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Virus infection can alter immune regulatory activity, and thus may be involved in the 
occurrence of autoimmune diseases. Recently, the pandemic of COVID-19 has posed a 
huge threat to public health and emerging evidence suggests that coronavirus may be 
implicated in the development and pathogenesis of autoimmune diseases. However, how 

coronavirus infection impacts the risk of autoimmune disease remains largely unknown. 
In this review, we focused on the association between coronavirus and autoimmunity, 
and elucidated the molecular mechanisms linking coronavirus exposure to autoimmunity. 
Additionally, we briefly introduced the role that coronavirus plays in several autoimmune 
diseases including multiple sclerosis (MS), rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), and idiopathicthrombocytopenic purpura (ITP). © 2021 Instituto 

Mexicano del Seguro Social (IMSS). Published by Elsevier Inc. All rights reserved. 
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Introduction 

The pandemic of coronavirus disease 19 (COVID-19)
which started in December 2019 has posed a huge threat
to public health. The outbreaks of Severe Acute Respira-
tory Syndrome (SARS) in 2003 ( 1 ) and Middle East Res-
piratory Syndrome (MERS) in 2012 ( 2 ), both caused by
coronavirus, had also raised concerns from governments,
public health officials, clinicians, and the general public. 

Coronaviruses (CoVs) (order Nidovirales, family Coro-
naviridae, subfamily Coronavirinae) have the largest
genomes of all RNA viruses. Coronaviruses can be di-
vided into three genera: α-coronavirus, β-coronavirus, and
γ -coronavirus ( 3 ). A recent study has found that there is
also a new genus- δ-coronavirus ( 4 ). The viral nucleocap-
sid is composed of RNA and nucleocapsid proteins. For
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coronaviruses, there are several important structural pro-
teins: spike (S) protein, membrane (M) protein, nucleo-
capsid (N) protein and envelope (E) protein. Group A β-
coronaviruses also express an additional structural protein,
hemagglutinin esterase (HE) ( 2 , 3 , 5 ). Among these proteins,
S protein plays a crucial role in promoting the process of
viral infection by binding to cellular receptors and medi-
ating membrane fusion ( 6 ). 

Autoimmune diseases are a group of diseases in which
the body reacts immune responses to autoantigens and
causes damage to its own tissues. In recent years, the in-
cidence of autoimmune diseases shows tendency to ascend
( 7 ). It is a good proof that the incidence of childhood type
1 diabetes has been rising for 50 years ( 8 ). Common au-
toimmune diseases include rheumatoid arthritis (RA), sys-
temic lupus erythematosus (SLE), idiopathic thrombocy-
topenic purpura (ITP), multiple sclerosis (MS), and au-
toimmune hepatitis, etc. There is epidemiological evidence
suggesting that the occurrence of autoimmune diseases is
associated with viral infection. For example, Epstein-Barr
virus (EBV)-negative individuals do not acquire MS unless
they acquire virus for the first time, and individuals who
o Social (IMSS). Published by Elsevier Inc. All rights reserved. 
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Figure 1. Immune Effects of Coronavirus Structural Proteins S protein and M protein are two important structural proteins of coronavirus, which cause 
a variety of immune responses. S protein can cause the increase of IL-8 level through the following two ways: a) S protein is composed of S1 and 
S2. The former subunit can bind to Toll-like receptor 2, activate NF- κB, and increase the level of IL-8 mRNA. b) Coronavirus causes an increase in 
IL-8 in PBMC and THP-1 cells. These reactions can also be induced in vitro . M protein prevents the formation of TRAF3 • TANK • TBK1/IKK ε complex 
which leads to the activation of IRF3 and IRF7. Therefore, the level of type 1 interferon decreases in M protein infected cells. IL-8, interleukin-8; 
NF- κB, nuclear factor κ-B; PBMC, peripheral blood mononuclear cell; IRF, interferon regulatory factor; IKK, I κB kinase; TRAF, tumor necrosis factor 
receptor-associated factor; TANK, TRAF-associated NF κB activator; TBK1, TANK binding kinase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

have not been infected with virus are also less likely to
have SLE ( 9 ). 

Nevertheless, there are few studies on the relationship
between coronavirus and autoimmune diseases. This re-
view attempts to summarize the structure and immunity
of coronavirus, several common autoimmune diseases (in-
cluding RA, SLE, ITP and MS) and the relationship be-
tween them. 

Coronavirus and Immune Responses 

Coronavirus are enveloped viruses with a positive-sense
single-stranded RNA genome and a nucleocapsid of he-
lical symmetry, which can cause the infections of upper
respiratory tract, gastrointestinal tract and nervous system.
The genome size of coronaviruses ranges from approxi-
mately 26–32 kilobases, one of the largest among RNA
viruses ( 3 ). The average diameter of the virus particles is
around 125 nm (0.125 mmol). Presently, there are seven
coronaviruses that can infect humans, including HCoV-
229E, HCoV-OC43, HCoV-NL63, HCoV-HKU1, SARS-
CoV, MERS-CoV and COVID-19 ( 10 ). Under the electron
microscope, the spikes of the coronavirus look like the
corona, which is the origin of the name. The severe acute
respiratory syndrome (SARS) that ravaged the world from
the winter of 2002 to the spring of 2003 was caused by
the SARS-CoV. The virus caused 916 deaths at a mortal-
ity rate of 11% ( 11 ). MERS-Cov with a mortality rate of
35% was prevalent in Saudi Arabia since September 2012
( 12 ). COVID-19 broke out in Wuhan, China, in December
2019, and has spread rapidly all over the world. 

The relationship between these four structural pro-
teins and immunity is introduced in the following section
( Figure 1 ). 

Spike Protein 

The ectodomain of the coronavirus spike protein consists
of S1 and S2, and the former is responsible for recep-
tor binding and the latter is associated with membrane fu-
sion. The S1 subunit includes two domains, in which the
N-terminal domain (S1-NTD) binds to sugar and the C-
terminal domain (S1-CTD) binds to ACE2 ( 6 ). A study
showed that S protein increased IL-8 in PBMC, in THP-1,
and in vitro . S protein activates NF- κB through TLR2 lig-
and, which increases IL-8mRNA and may be inhibited by
NF- κB inhibitor. The increase in the level of proinflam-
matory mediators is the result of the interaction of the S
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Figure 2. Molecular mechanisms linking coronavirus exposure and autoimmunity. There are several molecular mechanisms that explain the link between 
coronavirus and autoimmunity. Frist, molecular mimicry can active cross-reactive T cells because viral antigens mimic host antigens. Second, coronavirus 
infection can result in local pulmonary inflammation. Hyper innate inflammatory response can accumulate alveolar macrophages, stimulate PMN to 
secrete the myeloperoxidase and elastase, which is accompanied with increased MCP-1 and IL-8, eventually lead to pulmonary destruction. Third, the 
production of inflammatory cytokines activate B cells, resulting autoimmunity destruction by autoantibodies. And IFN- γ activates autoreactive T cell, 
NK cell and stimulates cytotoxic lymphocyte, causing the oxidative tissue injury and demyelination by macrophages/microglia. IL-8, interleukin-8; CK, 
cytokines; CTL, cytotoxic lymphocyte; MCP-1, monocyte chemotactic protein 1; IFN- γ , interferon- γ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

protein with monocytes and leads to an increase in NK,
neutrophils, and monocytes at the site of infection. TPCK
increases the secretion of IL-8 and IL-6 can indicate these
( 13 ). 

Membrane Protein 

The M protein, a transmembrane protein, is the largest
number of structural protein and gives the virion envelope
a special shape ( 14 ). Recently, emerging evidence showed
that the M protein of SARS-CoV could suppress the pro-
duction of Interferon-1 (IFN-1) by preventing the forma-
tion of TRAF3 ·TANK ·TBK1/IKK ε ( 15 ). 

Envelope Protein 

The E protein, a small polypeptide, is a minor structure of
virions, ranging from 8.4–12 kDa. Due to its small size and
limited number, E is considered to be a structural protein
much later than others, first in IBV ( 14 ). A study showed
that SARS-CoV E protein played an essential role in in-
ducing inflammation. The amino terminus, transmembrane
and carboxy terminus domains of E protein enhance the
virulence. The activity of ion channel of E protein and the
binding motif of PDZ domain participate in the occurrence
of edema, ARDS ( 16 ). 
Nucleocapsid Protein 

The N protein, ranging from 43–50 kDa, constitutes the
viral nucleocapsid. N protein exerts biological activity by
combining with viral RNA ( 14 ). However, a study showed
that the N protein of SARS-CoV inhibited dsRNA-induced
IFN- β expression and participates in the suppression of the
inception of IFN induction in the innate immune pathway
( 17 ). 

Molecular Mechanisms Linking Coronavirus Exposure
and Autoimmunity 

Mounting evidence indicates that coronavirus invasion
could cause cross reaction, bystander activation, persistent
viral infection and hyper innate inflammatory response,
through which augmenting autoimmune responses and af-
fecting autoimmunity ( 18–21 ) ( Figure 2 ). 

Autoimmune diseases have been suggested to be asso-
ciated with cross reaction, which is defined as reactions of
antibodies or activated lymphocytes to different antigens
which own the same or similar epitopes. In terms of acti-
vated antibodies, SARS-CoV spike protein domain 2 (S2)
owns the cross-linked epitopes like A549 cells, the type 2
lung cells. Autoantibodies (mainly IgG) induced by SARS-
CoV (S2) can bind to A549 cells, enhance the adhesion of
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immune cells to epithelial cells and then trigger cytotoxi-
city which is positively correlated with anti-epithelial cell
IgG levels ( 21 ). In addition, studies have demonstrated that
the disorder of the immune system on the host’s antigens
may exert a role in the diffuse alveolar damage in SARS
( 22 ). When it comes to activated lymphocytes, molecular
mimicry can active cross-reactive T cells due to the fact
that viral antigens mimic host antigens ( 19 ). The cross re-
actions between human coronavirus 229E antigen and the
myelin basic protein are revealed in MS patients ( 23 ), and
the CDR3 region in V β chains of the cross-reactive T cell
lines (TCL) is identified by sequencing ( 24 ). Then HCoV
serotypes (HCoV 229E and HCoV OC43) and their myelin
antigen (MBP and PLP) cross-reactive clones are obtained
( 25 ). 

Bystander activation is a widely accepted virus-induced
initiating in autoimmune diseases and occurs when the re-
lease of cytokines triggers the autoreactive T cells during a
virus-induced immune response ( 18 , 19 ). This mechanism
also provides a theoretical basis for the construction of an-
imal models of autoimmune diseases (e.g., MS). The pro-
cess of bystander T-cell-mediated demyelination induced
by mouse hepatitis virus, strain JHM (JHM), is dependent
on interferon-gamma (IFN- γ ), which in the surrounding
of infection might activate autoreactive T cells. These T
cells may move to chronic inflammation areas and interact
with macrophages/microglia to induce bystander pathology
( 26 ). 

Besides, the activation of microglia and macrophage is
followed by the expression of the NADPH oxidase subunit
p22phox. Oxidized lipids (E06) and iron deposition can be
detected in oxidative tissue injury induced by MHV-JHM
( 27 ). 

Coronavirus may cause autoimmune diseases by contin-
ually infecting the body. Most animal models can recover
from this active disease phase to chronic infection phase,
and viral antigens and antibody components can be de-
tected in autopsy samples. Not only can anti-viral antibod-
ies contribute a lot in autoimmune disease but also persis-
tent T cell reaction against infected cells lead to chronic
inflammation. For example, during JHMv2.2-1 infection,
both the SR T cell and myelin-specific CD4 + T cells con-
tribute to persistent viral infection. Although demyelination
is initially associated with a spike in SR T cells, the sever-
ity of demyelination during the chronic infection phase is
consistent with the trend toward myelin- induced T cell
rather than with the SR T cells in bystander activation
( 28 ). 

Coronavirus invasion is followed by the hyper innate
inflammatory response featured by a significant elevation
in proinflammatory cytokines and chemokines in serum
of the infected ( 20 , 29 , 30 ). IFN- γ , a Th1-related cytokine,
can stimulate NK cells and cytotoxic T lymphocytes, acti-
vating the Th1 cell-mediated immunity ( 20 , 29 ). Moreover,
hyper innate inflammatory response can accumulate alve-
olar macrophages, stimulate polymorphonuclear neutrophil
(PMN) to secrete the myeloperoxidase and elastase, which
is accompanied with increased MCP-1 and IL-8. Through
these ways, hyper innate inflammatory response augments
the immune imbalance and leads to the pulmonary destruc-
tion ( 20 ). 

Coronavirus and Autoimmune Diseases 

Multiple Sclerosis . Is an autoimmune disease featured by
chronic inflammation, axonal damage, and demyelination
( 31 ). It has been reported that a virus or virus-triggered im-
munopathology may promote demyelinating disorder, such
as MS ( 32 ).Data from some epidemiological studies in MS
patients and animal models verify the hypothesis that coro-
naviruses can initiate the immune pathological reactions in
MS. For example, the neurotropic strains of the coron-
avirus mouse hepatitis virus (JHMV) infection results in
demyelination and intracranial axonal degeneration ( 33 ),
serving as one of the few recognized mouse models for
MS ( Table 1 ) ( Figure 3 ). 

Based on research of experimental coronavirus infec-
tions in mice, it has been confirmed that natural infection
of coronavirus can lead to pathological features like MS.
A study with massive autopsy samples of human brain re-
ported a statistically significant higher morbidity rate of
HCV OC43 in MS patients (35.9%; 14 of 39) than in gen-
eral group(13.7%; 7 of 51) ( 34 ). Previous research has
revealed that polyadenylated RNA sequences of human
coronavirus can be found in cerebrospinal fluid of MS pa-
tients and seven positivities for HCV-229E were observed
in 20 multiple sclerosis cerebrospinal fluids ( 35 ). Hence,
two serotypes of human coronavirus, OC43 and 229E, are
able to activate myelin-reactive T cells, which add evi-
dence to the possible effect of coronaviruses that drives
MS pathogenesis ( 25 ). Emerging evidences suggest that it
is the interaction between T cells, macrophages and mi-
croglia, following with astrocytes that lead to MS patho-
logical features ( 36 ). 

Rheumatoid Arthritis . Is a chronic autoimmune disease
characterized by inflammatory synovitis, and it is hard to
cure. Despite the high burden of rheumatoid arthritis, the
etiology of this disease remains unclear. An analysis of
data from the Korean Centers for Disease Control and Pre-
vention on a population close to the whole country found
that respiratory viral infections were associated with the
incident of rheumatoid arthritis, and coronavirus was one
of these viruses ( 19 ). At present, there are some popular
pathogenesis mechanisms. 
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Table 1. Links of several autoimmune diseases with coronavirus 

Subjects Links to coronavirus References 

MS patients Positivities for HCV-229E were found in multiple sclerosis cerebrospinal fluids Cristallo, A et al. ( 35 ) 
MS patients Activate myelin-reactive T cells Boucher, A. et al. ( 24 ) 
MS Mice MS mouse model was triggered by JHMV Mangale, V. et al. ( 33 ) 
RA patients Associated with an increasing incidence of RA Joo, Y. B. et al. ( 19 ) 
SLE patients Cytoplasmic myxovirus-like renal tubule structure appears in the tissues of SLE 

patients 
Hurd, E. R. et al. ( 42 ) 

SLE patients Oxidative stress caused by the infection of SARS-CoV-2 will aggravate DNA 

methylation defect in patients with lupus 
Sawalha, A. H. et al. ( 44 ) 

SLE patients The incidence of certain viruses was significantly higher than that of the general 
population 

Chen CJ, et al. ( 30 ); Li TH, 
et al. ( 45 ) 

SLE patients CD38 increasing expression in SLE patients can suppress the function of CD8 T cells Katsuyama, E et al. ( 47 ) 
SARS patients and ITP Directly infects hematopoietic stem cells and megakaryocytes, Induces antibodies or 

immune complexes and causes lung damage 
Yang, M et al. ( 49 ) 

ITP patients Severe ITP can be triggered by CoV.HKU145 Magdi, M et al. ( 48 ) 

Abbreviation: MS, multiple sclerosis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; ITP, idiopathicthrombocytopenic purpura; SARS, 
severe acute respiratory syndrome; HCV, hepatitis C virus; JHMV, JHM strain of mouse hepatitis virus (mouse coronavirus); Cov.HKU145, coronavirus 
HKU145. 

Figure 3. Potential relationship between multiple sclerosis and coronavirus infections. There is some evidence to reveal the relationship between multiple 
sclerosis and coronavirus infections. a) The neurotropic strains of the coronavirus mouse hepatitis virus (JHMV) can serve as a recognized mouse models 
for MS. It is the interaction between T cells, macrophages and microglia that lead to MS pathology featured by axonal damage and demyelination. With 
the long-term infection of the HMV, myelin-reactive T cells can be active by myelin debris. These cells participate in chronic inflammation by releasing 
cytokines. b) Previous research has detected polyadenylated RNA sequences of HCV-OC43. c) HCV-229E Positivity were also observed in multiple 
sclerosis cerebrospinal fluids CNS, central nervous system; MS, multiple sclerosis; CSF, cerebrospinal fluid; JHMV, mouse hepatitis virus 

 

 

 

 

 

 

 

Molecular Mimicry Hypothesis 

The structure of some microbial antigens is like that of
host autoantigens, so specific antibodies or effector T cells
against microbial antigens can react with corresponding
 

host antigens, thus causing autoimmune diseases. Chinese
scholars found that the level of interleukin-2 receptor in-
creased with the severity of the disease by analyzing the
serum inflammatory cytokines in 29 patients suffering from
2019 novel coronavirus pneumonia ( 37 ). American schol-
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ars have found that virus-specific memory CD8 T cells
could produce a variety of effector cytokines including
interleukin-2 while facing SARS virus ( 38 ). IL-2 plays a
vital role in the activation of regulatory T cells (Treg).
Some studies have shown that if this activation pathway
is destroyed, autoimmune diseases related to Th1 will oc-
cur, including rheumatoid arthritis. The results showed that
anti-IL-2 receptor induced Treg’s injury, which resulted in
systemic inflammation and changes of autoimmune pro-
cess ( 39 ). We can speculate that when coronavirus infects
human body, it will lead to the production of many IL-
2, which may lead to autoimmunity, and then produce
many anti-IL-2, changing the autoimmune process and
leading to rheumatoid arthritis. In this process, IL-2 plays
a role of mimetic autologous molecule. However, we have
not found the direct effect of coronavirus by molecular
mimicry mechanism. 

Epitope Spreading Hypothesis 

Epitope expansion means that the body can respond to the
cryptic epitopes one after another, usually by the antigen
presenting cells (APC) to provide the cryptic epitopes of
their own antigens to the self-reactive lymphocyte clones.
Studies have found that rheumatoid arthritis is character-
ized by the persistence and sustained affinity maturation
of the IgA-ACPA response. This may be due to the pres-
ence of a persistent mucosal antigen that promotes IgA
production, affinity maturation and epitope diffusion, lead-
ing to the production of ACPAs, which bind to ACPA and
promote TNF production by macrophages ( 40 ). Serologi-
cal analysis of 88 SARS patients in Taiwan showed that
the level of TNF- β and other cytokines increased signifi-
cantly in the acute phase, leading to a series of cytokine
storms ( 41 ). We hypothesized that coronavirus infection
would lead to an elevation of TNF, which may be asso-
ciated with RA caused by the above epitope expansion
leading to an elevation of TNF. 

Systemic Lupus Erythematosus . Is a chronic autoim-
mune disease featured by the formation of pathogenic
autoantibodies and immune complexes, which mediates
multi-system damages. The cytoplasmic myxovirus-like re-
nal tubule structure appears in the tissues of SLE patients,
which is most often reported in kidney biopsies of patients
with lupus nephritis ( 42 ). Emerging evidence suggests that
viral infections are involved in the development of au-
toimmune diseases ( 43 ). Moreover, recent studies have
explained the reasons for the increased sensitivity of lu-
pus patients to viral infections, as well as their underlying
mechanisms. The increasing oxidative stress caused by the
infection of SARS-CoV-2 will aggravate DNA methylation
defect in patients with lupus, which will lead to the over-
expression of ACE2 and further cause the susceptibility to
COVID-19 ( 44 ). Besides, Chinese scholars have found that
the incidence of certain viruses, such as Herpes Simplex
virus (HSV) and Epstein-Barr virus (EBV), in SLE patients
was significantly higher than that of the general population
( 45 , 46 ).One of involved mechanisms is that CD38 increas-
ing expression in SLE patients can depress the function of
CD8 T cells, resulting in decreased cytotoxic capacity and
high susceptibility to infection ( 47 ). 

Idiopathicthrombocytopenic Purpura. Is an autoimmune
disease characterized by isolated low levels of circulating
platelets secondary to autoimmune destruction of platelets
or inhibition of synthesis ( 48 ). The etiology of ITP remains
incompletely understood, but recently emerging evidence
suggests that coronavirus infection is associated with the
prevalence of ITP. 

Yang M, et al showed that SARS-CoV could cause
thrombocytopenia in patients who got severe acute respira-
tory syndrome. Three main hypotheses may explain the re-
lationship between coronavirus and ITP. First, coronavirus
may directly infect hematopoietic stem cells and megakary-
ocytes, thus destructing the platelets. Second, antibodies
or immune complexes induced by coronavirus may con-
tribute to thrombocytopenia. Third, damaged lung would
result in thrombocytopenia for activating platelets to form
the thrombi ( 49 ). Moreover, a case report in 2019 observed
that severe immune thrombocytopenic purpura can be trig-
gered by CoV.HKU1 ( 48 ). 

Conclusion 

Current evidence indicates that coronavirus exerts an indis-
pensable role in the development of autoimmune diseases.
Coronavirus can cause diret-infection, elevation of proin-
flammatory cytokines and chemokines, production of SR T
cells and autoantibodies as well as oxidative tissue injury
to reinforce the immunity and aggravate autoimmune dis-
eases. The past decades have witnessed many outbreaks of
infectious diseases caused by coronavirus. A retrospective
study has suggested production of autoimmune antibodies
as well as lymphocytopenia (87%) was found in severe
and critical cases with COVID-19 ( 50 ). Lymphocytopenia
is also a characteristic manifestation of SLE and SARS
( 26 ), which assumes increase in lymphocyte apoptosis may
be a mechanism involved in both coronavirus pneumonia
and active lupus. Additional clinical and laboratory data
from cases with COVID-19 are needed to better evaluate
the exact role of coronavirus in the pathophysiology of
autoimmune diseases. 

Encouragingly, studies have also indicated the exis-
tence of autoimmunity response and provided a theoret-
ical basis to optimize their immune treatment ( 51 ). Two
cross-sectional studies both observe that patients with au-
toimmune diseases do not seem to carry a higher risk
of SARS-CoV-2 compared with the general population
( 52 , 53 ), while Jose et al. observed a significant elevation
in the SARS-CoV-2 infection rate in patients with systemic
autoimmune or immune-mediated disease, comparing with
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controls ( 54 ). Additionally, it is widely acknowledged that
immunosuppressive treatments will undoubtedly increase
the risk of opportunistic infections. How to apply the im-
munosuppressive treatments and whether to continue it still
worth our consideration and research ( 53 , 55 ). Therefore, it
is of vital significance to take actions to utilize advanced
molecular biology techniques to further confirm and study
the mechanism of coronavirus leading to autoimmune dis-
eases at molecular and cellular levels, aiming to formulate
a reasonable treatment strategy to optimize immunosup-
pression, find the appropriate application time and better
maintaining dosage and ultimately reduce the incidence of
autoimmune diseases caused by coronavirus. 
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