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Abstract: There is growing evidence that coronavirus disease 2019 (COVID-19) can lead to a dysregu-
lation of the immune system with the development of autoimmune phenomena. The consequence of
this immune dysregulation ranges from the production of autoantibodies to the onset of rheumatic
autoimmune disease. In this context, we conducted a systematic review to analyze the current data
regarding the new-onset systemic and rheumatic autoimmune diseases in COVID-19 patients. A
literature search in PubMed and Scopus databases from December 2019 to September 2021 identified
99 patients that fulfilled the specific diagnostic/classification criteria and /or nomenclature for each
rheumatic autoimmune disease. The main diseases reported were vasculitis and arthritis. Idiopathic
inflammatory myopathies, systemic lupus erythematosus, and sarcoidosis were also reported in
a limited number of patients, as well as isolated cases of systemic sclerosis and adult-onset Still’s
disease. These findings highlight the potential spectrum of systemic and rheumatic autoimmune
diseases that could be precipitated by SARS-CoV-2 infection. Complementary studies are needed to
discern the link between the SARS-CoV-2 and new onset-rheumatic diseases so that this knowledge
can be used in early diagnosis and the most suitable management.
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1. Introduction

Historically, viral infections have had a complex relationship with a variety of autoim-
mune diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA),
Sjogren’s syndrome (SS), systemic vasculitis, celiac disease, and multiple sclerosis [1,2].
Examples of viruses that play a role in triggering autoimmune disease include hepatitis C
virus, hepatitis B virus, Chikungunya virus, parvovirus B19, herpes viruses, and others [2,3].
The mechanisms underlying the association between viruses and autoimmunity remain
poorly understood. Traditionally, cross-reactive T-cell recognition, known as molecular
mimicry, as well as bystander T-cell activation, culminating in epitope spreading, were the
predominant mechanisms by which infection can lead to a T-cell-mediated autoimmune re-
sponse. However, other hypotheses including virus-induced decoy of the immune system
also warrant discussion regarding their potential for triggering autoimmunity [4,5].

There is growing evidence that infection with severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) is associated with the development of autoimmunity phenomena.
Several studies have reported the presence of autoantibodies in patients with coronavirus
disease 2019 (COVID-19) in different frequencies: antinuclear antibodies (ANA) in 35.6%,
anti-Ro/SSA in 25%, rheumatoid factor in 19%, lupus anticoagulant in 11% and antibodies
against interferon (IFN)-I in 10% [6-9]. Moreover, 28 human proteins with homologous
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regions to SARS-CoV-2 peptides were identified that could potentially function as autoanti-
gens in COVID-19 patients displaying autoimmune conditions [10]. Autoantibodies against
those proteins were detected in typical autoimmune conditions [10]. Other hypothetical
mechanisms include bystander activation triggered by a hyper-inflammatory state (often
referred to as “cytokine storm” or “cytokine release syndrome”), viral persistence (poly-
clonal activation due to the constant presence of viral antigens driving immune-mediated
injury) and the formation of neutrophil extracellular traps [1,11,12].

The clinical spectrum of autoimmune-related manifestations in COVID-19 patients
ranges from organ-specific (e.g., cutaneous vasculitis, immune thrombocytopenic purpura,
transverse myelitis, Guillain-Barré syndrome) to systemic autoimmune and inflamma-
tory conditions (e.g., systemic vasculitis, multisystem inflammatory syndrome (MIS)),
hemophagocytic lymphohistiocytosis (HLH), SLE [12,13]. The objective of this systematic
review is therefore to discuss and show current data regarding new-onset rheumatic au-
toimmune diseases following COVID-19 in adult patients, considering only those cases that
fulfilled the specific diagnostic/classification criteria and/or nomenclature for each disease.

2. Search Strategy

The search process was carried out following the PRISMA guideline [14]. PubMed
and Scopus databases were searched for relevant publications from December 2019 (wWhen
SARS-CoV-2 was first reported) to 22 September 2021. Publications were searched specifi-
cally using the terms: “severe acute respiratory syndrome coronavirus 2” “Coronavirus”,
“COVID-19”, “Arthritis”, “Vasculitis”, “Systemic Vasculitis”, “Myositis”, “Polymyositis”,
“Rhabdomyolysis”, “Lupus Erythematosus, Systemic”, “ Antiphospholipid Syndrome”,

/T

“Still’s Disease, Adult-Onset”, “Sarcoidosis”, “Scleroderma, Systemic”, “Scleroderma, Dif-
fuse”, “Sjogren’s Syndrome”. In addition, the references and related citations for the
resulting articles were also reviewed for inclusion. Publications without language restric-
tions were eligible for inclusion. Cohort studies, case reports or case series of patients with
acute or previous SARS-CoV-2 infection were included if the patients fulfilled the specific
diagnostic/classification criteria and /or nomenclature for each rheumatic autoimmune
disease: 2010 RA classification criteria [15], the Fourth International workshop on reactive
arthritis (ReA) [16], 2012 Chapel Hill Consensus Conference nomenclature (2012 CHCC)
in single-organ vasculitides (SOV) or systemic vasculitides [17], 1990 American College
of Rheumatology (ACR) criteria for giant cell arteritis (GCA) [18]; 1990 ACR criteria for
polyarteritis nodosa (PAN) [19]; the European Medicines Agency Consensus algorithm
for ANCA-associated vasculitides (AAV) and PAN [20]; the Centers for Disease Control
and Prevention (CDC) case definition and/or the American Heart Association criteria
for complete and incomplete Kawasaki disease [21,22], the 2012 CHCC for GCA, AAYV,
PAN, IgA vasculitis, anti-glomerular basement membrane (anti-GBM) disease, primary
central nervous system vasculitis, cutaneous vasculitis and isolated aortitis [17], Kanegaye
criteria for Kawasaki disease shock syndrome (KDSS) [23], the CDC case definition for
Multysystem Inflammatory Syndrome in adults (MIS-A) and children (MIS-C) [24,25],
the Bohan and Peter criteria for dermatomyositis (DM) and polymyositis (PM) [26,27],
2017 European League Against Rheumatism (EULAR)/ACR classification criteria for adult
and juvenile idiopathic inflammatory myopathies and their major subgroups [28], 2019 EU-
LAR/ACR classification criteria for systemic lupus erythematosus [29], 2016 ACR /EULAR
SS classification criteria [30], Yamaguchi criteria for adult-onset Still’s disease (AOSD) [31],
ASAS criteria for axial and peripheral spondyloarthritis (SpA) [32], Joint Statement of the
American Thoracic Society (ATS), the European Respiratory Society (ERS) and the World
Association of Sarcoidosis and Other Granulomatous Disorders (WASOG), sarcoidosis
criteria [33], and the International Consensus Statement on an update of the classification
criteria for definite antiphospholipid syndrome (APS) [34].

Publications were excluded if they did not fulfill the above criteria or if they included
patients under 18 years of age. The following data were extracted from the studies: age, sex,
country of publication, COVID-19 diagnosis method, COVID-19 severity, days from SARS-
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CoV-2 infection to first symptom attributable to rheumatic autoimmune disease, COVID-
19 outcome, rheumatic autoimmune disease organ involvement, autoantibodies, other
diagnostic tests (serology, imaging, synovial fluid analysis, cultures, etc.), and rheumatic
autoimmune diagnosis and outcome.

3. Results

The electronic search yielded a total of 1928 publications. After removing duplicate
citations, titles and abstracts of 1176 articles were evaluated, and 154 relevant articles were
reviewed in detail. Ten articles were identified from the citations of analyzed articles.
Finally, 90 reports (99 cases) were included (Table 1, Figures 1 and 2).

Table 1. Summary of main reported cases of new-onset rheumatic autoimmune diseases during or after SARS-CoV-2

infection.
Small-Vessel Medium-Vessel Large-Vessel RA SpA Reactive Inflammatory SLE
Vasculitis Vasculitis Vasculitis (=6 (nlj 9) Arthritis Myopathies (=6
(n=28) (n=13) (n=5) - - n=17) (n=9) -
Ager r;‘sgi‘si SD, 499 +18 3734135 64.8+7.9 588+ 144  44.1+135 50 + 14.1 55.6 + 11.5 39.2 +24.7
Male, n (%) 17 (60.1) 7 (53.8) 4(80) 3 (50) 6 (66.6) 9 (52.9) 3(33.3) 2(33.3)
Geographical
distribution
Europe, n (%) 10 (35.7) 6(46.2) 3 (60) 6 (100) 6 (66.6) 9(52.9) 4(44.4) 1(16.7)
Asia, n (%) 8 (28.6) 1(7.7) 1(20) 0 2(22.2) 6(35.2) 2(22.2) 1(16.7)
North America, n (%) 10 (35.7) 6 (46.2) 1(29) 0 1(11.1) 2(11.7) 3(33.3) 2(33.3)
South America, n (%) 0 0 0 0 0 0 0 0
Other, n (%) 0 0 0 0 0 0 0 2(33.3)
COVID-19 severity
Asymptomatic, n (%) 2(8) 1(7.7) 1(20) 0 0 0 0
Mild, n (%) 6 (24) 7 (53.8) 2 (40) 3 (50) 7(77.7) 11 (64.7) 1(11.1) 0
Moderate, n (%) 10 (40) 4(30.8) 2 (40) 1(16) 1(11.1) 1(5,8) 1(11.1) 2(33.3)
Severe, n (%) 4 (16) 1(7.7) 0 2(33.3) 1(11.1) 4(23.5) 4(44.4) 0
Critical, n (%) 3(12) 0 0 0 0 1(5.8) 1(11.1) 2(33.3)
COVID-19 diagnostic
method
Nasopharyngeal
swab (RT-PCR or 21 (77.8) 10 (76.9) 2 (40) 2 (66) 8(88.8) 16 (94.1) 8(88.8) 4(66.7)
other method) n (%)
Serology, n (%) 3(11.1) 3(23.1) 3 (60) 1(33.3) 3(33.3) 0 1(11.1) 2(33.3)
Imaging, n (%) 2(74) 0 0 0 0 0 0
Epidemiological
background, n (%) 167) 0 0 0 0 0 0
RAD onset at acute
phase of COVID-19, 11 (44) 7/12 3 (60) 2(33.3) 0 1(5.8) 6 (66.6) 4(66.7)
n (%)
RAD onset after the
acute phase of 14 (56) 5(38.5) 2 (40) 4 (66.6) 9 (100) 16 (94.1) 3(33.3) 2(33.3)
COVID-19, n (%)
Days from COVID-19
to ARD onset, mean 282 +17.7 29.8 £8.2 44 + 16 25.6 £12.6 20.7 £ 6.6 19+114 30.1 +27 245+ 25
+ SD, days
COVID-19 outcome
Resolved, n (%) 23 (92) 13 (100) 5 (100) 3 (50) 9 (100) 16 (94.1) 8 (88.8) 4(66.7)
Death, n (%) 2(8) 0 0 0 0 1(5.8) 1(11.1) 2(33.3)
RAD outcome
Impr""fi‘zﬁ/:)es"lv"d 21 (87.5) 12 (100) 4(100) 3 (100) 7(77.7) 16 (94.1) 8 (88.8)) 4(66.7)
Death, n (%) 3 (12.5) 0 0 0 0 1(6.2) 1(11.1) 2(33.3)

* Improved or resolved = defined by the significant improvement of clinical symptoms Abbreviations: COVID-19, coronavirus disease 2019;
RA, rheumatoid arthritis; RAD, rheumatic autoimmune diseases; RT-PCR, real-time polymerase chain reaction; SD, standard deviation;
SLE, systemic lupus erythematosus; SpA.
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Figure 1. Flow chart of study selection.

Giant cell N
arteritis \o [ o CNS vasculitis
n=1 (* > = n=2
\l\ 4
Sarcoidosis
n=4 Kawasaki-like
disease
Systemic n=11
sclerosis
n=1 AOSD
n=1
Isolated
5?122'3 ANCA-associated
vasculitis
n=11
Rheumatoid
arthritis
n=6 Anti-GBM disease
n=1
Reactive
arthritis
ek SLE
Inflammatory
myopathy IgA vasculitis
n=9 \ n=5
Axial and ‘
peripheral SpA \ / Cutaneous
n=9 o0/ vasculitis
\ n=9
Polyarteritis \
nodosa ‘
n=2 /
/
N

Figure 2. Number of cases and type of new-onset rheumatic autoimmune diseases reported during or after COVID-19.
Created with BioRender.com.


BioRender.com

Cells 2021, 10, 3592

50f19

3.1. Vasculitis

Sixty-five articles reporting 70 patients with vasculitic manifestations during or after
COVID-19 infection were retrieved. We excluded 24 patients: 10 did not have objective
evidence of vasculitis, 7 did not fulfill established criteria, 3 where SARS-CoV-2 was the
direct causative agent, 2 with insufficient information, 1 with no proven COVID-19 and
1 duplicated case. Forty-six cases from 43 articles fulfilled criteria and/or nomenclature for
immune-mediated vasculitides and were included [35-77] (Supplementary file).

Nineteen cases were reports from Europe, 17 from North America and 10 from Asia.
The mean age of the patients was 46.9 £ 17.6 years and 28 (60.8%) were men. The diagnosis
of COVID-19 was established by real-time polymerase chain reaction (RT-PCR) in 27, anti-
SARS-CoV-2 IgG and/or IgM antibodies in 9, both RT-PCR and anti-SARS-CoV-2 antibodies
in 6, CT findings in 2, in 1 case by clinical findings and epidemiological background, and
in 1 patient this information was not available. The severity of COVID-19 was classified as
asymptomatic in 4 (8.7%), mild in 15 (32.6%), moderate in 16 (34.8%), severe in 5 (10.8%)
and critical in 3 (6.5%); no information was available in 3 cases. In 21 (45.6%) cases,
vasculitis presented concomitant and in 21 (45.7%) at a mean of 28.7 & 15.1 days after
SARS-CoV-2 infection; no information was available in 4 cases. Regarding the SARS-CoV-2
infection outcome, only two patients died, no information was reported in three patients,
and infection had resolved in the rest of them.

Organs involved by the vasculitic process were the skin in 28 (60.8%), the kidney
in 14 (30.4%), the eyes in 10 (21.7%), lymph nodes and heart in 9 (19.6%) each, the lungs
in 7 (15.2%), the joints in 6 (13%), the aorta in 5 (10.8%), the gastrointestinal system in
4 (8.7%), the liver in 3 (6.6%), the ENT region and the brain in 2 (4.3%) each, and the
spleen, temporal arteries and iliac arteries in 1 (2.1%) each. In 31 (67.4%) patients a biopsy
of the involved organs was performed and in 27 (58.7%) there was histopathological
proof of vasculitis. Reports consisted of 15 cases of SOV and 31 of systemic vasculitides.
Twenty-eight (60.8%) cases were considered small-vessel, 13 medium-vessel (28.3%) and
5 large-vessel vasculitides (10.8%) (Table 1). The specific diagnoses of SOV were cutaneous
vasculitis in 9 (all had a biopsy available), isolated aortitis in 4, central nervous system
(CNS) vasculitis in 2. The diagnoses of systemic vasculitides were Kawasaki disease in
11, AAV in 11, IgA vasculitis in 5, PAN in 2, and giant cell arteritis (GCA) and anti-GBM
disease in 1 each.

Concerning adult-onset Kawasaki disease reports, 7 fulfilled criteria for complete and
4 for incomplete Kawasaki disease; while only 7 patients fulfilled criteria for KDSS, all
patients fulfilled the case definition for MIS, 10 met the MIS-A and one met the MIS-C
definition. Regarding AAV clinicopathological phenotype 7 were microscopic polyangiitis
(MPA), 2 were granulomatosis with polyangiitis, and 2 were renal-limited vasculitis. Finally,
concerning PAN, 1 case was systemic and 1 was cutaneous PAN.

Vasculitis treatment consisted of systemic glucocorticoids in 27 cases, intravenous
immunoglobulin in 10, rituximab in 6, cyclophosphamide and plasmapheresis in 4 each,
tocilizumab in 3, mycophenolate mofetil and topical glucocorticoids in 2 each, and anakinra
in 1. Other treatments were aspirin in 4 cases, anticoagulation in 3 cases, NSAIDs in 2 cases,
renal replacement therapy in 2 cases and antihistamines in 2 cases. In 4 reports the treatment
prescribed for vasculitis was not reported. Vasculitis resolved in 28 patients, improved in
9 and 4 patients died, of which only 1 was attributed to the vasculitic process.

3.2. Arthritis

Thirty-three papers reporting 43 patients were retrieved for detailed analysis. Then we
excluded 11 patients: 4 with a gout attack, 1 with established RA, 1 with isolated dactylitis,
1 patient who had already been investigated for arthritis before COVID-19 and 4 patients
with back pain and sacroiliitis by MRI but with an age at onset > 45 years. Therefore,
our review related to arthritis was based on 28 studies [78-105] (Supplementary file). All
included studies were published as full-text journal articles. A total of 16 studies were from
Europe, 9 from Asia and 3 from America. The mean age of the patients was 49.5 &+ 15.1,
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and 18 of them (56.2%) were men. The diagnosis of SARS-CoV-2 infection was established
by a positive nasopharyngeal swab in 25 patients, and in 17 of these patients, the diagnostic
method was RT-PCR. In 4 patients, the diagnosis was established on the basis of previous
symptoms, epidemiological background, and anti-SARS-CoV-2 serology; and in 4 patients,
no information was available. The severity of SARS-CoV-2 infection was classified as mild
in 65.5% of the cases, moderate in 9.3%, severe in 21.8% and critical in 3.1% of the cases.
Regarding the SAR-CoV-2 infection outcome, only 1 patient had died, no information was
available in 4 patients, and the infection had resolved in the rest.

All studies except 2, reported the number of days from COVID-19 infection to the
onset of arthritis, with a mean of 20.2 + 11.5 days. Three patients debuted with axial
involvement and 29 with peripheral arthritis (9 monoarticular and 20 polyarticular). In
addition, 3 patients had concomitant enthesitis. There were 2 patients with psoriatic lesions
and 1 patient with balanitis.

HLA-B27 antigen was tested in 8 patients and was positive in 2 patients (25%); whereas
rheumatoid factor was tested in 18 patients and was positive in 2. The most common imag-
ing modalities were MRI (sacroiliac joint or peripheral joint) in 6 patients, and ultrasound in
5 patients. Synovial fluid analysis was performed in 10 patients, which ruled out infection
and crystals. In 1 patient, the anti-SARS-CoV2 IgG antibody in the synovial fluid was
positive, and in 2 patients the test for SARS-CoV-2 RT-PCR was negative.

As for rheumatologic diagnosis, 6 patients had RA, 3 had axial SpA and 6 had periph-
eral SpA. The remaining 17 patients did not fulfill the ASAS classification for SpA, as they
had isolated arthritis in the context of post-COVID-19.

Intraarticular steroids were used in 4 patients, intramuscular in 1 patient and oral in
7 patients. Most patients (n = 17) received NSAIDS (alone or in combination with steroids).
Methotrexate or sulfasalazine were used in only 3 patients, certolizumab in 1 patient,
and baricitinib in 1 patient. Only 1 patient received no treatment, and treatment was not
specified in 5 cases.

In most patients, the arthritis resolved without treatment, with the exception of RA
patients who were in remission or showed improvement but were still under treatment.

3.3. Idiopathic Inflammatory Myopathies

Forty-six patients from 25 articles concerning myositis and SARS-CoV-2 infection were
retrieved for detailed analysis. Were excluded 37 patients: 35 did not fulfill establishing
criteria and 2 patients had a previous diagnosis of dermatomyositis. Therefore, 9 cases
from 8 articles were included in this review. Six cases fulfilled the 2017 EULAR/ACR
classification criteria for adult and juvenile IIM and 3 patients were classified as possible
polymyositis according to the Bohan and Peter criteria for DM and PM [106-113] (Supple-
mentary file). Four cases were reports from Europe, 3 from America, and 2 from Asia. The
mean age of the cases was 55.6 (range 38-77) years and 5 cases were women; in 1 case,
age and sex were not reported. The diagnosis of COVID-19 was made by RT-PCR test in
8 patients and in 1 patient by serologic test. The time from SARS-CoV-2 infection to [IM
onset varied from 10 days to 3 months.

The severity of SARS-CoV-2 infection was reported as severe in 4 cases, critical,
moderate, and mild in 1 case each; in two cases the severity of COVID-19 was not reported.
In 3 cases, myositis symptoms began after COVID-19 resolution.

All patients presented proximal muscle weakness in the upper and lower extremities;
myalgia occurred in 3 patients, dysphagia in 2 patients, typical rash in 2 patients and
respiratory muscle weakness in one patient. One patient had cardiac involvement. Muscle
biomarkers were measured in 10 patients, with an increase in creatin kinase level in 9 cases
(range 150-32230 U/L).

Immunological tests showed positive ANA in 3 cases, positive anti-small ubiquitin-like
modifier-1 activating enzyme (anti-SAE1) antibody in 2 cases, positive anti-Ku antibodies
in 2 cases and positive anti-MI 2b, positive anti-Ro/SSA antibodies, positive anti-Smith
antibody and positive anti-melanoma differentiation-associated protein 5 (MDA-5) in
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1 case each; autoantibodies were negative in 5 cases. Electromyography was performed in
3 patients, 2 of them displayed and myopathic pattern. A muscle biopsy was performed
in 2 cases and showed acute necrotizing myositis (n = 1), and perivascular inflammatory
infiltration with endomysial extension (n = 1). The final diagnosis was polymyositis in
3 cases, dermatomyositis in 2 cases, immune-mediated necrotizing myopathy in 2 cases,
anti-SAE1+ IIM in one case and anti-Mi2b+ IIM in 1 case.

Concerning treatment, corticosteroids were used in 8 cases (in 4 cases as monother-
apy). Other immunosuppressors used were methotrexate, intravenous immunoglobulin,
cyclophosphamide, azathioprine, and mycophenolate mofetil. In 1 case, treatment was not
specified. A favorable outcome was reported in 7 patients, and only 1 patient dead (due to
SARS-CoV-2 infection); in 1 patient, the clinical course was not reported.

3.4. Systemic Lupus Erythematosus

We evaluated 7 articles that describe 7 patients with SLE and COVID-19. One case did
not fulfill the diagnostic criteria and therefore, we finally included only 6 cases [114-119]
(Supplementary file). Patients” age ranged from 18 to 85 years. Four patients were women.
Reports were from North America (2), Africa (2), Europe (1) and Asia (1). The diagnosis of
COVID-19 was confirmed by RT-PCR in 4 cases and using serological methods in 2 cases.
In 4 patients, the manifestations of SLE began during the acute phase of COVID-19 (with
moderate illness in 2 cases, and critical illness in 2 cases).

Organ-specific manifestations due to SLE were renal (proteinuria (5), acute renal
injury (3)) and hematological (thrombocytopenia (6), leukopenia (1)) in all cases, serosal
involvement in 4 cases, (pleural effusion (3), pericardial effusion (2), ascites (1)) and
cutaneous in 3 cases. Immunological studies showed positive ANA (6 cases), hypocomple-
mentemia (6 cases), positive anti-dsDNA antibodies (5 cases), positive antiphospholipid
antibodies (3 cases), positive anti-Ro/SSA (2 cases), positive anti-La/SSB (2 cases), pos-
itive anti-histone (1 case), positive anti-RNP (1 case), and positive anti-32-glycoprotein
I antibodies (1 case). One case was simultaneously diagnosed with HLH. The patients
with positive anti-2-glycoprotein I antibodies did not fulfill the criteria for antiphos-
pholipid syndrome. Concerning management for SLE activity, all patients underwent
corticosteroids (either methylprednisolone or dexamethasone or prednisone) and hydroxy-
chloroquine/chloroquine was added in 3 patients; other treatments included rituximab,
cyclophosphamide, plasmapheresis and intravenous immunoglobulin. One patient un-
derwent splenectomy. Three patients required 3 or more immunosuppressors for the
management of SLE activity. In relation to the clinical course, death was reported in 2 cases.

3.5. Other Rheumatic Autoimmune Diseases

Regarding this group, we evaluated 6 studies that described 8 patients. One patient
was excluded as they only had anti-Ro/SSA positivity in the context of fever, and another
one only had erythema nodosum. Thus, we finally included 1 patient with systemic
sclerosis, 1 with AOSD and 4 with sarcoidosis [120-124] (Supplementary file).

The patient with systemic sclerosis had skin, gastrointestinal, muscular and incipient
lung involvement. He also had positive anti-PM/Scl 75/100 antibodies; disease onset was
74 days post-COVID-19 infection. He did not receive immunosuppressors or prednisone,
but he remained under surveillance [120]. On the other hand, the AOSD patient was
extensively evaluated because of fever, sore throat, rash and arthralgias that presented
44 days post-COVID-19. After ruling out infections and malignancy, the diagnosis was
established. This patient received high doses of steroids and anakinra with significant
improvement of clinical symptoms. In both cases, COVID-19 severity was mild [121].

Finally, the mean age of the patients with sarcoidosis was 52.5 £ 16.4 years, all were
females, and the mean onset of days from COVID-19 to sarcoidosis was 17 £ 9.5. Three
patients had cutaneous involvement and two lymphadenopathies. One of the patients also
had Lofgren syndrome; all the cases resolved, one patient with the use of topical steroids,
another one without treatment, and in the rest, no information was available [122-124].
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3.6. Antiphospholipid Syndrome

Regarding antiphospholipid syndrome during or after COVID-19, 27 articles (26 cohort
studies and 1 case report) were retrieved. However, antiphospholipid syndrome criteria
were not met by any of the patients, due to insufficient information and/or lack of serial
antiphospholipid antibodies testing.

4. Discussion

The clinical spectrum of autoimmune-related manifestations in patients with COVID-
19 varies over a wide range from organ-specific to systemic disorders. We found that the
most common new-onset rheumatic autoimmune diseases during or after SARS-CoV-2
infection are vasculitis and arthritis. IIM, SLE, and sarcoidosis were also described in a
limited number of cases, as well as isolated cases of systemic sclerosis and AOSD.

According to the 2012 CHCC, vasculitides can be broadly classified into infectious
and noninfectious vasculitides [17]. Direct invasion of microorganisms such as bacteria
or viruses is a common cause of vasculitis. Examples include syphilitic aortitis, rickettsial
vasculitis and tuberculous cerebral vasculitis. However, vasculitis arising during or after
an infectious process without direct invasion of the pathogen to the vessel wall is well-
recognized. In such cases, an inflammatory or autoimmune reaction triggered by the
pathogen causes a vasculitic syndrome. Examples include hepatitis C virus-associated
cryoglobulinemic vasculitis or hepatitis B virus-associated PAN [17].

Since the early months of the COVID-19 pandemic, vasculitis-like manifestations and
full-blown vasculitic syndromes were reported mainly in children and adolescents. Post-
COVID-19 acral skin lesions or chilblains, the so-called COVID-19 toes were confirmed in
some reports were a result of endothelial damage induced by the virus [125]. Cases of cere-
bral and gastrointestinal vasculitis were also reported. However, in most of those reports,
it is believed that the underlying mechanism is a vasculitis mimic, such as disseminated
intravascular coagulation or systemic thrombosis rather than a primary vasculitis [126].
However, a syndrome resembling the clinical characteristics and laboratory findings of
Kawasaki disease, designated MIS-C, was described as a condition not caused by ongoing
viral infection [127-129]. Not surprisingly, further reports of different types of vasculitides
emerged and it became evident that COVID-19 was capable of inducing vasculitis without
directly damaging the vessel wall, as demonstrated by the absence of SARS-CoV-2 in
the skin biopsies [38]. Type 3 hypersensitivity is thought to be the mechanism by which
COVID-19 may elicit a vasculitic syndrome, at least in the immune complex small vessel
vasculitides such as limited-cutaneous and IgA vasculitis [17,130]. This type of inflam-
matory response appears days to weeks after the initial antigenic challenge and is due to
the failure of the innate immune system to clear from the circulation immune complexes,
which later precipitate inside tissues and elicit an inflammatory response mediated by
complement activation [130].

In our systematic review, we found cases of small, medium and large vessel vasculi-
tides. The large vessel group was the least frequent. One of the most common vasculitides
encountered in our systematic review was Kawasaki disease. The occurrence of Kawasaki
or Kawasaki-like disease post-COVID-19 is not unexpected, as Kawasaki disease was
reported concurrent or following several viral infections such as rhinovirus, enterovirus,
adenovirus, other coronaviruses, and dengue virus [131-134].

It remains a matter of debate whether the Kawasaki-like disease associated with
COVID-19 is different than classic Kawasaki disease. In the early months of the pandemic,
Verdoni et al., compared the clinical characteristics and outcomes of 10 Kawasaki-like
disease pediatric patients who presented after the beginning of the SARS-CoV-2 pandemic
versus 19 patients with pre-pandemic Kawasaki disease and found that the former group
was older, had a higher rate of cardiac involvement and more frequently evolved to
KDSS and macrophage activation syndrome [127]. In the same manner, Pouletty et al.
found that Kawasaki-like disease patients with evidence of past SARS-CoV-2 infection
presented at an older age, with lower platelet counts, higher incidence of myocarditis and
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pericarditis and more resistance to first IVIg treatment compared to a historical cohort
of 220 classical Kawasaki disease patients [128]. Other studies have also reported higher
frequencies of initial gastrointestinal and neurological involvement and higher levels of
ferritin and CRP in Kawasaki-like disease associated with SARS-CoV-2 infection [135-137].
The aforementioned studies reported only pediatric patients and whether those findings
may be extrapolated to the adult population is not known. However, most of the adult
patients fulfilling the criteria for Kawasaki disease in this systematic review presented as
the pediatric group, with cardiac involvement in the form of myocarditis and half of them
with features of KDSS.

The current evidence suggests that Kawasaki-like disease patients may be a phenotype
of MIS, as all these patients also fulfilled the CDC’s case definition for MIS-A or MIS-C. On
the contrary, in a recent systematic review including 221 MIS-A patients reported in the
literature and at the CDC’s MIS-C surveillance system, only 10 out of 221 patients with
MIS-A fulfilled criteria for Kawasaki disease [24,25,57]. There is evidence from the pediatric
population that MIS-C and classic Kawasaki disease patients present with different T cell
subsets, cytokines, chemokines and biomarkers associated with arterial damage [137,138].
Consiglio et al. found lower naive CD4+ T cells, T follicular helper cells and higher central
and effector memory subpopulations and IL-17A levels in MIS-C compared to pre-COVID-
19 Kawasaki disease patients, suggesting a different immunopathology between both
conditions [137]. Another study by Rodriguez-Smith et al., found that MIS-C patients had
significantly higher levels of serum CXCL9, an IFNy-induced chemokine, compared to
pre-COVID-19 Kawasaki disease patients [138].

The aforementioned differences in clinical presentation and immunopathology suggest
that Kawasaki disease following SARS-CoV-2 infection may be a different entity, part of
the spectrum of MIS. Thus, probably the term Kawasaki-like disease is more appropriate.
However, even if they are different entities, it is recommended that patients that fulfilled
KD criteria must be treated in the same manner, with IVIg as first-line treatment [139].

On the other hand, all AAV clinicopathological phenotypes, except for eosinophilic
granulomatosis with polyangiitis, were reported. Of note, most of the cases had kid-
ney and/or lung involvement. Different mechanisms of kidney injury may ensue in
patients with COVID-19, and acute tubular injury is the most common kidney pathology
finding [140]. However, if a patient with COVID-19 and kidney injury presents with ab-
normalities in the urinalysis suggestive of glomerular injuries such as red blood cell casts
or dysmorphic erythrocytes, or if kidney injury presents after resolution of the infection,
AAV should be considered in the differential diagnosis and a kidney biopsy should be
performed [53]. In the same vein, COVID-19 may rarely present with diffuse alveolar
hemorrhage and in such cases, AAV or anti-GMB disease should be ruled out [141,142].

The presence of ANCA was detected in patients with SARS-CoV-2 infection without
overt AAV and its presence is considered an epiphenomenon due to hyperstimulation
of the immune system by the infection [143-145]. Considering ANCA are pathogenic in
AAV, whether ANCA+ COVID-19 patients may develop overt AAV during follow-up is an
unanswered question.

Cutaneous vasculitis, a form of SOV, was reported in nine cases. Patients presented
with different cutaneous lesions including palpable purpura, hemorrhagic bullae or urticar-
ial lesions [35-39,41,64,65]. Interestingly in five reports, there was a history of empirical
antibiotics use for COVID-19 treatment [35,37,41,64,65]. In two contemporary series of
cutaneous vasculitis, the main precipitating factors were drugs [146,147]. As such, it is
impossible to know if SARS-CoV-2 infection or the antibiotics were the causative factors in
those cases.

Regarding large vessel involvement in COVID-19, we found four cases of isolated
aortitis and one of GCA. Sollini et al. found an increase in vascular '8F-FDG uptake in
I8F-FDG positron emission tomography/computed tomography (PET/CT) in vascular
beds such as the thoracic aorta in recovered adult COVID-19 patients with persisting
symptoms [148]. Another study by Dudouet et al. confirmed this phenomenon in the
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thoracic aorta of 10 out of 47 patients with long COVID; 3 also had abdominal aorta
hypermetabolism and 4 out of 5 patients with a follow-up PET/CT scan showed persistent
aortic hypermetabolism [149]. It is not known if this phenomenon means active endothelial
viral replication, post-infectious aortic inflammation or sequelae [149]. Studies with bigger
cohorts and longer follow-ups are needed to answer this question and inform clinicians
on how these patients with long COVID must be managed. Dudouet et al. recommend
long-term follow-up with vascular imaging to detect morphological changes in the aortic
wall of these patients [149].

Other vasculitides reported with less frequency included IgA vasculitis, PAN and
anti-GBM disease.

It is important to point out that not all the studies tested for the presence of SARS-CoV-
2 directly in the tissue and the possibility that in some cases the vasculitic process could
have been provoked by self-limited direct viral-induced vessel damage cannot be ruled out.
For example, some cases of large vessel vasculitis resolved without immunosuppressive
treatment, which is atypical for GCA or isolated aortitis [44,63].

Finally, regarding vasculitis outcomes, most cases responded well to standard im-
munosuppressive treatment and had resolved or improved at the last follow-up. Four
patients died, but only two were due to the vasculitis manifestations.

Articular involvement was reported during the prodromic phase, the active phase
infection or after the recovery of SARS-CoV-2 infection [150,151]. One of the main mecha-
nisms believed to participate in the inflammatory process is molecular mimicry between
viral epitopes and the synovial membrane, but other theories considered the presence of
circulating immune complexes [152].

In the first scenario (prodromic phase or active infection), cases can be considered
as viral-related arthritis. This type of arthritis does not lead to chronic joint disease and
was also described in association with hepatitis virus, parvovirus B19, enterovirus, rubella,
alphaviruses, flaviviruses, and herpetoviruses [153]. In the present systematic review, none
of the authors classified their cases as viral-related arthritis. However, because two patients
had arthritis coincident with the SARS-CoV-2 diagnosis, we consider that these patients
may fall into this category.

In the second scenario, patients can present articular symptoms after the resolution of
SARS-CoV-2 infection. Herein, most of the patients belonged to this group. Furthermore,
some of them will fulfill specific classification criteria of rheumatic autoimmune disease,
such as RA or SpA. In this systematic review, we found only six patients with RA. In
this context, it was hypothesized that these cases correspond to RA triggered by the
virus, probably through the production of rheumatoid factor and anti-citrullinated protein
antibodies (ACPA). Indeed, flares of RA after SARS-CoV-2 infection were also described [88].
Whether these “induced antibodies” differ from those normally found in RA is unclear.
According to Derksen et al., the prevalence of ACPA is not increased after SARS-CoV-2
infection, and RA after COVID-19 may be a coincidence rather than an association [88].
However, we do not know how the clinical course of these patients will be at a longer
follow-up. In this regard, all the cases in this systematic review achieved remission at the
end of follow-up but were still under immunosuppressors or biologic treatment.

On the other hand, we identified nine patients with SpA. SpA forms a group of
overlapping inflammatory rheumatologic diseases involving the joints of the axial skeleton,
entheses and peripheral joints. The most common and characteristic initial symptom is
chronic low back pain or in the buttock region, usually with an insidious onset [32]. Herein
we observed an axial presentation in three patients and a peripheral presentation in six
patients. It is important to mention that the ASAS group established the age of 45 years
as an eligibility criterion for axial complaints due to the higher prevalence of the disease
onset in younger individuals. Based on these criteria, we excluded four patients with
axial symptoms and sacroiliitis by MRI. Whether a broader age should be considered for
classifying these patients with axial SpA in the context of post-SARS-CoV-2 infection, is
still uncertain.
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Finally, most of the remaining patients were classified according to the authors as
“reactive arthritis”. Traditionally, ReA is defined as sterile arthritis that occurs 1-4 weeks
after a genitourinary or gastrointestinal bacterial infection. It is often mono or oligoarticular
with an asymmetric distribution and typically affects the lower limbs. While other bacteria
and viruses were proposed, they are not included as causative agents of ReA by “classic”
definition. For instance, the human immunodeficiency virus (HIV) was observed to cause
ReA in some patients [154]. Herein, we only observed balanitis in one of the patients, but
no microorganism was isolated. Moreover, not all the patients had a broad microbiological
investigation with cultures (blood, urine and stool), urethral swab, or serological tests for
bacteria associated with reactive arthritis. Thus probably the term, post-COVID-19 arthritis
is more appropriate. Finally, most of the patients in this group responded well to NSAIDs
or too short courses of steroids or intra-articular injection, and the symptoms resolved.
Nevertheless, due to a short follow-up in these patients, it is still unknown if some of them
would have a chronic behavior.

Viral agents that were proposed to be triggers of IIM include Coxsackie B virus, par-
vovirus, enterovirus, human T-cell lymphotropic virus (HTLV-1), and HIV, through alter-
ations in the cellular host proteins, thereby changing the immune tolerance and via molec-
ular mimicry between pathogens and host proteins that lead to cross-reactivity [155,156].
In patients with SARS-CoV-2 infection, myalgia is one the most prevalent constitutional
symptoms reported in the literature. According to a systematic review that included
24,410 patients, myalgia was present in 17% [157]. Muscular injury (defined as the pres-
ence of myalgias and CK > 200 U/L) was documented in 10% of hospitalized patients
by COVID-19 and some studies have reported increased levels of CK in association with
COVID-19 severity [158,159]. The clinical spectrum of muscle damage due to SARS-CoV-2
infection varies from an asymptomatic elevation of CK to severe rhabdomyolysis [160].
The pathophysiology of myositis in SARS-CoV-2 infection is not fully understood. The
postulated mechanisms include direct viral muscle invasion (because the skeletal muscle
cells express angiotensin-converting enzyme 2 (ACE2), being the receptor involved in
SARS-CoV-2 uptake to initiate infection.), immune complex deposition in muscles, the
release of myotoxic cytokines, damage due to homology between viral antigens and human
muscle cells, and adsorption of viral protein on muscle membranes leading to expression
of viral antigens on the myocyte surface [161,162]. However, although muscle injury is
relatively common, the presence of autoimmune myositis has been rarely reported. In our
review, only nine patients fulfilled the idiopathic IIM classification criteria.

Viruses such as the human endogenous retroviruses, Epstein—Barr virus, parvovirus
B19, cytomegalovirus, and HIV have long been considered as possible triggers for SLE [163].
The new SARS-CoV-2 was shown to be able to induce the development of diverse autoanti-
bodies including ANA, anti-Ro/SSA, and antiphospholipid antibodies [6,164]. However,
only six patients were reported with a diagnosis of new-onset SLE, and, in four cases,
the manifestations began during the acute phase of COVID-19, which can be a challenge
for the diagnosis because both diseases share clinical and laboratory characteristics. For
instance, general symptoms (fever, fatigue, arthralgia), or lymphopenia are common in
both COVID-19 and SLE and are therefore not useful in the differential diagnosis between
both diseases. However, based on the clinical findings shown in the cases included in this
review, the keys that might help in the differential diagnosis are severe thrombocytopenia,
serositis, and kidney damage unrelated to the severity of the respiratory disease. In patients
with SARS-CoV-2 infection, thrombocytopenia <100,000/ 1L is unusual (present in only 5%
of patients admitted to an intensive care unit), pleural effusion is detected by chest CT in
only 11% and kidney injury is associated with the severity of illness (reported in >50% in
patients admitted to the intensive care unit) [165-167]. Determination of autoantibodies
would confirm or rule out SLE.

In sarcoidosis, it was suggested that SARS-CoV-2 might trigger the formation of
noncaseating granulomas via the renin—angiotensin system and the innate immune sys-
tem [123]. Similar to the other autoimmune diseases, longer follow-ups are required to
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confirm the diagnosis or to differentiate it from transient symptoms due to the host’s
immune response to COVID-19.

The type of immune-related manifestations could be linked with the severity of
SARS-CoV-2 infection. More than 50% of the cases of articular diseases (RA, SpA and
ReA) appeared in patients with mild COVID-19. In contrast, more than 50% of IIM
cases occurred in patients with severe and critical COVID-19, while vasculitis cases were
uncommon in this COVID-19 subset. In addition, IIM and SLE presented predominantly
during the acute phase of SARS-CoV-2 infection, while the rest presented after the acute
phase; this suggests an involvement of different pathogenic mechanisms. Moreover, this
spectrum of autoimmune manifestations with onset in different stages of COVID-19 along
with differentiated temporal distribution could be taken into count for an early diagnosis.
Similar to what occurs with autoimmune diseases unrelated to COVID-19, cases of IIM
and SLE were reported more frequently in women while SpA and ReA cases occurred in
men. On the other hand, cases of vasculitis predominated in males. The clinical behavior
of the new-onset rheumatic autoimmune diseases seemed similar to the non-COVID-19-
related counterparts, with the exception of adult-onset Kawasaki disease which displayed
the differences mentioned before. Concerning the treatment of COVID-19 associated
autoimmune diseases, the patients received similar management as their non-COVID-
19-related counterparts. This approach seems to be a reasonable option. In relation to
prognosis, it is still uncertain whether rheumatic autoimmune diseases following COVID-
19 have a different long-term disease course given the limited information regarding their
follow-up.

This review has several limitations owing to its retrospective nature and the hetero-
geneity among the case reports. In addition, COVID-19 is still under study and the full
spectrum of autoimmune phenomena that it may cause in patients during or after SARS-
CoV-2 infection is still unknown. However, this systematic review can provide meaningful
information on the clinical profile, diagnosis, and management of this complex situation.

5. Conclusions

In summary, new-onset rheumatic autoimmune diseases in COVID-19 patients are
rare. Most of the cases were vasculitis and arthritis; whereas IIM, SLE, sarcoidosis, sys-
temic sclerosis and AOSD were found in a limited number of patients. The identification
of clinical and laboratory features of those autoimmune rheumatic diseases during or
following COVID-19 will allow a timely diagnosis and treatment of these conditions. Com-
plementary studies are needed to examine the link between SARS-CoV-2 infection and new
onset-rheumatic diseases. Longer follow-up of these patients is also needed to clarify the
natural course of these infection-triggered autoimmune conditions.
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