surface and released out by exocytosis (Santos et al. 2020; Li et al. 2020).

3.3  Virus Infection and Autoimmunity

Autoimmune diseases are characterized as an aberrant immune responses, resulting
due to recognition of self-antigens as non-self-antigens (Giri et al. 2022). There are
more than 80 autoimmune diseases, and their prevalence ranges from 3% to 5%
worldwide (Ercolini and Miller 2009; Wang et al. 2015). Autoimmune diseases such
as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), multiple sclerosis
(MS), type 1 diabetes mellitus (TIDM), etc. have been a global health concern and
contribute significantly to the mortality and morbidity associated with autoimmune
diseases (Wang et al. 2015). There is no cure for most autoimmune diseases, and the
current treatment options generally only provide symptomatic reliefs
(Chandrashekara 2012). Moreover, despite recent advancements in the field, the
exact etiology for autoimmune diseases is unclear. Several factors like genetics,
epigenetics, stress, environmental factors have been suggested to trigger the autoim-
mune response (Costenbader et al. 2012). Apart from these, studies also suggest that
multiple factors including infections, nutrition, stress, microbiota, tobacco, smoke,
pharmaceutical agents, hormones, ultraviolet light, heavy metals, vaccines can
trigger the development of autoimmune diseases (Shoenfeld et al. 2000; Costenbader
et al. 2012).

Viruses are considered to be one of the major environmental trigger responsible
for the development of autoimmunity. Multiple mechanisms such as molecular
mimicry, bystander activation, cross-reaction, epitope spreading, cytokine storm
have been suggested to play a crucial role in viral infection induced autoimmunity
(Ercolini and Miller 2009; Smatti et al. 2019; Liu et al. 2021). Moreover, viruses can
induce Type II and IV hypersensitivity (Lin and Askonas 1981) and can cause ASIA
syndrome (Halpert and Shoenfeld 2020). Additionally, the viral infections induced
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autoimmunity has been observed in experimental autoimmune encephalomyelitis
(EAE) model of multiple sclerosis (MS), West Nile virus (WNV)-mediated myas-
thenia gravis (MG), Theiler’s murine encephalomyelitis virus-CNS autoimmunity,
Epstein—Barr virus (EBV), and measles virus induced MS and SARS-CoV-2 virus
induced autoimmunity (Miller et al. 1997; Tucker and Andrew Paskauskas 2008;
Constantinescu et al. 2011; Liinemann 2012; Getts et al. 2013; Leis et al. 2014;
Smatti et al. 2019; Galeotti and Bayry 2020; Ehrenfeld et al. 2020; Cavalli et al.
2020; McMillan et al. 2021; Liu et al. 2021).

3.3.1 SARS-CoV-2 Induced Autoimmunity

Emerging studies have suggested COVID-19 patients develop various autoimmune
manifestations like GBS, ITP, RA, SLE, T1DM, Miller Fisher syndrome, Kawasaki
disease, Autoimmune thyroid diseases, Antiphospholipid antibodies, Vitiligo, Alo-
pecia areata, Cold agglutinin syndrome thrombosis, APS and autoimmune hemolytic
anemia (Galeotti and Bayry 2020; Ehrenfeld et al. 2020; Cavalli et al. 2020; Tung
et al. 2021; McMillan et al. 2021; Ruggeri et al. 2021; Liu et al. 2021; Post et al.
2021; Edwards et al. 2021; Bhagat et al. 2021; Dewanjee et al. 2021; Tammaro et al.
2022). Moreover, studies have also found that patients develop a range of
autoantibodies and cytokine storm post-COVID-19 (McMillan et al. 2021;
Ryabkova et al. 2021; Chang et al. 2021), suggesting that SARS-CoV-2 infection
can trigger autoimmunity (Halpert et al. 2021; Dotan and Shoenfeld 2021; Dotan
etal. 2021a). Additionally, the autoimmune complications arising from SARS-CoV-
2 infection suggest COVID-19 as a classical example for ASIA syndrome (Halpert
and Shoenfeld 2020). Multiple mechanisms like molecular mimicry, cytokine storm,
production of autoantibodies, and genetic susceptibility can result in SARS-CoV-
2 induced autoimmunity (Moran and Prendergast 2001; Ercolini and Miller 2009;
Smatti et al. 2019; Ragab et al. 2020; Icenogle 2020; Liu et al. 2021; Bergamaschi
et al. 2021a, b). These mechanisms are discussed in the following sections.

3.3.1.1 Molecular Mimicry
Molecular mimicry occurs when infectious agents such as viruses present antigens
similar to host self-antigens (Arango et al. 2013). Thus, the cross-reaction between
SARS-CoV-2 viral antigens and self-antigens can activate self-reactive T and B
mediated autoimmune response (Arango et al. 2013). Experimental evidence
suggests that viruses such as Herpes simplex virus (HSV), Epstein—Barr virus
(EBV), and cytomegalovirus (CMV) can trigger various autoimmune diseases
through molecular mimicry (Moran and Prendergast 2001; Smatti et al. 2019).
Additionally, recent studies have also suggested the role of EBV and CMV in the
development of vitiligo—skin autoimmune disease (Dogan et al. 2014; Dwivedi
et al. 2018).

Previously, human coronaviruses CoV-229E and HCoV-OC43 have been linked
with MS (Salmi et al. 1982; Stewart et al. 1992; Talbot et al. 1996; Arbour et al.
2000; Moody et al. 2021). Furthermore, cross reactive T cells immune response has
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been detected between myelin and HCoV-OC43 antigens (Arbour et al. 2000;
Moody et al. 2021). Similarly, SARS-CoV-1 has been found to be associated with
autoimmune diseases by cross reactivity (Wang et al. 2004; Moody et al. 2021).
Patients with autoimmune diseases such as RA, SLE, Sjogren’s syndrome were
found positive for SARS-CoV-1 antibodies, despite lacking any previous SARS-
CoV-1 infections (Wang et al. 2004; Moody et al. 2021). Therefore, these studies
indicate that like other coronaviruses, SARS-CoV-2 can also lead to autoimmune
diseases.

In addition, the spike glycoprotein of SARS-CoV-2 virus has structural
resemblances with mammalian proteomes (Kanduc and Shoenfeld 2020). The
study suggested SARS-CoV-2 proteome and the human proteins PARPI14,
PARP9, and MACRODI1, may potentially behave as molecular mimics, which
may result in activation of autoreactive CD8" and CD4* T cells mediated autoim-
mune response (Kanduc and Shoenfeld 2020). Moreover, the study found that NSP3
protein consist of an LKH tripeptide which is homologous with human proteome and
these homologous regions may prompt autoreactive B cells to produce antibodies for
these epitopes (Kanduc and Shoenfeld 2020). Furthermore, molecular mimicry
between SARS-CoV-2 and the female reproductive system has been reported
(Dotan et al. 2021b). It has also been reported that molecular mimicry between
SARS-CoV-2 antigens and neural antigens can lead to GBS (Shoraka et al. 2021)
(Table 3.1). Similarly, molecular mimicry of SARS-CoV-2 antigens with Ankyrin-1
(Ank-1) protein has been suggested to cause Autoimmune hemolytic anemia
(Angileri et al. 2020). Apart from these, molecular mimicry may be involved in
autoimmune manifestations like ITP, SLE, and APS, post-COVID-19 (Table 3.1)
(Bhattacharjee and Banerjee 2020; Tung et al. 2021; Gracia-Ramos et al. 2021). It
has been suggested that such molecular mimics through resident antigen presenting
cells can promote autoreactive T and B cells response (Fig. 3.2) (Kanduc and
Shoenfeld 2020). Thus, molecular mimicry could be a potential mechanism
contributing to SARS-CoV-2 associated autoimmune complications (Kanduc and
Shoenfeld 2020).

3.3.1.2 Bystander Activation
Bystander activation is an another crucial mechanism by which SARS-CoV-2 infec-
tion can cause autoimmunity (Arango et al. 2013). Here the inflammatory response
against SARS-CoV-2 can contribute to activation of self-reactive T and B cells
(Fig. 3.1) (Arango et al. 2013); thus these non-antigenic activation can lead to an
autoimmune response (Pacheco et al. 2019). The autoimmune response mediated by
SARS-CoV-2 can be triggered by pathogen-associated molecular patterns (PAMPs),
cytokines and chemokines. Viral infections such as Influenza virus, EBV, and CMV
trigger bystander activation leading to autoimmune response mediated by self-
reactive T cells, B cells, NK cells, and DCs (Fujinami et al. 2006; Arango et al.
2013; Jung et al. 2017; Dwivedi et al. 2018; Pacheco et al. 2019).

The evidence for SARS-CoV-2 infection mediated autoimmunity through
bystander activation is suggested in patients with persistent COVID-19. The patients
with persistent COVID-19 have highly activated innate immune cells (Phetsouphanh
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Table 3.1 Various mechanisms of SARS-CoV-2 induced autoimmunity

Mechanism

Molecular
mimicry

Bystander
activation

Cytokine
storm

Description/example

Cross-reaction between SARS-CoV-
2 viral antigens and self-antigens can
activate self-reactive T and B
mediated autoimmune response.
Spike glycoprotein of SARS-CoV-
2 virus has structural resemblances
with mammalian proteomes.
SARS-CoV-2 proteome and the
human proteins PARP14, PARP9,
and MACRODI, behave as
molecular mimics, activating
autoreactive CD8" and CD4" T cells.
LKH tripeptide of NSP3 protein is
homologous with human proteome
and may prompt autoreactive B cells
to produce autoantibodies.
Molecular mimicry between SARS-
CoV-2 and the female reproductive
system has been reported.
SARS-CoV-2 antigens mimic Ank-1
protein leading to autoimmune
hemolytic anemia.

SARS-CoV-2 molecular mimicry is
involved in autoimmune
manifestations like ITP, SLE, and
APS syndrome.

Inflammatory response against
SARS-CoV-2 can contribute to
activation of self-reactive T and B
cells.

Non-antigenic activation can lead to
an autoimmune response.

Persistent COVID-19 patients have
highly activated innate immune cells
and immune and inflammatory
abnormalities have been found to be
persistent in severe disease for more
than 60 days post-COVID-19.
Severe COVID-19 has delayed
bystander CD8" T cell immune
response.

A life-threatening inflammatory
syndrome (cytokine release
syndrome) is involved elevated levels
of cytokines and hyper immune cells
activation.

Increased levels of IL-2, IL-17, IP10,
MCPI, TNF-q, IL-1, and IFN-y
cytokines in severe COVID-19
patients.

Reference

Arango et al. (2013), Angileri et al.
(2020), Kanduc and Shoenfeld
(2020), Bhattacharjee and Banerjee
(2020), Tung et al. (2021), Dotan

et al. (2021a, b), Gracia-Ramos et al.
(2021)

Arango et al. (2013), Pacheco et al.
(2019), Bergamaschi et al.

(2021a, b), Phetsouphanh et al.
(2022)

Huang et al. (2020), Ragab et al.
(2020), Icenogle (2020)

(continued)
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Table 3.1 (continued)

Mechanism

Autoantibodies

Innate immune
mechanisms

Genetic
susceptibility

Description/example

Increased pro-inflammatory
cytokines lead to activation of Thl
response, leading to infiltration of
macrophages, neutrophils, and T
cells from the circulation into the site
of infection, which contribute to
tissue and organ damage.

Increased autoantibodies have been
detected in severe COVID-19
patients.

Increased ANA antibodies, anti-SSA/
Ro antibodies, anti-SSA/Ro
antibodies, anti-scl-70 antibodies and
anti-U1-RNP antibodies were
detected in severely ill COVID-19
patients.

70% of COVID-19 patients had
autoantibodies against systemic
autoimmune rheumatic disease.
Autoantibodies are detected against
antiphospholipid antibodies,
neuronal targets, [IFN-y, GM-CSF,
IL-6, and IL-10.

SARS-CoV-2 RNA is recognized by
DCs which activate innate immune
response, and also induce
autoreactive T and B cells response.
SARS-CoV-2 mRNA recognized by
TLR3, TLR7, and TLRS8 can prime
the innate immune response to
produce pro-inflammatory cytokines
like IFN-y.

Individuals vulnerable to SARS-
CoV-2 infection may also be
susceptible to autoimmune diseases.
HLA-B*15:27 and HLA-DRB1*04:
06 are risk alleles for COVID-19
susceptibility.

HLA-DRB1%#04:06 is a risk factor for
autoimmune diseases.

P. S. Giri et al.

Reference

Bastard et al. (2020), Zhou et al.
(2020), Zuo et al. (2020),
Vlachoyiannopoulos et al. (2020),
Xiao et al. (2020), Franke et al.
(2021)

Wang et al. (2021), Talotta (2021),
Velikova and Georgiev (2021)

Sun et al. (2019), Zhao et al. (2019),
Yu et al. (2021)

Ank-1 ankyrin-1, PARP poly (ADP-ribose) polymerase family member, MACRODI mono-ADP
ribosyl hydrolase 1, NSP3 non-structural protein 3, /7P immune thrombocytopenic purpura, SLE
systemic lupus erythematosus, APS antiphospholipid syndrome, /P10 interferon y-induced protein
10, MCPI monocyte chemoattractant protein-1, GM-CSF granulocyte-macrophage colony-
stimulating factor, ANA antinuclear antigen antibodies, Anti-SSA anti—Sjogren’s-syndrome-related
antigen A, Anti-scl-70 anti-systemic sclerosis-70, Anti-UI-RNP anti-Ul-ribonucleoprotein, 7LR
toll-like receptor, DCs dendritic cells
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Fig. 3.2 Role of SARS-CoV-2 infection in development of autoimmunity. SARV-CoV-2 through
molecular mimicry and bystander activation can promote autoreactive T and B cells response.
Additionally, cytokine storm can lead to increased pro-inflammatory cytokines which further
contribute to activation of Thl response. Moreover, TLR sensing of viral RNA through resident
antigen presenting cells can activate self-reactive adaptive response. Furthermore, the increased
levels of autoantibodies detected in COVID-19 can result in tissue damage. Therefore, COVID-19
patients may develop various autoimmune diseases through various mechanisms such as molecular
mimicry, bystander activation, cytokine storm, and production of autoantibodies

et al. 2022). Additionally, the patients had elevated expression of pro-inflammatory
cytokines like type I IFN. Moreover, this elevated immune response was persistent
for 8 months post-COVID-19 (Phetsouphanh et al. 2022). Additionally, patients
with severe COVID-19 had delayed bystander CD8" T cell immune response
(Table 3.1) (Bergamaschi et al. 2021a, b). Furthermore, this immune and inflamma-
tory abnormalities have been found to be persistent in severe disease for more than
60 days post-COVID-19 (Table 3.1) (Bergamaschi et al. 2021a, b). In addition,
evidence of heterologous T cell immunity between bacterial pathogens and SARS-
CoV-2 further suggests that bystander activation is mediated by SARS-CoV-2 infec-
tion (Eggenhuizen et al. 2022). Overall, the above mentioned studies suggest that
SARS-CoV-2 infection can trigger autoimmune response by bystander activation.

3.3.1.3 Cytokine Storm

Another mechanism by which SARS-CoV-2 infection can cause autoimmunity is
cytokine storm (Ragab et al. 2020; Icenogle 2020). It is also called cytokine release
syndrome, which is a life-threatening inflammatory syndrome involving elevated
levels of cytokines and hyper immune cells activation (Ragab et al. 2020; Icenogle
2020). The severely ill COVID-19 patients have been characterized by elevated
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cytokines, which is suggestive of immune dysregulation (Huang et al. 2020; Tay
et al. 2020; Qin et al. 2020). The clinical features of severe COVID-19 suggested an
increased levels of IL-2, IL-17, IP10, MCP1, TNF-«, IL-1, and IFN-y cytokines
(Table 3.1) (Huang et al. 2020). Furthermore, these increased pro-inflammatory
cytokines led to activation of Thl response and resulted in cytokine storm (Ragab
et al. 2020; Icenogle 2020). The increase in cytokines also led to infiltration of
macrophages, neutrophils, and T cells from the circulation into the site of infection
(Ragab et al. 2020; Icenogle 2020), indicating that the elevated immune response can
lead to tissue and organ damage. In addition, severe COVID-19 patients have been
characterized by persistent inflammatory and persistent CD8* T cells response
(Bergamaschi et al. 2021a, b). One recent study has suggested for higher levels of
IL-6 in mortality cases (Ruan et al. 2020). Overall, the above mentioned studies
suggest that increased cytokine levels post COVID-19 can lead to increased Thl
response and increased infiltration of immune cells to the site of infection, which
might lead to COVID-19 mediated autoimmunity (Fig. 3.1) (Ragab et al. 2020;
Icenogle 2020).

3.3.1.4 Autoantibodies

Increased levels of autoantibodies have been detected in COVID-19 patients with
severe disease (Bastard et al. 2020; Zhou et al. 2020; Zuo et al. 2020;
Vlachoyiannopoulos et al. 2020). Previous study suggested the presence of antinu-
clear antigen (ANA) antibodies, anti-SSA/Ro antibodies, anti-SSA/Ro antibodies,
anti-scl-70 antibodies, and anti-U1-RNP antibodies in severely ill COVID-19
patients (Table 3.1) (Vlachoyiannopoulos et al. 2020). The study reported that
70% of COVID-19 patients had at least one of the systemic autoimmune rheumatic
disease (Vlachoyiannopoulos et al. 2020); among which the most common
antibodies are antiphospholipid antibodies (APLs) (Zuo et al. 2020; Xiao et al.
2020; Franke et al. 2021). These APLs are generally associated with APS (Xiao
et al. 2020). Moreover, severe COVID-19 patients had the presence of antibodies
against phospholipids (Zuo et al. 2020; Xiao et al. 2020; Franke et al. 2021). Severe
COVID-19 patients with neurological symptoms also reported to exhibit
autoantibodies against neuronal targets (Franke et al. 2021). Moreover, antibodies
have been found against cytokines such as IFN-y, GM-CSF, IL-6, and IL-10
(Table 3.1) (Bastard et al. 2020). One study has suggested that the LKH tripeptide
of NSP3 protein homologous with human proteome may prompt autoreactive B cells
to produce antibodies for these epitopes (Kanduc and Shoenfeld 2020). Thus, the
presence of autoantibodies suggests that severe SARS-CoV-2 infection can result in
autoimmune reaction (Fig. 3.1).

3.3.1.5 Innate Inmune Mechanisms

The SARS-CoV-2 RNA can be recognized by DCs which can further activate innate
immune response (Fig. 3.1) (Velikova and Georgiev 2021). Additionally, the single
stranded mRNA recognized by PAMPs like Toll-like receptors (TLRs) such as
TLR3, TLR7, and TLRS8 can prime the innate immune response to produce pro-
inflammatory cytokines like IFN-y (Wang et al. 2021; Talotta 2021). Furthermore,
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the DCs can then induce T and B cell response which can contribute to the autoim-
mune response (Table 3.1) (Wang et al. 2021; Talotta 2021; Velikova and Georgiev
2021).

3.3.1.6 Genetic Susceptibility

HLA-B*15:27 and HLA-DRB1*04:06 have been found to be risk alleles for
COVID-19 susceptibility (Yu et al. 2021). Additionally, HLA-A*11 and
HLA-B*40 have also been linked with COVID-19 infection (Table 3.1) (Warren
and Birol 2020; Littera et al. 2020; Lorente et al. 2021; Yu et al. 2021). Interestingly,
HLA-DRB1*#04:06 has been found to be risk factor for autoimmune diseases
(Table 3.1) (Sun et al. 2019; Zhao et al. 2019). These findings indicate a possible
correlation between autoimmune diseases and COVID-19 severity and mortality
(Yuetal. 2021). In addition, DRB1 and DQA1 have been associated with circulating
IL-6 levels, which is a key inflammatory marker for COVID-19 severity (Ahluwalia
et al. 2021). Overall, these findings indicate that individuals vulnerable to SARS-
CoV-2 infection may also be susceptible to autoimmune diseases (Yu et al. 2021).
However, studies analyzing such associations are scarce and future genetic associa-
tion studies are warranted to establish the correlation between SARS-CoV-2 infec-
tion and autoimmune diseases.

34 Similarities Between COVID-19 Manifestations
and Autoimmunity

Various clinical presentations extending from asymptomatic infection to lethal
respiratory failure are observed in patients with COVID-19 disease caused by
SARS-CoV-2. Moreover, it is also observed that many patients experience other
long-term symptoms after the initial onset often extending beyond the original organ
involved and this phenomena is known as post-acute sequelae of COVID-19 (PASC)
(Knight et al. 2021). Apart from various post-COVID manifestations such as
respiratory, cardiac, musculoskeletal, endocrine, etc., one of the key manifestations
observed is the development of a detrimental immune reaction against self-tissue
antigens (Mehandru and Merad 2022). Here, we discuss some of the major autoim-
mune diseases and syndromes reported to be associated with COVID-19, so far.

3.5 Autoimmune Complications of COVID-19
3.5.1 Guillain-Barre Syndrome

Guillain-Barré syndrome (GBS) is a severe immune mediated neuropathy with a
global incidence of around 1-2 cases per million in a year. It is caused due to
autoimmune damage to the peripheral nervous system characterized by rapidly
developing motor weakness. It is believed to be triggered by a prior respiratory or
gastrointestinal infection in most of the cases (Bragazzi et al. 2021). Hence, there
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could be fair chances of GBS onset post-COVID-19 infection. The first case of GBS
associated with SARS-CoV-2 infection was reported in China in a 61-years-old
woman. Neurological examination revealed symmetric weakness and areflexia in
both legs; however, in this case a pattern of para-infectious profile was observed
instead of post-infection (Zhao et al. 2020). Various researchers around the world
have reported the incidence of GBS in patients with COVID-19 (Yazdanpanah and
Rezaei 2022). Till date, around 90% of GBS cases were reported in individuals
above 50 years of age and almost two third of them were diagnosed after 2 weeks of
SARS-CoV-2 infection. It is noteworthy that the clinical manifestations and severity
in these GBS patients were like non-COVID GBS patients (Ramos-Casals et al.
2021).

3.5.2 Immune Thrombocytopenic Purpura

Immune thrombocytopenic purpura (ITP) is a hematological autoimmune disorder
characterized by autoantibody mediated destruction of platelets resulting in
increased bleeding risk (Cooper et al. 2021). The clinical course is often acute and
severe in pediatric patients whereas around 64% of chronic cases are observed in
adults. ITP has been reported to be associated with several viral infections such as
EBV, CMV, HIV, and HCV (Liebman 2008; Elalfy and Nugent 2016). Reports have
suggested the incidence of ITP in patients with SARS-CoV-2 infection, predomi-
nantly affecting patients of more than 50 years age displaying ITP manifestations
such as purpura and mucosal bleeding (Ramos-Casals et al. 2021). In around 20% of
cases, ITP occurred 3 weeks after COVID-19 onset; however, about 7% of ITP cases
were also observed in asymptomatic COVID-19 patients. COVID-19 associated I'TP
could be due to the underlying immune dysregulation, genetic predisposition, and
other mechanisms such as molecular mimicry, cryptic antigen expression, epitope
spreading, etc. (Bhattacharjee and Banerjee 2020) (Table 3.2).

3.5.3 Kawasaki Disease

Kawasaki disease (KD), first reported by Japanese physician Tomisaku Kawasaki, is
an acute febrile systemic vasculitides predominantly occurring in childhood (Beom
Kim 2019). KD is manifested by inflammatory changes to the endothelial walls of
arteries including coronary arteries, and coronary artery lesions may lead to serious
complications as coronary artery ectasia/dilatation, coronary artery aneurysm, and
acute myocardial infarction (Newburger et al. 2004). The onset of KD is generally
between 6 months and 5 years of age with common symptoms such as fever, skin
rash, diffuse mucosal inflammation, non-exudative conjunctivitis, cervical lymph-
adenopathy, etc. (Minich et al. 2007; Gatterre et al. 2012). Many SARS-CoV-
2 infected children in UK were reported with systemic inflammatory syndrome
features, similar to KD (Martinez et al. 2020). A few other cases of critically ill
SARS-CoV-2 infected children presenting characteristics of systemic inflammation
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Table 3.2 Autoimmune complications after COVID-19 infection

S. No.
1.

10.

12.

13.

Clinical
manifestations
Guillain-Barre
syndrome
Immune
thrombocytopenic
purpura
Kawasaki disease

Autoimmune
thyroid disease

Rheumatoid
Arthritis

Systemic Lupus
Erythematosus

Type 1 Diabetes

Vitiligo

Alopecia areata

Autoimmune
hemolytic anemia
Cold agglutinin
syndrome (CAS)

Antiphospholipid
syndrome

Miller Fisher
syndrome

Possible mechanisms involved

Molecular mimicry between viral and neural
antigens

Underlying immune dysregulation, SOCS1
mutations, and other mechanisms including
molecular mimicry

Down regulation of ACE2 by SARS-CoV-
2 through TNF-a

Possibly due to the direct action of the SARS-
CoV-2 virus on thyroid cells through ACE2
receptor

Hyperactivation of pro-inflammatory
cytokine response by COVID-19 may be a
potential causative factor

Molecular mimicry and cytokine storm could
be involved

B-cells by the pro-inflammatory cytokines
induced by SARS-CoV-2

Due to a shift of the immune response
towards adaptive type 1 in Vitiligo might be
protective against SARS-CoV-2 infection
Higher titers of IL-17 and type I interferons
are believed to involved in the pathogenesis
of COVID-19-associated Alopecia areata
Molecular mimicry with Ankyrin-1 (Ank-1)
protein

SARS-CoV-2 virus may activate
complement and upregulate anaphylatoxins
(C3a and C5a) leading to hemolysis caused
by cold agglutinins

Molecular mimicry and endothelial
dysfunction

Ganglioside mimicry by SARS-CoV-2 and
generation of anti-GQ1b-IgG or anti-GD1b-
IgG antibodies
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Reference
Shoraka et al.
(2021)
Bhattacharjee
and Banerjee
(2020)
Amirfakhryan
(2020)
Ruggeri et al.
(2021)

Dewanjee et al.
(2021)
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et al. (2021)
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(2021)
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(2021)

Tammaro et al.
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(2020)
Bhagat et al.
(2021)

Tung et al.
(2021)
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and some features of KD were also reported. Verdoni et al., have reported that
among ten, almost half of the COVID-19 infected children presented classical KD
like manifestations and remaining were identified with incomplete KD (Verdoni
et al. 2020).

3.5.4 Autoimmune Thyroid Diseases

Autoimmune thyroid diseases (AITDs), affecting about 2—-5% of the population, are
among the most prevalent autoimmune disorders, mainly comprising of Graves’
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Disease (GD) and Hashimoto Thyroiditis (HT) (Dayan and Daniels 1996; Simmonds
and Gough 2004). They are characterized by the loss of immune tolerance in
addition to humoral and cell-mediated autoimmune response against thyroid gland
(Dayan and Daniels 1996; Simmonds and Gough 2004). Interestingly, Vojdani et al.,
have demonstrated that SARS-CoV-2 antibodies cross reacted with different human
tissues including thyroid (Vojdani et al. 2021). It has been observed that even
patients with mild COVID-19 symptoms have shown complications of AITDs. In
a cohort study, Lui et al., have reported thyroid dysfunctions in COVID-19 patients.
They noticed that during the convalescence period, the incidence of thyroiditis was
rare; however, they observed an imbalance in thyroid function test and detected anti-
thyroid antibodies in these patients (Lui et al. 2021). In another report, Feghali et al.,
presented three cases of thyroid dysfunction which developed few weeks after the
convalescence period of SARS-CoV-2 infection in patients without any previous
history of thyroid disease. They observed a 38 years old woman developed hypo-
thyroidism after 6 weeks of SARS-CoV-2 infection, a 33 years old female developed
Grave’s disease after 8 weeks of SARS-CoV-2 infection and another case of 41 years
old female developed thyroiditis 6 weeks post SARS-CoV-2 infection (Feghali et al.
2021). It has been speculated that the thyroid related anomalies may occur due to a
direct or indirect effects of SARS-CoV-2 infection on the gland. The plausible
development of chronic thyroid autoimmunity and hypothyroidism has been also
anticipated because of either a prior subacute thyroiditis or a viral trigger of
autoimmunity in susceptible people (Ruggeri et al. 2021) (Table 3.2).

3.5.5 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disorder characterized by inflammatory
changes of the synovial tissue of joints, cartilage and bone. RA is prevalent in around
0.06-1.27% population worldwide. Aberrations in the cellular and humoral immune
response result in generation of autoantibodies in addition to lymphocyte infiltration
into the synovium (Thanapati et al. 2017; Giri et al. 2021a; Almutairi et al. 2021).
RA is a chronic multisystem autoinflammatory disorder manifested by joint pain,
synovitis, stiffness, and muscle wasting around the involved joints (Mohammed
2020). Around 15% of the patients infected with SARS-Cov-2 were observed to
have arthralgia at some point. Mukarram and colleagues have reported a case series
of five patients who developed bilaterally symmetrical polyarthritis, without any
previous history of any rheumatic disease. Moreover, the musculoskeletal
manifestations were phenotypically like RA. Interestingly, these patients responded
well to low-dose glucocorticoids and disease-modifying anti-rheumatic drugs
(DMARDs) (Mukarram et al. 2021). A few other studies have also reported presence
of anti-citrullinated protein antibodies (ACPA) and flaring of RA in patients infected
with SARS-CoV-2 (Vlachoyiannopoulos et al. 2020; Perrot et al. 2021). However,
there is still a debate on the association of COVID-19 and RA that whether they are
actually associated or mere a coincidence. Derksen et al., carried out a detailed
investigation on 61 patients and observed that the seroprevalence of ACPA is not
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significantly higher post SARS-CoV-2 infection and the patients demonstrating
polyarthritis were resembling regular patients with RA and hence, they speculated
that RA after COVID-19 may be coincidence rather than connected (Derksen et al.
2021).

3.5.6 Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder with incon-
sistent manifestations predominantly affecting women (Barber et al. 2021). It is
characterized by an overall loss of self-tolerance along with autoreactive T and B cell
activation resulting in generation of pathogenic autoantibodies leading to tissue
injury (Choi et al. 2012). Patients affected with SLE had posed a serious concern
during the COVID-19 pandemic as they are already susceptible to infections because
of their immune system and the related organ damage in addition to ongoing
immunosuppressive treatments (Ehrenfeld et al. 2020). However paradoxically,
immunosuppressants were identified as a means of reducing inflammation and
likelihood of acute respiratory distress syndrome (ARDS) in COVID-19 patients
(Horisberger et al. 2020). While the anti-viral immunity is essential for protection
against COVID-19, a hysterical pro-inflammatory cytokine storm may lead to
damaging the lungs and other organs resulting in substantial increase in morbidity
and mortality (Spihlman et al. 2020). Several cases of SLE patients have been
reported of getting COVID-19 (Gartshteyn et al. 2020). However, reports of SLE
manifestations after COVID-19 infections are limited. Zamani et al., have reported a
case of 39 years old Persian male displaying SLE manifestations following SARS-
CoV-2 infection, without any prior history of SLE (Zamani et al. 2021).

3.5.7 Type 1 Diabetes

Type 1 diabetes (T1D) is one of the most prevalent autoimmune disorders caused by
combination of genetic and environmental triggers leading to immune mediated
destruction of P-cells causing in lifelong dependency on exogenous insulin (Gan
et al. 2012). Several viral infections such as coxsackievirus, cytomegalovirus and
enterovirus, have been reported to be associated with T1D (Pak et al. 1988; Stene
and Rewers 2012; Eizirik and Op de Beeck 2018). However, there is no clear
spectrum of SARS-CoV-2 and T1D association and only a few studies have been
reported which are needed to be interpreted carefully. A few studies have reported
ketosis and induced diabetic ketoacidosis (DKA) in diabetic patients with SARS-
CoV-2 infection; however, overall diabetic manifestations were not clear
(Firouzabadi et al. 2020; Dehghani Firouzabadi et al. 2020). Some other studies
have stated the development of diabetes and serious metabolic complications in
COVID-19 patients (Chee et al. 2020; Heaney et al. 2020). Nevertheless, there are
very scarce reports substantiating T1D and COVID-19 association and the possible
reasons could be the younger age of T1D patients, lower prevalence of T1D, and
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high numbers of CD8" T cells in TID which may play a defensive role against
SARS-COV?2 infection (Chowdhury and Goswami 2020).

3.5.8 Vitiligo

Vitiligo is one of the most common pigmentary skin disorders characterized by
circumscribed white patches in the skin resulting due to the autoimmune destruction
of melanocytes from the epidermis (Dwivedi et al. 2013a; Bergqvist and Ezzedine
2020). The exact pathomechanism is not clear; however, it is proposed that oxidative
stress might be an initial trigger generating endoplasmic reticulum (ER) stress which
subsequently might instigate and exacerbate of anti-melanocyte immune response
(Laddha et al. 2013; Jadeja et al. 2021). Both humoral and cell-mediated autoim-
mune responses have been found to be involved in melanocyte destruction
(El-Gayyar et al. 2020; Giri et al. 2020a, b). Moreover, studies have suggested the
role of IFN-y and TNF-« cytokines in melanocytes destruction (Laddha et al. 2012;
Dwivedi et al. 2013b; Harris 2015; Giri et al. 2021b). Unlike the other autoimmune
disorders discussed in this chapter, there are not much evidence of association
between vitiligo and COVID-19 to the best of our knowledge except one recent
report by Herzum et al. (2022). They report a case of 45-year-old woman presented
with well demarcated milky-white patches developed after 2 weeks of SARS-CoV-
2 infection. On the follow up studies it was observed that the lesions were stabilized
after 1 month of initial progression (Herzum et al. 2022). It is noteworthy that the
protection against the viral infection and disease onset significantly rely on func-
tional innate and adaptive immunity in addition to the interferon signaling pathways.
Based on the fact that in generalized vitiligo (GV) there is a shift of the immune
response towards adaptive type 1 (IFN-y and CD8* T cells) and innate immune
responses, it was speculated that patients with GV may clear SARS-CoV-2 infection
more effectively and reduce the risk of COVID-19 development. However, this
hypothesis needs to be validated by further studies in this direction (Post et al. 2021)
(Table 3.2). On the other hand, other studies propose that in case of COVID-19,
vitiligo autoimmunity may affect the cytokine storm-related disease burden. More-
over, study by Adlen and Henzy reported a significant difference in COVID-19
manifestations in patients with other autoimmune co-morbidity such as vitiligo
(Aidlen and Henzy 2021).

3.5.9 Alopecia areata

Alopecia areata (AA) is an autoimmune dermatological condition wherein immune
system attacks hair follicles, resulting in a non-scarring form of hair loss (Fukuyama
et al. 2022). The predominance of AA accounted higher in patients aged 10-25 years
(Juérez-Rendon et al. 2017). Pathogenesis of AA includes autoimmune response
against hair follicles along with factors affecting our daily lifestyle (Minokawa et al.
2022). In AA, lymphocytic cells infiltrate around the peribulbar region of hair
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follicles which results in patchy loss of hair follicles (Guo et al. 2015). COVID-19
emergence is reported to be associated with alopecia in infected patients, including
some cases of AA. Different studies performed worldwide have reported both
manifestation of new-onset AA and progression of pre-existing AA condition after
SARS-CoV-2 infection. Patients between age of 13 and 56 years and without
previous medical history of AA have shown new-onset AA with significant patchy
hair loss on scalp. An observational study carried out using questionnaire included
survey of 389 patients, which reported recurrence of AA in 44% patients following
SARS-CoV-2 infection (Christensen and Jafferany 2022). However, a retrospective
study including 32 patients with mild-to-moderate COVID-19 has given
controversial data; which shows no acceleration of AA symptoms after 6 months
of SARS-CoV-2 infection (Rudnicka et al. 2021). These studies suggest a complex
relationship between AA and COVID-19 and requires further investigations to
understand the association between COVID-19 and AA (Christensen and Jafferany
2022).

3.5.10 Cold Agglutinin Syndrome (CAS)

Cold agglutinin syndrome is another rare autoimmune hematological disorder,
which accounts for 25% of all autoimmune hemolytic anemia (AIHA) cases. The
autoantibodies, also known as cold agglutinins, agglutinate red blood cells (RBCs) at
4 °C. It is observed to be predominant in patients aged 51-96 years (Berentsen and
Tjennfjord 2012). Cold agglutination is described to be associated with viral
infections including rubella virus, HIV, influenza viruses, varicella-zoster virus
(VZV), and Epstein—Barr virus (EBV) (Kaur et al. 2021). After COVID-19 pan-
demic, cold agglutinin syndrome is also reported to be clinically important in SARS-
CoV-2 infection as one of the hematological manifestations. In vivo hemolysis due
to presence of cold agglutinins was diagnosed in two SARS-CoV-2 infected men.
The antibodies reacted at cold body temperatures with RBCs of patient and donor. In
these cases, refractory septic shock, hypoxic respiratory failure and progressive
thrombocytopenia were developed during COVID-19 disease (Jensen et al. 2020).
Other case-studies have also reported that following the SARS-CoV-2 infection,
patients have developed CAS with low levels of hemoglobin, elevated levels of
bilirubin and lactate dehydrogenase as well as abnormality in other blood
parameters. These reports indicate that detection of the hemolytic patterns in
SARS-CoV-2 infected patients and management of the severe disease complications
are necessary (Patil et al. 2020; Maslov et al. 2020; Huscenot et al. 2020).

3.5.11 Antiphospholipid Syndrome
Antiphospholipid syndrome (APS), also called “Hughes syndrome,” is a thrombo-

inflammatory disorder, characterized by formation of blood clots in veins and
arteries. Antiphospholipid autoantibodies (aPL), specifically anticardiolipin
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antibodies (aCL), anti-p2 glycoprotein-I (B2GPI) antibodies, and lupus anticoagulant
(LA) are considered as markers of APS (Cervera 2017). Antiphospholipid syndrome
is found to be entangled with 33% cases of SLE (Knight and Kanthi 2022). In
addition, APS is associated infections, drug and immune system related disease, and
metastatic tumors. The frequency of antiphospholipid autoantibodies falls between
1% and 5% in population. Moreover, aPL crosslink with surface protein of platelets
and endothelial cells, propelled by procoagulant and anticoagulant reactions, which
further evolves to thromboembolic lesions (Cervera 2017). Evidences indicate that
COVID-19 affects immune system and cardiovascular system, in additive manner to
other multiorgan systemic disease. In a clinical investigation, serum samples of
29 patients with severe COVID-19 were tested. The study reported that 20 patients
out of 29 exhibited presence of several systemic autoantibodies including antibodies
against aCL (IgG/IgM), a-p2GPI (IgG/IgM), p-ANCA, and c-ANCA
(Vlachoyiannopoulos et al. 2020). In another study of 56 COVID-19 cases,
increased serum concentration of aCL was observed in severe COVID-19 patients
compared to moderate infection, suggesting for risk of thromboembolic events
(Bertin et al. 2020). Additionally, in study of 66 COVID-19 patients 47% exhibited
positive result for IgA aCL (25.8%) and IgG a2GP1 (18.2%) (Xiao et al. 2020).
These data revealed that circulating levels of aPLs are clinically important to
understand development and severity of COVID-19 associated immunothrombosis.

3.6 Autoimmune Disease: A Risk Factor for Severe COVID-19?

Previous studies have suggested for development of autoimmune diseases after
SARS-CoV-2 infection (Galeotti and Bayry 2020; Ehrenfeld et al. 2020; Cavalli
et al. 2020; McMillan et al. 2021; Liu et al. 2021). However, the role of autoimmune
disease in severe COVID-19 is controversial. Since the COVID-19 pandemic has
begun, many autoimmune disease patients have suspended their therapies due to the
fear of immune suppression. However, it might lead to worsening of autoimmune
conditions (Liu et al. 2021). Therefore, a better understanding of the role of autoim-
mune diseases on COVID-19 development is required to improve COVID-19 and
autoimmune disease management.

Initial studies had found that patients with autoimmune disease were not a risk
factor for COVID-19 (Zen et al. 2020). However, multicentric study from China
found that autoimmune disease patients may be at an increased risk of COVID-19
development (Zhong et al. 2020). Moreover, a Spanish study found that autoimmune
disease patients might be at a greater risk for severe COVID-19 (Pablos et al. 2020).
Additionally, patients with rheumatic inflammatory disease have been found to be at
a greater risk towards development of severe pneumonia (Bachiller-Corral et al.
2021). Similarly, patients with autoantibodies against ACE2 and angiotensin type-1
receptors have been found to be at an increased risk for COVID-19 severity
(Rodriguez-Perez et al. 2021). Recently, a meta-analysis study suggested that
patients with autoimmune diseases had an increased risk of COVID-19 (Akiyama
etal. 2021). Studies have also suggested for the presence of autoantibodies in severe
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COVID-19 patients (Bastard et al. 2020; Zhou et al. 2020; Zuo et al. 2020;
Vlachoyiannopoulos et al. 2020). Although the studies correlating COVID-19 in
autoimmune patients are scarce, the findings suggest that autoimmunity might play a
critical role in increasing COVID-19 severity.

3.7 Conclusions

COVID-19 pandemic has had significant global health impact. Similar to autoim-
mune diseases, COVID-19 manifestations causes immune system mediated tissue
and organ damage. SARVS-CoV-2 infection leads to various autoimmune
conditions like Guillain-Barre syndrome, Immune thrombocytopenic purpura,
Kawasaki disease, Autoimmune thyroid diseases, Rheumatoid Arthritis, Systemic
Lupus Erythematosus, Type 1 Diabetes, Vitiligo, Alopecia areata, Cold agglutinin
syndrome, Antiphospholipid syndrome through various mechanisms such as molec-
ular mimicry, bystander activation, cytokine storm, production of autoantibodies,
etc. Furthermore, studies have also suggested a correlation between autoimmune
diseases and risk of developing severe COVID-19. However, future studies must
investigate the relationship between severe COVID-19 and autoimmune diseases.
Moreover, future studies must also investigate the genetic association between
COVID-19 and autoimmune diseases. Additionally, the studies must characterize
the risk for COVID-19 development in patients having pre-existing autoimmune
diseases, which might be helpful in treatment and management of both COVID-19
and autoimmune disease patients.
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