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suitable therapy.

In January 2020, a novel coronavirus — severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) — was
identified as the aetiological agent for a cluster of pneu-
monia cases initially detected in Wuhan City, China'.
The disease caused by SARS-CoV-2, COVID-19, has
a very wide clinical spectrum, ranging from asympto-
matic cases (accounting for a substantial proportion
of infections) to development of bilateral pneumonia
that can progress to respiratory failure and, in some
cases, multi-organ failure and death”. Some patients can
develop a hyperinflammatory response caused by an
excessive reaction to the virus, characterized by a highly
impaired interferon type I response associated with a
persistent blood viral load, with inflammation being
partially driven by the transcription factor NF-kB with
increased TNF and IL-6 production’. This exacerbated
immune-related inflammatory response can promote
the development of extrapulmonary features®, including
immune-related manifestations that can mimic a wide
variety of systemic and organ-specific inflammatory and
autoimmune diseases (BOX 1), as has been reported in
other viral infections’. To date, reports of these man-
ifestations have been scattered among hundreds of
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Abstract | Immune-related manifestations are increasingly recognized conditions in patients
with COVID-19, with around 3,000 cases reported worldwide comprising more than 70 different
systemic and organ-specific disorders. Although the inflammation caused by SARS-CoV-2
infection is predominantly centred on the respiratory system, some patients can develop an
abnormal inflammatory reaction involving extrapulmonary tissues. The signs and symptoms
associated with this excessive immune response are very diverse and can resemble some
autoimmune or inflammatory diseases, with the clinical phenotype that is seemingly influenced
by epidemiological factors such as age, sex or ethnicity. The severity of the manifestations

is also very varied, ranging from benign and self-limiting features to life-threatening systemic
syndromes. Little is known about the pathogenesis of these manifestations, and some tend

to emerge within the first 2 weeks of SARS-CoV-2 infection, whereas others tend to appear in

a late post-infectious stage or even in asymptomatic patients. As the body of evidence comprises
predominantly case series and uncontrolled studies, diagnostic and therapeutic decision-
making is unsurprisingly often based on the scarcely reported experience and expert opinion.
Additional studies are required to learn about the mechanisms involved in the development

of these manifestations and apply that knowledge to achieve early diagnosis and the most

manuscripts. This Review compiles the current know-
ledge of immune-related manifestations associated with
the COVID-19 (both systemic and organ-specific) and
focuses principally on specific epidemiological, clin-
ical and virological aspects that could help specialists
to identify and manage patients presenting with these
features.

Immune-related systemic manifestations

Some patients with COVID-19 can develop a severe,
acute virus-induced lung injury under the umbrella
of acute respiratory distress syndrome (ARDS), a clinical
syndrome characterized by acute lung inflammation and
increased-permeability pulmonary oedema due to injury
to the alveolar capillary barrier®. The hyperinflammatory
phenotype of ARDS is characterized by elevated con-
centrations of pro-inflammatory cytokines, an increased
incidence of shock and adverse clinical outcomes”*.
Although the mechanisms of COVID-19-induced ARDS
are still being elucidated’, the term ‘cytokine storm’
has become synonymous with its pathophysiology,
although some authors have suggested use of this term
is misleading in the context of severe COVID-19 (REF.").
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Key points

® COVID-19 can produce a systemic inflammatory reaction involving extra-pulmonary
organs.

* Immune-related manifestations are increasingly recognized conditions in patients
with COVID-19.

* ~3,000 cases involving >70 different systemic and organ-specific immune-related
disorders have been reported.

* The clinical phenotype varies and seems to be influenced by age, sex and/or ethnicity.

* The severity of immune-related manifestations of COVID-19 ranges from completely
benign, self-limiting manifestations to systemic, life-threatening syndromes.

* Some features tend to appear within the first 2 weeks of SARS-CoV-2 infection,
and others emerge in a late post-infectious stage or even in asymptomatic patients.

Even the term cytokine storm has been frequently
interchanged with the term ‘cytokine release syndrome’
(CRS)", which describes an immune-related dysregu-
lation associated with the release of large amounts
of cytokines that trigger systemic inflammation
with multi-organ failure and high mortality rates. CRS
is one of the most frequent serious adverse effects of
chimeric antigen receptor T (CAR-T) cell therapies'' and
is characterized by fever, tachycardia, tachypnoea
and hypotension, the key symptoms that define sys-
temic inflammatory response syndrome'’. IL-6, a pro-
inflammatory cytokine, is an important mediator of the
acute inflammatory response in ARDS and CRS, and
seems to also factor in severe COVID-19, contributing to
elevated C-reactive protein concentrations, hypercoagu-
lation and hyperferritinaemia'>"’. However, serum IL-6
concentrations reported in patients with COVID-19 are
substantially lower than those reported in patients with
CRS, ARDS or sepsis'™', or even influenza'. Why some
patients with severe COVID-19 rapidly enter a state of
multi-organ failure is unknown, but the pathophysiol-
ogy of COVID-19-associated ARDS seems to be more
complex than a simple overproduction of cytokines’.

The systemic phenotype related to the inflam-
matory reaction triggered by SARS-CoV-2 infection
is very broad and can be reminiscent of that of some
autoimmune or inflammatory diseases. In children,
systemic involvement has a substantial overlap with
Kawasaki disease, whereas in adults it seems to be closer
to haemophagocytic lymphohistiocytosis (HLH), anti-
phospholipid syndrome (APS) or systemic vasculitis
(TABLE 1, FIG. 1).

Multisystem inflammatory syndrome in children. In
April 2020, a number of seriously ill children pre-
sented with systemic inflammatory response syn-
drome features resembling Kawasaki disease were
reported in the UK, some of whom tested positive for
SARS-CoV-2 infection, a condition that was termed pae-
diatric inflammatory multisystem syndrome temporally
associated with SARS-CoV-2 infection (PIMS-TS), also
called multisystem inflammatory syndrome in children
(MIS-C)'. Reports of more than 700 cases of MIS-C,
including a large case series in the USA", indicate that
this syndrome mainly affects children who are aged
>5 years and predominantly of non-white ethnicity, with
a multisystemic presentation including gastrointestinal

(92%), cardiovascular (80%), mucocutaneous (74%) and
respiratory (70%) symptoms. The clinical presentation
is severe; around half of the reported cases fulfilled the
criteria for defined or incomplete Kawasaki disease and
73% required critical care, with an overall mortality
rate of 1.7% (Supplementary Table 1). MIS-C has some
notable differences from classic Kawasaki disease'*',
which predominantly affects children under the age of
5 years and most prominently in Asian populations, and
has lower rates of admission to an intensive care unit
(ICU) and death than does MIS-C. However, the sys-
temic phenotype of MIS-C and the specific involvement
of some organs, such as the coronary arteries, suggest a
close link with Kawasaki disease? and, in fact, the fre-
quency of coronary aneurysms reported in the largest
series of children diagnosed with MIS-C (8-23%)'7**-*
is quite similar to that reported in children with classic
Kawasaki disease (6-17%)'®"". Most cases of MIS-C
could be the result of a post-viral immune-related
response. In non-Asian countries with large outbreaks
of SARS-CoV-2 (such as France, Italy, Spain, UK and
USA), most cases of MIS-C were reported in the late
stages of the first wave of the pandemic'”* (the reason
why Asian countries such as China and Japan have not
reported a similar number of MIS-C cases is unknown®’)
and were diagnosed a mean of 25-45 days after onset
of SARS-CoV-2 infection'**. Accordingly, the rate of
SARS-CoV-2 infection confirmed by serological tests
in children with MIS-C is ~90%, in contrast to only
~40% positivity using PCR tests (indicating an ongoing
infection) (Supplementary Table 1). The development
of a Kawasaki disease-like presentation in children pre-
senting with severe COVID-19 cannot be considered
unexpected”, in view of the important contribution of
respiratory viral infections to the aetiopathogenesis
of Kawasaki disease®. However, the question of whether
MIS-C should be considered a discrete entity or could
be an aetiologically driven subset of Kawasaki disease
is still unresolved®, as the inflammatory response in
MIS-C shares several features with Kawasaki disease
but differs with respect to the T cell subsets involved,
lack of IL-17A-mediated hyperinflammation and levels
of biomarkers related to arterial damage*.

Cases of young adults with COVID-19 presenting
with a classic phenotype of Kawasaki disease have also
been reported™*; these cases suggest that the Kawasaki
disease phenotype presented by adults with COVID-19
follows the spectrum of classic Kawasaki disease, of
which rare cases of adult-onset disease have been
reported” (Supplementary Table 2).

Haemophagocytic syndromes. Primary and secondary
HLH are hyperferritinaemic hyperinflammatory syn-
dromes that have a common terminal pathway but dif-
ferent pathogenetic roots, including viruses as one of
the main external triggering factors®. The features
of COVID-19 and the diagnostic criteria for HLH (high
fever, splenomegaly, cytopenia, hypertriglyceridaemia,
hyperferritinaemia, hypofibrinogenemia, high serum
concentrations of soluble IL-2 receptor (also known as
sCD25), low activity of natural killer cells and haemo-
phagocytosis) overlap substantially’*~*". However, the

www.nature.com/nrrheum



Box 1 | Immune-related disorders reported in patients with COVID-19

Systemic immune-related
manifestations

* Multisystem inflammatory syndrome

in children

* Haemophagocytic syndromes or
macrophage activation syndrome

e Vasculitis

- Kawasaki disease in children and adults

- Retinal vasculitis

- Cutaneous leukocytoclastic vasculitis

- IgA vasculitis

- Small and medium-sized vessel
gastrointestinal vasculitis

- Diffuse alveolar haemorrhage

- Central nervous system vasculitis

* Antiphospholipid antibodies

* Myositis
- Acute myalgia
- Rhabdomyolysis

- Thrombotic thrombocytopenic purpura
- Autoimmune haemolytic anaemia
- Evans syndrome

* Neurological

- Guillain-Barré syndrome

- Miller Fisher syndrome

- Meningoencephalitis

- Autoimmune encephalitis

- Acute disseminated encephalomyelitis

- Acute necrotizing encephalopathy

- Mild encephalitis or encephalopathy
with reversible splenial lesion

- Longitudinal extensive transverse
myelitis

- Neuromyelitis optica-like syndrome

- Transversal myelitis

- Polyneuritis cranialis

- Optic neuritis

- Plexopathy

- Myasthenia gravis

- Autoimmune inflammatory myopathy

- Necrotizing autoimmune myopathy

e Arthritis
- Acute arthralgias
- Symmetric polyarthritis

- Asymmetric oligoarthritis

- Monoarthritis
- Psoriatic arthritis

® Other systemic autoimmune diseases
- Systemic lupus erythematosus-related

symptoms

- Sicca symptoms and/or parotid

enlargement
- Sarcoidosis

Organ-specific immune-related

manifestations
¢ Cutaneous
- Chilblain lesions
- Erythema multiforme
- Livedo reticularis
- Retiform purpura
- Oral ulcers
- Erythema nodosum
- Periorbital erythema

- Generalized pustular figurate

erythema
- Sweet syndrome
- Livedo racemose

* Haematological

- Immune thrombocytopenic purpura

® Pulmonary
- Interstitial lung disease
- Post-viral organizing pneumonia
- Mediastinal lymphadenopathies
- Pleural effusion
¢ Cardiac
- Acute myocarditis
- Pericardial effusion
- Cardiac tamponade
* Renal
- Proximal tubular dysfunction
- Collapsing glomerulonephritis
- Focal segmental glomerulonephritis
- Minimal change disease
- Crescentic glomerulonephritis
- ANCA-associated renal vasculitis
- Membranous glomerulonephritis
- IgA glomerulonephritis
¢ Endocrine
- Clinical hyperthyroidism or
thyrotoxicosis
- Subclinical hypothyroidism
- Adrenal haemorrhage
- Adrenalinfarction
- Adrenalinsufficiency
e Pancreatic
- Acute pancreatitis
* Ocular
- Uveitis
- Conjunctivitis

frequency of HLH in patients with COVID-19 is pro-
bably very small. Of 20 reported cases that were classified
as probable HLH, only 20% fulfilled the required five
diagnostic criteria for HLH (Supplementary Table 3).
In addition, in those studies that used the H-score (a scor-
ing system not validated in prospective studies for HLH
diagnosis), only 0-10% of patients achieved the diag-
nostic cut-off for HLH***. Consequently, some authors
suggest that these patients actually develop ARDS with
some HLH features, rather than systemic macrophage
activation (the hallmark of HLH)**". By contrast, other
authors contend that all patients with severe COVID-19

should be investigated for underlying HLH"', consider-
ing that most of the reported cases lacked a full eval-
uation for HLH features (mostly the histopathological
criteria and the measurement of natural killer cell func-
tion and sCD25 levels were not evaluated), and that
macrophage activation syndrome has been reported in
25% of children presenting with MIS-C**>*. Probably,
HLH related to COVID-19 is a condition with an inci-
dence as rare as the virus-related HLH diagnosed in the
pre-pandemic era®, but owing to the size of the pan-
demic worldwide reports are yielding a large number
of cases. Considering the available evidence, a complete
evaluation for possible HLH could be advised for adults
with severe COVID-19 who develop cytopenia affecting
at least two cell lineages in the peripheral blood (espe-
cially including thrombocytopenia), hyperferritinaemia
(especially very high levels, that is, >2,000 ng/ml) and
hypofibrinogenaemia, as well as in children presenting
with life-threatening systemic COVID-19 (MIS-C).

Antiphospholipid syndrome. COVID-19 has been linked
with coagulopathy and thrombosis, especially in patients
who are severely ill admitted to an ICU"". However,
SARS-CoV-2 itself does not seem to have intrinsic pro-
coagulant effects, and the abnormal results of coagula-
tion tests frequently detected in patients with COVID-19
seem to be mainly linked to the inflammatory systemic
response’. However, an additional autoimmune hypo-
thesis emerged when one study reported positivity for
lupus anticoagulant in more than 90% of COVID-19
patients®. Since then, the number of studies report-
ing testing for antiphospholipid (aPL) antibodies in
patients with COVID-19 has rapidly increased. Among
13 studies that overwhelmingly included patients
with COVID-19 admitted to the ICU (Supplementary
Table 4), lupus anticoagulant positivity was reported in
more than half of the tested patients, although the rate
of positive results ranged widely across the studies, from
3% to 91%°. Given the common use of heparins for
thromboprophylaxis in patients with COVID-19 admit-
ted to hospital, the potential interference of heparin
with lupus anticoagulant analysis has been suggested”’.
In addition, lupus anticoagulant antibodies are hetero-
geneous and are detected in different contexts (including
infections and inflammation) that enable the exposure
of cell phospholipids that are normally not accessible to
the immune system®’; a positive result is not necessar-
ily linked to the development of APS. With respect to
anticardiolipin (aCL) antibodies, among patients with
severe COVID-19, the positive rates are lower than
those reported for lupus anticoagulant but also widely
vary among studies (0-52% positive for IgG-aCL, 3-20%
positive for IgM-aCL and 2-32% positive for IgA-aCL
antibodies) (Supplementary Table 4), with some stud-
ies linking aPL antibody positivity with more severe
COVID-19 (REFS***%). Therefore, aPL antibodies are fre-
quently detected in patients with severe COVID-19, as
has also been reported in patients with non-COVID-19
ARDS”. Owing to the high rates of aPL antibody positiv-
ity in patients with COVID-19, it seems rational to con-
sider an autoimmune origin of the thrombosis under the
umbrella of APS. Several factors must be considered with
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Table 1| Summary of reported cases of systemic immune-related manifestations of COVID-19

Characteristic MIs-C Haemophagocytic Vasculitis in Myositis Arthritis
syndrome adults

Number of cases 717 20 19 24 6

reviewed

Sex ratio (male:female) 4:3 7:3 1:1 7:1 5:0

Mean age (years) 8.5 66.0 55.4 52.4 54.3

Age distribution (%)

<18 years 717 (100) 0(0) 0/16 (0) 2/16(12.5) 0/6 (0)

18-50years 0(0) 1(5) 6/16(37.5) 5/16 (31.25) 3/6 (50)

>50years 0(0) 19(95) 10/16 (62.5) 9/16 (56.25) 3/6 (50)

Geographical distribution (%)

Europe 368 (51.3) 13 (65) 15(78.9) 2(8.3) 3 (50)

North America 330 (46) 6(30) 3(15.8) 17 (70.8) 0(0)

Asia 19(2.6) 0(0) 0(0) 2(8.3) 3(50)

Other 0(0) 1(5) 1(5.3) 3(12.5) 0(0)

Virological results (%)

PCR positive 221/563 (39.3) 20(100) 15(78.9) 24 (100) 6(100)

Serology positive, 223/563 (39.6) 0(0) 2(10.5) 0(0) 0(0)

PCR negative

Negative 60/563 (10.7) 0(0) 0(0) 0(0) 0(0)

Not tested using 59/563 (10.5) 0(0) 2(10.5) 0(0) 0(0)

any technique

Asymptomatic 184/207 (88.9) ND 2/18 (11) 4/16 (25) 0(0)

SARS-CoV-2 infection (%)

Time to first symptom after COVID-19 onset (%)

<7 days NA 0/2(0) 6/14 (42.8) 8/12 (66.7) 1/5(20)

7-14 days NA 2/2 (100) 3/14(21.4) 1/12 (8.3) 1/5(20)

>14 days NA 0/2(0) 5/14(35.6) 3/12 (25) 3/5 (60)

Intensive care (%) 415/582 (71.3) 19 (95) 6(31.6) 8(33.3) 0(0)

Death (%) 11(1.5) 11/14(78.6) 3(15.8) 2(8.3) 0(0)

Summary of epidemiological profile, results of virological testing, clinical presentation and outcomes. Details of the selected
studies are provided in the Supplementary Tables online. MIS-C, multisystem inflammatory syndrome in children; NA, not

applicable; ND, not determined.

respect to a possible role of SARS-Cov-2 as a trigger of
APS505550-66 (BOX 2). Although it cannot be discounted
that some patients with COVID-19 could present with
aPL antibody-related thrombosis, and could therefore
be considered as having a COVID-19-related APS, the
body of evidence we have reviewed does not support a
central role for SARS-CoV-2 as a viral trigger of APS.
Because almost all the studies reported to date have been
carried out in patients who are severely ill (most with a
long stay in ICU), pro-thrombotic factors other than aPL
antibodies should always be carefully evaluated.

Systemic vasculitis. Emerging evidence seems to sup-
port a potential link between SARS-Cov-2 and systemic
vasculitis, including the Kawasaki disease phenotype
reported in a considerable percentage of children
with MIS-C, the increasing number of reported cases
of vasculitis in adults and the post-mortem descrip-
tions of vasculitis involving various organs®”. In adults,
among 15 patients with COVID-19 and vasculitis,
cases involved organ-specific involvement of the skin

(n=9), central nervous system (n=3), the lungs (n=2)
and the gastrointestinal tract (n=1), mainly appearing
2 weeks after the first symptoms of SARS-CoV-2 infec-
tion. Histopathological studies confirmed vasculitis in
the skin (mainly classified as leukocytoclastic vasculitis)
and gastrointestinal tissue (infiltration of small and
medium-sized vessels) (Supplementary Table 2).
Vasculitis other than that within the spectrum of
Kawasaki disease has been rarely reported in children in
association with SARS-CoV-2 infection, and included
cutaneous vasculitis®®, retinal vasculitis®® and a possible
central nervous system vasculitis”; these children often
lack any previous symptoms suggestive of COVID-19 and
had negative results of PCR tests but positive IgG serology.

Myositis. Several clinical findings and laboratory
abnormalities suggest that a substantial percentage of
patients with COVID-19 can have muscular inflam-
mation. Myalgia was reported in approximately 24% of
patients included in several large COVID-19 case series
(although with a wide range of frequencies, ranging from
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1% to 74%), whereas the frequency of raised creatine
kinase (CK) levels is ~11% (Supplementary Table 5); myal-
gias can remain as active, chronic symptoms in ~10-20%
of cases of acute COVID-19 (REFS”"7?). Only two studies
have estimated the frequency of myositis in hospitalized
patients with COVID-19, finding myositis in 3-11%
of patients””*, whereas the frequency of rhabdomyolysis

REVIEWS

is reportedly considerably lower (0.2-1.1%)"*”. In these
studies, almost all patients with suspected myositic
involvement did not undergo myositis-specific tests
(such as electromyography, imaging and histopathologi-
cal studies). Isolated reports of patients with COVID-19
presenting with myositis and/or rhabdomyolysis indicate
that most cases occurred in adult males presenting with
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Fig. 1| Guiding signs and symptoms of suspected systemic immune-related disease in patients with COVID-19.
The two main systemic inflammatory syndromes associated with COVID-19, multisystem inflammatory syndrome in
children (MIS-C) and haemophagocytic lymphohistiocytosis (HLH, including macrophage activation syndrome, MAS)

are detailed at the top of the figure. The first sign prompting suspicion of these syndromes is persistent fever without a
clear clinical source, together with multisystem organ involvement. The MIS-C phenotype includes Kawasaki disease-
like features (conjunctivitis, red cracked lips, swollen hands and feet, and rash), coronary artery enlargement and/or
aneurysms, gastrointestinal symptoms (abdominal pain, nausea, vomiting or diarrhoea) and neurological manifestations
(headaches and meningitis). With respect to HLH and MAS, the cardinal features are enlarged lymphohaematopoietic
organs (lymph nodes, spleen and/or liver) and severely abnormal values for multiple laboratory parameters suggesting
involvement of multiple organs (such as severe cytopenia and liver and renal dysfunction). The main signs and symptoms
of suspected systemic autoimmune and rheumatic diseases associated with COVID-19 are detailed at the bottom of the
figure. Petechial and/or purpuric cutaneous lesions are the main signs prompting suspicion of vasculitis, and the addition
of extracutaneous symptoms such as severe abdominal pain, haemoptysis or neurological features could indicate
systemic vasculitis. In patients with thrombosis who have antiphospholipid (aPL) antibodies, fulfilment of the classification
criteria for antiphospholipid syndrome (APS) should be ruled out. Severe myalgia in association with creatine kinase (CK)
levels >10,000 U/l (concurrent with renal failure in some patients) are suggestive of myositis and/or rhabdomyolysis,
whereas inflammation of several joints can follow different patterns including symmetric polyarthritis (resembling
rheumatoid arthritis), oligoarticular arthritis with cutaneous lesions (resembling psoriatic arthritis) or axial involvement

with enthesitis (resembling spondyloarthritis).
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Box 2 | Considering SARS-Cov-2 as a trigger of APS

Results obtained from different studies****°%5-%152 indicate that a number of factors

must be considered with respect to a possible role of SARS-CoV-2 in triggering
antiphospholipid syndrome (APS).

Extent of association between antiphospholipid (aPL) antibodies and
thrombosis:*2%38:60.61

e Using heterogeneous approaches, most studies have discarded a significant
association between aPL antibody positivity and thrombosis in patients with
COVID-19.

* Combined data from 56 patients admitted to intensive care units in two studies***
depicted a similar frequency of aPL antibody positivity in patients with or without
thrombosis:

- 87% and 83% positive for any aPL antibodies

- 87% and 76% positive for lupus anticoagulant

- 47% and 44% positive for anti-cardiolipin (aCL) antibodies

- 0% and 22% positive for anti-p2 glycoprotein 1 (anti-2GPI) antibodies
Persistence of aPL antibody positivity:***¢

* In three studies, aPL antibodies were tested a second time 10-30 days after the first
determination.

* In more than 70% of cases, a previous positive result turned negative.

Measurement of aCL antibody titres:**®°

* Only 24% of patients with COVID-19 included in two studies***° that detailed
individual aCL antibody titres had high titres, and most did not develop thrombosis.

* Most patients with COVID-19 have low-to-moderate aCL antibody titres that are not
related to thrombosis.

Detection of multiple aPL antibodies:*%%60.61.66

* The frequency of double and triple positivity (for lupus anticoagulant, aCL antibodies
and/or anti-B2GPI antibodies) in patients with COVID-19 was low (24% and 4%,
respectively).

e Patients with COVID-19 and triple positivity rarely developed thrombosis.

myalgia (in some cases severe) appearing mainly dur-
ing the first week of COVID-19, with CK levels being
higher than 10,000 U/l in most cases (Supplementary
Table 6). The pathogenesis of immune-related muscu-
lar damage in COVID-19 is probably multifactorial, and
could involve factors linked to critical illness and long
ICU admissions, such as critical illness myopathy and
superimposed steroid myopathy”. In other patients,
a direct cytolytic viral effect or damage related to hyper-
cytokinaemia could be involved in the development of
an immune-related muscular damage within the spec-
trum of necrotizing autoimmune myopathy’*, especially
in patients presenting with an acute onset of severe
muscle weakness with increased inflammatory markers
and very high CK levels (in the thousands)’. For these
patients, a specific muscle-centred diagnostic approach
is highly recommended.

Arthritis. Joint pain with no notable evidence of inflam-
mation upon physical examination of the involved
joints was reported in ~36% of patients with COVID-19
(REFS”"7) (Supplementary Table 5). Although it is not
currently known whether COVID-19 will cause an
increase in new-onset chronic pain for the population
at large, several factors linked to the pandemic (such as
psychological distress, epidemiological and socioeco-
nomic factors, poor sleep and reduced physical activity)
could be involved in the development of chronic
widespread pain’®.

In contrast to non-inflammatory joint pain, arthritis
has been reported in isolated cases (affecting predom-
inantly men with a mean age of 54 years), including
a wide variety of articular presentations (for exam-
ple, symmetric polyarthritis, monoarthritis, enthesi-
tis or psoriatic arthritis), and mainly appearing after
COVID-19 has resolved (Supplementary Table 7).

Systemic autoimmune diseases. COVID-19 patients
can present with several systemic lupus erythemato-
sus (SLE)-related features, including cytopenia (lym-
phopenia, thrombocytopenia or haemolytic anaemia),
arthralgia, serositis, chilblain lesions or aPL antibodies.
So far, only one case of probable SLE triggered by SARS-
CoV-2 has been reported, which developed in a previ-
ously healthy 18-year-old woman who fulfilled the 2019
ACR-EULAR classification criteria for SLE”.

Sicca symptoms are not usually recorded in COVID-19
clinical studies, and only one small study reported that
~25% of patients mentioned sicca syndrome’'. Another
important feature related to Sjogren syndrome, parotid
enlargement, has been reported in 20 patients, who were
mostly young people (<30 years old) and were more
often women than men (Supplementary Table 8).

Although mediastinal lymphadenopathy has been
reported in 3-5% of patients with COVID-19 (REFS**%)),
only one case of probable sarcoidosis has been reported®.

Immune-related organ-specific manifestations

In contrast to the above-mentioned systemic presenta-
tions that can involve multiple organs, some patients
with COVID-19 present with immune-related mani-
festations involving a single organ, which can mimic
a wide range of organ-specific autoimmune diseases
(TABLE 2, FIG. 2).

Cutaneous involvement. Symptoms of cutaneous
involvement can affect 0.2% to 5% of patients with
COVID-19 (REF.®), including maculopapular erup-
tions, urticarial lesions, chilblains and livedoid/necrotic
lesions*’. For maculopapular and urticarial lesions,
a predominant drug-induced aetiology is sugges-
ted®, whereas immune-related mechanisms could be
postulated for other cutaneous lesions.

The term chilblains (also referred to as pernio) des-
cribes a rare inflammatory condition affecting the
extremities after exposure to cold, which can cause
painful or itchy erythematous or violaceous lesions®.
An association between chilblains and COVID-19
was initially supported because most reported cases
of chilblains in southern Europe occurred during the
first peak of the pandemic, and because in one of
the largest case series cutaneous lesions appeared after
infection onset in two-thirds of patients with symp-
toms of COVID-19 (REF¥). The patient profile derived
from more than 1,300 cases of chilblains included in
selected studies indicates a clear predominance of
young people, with half of the studies reporting only
children under the age of 18 years, and the other half
including patients with a mean age ranging from 22 to
32 years. However, only 6% of these reported cases had
confirmed COVID-19 (although it should be noted
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Table 2 | Summary of reported cases of organ-specific immune-related manifestations of COVID-19

Characteristic Chilblains

Number 1,333

of cases

reviewed

Sex ratio 1:1

(male:female)

Mean age 21.0

(years)

Age distribution (%)

<18 years 9/17
(52.9)

18-50years 8/17 (47.1)

>50years 0/17 (0)

Geographical distribution

1015
(76.1)

North America 318(23.9)

Europe

Asia 0(0)

Other 0(0)

Virological results

PCR positive 43/1,262

(%) (3.4)

Serology 28/1,262

positive, PCR  (2.2)

negative (%)

Negative (%) 528/1,262
(41.8)

Not tested 663/1,262

using any (52.5)

technique (%)

Asymptomatic 675/1,095
COVID-19 (%) (61.6)

Time to first symptom after COVID-19 onset (%)

<7 days 12/31
(38.7)
7-14 days 2/31(6.5)
>14 days 17/31
(54.8)
Intensive care 0 (0)
Death 0(0)

Erythema ITP  Haemolytic GBS Enceph- Myelitis Myoca- Pericardial Glomerulo- Thyroid- Pancre-

multiforme anaemia® alitis rditis tamponade nephritis itis atitis

17 39 19 73 58 8 25 25 36 85 30

1:1 1:1 4:3 5:2 1:1 3:1 3:2 4:3 2:1 2:3 1:2

333 58.7 554 56.35 55.0 45.2 49.1 62.85 57.03 52.4 43.83

9(52.9) 1/38  2(10.5) 3/66  1/57 0(0) 1(4) 0(0) 0/34(0) 0(0) 2(12.5)
(2.6) (4.5 (1.8

2(11.8) 8/38 4(21.1) 15/66 15/57 4(50) 12 (48) 2(28.6) 12/34(35.3) 9(60) 8(50)
(21.1) (22.7) (26.3)

6(35.3) 29/38 13(68.4) 48/66 41/57 4(50) 12(48) 5(71.4) 22/34 (64.7) 6(40) 6(37.5)
(76.3) (72.7) (71.9)

14 (82.4) 32 13(68.4) 55 42(72.4) 4(50) 11(44) 4(57.1) 7(19.4) 55(64.7) 7(23.3)
(82.1) (75.3)

0(0) 3(7.6) 5(26.3) 9 5(8.6) 2(25) 10(40) 3(42.9) 27 (75) 0(0) 19

(12.3) (63.3)

1(5.8) 4 1(5.3) 7(9.6) 11(19) 2(25  4(16) 0(0) 2(5.6) 30(35.3) 4(13.3)
(10.3)

2(11.8) 0(0) 0(0) 2(2.7) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

9(52.9) 36 19(100) 56 41(85.4) 6(75) 24(96)  7(100) 32(88.9) 83(97.6) 29
(92.3) (76.7) (96.7)

1(5.9) 0(0) 0(0) 6(8.2) 1(2.1) 2(25) 1(4) 0(0) 4(11.1) 2(2.4) 1(3.3)

4(23.5) 3(7.7) 0(0) 7(9.6) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

3(17.6) 0(0) 0(0) 4(5.5) 6(12.5 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

1(5.9) 5 1(5.3) 3(4.1) 8/48 0(0) 1(4) 0(0) 5/13(38.5) 0(0) 0(0)
(12.8) (16.7)

1/3(33.3)  7/38 3/8(37.5)  6/59  27/47 3/6 (50) 8/15 3/5 (60) 4/8 (50) 0/7(0)  9/16
(18.4) (10.2) (61.4) (53.3) (56.3)

1/3(33.3) 12/38 2/8(25) 22/59 7/47 3/6(50) 4/15 1/5(20) 2/8 (25) 1/7 6/16
(31.6) (37.3) (14.9) (26.7) (14.3) (37.5)

1/3(33.3)  19/38 3/8(37.5)  31/59 13/47 0/6(0)  3/15 1/5(20) 2/8 (25) 6/7 1/16
(50) (52.5) (27.7) (20) (85.7) (6.2)

1(5.9) 2(5.1) 3(15.8) 20 20(34.5) 0(0) 17/21 7(100) 0(0) 0(0) 11

(27.4) (81) (36.7)
1(5.9) 2(5.1) 1(5.3) 2(2.7) 5(8.6) 0(0) 6/21 2(28.6) 4(11.1) 0(0) 3(10)
(28.6)

Summary of epidemiological profile, results of virological testing, clinical presentation and outcomes; details of the selected studies are provided in the
Supplementary Tables online. GBS, Guillain-Barré syndrome; ITP, immune thrombocytopenia. ?Including Evans syndrome.

that testing for the virus was not performed in nearly
half of the cases), supporting a weak link between
chilblains and COVID-19 (Supplementary Table 9).
Potentially, lifestyle changes related to lockdown lead
to more inactivity for long periods and this inactivity
could contribute to triggering chilblains, especially in
predisposed patients (that is, those with a previous

history of perniosis, Raynaud syndrome or B-blocker
treatment)®. Reports of the presence of viral particles
in biopsy-obtained skin from children with chilblains
and negative results of PCR testing for SARS-CoV-2
might support the need for histopathological studies
to confirm a causal relationship between SARS-CoV-2
and these skin lesions®.
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Fig. 2 | Guiding signs and symptoms of suspected organ-specific immune-related diseases in patients with COVID-19.
The list of clinical symptoms is long, including important features such as dyspnoea (suggestive of interstitial lung disease
(ILD) or organizing pneumonia), chest pain (myocarditis, pleuritis and pericarditis), severe acute upper abdominal pain with
nausea and vomiting (acute pancreatitis) and neurological features such as confusion, seizures (encephalitis) or weakness
with bladder dysfunction (myelitis and Guillain-Barré syndrome (GBS)). Examination is crucial when organ-specific immune-
related disease is suspected in patients with COVID-19, paying special attention to eye redness (conjunctivitis and uveitis),
jaundice (haemolytic anaemia), cutaneous lesions such as petechiae (immune thrombocytopenia (ITP)) or painful red
inflammation on the hands or feet (chilblains), and glandular enlargement in the neck (thyroiditis). Simple laboratory tests
such as haemography, biochemical analyses (measuring troponin, pancreatic enzymes, parameters of haemolysis, creatine
kinase, haematuria and proteinuria) and determination of thyroid hormone levels could have an important role in diagnosis.

Erythema multiforme is an inflammatory dermato-
logical condition that has been overwhelmingly linked
to infectious agents and, less frequently, to drugs®.
Reports of cases of erythema multiforme in patients with
COVID-19 reveal a clearly differentiated age-dependent
pattern. Most cases reported in children were associ-
ated with chilblain lesions or Kawasaki disease’> and
had negative PCR results for SARS-CoV-2, whereas
the use of drugs was noted in all reported cases in
adults (hydroxychloroquine in all, in most in combi-
nation with azithromycin, antivirals and/or antibiotics)
(Supplementary Table 10).

Other immune-related skin manifestations have been
reported in patients with COVID-19, including livedoid

and/or acrocyanotic lesions*”*~*, retiform purpura”-*,

oral ulcers®'”, erythema nodosum'""'%, periorbital
erythema'®, generalized pustular figurate erythema
(in all reported cases, appearing in patients who were
being treated with hydroxychloroquine)’*'**'%, drug
reaction with eosinophilia and systemic symptoms”*'*®
and Sweet syndrome'”’.

Haematological involvement. Lymphopenia is a promi-
nent feature of COVID-19, not only because of its high
frequency (around half of COVID-19 cases) but also
because of its relevance to prognosis (it has been linked
with the development of ARDS, a need for intensive care
and poor survival)'**'", whereas thrombocytopenia
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and anaemia have been reported in 24% and 59% of
COVID-19 cases, respectively (Supplementary Table 5).
Cytopenia is overwhelmingly asymptomatic, and symp-
tomatic autoimmune cases (such as thrombocytopenic
purpura or haemolytic anaemia) have been infrequently
reported in patients with COVID-19 (Supplementary
Table 11).

Patients with COVID-19 can present with sympto-
matic thrombocytopenia, including immune thrombocy-
topenic purpura (ITP) and thrombotic thrombocytopenic
purpura. COVID-19-related ITP predominantly affects
people older than 50 years (~75%) presenting with a
platelet count below 10,000 per mm?® (~80%), with the
ITP symptoms (purpura and mucosal bleeding) appear-
ing at least 2 weeks after onset of COVID-19 symptoms
in nearly half the cases. In two of the three patients with
COVID-19 presenting with thrombotic thrombocyto-
penic purpura, infection was confirmed by positive IgG
serology, suggesting a delayed immune-related response.
Autoimmune haemolytic anaemia (AIHA; presenting
as either warm or cold haemolysis) is also diagnosed
predominantly in people older than 50 years (~70%)
presenting with a haemoglobin lower than 8 g/ (74%),
with the ATHA symptoms (mainly asthenia and jaundice)
appearing during the first/second week of COVID-19
(Supplementary Table 11).

Neurological involvement. The neurological manifes-
tations caused by SARS-CoV-2 are diverse and have
been related to neuroinvasion or neurotropic damage
(including encephalopathy, encephalitis and cerebro-
vascular pathologies) or to neuroinflammatory damage
(Guillain-Barré syndrome (GBS) or acute myelitis)''"''*.

Encephalitis is inflammation of the brain paren-
chyma, clinical evidence of which includes cerebro-
spinal fluid pleocytosis, neuroimaging results or focal
abnormalities on electroencephalogram''>. Repor-
ted cases of encephalitis in patients with COVID-19
reveal a similar extent of involvement among women
and men, with a mean age at diagnosis of 55 years
(including cases in patients ranging from 11 to 84 years
old) (Supplementary Table 12). In one-third of cases,
neurological symptoms started at least 2 weeks after
COVID-19 onset. Although several cases were classified
as non-specific viral encephalitis or meningoencephali-
tis, some specific clinical entities were identified in other
patients, including autoimmune encephalitis associated
with anti-NMDA receptor autoantibodies, acute dissem-
inated encephalomyelitis, acute necrotizing encepha-
lopathy and mild encephalitis/encephalopathy with a
reversible splenial lesion (Supplementary Table 12).
The pathogenesis of COVID-19-associated encephali-
tis is unknown, although one study has suggested that
patients with COVID-19 can develop neurological
manifestations that share notable similarities with those
of CAR-T cell-related encephalopathy, involving dif-
ferent pathophysiological mechanisms including CRS,
endothelial activation, blood-brain barrier dysfunction
and immune-related damage'".

GBS is a typical post-infectious disorder, with more
than two-thirds of patients reporting symptoms of res-
piratory or digestive tract infections within the 6 weeks

prior to GBS onset''’. Therefore, that SARS-CoV-2
could be a potential new viral trigger of GBS is not unex-
pected, but the frequency of COVID-19-related GBS is
unknown, with only one large study estimating a fre-
quency of GBS of ~0.1% among hospitalized patients
with COVID-19 (REF"). So far, almost all cases of GBS
related to SARS-CoV-2 have been reported as isolated
cases and in one small series; these cases mainly affected
men aged >50 years (90% of cases) and were diagnosed
at least 2 weeks after the onset of COVID-19 respiratory
symptoms in two-thirds of reviewed cases. The clinical
presentation and severity of GBS in these cases was sim-
ilar to that in non-COVID-19 GBS; the electrodiagnos-
tic pattern was classified as demyelinating in most cases
(although other phenotypic variants, such as Miller Fisher
syndrome and acute motor and sensory axonal neuro-
pathy, have also been reported), serum anti-ganglioside
antibodies were absent in most patients tested and
cerebrospinal fluid, when assessed, was negative for
SARS-CoV-2 (REFS'>'') (Supplementary Table 13).
Several cases of myelitis have been reported in
patients with COVID-19, mainly in men and with two
discrete age peaks, one at ~30 years old and the other
at ~60-70 years old (Supplementary Table 14); addi-
tional reports of other immune-related neurological
manifestations include cranial neuropathies and optic

122

neuritis’>"”-'%, plexopathy'*' or myasthenia gravis'*.

Pulmonary involvement. Among studies of COVID-19
pneumonia to date, few have evaluated the long-term
natural history of pulmonary damage, and they often
have a short follow-up period (~1 month after starting
COVID-19 symptoms). These studies have reported
that a substantial percentage of patients have abnor-
mal pulmonary findings, including abnormal pulmo-
nary function test (PFT) results in 54% of patients
and abnormal CT imaging studies in 40-94%'>-'*.
One small study has reported that PFT results remain
abnormal in ~25% of patients evaluated 3 months after
diagnosis of COVID-19 (REF.'?), suggesting the devel-
opment of a post-pneumonia interstitial lung disease.
Some studies have reported individual cases of patients
who developed severe, bilateral pulmonary fibrosis after
COVID-19 (REFS'**-%). Owing to the large number of
patients affected by severe COVID-19 pneumonia, long-
term respiratory complications can be expected and
could cause substantial population morbidity'*'.

Although several post-mortem studies have sug-
gested diffuse alveolar damage as the predominant
pathological lung damage caused by SARS-Cov-2, other
studies suggest a more heterogeneous pathological
scenario, including a predominant pattern suggestive
of organizing pneumonia in some patients*”'*. A late
development of new respiratory symptoms and opaci-
ties (>2 weeks after the first symptoms of COVID-19),
especially if these features were not detected in previ-
ous CT studies, could suggest the late development of
organizing pneumonia, as has been reported in influenza
infection'*.

Pleural involvement has also been linked to COVID-19,
with an estimated frequency of 27% for pleural thick-
ening and 5-6% for pleural effusion®**'. Some patients
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Fig. 3 | Immune-related manifestations predominantly diagnosed during the first 2 weeks of COVID-19

(early features). This figure illustrates the distribution of reported cases of immune-related manifestations predominantly
diagnosed within 2 weeks of the onset of symptoms of acute COVID-19, as summarized in TABLE 3. The thickness of each
segment corresponds to the proportion of cases reported in each time period (within the first 7 days of onset, between

8 and 14 days after, and 15 or more days after; the last period includes cases diagnosed in patients with asymptomatic
infection). The bottom of the figure illustrates the representative positivity rate of the main microbiological tests from

the first day of symptomatic infection; the intensity of colour corresponds to a higher rate of positive test results.

can have symptoms of pleurisy as the initial manifes-  Cardiovascularinvolvement. In patients with COVID-19,
tation of COVID-19 (REF."*") and others might develop  development of myocardial damage is indicated by
pleural effusion even though it was absent in the initial abnormal laboratory parameters, cardiac imaging stud-
examination'*. ies, and in vivo and post-mortem histopathological data.
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Fig. 4 | Immune-related manifestations predominantly diagnosed after the first 2 weeks of COVID-19

(late features). The top part of the figure illustrates the distribution of reported cases of immune-related manifestations
predominantly diagnosed more than 2 weeks after the onset of symptoms of acute COVID-19, as summarized in TABLE 2.
The thickness of each segment corresponds to the proportion of cases reported within each time period (the first 7 days,
between 8 and 14 days after onset, and 15 or more days after onset; the last period includes cases reported in patients
with asymptomatic SARS-CoV-2 infection). The bottom part of the figure illustrates the representative positivity rate of
the main microbiological tests from the first day of symptomatic infection; the intensity of colour corresponds to a higher
rate of positive test results. MIS-C, multisystem inflammatory syndrome in children.

Around 40-80% of patients with COVID-19 can have
raised troponin-I levels'**'*’, cardiac MRI identified
cardiac involvement in 78%'”, and several studies
have reported myocardial interstitial infiltration by
mononuclear cells and lymphocytic infiltration'** with
evidence of active viral replication’*”'*’; a myocyte-
specific upregulation of ACE2 has been suggested as
a putative pathogenic mechanism for SARS-CoV-2-
associated viral myocarditis'*'. Acute myocarditis is
often categorized into the histologically defined entities
of lymphocytic, eosinophilic and giant cell myocardi-
tis and sarcoid heart disease'*’. To date, acute myocar-
ditis related to COVID-19 has been overwhelmingly
described as lymphocytic and rarely as eosinophilic, in
contrast to SARS-CoV-2-associated myocarditis, which
did not exhibit lymphocytic infiltration'*>'*. Reports of

cases of acute myocarditis in patients with COVID-19
show that a wide range of ages are involved (from 17 to
79 years), more frequently affecting men than women,
with the main symptoms (thoracic pain and dyspnoea)
being presented mainly during the first 2 weeks of
COVID-19, although several cases have been described
some weeks after the infection is resolved. Only around
half cases had a confirmatory MRI study (the remain-
ing underwent only cardiac ultrasonography) and most
required ICU admission, with a mortality rate of ~30%
(Supplementary Table 15).

A study'” in 100 patients evaluated a mean of
2 months after confirmed COVID-19 diagnosis showed
that raised levels of high-sensitivity troponin were
detected in 76% and that cardiac MRI showed car-
diac involvement in 78%, including evidence of active
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myocardial inflammation in 60%. In comparison with
healthy volunteers, the patients who had recovered from
COVID-19 had lower left ventricular ejection fractions
and higher left ventricular volumes; moreover, 32%
manifested myocardial late gadolinium enhancement
and 22% had pericardial involvement. The clinical rel-
evance of these findings remains unclear, although the
findings demonstrating chronic inflammation and left
ventricular dysfunction a couple of months after the

a COVID-19

Acute infection
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clinical onset of COVID-19 could represent an increased
risk of developing new-onset heart failure and other
cardiovascular complications'*.

Pericardial effusion has been reported in ~5%
of patients with COVID-19 (REF*), and it seems that
patients with suspected myocarditis could have a higher
rate of pericardial effusion (22-75%)'*"'*. Cardiac
tamponade was reported in 11 (1%) of 1,216 patients
with available echocardiographic findings'¥’, and
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several additional cases have been reported, mainly
diagnosed in the first 7-10 days of COVID-19 illness
(Supplementary Table 16).

Renal involvement. COVID-19 has been associated with
both tubular and glomerular renal damage. Proximal
tubule dysfunction has been reported in a subset of
patients with COVID-19 presenting with low-molecular-
weight proteinuria, neutral aminoaciduria and defective
handling of uric acid'*’. With respect to glomerular dis-
ease, several studies have reported patients with biopsy-
proven glomerulonephritis presenting with acute renal
failure (in some cases accompanied by haematuria
and/or nephrotic syndrome), with a clear differentiation
in profile between podocytopathies and other types of
glomerulonephritis (Supplementary Table 17). Most
renal pathology in patients with COVID-19 falls within
the spectrum of podocytopathies (with most classified
as collapsing glomerulonephritis, and some as focal seg-
mental glomerulosclerosis or minimal change disease),
primarily affecting men of African ancestry carrying
high-risk APOLI genotypes. The next most frequently
reported type of glomerulonephritis after podocyto-
pathies in patients with COVID-19 is pauci-immune
crescentic glomerulonephritis associated with autoanti-
bodies, which in all cases but one affected women. Other
types of glomerulonephritis have been also reported,
including membranous and IgA glomerulonephritis.
In some patients, acute renal disease appeared more than
2 weeks after onset of COVID-19 symptoms, showing
negative PCR results and positive serological tests.
Patients with COVID-19 presenting with glomerulone-
phritis have a poor prognosis, and more than half of the
reported cases required dialysis (most even after being
discharged from the hospital) (Supplementary Table 17).

Endocrine involvement. Studies have reported abnor-
mal thyroid function potentially related to SARS-CoV-2
infection. A retrospective study in patients hospitalized
with COVID-19 found thyrotoxicosis in 20% and hypo-
thyroidism in 5%'*, whereas another study found low
concentrations of thyroid-stimulating hormone in 56% of

Fig. 5| Time-dependent clinical scenarios in patients with symptomatic SARS-CoV-2
infection. a| Acute infection. The mean duration of symptoms in patients with
symptomatic SARS-CoV-2 infection has been reported as ~11 days’***’, and as long as
13-28 days in patients with COVID-19 requiring hospitalization’*'?*'8-18"_ Complete
recovery is reported in >85% of patients 4 weeks after the onset of symptoms**°.

b | Immune-related manifestations of COVID-19. Most immune-related COVID-19
manifestations are diagnosed during the first 4-6 weeks after symptom onset. Some
immune-related manifestations tend to appear during the first 2 weeks of infection

(early immune-related features of COVID-19), whereas others tend to emerge in a late
post-infectious stage or even in asymptomatic patients (late immune-related features of
COVID-19). ¢ | Post-COVID-19 sequelae. Symptoms related to organ-specific sequelae
caused by the viral infection — affecting internal organs such as the lungs (interstitial lung
disease in patients with severe pneumonia), the heart (chronic heart failure in patients
with myocarditis) or the kidneys (chronic renal failure in patients with glomerulonephritis)
— can emerge after resolution of the acute infection. d | Long COVID. One or more of
the symptoms related to the acute viral infection, such as fatigue, pain, chills, anosmia,
dysgeusia or headaches (as the most frequently reported), can persist for more than

12 weeks, a situation often referred to as ‘long COVID’. These symptoms can affect any
bodily system, are not explained by an alternative diagnosis and, in some patients, may
follow a relapsing—remitting pattern, possibly fluctuating and changing over time'.

patients'". To date, all reported cases of COVID-19-
associated thyroid dysfunction are overwhelmingly
consistent with overt hyperthyroidism (defined as low
levels of thyroid-stimulating hormone plus high levels
of free T4), often presenting with clinical symptoms of
thyrotoxicosis and enlarged painful thyroid gland in
physical and ultrasonography examinations; cases pre-
senting with subclinical hypothyroidism are rare. From a
pathogenic point of view, some findings seem to suggest
that thyroid dysfunction could be a transient phenom-
enon related to the hyperinflammatory biological sce-
nario (correlating with increased concentrations of IL-6
and infection severity, with abnormal values reverting
after infection recovery). Most patients who were tested
for anti-thyroid antibodies had negative results. Adrenal
involvement can include acute adrenal infarction (as an
incidental CT finding in one quarter of patients), adre-
nal haemorrhages and micro-infarctions and, rarely,
adrenal insufficiency””*'** (Supplementary Table 18).

Pancreatic involvement. Several patients with COVID-19
presenting with abdominal pain and elevated con-
centrations of pancreatic enzymes have been diag-
nosed with acute pancreatitis, most frequently women
(Supplementary Table 19). The clinical and epidemio-
logical scenario is wide, and includes involvement of
children and older people, patients presenting with-
out clinical symptoms, post-mortem studies, family
cases, or patients with underlying predisposing factors.
Compared with patients without COVID-19, patients
with COVID-19 presenting with acute pancreatitis
showed a similar epidemiological profile but a worse
bedside index for severity in acute pancreatitis (BISAP)
score, a higher frequency of persistent organ failure
and a worse survival rate'’ (Supplementary Table 19).
Several pathogenic mechanisms have been suggested
to explain the putative association between acute pan-
creatitis and COVID-19, including direct viral damage
to pancreatic cells, endothelial damage and ischaemic
and/or thrombotic mechanisms'**.

Ocular involvement. Some inflammatory ocular dis-
eases have been diagnosed in patients with COVID-19,
including one reported case of bilateral anterior uveitis'>*
and conjunctivitis, which has been reported in more
than 50 adult patients, mostly from Asian countries'*.

Probing the underlying pathogenesis

An increasing number of studies are reporting about col-
lateral manifestations related to an excessive response
of the immune system against SARS-CoV-2, breaking
the natural self-tolerance maintained by the immune
system, as has been previously described in other
acute and chronic viral infections'~'* or that has been
related to the administration of biologic drugs'®"'®.
Immune-related manifestations related to COVID-19
were initially described in hospitalized patients, espe-
cially in those with severe disease, but have also been
described in patients with an already resolved infection
or even in asymptomatic patients. The clinical phenotype
seems to be modified by epidemiological factors such
as age (manifestations clearly differentiated between
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Table 3 | Persistent symptoms and organ-specific sequelae reported in patients

with COVID-19

Features

General features’*’#1%:17

Fever

Chills

Fatigue

Musculoskeletal features’"’%'7°
Arthralgia

Myalgia

Myalgia, headache and/or fatigue
Pulmonary features’’#127:176-178
Dyspnoea

Chest pain

Cough

Sputum production

Abnormal pulmonary function
tests®

Weeks after first symptom of acute COVID-19

4 weeks®

4%
5%
35%

10-15%

36%

11-27%
20%
43%

47-54%

Ear, nose and throat features’*’%*?":176

Rhinitis and/or congestion

Sore throat

Anosmia

Dysgeusia

Anosmia and/or ageusia
Cardiovascular features'?”*7*:1%°
Raised troponin levels

Imaging myocardial inflammation
Imaging pericardial enhancement

Late myocardial gadolinium
enhancement

Post-discharge thrombosis
Gastrointestinal features’"’%'?7¢
Abdominal pain

Nausea

Vomiting

Diarrhoea

Diarrhoea or vomiting

Lack of appetite

Weight loss >5%
Neurological features’**":*
Headache

Confusion

Vertigo

Other features’

Sicca syndrome

Red eyes

28%
15%
23%
24%
28%

0.5-2.5%

15%
10%
4%

17%

16%

14%
21%

8 weeks

0%

53%

16-27%
6%
21%

8-43%
22%
18%
8%

15%
%

17%
10%
23%

78%
60%
22%
32%

3%
11%
8%
17%

9%

6%

16%
10%

12 weeks

14%

2%

2%
25%

“Tenforde et al.'’° evaluated features at 2-3 weeks. "At least one abnormal parameter.

children and adults)'®, sex (myositis, arthritis, GBS,
myelitis and glomerulonephritis are reported mainly in
men, whereas thyroiditis and pancreatitis occur more
frequently in women) or ethnicity (although the role
of socioeconomic factors must always be assessed)'**'®>
(TABLES 1 and 2), and some pathogenic mechanisms
could be specifically involved in certain epidemiolog-
ical subsets of patients. For instance, in comparison
with adults, children with COVID-19 predominantly
generate IgG antibodies specific for the SARS-CoV-2
spike protein, targeting mainly the S2 subunit, but not
for the nucleocapsid protein, a virus-related pathogenic
mechanism that could help to explain the differentiated
phenotype reported in children and adults'**'*”. The
severity of the manifestations of COVID-19 is also very
wide, ranging from completely benign and self-limiting
manifestations (for example, perniosis) to systemic syn-
dromes (such as MIS-C or HLH) that can lead to the
need for intensive care and potentially to death. Multi-
disciplinary management of patients with COVID-19
is mandatory, including experts in the corresponding
systemic and organ-specific autoimmune diseases, and
should always follow a holistic diagnostic approach
owing to the large variety of multisystem symptoms that
patients with COVID-19 might present (FIGS 2 and 3).
In the absence of specific data about the therapeutic man-
agement of immune-related COVID-19 manifestations,
following an approach similar to that used in the corre-
sponding non-COVID-19 diseases could be a reasona-
ble option, as has been suggested for neuroinflammatory
COVID-19 with the use of corticosteroids, intravenous
immunoglobulin and plasma exchange'"'**.

Little is known about the pathogenesis of these
manifestations'®, although involvement of specific
responses by the acquired immune system seems to
be of little consequence if we consider that serum
autoantibodies (one of the main pathogenic hypothe-
ses of autoimmune diseases) are absent in most patients
tested for them. Therefore, the use of terms such as
‘immune-related’ or ‘immune-mediated’ could be
more appropriate than the term ‘autoimmune’ to refer
to these manifestations, as has been proposed for ter-
minology of immune-related manifestations associ-
ated with checkpoint inhibitors'®'. Studies centred on
investigating the role of interferon-related pathways in
COVID-19, an important mechanism also involved
in the pathogenesis of several autoimmune diseases'”’,
have reported the presence of autoantibodies against
type I interferon or inborn errors of type I interferon
immunity'”""”* in patients with severe COVID-19. In
the literature we reviewed, there seems to be a certain
pattern of occurrence of many immune-related mani-
festations in relation to the onset of SARS-CoV-2 infec-
tion: some features tend to appear in the first 2 weeks of
infection (FIC. 3), whereas others tend to emerge in a late
post-infectious stage or even in asymptomatic patients
(FIG. 4). This differentiated temporal distribution along
the different stages of SARS-CoV-2 infection could sug-
gest the involvement of different aetiopathogenic mech-
anisms triggered by a common aetiological agent'”>'"*,
with some features being predominantly linked to
early viral immune responses and other features with
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subsequent inflammatory responses emerging once the
virus has been eliminated.

Immune-related manifestations of COVID-19 should
be distinguished from other clinical scenarios with a dif-
ferent pathogenic basis (FIG. 5). In patients with severe
COVID-19, some vital internal organs can be severely
damaged by the inflammatory process. In a considera-
ble percentage of patients with COVID-19 pneumonia,
results of pulmonary function evaluations can remain
abnormal several weeks after acute infection, includ-
ing abnormal PFT results in 54% of patients and abnor-
mal CT imaging studies in 40-94%'*-'*. Several cases
of pulmonary fibrosis have also been reported'**-'*,
suggesting that long-term respiratory complications
could cause substantial morbidity in the population'*"'”>.
Other studies have reported chronic cardiac inflamma-
tion and left ventricular dysfunction a couple of months
after the clinical onset of COVID-19, findings that could
increase the risk of developing new-onset heart failure
and other cardiovascular complications'”. Another clin-
ical scenario that has been scarcely explored is the persis-
tence over time of acute symptoms of COVID-19, such
as fatigue, pain, chills, anosmia, dysgeusia and headaches
(referred to as long COVID’)"!72127137176-180 (TABLE 3).
Some patients also develop a syndrome that can resem-
ble myalgic encephalomyelitis/chronic fatigue syndrome
or fibromyalgia'®'. To date, no study has demonstrated
that immune-related mechanisms could be involved in
the pathogenesis of these symptoms'**.

The novelty of these manifestations and the large
number of different specialties involved make it very dif-
ficult at present to have consensus on a diagnostic defi-
nition for most of them, and two different approaches
have been followed to date. The first has been to propose
a new syndrome, as has been done with the MIS-C in
children, to separate it from other known diseases with
which this syndrome has notable similarities (in the case
of MIS-C, Kawasaki disease). The second has been to
include SARS-CoV-2 within the multi-aetiological spec-
trum often reported in patients affected by the classi-
cal syndrome or disease, considering that patients with
COVID-19 might have a different clinical phenotype

but under the umbrella of the same syndrome (such
as HLH, vasculitis, autoimmune cytopenia, GBS or
glomerulonephritis).

As knowledge of COVID-19 pathogenesis remains
limited, there remain many more doubts than certain-
ties, such as knowing why immune-related manifesta-
tions affect only certain people with COVID-19, why
the phenotype is so different in children from that in
adults, why some manifestations emerge especially in the
acute infection phase and others when the infection is
overcome, why some manifestations vary greatly with
respect to geography and/or ethnicity of the affected
patients, why a substantial proportion of patients remain
symptomatic several months after being exposed to the
virus, or why the number of reported cases of each
immune-related manifestation of COVID-19 is clearly
imbalanced, given that only two manifestations (MIS-C
and chilblains being precisely those manifestations that
particularly affect children and young people) make up
two-thirds of the total reported cases.

Conclusions

Immune-related manifestations are increasingly reco-
gnized in patients with COVID-19, with a protean
clinical presentation affecting a wide range of organ sys-
tems in both children and adults. The body of evidence
consists predominantly of case series and uncontrolled
studies that had reported ~3,000 cases worldwide as of
August 2020, including more than 70 different systemic
and organ-specific disorders. Unsurprisingly, therefore,
diagnostic and therapeutic decision-making are often
based on scarce clinical experience and expert opinion.
Without being able to offer solid conclusions and plausi-
ble aetiopathogenic explanations, the main objective of
this Review is to awaken the interest of the scientific com-
munity in this emerging group of manifestations and thus
facilitate the development of studies specifically devoted
to investigating the pathogenic mechanisms that could
help enable the early detection and adequate management
of immune-related manifestations of COVID-19.
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