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Key message

COVID-18 and autoimmune diseases influence each other bidirectionally.
Understanding the underlying mechanisms and implementing individualized
strategies are essential toimprove outcomes and prepare for future pandemics.
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The coronavirus disease 2019 (COVID-19) pandemic has highlighted a complex, bidirectional relationship between SARS-
CoV-2 infection and autoimmune diseases. This review examines how SARS-CoV-2 infection influences the incidence, pro-
gression, and outcomes of five major autoimmune conditions: systemic lupus erythematosus, rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease, and Guillain—Barré syndrome. Patients with autoimmune diseases are at increased
risk of severe COVID-19 due to intrinsic immune dysregulation and the use of immunosuppressive therapies, both of which
impair antiviral host defenses. Conversely, COVID-19 has been implicated in the initiation and exacerbation of autoimmune
responses through mechanisms such as molecular mimicry and bystander activation. Concerns have also arisen regarding the
safety and efficacy of COVID-19 vaccines in immunocompromised populations. Although vaccines are generally tolerated in
these individuals, certain immunosuppressive therapies may attenuate humoral and cellular immune responses. Strategies
such as adjusting immunosuppressive regimens and optimizing the timing of vaccination have been proposed to improve
vaccine efficacy. Disease-specific considerations are essential to balance infection risk with adequate control of autoimmune
activity. Overall, this review underscores the importance of individualized treatment strategies, close clinical monitoring, and
interdisciplinary care in managing patients with autoimmune diseases during the COVID-19 pandemic. A deeper under-
standing of these interactions will be critical for improving patient outcomes and preparing for future pandemics involving

immune-mediated diseases.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has posed unprecedented challenges to global
health systems [1,2]. Beyond its acute respiratory manifes-
tations, COVID-19 has revealed complex immunological
interactions with pre-existing conditions, including autoim-
mune diseases [3]. Autoimmune diseases, characterized by
immune-mediated tissue damage and loss of self-tolerance
[4], are increasingly recognized as important comorbidities in
COVID-19 [5]. Notably, autoimmune diseases and COVID-19
share several key immunological features, including dysreg-
ulated cytokine production, lymphocyte dysfunction, and
impaired regulatory immune control [6,7]. An immune phe-
notyping study suggests that long COVID is associated with
persistent alterations in both innate and adaptive immune
compartments, accompanied by broadly enhanced humoral
responses [8]. In severe cases requiring intensive care, pa-
tients exhibit a profoundly altered immune profile character-
ized by sustained lymphopenia, expansion of granulocytes
and plasmablasts, increased activation and terminal differen-
tiation of T cells and natural killer cells, and markedly elevat-
ed SARS-CoV-2-specific antibody responses [9].

The relationship between COVID-19 and autoimmune
diseases is increasingly recognized as bidirectional [10]. In-
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dividuals with autoimmune diseases are at increased risk of
SARS-CoV-2 infection and adverse clinical outcomes [11].
This vulnerability is attributable to their immunocompro-
mised state and is further influenced by the use of immu-
nosuppressive therapies. Corticosteroids, while essential for
controlling autoimmune activity, may impair viral clearance
and increase the risk of severe COVID-19 outcomes [12].
Conversely, SARS-CoV-2 infection has been implicated in
the initiation and exacerbation of autoimmune conditions,
potentially through mechanisms such as molecular mimic-
ry and bystander activation [13-15]. Observational studies
have also reported an increased risk of incident autoimmune
diseases following SARS-CoV-2 vaccination [5,16]. Further-
more, concerns have been raised regarding the safety and
immunogenicity of COVID-19 vaccines in patients with au-
toimmune diseases [17-19].

This narrative review aims to comprehensively examine
the immunological relationship between COVID-19 and five
major autoimmune diseases: systemic lupus erythemato-
sus (SLE), rheumatoid arthritis (RA), multiple sclerosis (MS),
inflammatory bowel disease (IBD), and Guillain—Barré syn-
drome (GBS). It further evaluates how autoimmune patho-
physiology and immunomodulatory treatments influence
susceptibility to SARS-CoV-2, and how SARS-CoV-2 infec-
tion may contribute to the onset, reactivation, or exacerba-
tion of autoimmune diseases.

https://doi.org/10.3904/kjim.2025.301
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BIDIRECTIONAL ASSOCIATION BETWEEN
AUTOIMMUNE DISEASES AND COVID-19

Individuals with autoimmune diseases are at increased risk
of severe COVID-19 outcomes due to intrinsic immune dys-
regulation and the use of immunosuppressive therapies [20].
Autoimmune diseases are characterized by a breakdown in
self-tolerance, leading to chronic activation of autoreactive
T and B lymphocytes, impaired regulatory T-cell function,
and dysregulated cytokine signaling [4]. These alterations
weaken antiviral defense mechanisms, resulting in an in-
creased susceptibility to infections, including SARS-CoV-2.
Upon the entry of SARS-CoV-2, the innate immune sys-
tem is rapidly activated, with induction of type | interferons
and subsequent release of proinflammatory cytokines such
as interleukin (IL)-6, IL-1B, and tumor necrosis factor (TN-
F)-a. [21]. In some cases, however, this response becomes
excessive, leading to a cytokine storm, a hyperinflamma-
tory state resembling macrophage activation syndrome, al-
though not necessarily representing a direct exacerbation
of autoimmune disease activity [22]. Moreover, SARS-CoV-2
infection has been shown to induce lymphopenia, particu-
larly affecting CD4+ and CD8* T cells, further compromising
immune regulation [23]. The combination of pre-existing
immune dysregulation and viral infection—which may dis-
rupt interferon signaling, impair effective T-cell-mediated
responses, and delay viral clearance—can increase vulner-
ability to severe COVID-19 outcomes in individuals with au-
toimmune diseases [12]. Many of these patients are treated
with immunosuppressive agents, including corticosteroids
and disease-modifying antirheumatic drugs (DMARDs) [24].
Although essential for disease control, these therapies can
further impair host immunity, weakening antiviral defenses.
This risk appears particularly elevated in patients receiving
high-dose corticosteroids or B cell-depleting agents, such as
rituximab [25,26].

Growing evidence suggests that COVID-19 itself may trig-
ger or exacerbate autoimmune diseases [27]. During severe
SARS-CoV-2 infection, many individuals develop autoanti-
bodies, including antinuclear antibodies, antiphospholipid
antibodies, and anti-type | interferon antibodies [28-30].
Mechanisms such as molecular mimicry, bystander activa-
tion, and epitope spreading may underlie these responses,
suggesting that SARS-CoV-2 can induce or amplify autoim-
munity [31,32]. Notably, 28 human proteins with regions
homologous to SARS-CoV-2 peptides have been identified,
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which may act as potential autoantigens in individuals who
develop autoimmune conditions following infection [33].
Through these mechanisms, COVID-19 may initiate or ex-
acerbate pre-existing autoimmune diseases. Consistently,
large population-based studies have shown that individuals
with COVID-19 have a significantly higher risk of developing
a range of autoimmune diseases compared with uninfected
individuals [5,27,34].

SARS-CoV-2 vaccination is a key strategy for protecting
immunocompromised individuals; however, its effective-
ness in patients with autoimmune diseases requires careful
consideration [35,36]. Patients receiving immunosuppres-
sive therapies often exhibit reduced antibody responses to
COVID-19 vaccines [37]. For example, individuals treated
with rituximab or methotrexate may fail to mount adequate
neutralizing antibody responses following mRNA vaccina-
tion [38,39]. Methotrexate, in particular, has been shown
to impair both humoral and cellular immune responses to
mRNA-based COVID-19 vaccines [40,41]. Similarly, in previ-
ously vaccinated individuals, initiation of rituximab therapy
is associated with a progressive decline in anti—-SARS-CoV-2
spike antibody titers [42,43]. Janus kinase (JAK) inhibitors
may also attenuate vaccine-induced T-cell responses [44].
This reduced immunogenicity is clinically relevant, as it may
increase the risk of breakthrough infections and post-acute
sequelae of SARS-CoV-2 infection (long COVID) [45]. Clin-
ical outcomes also vary according to the immunosuppres-
sive regimen used; rituximab and JAK inhibitors have been
more strongly associated with poor COVID-19 outcomes
than other biologic or targeted synthetic DMARDs [46].
Strategies to improve vaccine responses include temporary
modification of immunosuppressive therapy; for example,
a two-week discontinuation of methotrexate after booster
vaccination has been shown to enhance antibody produc-
tion [47]. Other approaches include optimizing vaccination
timing, such as completing primary vaccination before ini-
tiating B cell-depleting therapy [48], briefly pausing meth-
otrexate after vaccination [47], and administering booster
doses when indicated [49]. Figure 1 illustrates the bidirec-
tional interactions between SARS-CoV-2 infection and au-
toimmune diseases.

SLE

SLE is a chronic autoimmune disease characterized by inflam-
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mation and immune-mediated damage affecting multiple
organ systems, including the mucocutaneous, musculoskele-
tal, hematologic, and renal systems [50]. Approximately 3.4
million individuals worldwide are affected by SLE [51]. SLE
has long been associated with viral triggers, and COVID-19
has likewise been shown to influence its clinical course in
several ways [5,52,53]. Chang et al. [5] reported that indi-
viduals with COVID-19 had a significantly increased risk of
developing new-onset SLE (hazard ratio [HR], 2.98). Simi-
larly, a population-based study conducted in Paris, France,
found that patients with COVID-19 had a higher risk of SLE
flares compared with uninfected individuals (HR, 3.79) [52].

Patients with SLE are also at increased risk of SARS-CoV-2
infection and severe COVID-19 outcomes. Data from the
Global Rheumatology Alliance registry identified age, sex,
comorbidities, disease activity, and treatment status as key
determinants of COVID-19 severity in patients with SLE,
with steroid use and treatment interruption particularly as-
sociated with worse outcomes [53]. Another study reported
that individuals with SLE have higher risks of SARS-CoV-2 in-
fection (0.6-22%), COVID-19-related hospitalization (30%),
and mortality (6.5%) compared with individuals without SLE
[54].

Despite these associations, a Mendelian randomization

Exacerbation or new-onset of autoimmune diseases
e Cytokine storm
* Molecular mimicry
e Bystander activation

SARS-CoV-2
infection

Autoimmune
diseases

Increased COVID-19 susceptibility & severity
* Immune dysregulation
* Immunosuppressive therapy
¢ Reduced vaccine response
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study by Yang et al. found no evidence of a direct genetic
causal relationship between COVID-19 and SLE [55]. Never-
theless, shared biological mechanisms, such as similar mac-
rophage activation pathways and features of gut microbial
dysregulation, have been proposed for both conditions [55].
Regarding vaccination, SARS-CoV-2 vaccines are generally
safe in patients with SLE and elicit adequate immune re-
sponses, even in the context of immunosuppressive therapy
[56-59]. However, certain agents, including mycophenolate,
tacrolimus, and belimumab, may reduce antibody responses
[58]. Notably, temporary discontinuation of mycophenolate
for one week has been associated with improved vaccine
immunogenicity (Table 1) [58].

RA

RA is a systemic autoimmune disorder primarily affecting the
joints and periarticular soft tissues, characterized by persistent
synovial inflammation and progressive joint destruction [60].
Emerging evidence suggests that SARS-CoV-2 infection may
trigger the onset of RA [5,61,62]. A case series described five
patients who developed inflammatory arthritis resembling
RA within weeks of acute SARS-CoV-2 infection [61]. Pop-

Clinical implications
/_Q“ Individualized management
'\O Monitoring for flares and long COVID

®"‘ Optimized timing of vaccination

Research directions

ﬁ Immune profiling

(T Vaccine response monitoring

ek

Personalized risk strategies

Figure 1. Bidirectional interactions between SARS-CoV-2 infection and autoimmune diseases. SARS-CoV-2 infection may trigger the
onset or exacerbate the course of autoimmune diseases through multiple immunopathogenic mechanisms, including molecular mimicry,
cytokine storm, bystander activation, and autoantibody production. Conversely, individuals with pre-existing autoimmune diseases, such
as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), multiple sclerosis (MS), inflammatory bowel disease (IBD), and Guillain—
Barré syndrome (GBS), are at increased risk of severe COVID-19 outcomes due to underlying immune dysregulation and the use of im-
munosuppressive therapies. These bidirectional interactions underscore the importance of individualized vaccination strategies, tailored
immunomodulatory treatment, and close clinical monitoring in this vulnerable population.
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ulation-based studies have also reported an increase in RA
incidence following SARS-CoV-2 infection [62]. Chang et al.
[5] further demonstrated that individuals infected with SARS-
CoV-2 had a significantly increased risk of developing RA (HR,
2.98).

Conversely, individuals with pre-existing RA are at in-
creased risk of adverse COVID-19 outcomes. A USA cohort
study reported higher risks of hospitalization (relative risk
[RR], 1.14) and intensive care unit (ICU) admission (RR, 1.32)
among individuals with RA infected with SARS-CoV-2 com-
pared with those without RA [63]. Similar findings have been
reported in population-based studies from the UK [64,65],
the USA [66], and Denmark [67]. This increased vulnerability
persists even after vaccination, with vaccinated individuals
with RA remaining at higher risk of SARS-CoV-2 infection
and COVID-19-related hospitalization than vaccinated indi-
viduals without RA [65,67]. However, absolute risks are low-
er among vaccinated patients with RA than among those
who are unvaccinated [67]. Observational studies suggest
that COVID-19 vaccination is generally safe in patients with
RA and is not associated with a clinically meaningful increase
in disease activity [68,69].

The severity of COVID-19 in individuals with RA appears
to vary according to the immunomodulatory treatment reg-
imen. Notably, treatment with rituximab has been associat-
ed with worse outcomes independent of vaccination status,
although these findings are based on a limited number of
events [67]. Data from the COVID-19 Global Rheumatology
Alliance registry further indicate that the use of rituximab and
JAK inhibitors is associated with greater COVID-19 severity
compared with the use of TNF inhibitors [46]. Glucocorti-
coids remain a cornerstone of RA management [60]; how-
ever, doses exceeding 10 mg/day of prednisone have been
associated with an increased risk of severe COVID-19-related
mortality (odds ratio [OR], 1.89) [70]. Taken together, these
findings highlight the importance of personalized risk mitiga-
tion strategies in patients with RA, particularly those receiv-
ing high-risk immunosuppressive regimens.

According to meta-regression analyses by the Institute for
Health Metrics and Evaluation (IHME), the global age-stan-
dardized incidence rate of RA in 2023 was estimated at
11.65 (95% uncertainty interval [Ul], 10.56-13.02) per
100,000 population [71-73]. As the comprehensive Global
Burden of Disease (GBD) 2023 dataset is not yet fully avail-
able, additional details on incidence rates and trends based
on the GBD 2021 dataset are presented in Table 2 and
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Figures 2 and 3. Overall, regions appear to have maintained
their pre-pandemic incidence patterns following the onset
of COVID-19 (Fig. 3) [71]. However, limitations in prima-
ry data collection during the pandemic, including delayed
surveys and reporting disruptions, may introduce additional
uncertainty into recent estimates, despite the use of mod-
el-based approaches designed to account for incomplete
data [74]. These estimates reflect population-level disease
burden and should be interpreted separately from individ-
ual-level risk estimates derived from observational studies
(Table 1).

MS

MS is an autoimmune disease of the central nervous system
with an incompletely understood etiology [75]. Both genetic
and environmental factors have been implicated; notably, a
recent study of USA military personnel reported a 32-fold
increase in the risk of developing MS following Epstein—Barr
virus (EBV) infection, but not after infection with other virus-
es, suggesting a potential causal role for EBV [76]. Evidence
linking SARS-CoV-2 infection to the onset of MS remains
limited. However, studies evaluating its impact on disease
activity and progression in patients with MS have yielded
heterogeneous findings [77-80]. A multicenter study con-
ducted in Austria found no significant increase in relapse
risk or disability progression following SARS-CoV-2 infection
in patients with MS [77]. Similarly, Montini et al. reported
no significant effects of COVID-19 on new MRI lesions, ex-
panded disability status scale (EDSS) progression, relapse
rate, or cognitive performance [78]. In contrast, a nation-
wide study from Iran found that although relapse rates re-
mained unchanged in patients with relapsing-remitting MS
(RRMS), both MRI lesion burden and EDSS scores increased
significantly after infection [79]. Furthermore, an analysis
from the National MS Center in Belgium suggested that
COVID-19 may accelerate disability progression in patients
with MS, particularly in cases of severe infection [80]. These
discrepant findings likely reflect substantial heterogeneity in
study design, patient populations, outcome definitions, dis-
ease severity, and follow-up duration. Taken together, cur-
rent observational evidence on the impact of SARS-CoV-2
infection on MS disease activity and progression remains
inconclusive. Meanwhile, the risk of SARS-CoV-2 infection
in patients with MS appears to be comparable to that in the
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Global distribution of rheumatoid arthritis
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Figure 2. Global distribution of age-standardized incidence rates of (A) rheumatoid arthritis, (B) multiple sclerosis, and (C) inflammatory
bowel disease in 2021. Estimates are derived from the Global Burden of Disease Study 2021.
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Global and regional trends in rheumatoid arthritis
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Figure 3. Global and regional trends in age-standardized incidence rates of (A) rheumatoid arthritis, (B) multiple sclerosis, and (C) inflam-
matory bowel disease from 1990 to 2021. The red dashed line indicates the onset of the COVID-19 pandemic. Estimates are derived from

the Global Burden of Disease Study 2
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general population [81].

Regarding clinical outcomes, an Italian cohort study re-
ported that patients with MS had more than twice the risk
of hospitalization, ICU admission, and death from COVID-19
compared with the general population [82]. This increased
risk was more pronounced in high-risk subgroups [83]. In
addition, patients with progressive MS appear to be at high-
er risk of severe COVID-19 than those with RRMS [83,84].
Mendelian randomization analysis by Baranova et al. further
suggested a bidirectional causal relationship, whereby ge-
netic liability to MS increased the risk of COVID-19 hospital-
ization, and genetic liability to severe COVID-19 increased
the risk of MS [85]. Treatment-related factors also influence
outcomes. Several studies have consistently shown that
anti-CD20 therapies are significantly associated with an in-
creased risk of severe COVID-19 [81-84,86]. This associa-
tion was confirmed in a large pooled analysis of Italian and
French cohorts, which also reported that interferon therapy
was associated with a reduced risk of severe COVID-19 [87].

Regarding vaccination, COVID-19 vaccines are general-
ly safe in patients with MS, with no evidence of increased
relapse risk and high seroconversion rates [81]. However,
reduced immunogenicity has been observed in patients re-
ceiving anti-CD20 therapies or sphingosine 1-phosphate re-
ceptor modulators [81,88].

According to estimates from the IHME, the global age-stan-
dardized incidence rate of MS in 2023 was 0.76 (95% UI,
0.68-0.83) per 100,000 population [72,73,89]. Detailed in-
cidence data and trends based on the GBD 2021 dataset
are presented in Table 2 and Figures 2 and 3. High-income
countries, which showed increasing incidence rates prior to
the pandemic, have continued this upward trend, where-
as minimal variation has been observed in other regions
(Fig. 3) [89]. These patterns should be interpreted with
caution, since data gaps and reporting delays during the
pandemic may have influenced recent estimates, despite
the use of modeling approaches designed to account for
incomplete data [74].

IBD

IBD comprises a group of chronic inflammatory disorders
of the gastrointestinal tract with a growing global burden,
primarily including ulcerative colitis (UC) and Crohn's dis-
ease (CD) [90]. UC is characterized by continuous mucosal
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inflammation beginning in the rectum and extending proxi-
mally to varying extents. CD is a complex, chronic inflamma-
tory condition that can affect any part of the gastrointesti-
nal tract and varies in age of onset, anatomical distribution,
and disease severity [91]. A nationwide population-based
study from South Korea reported that individuals infected
with SARS-CoV-2 had a higher risk of developing CD than
uninfected individuals (HR, 1.68) [92]. Several cases of new-
ly diagnosed UC and CD following SARS-CoV-2 infection
have also been described; however, current evidence re-
mains insufficient to establish a causal relationship between
COVID-19 and the development of IBD [93-96].

Evidence does not indicate a substantially increased risk
of SARS-CoV-2 infection among patients with IBD com-
pared with the general population, and most studies report
no significant differences in hospitalization rates, disease
severity, or mortality [97,98]. In a subgroup analysis, Lee
et al. [97] found that patients with CD had a lower risk of
COVID-19-related hospitalization and death than those with
UC. Most IBD therapies have not been associated with an
increased risk of SARS-CoV-2 infection. However, the use
of 5-aminosalicylates and systemic corticosteroids has been
linked to higher risks of COVID-19-related hospitalization
and mortality [97]. Additionally, a cohort study from Sicily
identified severe IBD activity as a strong predictor of adverse
COVID-19 outcomes in infected patients [99].

Regarding vaccination, current evidence indicates that nei-
ther mRNA nor vectored DNA vaccines worsen IBD [98,100].
Adequate seroconversion has also been observed in pa-
tients receiving anti-TNF therapy [101]. A multicenter, sur-
vey-based observational study conducted in Taiwan re-
ported that patients with IBD expressed concerns about
SARS-CoV-2 infection, disease severity, and potential vac-
cine-related adverse effects [102]. Some patients believed
that immunomodulators, anti-TNF agents, or corticosteroids
might increase infection risk and reported self-discontinua-
tion of these therapies [102]. Notably, the study found that
targeted educational interventions significantly alleviated
these concerns [102]. Current evidence does not support a
strong association between IBD and increased susceptibility
to SARS-CoV-2 infection or greater COVID-19 severity, nor
does it indicate that commonly used IBD therapies signifi-
cantly increase infection risk [97,98,100,103]. Accordingly,
proactive communication and patient education by health-
care providers remain essential to address concerns regard-
ing vaccination and treatment adherence in patients with
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IBD.

According to estimates from IHME, the global age-stan-
dardized incidence rate of IBD in 2023 was 4.39 (95% UI,
3.80-5.13) per 100,000 population [72,73,90]. Detailed inci-
dence data and trends based on the GBD 2021 dataset are
presented in Table 2 and Figures 2 and 3. Overall, incidence
rates remained stable across regions during the COVID-19
pandemic (Fig. 3) [90]. However, once again, these esti-
mates should be interpreted with caution, since pandem-
ic-associated disruptions in surveillance and data collection
may have introduced additional uncertainty, despite the use
of modeling approaches designed to account for incom-
plete data [74].

GBS

GBS is the most common acute paralytic neuropathy and
is characterized as an autoimmune disorder in which the
immune system targets peripheral nerves and spinal nerve
roots [104,105]. Although its exact etiology remains un-
clear, most cases occur following viral or bacterial infec-
tions. Infection with Campylobacter jejuni is one of the most
well-established risk factors, and viral infections, including
Zika virus, have also been implicated [106]. Given its estab-
lished association with viral infections, concerns have arisen
regarding a potential link between SARS-CoV-2 infection
and the development of GBS [107]. A study analyzing data
from hospitals in northeastern Italy reported a 59% increase
in GBS cases between March 2020 and March 2021 com-
pared with the previous 13 months, with approximately
half of these patients having a history of SARS-CoV-2 in-
fection [108]. Similarly, an analysis of the U.S. Department
of Veterans Affairs national healthcare database identified
an increased risk of GBS within 12 months following acute
SARS-CoV-2 infection (HR, 2.16) [109]. In Israel, SARS-CoV-2
infection was also associated with an elevated risk of GBS
(OR, 6.30) [110]. These findings suggest that GBS may be
triggered by immune-mediated mechanisms involving in-
flammatory cytokines such as TNF-q,, IL-17, and IL-22, whose
levels are elevated during SARS-CoV-2 infection [111].

The association between COVID-19 vaccination and GBS
appears to vary by vaccine type [112-114]. Analysis of data
from the U.S. Vaccine Adverse Event Reporting System indi-
cated that the observed-to-expected ratio for GBS following
Ad26.COV2.S vaccination was 3.79 at 21 days and 2.34 at
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42 days post-vaccination, whereas no significant association
was observed with mRNA vaccines (BNT162b2 and mRNA-
1273) [112]. A study using the French National Health Data
System similarly reported an increased risk of GBS following
the first dose of ChAdOx1-S and Ad26.COV2.S vaccines,
while no significant increase was observed with mRNA vac-
cines at the population level [113]. Similar results have been
reported in analyses of the World Health Organization’s
global pharmacovigilance database [114] and in several
systematic reviews [115,116]. Notably, a cohort study from
Israel suggested that vaccination with BNT162b2 may be
associated with a reduced risk of GBS [110]. Some studies
have also reported a higher incidence of facial paralysis-as-
sociated GBS following vaccination, suggesting a possible
link between specific vaccine platforms and GBS develop-
ment [114,115].

COMPARISON AND CLINICAL IMPLICATIONS

The five autoimmune diseases discussed in this review (SLE,
RA, MS, IBD, and GBS) share key immunopathological fea-
tures but differ in their clinical course and vulnerability to
COVID-19. A unifying characteristic across these conditions
is immune dysregulation, often involving aberrant activation
of autoreactive lymphocytes, heightened cytokine signaling,
and breakdown of immune tolerance [4]. Shared inflamma-
tory pathways include enhanced interferon signaling and
IL-6-mediated systemic inflammation, which are prominent-
ly implicated in RA, MS, and IBD [117]. These mechanisms
contribute to both increased susceptibility to infection and
a propensity for exaggerated immune responses, particu-
larly in the context of SARS-CoV-2. All five conditions are
commonly managed with immunosuppressive therapies,
ranging from corticosteroids and methotrexate to B cell-de-
pleting agents and JAK inhibitors, each with distinct implica-
tions for COVID-19 severity and vaccine responsiveness [24].

Despite these shared features, important distinctions exist,
although these should not be interpreted as rigid categories.
SLE and RA are typically characterized by systemic immune
activation and often require long-term immunosuppres-
sion [50,60], whereas MS and IBD are more organ-specif-
ic but increasingly treated with potent biologics that may
impair antiviral immunity [75,90]. In contrast, GBS is gen-
erally post-infectious, representing a prototypical model
of virus-triggered autoimmunity [106]. Treatment patterns
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also differ across these conditions. Patients with RA and SLE
frequently receive long-term corticosteroids and DMARDs,
whereas those with MS and IBD more commonly rely on im-
mune-modifying biologics [24]. These distinctions influence
the degree and nature of infection risk, the likelihood that
SARS-CoV-2 infection may act as a disease trigger, and the
extent of vaccine responsiveness.

Effective patient management strategies should be dis-
ease-specific while guided by shared principles. Immuno-
suppressive therapy required continuous re-evaluation to
balance disease control with infection risk and should be
adapted when vaccine responses are likely to be impaired.
Monitoring vaccine responses, considering booster doses,
and ensuring interdisciplinary care coordination are essential
components of comprehensive management. Healthcare
systems should also implement tailored strategies to protect
individuals with autoimmune diseases, including prioritiza-
tion of booster vaccination programs [37,118], improved
access to rapid diagnostic testing, and timely administration
of antiviral therapies. Integration of rheumatology, neurol-
ogy, and infectious disease services is critical for addressing
key clinical challenges, such as adjusting immunosuppres-
sive therapy during acute SARS-CoV-2 infection, distinguish-
ing between disease flares and infection-related immune
manifestations, and optimizing vaccination strategies in the
context of ongoing immunomodulatory treatment. In par-
allel, strengthening electronic health record systems with
a focus on interoperability across healthcare settings is es-
sential to ensure that key clinical information, including im-
munosuppressive treatment history, vaccination status, and
prior SARS-CoV-2 infection, is readily accessible regardless
of where care is delivered. Improved data accessibility can
facilitate real-time risk stratification and support coordinat-
ed, evidence-based clinical decision-making. Aligning clini-
cal care with emerging evidence will be crucial to improving
outcomes for individuals with autoimmune diseases, both
in the context of long COVID and in preparation for future
infectious disease threats. A comparative summary of the
impact of COVID-19 on SLE, RA, MS, IBD, and GBS is pre-
sented in Table 1.

FUTURE RESEARCH DIRECTIONS OF
AUTOIMMUNE DISEASES IN LONG COVID

The COVID-19 pandemic has led to the emergence of long
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COVID, or post-acute sequelae of SARS-CoV-2 infection,
characterized by persistent or new-onset symptoms lasting
beyond 12 weeks after the initial infection [119]. Among its
diverse clinical manifestations, autoimmune diseases have
emerged as a significant concern [120]. Evidence from large-
scale cohort studies indicates a strong association between
SARS-CoV-2 infection and the subsequent development of
autoimmune diseases [5,27,120]. Table 3 summarizes co-
hort studies evaluating these associations across multiple
autoimmune conditions.

A German cohort study reported an increased incidence
of new-onset autoimmune diseases within 3 to 15 months
following SARS-CoV-2 infection (incidence rate ratio, 1.43)
[121]. Similarly, a binational cohort study conducted in Ko-
rea and Japan identified elevated risks of autoimmune in-
flammatory rheumatic diseases (AIRD) after SARS-CoV-2 in-
fection (HR, 1.25 in Korea and 1.79 in Japan) [120]. Another
nationwide cohort study in Korea further highlighted the
long-term risk of autoimmune and autoinflammatory con-
nective tissue disorders following infection [13]. Using UK
primary care data, a separate cohort study reported a 22%
increase in the incidence of immune-mediated inflamma-
tory diseases among individuals with COVID-19 compared
with that in the general population [27].

COVID-19 severity has been associated with an increased
risk of AIRD. Individuals with mild SARS-CoV-2 infection show
an elevated risk (HR, 1.22), which increases further among
those with moderate to severe infection (HR, 1.42) compared
with that of uninfected individuals [120]. COVID-19 vacci-
nation appears to confer a protective effect, significantly
reducing AIRD risk among vaccinated individuals (HR, 0.59
after one dose; 0.42 after two or more doses) [120]. Similar-
ly, a study conducted in Hong Kong reported reduced risks
of several autoimmune diseases among vaccinated individ-
uals [16]. Furthermore, higher risks were observed during
periods dominated by more pathogenic variants, particularly
the Delta variant [16].

Despite these advances, several important gaps and lim-
itations remain. Short follow-up periods, typically less than
one year, limit understanding of the long-term autoimmune
consequences of SARS-CoV-2 infection. Additionally, most
studies rely on single-country cohorts, restricting generaliz-
ability and limiting global comparisons across diverse pop-
ulations. This limitation overlooks important differences in
healthcare infrastructure, genetic susceptibility, and environ-
mental exposures. Furthermore, variant-specific autoimmune
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risks associated with different SARS-CoV-2 strains, includ-
ing Delta and Omicron, remain insufficiently character-
ized [16]. Each variant exhibits distinct biological behavior,
pathogenicity, and clinical impact [122]. Inconsistencies in
diagnostic criteria and the limited range of autoimmune
diseases examined further constrain the interpretability and
comprehensiveness of current findings. Finally, reliance on
hospital-based cohorts may introduce selection bias by dis-
proportionately representing more severe cases [5].

Addressing these challenges requires several strategic ap-
proaches. First, long-term, multinational prospective cohorts
should be established to monitor the incidence of post-
COVID-19 autoimmune diseases. Inclusion of populations
from low- and middle-income countries is essential, since
differences in healthcare access and baseline comorbidities
may result in distinct autoimmune risk patterns following
long COVID. International collaboration and open-data ini-
tiatives should be promoted to enable comprehensive analy-
ses and rapid dissemination of findings. Second, longitudinal
tracking of clinical outcomes and immune markers is need-
ed, with particular emphasis on variant-specific effects, vac-
cination status, and associations with disease severity. Third,
personalized risk stratification models integrating clinical,
genetic, and immunological markers should be developed
to identify individuals at increased risk of post-COVID-19
autoimmune conditions. Fourth, the impact of vaccination
strategies and booster protocols on reducing autoimmune
risk should be systematically evaluated. Overall, recognizing
autoimmune diseases as a part of the post-acute sequelae
of SARS-CoV-2 infection requires a coordinated and multi-
disciplinary approach that integrates mechanistic research,
longitudinal clinical studies, personalized risk assessment,
and therapeutic development.

COVID-19 VACCINATION AND
AUTOIMMUNE RHEUMATIC DISEASE

Reports have described the development of autoimmune
diseases, including Graves’ disease, autoimmune liver disease,
GBS, RA, type 1 diabetes, and SLE, following COVID-19 vac-
cination, suggesting a potential association [123-126]. How-
ever, such case reports are insufficient to establish causali-
ty. A nationwide, population-based cohort study in Korea
found no significant association between mRNA vaccination
and most autoimmune diseases [18]. However, increased
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risks were observed for specific conditions, including SLE,
myocarditis, pericarditis [127], and GBS, compared with a
historical control cohort [18]. However, another study using
the same dataset found that the risk of autoimmune diseas-
es following SARS-CoV-2 infection was significantly lower
among vaccinated individuals than among unvaccinated in-
dividuals (HR, 0.59 after one dose and 0.42 after two doses)
[120]. Similar results were reported in a retrospective cohort
study conducted in Hong Kong, which showed that vacci-
nation was associated with reduced risks of autoimmune
diseases, including Graves' disease and SLE, among patients
with COVID-19 [16]. These findings suggest the potential
protective effect of vaccination against the development
of autoimmune diseases during the COVID-19 pandemic.
Given the favorable safety profile of vaccines in this context
and their established role in reducing SARS-CoV-2-related
morbidity and mortality, vaccination remains a key public
health strategy.

CONCLUSION

The bidirectional relationship between COVID-19 and auto-
immune diseases has important clinical and immunological
implications. Individuals with autoimmune diseases are at
increased risk of infection and severe outcomes due to un-
derlying immune dysregulation and the use of immunosup-
pressive therapies. Conversely, SARS-CoV-2 infection can
trigger the onset or exacerbation of autoimmune diseases
through mechanisms such as molecular mimicry, bystander
activation, and sustained immune activation. These findings
highlight the need for individualized patient management,
including careful adjustment of immunosuppressive thera-
py, optimization of vaccination timing, and close monitoring
of disease activity and vaccine responses. Future research
should focus on elucidating the long-term outcomes of
post-COVID-19 autoimmune manifestations and ensuring
the continued safety and effectiveness of vaccines in im-
munocompromised populations. A deeper understanding
of these complex interactions will be essential to improving
clinical care, informing treatment strategies, and enhancing
preparedness for future pandemics involving immune-me-
diated diseases.
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