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Abstract
Objective
To investigate the similarities and differences between Coronavirus disease 2019 (COVID-19) and autoimmune and
autoinflammatory rheumatic diseases characterised by hyperferritinaemia, such as antimelanoma differentiation-
associated protein 5 (MDAS) autoantibody-positive dermatomyositis and adult Still’s disease.

Methods
We reviewed consecutive, newly diagnosed, untreated patients with COVID-19, anti-MDAS5 dermatomyositis, or adult
Still’s disease. We compared their clinical, laboratory, and radiological characteristics, including the prevalence of
macrophage activation syndrome and lung involvement in each disease.

Results
The numbers of patients with COVID-19, anti-MDAS5 dermatomyositis, and adult-onset Still’s disease with
hyperferritinaemia (serum ferritin =500ng/dL) who were included for main analysis were 22, 14, and 59, respectively.

COVID-19 and adult Still’s disease both featured hyperinflammatory status, such as high fever and elevated serum
C-reactive protein, whereas COVID-19 and anti-MDAS5 dermatomyositis both presented with severe interstitial lung
disease and hypoxaemia. While two-thirds of the patients in each group met the criteria for macrophage-activated

syndrome that is used in systemic juvenile idiopathic arthritis, the HScore, an indicator of haemophagocytic

lymphohistiocytosis, was low in anti-MDAS dermatomyositis and COVID-19 even in severe or critical cases.

The findings of chest computed tomography were similar between COVID-19 and anti-MDAS dermatomyositis.

Conclusion
COVID-19 shared clinical features with rheumatic diseases characterised by hyperferritinaemia, including
anti-MDAS dermatomyositis and adult Still’s disease. These findings should be investigated further in order to
shed light on the pathogenesis of not only COVID-19 but also the aforementioned rheumatic diseases.
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Introduction

The coronavirus disease 2019 (COV-
ID-19), caused by a novel corona virus
named SARS-CoV-2, has emerged as
a global pandemic (1, 2). Infected pa-
tients typically present with fever and
respiratory symptoms in addition to
showing interstitial inflammation upon
computed tomography (CT) scanning
(3,4). The associated pneumonia tends
to progress with a remarkable speed,
leading to diffuse alveolar damage or
acute respiratory distress syndrome
via hyperinflammation. Intensive care
and mechanical ventilation are some-
times required. An effective treatment
method has not yet been established
for COVID-19, although the efficacy
of short-term high-dose glucocorti-
coids has recently been reported (5-7).
At present, the main pathogenesis of
severe inflammation and organ damage
in patients with COVID-19 is thought
to be not only the virus itself but also
the hyper-inflammatory response of
the host. These inflammatory process
caused by SARS-CoV-2 infection
involves cytokine storm along with
overactivation of macrophage (8, 9).
Indeed, a significant increase in in-
flammatory cytokines including both
adaptive and innate immune cytokines
such as interleukin (IL)-1f, IL-6, IL-8
and IL-18 from helper T cells or non-
classical monocytes has been found in
patients with COVID-19 (10-14).

On another front, cytokine storm with
macrophage activation are frequently
observed in various connective tis-
sue diseases. Dermatomyositis with
positive antimelanoma differentiation-
associated protein 5 (anti-MDAS)
autoantibodies and adult Still’s dis-
ease are representative diseases that
involves overactivated macrophages
in their pathogenesis (15-19). Mac-
rophage activation during inflamma-
tory states are partially characterised
by an increased serum ferritin levels
(18), and both anti-MDAS dermato-
myositis and adult Still’s disease pre-
sent with hyperferritinaemia that re-
flects disease activity (15-17), which
has been also increasingly reported
in COVID-19 (20, 21). Furthermore,
anti-MDAS-positive dermatomyositis
can be complicated with fatal progres-

sive interstitial lung disease similar
to COVID-19 (22, 23), and the main
features of adult Still’s disease such as
persistent high fever and the increase
in acute phase reactants is observed in
severe COVID-19 (19-21). Hyperferri-
tinaemia and characteristics shared by
the three diseases are a topic of interest
to rtheumatologists, however, no study
has evaluated anti-MDAS5-positive der-
matomyositis and adult Still’s disease
in comparison to COVID-19 (19-23).
The aim of this study was to highlight
the homology and heterogeneity of
COVID-19, anti-MDAS dermatomy-
ositis, and adult Still’s disease by com-
paring clinical pictures of each disease
in order to discuss their respective
pathogeneses.

Materials and methods

Patients

We retrospectively reviewed consecu-
tive, newly diagnosed, untreated pa-
tients with COVID-19, anti-MDAS5-
positive dermatomyositis, and adult
Still’s disease at Keio University Hos-
pital from April 2012 to June 2020. All
of the patients with COVID-19 were
found positive for SARS-CoV-2 us-
ing reverse transcription polymerase
chain reaction testing, and abnormal
shadowing was detected during chest
CT scanning. Patients with classical
or clinically amyopathic dermatomy-
ositis were diagnosed according to the
classification criteria proposed by Bo-
han and Peter (24) or Sontheimer (25),
respectively. We measured the levels
of anti-MDAS antibodies in the pa-
tients with dermatomyositis using an
enzyme-linked immunosorbent assay
with recombinant MDAS as an antigen
source (26). Patients with adult Still’s
disease were diagnosed according to
Yamaguchi’s criteria (27). Interstitial
lung disease was assessed based on
the criteria established by the Ameri-
can Thoracic Society as well as a mul-
tidisciplinary assessment involving
clinical, radiological, and pathological
findings (28) This study was approved
by the Ethics Committee of Keio Uni-
versity School of Medicine, and ob-
taining written informed consent was
waived according to the Japanese reg-
ulations.
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Data collection

Clinical and laboratory data were ob-
tained from the patients’ medical re-
cords. The presence of symptoms and
organ involvement therein were evalu-
ated during the clinical course. The
laboratory data used in the analysis
were the maximum values obtained
within 14 days of being diagnosed with
one of the three diseases. The images
were independently assessed by an ex-
perienced rheumatologist and pulmo-
nologist who were blind to the patients’
clinical information, and their disagree-
ments were discussed and appropriately
adjusted.

Definition

The severity of COVID-19 was cat-
egorised according to previous studies;
severe COVID-19 was defined as the
presence of dyspnoea, respiratory fre-
quency =30/min, blood oxygen satura-
tion <93%, partial pressure of arterial
oxygen to fraction of inspired oxygen
ratio <300, or lung infiltrates >50%
within 24 to 48 hours. Critical cases
were defined as the presence of res-
piratory failure, septic shock, or mul-
tiple organ dysfunction or failure (29,
30). Hyperferritinaemia was defined as
a serum ferritin level =500ng/dL, us-
ing hemophagocytic lymphohistiocy-
tosis as a reference (31). The patients’
HScores were calculated according to
a previously reported definition for the
diagnosis of reactive haemophagocytic
syndrome (32).

Statistical analysis

All statistical analyses were performed
using the JMP 13 software (SAS Insti-
tute Inc., Cary NC, USA). Continuous
data have been presented as the mean
with standard deviation (SD) or me-
dian with interquartile range (IQR).
Categorical data were compared using
the Fisher’s exact or Wilcoxon signed-
rank test, as appropriate. Analysis of
variance was used to compare the con-
tinuous data in the three groups, af-
ter which the Kruskal-Wallis test was
used. The predictive accuracy was esti-
mated using a receiver-operating char-
acteristic curve with an area under the
curve. A p-value of <0.05 was deemed
to be statistically significant.
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Fig. 1. Patient’s flow of this study

A total of 22 patients with COVID-19, 14 with anti-MDAS-positive dermatomyositis, and 59 with
adult-onset Still’s disease with hyperferritinaemia were included in the analysis.

Results

Demographic and clinical
characteristics

The numbers of patients with COV-
ID-19, anti-MDAS5-positive dermato-
myositis, and adult-onset Still’s dis-
ease in our hospital were 51, 17, and
66, respectively (one patient with
COVID-19 with bacterial pneumonia
was excluded). The demographics and
clinical characteristics of all patients
are shown in Supplementary Table S1.
Of the patients, hyperferritinaemia (se-
rum ferritin =500ng/dL) was observed
in 22 COVID-19 patients (43%), 14
anti-MDAS5 dermatomyositis patients
(82%), and 59 adult Still’s disease pa-
tients (89%) (Fig. 1). We compared
disease severity and manifestations
between patients with high serum fer-
ritin levels (=500 ng/ml) and those with
low levels (<,500 ng/ml) in each three
disease (Suppl. Table S2). Mostly, pa-
tients with ferritin levels =500 ng/ml
were severer than those without.

The demographics and clinical charac-
teristics of the patients with hyperfer-
ritinaemia are summarised in Table I.
COVID-19 was male-dominant, anti-
MDAS dermatomyositis was equally
distributed in terms of sex, and adult
Still’s disease was female-dominant.
High fever was more frequently ob-
served in patients with COVID-19
(86.4%) and adult Still’s disease
(76.2%) than in those with anti-MDAS
dermatomyositis (21.4%, p<0.01) Hy-
poxaemia had a higher incidence in
patients with COVID-19 (86.4%) and
anti-MDAS dermatomyositis (71.4%)

than in those with adult Still’s disease
(33%, p<0.01), reflecting lung in-
volvement (100% vs. 100% vs. 21.5%,
respectively, p<0.01). Rash and arthral-
gia were more frequent in patients with
anti-MDAS dermatomyositis and adult
Still’s disease than in those with COV-
ID-19 (rash, 100% vs. 91.5% vs. 9.1%,
p<0.01; arthralgia, 64.3% vs. 72.5% vs.
13.7%, respectively). Lymphadenopa-
thy, hepatosplenomegaly, or both were
found to be characteristic of adult Still’s
disease (72.9%), while thrombosis
mostly occurred in COVID-19 patients
(18.1%).

The laboratory findings have also been
presented in Table I. We observed a de-
crease in lymphocytes in COVID-19
(507/uL) patients and an increase in
neutrocytes in adult Still’s disease
(13768/uL) patients, the result of which
was an increase in the neutrophil-lym-
phocyte ratios of both diseases (8.8 vs.
14.2, respectively). The platelet count
was lower in the COVID-19 patients
(15.3x10%pL) than in the anti-MDAS5
dermatomyositis (21.6x10%/uL) or adult
Still’s disease patients (20.0x10*/uL,
p=0.04). The D-dimer level was signifi-
cantly higher in adult Still’s disease pa-
tients (12.3 mg/dL) than in COVID-19
(5.3 mg/dL) or anti-MDAS5 dermatomy-
ositis patients (1.9 mg/dL, p<0.01). The
serum C-reactive protein (CRP) levels
were significantly higher in the patients
with COVID-19 (10.8 mg/dL) and
adult Still’s disease (9.2 mg/dL) than
in those with anti-MDAS dermatomy-
ositis (1.2 mg/dL, p<0.01). The serum
ferritin levels were much higher in the
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Table I. Patient demographics and clinical characteristics with hyperferritinaemia.

Variables COVID-19 Anti-MDAS Adult Still’s p-value
n=22 dermatomyositis disease
n=14 n=59 For three COVID-19 vs. COVID-19 vs.  Dermato-
Dermato- Adult Still’s  myositis vs.
myositis disease Adult Still’s
disease
Demographics
Female, n (%) 2 (9.1%) 9 (64.3%) 48 (81.3%) <0.01* 0.02* <0.01* 0.21
Age 59.8+14.2 56.1 £13.3 457+ 189 <0.01* 0.54 <0.01* 0.04*
Died in hospital 2 (9.1%) 4 (28.6%) 0 (0%) <0.01* 0.12 0.02* <0.01*
Symptoms
Fever (>37.5°C), n (%) 22 (100%) 4 (35.7%) 58 (98.4%) <0.01* <0.01* 0.95 <0.01*
Fever (>38.5°C), n (%) 19 (86.4%) 3 (21.4%) 45 (76.2%) <0.01* <0.01* 0.53 <0.01*
Hypoxaemia (SpO2 <93% 19 (86.4%) 10 (71.4%) 2 (3.3%) <0.01* 0.64 <0.01* <0.01*
on room air), n (%)
Rash, n (%) 2 (9.1%) 14 (100%) 54 (91.5%) <0.01* <0.01* <0.01* 0.88
Arthralgia, n (%) 3 (13.7%) 9 (64.3%) 44 (74.5%)
Lymphadenopathy/ 3 (13.7%) 3 (21.4%) 43 (72.9%) <0.01* 041 <0.01* <0.01*
hepatosplenomegaly, n (%)
Lung involvement, n (%) 22 (100%) 14 (100%) 8 (21.1%,n=38) <0.01* NA <0.01* <0.01*
Thrombosis, n (%) 4 (18.1%) 1 (7.1%) 1 (1.7%) 0.03* 0.35 0.01* 0.26
Laboratory findings
White blood cell (/uL) 5250 (3900-7025) 4650 (3725-7125) 16400 (11100-19300) <0.01* 0.81 <0.01* <0.01*
Neutrophil (/uL) 3997 (2741-5807) 3301 (2760-5953) 13768 (9448-16622) <0.01* 0.78 <0.01* <0.01*
Lymphocyte (/pL) 507 (249-1018) 713 (370-968) 882 (556-1242) 0.04* 0.76 0.02* 0.12
Neutrophil/Lymphocyte ratio 8.8 (4.7-30.2) 5.6 (3.2-16.4) 142 (8.3-23.1) 0.02* 047 0.07 0.02*
Platelets (x10*/puL) 15.3 (9.3-22.9) 21.6 (15.8-29.0) 200 (13.8-244) 0.04* 0.03* 0.04* 0.32
Fibrinogen (mg/dL) 526 (443-584) 412 (309-591) 551 (394-705) <0.01* <0.01* 0.56 <0.01*
D-dimer (mg/dL) 5.3 (1.1-17.0) 1.9 (1.0-3.9) 12.3 (3.3-24.1) 0.03* 0.12 0.27 <0.01*
LDH (U/L) 401 (274-510) 433 (313-694) 566 (409-792) 0.07
AST (U/L) 59 (39.5-119) 57 (45.5-123) 87 (58-173) 0.11
CPK (IU/L) 53 (40-75) 113 (72.5-371) 39 (26-82) <0.01* 0.04* 0.06 <0.01*
CRP (mg/dL) 10.8 (6.8-18.6) 1.2 (0.3-2.1) 92 (4.7-17.1) <0.01* <0.01* 0.31 <0.01*
Ferritin (ng/mL) 1232 (780-2049) 1711 (967-3268) 8107 (3293-29850) <0.01* 0.17 <0.01* 0.01*
IgG (mg/dL) 1117 (985-1217) 1322 (1119-1516) 1340 (1084-1609) <0.01* <0.01* <0.01* 0.83
Triglycerides (mg/dL) 123 (85-162) 174 (135-191) 123 (99-195) 0.21
KL-6 (U/dL) 279 (229-526) 566 (433-924) 233 (177-318,n=34) <0.01* <0.01* 0.02* <0.01*
Antinuclear antibody, n (%) 2 (154%,n=13) 3 (21.4%) 6 (10.2%) 0.65
Rheumatoid factor, n (%) 1 (100%,n=10) 2 (15.3%,n=13) 3 (52%,n=57) 0.51
Antiphospholipid antibody, n (%) 3 (20.0%,n=15) 3 (23.1%,n=13) 2 (5.1%,n=37) 0.22
Anti-cardiolipin antibody,n (%) 0 (0%, n=15) 3 (23.1%,n=13) 2 (5.1%,n=37) 0.77
Lupus anticoagulant, n (%) 3 (20.0%,n=15) 0 (0%, n=10) 0 (0%,n=22) 0.03* 0.15 0.02* NA

Values are mean + SD or median (IQR) unless otherwise specified.
COVID-19: Coronavirus disease 2019; MDA: melanoma differentiation-associated protein 5: LDH: lactate dehydrogenase; AST: aspartate aminotrans-
ferase; ALT: alanine aminotransferase; CRP: C-reactive protein; KL-6: Krebs von den Lungen-6 (sialylated carbohydrate antigen).

patients with adult Still’s disease (8107
ng/mL) than in those with COVID-19
(1232 ng/mL) or anti-MDAS dermato-
myositis (1711 ng/mL, p<0.01), while
serum IgG levels were slightly lower
in adult Still’s disease patients (1117
mg/dL) than in COVID-19 (1322 mg/
dL) or anti-MDAS dermatomyositis pa-
tients (1340 mg/dL, p<0.01).

Fulfilment of macrophage activation
syndrome and secondary haemopha-
gocytic lymphohistiocytosis criteria
We investigated the fulfilment of the
criteria for macrophage activation syn-
drome or haemophagocytic lympho-
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histiocytosis in the diseases (Table II).
The most recent classification criteria
for systemic juvenile idiopathic arthri-
tis, a paediatric disease known to be
complicated with macrophage activa-
tion syndrome in many cases, have
been proposed by the European League
Against Rheumatism/American Col-
lege of Rheumatology/Paediatric Rheu-
matology International Trials Organi-
zation (33). These criteria were fulfilled
by 63.6% of patients with COVID-19,
71.4% of those with anti-MDAS der-
matomyositis, and 67.8% of those with
adult Still’s disease (p=0.47). When we
focused on the patients who fulfilled

the macrophage activation syndrome
criteria, the difference in demograph-
ics and clinical characteristics between
the three diseases remained almost the
same (Suppl. Table S3).

However, the 2004 HLH criteria were
fulfilled by none of the patients with
COVID-19 and anti-MDAS5 dermato-
myositis and only by 6.8% of those with
adult Still’s disease. Furthermore, The
HScore, an equation proposed for the
diagnosis of secondary haemophago-
cytic lymphohistiocytosis, was 85.0 in
the COVID-19 group, 76.5 in the anti-
MDAS5 dermatomyositis group, and
132.2 in the adult Still’s disease group

Clinical and Experimental Rheumatology 2021
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Table II. Fulfilment of various criteria for macrophage activation syndrome and secondary haemophagocytic lymphohistiocytosis in pa-
tients with hyperferritinaemia.

Criteria COVID-19 Anti-MDAS Adult Still’s p-value
n=22 dermatomyositis disease
n=14 n=59 For three COVID-19 vs. COVID-19 vs. Dermato-
Dermato- Adult Still’s  myositis vs.
myositis disease Adult Still’s
disease
EULAR/ACR/PRINTO 14 (63.6%) 10 (71.4%) 40 (67.8%) 047
criteria for MAS
HScore 85.0+33.1 76.5+31.5 1322 +474 <0.01* 0.55 <0.01* <0.01*
HScore >169 1 (4.5%) 0 (0%) 11 (18.6%) 0.02* 0.71 0.03* 0.02*
2004 HLH criteria 0 (0%) 0 (0%) 4 (6.8%) 0.28

COVID-19: Coronavirus disease 2019; MDA: melanoma differentiation-associated protein 5; EULAR/ACR/PRINTO criteria for MAS 2016 European
League Against Rheumatism/American College of Rheumatology/Paediatric Rheumatology International Trials Organisation classification criteria for mac-
rophage activation syndrome; HLH: haemophagocytic lymphohistiocytosis.

Table III. Chest CT findings in patients with hyperferritinaemia.

CT findings COVID-19 Anti-MDAS Adult Still’s p-value
n=22 dermatomyositis disease
n=14 n=38 For three = COVID-19 COVID-19 Dermato-
vs. Dermato- vs. Adult myositis vs.
myositis Still’s disease  Adult Still’s
disease

Bilateral ground glass Opacity 20 (90.9%) 13 (92.9%) 3 (7.9%) <0.01* 091 <0.01* <0.01*
Consolidation 15 (68.1%) 8 (57.1%) 1 (12.5%) <0.01* 0.85 <0.01* <0.01*
Shrinking lung 13 (59%) 7 (50%) 0 (0%) <0.01* 0.88 <0.01* <0.01*
Subpleural curvilinear line 7 (35.7%) 6 (42.8%) 2 (52%) 0.04* 0.9 0.03* 0.04*
Diffuse alveolar damage 6 (27.3%) 4 (28.5%) 0 (0%) <0.01* 0.78 <0.01* <0.01*
Pulmonary thromboembolism 1 (4.5%) 1 (7.1%) 0 (0%) 0.9
Pleural effusion 0 (0%) 0 (0%) 8 (21.1%) <0.01* NA <0.01* <0.01*

CT: computed tomography; COVID-19: Coronavirus disease 2019; MDA: melanoma differentiation associated protein.

(p<0.01, Table II). The proportion of
patients whose HScore >169, which
considered to be a potential indicator of
haemophagocytic lymphohistiocytosis,
was only 4.5% in the COVID-19 group,
0% in the anti-MDAS dermatomyositis
group, and 18.6% in the adult Still’s
disease group. In 19 of the patients with
severe and critical COVID-19 (8 were
critical cases), the mean HScore was
found to be 96.5. The receiver-operat-
ing characteristic curve revealed that
an HScore classified severe COVID-19
with a cut-off of 68 (area under the
curve 0.77, sensitivity 79%, specific-
ity 75%) and critical COVID-19 with a
cut-off of 92 (area under the curve 0.84,
sensitivity 88%, specificity 76%).

CT findings in the lungs

The findings of the chest CT scan are
summarised in Table III, including bi-
lateral random ground-glass opacities,
consolidations, subpleural curvilinear
line, diffuse alveolar damage, shrinking

Clinical and Experimental Rheumatology 2021

lung, pulmonary thromboembolism,
and pleural effusion. The characteristics
of these findings were very similar be-
tween the COVID-19 and anti-MDAS
dermatomyositis patients, except for
pulmonary embolism, which was only
found in COVID-19. Shrinking lungs
were found in 59% of COVID-19 cases
and 50% of anti-MDAS5 dermatomyosi-
tis cases. Pleural effusion was the main
chest CT finding in patients with adult
Still’s disease. (Fig. 2A-B-C).

Discussion

This study discusses the similarities
and differences in clinical and labora-
tory features between COVID-19 and
rheumatic diseases characterised by hy-
perferritinaemia, including anti-MDAS
autoantibody-positive dermatomyositis
and adult Still’s disease. The associa-
tions of the three diseases in terms of
the involved organs and laboratory
findings are depicted in figures 3A and
3B. The clinical pictures of lung in-

volvement in COVID-19 were similar
to those of pneumonitis complicated
with anti-MDAS dermatomyositis, and
hyperinflammation was present in both
COVID-19 and adult Still’s disease.

The pathogeneses of these three dis-
eases are partly common with regard
to macrophage activation. On a cel-
lular level, macrophages act as a ma-
jor iron sink by directly phagocytising
senescent red blood cells and secrete
ferritin in accordance with their activa-
tion, resulting in an increase in serum
ferritin levels (34). Significant mac-
rophage activation can occur in various
conditions such as hereditary diseases,
sepsis, and other rheumatic diseases
including catastrophic antiphospho-
lipid syndrome, systemic lupus erythe-
matosus, systemic juvenile idiopathic
arthritis, and Kawasaki disease, all of
which involve extremely elevated lev-
els of inflammatory cytokines such as
tumour necrosis factor-o, interferon-vy,
IL1-p, and IL-6 with hyperferritinae-
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Fig. 2. Imaging characteristics of chest CT scans in patients with COVID-19, anti-MDAS5 dermatomyositis, and adult Still’s disease.
A: Bilateral ground-glass and consolidative opacities with peripheral distribution in COVID-19.
B: Bilateral ground-glass opacities with peripheral consolidations in anti-MDAS5 dermatomyositis.
C: Pleural effusion with pleural thickening on the left side in adult Still’s disease.
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Fig. 3. The associations of the three diseases in the involved organs and laboratory findings.
A: The main affected organs in COVID-19, anti-MDAS dermatomyositis, and adult Still’s disease. COVID-19 and adult Still’s disease had hyperinflamma-
tory status, high fever, and serum inflammation markers in common, whereas COVID-19 and anti-MDAS5 dermatomyositis both included severe interstitial
lung disease along with similar findings observed during computed tomography.
B: Summary of changes in laboratory test results in the three diseases.

mia (18, 35). However, catastrophic
antiphospholipid syndrome is very rare,
and systemic lupus erythematosus with
hyperferritinaemia due to macrophage
activation syndrome is also infrequent
and heterogeneous pathologically and
clinically. Systemic juvenile idiopathic
arthritis and Kawasaki disease are pae-
diatric diseases. Therefore, we focused
on anti-MDAS dermatomyositis and
adult Still’s disease which are frequent-
ly related with hyperferritinaemia due
to macrophage activation (15-17). The
current study has shown that the criteria
for macrophage activated syndrome for
systemic juvenile idiopathic arthritis
were fulfilled by approximately two-
thirds of the patients in each disease.

We highlighted that COVID-19 and
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adult Still’s disease both featured hy-
perinflammatory status such as high
fever and CRP levels, although, the
serum ferritin levels and the develop-
ment of haemophagocytic lympho-
histiocytosis were much higher in the
adult Still’s disease group than in the
COVID-19 group. While macrophage
activation syndrome is considered to
be synonymous with haemophagocytic
lymphohistiocytosis (36), only one of
the COVID-19 patients had an HScore
more than 169. Similarly, a previous
study reported that only 7.5% of the
patients with critical COVID-19 who
were admitted to the intensive care unit
had an HScore >169 (37). Furthermore,
our study identified that severe or criti-
cal COVID-19 could be classified with

an HScore of as low as 68 or 92, respec-
tively. The possible explanation is that
the epicentre of the COVID-19 is pri-
marily localised to the lungs, whereas
the inflammation in adult Still’s disease
occurs in the systemic reticuloendothe-
lial system through IL-1f downstream
inflammasome activation and dysfunc-
tional regulation (38, 39). Additionally,
this could be partly due to the nature
of the HScore, as it was derived from
observations in patients with haemato-
logical malignancies and bacterial in-
fections (32).

We demonstrated that the clinical and
radiological features of the lungs were
very similar between COVID-19 and
anti-MDAS dermatomyositis (40, 41).
Actually, bilateral ground glass opacity
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and consolidation, typical radiological
features of COVID-19, also appear in
other connective tissue disease asso-
ciated interstitial lung disease (CTD-
ILD) than anti-MDAS dermatomyositis
(42, 43). However, the interstitial lung
disease of anti-MDAS dermatomyositis
is distinct from other CTD-ILDs; firstly,
serum ferritin levels are associated with
its prognosis (15-17), second, random
interstitial opacities or consolidations
located under the pleura tend to be fold-
ed and shrink during recovery (40, 41).
These characteristics are common with
COVID-19 pneumonia. Additionally,
there are several studies that could pro-
vide clues to identify the commonality
of the pathological processes of these
two diseases. MDAS, the correspond-
ing antigen of anti-MDAS antibodies,
is an intracellular pattern recognition
receptor for viral ribonucleic acid that
activates the innate immune response
and induces type I interferon signatures
that are associated with biological de-
fence (21, 22, 44-46). SARS-CoV-2
is a coronavirus consisting of a single
ribonucleic acid that can be recognised
by MDAS, suggesting that activation of
the pulmonary reticuloendothelial sys-
tem in COVID-19 is triggered through
MDAS. The efficacy of glucocorticoids
in severe COVID-19 has also suggested
that COVID-19 is not merely infectious
pneumonia but is associated with an
excessive inflammatory response (5,
47). However, the difference between
the two diseases is the tendency of
COVID-19 to induce thrombogenesis.
SARS-CoV-2 primarily infects the host
via the respiratory system, leading to
viraemia and the injury of peripheral
vascular endothelial tissues, and its
substantial damage may develop mi-
crothrombosis  (48-50). Meanwhile,
anti-MDAS-positive  dermatomyositis
is associated with autoantibodies and
autoreactive lymphocytes spreading
throughout the body via blood flow. The
aforementioned commonalities and dif-
ferences should be investigated further
in order to shed light on these diseases
and their respective pathogeneses.

Since COVID-19 develops various
clinical symptoms and production of
autoantibodies, its pathogenesis and
clinical features can be shared with
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many rheumatic diseases other than
anti-MDAS dermatomyositis and adult
Still’s disease. Pro-inflammatory cy-
tokine profiles of COVID-19 are largely
common with rheumatoid arthritis, and
treatment drugs for rheumatoid arthritis
such IL-6 inhibitors and Janus kinase
inhibitors are shown to be beneficial for
COVID-19 (51). COVID-19 triggers
production of various autoantibodies
including antiphospholipid antibodies
and type-1 interferon (52, 53), and ex-
acerbation of pre-existing autoimmune
diseases have been also reported (54).
The relationship of COVID-19 and its
effect on immunoregulatory distur-
bances is similar with virus-associated
vasculitis characterised by an initial
viral infection that induces a dysregula-
tion of the immune response which in
turn is responsible for tissue damages
(55). Additionally, both COVID-19 and
anti-neutrophil cytoplasmic antibody
associated vasculitis are associated
with formation of neutrophil extracellu-
lar traps, suggesting close relationship
between autoimmunity and acute viral
infection (56-58). While we focused
on anti-MDA positive dermatomyosi-
tis and adult Still’s disease to compare
with COVID-19 in our study, clinical
and serological features of COVID-19
are shared with other autoimmune/
autoinflammatory disorders. The com-
monality can be a spectrum and should
be investigated in future.

Our study had some limitations. First,
this was a retrospective study with a
small sample size. As all three diseases
are relatively rare, multicentred cohort
studies are needed to minimise bias.
Second, we did not measure serum
cytokines, which could have helped to
elucidate the proinflammatory patterns
of these diseases. Third, we measured
anti-MDAS antibodies in only two pa-
tients with severe COVID-19 (both
negative). These limitations should be
addressed in future studies.

In conclusion, our study revealed that
COVID-19 have several clinical fea-
tures in common with autoimmune or
autoinflammatory rheumatic diseases
accompanied by hyperferritinaemia,
including anti-MDAS dermatomyositis
and adult Still’s disease. These similari-
ties and differences should be investi-

gated further in future studies in order
to understand the pathogenic mecha-
nisms of not only COVID-19 but also
rheumatic diseases, thereby enabling
the establishment of an optimal treat-
ment method.

Acknowledgements

We would like to thank all the mem-
bers of the Keio COVID-19 Lifesaving
Team, Keio Donner Project Team, and
the staff who supported us at Keio Uni-
versity Hospital.

References

1. CHEN N, ZHOU M, DONG X et al.: Epide-
miological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study. Lancet
2020; 395: 507-13.

2. RICHARDSON S, HIRSCH JS, NARASIMHAN
M, CRAWFORD JM, MCGINN T, DAVIDSON
KW: Presenting characteristics, comorbidi-
ties, and outcomes among 5700 patients hos-
pitalized with COVID-19 in the New York
City area. JAMA 2020; 323: 2052-9.

3. ZHANG R, OUYANG H, FU L et al.: CT fea-
tures of SARS-CoV-2 pneumonia according
to clinical presentation: a retrospective anal-
ysis of 120 consecutive patients from Wuhan
city. Eur Radiol 2020; 30: 4417-4426.

4.7ZHUJ,ZHONG Z,LI H et al.: CT imaging fea-
tures of 4121 patients with COVID-19: A me-
ta-analysis. J Med Virol 2020; 92: 891-902.

5. RECOVERY COLLABORATIVE GROUP; HORBY
P,LIM WS, EMBERSON JR ef al.: Dexametha-
sone in hospitalized patients with Covid-19 -
Preliminary report. N Engl J Med 2021; 384:
693-704.

6. FADEL R, MORRISON AR, VAHIA A et al.:
Early short course corticosteroids in hospi-
talized patients with COVID-19. Clin Infect
Dis 2020; 71: 2114-20.

7. WANG Y, JIANG W, HE Q ef al.: A retrospective
cohort study of methylprednisolone therapy in
severe patients with COVID-19 pneumonia.
Signal Transduct Target Ther 2020; 5: 57.

8. MEHTA P, MCAULEY DF, BROWN M et al.:
COVID-19: consider cytokine storm syn-
dromes and immunosuppression. Lancet
2020; 395: 1033-4.

9. PEDERSEN SF,HO YC: SARS-CoV-2: a storm
is raging. J Clin Invest 2020; 130: 2202-5.
10. YANG Y, SHEN C, LI J et al.: Plasma IP-10
and MCP-3 levels are highly associated with
disease severity and predict the progression
of COVID-19. J Allergy Clin Immunol 2020;

146: 119-127 e4.

11. MEHTA P, CRON RQ, HARTWELL J, MANSON
JJ, TATTERSALL RS: Silencing the cytokine
storm: the use of intravenous anakinra in
haemophagocytic lymphohistiocytosis —or
macrophage activation syndrome. Lancet
Rheumatol 2020; 2: e358-67.

12. INGRAHAM NE, LOTFI-EMRAN S, THIELEN
BK et al.: Immunomodulation in COVID-19.
Lancet Respir Med 2020; 8: 544-6.

13. CHEN G, WU D, GUO W et al.: Clinical and
immunological features of severe and mod-

637



COVID-19 shares clinical features with rheumatic diseases / Y. Kondo et al.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

erate coronavirus disease 2019. J Clin Invest
2020; 130: 2620-9.

TAKAHASHI T, ELLINGSON MK, WONG P
et al.: Sex differences in immune responses
that underlie COVID-19 disease outcomes.
Nature. 2020 Aug 26. Epub ahead of print.
GONO T, SATO S, KAWAGUCHI Y et al.
Anti-MDAS antibody, ferritin and IL-18 are
useful for the evaluation of response to treat-
ment in interstitial lung disease with anti-
MDAS antibody-positive dermatomyositis.
Rheumatology (Oxford) 2012; 51: 1563-70.
RUSCITTI P, CIPRIANI P, DI BENEDETTO P
et al.: Increased level of H-ferritin and its
imbalance with L-ferritin, in bone marrow
and liver of patients with adult onset Still’s
disease, developing macrophage activation
syndrome, correlate with the severity of the
disease. Autoimmun Rev 2015; 14: 429-37.

. MOGHADAM-KIA S, ODDIS CV, SATO S,

KUWANA M, AGGARWAL R: Anti-melanoma
differentiation-associated gene 5 is associat-
ed with rapidly progressive lung disease and
poor survival in US patients with amyopathic
and myopathic dermatomyositis. Arthritis
Care Res 2016; 68: 68994.

ROSARIO C, ZANDMAN-GODDARD G, MEY-
RON-HOLTZ EG, D’CRUZ DP, SHOENFELD
Y: The hyperferritinemic syndrome: mac-
rophage activation syndrome, Still’s disease,
septic shock and catastrophic antiphospho-
lipid syndrome. BMC Med 2013; 11: 185.
COLAFRANCESCO S, ALESSANDRI C, CONTI
F, PRIORI R: COVID-19 gone bad: A new
character in the spectrum of the hyperferri-
tinemic syndrome? Autoimmun Rev 2020; 19:
102573.

ALUNNO A, CARUBBI F, RODRIGUEZ-CAR-
RIO J: Storm, typhoon, cyclone or hurricane
inpatients with COVID-19? Beware of the
same storm that has a different origin. RMD
Open 2020; 6: €001295.

RUSCITTI P, BERARDICURTI O, DI BENED-
ETTO P et al.: Severe COVID-19, Another
piece in the puzzle of the hyperferritinemic
syndrome. An immunomodulatory perspec-
tive to alleviate the storm. Front Immunol
20205 11: 1130.

GIANNINI M, OHANA M, NESPOLA B, ZAN-
FRAMUNDO G, GENY B, MEYER A: Simi-
larities between COVID-19 and anti-MDAS
syndrome: what can we learn for better care?
Eur Respir J 2020: 2001618.

XU Q: MDAS should be detected in severe
COVID-19 patients. Med Hypotheses 2020;
143: 109890.

BOHAN A, PETER JB: Polymyositis and der-
matomyositis (first of two parts). N Engl J
Med 1975;292: 3447.

SONTHEIMER RD: Would a new name hasten
the acceptance of amyopathic dermatomy-
ositis (dermatomyositis sine” myositis) as a
distinctive subset within the idiopathic in-
flammatory dermatomyopathies spectrum of
clinical illness? J Am Acad Dermatol 2002;
46: 62636.

SATO S,HOSHINO K, FUJITAT, KAWAKAMI K,
FUHITA T, KUWANA M: RNA helicase  en-
coded by melanoma differentiation-associat-
ed gene 5 is a major autoantigen in patients
with clinically amyopathic dermatomyositis:
Association with rapidly progressive intersti-
tial lung disease. Arthritis Rheum 2009; 60:

638

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

2193-200.

YAMAGUCHI M, OHTA A, TSUNEMATSU T et
al.: Preliminary criteria for classification of
adult Still’s disease. J Rheumatol 1992; 19:
424-30.

AMERICAN THORACIC SOCIETY, EURO-
PEAN RESPIRATORY SOCIETY: American
Thoracic Society/European Respiratory So-
ciety international multidisciplinary consen-
sus classification of the idiopathic interstitial
pneumonias. Am J Respir Crit Care Med
2002; 165: 277304

WU Z, MCGOOGAN JM: Characteristics of
and important lessons from the coronavirus
disease 2019 (COVID-19) outbreak in Chi-
na: summary of a report of 72 314 cases from
the Chinese Center for Disease Control and
Prevention. JAMA 2020; 323: 1239-42.
BERLIN DA, GULICK RM, MARTINEZ FI:
Severe Covid-19. N Engl J Med 2020; 383:
2451-60.

HENTER JI, HORNE A, ARICO M et al.: HLH-
2004: Diagnostic and Therapeutic Guidelines
for Hemophagocytic Lymphohistiocytosis.
Pediatr Blood Cancer 2007, 48: 124-31.
FARDET L, GALICIER L, LAMBOTTE O et al.:
Development and validation of the HScore,
a score for the diagnosis of reactive he-
mophagocytic syndrome. Arthritis Rheuma-
t0l.2014; 66: 2613-20.

RAVELLI A, MINOIA F, DAVI S et al.: 2016
Classification Criteria for Macrophage Acti-
vation Syndrome Complicating Systemic Ju-
venile Idiopathic Arthritis A European League
Against Rheumatism/American College of
Rheumatology/Paediatric Rheumatology In-
ternational Trials Organisation Collaborative
Initiative. Ann Rheum Dis 2016; 75: 481-9.
SOARES MP, HAMZA I: Macrophages and
iron metabolism. Immunity 2016; 44: 492-
504.

MOSSER DM, EDWARDS JP: Exploring the
full spectrum of macrophage activation. Nat
Rev Immunol 2008; 8: 958-69.

USMANI GN, WODA BA, NEWBURGER PE:
Advances in understanding the pathogenesis
of HLH. Br J Haematol 2013; 161: 609-62
WOOD H, JONES JR, HUI K et al.: Secondary
HLH is uncommon in severe COVID-19. Br
J Haematol 2020; 190: e283-5.
MARIATHASAN S, MONACK DM: Inflamma-
some adaptors and sensors:intracellular regu-
lators of infection and inflammation. Nat Rev
Immunol 2007; 7: 31-40,

DAYER JM, OLIVIERO F, PUNZI L: A brief his-
tory of IL-1 and IL-1 RA in rheumatology.
Front Pharmacol 2017; 8: 293.

TANIZAWA K, HANDA T, NAKASHIMA R et
al.: HRCT features of interstitial lung disease
in dermatomyositis with anti CADM-140 an-
tibody. Respir Med 2011; 105: 1380e7.
TANIZAWA K, HANDA T, NAKASHIMA R et
al.: The prognostic value of HRCT in myosi-
tis-associated interstitial lung disease. Respir
Med 2013; 107: 74552.

SIMPSON S, KAY FU, ABBARA S et al.: Ra-
diological Society of North America Expert
Consensus Statement on reporting chest CT
findings related to COVID-19. Endorsed
by the Society of Thoracic Radiology, the
American College of Radiology, and RSNA
- Secondary Publication. J Thorac Imaging
2020; 35: 219-27.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

ORLANDI M, LANDINI N, BRUNI C et al.
Infection or autoimmunity? The clinical chal-
lenge of interstitial lung disease in systemic
sclerosis during the COVID-19 pandemic. J
Rheumatol 2020 Dec 1 [Online ahead of print].
DIAS JUNIOR AG, SAMPAIO NG, REHWIN-
KEL J: A Balancing act: MDAS in Antiviral
Immunity and Autoinflammation. Trends Mi-
crobiol 2019; 27: 75-85.

FISCHER H, TSCHACHLER E, ECKHART L:
Pangolins lack IFIHI/MDAS, a cytoplasmic
RNA sensor that initiates innate immune de-
fense upon coronavirus infection. Front Im-
munol 2020; 11: 939.

CHANG CY, LIU HM, CHANG MF, CHANG SC:
Middle East respiratory syndrome coronavi-
rus nucleocapsid protein suppresses type I
and type III interferon induction by targeting
RIG-I signaling. J Virol 2020; 94: e00099-20.
WHO RAPID EVIDENCE APPRAISAL FOR COV-
ID-19 THERAPIES (REACT) WORKING GROUP;
STERNE JAC, MURTHY S, DIAZ JV et al.
Association between administration of sys-
temic corticosteroids and mortality among
critically ill patients with COVID-19 - a me-
ta-analysis. JAMA 2020; 324: 1330-41.

JOSE RJ, MANUEL A: COVID-19 cytokine
storm: the interplay between inflammation
and coagulation. Lancet Respir Med 2020; 8:
e46-7.

VARGA Z, FLAMMER AlJ, STEIGER P et al.:
Endothelial cell infection and endotheliitis in
COVID-19. Lancet 2020; 395: 1417-8.
MCGONAGLE D, O’DONNELL JS, SHARIF K,
EMERY P, BRIDGEWOOD C: Immune mecha-
nisms of pulmonary intravascular coagulopa-
thy in COVID-19 pneumonia. Lancet Rheu-
matol 2020; 2: e437-45.

SCHETT G, MANGER B, SIMON D, CAPORALI
R: COVID-19 revisiting inflammatory path-
ways of arthritis. Nat Rev Rheumatol 2020;
16: 465-70.

ZUO Y, ESTES SK, ALI RA et al.: Prothrom-
botic autoantibodies in serum from patients
hospitalized with COVID-19. Sci Transl Med
2020; 12.

BASTARD P, ROSEN LB, ZHANG Q et al.:
Autoantibodies against type I IFNs in pa-
tients with life-threatening COVID-19. Sci-
ence 2020; 370: eabd4585.

KONDO Y, KANEKO Y, OSHIGE T et al.:
Exacerbation of immune thrombocytopaenia
triggered by COVID-19 in patients with sys-
temic lupus erythematosus. Ann Rheum Dis
2020 Aug 5 [Online ahead of print].

FERRO F, ELEFANTE E, PUXEDDU 1 et al.:
COVID-19: the new challenge for rheuma-
tologists. First update. Clin Exp Rheumatol
2020; 38: 373-82.

KANT S, RAMAN G, DAMERA P et al.: Char-
acteristics and outcomes of COVID-19 in
patients with ANCA associated vasculitis.
Kidney Int Rep 2020 Dec 29 [Online ahead
of print].

MASUDA S, NONOKAWA M, FUTAMATA E et
al.: Formation and disordered degradation of
neutrophil extracellular traps in necrotizing
lesions of anti-neutrophil cytoplasmic anti-
body-associated vasculitis. Am J Pathol 2019;
189: 839-46.

ZUO Y, YALAVARTHI S, SHI H et al.: Neutro-
phil extracellular traps in COVID-19. JCI
Insight 2020; 5: €138999.

Clinical and Experimental Rheumatology 2021



