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Increasing evidence accumulated from the past year on the outbreak of corona virus disease 2019
(COVID-19) pandemic, suggesting a strong association between the severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2) infection and autoimmunity. The reported inflammatory/autoimmune-
related symptoms by patients, the appearance of circulating autoantibodies and the diagnosis of defined
diverse autoimmune diseases in a subgroup of SARS-CoV-2-infected patients, indicate the critical and
pivotal effect of SARS-CoV-2 virus on human immunity, and its capability to trigger autoimmune
disorders, in genetically predispose subjects.

1. Hyperstimulation of the immune system: cytokine storm and
hyperferritinemia

Severe cases of COVID-19 disease are characterized by fever, hyperferritinemia and a massive
production of pro-inflammatory cytokines (‘cytokine storm’), which may lead to a high rate of mortality
[ ]. Cytokine storm phenomenon in severe SARS-CoV-2 infected patients have been

thoroughly explored and reported in COVID-19 critical ill patients [ ]. Macrophages, account to be

one of the main immune population which resides in the lung parenchyma, has been suggested to have a
critical role in the pathophysiology of SARS-CoV-2-induced acute respiratory distress syndrome
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(ARDS) and life-threating-related manifestations in critically severe patients. SARS-CoV-2 may trigger
hyperstimulation of the immune system [ ] in genetically predispose subjects which may lead to over

activation of local macrophages to produce high level of inflammatory mediators such as: cytokines,
chemokines and ferritin. Overproduction of cytokines by macrophages has been shown to enhance the
inflammatory process and to trigger unusually large amount of ferritin in the blood
(‘hyperferritenemia’) [ ]. Importantly, it was shown recently that on admission to hospitals,

SARS-CoV-2 infected patients have high level of ferritin [ ]. In light with this, it is worth

mentioning that cytokine storm and hyperferitenemia have been previously shown to be triggered by
other pathogenic viruses such as influenza and dengue [ ].

2. Autoantibodies reported in COVID-19 patients

2.1. Anti-nuclear antibodies in SARS-CoV-2-infected patients

On May 2020, Gazzaruso et al. showed the prevalence of autoimmune markers such as: anti-nuclear
autoantibodies (ANA) (35.6%) and lupus anti-coagulant (11.1%) in 45 patients admitted to the hospital
for SARS-CoV-2 pneumonia. Furthermore, on August 2020, Fujii et al. reported a case-based review of
two patients with severe respiratory failure due to COVID-19 who had high of anti-SSA/Ro antibody
titer [ ]. These finding clearly suggest an autoimmune response in these patients.

2.2. Antiphospholipid antibodies in SARS-CoV-2-infected patients

Antiphospholipid (aPL) profile study have been conducted in critically ill COVID-19 patients and
showed that 10 out of 19 patients (52.6%) had serum anti-cardiolipin (aCL) and/or anti-β2 glycoprotein
1 (aβ2GP1) autoantibodies, while 7 out of these 10 patients had multiple isotypes of aPLs [ ]. The

presence of these antibodies, together with elevated factor VIII (FVIII), has been attributed to
hypercoagulation in these critically ill patients.

2.3. Anti-IFN antibodies in SARS-CoV-2-infected patients

A study, recently published by Bastard et al. shows that neutralizing IgG auto-antibodies against type I
IFNs where found in patients with a life threatening COVID-19 infection [ ]. Importantly, these

antibodies have the capabilities to abrogate the ability of the corresponding type I IFNs to block SARS-
CoV-2 infection in vitro.

2.4. Anti-MDA5 antibodies in SARS-CoV-2-infected patients

Another example of the appearance of potentially pathogenic autoantibodies in SARS-CoV-2-infected
patients is the anti-MDA5 autoantibodies. The melanoma differentiation-associated protein 5 (MDA5)
is a receptor capable of detecting different type of RNA molecules [ ]. Antibodies against MDA5 have

been shown to be associated with amyopathic dermatomyositis, which is a rare disease in a global scale
[ ]. Dermatomyositis associated with MDA5 is recently being discussed as for its epidemiologic,

biomarkers and pathological aspects of tissue damage that have resemblance to a SARS-CoV-2
infection [ ]. Indeed, in an online pre-print study from China, the authors study the production of

circulating autoantibodies against MDA5 in SARS-CoV-2-infected patients as compared with healthy
controls and found that 132/274 patients (48.2%) had positive titer of Anti-MDA5 antibody, and this
antibody tended to represent with severe cases and in non-survivals subjects (medrxviv;
doi:https://doi.org/10.1101/2020.07.29.20164780).

The above mention findings regarding autoantibodies production in SARS-CoV-2 infected patients (
Table 1 ), strengthen our belief on the possibility that there could be potentially additional
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autoantibodies present in similar patients, and these autoantibodies might have a pivotal role in the
pathophysiology of severe and life-threating manifestations in COVID-19 patients.

Table 1

A list of autoimmune diseases and autoantibodies associated with COVID-19 infection.

Autoimmune disease/syndromes secondary to

COVID-19 infection

Circulating autoantibodies reported in

COVID-19 patients

Guillain-Barré syndrome Anti-nuclear antibodies (ANA)

Miler Fisher Syndrome (MFS) Anti-cardiolipin (aCL) antibodies

Antiphospholipid syndrome Anti-β2 glycoprotein 1 (aβ2GP1) antibodies

Immune thrombocytopaenic purpura Anti-MDA5 antibodies

systemic lupus erythematosus (SLE) Anti RBC antibodies (direct anti globulin)

Kawasaki disease LAC –lupus anticoagulant

Cold agglutinin disease & autoimmune hemolytic anemia Antiprothrombin IgM

Neuromyelitis optica Antiphosphatidylserine IgM/IgG

NMDA-receptor encephalitis Antiannexin V IgM/IgG

Myasthenia gravis Anti-GD1b antibodies

Type I diabetes Anti-heparin PF4 complex antibody

Large vessel vasculitis & thrombosis pANCA AND cANCA

Psoriasis Anti-CCP antibodies

Subacute thyroiditis

Graves' disease

Sarcoidosis

Inflammatory arthritis

Open in a separate window

2.5. Potential anti-Angiotensin-converting enzyme 2 (ACE2) autoantibodies in SARS-
CoV-2-infected patients

Angiotensin-converting enzyme 2 (ACE2) is an important physiological protein that is catalyzing the
hydrolysis of angiotensin II into angiotensin [ ], thus regulating the renin-

angiotensin-aldosterone system. In addition, ACE2 acts as the SARS-CoV-2 receptor for its entrance
into cells, thus it is a necessary component in the pathophysiology of COVID-19. Importantly, ACE2
also exists in a soluble form (sACE2) in the extracellular fluid and in the blood, and acts as an

inactivator protein of SARS-CoV-2, similarly to other pathogenic viruses. As a result of the high
affinity between SARS-CoV-2 spike protein and ACE2, formation of SARS-CoV-2-sACE2 complex
occurs, that could potentially lead to the formation of autoantibodies against ACE2.
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3. COVID-19 infection in genetically susceptible human subjects:
association with HLA gene polymorphism

The human leukocyte antigen (HLA) gene and its polymorphism have been described to be associated
with the development of various autoimmune diseases/disorders [ ]. Recently, researchers are trying to

understand how human genetics may affect the spreading and contagion of the current SARS-Cov-2
virus. As for the above mention evidence for the association between the SARS-Cov-2 virus and
autoimmunity, it is not surprising that scientist explored a strong association between covid-19 and
HLA genetic polymorphisms [ ].

4. Sharing peptides between SARS-CoV-2 virus and Human antigens:
implication for the upcoming vaccine against COVID-19

Molecular mimicry phenomena between pathogenic viruses and human proteins - have been already
analyzed and suggested to play a major role in the etiologies of various inflammatory and autoimmune
diseases [ ]. We recently have been thoroughly quantifying hexa- and heptapeptide sharing of

SARS-CoV-2 spike glycoprotein with mammalian proteomes and found that a massive heptapeptide
sharing exist between SARS-CoV-2 spike glycoprotein and human proteins [ ]. This study highlights

the possibility of molecular mimicry–induced adverse autoimmune-related manifestations, already
reported in SARS-CoV-2-infected patients, and raise concern regarding the upcoming desired vaccine,
indicating the need for vaccines based on minimal immune determinants unique to pathogens and
absent in the human proteome [ ]. With regard to the concern of future post COVID-19 vaccine-related

autoimmune manifestations, it is worth to mention the recent reports regarding participants who
developed symptoms of transverse myelitis, an inflammation of the spinal cord (already reported
secondary to COVID-19 infection [ ]) – in the trial assessing the safety and efficacy of COVID-19

vaccine by AstraZeneca company.

5. The development of autoimmune diseases secondary to COVID-19
infection

Our group and colleagues have comprehensively investigating and reporting the association between
various common pathogenic viruses such as: Parvovirus B19, Epstein-Barr-virus (EBV),
Cytomegalovirus (CMV), Herpes virus-6, HTLV-1, Hepatitis A and C virus, and Rubella virus, with the
development of chronic inflammatory and autoimmune diseases [ ]. In light

with this observations, we recently review the appearance of autoimmune diseases/disorders reported to
be triggered by the SARS-CoV-2 infection [ ] (Table 1). Autoimmune disorders such as: Guillain-

Barré syndrome [ ], Miler Fisher Syndrome (MFS) [ ], Antiphospholipid syndrome [ ], Immune

thrombocytopaenic purpura [ ], systemic lupus erythematosus (SLE) [ ] and Kawasaki disease

[ ] – have been reported in patients with COVID-19 infection.

6. Loss of smell in SARS-CoV-2-infected patients and in autoimmune
disease

We previously showed that olfactory dysfunction can be seen in a number of autoimmune diseases such
as: SLE, multiple sclerosis and myasthenia gravis (MG) [ ]. As for the above mention clear

association between autoimmunity and the current COVID-19 pandemic, the recent observation of high
prevalence of olfactory dysfunction, especially in the early presentation in COVID-19 patients - is not
surprising [ ].

7. COVID-19 infection as a classical example of ASIA syndrome
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Overall, the above mentioned suggested link between SARS-CoV-2 infection and autoimmunity (Fig. 1
) can be demonstrated by the concept of autoimmune/inflammatory syndrome induced by adjuvants
(ASIA syndrome), which was introduced by our group in 2011 to gather all autoimmune phenomena

that emerged following the exposure to an external stimulus (such as: infections, adjuvant, vaccine and
silicone) [ ]. With this regard, a virus infection such as the SARS-CoV-2 can trigger: i) a strong

activation of the immune system; ii) the appearance of ‘typical’ clinical manifestations such as:
myalgia, myositis, arthralgia, chronic fatigue, sleep disturbances, neurological manifestations, cognitive
impairment, memory loss and pyrexia – all of which already reported in SARS-CoV-2 –infected
patients; iii) the appearance of autoantibodies, which may lead to the development of autoimmune
diseases in genetically predispose subjects (i.e. HLA-DRB1 etc.). Therefore, the current COVID-19
pandemic indeed fulfills almost all the major and minor criteria for ASIA syndrome [ ].

Open in a separate window
Fig. 1

The development of autoimmune diseases following SARS-CoV-2 infection.
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