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ABSTRACT

Introduction: COVID-19 has caused unprecedented hardships in the 21st century with more than 150 million
infections. Various immunological phenomena have been described during the course of the infection, and this
infection has also triggered autoimmunity. Rheumatological illnesses have been described following resolution of
the acute infection; hence we sought to conduct a review of the rheumatological complications of COVID-19.
Methods: We conducted a literature search for articles relating to sequelae of COVID-19 from Jan 2020 to 30th
April 2021.

Results: We found a number of reports of inflammatory arthritis after SARS-CoV-2 infection. SLE and renal
disease have been described, and vasculitis also appears to be a common complication. Rhabdomyolysis and
myositis has also been reported in a number of patients. We also found some evidence of large vessel vasculitis in
‘long COVID’ patients.

Conclusions: This review highlights a number of important complications such as inflammatory arthritis, lupus-

like disease, myostis and vasculitis following SARS-CoV-2 infection.

1. Introduction

COVID-19, caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), is a new illness first described in January 2020 char-
acterised by fever, dry cough, interstitial pneumonia, fatigue, headache,
loss of taste and smell [1]. While the majority of patients with COVID-19
have a favourable outcome, some develop severe pneumonia eventually
leading to acute respiratory distress syndrome (ARDS) and respiratory
failure [2]. This illness has been declared a pandemic and at the time of
writing this article, the global caseload had crossed 150 million, with
more than 3 million deaths [3]. Recent immunological studies have
provided further evidence that massive production and release of pro-
inflammatory cytokines is the crux of the “cytokine storm”. This can
result in a destructive immune response and can eventually lead to ARDS
and multi-organ dysfunction syndrome (MODS) [4,5]. Cytokine storm is
also the result of activation of coagulation pathways during the immune
response to infection, which leads to an imbalance between pro- and
-anticoagulant factors and results in micro thrombosis, disseminated
intra vascular coagulation, and multiorgan failure [6]. It also leads to a
number of autoimmune phenomena and molecular mimicry appears to

be the underlying issue leading to autoimmunity [7].

This pandemic has taken a heavy toll on the healthcare system across
the world with lockdowns in various countires. Recent vaccination
programmes have offered hope, and several countries including Israel,
United Kingdom and United States have led the way with vaccine de-
livery [8]. Patients with systemic inflammatory conditions and immu-
nomodulatory therapies are generally considered to be more prone to
infections and the initial concern was that these patients would develop
a severe or even life-threatening course of COVID-19 infection. Evidence
so far has not suggested a strikingly increased risk of infection [9-11].

The effects of SARS-CoV-2 on the immune system and cytokine
profiles are still unclear. Several reports have been published describing
the immunological alterations seen with COVID-19. These range from a
maladaptive immune response and abnormal cytokine production, to
hyperactivation of T cells and increased numbers of activated mono-
cytes, macrophages and neutrophils, which may ultimately result in
untoward consequences [12-14]. The emergence of several autoim-
mune/autoinflammatory phenomena has been described such as Guil-
lian-Barré syndrome, immune thrombocytopenia, Miller Fischer
syndrome and type 1 diabetes mellitus — see Table 1 for full details [15].
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Table 1
List of autoimmune conditions described with COVID-19.

Autoimmune conditions described with COVID-19

Guillain-Barré syndrome

Miller Fisher Syndrome (MFS)
Antiphospholipid syndrome
Immune thrombocytopenic purpura
Evans syndrome

Systemic lupus erythematosus (SLE)
Kawasaki disease

Cold agglutinin disease & autoimmune haemolytic anaemia
Neuromyelitis optica
NMDA-receptor encephalitis
Myasthenia gravis

Myositis

Type I diabetes

Large vessel vasculitis

Medium vessel vasculitis

Small vessel vasculitis

Psoriasis

Subacute thyroiditis

Graves’ disease

Sarcoidosis

Inflammatory arthritis

Rheumatological manifestations these include inflammatory arthritis
(viral arthritis, reactive arthritis, chronic arthritis, rheumatoid arthritis),
lupus like syndromes, vasculopathy (Kawasaki-like disease, chilblain
lesions, vasculitis) and a chronic fatigue spectrum disorder.

In this narrative review, we describe the rheumatic manifestations
during and after the illness as well as the pathophysiologic mechanisms
of autoimmune problems which may enable these illnesses following
COVID-19 infection.

2. Methods

Our objective was to narrate the rheumatic manifestations that are
associated with or follow COVID-19 infection. We conducted a literature
search for articles since the inception of the pandemic and published
until 30th April 2021. We included original articles, reviews, view-
points, commentaries, case series and case reports. The references and
related citations for the resulting articles were also reviewed for
inclusion.

The primary databases used to retrieve the medical literature pre-
sented in this review were PubMed, NCBI Lit COVID, MedRxiv, Embase
and Medline.

The search terms, used both separately and in combination,
included: “transmission,” “COVID-19,” “coronavirus,” “SARS-CoV-2,”
“reactive”, “viral”, “arthritis, “ANCA”, “vasculitis”, “long haul”, “long
COVID” “chronic fatigue” (long COVID), “Lupus”, “SLE” “Kawasaki”,
“Paediatric Inflammatory Multisystem Syndrome temporally related
with COVID-19”, “PIMS-TS”, “Multisystem Inflammatory Syndrome in
Children”, “MIS-C", “rheumatic”, “autoimmune”, “musculoskeletal”,
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“myositis”, “scleroderma”.
3. Results

We have divided the results into various sections for ease of under-
standing and based on pathological groupings. These include inflam-
matory arthritis, connective tissue disorders including SLE/lupus-like
disease and myositis, renal disease and vasculitis.

3.1. Inflammatory arthritis

Viral infections can cause arthritis and the spectrum of symptoms can
range from mild arthralgia to spurious and chronic arthritis [16].
Chronic arthritis has been reported in association with hepatitis C and
several endemic alphaviruses such as Chikungunya, whereas self-limited
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arthritis can occur with parvovirus B19, rubella or hepatitis B virus. By
contrast, coronaviruses seem to typically cause arthralgia and myalgia
rather than a true inflammatory arthritis [1,17-21]. Arthralgia is re-
ported in 15% of patients with COVID-19, and myalgia has been re-
ported in 44% of patients [1,16]. Musculoskeletal symptoms, however,
do not seem to be associated with COVID-19 severity [1]. Respiratory
viral infections have also been associated with an increased number of
cases of rheumatoid arthritis (RA) [20]. Our literature search revealed a
few cases of reactive arthritis following SARS-CoV-2 infection alongside
five cases of RA and two cases of seronegative spondyloarthropathy.
These cases were in different age groups with varied disease courses, as
well as presentations in the joints of the upper and lower extremities.

The first case involved a male patient in his 50s who was admitted
with COVID-19 pneumonia. On day 21, he developed acute bilateral
ankle arthritis with mild enthesitis in his right Achilles tendon, but
without any other features of reactive arthritis [22]. The second case
was a 73-year-old man who developed acute arthritis of the small joints
of the hands and feet after 8 days of completion of COVID-19 treatment
[23]. The third case was a 47-year-old man who presented with a three-
day history of progressive right knee pain and swelling and pain in his
glans penis. Investigations for HIV, syphilis, chlamydia, and gonorrhoea
were negative as well as arthrocentesis [24]. A 65-year-old woman with
HLA B27 positivity developed symmetrical arthritis of ankles, knees and
wrists and a cutaneous vasculitis 10 days after resolution of all COVID-
19-related symptoms [25]. Another patient developed inflammatory
arthralgia with cyclic citrullinated peptide (CCP) antibodies which
resolved with a short course of oral corticosteroids [26]. Furthermore, a
39-year-old Saudi Arabian woman, developed synovitis in the PIP and
DIP joints, 2 weeks after recovery from COVID-19 infection [27]. Two
cases of monoarthritis were also described after resolution of COVID-19.
A report described a patient with elbow arthritis associated with psori-
atic skin lesions with no previous history of dactylitis or arthritis [28]
and another report described a patient with severe right wrist pain and
swelling 2 weeks after COVID-19 [29]. A young healthy 16-year-old girl
developed dactylitis of the left toes after 3 weeks of contracting COVID-
19 which resolved with NSAIDs [30]. Yokogawa and colleagues
described a man with knee arthritis occurring during COVID-19,
resolving spontaneously, suspected to be a viral arthritis [31]. Langh-
off Hgnge et al. describe a case that presented with acute polyarthritis
and fever a few days after discharge from hospital with COVID-19 and
responded well to treatment as reactive arthritis [32].

Baimukhamedov et al. describe a case with new onset of RA with
polyarticular presentation 3 weeks after diagnosis of COVID-19 initially
with only rheumatoid factor positivity but subsequently also CCP posi-
tivity as well. This patient was treated with Methotrexate and cortico-
steroids [33]. Derksen et al. report 3 patients who developed
seropositive RA on average 6.6 weeks after Covid-19 infection [34].
Another patient was reported by Roongta et al. who describe a 56 year
old woman who developed seropositive RA with joint symptoms starting
2-3 weeks after recovery from Covid-19 [35]. To date there is only one
paediatric case described in the literature; a 10-year-old boy presented
with oligoarthritis, fever and urticaria [36].

The first case of Spondyloarthropathy triggered by SARS-CoV-2
infection was reported in a genetically predisposed (family history of
psoriasis, HLA B27 negative) woman [37]. Another case was reported of
a 53 year old man who developed inflammatory back pain with sac-
roilitis on MRI following asymptomatic COVID-19 infection [38]. A
Spanish study noted that in their cohort of 306 patients with proven
COVID-19, eighty-one (26.4%) complained of muscle and joint pains at
presentation but only four (1.3%) developed acute arthritis during
hospitalisation and all were proven crystal arthropathy [39].

Indeed, the majority of cases are in keeping with reactive arthritis
generally developing between 1 and 3weeks after the infection. Inter-
estingly, the cases of RA reported from Holland were about 6 weeks after
the infection [34]. The exact mechanisms for joint inflammation are not
fully understood, however, SARS-CoV-2 infection leads to stimulation of
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macrophages which in turn causes release of high levels of cytokines and
chemokines which enhance the inflammatory process [40]. Molecular
mimicry appears to play a major role in the pathogenesis [7]. Although
viral infections are known to potentially induce reactive arthritis [41],
viremia was documented in only 15% of cases of COVID-19 [42].
Interleukin 17 A has been involved in the pathogenesis of both reactive
arthritis and spondyloarthritis in general [41] and also in the hyper
inflammatory state of COVID-19 [43].

A plausible explanation for the lower incidence of musculoskeletal
inflammation is corticosteroid based COVID-19 treatment which prob-
ably dampened the musculoskeletal manifestations. Overall, COVID-19
seems to present mild-to-moderate musculoskeletal symptoms, which
are indistinguishable from those associated with other respiratory vi-
ruses, such as influenza infection.

3.2. Connective tissue disorders

SLE is a disease of immune dysregulation leading to multisystem
inflammation. Genetic predisposition, environmental triggers, and the
hormonal milieu contribute to disease development and activity
[44,45]. COVID-19 infection causes a dysregulated cytokine response

Autoimmunity Reviews 20 (2021) 102883

with high resultant expression of pro-inflammatory cytokines, such as
IL-1, IL-6, and TNF-alpha, which in turn could potentially be exacer-
bated by the shift in Th1 to Th2 response seen in SLE. It is commonly
recognised that SLE, antiphospholipid syndrome (APS) and anti-
phospholipid antibodies (aPL) can be triggered by viral illnesses
[46-48]. There are a small number of cases of Systemic Lupus
Erythematous (SLE) that have been reported in association with COVID-
19 [49-53] (Table 2). All these patients responded well to immuno-
suppression except the first patient in this series who died.

There are several reports of the association of COVID-19 with anti-
phospholipid antibodies (aPL) and thrombosis [54-56]. It remains to be
determined whether aPL are associated with an autoimmune rheumatic
disease, or they indicate a viral-induced secondary APS [57]. These
antibodies can also arise transiently in patients with critical illness and
infectious diseases through molecular mimicry between bacteria or vi-
ruses and beta2-glycoprotein-1, hence the importance of repeat testing
at 12 weeks which is part of the APS classification criteria. It is also
important to note that increasing age, immunosenescence and the
presence of atherosclerosis are factors contributing to the development
of aPL [58]. The significance of aPL in COVID-19 patients remains to be
clarified. Recent reports of very rare venous sinus thrombosis and

Table 2
Cases of SLE with Covid 19 - their clinical, laboratory features and management.
Author Age Sex COVID Testing Timing of SLE symptoms SLE serology Treatment
symptoms symptoms
Cardoso 18 F Cough, shortness ~ SARS- Cov-2 PCR 1 month Pericardial tamponade ANA (1:2560) dsDNA 943 Pulsed methylprednisolone,
et al. of breath, fever positive ARDS LAC +, aPL +, B2GP1 Azathioprine,
[49] Malaise DVT positive Hydroxychloroquine, ECMO,
Low C3/C4 plasmapheresis (discontinued
when PCR positive)
Tocilizumab (COVID
protocol)
Slimani 23 F Fever, fatigue, RT-PCR 13 days Lymphopenia, elevated PT Methylprednisolone
et al. dry cough, Nasopharyngeal and APTT, ANA, dsDNA
[50] dyspnoea swab antibodies, triple positive
aPL antibodies
Bilateral Low C3/C4 levels, positive
pulmonary direct Coombs test and
infiltrates proteinuria (0.7 g/24h)
Erythematous
papules on trunk
(negative DIF)
El Aoud 62 M Fever, cough, Positive 17 days Shortness of breath, AKI, Lymphopenia, AKI, Methylprednisolone,
et al. myalgia nasopharyngeal confusion, proteinuria, ANA 1:160, Tocilizumab, Corticosteroids
[51] swab negative dsDNA, normal
complement
Hali et al. 25 F Fever, myalgia, RT PCR 15 days Diffuse maculopapular Anaemia, neutropenia and Methylprednisolone
[52] asthenia Nasopharyngeal exanthema (palmar- lymphopenia. Positive ANA,
swab plantar), periorbital and dsDNA, low
edema infiltrated purpuric =~ complement levels,
lesions of lower limbs, Proteinuria
multiple labial and palatal
erosions
Bilateral Mitral insufficiency MAS Day 19
pulmonary without pericardial Ferritinemia,
infiltrates effusion hypofibrinemia, LDH 510,
high liver enzymes,
hypertriglyceridemia
Skin biopsy —
leucocytoclastic vasculitis
Gracia- 45 M Fever, dry cough, =~ RT PCR 21 days Bilateral pleural effusion, Severe thrombocytopenia, Pulsed methylprednisolone
Ramos myalgia, Nasopharyngeal ascites, splenomegaly, and  anaemia, prolonged APTT
et al. arthralgia swab renal failure (proteinuria and elevated fibrinogen
[53] and hematuria) ANA 1:1280, ds DNA 23 IU/ Chloroquine
mL, positive anti-SSA and IV immunoglobulin
anti-SSB, low complement Rituximab
Splenectomy

Acronyms: AKI - acute kidney injury, ANA - Anti-nuclear antibody, ANCA - Anti-neutrophil cytoplasmic antibodies, aPL - Antiphospholipid antibody, APPT - Activated
partial thromboplastin time, ARDS - Acute respiratory distress syndrome, B2GP1 — Beta-2-Glycoprotein 1, C3/C4 - complements C3 and C4, DIF - Direct immuno-
fluorescence, DVT - Deep vein thrombosis, ECMO - extracorporal membrane oxygenation, LAC - Lupus Anticoagulant, LDH - Lactate dehydrogenase, PCR - Polymerase

chain reaction, PT - prothrombin time.
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venous thromboembolic events related to COVID-19 vaccinations lend
support to the concept that these events are due to immune mediated
thrombosis linked to the vaccine [59,60]. These reports clearly need
further study, but also open up new possibilities of pathogenesis of
thromboembolic phenomena with COVID-19.

Whilst the cases of SLE published at this time fulfil classification
criteria, it remains unclear with this small volume of reports as to
whether this is a transient phenomenon and what the longer term out-
comes are. Lymphopenia is a major immunological abnormality in se-
vere COVID-19, and is strongly associated with increased mortality rates
[61,62]. Lymphopenia is a haematological component in the ACR/
EULAR criteria for classification of SLE and was reported in all four case
reports although it is not possible to distinguish this from a viral cause.

There are 2 case reports where SLE developed after SARS-CoV-2
infection [63,64]. These cases fulfil the classification criteria for SLE,
and have needed treatment with immunosuppression. The first is an 85
year old woman with positive SARS-CoV-2 antibodies, but unknown
primary infection presenting with digital infarction, thrombocytopenia,
pleural effusion, proteinuria and low complement. The second report is
of a 35 year old man who had COVID-19 2 months prior to presentation
with fever, rash and proteinuria with ANA, dsDNA, Ro and La anti-
bodies. Renal biopsy showed class 1 lupus nephritis. The pathophysi-
ology of severe COVID-19 mimics the B cell responses seen in SLE [65]
and there is a possibility — so far unproven, that patients with COVID-19
will be more at risk of developing SLE in the future.

A number of patients with COVID-19 have myalgia, and MDA5
(melanoma differentiation association protein 5) antibodies are also
found in a number of patients [40]. There are a number of reports of
rhabdomyolysis, presumably secondary to viral myositis [66,67]. Bey-
don et al. reported myositis in one of their patients with good response to
corticosteroids [68]. Mehan et al. reported that out of 641 patients in
their centre, 9 patients had spinal MRI and 7 of these showed features
consistent with myositis [69]. Shabbir et al. report a patient who
developed myopericarditis and myositis as presenting feature of COVID-
19, and responded well to Prednisolone, Colchicine and Ibuprofen [70].
Almadani et al. report a patient who presented with compartment syn-
drome secondary to viral myositis [71]. A case of unilateral orbital
myositis has also been reported [72]. Sacchi et al. report a 77 year old
woman who developed myositis with Anti-Ku and anti-MI-2f antibodies
2 weeks after being admitted with COVID-19 and having negative ANA
on admission which had risen to 1:320 at the time of diagnosis of
myositis. This patient was treated with high dose corticosteroids and
responded well [73]. Zhang et al. report a 58 year old woman who
presented with weakness and high muscle enzymes and gradually
worsened and also developed bulbar weakness. She was found to have
Ku, anti-SAE 1 IgG and anti-SS-A antibodies and was treated with IV
Methyl prednisolone with good response [74].

Lokineni et al. describe a patient who developed autoimmune
necrotising myopathy about 3 months after COVID-19 infection and this
was treated with Prednisolone and Azathioprine [75]. Tawfeeq et al.
report 2 cases of calcific myositis as a complication of COVID-19 induced
viral myositis with creatinine kinase values more than 10 times the
upper limit of normal in both cases associated with peak of inflamma-
tion. The first case is a 62 year old manual worker who was ventilated for
COVID-19 and developed viral myositis but this was then complicated
by calcific myositis with significant impairment of shoulder movements.
The second case was similar with prolonged prone ventilation and high
muscle enzymes initially complicated later by calcific myositis visible on
X-rays [76].

Renal involvement is well documented in COVID-19; with acute
kidney injury, proteinuria, haematuria [77,78] as well as acute proximal
tubular injury and severe endothelial injury at autopsy [79]. Rare cases
of glomerulonephritis in patients with COVID-19 have also been
described [80]. In addition to direct virus mediated injury, kidney
involvement with a COVID-19 infection could be due to systemic hyp-
oxia, hypercoagulability, microangiopathy, rhabdomyolysis, sepsis,
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cytokine storm, and angiotensin II pathway activation [81].

In the patient described by Cardoso et al. again there is an overlap
between findings consistent with SLE and COVID-19, such as myoper-
icarditis and pulmonary compromise [49]. Pericardial effusion is com-
mon in SLE (10-54%) [82], while it is rare in COVID-19 [83]. Cardiac
tamponade is uncommon but reported in both conditions [84-87].
COVID-19 viral myopericarditis is increasingly being recognised and
cardiac MRI is helpful in documenting these changes [88]. A recent
study by Zhou et al. showed that autoimmune phenomena exist in some
patients with COVID-19. Among 20 subjects with critical COVID-19, the
authors report a prevalence of between 20% and 50% of autoimmune
disease related autoantibodies [89].

There are limited reports of SLE type illnesses associated with
COVID-19 and currently the co-presentation may represent coincidence.
Myositis is rare, although myalgia is common and there are limited re-
ports of COVID-19 triggering autoimmune myositis. COVID-19 patients
are complex, often with multiorgan involvement; close follow-up be-
comes imperative if autoimmune phenomena have been triggered.
Longer term follow-up data are needed to understand the progression
towards a chronic SLE type and chronic myositis type conditions.

3.3. Vasculitis

A series of publications have reported the development of a
vasculitis-like illness in COVID-19 patients, with presentations ranging
from vasculitis syndromes [90] to histologic findings of vasculitis seen
on postmortem examination [91]. Histologic evidence of COVID-19
induced vasculitis has also been reported in several organs including
the lung, liver, kidney, or skin [92,93]. Manenti et al. describe patho-
physiologic observations in small/medium sized arteries in COVID-19;
first is an acute endotheliitis, followed by peri—/pan-arteritis with
deposition of polyclonal antigen-antibody immune complexes, sug-
gesting a type III hypersensitive acute vasculitis [94,95]. Many of the
predisposing comorbid conditions for COVID-19, including advanced
age, diabetes mellitus, hypertension and obesity are also associated with
vascular dysfunction and altered endothelial cell metabolism [96].
There is growing recognition that states of heightened innate immune
response and a prothrombotic state elicited by innate immune mediators
such as that seen in COVID-19 lead to an escalating cascade of inflam-
matory pathways that promote profound micro and macrovascular EC
dysfunction and damage, with impairment of other important functions
of the endothelium [97].

3.3.1. Cutaneous manifestations

The spectrum of dermatological manifestations has been well docu-
mented and Casas et al. have classified the dermatological manifesta-
tions of COVID- 19 as acral areas of erythema with vesicles or pustules
(pseudo-chilblain) (19%), other vesicular eruptions (9%), urticarial le-
sions (19%), maculopapular eruptions (47%) and livedo or necrosis
(6%) [98]. COVID-19 toes/pseudo-chilblains are reported predomi-
nantly in children and young adults and appear to be a relatively late
feature of COVID-19 [99-101]. Livedo or necrosis, with lesions sug-
gesting occlusive vascular disease usually affects people with more se-
vere COVID-19 with no association with the duration of infection. A
French retrospective study suggested that chilblains are common
sequelae of COVID-19 and are associated with microthrombi on biopsy
[102].

There are case reports documenting the presence of COVID-19 with
cutaneous vasculitis - severe respiratory failure with ARDS developed in
a patient with lower limb vasculitic purpura [103,104], a bullous hae-
morrhagic rash that progressed to necrotic lesions with histopathology
confirmed vasculitis of small- and medium-sized cutaneous vessels
[105], purple palpable papules and haemorrhagic blisters characterised
histologically as leucocytoclastic vasculitis [106], and cutaneous vas-
culitic lesions and gangrene [107]. Camprodon Gémez et al. [108] and
Mayor-Ibarguren [105] both described patients with leucocytoclastic



H. Zacharias et al.

vasculitis with positive SARS-CoV-2 PCR in skin biopsies with positive
serum IgM and IgG against SARS-CoV-2 but negative oropharyngeal
swab PCR. This could indicate that leucocytoclastic vasculitis develops
as a late manifestation of COVID-19 infection.

3.3.2. Central nervous system (CNS) involvement

Oxley et al. reported 5 cases of stroke involving large vessels in
under-50s reported with COVID-19 [109]. However, Varatharaj et al.
report a UK wide surveillance study in which 125 patients presented
with a cerebrovascular event, of whom only one (1%) had CNS vasculitis
[110]. Hanafi et al. report CNS vasculitis as a complication of COVID-19
in a patient who had extensive cerebral small-vessel ischemic lesions
resembling cerebral vasculitis in a characteristic combined imaging
pattern of ischemia, haemorrhage, and punctuate postcontrast
enhancement with a characteristic lower extremity skin rash [111].

De Sousa et al. reported a 28-year-old male (SARS-CoV-2 IgM posi-
tive) presenting with intense headache, dysarthria and deviation of lip
having MRI findings of cerebral vasculitis [112]. Bilateral trochlear
nerve palsy due to cerebral vasculitis related to COVID-19 infection
presenting with headache is also reported [113]. Dixon et al. have also
reported a case of stroke secondary to CNS vasculitis from Covid-19 with
good response to Tocilizumab [114].

These cases lend support to the suspected mechanism of “endothe-
liitis” associated with this novel coronavirus. It is presumed that SARS-
CoV-2 infects vascular endothelial cells and causes inflammation
through angiotensin converting enzyme inhibitor 2 (ACE2) expressed in
vascular endothelial cells. The expression of the ACE2 receptor in neu-
rons and cerebral endothelial cells indicates a high level of invasiveness
for the SARS-CoV-2 in comparison with other coronaviruses [115].
Activation of the vascular endothelium is likely to lead to development
of vasculitis with another insult or injury for other types of vasculitis as
well.

3.3.3. Large vessel vasculitis (LVV)

Inflammation of aorta has been described but attributed to infection
with SARS-CoV-2 rather than vasculitis [94]. A reported case of large
vessel vasculitis diagnosed on PET CT with associated Covid pneumonia
presents the same dilemma [116]. Another case has been reported as
LVV but with spontaneous resolution suggesting an infectious aortitis
[117]. There is an inherent difficulty in differentiating ‘infectious aor-
titis” from autoimmune vasculitis during an acute infection, the chal-
lenges of performing (due to risk of spread of infection) and interpreting
PET CT contributes further to this problem. However, LVV could be a
complication of COVID-19 — an Italian study on patients with persistent
symptoms after recovery from COVID-19 (so called long COVID)
demonstrated 6/10 patients with large vessel vasculitis seen on PET CT
imaging [118]. The smooth linear pattern seen in the aorta of these
patients could not be differentiated from the similar patterns in patients
with large vessel vasculitis. The ascending aorta, arch of aorta,
descending aorta and ilio-femorals were the common arteries showing
increased uptake in these patients.

3.3.4. Small vessel vasculitis

Hussein et al. report a case of granulomatosis with polyangiitis with
proteinase 3 antibodies that presented with alveolar haemorrhage
associated with a 4-day history of COVID-19 infection. This patient was
treated and recovered with pulse intravenous corticosteroids, plasma-
pheresis and intravenous immunoglobulin [119]. She was not given
further immunosuppression because of coexisting COVID-19. Although
acute tubular injury is the most common kidney pathology seen with
SARS-CoV-2 infection, ANCA-associated glomerulonephritis can be
associated with COVID-19. Uppal et al. report 2 cases of pauci immune
GN (one MPO, one PR3) with SARS-CoV-2 infection, who clinically
improved with treatment of COVID-19 and immunosuppressants
(methylprednisolone/Rituximab) [120]. A further case report of c-
ANCA positive crescentic GN with alveolar haemorrhage is also reported
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[121]. Bressler et al. report a 46 year old man who developed renal
involvement as part of AAV concomitant with COVID-19 and was
treated with corticosteroids and Rituximab [122]. Weston et al. report a
12 year old girl with likely previous asymptomatic infection with SARS-
CoV-2 who developed biopsy proven vasculitis associated with myelo-
peroxidase antibodies and needing aggressive management through
corticosteroids, Rituximab and Cyclophosphamide [123]. A case of
bowel perforation secondary to gut vasculitis has been reported [124]
and another who eventually died following bowel inflammation and
perforation [125]. Another case with medium vessel vasculitis was not
given any treatment and resolved spontaneously highlighting the chal-
lenges around management of these patients [126].

Both MPO and PR3 associated vasculitis can lead to pauci-immune
GN and there is evidence that neutrophil extracellular traps (NETSs)
serve as a source of autoantigens presenting MPO and PR3 to the im-
mune system. The presence of NETs has been observed on kidney biopsy
samples of patients with AAV [127] and is postulated to be involved in
COVID-19 pathogenesis. Immunosuppression is the mainstay of ANCA
associated vasculitis (AAV) treatment and if left untreated, mortality is
high. The patients who developed ANCA associated glomerulonephritis
in association with COVID-19 responded well to immunosuppressive
agents including rituximab, and none had deterioration of SARS-CoV-2
— related disease. There is limited knowledge on the outcomes of
COVID-19 in patients commenced on Cyclophosphamide and Rituximab
for treatment of vasculitis but emerging reports of COVID-19 patients
who had been receiving rituximab for their underlying immune-
mediated conditions have demonstrated no worse course or outcome
compared with those in the general population, with some suggestion
that rituximab may affect the cytokine storm seen in COVID-19 and may
improve outcomes [128,129]. Data from United Kingdom registry for
vasculitis suggests that AAV patients and patients already on cortico-
steroids prior to developing COVID-19 have worse outcomes [130].

3.3.5. IgA vasculitis

Recently, four cases have highlighted SARS-CoV-2 as a trigger for IgA
vasculitis, three of which had renal involvement [131-134]. Anti- SARS-
CoV-2 IgA is the first immunoglobulin to be detected in COVID-19 as
early as 2 days after onset [135]. In children with chilblain lesions, IgA
antibodies to SARS-CoV-2 spike protein S1 domain are observed, sug-
gesting that their immune response represents mucosal protection that
lessens the likelihood of triggering an IgG response [136]. Furthermore,
chilblain like lesions with possible vascular damage linked to COVID-19
infection with positive anti-COVID-19 serologic testing reveal IgA but
no IgG antibodies in several patients [101].

Allez et al. report a patient who developed IgA vasculitis on a
background of Crohn’s disease treated with Adalimumab and suggest
that disrupted intestinal barrier function may play a role in the devel-
opment of IgA vasculitis [131,137]. Mucosal infections result in upre-
gulation of IL-6 as in COVID-19, may trigger immune complexes
containing galactose-deficient (Gd-)IgAl and subsequent renal damage
[138].

3.4. Kawasaki-like disease

Several studies have demonstrated that COVID-19 in children is a
relatively mild disease [139]. However, recently a more serious condi-
tion characterised by systemic inflammation with clinical or microbio-
logical evidence of exposure to SARS-CoV-2 has been reported [140].
This syndrome is now known as either “Pediatric Inflammatory Multi-
system Syndrome temporally related with COVID-19” (PIMS-TS) [141],
or Multisystem Inflammatory Syndrome in Children (MIS-C) [142,143]
and is currently considered a rare post-COVID-19 complication which,
in a minority of cases, can lead to death.

Kawasaki disease (KD) is an acute systemic inflammatory disease of
medium- and small-sized vessels that mostly involves children under 5
years old with higher prevalences in Asian countries like Japan [143].
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Verdoni et al. report a 30-fold increased incidence of Kawasaki-like
disease after the spread of SARS-CoV-2 to Bergamo, Italy [144]. Re-
searchers from France [145], United Kingdom [146], and the USA [141]
also described clusters of children with systemic inflammatory disorders
without an alternative diagnosis and with clinical or microbiological
evidence of exposure to SARS-CoV-2. Interestingly the effect of COVID-
19 on patients with KD in Japan seems to be small, Lio et al. revealed
only one patient with PIMS-TS with Kawasaki-like presentations [147];
PIMS-TS apparently shows a predilection for individuals of black or
Hispanic descent [146,148], suggesting that genetic factors may
contribute to its uneven distribution.

The first reported case was in a 6-month-old infant who was admitted
as a classical Kawasaki and later tested positive for COVID-19; she was
treated with aspirin and intravenous immunoglobulin (IVIG) [140].
Children with the symptoms and signs of Kawasaki-like disease diag-
nosed during the SARS-CoV-2 pandemic and showing evidence of im-
mune response to the virus were older, had a higher rate of cardiac
involvement, gastrointestinal symptoms, shock syndrome and features
of macrophage activation syndrome (MAS) [144,146,149-150].
Myocarditis is a distinguishing feature of PIMS-TS, at times requiring
mechanical circulatory support [145]. Many of these cases occurred
after several weeks of quarantine, and it is possible that these subjects
suffered from a mild form of COVID-19 after intrafamilial transmission
and severe complications appeared weeks later [151].

There are a small number of adult-onset Kawasaki Disease Shock
Syndrome cases reported; one complicated by coronary aneurysms
occurred in a 20-year-old man of East Asian ancestry [152], a 36-year
old Hispanic woman [153] and a 45-year old Hispanic man [154].
Immunomodulatory therapeutic strategies have been shown to be
effective for PIMS-TS, including intravenous immunoglobulin (IVIG)
and steroids [141,144-146].

KD is an inflammatory vascular disease with an unknown etiology,
an association between Kawasaki disease and viral respiratory infections
has been suspected [155-157]. PIMS-TS appears to be a post-acute
immunological reaction to an initial SARS-CoV-2 infection, as the ma-
jority are asymptomatic during the initial SARS-CoV-2 infection and do
not have positive nasopharyngeal swabs but have serological evidence
of a previous infection, showing positive IgG against SARS-CoV-2 in
most cases [141,144-146]. There is also speculation that the SARS-CoV-
2 protein could act as a superantigen, similarly to mechanisms widely
described for toxic shock syndrome (TSS) [158-160].

4. Limitations

The information presented in this literature review must be consid-
ered along with important limitations, much is yet to be validated using
robust statistical methods. The wide diversity of study methodologies,
statistical approaches, sample sizes, population characteristics,
geographic sites, and quality of publications may have confounded our
interpretation of the data. There is also the problem of left censorship
bias where patients who died or were lost to follow-up were not re-
ported. However, in the context of a severe pandemic caused by a novel
virus, it is vital to address the emerging data and identify gaps in current
knowledge.

5. Summary

Identification of complications of COVID-19 is vital for guiding
clinical care, improving patient outcomes, and allocating resources. In
this review we primarily aimed to understand the rheumatological
manifestations during and after COVID-19 infection. We describe a
number of complications including inflammatory arthritis (with some
patients developing RA), SLE and myositis among the CTD spectrum
being commoner and vasculitis. Vasculitis appears to have a significant
role in the initial infection as well as a complication of it. Further studies
are necessary to understand the pathogenesis of COVID-19 and its
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different clinical phenotypes. Follow-ups in the coming months will
determine chronicity of these inflammatory conditions. A better un-
derstanding of the immune consequences that accompany SARS-CoV-2
infection is required to determine the immunopathogenic mechanisms
capable of promoting or contrasting the development of rheumatic
manifestations.

Key messages

Important complications of COVID-19 such as inflammatory
arthritis, lupus-like disease, rhabdomyolysis/myositis and vasculitis are
reported.

Identifying sequelae of COVID-19 is vital for improving patient
outcomes, clinical care and allocating resources.

Long Covid seems to be associated with large vessel vasculitis.
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