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Abstract: Long COVID-19 affects a significant percentage of survivors and is characterized by a wide range of 
symptoms, including weariness and mental fog as well as emotional symptoms like worry and sadness. 
COVID-19 is closely linked to the autoimmune disorders that are becoming more prevalent worldwide and are 
linked to the immune system hyperactivation, neutrophil extracellular trap (NET) development, and molecular 
mimicry pathways. Long-term COVID-related autoimmune responses include a watchful immune system, 
altered innate and adaptive immune cells, autoantigens secreted by living or dead neutrophils, and high 
concentrations of autoantibodies directed against different proteins. The microbiome, which consists of billions 
of bacteria living in the human body, is essential for controlling immune responses and supporting overall 
health. The microbiome can affect the course of long-term COVID-associated autoimmunity, including the 
degree of illness, the rate of recovery, and the onset of autoimmune reactions. Although the precise role of the 
microbiome in long COVID autoimmunity is still being investigated, new studies indicate that probiotics, 
prebiotics, and dietary changes—interventions that target the microbiome—may be able to reduce 
autoimmune reactions and enhance long-term outcomes for COVID-19 survivors. It is clear that more research 
is required to precisely understand how the microbiome affects COVID-19-related autoimmunity and to create 
tailored treatment plans. 
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1. Introduction 

A lethal coronavirus known as SARS-CoV-2 (severe acute respiratory syndrome-coronavirus-2) 
first appeared in late 2019. It started the coronavirus disease 2019 (COVID-19) global pandemic, an 
acute respiratory infection that threatened human health globally [1]. The COVID-19 pandemic has 
been in the spotlight of signalosome study following the outbreak in 2019 [2], therapeutic 
interventions [2] and possibly causing other diseases [3,4]. Millions of people who survived SARS-
CoV-2 infection are now affected by a spectrum of post-COVID problems, including the so-called 
post-acute sequelae or long COVID-19 (PASC) or long-COVID. In previous articles of this series, we 
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discussed the persistence of viral particles and/or one or more of its components in the recovered 
person's tissues [5] circulated free and/or in ECVs (extracellular vesicles) [6,7], which is accompanied 
by the activated immune responses. The occurrence of the SARS-CoV-2 and/or some of its 
components in the ECVs has become established phenomenon in the virus biology, which plays a 
crucial role in its life cycle [8,9]. In the current report, we discuss the association of PASC with the 
continuity of the immune responses, which produces autoantibodies against different kinds of 
autoantigens, and the correlation between the autoimmune illnesses that follow SARS-CoV-2 
infection and the PASC.  

Long COVID (also known as PASC or protracted COVID (note, this is not an accurate 
expression, as it indicates that the COVID patient not recovered then (after months) have a symptom 
lookalike) is a multisystemic illness characterized by frequent serious manifestations that develops 
following an acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection [10]. At least 65 
million persons globally have long COVID, according to a cautiously predicted prevalence of 10% of 
infected individuals with over 651 million recorded COVID-19 cases worldwide [10]. Long COVID 
is expected to affect 10–30% of patients who are not hospitalized, 50–70% of patients who are 
hospitalized [11], and 10-12% of people who have received vaccinations [12]. People of all ages and 
acute disease phases have been associated with this condition; the age range between 36 and 50 years 
old has been associated with the highest number of cases, and non-hospitalized patients with mild 
disease account for almost all COVID-19 cases [13]. Long-term COVID symptoms include brain fog, 
fatigue, sleeplessness, arthralgia, myalgia, pharyngitis, headaches, fever, digestive problems, skin 
rashes, and affective symptoms such as depression and anxiety, are comparable to those observed 
during the initial phase of infection [14–16]. Patients with these symptoms exhibited multiple levels 
of long-term COVID-19 acuity. The more extreme degrees of COVID-19 infection, on the other hand, 
are connected to several early variables and the production of more severe extended COVID [17]. 

The prevalence of autoimmune disorders (AID) is growing, with over 100 different medical 
conditions contributing to a significant disease impact globally. The key mechanisms that contribute 
to autoimmunity in COVID-19 encompass: (i) immune system hyper-activation, (ii) induced extreme 
neutrophil extracellular traps (NETs) formation, and (iii) interaction between SARS-CoV-2 and host 
self-components through cross-reaction. (NET) represents an advantageous antimicrobial 
mechanism of neutrophils, composed of a complex network of extracellular fibers, especially made 
of DNA and chromatin. Nevertheless, NETs can also function as a reservoir of self-antigens, leading 
to the development of autoimmune conditions such as Systemic Lupus Erythematosus (SLE), 
psoriasis, antiphospholipid syndrome, rheumatoid arthritis (RA), myositis, and multiple sclerosis 
(MS) [18–20]). Zuo et al. [21] showed that hospitalized patients with SARS-CoV-2 severe infection 
had increased levels of serum NETs. Additionally, they showed that serum from COVID-19 patients 
is a strong stimulator of NET formation when introduced to control neutrophils. Obtained results 
provide evidence that COVID-19, in hospitalized patients, can trigger the synthesis of new NETs 
which in turn could initiate autoimmune response [21]. 

According to other reports, antigens from the gut, heart, kidney, lung, and brain may have cross-
reactivity with SARS-CoV-2.Furthermore, SARS-CoV-2 proteins can exhibit homology to specific 
self-protein epitopes and initiate the molecular mimicry pathways [22,23]. 

The early diagnosis of AIDs is crucial for preventing consequences and tailoring appropriate 
therapy. Autoantibodies may be discovered in the serum of AIDS patients in the most cases, 
regardless of their presumed pathogenic activity, supporting clinicians in establishing a definite 
diagnosis and supplying screening methods for early and potential pre-clinical diagnosis [24]. There 
are indications that SARS-CoV-2 infection is linked to the onset of autoimmunity worldwide [25]. 
Antinuclear antibodies (ANAs; i.e., antibodies which bind to the cellular components in the nucleus, 
such as nuclear proteins, DNA, RNA, and nucleic acid-protein complexes, and which represent a 
defining feature of autoimmune connective tissue disease) were found in 35.6% of COVID-19 
patients, anti-Sjögrens´s syndrome related antigen A (anti-Ro/SSA) in 25%, rheumatoid factor in 19%, 
lupus anticoagulant in 11%, and antibodies against interferon (IFN)-I in 10% [26,27].  
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Autoantibodies may remain after COVID-19, and latent PolyA levels in PCS (post COVID 
syndrome) rise with time [28]. IgG autoantibodies to inflammatory cytokines (IL-2, CD8B, IFN) and 
thyroglobulin (as it is not cytokine) are present, and they correlate with the anti-SARS-CoV-2 
antibodies [29,30]. Long-term COVID patients also have greater levels of autoantibodies to 
extractable and antinuclear antigens, which are linked to symptoms of fatigue and dyspnea [31]. 
Particularly noteworthy are physiologically active autoantibodies against G protein-coupled 
receptors (GPCRs) that include nociception-like opioid receptor, angiotensin receptor, muscarinic 
M2-receptor, and 1- and 2-adrenoceptors (Table 1) [32]. 

Table 1. Relationship between autoimmunity and long-term COVID-19 manifestations. 

Relationship between autoimmunity and long-term COVID-19 manifestations Reference 

Autoimmune 
response 

Adaptive immunity: Low perforin expression in CD8+T cells  
                  More antiviral cytotoxicity in CD8+T;  

                  Higher levels of the PD-1 marker 
[33–36] 
[37–39] 

 

Innate immunity:   Higher levels of monocytes (1-3 months after recovery) 
                  Lower HLA class II marker HLA-DR in COVID-19 patients 

                  Higher number of NK cells 
Cytokine profile:   High serum levels of IL-6, IL-17 and IL-2 (one month after infection) 

                  Low serum levels of IL-4 and IL-10 (one month after infection) 

Elevated 
autoantibodies 

to inflammatory cytokines (such as IgG to IL-2, D8B, thyroglobulin, and IFN) [29,30] 
to antinuclear and extractable nuclear antigens [31] 

against GPCRs (including 1- and 2-adrenoceptors, angiotensin receptor, nociception-like opioid receptor, and 
muscarinic M2-receptor) 

[32] 

to ACE2 (the receptor for SARS-CoV-2 entrance), 2-adrenoceptor, muscarinic M2 receptor, angiotensin II AT1 
receptor, and the angiotensin 1-7 MAS receptor 

[32,40] 

targeting tissue (connective tissue, extracellular matrix elements, vascular endothelium, coagulation factors, 
and platelets) 

[41] targeting systemic organs (including the lung, central nervous system, skin, and gastrointestinal tract) 
targeting immune-modulating proteins (cytokines, chemokines, complement components, and cell-surface 

proteins) 

Immune 
dysregulation 

Viral protein mimicry 

[42,43] 

Systemic display and multiorgan commitment of COVID-19 due to prevalent expression of the SARS-CoV-2 
receptor ACE2 

Bystander triggering of immune cells  
Release of autoantigens from virus-damaged tissue 
Superantigen-mediated activation of lymphocytes 

Epitope spreading 

Risk of autoimmune 
diseases 

Rheumatoid arthritis (aHR 2.98; 95% CI 2.78-3.20) 

[44,45] 
 
 

Systemic lupus erythematosus (aHR 2.99; 95% CI 2.68-3.34) 
Vasculitis (aHR 1.96; 95% CI 1.74-2.20) 

Inflammatory bowel disease (aHR 1.78; 95% CI 1.72-1.84) 
Type 1 diabetes mellitus (aHR 2.68; 95% CI 2.51–2.85) 

Systemic sclerosis (aHR:2.58, 95% CI:2.02-3.28) 

Long COVID mechanisms are unknown. The most prominent hypotheses include immune 
response alterations, the continued presence of remnants viral elements causing continued 
inflammation or malfunction of endothelial cells, mitochondrial dysfunction, aberrant metabolites, 
micro-embolization, and reactivation of a previous chronic viral infection, microbiota imbalance, and 
unrepaired damage to the tissues [46,47]. However, these theories cross and overlap. 

This review article aims to comprehensively investigate the emerging evidence and current 
understanding of the complicated relationship between autoimmunity and long-term COVID-19 
manifestations, providing insight into the probable autoimmune mechanisms causing persistent 
symptoms. By merging prior study data, the article aims to improve knowledge of crucial 
immunological pathways underlying the prolonged and varied clinical symptoms seen present in 
people individuals with long-term COVID-19.  
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2024                   doi:10.20944/preprints202406.0616.v1

https://doi.org/10.20944/preprints202406.0616.v1


 4 

 

2. Molecular mechanisms underlying SARS-CoV-2 induced autoimmunity  

Molecular mechanisms by which SARS-CoV-2 induces autoimmunity are not yet completely 
known. What we know is that SARS-CoV-2 spike protein binds to the Angiotensin 2 Converting 
Enzyme (ACE2) and downregulates ACE2 levels, leading to angiotensin II (Ang-II) increased levels. 
Ang-II is the principal bioactive peptide in the renin-angiotensin system (RAS), performing crucial 
roles in maintaining the physiological and pathophysiological balance of the body. Stegbauer et al. 
[48] examined the role of RAS compounds in myelin oligodendrocyte glycoprotein-induced 
experimental autoimmune encephalomyelitis (MOG-EAE), a model of autoimmune inflammation of 
the central nervous system that parallels multiple sclerosis in several ways.  

RAS blockade at the level of renin markedly improved the clinical course of experimental 
autoimmune encephalitis (EAE), implying that mainly Ang-II, rather than other Ang peptides, 
promotes the pathogenesis of MOG-EAE. These findings may support the hypothesis that SARS-
CoV-2 could provoke autoimmunity by increasing the levels of Ang II through ACE2 
downregulation. In addition to these findings, RT-PCR analysis showed that angiotensin II type 1 
receptor (AT1R) mRNA was expressed in polymorphonuclear leukocytes (PMNs), monocytes, and 
B-lymphocyte, suggesting that elevation of Ang-II induced by SARS-CoV-2 may activate AT1R in 
anergic B lymphocytes reversing anergy and potentially leading to the development of autoimmunity 
[49].  

A subset of autoreactive anergic B cell population, referred to as "BND cells," was identified by 
Castleman et al. [50]in human peripheral blood mononuclear cells (PBMCs) from healthy 
participants, people who had received an mRNA vaccine against SARS-CoV-2, as well as individuals 
who had minor and severe SARS-CoV-2 infection.  

Expression markers associated with the loss of anergy in BND cells, such as CD86 and CD69, were 
elevated in the examined population with severe SARS-CoV-2 infection. Additionally, a decreased 
expression of inhibitory regulators, CD22 and CD27 which contribute to maintaining anergy in B 
cells, was discovered in individuals with severe infection compared to health controls or immunized 
individuals and those with non-severe infection. These phenotypic alterations in BND cell population 
during severe SARS-CoV-2 infection, support the hypothesis of inducing autoimmunity, as they 
actively contribute to the loss of cellular anergy [50]. 

In their study, Lee et al. [51] examined how COVID-19 affected the onset and course of RA by 
utilizing an animal model called collagen-induced arthritis (CIA). What they found was that an 
excessive expression of the SARS-CoV-2 spike protein markedly increased the mRNA and protein 
expression levels of the inflammatory cytokines, interleukin 6 (IL-6), tumor necrosis factor alpha 
(TNF-α), interleukin 1 beta (IL-1β), and interferon gamma (IFN-γ), as well as the chemokine 
monocyte chemoattractant protein-1 (MCP-1). In addition, they observed that SARS-CoV-2 spike 
protein significantly increased the incidence and severeness of RA in the CIA mice. These findings 
implicate that SARS-CoV-2 accelerates RA by increasing inflammatory cytokine and chemokine 
expression. Since it is shown that ACE2 reduces the expression of several proinflammatory cytokines, 
including Tumor Necrosis Factor (TNF-α) and Interleukin-6 (IL-6) [52], inhibition of ACE2 by SARS-
CoV-2 spike protein could partially explain the elevation of proinflammatory molecules during 
SARS-CoV-2 infection. Altogether, these findings support the hypothesis that overexpression of 
proinflammatory cytokines and chemokines during SARS-CoV-2 infections leads to hyper innate 
inflammatory response, potentially serving as a trigger for autoimmune response.  

3. Autoimmune response 

 Individuals with long COVID have a hypervigilant immune system. Alteration in SARS-CoV-
2-specific adaptive and unspecific innate immune responses have been reported in individuals with 
long COVID [53]. Long-term COVID-19 infection is believed to be exacerbated by autoimmune 
reactive inflammation in addition to cytokines and abnormal cells of the immune system [54]. The 
autoimmune response is linked to the production of autoantigens by both dead and functional 
neutrophils, an increase in the ratio of neutrophils to lymphocytes, and NETs. After the acute phase 
of SARS-CoV-2 infection, extracellular neutrophil traps and anticardiolipin autoantibodies were 
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identified in patients [55]. Wang et al. [41] employed a high-throughput autoantibody discovery 
approach to search for autoantibodies against 2770 extracellular and secreted proteins (exoproteome) 
in a sample of 197 COVID-19 patients. Although the authors discovered that these individuals had 
remarkable elevations in a variety of autoantibody responses when compared to the uninfected 
controls, it does not necessarily reflect a link to the appearance of log-COVID symptoms, as the 
samples were collected during patient infection with SARS-CoV-2.  

Schematic representation of the link between the autoimmune reactive inflammation and long 
COVID is shown in Figure 1.  

 
Figure 1. Relation of the autoimmune reactive inflammation with long COVID. 

According to one research, COVID-19 post-acute symptoms are prevalent in COVID-19 
individuals with rheumatic illness [56]. Antinuclear antibody (ANA) titers of 1:160 were found in 
43.6% of COVID-19 patients 12 months following symptom start, and these patients had substantially 
greater percentages of neuropsychological symptoms [57]. Similarly, IFN specific autoantibodies 
have been identified in patients with severe COVID-19 [58,59] and have been hypothesized as a 
potential cause of the long COVID symptoms [30].  

Long COVID-19 has been linked to increased levels of autoantibodies against ACE2, muscarinic 
M2 receptor, β2-adrenoceptor, angiotensin II AT1 receptor, and the angiotensin 1-7 MAS receptor 
[32,40]. Some patients with COVID-19 have been reported to have autoantibodies against tissue, 
systemic organs (such as the central nervous system, skin, lung, and gastrointestinal tract), immune-
modulating proteins (such as chemokines, cytokines, complement components, and cell-surface 
proteins), and connective tissue (such as extracellular matrix elements, vascular endothelium, 
coagulation factors, and platelets). All samples were collected from patients during SARS-CoV-2 
infection [41]) (Table 1). 
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3.1 Adaptive immune cells  

The SARS-CoV-2 adaptive humoral and cellular immune reaction aids in viral elimination. 
Immune memory remains post infection for the defense of the host, with virus-particular neutralizing 
antibodies and T-cell responses discovered up to 12 months after infection [60]. A weakened immune 
response, on the other hand, may result in prolonged chronic immunological activation and perhaps 
long COVID. Low perforin (which is a protein that form pores) and which plays a crucial role in the 
granzyme-mediated programmed cell death and in the defense against the virus-infected or 
neoplastic cells [33–37] expression in CD8+T cells during the initial stages of severe SARS-CoV-2 
infection has been reported to predict long COVID [61]. Another research found that persons with 
long COVID-19 had more antiviral cytotoxicity in CD8+ T cells and higher levels of the exhaustion 
marker PD-1 than patients who had fully recovered, indicating the presence of chronic inflammation 
[62]. The depth of the spike-specific clonal CD4+ T-cell receptor β was strongly related to both 
difficulty breathing and the frequency of symptoms at 12 months, indicating that infection-induced 
SARS-CoV-2-specific immune responses may alter long COVID [63]. 

The immune system's adaptive response is also altered during healing from acute infection. T-
cell subsets displayed variable seriousness- and time-dependent dynamics in a longitudinal 
investigation of COVID-19 patients [64]. At 3-month follow-up after the recovery from severe illness, 
convalescent patients with long COVID had an exhausted (PD-1-expressing)/senescent (CD57-
expressing) condition in CD4+ and CD8+ T cells, as well as a disruption in CD4+ regulatory T cells. Up 
to 6 months after a severe infection, CD8+ T cells remained in an exhausted/senescent state. This, in 
addition to a lower naive cell population and increased granzyme B and interferon gamma (IFN-γ) 
production, implies persistent inflammation during extended COVID [64].  

3.2 Innate immune cells 

Long COVID is also linked with the number and operation of innate immune cells. Monocytes 
were observed to be substantially more common in the individuals with severe illness compared to 
those with mild-to-moderate infection 1-3 months after recovery, and they demonstrated greater 
response after in vitro stimulation. Nevertheless, the human leukocyte antigen (HLA) class II marker 
HLA-DR proved to be considerably lowered in COVID-19 patients, indicating inhibited antigen-
presenting function [38].  

Natural killer (NK) cells serve an important function in viral infection management, principally 
through cytotoxicity and IFN-𝛾𝛾 cytokine production. In patients with long COVID, the levels of the 
NK cells in the peripheral blood are considerably higher than those in the healthy controls [38]. CD59 
high NK cells are reduced in severe infection subcategories and are related to the elevated pro-
inflammatory cytokines, particularly interleukin 6 (IL-6), which affects NK cell proliferation and 
function [38]. Granulocyte colony-stimulating factor and granulocyte macrophage colony-
stimulating factor levels were observed to be greater in patients with long COVID when compared 
to healthy controls. A cytokine profile of long COVID appears to consist of high serum levels of IL-
17 and IL-2 (Table 1) [39], which were in 90 subjects without sequelae. The potential repetition of the 
cytokine pattern observed in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), 
wherein specific cytokine levels are elevated during the initial 2-3 years of the illness but 
subsequently decrease without a corresponding reduction in symptomatology is yet to be determined 
[65]. 

4. Risk of autoimmune diseases 

Although death from COVID-19 has decreased due to the acquisition of natural immunity and 
global immunization efforts, we continue to see significant morbidity and higher incidence of post-
COVID-19 disorders, particularly sudden autoimmune and inflammatory illnesses in patients who 
have had COVID-19. Two large retrospective cohort research studies [44,66] have recently 
emphasized the extent and occurrence of these post-COVID-19 illnesses. 
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Pediatric patients with the multisystem inflammatory syndrome in children (MIS-C), which has 
similarities with other hyper-inflammatory syndromes, such as the Kawasaki disease, toxic-shock 
syndrome, and macrophage activation syndrome, providing several of the firsts pieces of evidence 
that SARS-CoV-2 infection causes dysfunctional immune responses [67]. To learn more about the 
association, Chang et al. [44] and Tesch et al. [66]carried out retrospective cohort investigations. 

Chang et al. [44] selected a research population of nearly 5.9 million individuals from 48 
worldwide healthcare institutions using the TriNetX network, which preserves the biggest global 
COVID-19 dataset. Propensity score matching was utilized to create two participant sets (COVID-19 
and non-COVID-19) with a combined total of 887,455 individuals in order to identify the prevalence 
of autoimmune illnesses during the study period, which ran from January 1, 2020, to December 31, 
2021. Only those who were not vaccinated were included in the research due to the possibility that 
SARS-CoV-2 immunization could introduce bias. At 6 months, the COVID-19 cohort had a 
considerably greater incidence of autoimmune disorders than the non-COVID-19 group [44]. 

The breadth of disorders found following SARS-CoV-2 exposure distinguishes it from other viral 
infections (such as coronaviruses, coxsackie type 1, and Epstein-Barr virus). A wide range of 
autoimmune disorders was found in the COVID-19 cohort (Figure 2) [44]. According to the published 
research, COVID-19 patients can develop over 15 separate types of autoantibodies and more than 10 
distinct AIDs [22]. Among others, it included rheumatoid arthritis (adjusted hazard ratio (aHR) 2.98; 
95% CI 2.78-3.20), systemic lupus erythematosus (SLE) (aHR 2.99; 95% CI 2.68-3.34), systemic sclerosis 
(aHR:2.58, 95% CI:2.02-3.28), vasculitis (aHR 1.96; 95% CI 1.74-2.20), inflammatory bowel disease 
(aHR 1.78; 95% CI 1.72-1.84) and type 1 diabetes mellitus (aHR 2.68; 95% CI 2.51–2.85) (Table 1) [44]. 

. 

Figure 2. Spectrum of autoimmune diseases and autoimmune antibodies related to the long COVID. 
Autoimmune diseases: GD-Graves' disease; AIHA-Autoimmune hemolytic anemia; PNC-
Polyneuritis cranialis; POTS-post orthostatic tachycardia syndrome; SLE-Systemic lupus 
erythematosus; APS-Antiphospholipid syndrome; GBS-Guillain-Barré syndrome; VA-Viral arthritis; 
ITP-Immune thrombocytopenic purpura; MFS-Miller Fisher syndrome; KD-Kawasaki disease; MG-
Myasthenia Gravis. Autoimmune antibodies: LAC-Lupus anticoagulant; ANA-Anti-nuclear 
antibodies; C-ANCA-Cytoplasmic anti neutrophil cytoplasmic antibodies; P-ANCA-Perinuclear anti-
neutrophil cytoplasmic antibodies; Anti-ß2 GPI-Anti-ß2-glycoprotein I; Anti-CASPR 2-Contactin-
associated protein 2; Anti-CCP-Anti-cyclic citrullinated peptide; Anti-ACE-2-Anti-angiotensin-
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converting enzyme 2; Anti-IFNs-Anti-Type I interferons; Anti-MuSK-Anti-muscle-specific kinase. 
(Created in Biorender, adopted from [22]. 

Tesch et al. [66] conducted similar research in 2020 on 640,701 unvaccinated adults with a 
positive PCR testingCOVID-19 to assess the risk of autoimmune disorders. The scientists discovered 
a 42.6% increased risk of developing an autoimmune disorder 3-15 months post infection when 
compared to a non-COVID-19 cohort of 1,560,357 people who were paired for age, gender, and if they 
suffered a previous autoimmune disorder [66].  

Vasculitis illnesses, which are fairly uncommon autoimmune disorders, have the highest 
prevalence ratios. The findings further highlight that COVID-19 raised the likelihood of having 
another autoimmune illness by 23% in people who already had one. Because of the intrinsic 
characteristics of their methodology (retrospective cohort), both of these studies cannot demonstrate 
causality between SARS-CoV-2 and the occurrence of autoimmune diseases. Nevertheless, based on 
the spatial association with previous infections of COVID-19, they gave appealing and solid 
indications that SARS-CoV-2 infection is associated with a significantly higher likelihood of acquiring 
broad new-onset autoimmune diseases after the initial phase of SARS-CoV-2 infection [66]. 

Chang et al. [44] and Tesch et al. [66] presented a thorough analysis of several new-onset 
autoimmune disorders after COVID-19. A significant characteristic of COVID-19 infection is a 
considerable rise in the total frequency and variety of autoimmune diseases in patients. Several 
hypotheses have been advanced to dilucidate the molecular foundation of COVID-19-related 
immune dysfunction, including viral protein mimicry, and multiorgan commitment of COVID-19 
due to prevalent expression of the SARS-CoV-2 receptor ACE2, bystander triggering of immune cells, 
autoantigens release from virus-damaged tissue, lymphocyte activation triggered by superantigens 
and epitope spreading [42,43]. 

5. Elevated levels of autoantibodies and long COVID-19 

Visvabharathy et al. investigated autoantibody responses in individuals with or without long 
COVID infection before and after a booster dose of mRNA vaccine [45]. At V2, 15 (88%) of 17 Neuro-
PASC patients had poly-autoantibody reactions (remarkable increases in more than two 
autoantibodies) associated with several autoimmune illnesses or disorders such asRA, systemic 
sclerosis, and autoimmune vasculitis. Unexpectedly, according to Visvabharathy et al., 12 of 14 (85%) 
of convalescent controls displayed a substantial rise in more than two autoantibodies with varied 
specificities at all-time points, in contrast to healthy controls [45]. However, similar conclusions were 
not reported before [68,69]. 

Compared to healthy control participants, autoantibodies associated with the inflammatory 
myopathies and systemic lupus erythematosus (SLE) were increased among those raised in Neuro-
PASC patients and to a lesser amount in convalescent controls. Furthermore, neuronal antigen 
specific GAD65 antibodies and anti-cytokines were significantly increased in Neuro-PASC patients. 
The greatest autoantibody titers were reported in individuals with past SARS-CoV-2 infection at V1 
(3 weeks post-vaccination) or V2 (3.5 months post-vaccination), as opposed to baseline. Except for 
MDA5 (a RIG-I-like receptor dsRNA helicase), autoantibody titers were not substantially changed by 
age, gender, or time after acute infection in either group. Importantly, acute-phase inflammatory 
markers like C reactive protein (CRP) or acute phase COVID-19 disease intensity did not indicate if 
a patient will have high poly-autoantibody responses. Overall, these findings implied that even 
minor past SARS-CoV-2 infection might increase antibody auto-reactivity in long COVID patients 
more than in individuals lacking persistent symptoms [45].  

After autoantibodies against type I interferons (IFNs) were first found in patients with life-
threatening COVID-19 [27], there have been multiple studies that show elevated levels of 
autoantibodies against different additional cytokines and chemokines and their receptors [41], G 
protein-coupled receptors (GPCR), molecules related to the renin-angiotensin system (RAS), and 
anti-cardiolipin [70,71], chromatin proteins, ribosomal P proteins, thyroid antigens [72], anti-nuclear 
antigen (ANA) [72], and anti-neutrophil cytoplasmic proteins (ANCA) [73] in individuals with severe 
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SARS-CoV-2 infections. Baiocchi et al. recently identified many autoantibodies associated with 
autoimmune disorders and COVID-19 severity [74]. There is still a lack of research on autoantibodies' 
physiological role. Analysis of serum showed that autoantibodies are shared by healthy people [75]. 
Autoantibodies have been demonstrated to have homeostatic functions by binding cellular antigens 
and assisting in the removal of apoptotic cells [76]. According to these findings, Baiocchi et al. propose 
that cellular receptor expression may physically regulate autoantibody levels, suggesting a potential 
mechanism by which SARS-CoV-2 infection generates autoantibody profiles linked to the severity of 
COVID-19 [74]. 

6. The roles of the microbiota in the immune system and COVID-19 severity 

Disease prevention is significantly supported by a healthy microbiota [77]. It has been frequently 
regarded as an organ of a person's body and is an integral part of the host [78]. It plays a role in 
immune protection as well as participates in maintaining homeostasis, metabolic, and physiological 
activities. It also aids in the breakdown of complex nutrients like fats, complex carbohydrates, and 
fatty acids, fermentation of indigestible food residues, digestion, and the proliferation and 
differentiation of epithelial cells as well as the absorption of metal ions [79]. It has been discovered to 
aid in the immune system's maturation in newborns [80]. The microbiota that lives in the 
gastrointestinal tract, the body's largest immunological organ, is known to influence host immune 
responses [81]  

According to recent research, commensal microbiota regulates systemic inflammatory responses 
and is essential for preserving the equilibrium between pro- and anti-inflammatory cytokines [82,83]. 
Through their metabolites, they interact with the host's immune system and preserve this equilibrium 
[82]. In an effort to comprehend the role of the microbiota in COVID-19 pathogenesis, numerous 
researchers worldwide are currently working on cutting-edge investigations on the oral, lung, brain, 
and gut microbiota [84]. Numerous research endeavors have tackled this matter, demonstrating the 
gastrointestinal tract's role in the etiology of COVID-19 and establishing a connection between the 
disease's clinical result and the microbiota [84]. As a result, it has been discovered that gut 
microbiome dysbiosis is linked to the intensity and course of the disease [84,85]. There is a positive 
correlation between the severity of COVID-19 and the reduction of commensals in the gut [84].  

This suggests that the disease has an impact on the structure of the gut microbiota, but it also 
highlights the importance of a healthy gut microbiota profile in delaying the start of the disease [84]. 
Similarly, examination of the lung microbiome in COVID-19 patients showed dysbiosis and 
produced surprising results that suggested a major role for the microbiome in the onset of critical 
illness [86,87] 

Beneficial bacteria have been observed to be diminished in the COVID-19 patients' microbiota 
[84]. This reduced quantity of beneficial commensals could potentially account for some of the 
inflammation associated with COVID-19, which is manifested by elevated levels of IL-1β, IL-6, IFNγ, 
MCP1, and IP-10 [88]. Higher blood plasma levels of IL-2, IL-7, IL-10, IP-10, MCP1, macrophage 
inflammatory protein 1α (MIP1α), IL-6 and tumor necrosis factor (TNF) are associated with more 
severe cases of cytokine storm [88]. Patients with severe COVID-19 have bronchoalveolar lavage fluid 
that contains a population of monocyte-derived FCN1+ macrophages with an inflammatory role (Tay 
et al., 2020). Severe cases additionally have a greater percentage of CD14+ CD16+ inflammatory 
monocytes in peripheral blood [88]. These cells cause the cytokine storm by secreting inflammatory 
cytokines and chemokines such as MCP1, IP-10, and MIP1α [88]. It is established that these 
commensals possess immunomodulatory capabilities [85]. Dysbiosis was linked to higher levels of 
inflammatory cytokines, aspartate aminotransferase, C-reactive protein, lactate dehydrogenase, and 
gamma-glutamyl transferase, as well as to blood indicators [85]. 

Yeoh et colleagues. recently completed a two-hospital cohort research to better understand the 
role of the GI tract microbiota in COVID-19 patients and illness outcomes [85]. The purpose of the 
study was to determine whether the gut microbiota of COVID-19 patients was related to the severity 
of the illness and whether microbiota dysbiosis improves after the virus is eradicated [85]. 100 
patients with SARS-CoV-2 infection provided blood and stool samples for the study, and serial stool 
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samples were taken from 27 of these patients up to 30 days after viral clearance. Shotgun sequencing 
was used to examine the gut microbiome. Plasma was used to evaluate the concentration of blood 
indicators and inflammatory cytokines. The gut microbiota of patients and controls was observed to 
differ considerably by the authors [85]. Patients had decreased levels of Bifidobacteria, Eubacterium 
rectale, and Faecalibacterium prausnitzii, which persisted for up to 30 days following the resolution of 
the illness [85,89]. Other work found that critically ill individuals showed a complete depletion of 
Bifidobacterium and Clostridium genera. Additionally, there was a relative abundance of the 
Pseudomonaceae family in these people, which is known to be linked to pathogenic diseases including 
severe acute respiratory syndromes [90]. 

Additional studies showed that compared to patients treated in regular areas, COVID-19 
patients needing intensive care unit (ICU) admission during hospitalization had a lower baseline gut 
microbiome diversity (Shannon index). The requirement for an ICU was linked to a dysbiosis index 
that showed the balance between enriched and reduced taxa in ICU patients as opposed to ward 
patients. This index included a reduction in the number of butyrate-producing bacteria and an 
enrichment of a partially oral bacterial flora. Following severe COVID-19, the composition of the gut 
microbiota during hospitalization was linked to 60-day mortality [91]. Similarly, based on the gut 
metagenomic data derived from the population-based analysis of 2,871 adult subjects from 16 
countries, it was concluded that altered gut microbiome composition and functions (e.g., lower 
abundance of Eubacterium rectale and Roseburia intestinalis in the gut) are associated with the COVID-
19 mortality [89].  

7. Altered microbiota in long COVID and its connection with autoimmunity 

Several studies have demonstrated that gut microbiota is also altered in long COVID. According 
to one study, the dysbiosis of the gut microbiota continued for up to 30 days after the illness resolved, 
which may be related to the enduring symptoms of PASC [85]. Furthermore, it has been established 
that ACE2 affects the expression of neutral amino acid transporters in the gut [92], which in turn 
controls the gut microbiota's composition, which in consequence affects both systemic and local 
immune responses [93,94]. In COVID-19 patients with pre-existing age-related comorbidities, ACE2 
imbalance has been associated with poor outcomes (including increased disease severity and 
mortality rate) through its impact on intestinal dysbiosis [95].  

Liu et al. [96] have verified in 6-month follow-up that long-COVID patients had distinct gut 
microbiota species compared to controls and a persistently lower α-diversity (Shannon and Chao-1 
indexes). Interestingly, those individuals who had COVID-19 at the begining but did not have long 
COVID did not exhibit the same dysbiosis pattern. Increasing fecal relative abundance of 
opportunistic pathogens was positively associated with fatigue, respiratory, and neuropsychiatric 
symptoms in the long-COVID subgroup [96]. Other work demonstrated the presence of long COVID-
19 which correlates with gut microbiota dysbiosis in recovered patients at one-year after discharge, 
indicating gut microbiota may play an important role in long COVID-19 [97]. 

Remarkably, it was found that 76 % of patients had PACS at six months, with fatigue, memory 
loss, and hair loss being the most frequent symptoms [96]. The composition of the gut microbiota at 
admission was linked to the presence of PACS. At six months, the gut microbiota profiles of patients 
without PACS had recovered to a level similar to non-COVID-19 controls. Patients diagnosed with 
PACS had a gut microbiota characterized by reduced levels of Faecalibacterium prausnitzii and greater 
levels of Bacteroides vulgatus and Ruminococcus gnavus. At six months, bacteria that produce butyrate, 
such as Faecalibacterium prausnitzii and Bifidobacterium pseudocatenulatum, exhibited the strongest 
inverse relationships with PACS [96]. 

7.1. Connection between altered microbiome and the onset of autoimmunity 

It is not surprising to learn that dysbiosis of the gut, oral, and skin microbiome has been linked 
to autoinflammation and tissue damage in susceptible or genetically predisposed individuals, given 
that environmental factors have the ability to trigger autoimmune responses and that they interact 
with different components of our microbiome. Changes in the human microbiome may potentially 
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play a major role in autoimmunity, as a changed microbial composition can cause inflammation and 
a breakdown in immunological tolerance [98]. This is due to the fact that a steady, healthy, and well-
adjusted gut microbiota importantly contributes to immune system regulation in addition to 
facilitating the body's effective absorption of nutrients. Therefore, several autoimmune disorders may 
result from dysbiosis of the gut microbiota [99–102]. Furthermore, gut microbiota dysbiosis has been 
implicated in autoimmunity development, including disorders like systemic lupus erythematosus 
(SLE), rheumatoid arthritis, liver disease, type I diabetes, multiple sclerosis (MS), and Sjögren’s 
syndrome [101,103–110].  

For example, although the exact mechanisms underlying the onset of SLE, one of the most 
common autoimmune illnesses, are still unknown, hormonal, genetic, and environmental factors may 
have a role in the development of SLE flare-ups [111]. According to recent research, there may be a 
correlation between the activity of SLE disease and changes in the balance and composition of the 
gut microbiota. It was noted that the abundance of several taxa and the Firmicutes/Bacteroides ratio 
were lower in SLE patients. Additionally, there were more Lachnospiraceae and less Lactobacillaceae 
in SLE patients [105,112,113]. Serum sCD14 (a monocyte activation marker), fecal secretory IgA, 
calprotectin levels, and Ruminococcus gnavus of the Lachnospiraceae family were all elevated in 
female SLE patients [114]. Increased levels of endotoxin lipopolysaccharide (LPS) were also observed 
in SLE patients, maybe as a result of leaky gut. This finding raises the possibility that persistent 
microbial translocation plays a role in the development of SLE [115,116] . Bacterial amyloid/DNA 
complex has been demonstrated to trigger autoimmune responses in lupus-prone NZBxW/F1 mice, 
including type 1 IFN production and autoantibodies [117]. When compared to age-matched healthy 
controls, young lupus-prone mice displayed a significant decrease in lactobacilli and an increase in 
Lachnospiraceae [118]. 

Microbiota can be regarded as a risk environmental factor for rheumatoid arthritis (RA), an 
inflammatory autoimmune disease that is brought on by both genetic and environmental causes. In 
some proteins, citrullination is a post-translation modification (PMT) that changes the amino acid 
arginine into the amino acid citrulline. The immune system identifies these citrullinated proteins as 
foreign antigens, which causes an increase in inflammatory responses like those seen in RA. Based 
on available data, it appears that some oral and gut bacteria species, including Porphyromonas 
gingivalis and Prevotella copri, have a role in the pathogenesis of RA. These bacteria have the ability to 
facilitate the citrullination of bacterial or human proteins during dysbiosis, which sets off an 
immunological reaction that results in the production of autoantibodies [110]. 

Inflammatory bowel disease (IBD) is hypothesized to arise from interactions between 
environmental, microbial, and immune-mediated factors in a genetically predisposed host. Research 
has demonstrated that the gut microbiota of individuals with IBD differs from that of healthy control 
people. Identification of gene alterations involved in microbiome-immune interactions among IBD 
patients provides additional evidence in favor of a fundamental function for the microbiome in these 
individuals [119]. 

In a 2020 review paper, Boziki et al. showed that the gut microbiome also plays a role in MS. 
They emphasized the role of gut microbiota in both innate and adaptive immunity, as well as the gut-
brain axis. In their conclusion, they suggested that altering the gut flora might result in potential MS 
treatment strategies [120].  

Figure 3 illustrates the suggested pathways, by which microbiome dysbiosis may result in 
trigerring the autoimmunity.  
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Figure 3. Increased redistribution of bacteria or their metabolites, such as circulating endotoxin LPS, 
can result from environmental variables that alter mucosal inflammation, intestinal barrier function, 
and immune responses. These factors include toxic substances, dietary antigens, and pathogens. This 
generates abnormal anti-inflammatory responses throughout the body, which ultimately leads to 
autoimmune diseases. This figure is licensed under a Creative Commons Attribution 4.0 International 
License (https://creativecommons.org/licenses/list.en). Source: [98]. 

These reported changes in the microbiome driven by environmental variables are extremely 
important results that warrant additional exploration into their precise implications in the 
pathogenesis of autoimmune illness [98]. Moreover, research indicates that lactobacilli can be 
restored and symptomatology improved by dietary intervention using retinoic acid, prebiotics, and 
probiotics that have the ability to modulate Tregs. The findings supported the use of retinoic acid as 
a dietary supplement to treat inflammatory flare-ups in lupus patients by showing significant 
alterations in the gut microbiota in mice with the disease [121,122]. Given this knowledge, the 
identification and modification of the microbiome's composition may offer therapeutic opportunities 
for the amelioration and potential full restoration of the immune system's malfunction in many 
autoimmune disorders [98]. 

8. Reinstatement of microbiota as a potential treatment for long COVID-19 

It is conceivable that using probiotics to restore intestinal dysbiosis could be one strategy for 
treating long-term COVID-19 [123]. Viral infections are known to cause chronic fatigue syndrome 
(CFS), also known as myalgic encephalomyelitis (ME) in individuals, while data on COVID fatigue 
is still developing. Symptoms are usually used to make the diagnosis, as there are no particular 
biomarkers. Actually, a portion of COVID-19 patients met the requirements for the CFS/ME diagnosis 
category [124]. Moreover, significant COVID-19 post-acute symptoms are similar to those of post-
infectious ME/CFS [125]. Fatigue is believed to be caused by alterations in neurotransmitter levels, 
inflammation, psychiatric disorders, stress, and cognitive dysfunction [126]. Persistent inflammation 
and weariness are linked to elevated levels of pro-inflammatory cytokines and overexpression of IL-
6 [127]. Moreover, exhaustion following a viral infection is frequently caused by immunological 
dysregulation and mitochondrial dysfunction [128]. Therefore, therapeutic strategies for post-COVID 
tiredness that target these several patho-physiologies can be assessed [123]. For example, a 
randomized controlled trial incorporating probiotic supplementation was found to cause a larger 
reduction in fatigue compared to a placebo [123]. These findings are encouraging, since probiotics 
have been demonstrated to enhance mood, improve cognitive function, and lessen fatigue in addition 
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to their immunomodulatory [129], anti-inflammatory [130], antioxidant [131], and antiviral [132] 
properties. Probiotics have also shown to improve well-being as well as inflammatory and oxidative 
indexes in CFS/ME patients [133], regulate brain health via the gut-brain axis [134], and significantly 
improve mood and sleep quality as well as reduce fatigue, depression, and anger [135,136].  

Currently, probiotics are being tested in some clinical trials (NCT05080244, NCT04813718, and 
NCT05227170) to determine their effectiveness in preventing and managing long COVID-19. 

9. Conclusions 

Researchers and clinicians alike face a difficult and complex problem when attempting to 
understand the complex link between autoimmunity and long-term symptoms of COVID-19. SARS-
CoV-2 has not only caused a worldwide epidemic, but it has also revealed a range of immunological 
reactions and perhaps chronic side effects. Millions of people worldwide are impacted by extended 
COVID, which emphasizes how vital it is to comprehend its fundamental causes. Raised levels of 
autoantibodies against several cellular components, cytokines, and receptors indicate the 
autoimmune nature of the illness. The persistence of symptoms seen in long-term COVID patients 
may be attributed to these autoantibodies, which may last long after the original infection. 

The precise molecular pathways responsible for SARS-CoV-2-induced autoimmunity remain 
unclear; nevertheless, it seems that the downregulation of ACE2 and the consequent elevation of 
Ang-II levels are crucial. Based on research using models of RA and experimental autoimmune 
encephalomyelitis, this imbalance can trigger pathways that lead to autoimmunity. Prolonged 
inflammation and changes in immune cell populations are features of both the innate and adaptive 
immune responses in long-term COVID-19 patients. The increased cytotoxicity, exhausted CD8+ T 
cells, and altered T-cell subsets might be factors in these people's extended immunological activation. 
Dysregulation of natural killer cells and monocytes, two types of innate immune cells, highlights the 
immune system's role in prolonged COVID-19. 

The microbiota is vital for immunological defense, metabolic functions, and physiological 
activities, such as food breakdown and immune system maturation. Recent studies have 
demonstrated the important role that microbiota plays in the immune system and the course of 
diseases like COVID-19, especially when it comes to the gastrointestinal tract. Research has 
demonstrated that changes in the gut microbiota of COVID-19 patients may be responsible for the 
severity of the illness and chronic symptoms, sometimes referred to as long-term COVID or Post-
Acute Sequelae of SARS-CoV-2 (PACS). Even after viral clearance, dysbiosis endures and may 
exacerbate COVID-19-related inflammation. Moreover, there is evidence connecting the 
development of autoimmunity and gut microbiota dysbiosis, highlighting the wider health 
implications of this condition. As an alternative for reducing long COVID symptoms, the potential 
therapeutic effect of restoring microbial balance—especially through probiotic supplementation—is 
receiving more attention from clinicians. Probiotics provide benefits for mood, cognitive function, 
and reducing fatigue in addition to immunomodulatory, anti-inflammatory, and antioxidant 
functions. 
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