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iral infections such as COVID-19 are sig-
nificant environmental triggers for auto-
immune diseases [1]. After infection with 
COVID-19, many autoimmune disorders 
that can potentially impact diverse organ 

systems may emerge [2]. The processes underlying 
the onset of autoimmunity in post-COVID-19 patients 
are complex and varied. Recent research has proposed 
several plausible mechanisms and theories to elucidate 
the molecular basis of immune dysregulation associ-
ated with COVID-19. These include molecular mimicry 
by viral proteins, systemic manifestations and multior-
gan involvement due to the extensive expression of the 
SARS-CoV-2 receptor ACE2, bystander activation of 
immune cells, the release of autoantigens from virus-
damaged tissues, superantigen-mediated lymphocyte ac-
tivation, and epitope spreading. Several host factors, in-
cluding age, comorbidities, and genetic predispositions, 
may also play a role [3]. 

Various studies have reported that individuals with 
severe COVID-19 exhibit autoantibodies targeting vari-
ous proteins in some tissues and organs, including the 
lungs, heart, blood vessels, brain, and components of the 
immune system [4, 5]. A possible reason is molecular 
mimicry, in which viral proteins resemble self-antigens, 
leading to cross-reactivity and autoimmune responses 
[6]. The cross-reactivity between viral and host proteins 

is attributed to the structural or sequence similarities be-
tween COVID-19 viral proteins and self-antigens. This 
cross-reactivity can lead to an autoimmune reaction, 
wherein the immune system mistakenly identifies and 
attacks host tissues and organs. A study on 104 patients 
with COVID-19, including 40 with heart failure and 
20 with severe aortic stenosis, used a protein microar-
ray method and identified cross-reactivity between host 
proteins, including those present in immune cells, blood 
vessels, and lung tissue, and autoantibodies that targeted 
the spike protein of SARS-CoV-2. It was suggested that 
autoantibodies may inadvertently target and damage 
host tissues, leading to tissue injury and the development 
of autoimmune responses [7].

Bystander activation is another proposed mechanism 
that illustrates how COVID-19 infection triggers an 
overreaction of the immune system, resulting in collater-
al damage to healthy tissues [8]. The production of self-
antigens and the activation of autoreactive immune cells 
may facilitate the development of autoimmunity. Expo-
sure of self-antigens can activate autoreactive immune 
cells, leading to an immunological response against 
these self-antigens [9, 10]. Thus, the heightened immune 
response elicited by COVID-19 infection may result in 
collateral damage to healthy tissues, potentially leading 
to autoimmunity.
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A dysregulated immunological response induced by 
COVID-19 may lead to an imbalance in cytokine pro-
duction, immune cell activation, and the generation of 
autoantibodies. SARS-CoV-2 infection may cause an 
exaggerated immune response, marked by the secretion 
of pro-inflammatory cytokines, commonly referred to 
as a “cytokine storm.” The development of autoimmu-
nity in patients following COVID-19 may also be in-
duced by the dysregulation of immune responses, cyto-
kine secretion [9], immunological checkpoints, and the 
depletion of immune cells [11], which can consequently 
lead to loss of self-tolerance and development of auto-
immune responses.

Persistent immune cell activation, including T and B 
cells, even after the infection, may facilitate the develop-
ment of autoimmunity through the promotion of autoan-
tibody production and the activation of autoreactive T 
cells. The development of autoimmunity may also be in-
fluenced by viral persistence and the establishment of vi-
ral reservoirs in specific organs. SARS-CoV-2 has been 
detected in multiple organs, such as the kidneys, brain, 
heart, and lungs. Prolonged viral persistence in these tis-
sues may lead to continuous immunological activation 
and inflammation, potentially resulting in autoimmune 
reactions [12].

While emerging evidence implicates molecular mim-
icry, bystander activation, and viral persistence in 
post-COVID autoimmunity, critical questions also re-
main. The interplay of genetic susceptibility (e.g. HLA 
haplotypes and ACE2 polymorphisms) and epigen-
etic modifiers (e.g. DNA methylation changes induced 
by prolonged inflammation) remains poorly mapped. 
Furthermore, the pathophysiology of transient versus 
chronic autoimmune manifestations requires clarifica-
tion; does it represent distinct pathways or a spectrum of 
immune dysregulation?
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