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CASE REPORT

COVID‑19 as a putative trigger 
of anti‑MDA5‑associated dermatomyositis 
with acute respiratory distress syndrome (ARDS) 
requiring lung transplantation, a case report
Karolina Anderle1,2, Klaus Machold1, Hans P. Kiener1, Daniel Bormann1,3, Konrad Hoetzenecker3, Silvana Geleff4, 
Helmut Prosch5, Franco Laccone6, Peter M. Heil7, Peter Petzelbauer7, Daniel Aletaha1, Stephan Blüml1*†   and 
Kastriot Kastrati1† 

Abstract 

Background:  Autoimmune disease following COVID-19 has been studied intensely since the beginning of the 
pandemic. Growing evidence indicates that SARS-CoV-2 infection, by virtue of molecular mimicry can lead to an 
antigen-mediated cross-reaction promoting the development of a plethora of autoimmune spectrum diseases involv-
ing lungs and extrapulmonary tissues alike. In both COVID-19 and autoimmune disease, the immune self-tolerance 
breaks, leading to an overreaction of the immune system with production of a variety of autoantibodies, sharing 
similarities in clinical manifestation, laboratory, imaging, and pathology findings. Anti-Melanoma Differentiation-
Associated gene 5 dermatomyositis (anti-MDA5 DM) comprises a rare subtype of systemic inflammatory myopathies 
associated with characteristic cutaneous features and life-threatening rapidly progressive interstitial lung disease (RP-
ILD). The production of anti-MDA5 autoantibodies was proposed to be triggered by viral infections.

Case presentation:  A 20-year-old male patient with polyarthritis, fatigue and exertional dyspnea was referred to our 
department. An elevated anti-MDA5 autoantibody titer, myositis on MRI, ground glass opacifications on lung CT and 
histological features of Wong-type dermatomyositis were confirmed, suggesting the diagnosis of an anti-MDA5 DM. 
Amid further diagnostic procedures, a serologic proof of a recent SARS-CoV-2 infection emerged. Subsequently, the 
patient deteriorated into a fulminant respiratory failure and an urgent lung transplantation was performed, leading to 
remission ever since (i.e. 12 months as of now).

Conclusions:  We report a unique case of a patient with a new-onset anti-MDA5 DM with fulminant ARDS emerging 
in a post-infectious stage of COVID-19, who underwent a successful lung transplantation and achieved remission. 
Given the high mortality of anti-MDA5 DM associated RP-ILD, we would like to highlight that the timely recognition of 
this condition and urgent therapy initiation are of utmost importance.
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Background
Autoimmune phenomena following COVID-19 have 
been studied intensely over the last months, comprising 
of over 3,000 cases and more than 70 different systemic 
and organ-specific immune-related disorders [1], such 
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as systemic lupus erythematosus, antiphospholipid-like 
syndrome, Guillain–Barré syndrome, Löfgren`s syn-
drome and others. The overreactive immune response 
and SARS-CoV-2 as putative culprit of cross-reactivity 
and immune-tolerance breach via molecular mimicry has 
been discussed broadly [2, 3].

The striking similarities between autoimmune disease 
and post-COVID-19 sequelae are posing a challenge for 
many clinicians, especially in patients presenting with 
unspecific cardinal, musculoskeletal, respiratory, and 
cutaneous symptoms.

In particular, the anti-MDA5 DM associated ILD and 
severe COVID-19 pneumonia with ARDS are indistin-
guishable not only radiographically, showing bilateral 
ground-glass opacities with variable degree of consolida-
tions on radiographs, but also on histopathological find-
ings with features of DAD and organizing pneumonia.

Anti-MDA5 DM, a subset of idiopathic inflammatory 
myopathies (IIM) relatively recently identified, manifests 
with variable degrees of cardinal symptoms, arthralgias 
and arthritis, proximal myopathy, and RP-ILD, the latter 
being pivotal for poor prognosis and high early mortality 
[4].

In the Caucasian adult DM populations, the anti-
MDA5 DM subtype accounts for approximately 7–16%, 
in Asian population between 11–60% of cases. The prev-
alence of ILD in anti-MDA5 DM patients differs strongly 
among populations. Whereas in Japan and East Asia 
the occurrence of ILD in anti-MDA5 DM patients var-
ies between 82 to 100%, and RP-ILD from 39 to 100%, it 
seems to be less common in Caucasians, i.e. ILD in 38 to 
73%, and RP-ILD in 20 to 57% anti-MDA5 DM patients 
[5].

The RP-ILD is relatively less frequent in the juvenile 
DM-type and more prevalent in patients with co-pre-
sent anti-Ro-52 antibodies [6]. RP-ILD is afflicted with 
a 1-year mortality of over 50% despite combative immu-
nosuppression, often complicated by opportunistic infec-
tions [7].

MDA5, a cytoplasmic pattern recognition receptor 
encoded by IFIH1 gene, is a retinoic acid-inducible gene 
I like receptor (RLR) involved in the innate immune 
response [8]. It is sensitive to viral dsRNA, including 
SARS-CoV-2 [9] and its stimulation activates down-
stream signaling including MAVS and IRF3 pathway and 
synthesis of type I and III interferons to restrict viral rep-
lication and to trigger immune response [10].

Case presentation
A 20-year-old male patient of Bangladeshi origin was 
referred to the outpatient clinic of our rheumatology 
department with polyarthritis (week 0, timeline of events 
shown in Additional file 1: Fig. S1).

During the first visit, the patient reported polyarthral-
gia, fatigue and exertional dyspnea for 3–4 weeks. Weight 
loss, sore throat, and a non-productive cough had been 
present for 2 months and he had a single episode of ele-
vated temperature one week prior. The patient was non-
smoker and did not report any prior diseases, allergies 
or recent travels. He had moved to Austria 3 years prior 
and none of the household members shared any similar 
symptoms at any point in time.

On clinical examination, the proximal interphalangeal 
(PIP), metacarpophalangeal (MCP) and carpo-metacar-
pal (CMC) joints were swollen and tender, subtle proxi-
mal muscular weakness in the lower extremities was 
noted. The skin over the PIP and DIP joints showed mini-
mal non-palpable brownish discoloration, shoulders and 
upper arms were covered with small hyperkeratotic pap-
ules, Gottron`s sign was present (shown in Fig. 1a–c).

Laboratory investigations showed slightly elevated 
C-reactive protein (CRP) 0.6  mg/dL, ferritin 3933  μg/L, 
aspartate aminotransferase (ASAT) 262 U/L, alanine 
aminotransferase (ALAT) 240 U/L, gamma-glutamyl 
transferase (GGT) 197 U/L, lactate dehydrogenase (LDH) 
575 U/L, creatine kinase (CK) 246 U/L, and aldolase 20.8 
U/L.

Positive IgG antibodies (Ab) without IgM Ab against 
cytomegalo-, Epstein-Barr-, herpes simplex 1 and 2 and 
varicella-zoster-virus were detected. An interferon-
releasing assay with mycobacterium tuberculosis ESAT-6 
and CFP-10 antigens was non-reactive.

Immuno-serology revealed positive anti-nuclear anti-
bodies (ANA) with fine speckled pattern at a titer of 
1:320, anti-Ro-60 Ab at 23 U/mL (ULN ≤ 10 U/mL) and, 
notably anti-MDA-5 Ab at 14 U/mL (ULN ≤ 10 U/mL).

Microscopic examination of hematoxylin–eosin (H&E) 
stained sections of the skin revealed keratotic plugs 
within dilated follicular ostia similar to that seen in kera-
tosis pilaris (shown in Fig.  1d). In addition, there was a 
sparse perivascular lymphocytic infiltrate and a marked 
perifollicular deposition of acidic mucins as seen in the 
alcian blue staining (shown in Fig. 1e).

Computed tomography (CT) of the thorax (shown in 
Fig.  2I, II) at week 2 showed patchy ill-defined consoli-
dations and areas of ground glass opacifications in the 
periphery of both lower lobes and subtle thickening of 
the bronchial walls and hepatic steatosis.

Based on the respiratory and musculoskeletal symp-
toms, skin changes clinically and histologically com-
patible with dermatomyositis, laboratory, and auto Ab 
profile, anti-MDA5 associated hypomyopathic dermato-
myositis with interstitial lung disease (DM-ILD) was 
suspected.

The patient was admitted to our ward for bronchos-
copy with bronchoalveolar lavage (BAL), muscle biopsy, 
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and subsequent initiation of immunosuppressive therapy. 
A negative rt-PCR test for SARS-CoV-2 was obtained on 
admission.

A 3-Tesla, gadolinium contrast enhanced MRI revealed 
T2 fat saturated bilateral hyperintense signal alterations 

of bilateral proximal thigh muscles compatible with 
myositis (shown in Fig. 3).

Meanwhile, the patient`s general condition and ini-
tial symptoms, including exertional dyspnea, cough and 
muscle pain had improved spontaneously.

Fig. 1  a–c Images of patient’s skin lesions at week 3: small keratotic papules, hyperpigmentation over the PIP and DIP joints, Gottron`s sign; d 
Microscopic examination of H&E stained sections: keratotic plugs within dilated follicular ostia similar to that seen in keratosis pilaris and a sparse 
perivascular lymphocytic infiltrate; e Marked perifollicular deposition of mucin on alcian blue staining. The slides were digitalized with ScanScope 
CS2 (Aperio Technologies, Vista, CA), no further image processing was performed

Fig. 2   I, II: A chest CT at week 2 showed patchy ill-defined consolidations and areas of ground glass opacifications in the periphery of both lower 
lobes, mostly pronounced in the left lower lobe and subtle thickening of the bronchial walls; III, IV: Progression of the ground glass opacities and 
consolidations in both lower lobes as well as mediastinal lymphadenopathy on chest CT at week 6; V, VI: Chest CT at week 8: extensive diffuse 
opacification of both lungs with a ventro-dorsal density gradient with ground glass opacities in the non-dependent regions of the lungs and 
consolidations in the dependent regions, compatible with a diffuse alveolar damage. There was no evidence of pneumomediastinum. Clinically, 
the patient fulfilled criteria of an ARDS and was on ECMO; VII: Fibreoptic bronchoscopy showing multiple white nodular plaques, spanning from 
the larynx throughout most of the bronchial tract at week 4; VIII: Significant progression of organizing pneumonia with DAD, diffuse leukoplakia 
and acute bronchitis with complete squamous metaplasia at week 6; a, b: Histopathology of the lung-explant (H&E staining × 400): Acute lung 
damage with focal signs of organization; a: Features of organizing DAD and organizing pneumonia; b: Trichrome stain shows alveolar fibrin deposits 
(so-called hyaline membranes, arrowheads). The lung histopathology slides were observed in an Olympus BX46 microscope with a Pan XApo 
10 × objective (final magnification 400x). Representative areas were selected, and images taken with a ProgRes C5 camera (Jenaoptik) and the 
corresponding ProgRes MacCapture Pro Application (2013). Except for illumination adjustment (Autofocus mode) no further enhancements of 
pictures were deemed necessary

(See figure on next page.)
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A fiberoptic bronchoscopy at week 4 showed mul-
tiple white nodular plaques, spanning from the lar-
ynx throughout most of the bronchial tract (shown in 
Fig. 2VII). Biopsies of the plaque lesions showed a sub-
tle, non-specific lympho- and granulocytic infiltrate, 
lavage-cytology revealed mixed cell alveolitis.

On the first day after bronchoscopy, the patient 
became subfebrile, and the routinely performed SARS-
CoV-2 rt-PCR test was newly found positive, with a 
cycle threshold of 41.6, and 40.2 a few hours later. The 
SARS-CoV-2 rt-PCR from the BAL was negative. The 
patient was isolated under suspicion of an incipient 

Fig. 2  (See legend on previous page.)
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SARS-CoV-2 infection and the muscle biopsy was 
postponed.

Cycle threshold never declined below 40 and all 
SARS-CoV-2 tests over the following 3 days were nega-
tive. Therefore, analysis of IgG Ab against SARS-CoV-2 
spike protein and nucleocapsid antigens was performed 
from a stored biobank sample from a timepoint where no 
PCR-positivity was yet detected. Both tested antibodies 
were positive, suggestive of a past COVID-19 infection. 
On further specific investigation, the patient reported, 
that 2.5 months prior to the presentation at our clinic, he 
spent several hours driving a car together with a friend, 
who was tested positive for SARS-CoV-2 the following 
day. The patient remembered elevated body temperature, 
cough, and general weakness after the car drive, retro-
spectively compatible with a mild course of COVID-19 
but was never tested for SARS-CoV-2. The patient has 
not been vaccinated against SARS-CoV-2 at the time of 
presentation.

Over the next few days, the patient developed severe 
dyspnea with peripheral oxygen saturations below 85% 
and required intensified oxygen therapy. Increasing CRP 
and LDH levels accompanied by dry cough raised the 
suspicion of pneumocystis pneumonia (PCP). Trimetho-
prim/sulfamethoxazole was initiated before the results 
from testing for beta-D-Glucan, galactomannan, and 
PCR and cultivation for pneumocystis were available. All 

of these came back negative. A second diagnostic bron-
choscopy was performed and showed progressive areas 
of leukoplakia and a highly vulnerable mucosa. There was 
no presence of pneumocystis or other relevant pathogens 
in the BAL. Lung biopsy revealed acute bronchitis with 
complete squamous metaplasia, and findings which were 
consistent with organizing pneumonia (OP), or diffuse 
alveolar damage (DAD), as seen in both DM-ILD and 
COVID-related ARDS (shown in Fig. 2VIII).

A follow-up CT of the chest at week 6 (shown in 
Fig. 2III, IV) revealed a progression of the ground glass 
opacities and consolidations in both lower lobes as well 
as a mediastinal lymphadenopathy.

The emergence of blisters on the lips and oropharyn-
geal pain raised a suspicion of a herpetiform infec-
tion. Additional microbial tests were ordered and in the 
light of the rapid deterioration of the patient’s general 
and respiratory condition, a multifaceted approach was 
established with glucocorticoid pulse therapy (250  mg 
intravenous prednisolone), acyclovir and continued tri-
methoprim/sulfamethoxazole. Despite this and the high-
flow nasal oxygen therapy, the respiratory condition 
worsened, requiring transfer to intensive care unit (ICU) 
at week 7. The continuous respiratory deterioration led to 
an invasive ventilation.

CRP and IL-6-levels rose excessively (shown in Addi-
tional file 1: Fig. S2), while procalcitonin remained within 

Fig. 3  3-Tesla, gadolinium contrast enhanced MRI, T2 sequence at week 3 revealed bilateral signal enhancement in tensor fasciae latae, sartorius 
muscles, gluteus minimus, iliopsoas muscles (blue arrows) and other thigh muscles, with maximal involvement of the right iliopsoas muscle. The 
image also shows increased number and borderline size of the (reactive) inguinal lymph nodes bilaterally
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normal limits, suggesting a hyperinflammatory state 
without relevant bacterial infection. The patient did not 
fulfill the criteria of a hemophagocytic lymphohistiocy-
tosis diagnosis. The differential diagnosis of a COVID-19 
relapse was also considered.

We performed a thorough literature review of therapy 
for RP-ILD in DM [11–13] and COVID-19 cytokine 
storm and associated lung injury [14–16] that was avail-
able by March 2021. After an interdisciplinary dis-
cussion, we continued high-dose glucocorticoids and 
started cyclophosphamide and tacrolimus because of 
the rapid disease progression. Colchicine was added due 
to the hyperinflammatory state. The administration of 
caspofungin, piperacillin/tazobactam and doxycycline 
followed for infection prophylaxis under strong immu-
nosuppression. Intravenous immunoglobulins as well as 
tocilizumab and JAK inhibitors were debated. However, 
as already implemented aggressive immunosuppressive 
combination remained without desired effect and there 
was a serious concern about potential harm of further 
escalation, we did not proceed with expansion of the 
immunosuppression, for which we only had insufficient 
evidence at the time of the event. Despite high ventilation 
efforts, initiation of veno-venous extracorporal mem-
brane oxygenation (ECMO) was inevitable. Consider-
ing the fulminant diffuse bilateral lung damage and the 
patient`s young age, listing for a highly urgent lung trans-
plantation was the ultima ratio.

A compatible organ was allocated to the patient after 
a short waiting period, and the transplantation was 
successfully performed at week 11, after 4,5  weeks on 
ECMO. The primary organ function was excellent and 
the ECMO could be removed at the end of the operation.

Pathological examination of the H&E and SFOG tri-
chrome stained sections of explanted organ showed 
extensive fibrosis with a mixed pattern of organized dif-
fuse alveolar damage and organizing pneumonia (shown 
in Fig. 2a, b). Moreover, thrombotic occlusions of multi-
ple vessels were present, which is compatible with both, a 
COVID-19 associated lung disease and a myositis-associ-
ated ILD [17].

Standard triple immunosuppression, including tacroli-
mus, mycophenolate mofetil, as well as glucocorticoids 
was established. The respiratory situation improved 
steadily, and the patient could be weaned fast. Early phys-
iotherapy contributed to the patient`s rapid recovery and 
he was transferred to a rehabilitation center and further 
outpatient care.

One month after the lung transplantation, the antibody 
profile turned negative for ANA- and anti-MDA5 Ab, the 
anti-Ro-60 Ab were only marginally elevated (12 U/mL). 
On the follow-up visit, five months after the transplanta-
tion, ANA, anti-Ro Ab and anti-MDA5 Ab were negative. 

The patient did not report any symptoms on the follow-
up visit twelve months after the lung transplantation.

Using whole exome sequencing, we investigated genetic 
predisposition for “myositis” phenotype according to 
Human Phenotype Ontology (HPO) and Online Mende-
lian Inheritance in Man (OMIM) database and frequency 
of a sequence change in the population as per findings of 
various databases. An extended analysis of the associated 
genes (shown in Additional file 1: Supplement 3) did not 
detect any pathogenic mutation in our patient. A pre-
transplantation HLA typing was also performed.

Discussion and conclusions
In our patient, we found multiple clinical aspects of anti-
MDA5 DM. The cutaneous phenotype with Gottron`s 
sign, characteristic symmetric pattern of polyarthralgia 
and polyarthritis, proximal muscle weakness, elevated 
muscle enzymes, MRI positive for myositis, dermatomy-
ositis-specific antibodies (anti-MDA5 Ab) and RP-ILD 
are all in line with existing evidence [5]. These multi-
ple facets of an anti-MDA5 DM also fulfill the ENMC 
2018 dermatomyositis classification criteria [18] (clini-
cal signs: Gottron`s sign along with muscular features: 
proximal muscle weakness, elevated muscle enzymes 
and positive DM-specific Ab), which strengthened our 
diagnosis despite missing histopathologic confirmation 
due to the positive SARS-CoV-2 PCR and rapid respira-
tory deterioration. Hence, the added value of a muscle 
biopsy remains disputable, as muscle tissues of MDA5 
DM patients are often unremarkable or show marginal 
signs of inflammation. The initially elevated anti-MDA5 
Ab were undetectable after the lung transplantation and 
aggressive immunosuppression, which is consistent with 
the Ab disappearance in remission, particularly in lung 
transplanted patients [19, 20].

Furthermore, we do not believe the patient suffered 
from severe COVID-19 infection. By the time point of 
admission, when a negative SARS-CoV-2 rt-PCR result 
was obtained, the antibody titers against spike protein 
and nucleocapsid antigens were compatible with an 
infection that occurred > 14 days prior, but probably even 
longer, possibly as long as 10 weeks prior, when the posi-
tive contact and oligosymptomatic infection occurred. 
There were only 2 positive SARS-CoV-2 PCR tests from 
a nasal swab on the day after bronchoscopy (possibly an 
RNA remnant being washed out by the bronchoalveolar 
lavage), and all following (as well as the one at admis-
sion) rt-PCR tests for SARS-CoV-2 were negative. These 
2 positive tests in a time interval of several hours had 
very high cycle threshold values (41.6, and 40.2), classi-
fied as non-infectious. Also, the SARS-CoV-2-PCR from 
the BAL was negative. In our opinion, these clues exclude 
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the presence of active SARS-CoV-2 infection and thus a 
severe COVID-19.

In MDA5 DM, mucocutaneous involvement displays 
a whole array of phenotypes, including tender palmar 
papules, heliotrope rash, Gottron papules, calcino-
sis, mechanic’s hands, hyperkeratosis, mucocutaneous 
ulcers, teleangiectasia, vasculitis, panniculitis, alopecia, 
pruritus or psoriasiform rash.

In our patient, we saw Gottron’s sign and multiple 
hyperkeratotic papules. Histopathological changes mimic 
features published under the name “Wong-type dermato-
myositis”. This entity is characterized by follicular and 
non-follicular epidermal invaginations filled with keratin 
and mucin deposition within the papillary dermis. More-
over, as seen in our patient, in these cases the character-
istic changes at the dermo-epithelial junctions may be 
missing [21, 22]. Hence, the clinicians need to be aware of 
the polymorphous spectrum of the cutaneous DM, which 
may cause diagnostic delay.

Moreover, arthralgias and non-erosive arthritis, which 
are seen in around 80% of anti-MDA5 DM patients, 
resemble rheumatoid arthritis pattern and can lead to 
misdiagnosis [23].

According to the emerging literature, various auto-
antibodies are found in up to a half of hospitalized 
COVID-19 patients and they seem to be low-titer, tran-
sient and fluctuating with the disease course [5, 24, 25]. 
In the retrospective Chinese cohort study conducted 
by Wang et  al. [26] with 274 adult patients between 44 
and 73  years of age hospitalized with COVID-19, anti-
MDA5 autoantibodies were present in 48.2% of patients 
and MDA5 Ab titers were significantly higher in non-
survivors compared to survivors. The non-survivors were 
64  years old (IQR, 54–73) and had a mean anti-MDA5 
Ab titer of 5.91 U/l (IQR, 3.82–10.77), which was lower 
than the initial titer of 14 U/ml in our patient, meas-
ured before the acute deterioration. However, this study 
reports the anti-MDA5 Ab seroconversion of patients 
with an active COVID-19 without assessment of clinical 
features related to the “true” dermatomyositis. While the 
dysregulation of viral antigen interaction with MDA5 has 
been proposed in the early pathogenesis of autoimmune 
diseases like systemic lupus erythematosus or type 1 dia-
betes [27, 28], low Ab titers in absence of related clini-
cal features should not be automatically translated into a 
diagnosis of autoimmune disease. This is mainly because 
type I interferon signaling pathway activation is a part of 
physiological innate immune response of cells infected 
with SARS-CoV-2 [29].

A few patient cases of different dermatomyositis sub-
types possibly linked to a COVID-19 infection were 
reported throughout the pandemic, however, only 
half included sufficient clinical information to apply 

classification criteria or provided robust enough evi-
dence, so that causality can be considered [30].

It has been discovered that rare loss-of-function 
variations in IFIH1 gene seem to be protective against 
autoimmune disease, whereas increased function of 
IFIH1/MDA5 is linked to a risk of autoimmune dis-
ease [27]. The extended analysis of associated genetic 
predispositions using whole exome sequencing did 
not reveal SNPs with known associations for any 
form of myositis in our patient, including HLA iso-
types [31, 32]. Interestingly, HLA-typing showed the 
presence of DRB1*15:02, DRB5*01:02, DQB1*05:01 
and DQB1*06:01 alleles in our patient, which are sig-
nificantly enriched in anti-Scl70 + systemic sclerosis 
patients with progressive interstitial lung disease [33, 
34].

Yet the exact molecular mechanisms and individual 
susceptibility in the development of an autoimmune 
disease after COVID-19 merit further investigation.

Taken together, it is highly likely that in this young and 
otherwise healthy patient, an MDA5 positive DM with 
RP-ILD was triggered by SARS-CoV-2 infection. Aside 
from the known pathophysiological mechanisms of viral 
MDA5 Ab induction, the latency of several weeks in the 
postinfectious symptom onset corresponds well with the 
literature of post-COVID autoimmune phenomena [1].

Reports on lung transplantation and its outcome in 
anti-MDA5 DM patients are scarce, especially in young 
patients. Given the mortality rate of almost 100% for 
patients with anti-MDA5 RP-ILD requiring ECMO, the 
timely recognition of this condition and urgent action 
are of utmost importance.

To our knowledge, this is the first case of a successful 
high-urgency lung transplantation in COVID-19-trig-
gered dermatomyositis with RP-ILD.
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