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Abstract

Anti-MDAS5 (Melanoma differentiation-associated protein 5) myositis is a rare subtype of dermatomyositis (DM) character-
ized by distinct ulcerative, erythematous cutaneous lesions and a high risk of rapidly progressive interstitial lung disease (RP-
ILD). It has been shown that SARS-CoV-2 (COVID-19) replicates rapidly in lung and skin epithelial cells, which is sensed by
the cytosolic RNA-sensor MDAS. MDAS then triggers type 1 interferon (IFN) production, and thus downstream inflammatory
mediators (EMBO J 40(15):e107826, 2021); (J Virol, 2021, https://doi.org/10.1128/JV1.00862-21); (Cell Rep 34(2):108628,
2021); (Sci Rep 11(1):13638, 2021); (Trends Microbiol 27(1):75-85, 2019). It has also been shown that MDAS is triggered
by the mRNA COVID-19 vaccine with resultant activated dendritic cells (Nat Rev Immunol 21(4):195-197, 2021). Our
literature review identified one reported case of MDAS-DM from the COVID-19 vaccine (Chest J, 2021, https://doi.org/10.
1016/j.chest.2021.07.646). We present six additional cases of MDAS5-DM that developed shortly after the administration of
different kinds of COVID-19 vaccines. A review of other similar cases of myositis developing from the COVID-19 vaccine
was also done. We aim to explore and discuss the evidence around recent speculations of a possible relation of MDAS-DM
to COVID-19 infection and vaccine. The importance of vaccination during a worldwide pandemic should be maintained and
our findings are not intended to discourage individuals from receiving the COVID-19 vaccine.
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Introduction

Anti-MDAS is a myositis-specific autoantibody (MSA) that
is associated with DM and more specifically with Clinically
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We herein report six cases of MDAS5-DM that devel-
oped within days after administration of different kinds of
COVID-19 vaccine. To date and our knowledge, there has
been only one other case report (published in October 2021)
suggesting the COVID-19 vaccine as a possible trigger of
MDAS-DM [9]. This case identified a 58-year-old man who
had developed respiratory failure and shock four days after
receiving a novel mRNA COVID-19 vaccine (Carrasco et al.
did not specify which vaccine type or whether symptoms
started after the first or second dose). Noteworthy clinical
findings included oral blisters, digital ischemia/ulceration,
and computed tomography (CT) chest showing diffuse and
sub-pleural ground-glass opacities (GGO). An extensive
infectious workup, including COVID-19, was negative.
The diagnosis was confirmed with serum antibodies against
MDAS. The significance of this case is being the first clini-
cal support for the relation between MDAS activation by
the COVID-19 vaccine with subsequent disease develop-
ment. We present six additional cases along with a literature
review with the aim to further support this relation.

Methods

Written and informed consent was obtained from all the
patients for the cases as well as the images. The search
strategy for writing review articles proposed by Gasparyan
et al. [16] was followed. Using PubMed, Science Direct,
and SCOPUS databases, we searched articles available
anytime using the following search terms: (“MDAS” OR
“CADM” OR “dermatomyositis”) AND “Covid”, “Covid”
AND “myositis”, (“MDAS5” OR “CADM” OR “dermato-
myositis) AND (“ILD” OR “interstitial lung disease), and
“Covid vaccine” AND (“myositis” OR “connective tissue
disease”). Of the 388, 686, and 392 articles obtained, respec-
tively, in each database, articles in a language other than
English were excluded. Only one article describing MDAS-
DM developing after COVID-19 vaccine administration was
identified in our search [9]. After an initial screening of titles
and abstracts, the remaining articles were retained according
to their relevance to COVID-19 infection and vaccine with
the MDAS cytosolic sensor, viral etiologies of MDAS-DM,
and MDAS-DM pathogenesis. Additional literature searches
on clinical findings, diagnosis, and treatment of MDAS-
associated disease were also done to inform this case-based
review (Fig. 1).

Case reports
Case 1

A 45-year-old-Hispanic male without any past medical his-
tory or routine medications developed acute onset of rashes
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and swelling two days after the 2nd dose of the Moderna
(mRNA-1273) COVID-19 vaccine. The patient had the 1st
dose 2 months prior without any complications. Two days
after receiving the 2nd dose, he started developing swell-
ing and redness surrounding his left eye that evolved into
extensive edema and erythema. His symptoms progressed
over the next 4-5 months eventually causing characteristic
ulcerative lesions over bilateral metacarpophalangeal (MCP)
regions (Gottron’s papules), erythematous maculopapular
lesions over interphalangeal (IP) palmar creases (palmar
papules), erythema over upper eyelids (heliotrope rash),
chest (V-sign), back (Shawl sign), arms, lateral upper thigh,
and knees. Erosive retiform lesions were also noted over his
back (Fig. 2).

He later developed intense swelling of the entire right
arm extending from upper arm to hand. A CT scan of the
arm showed diffuse subcutaneous changes concerning for
myositis. He denied any muscle weakness but had obvious
limited range of motion of the right arm and hand from the
intense edema and pain. On exam, he had normal strength
in all other extremities.

A skin biopsy showed interface dermatitis and sparse
perivascular lymphocytic infiltrate consistent with der-
matomyositis. Antinuclear antibody (ANA) was negative,
erythrocyte sedimentation rate (ESR) 75 (0-10 mm/h),
C-reactive protein (CRP) 8.2 (< 0.8 mg/dL) (increased later
to 19), creatine kinase (CK) 336 (subsequently 1066) (< 194
U/L), aspartate aminotransferase (AST) 66 (<40 U/L), ala-
nine transaminase (ALT) 139 (<50 U/L), lactate dehydro-
genase (LDH) 1970 (300-600 U/L), and serum ferritin 5100
(15-464 ng/ml). Anti-Ro and rheumatoid factor (RF) tested
positive while all other autoimmune serologies were nega-
tive (including anti-dsDNA, anti-Smith, anti-Jo-1, anti-SSB,
anti-RNP, anti-Centromere, anti-CCP, and anti-Scl70).

The patient had no respiratory complaints and had a nor-
mal chest x-ray (CXR) on admission. He received intrave-
nous (IV) methylprednisolone for suspected 1IM, followed
by prednisone taper with intravenous immune globulin
(IVIG). He developed hypoxia with oxygen saturation as low
as~85% on room air on the third day of the IVIG regimen. A
repeat CXR showed fluffy opacities and computed tomogra-
phy (CT) thorax depicted bilateral ground-glass and nodular
consolidated opacities as well as rapid progression of diffuse
airspaces concerning for diffuse alveolar hemorrhage. At this
point, Rituximab (RTX) was commenced (hospital day 9).

The extended myositis panel returned on day 16 with
positive high-titer anti-MDAS autoantibody at 168 (N < 15)
and Ro-52 at 142 AU/mL (0-40). The patient’s hypoxia
improved after commencing steroids, IVIG, and RTX over
the next 2 weeks. This was affirmed by repeat CT thorax
depicting an improvement in the ground glass opacities
(GGOs). Additionally, his arm edema/pain resolved and
thus was started on methotrexate (MTX) and daily folate
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Fig. 1 Search strategy used for
case-based review [L

iterature gearch with
key terms

PubMed Science Direct Scopus

After exclusion of
duplicates
1107

Case reports identified describing MDAS-
dermatomyositis that developed after
COVID-19 vaccination:

1

Articles selected for detailed review after
screening title and abstract according to
their relevance:

60

with close outpatient monitoring. He returned for out-  hyperpigmentation in the areas of his initial rash that were
patient follow-up 5 months after his diagnosis. He was  healing. No new rashes or ulcerative lesions were present. A
without any dyspnea, cough, or hypoxia. He had residual
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Fig.2 Case 1. Gottron’s papules
seen over bilateral MCPs (A)
with palmar erythema, and
“reverse Gottron’s lesions” over
PIP and DIP palmar creases (B).
Diffuse edema of entire right
arm extending to hand (C).
Erosive retiform lesions over
back (D). CT thorax showing
bilateral ground opacities with
nodular consolidate opacities
that developed rapidly over

a few days (E). CT of right
upper extremity showing dif-
fuse cutaneous thickening with
circumferential subcutaneous
fat stranding and soft tissue
swelling (F)

repeat MDAS serology was positive, however, the titer was
lower at 65 (N< 15).

Case 2

A 58-year-old-Asian female with well-controlled diabetes-
mellitus developed rashes 1 week after the 2nd dose of the
Covidshield (ChAdOx1 nCoV-19) COVID-19 vaccine. Prior
to the vaccine the patient was in good overall health and
received 1st dose 40 days before 2nd dose without any com-
plications. At presentation, the patient had rashes involv-
ing the face and knees (Gottron’s sign) predominantly that

Fig.3 Case 2. Ulcerative lesion
on right ear (A) and numerous
papules seen over left antihelix
(B). Distal finger with erythe-
matous maculopapular lesion.
(C). CT thorax showing ground
glass opacities in bilateral lower
lobes (D). Several ulcerative
lesions seen on medial right foot
and ankle (E). Ichthyosis over
left forearm (F)
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were getting progressively worse. By the following week
(~ 14 days since 2nd dose of vaccine), the patient developed
polyarthralgia (mostly in hands and feet) severe enough
that it kept her from doing her activities of daily living. She
subsequently developed dyspnea-on-exertion in the 2nd
week that later had progressed to at rest as well. Several
ulcers over the ears (erythematous auricular papules) also
appeared which later extended to the feet and hands (Fig. 3).
The patient denied any muscle weakness.

She continued to progress with worsening rashes, arthral-
gias, and dyspnea, for which she eventually required hospital
admission (3 months since the first symptom onset). Her lab
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work revealed a mostly normal complete blood count (CBC)
only with mild anemia (Hgb 11.7). Ferritin was normal at
173.8 (11-307). A CK level was normal at 0.88 (0.6—1.2 mg/
dL), LDH 498 (225-450 U/L) and AST 74 (<35 U/L). Viral
markers (CMV-IgM, HIV, hepatitis-B, and hepatitis-C) were
negative. A CT chest confirmed GGOs, traction bronchiecta-
sis, and subpleural increased reticulation. The serology panel
showed strongly positive anti-MDAS, however, ANA, anti-
R052, and the other myositis panel antibodies were negative.

She was initially treated with mycophenolate mofetil
(MMF) and hydroxychloroquine (about 2 weeks after her
symptoms had first started). The patient has since been on
several different immunosuppressants including cyclophos-
phamide and RTX throughout her hospitalization. Her res-
piratory issues continued to worsen despite her skin lesions
improving. A subsequent CT chest 2 months down the line
suggested worsening ILD. In addition, multiple enlarged
necrotic lymph nodes were seen at the bilateral supraclav-
icular region.

Tofacitinib 5 mg daily was commenced with initial
improvement followed by secondary worsening with
hypoxia culminating in intensive care unit admission. A trial
of tacrolimus and IVIG with plasma exchange (PLEX) was
eventually given. The patient’s hypoxia improved and was
deemed stable for discharge home with oxygen supplemen-
tation (2 L/min), hydroxychloroquine, and nintedanib with
close monitoring.

Case3

A 45-year-old-Caucasian female with a past medical history
of seropositive rheumatoid arthritis for nine years, previ-
ously treated with MTX and infliximab was in remission on
upadacitinib. Three days after receiving her 2nd dose of the

Fig.4 Case 3. Significant
facial and lower eyelid edema
bilaterally with overlying
erythema (heliotrope rash)

(A). Erythematous lesions over
MCPs (Gottron’s papules) with
periungal erythema bilaterally
(B). Erythematous rash over
forearm (C). Initial CT thorax
showing ground glass and
reticular interstitial infiltrates in
peripheral lobes (D). Repeat CT
thorax 5 months later show-

ing progression with patchy
bilateral consolidations, ground
glass opacities, and “Atoll” sign
(central GGO surrounded by
circumferential consolidation)

(E)

Pfizer (BNT162b2) COVID-19 vaccine, she noticed cracking
of skin over the palms (mechanic hands), ulcerations of the
fingertips, an erythematous facial rash along her cheeks, pro-
found fatigue, and worsened arthralgias (Fig. 4). The patient
had the 1st dose of the vaccine 21 days prior without any
complications. Upadacitinib was switched to adalimumab
due to worsening arthralgias, and she was given prednisone
20 mg daily with minimal response. She quickly began to
develop fevers, chills with shortness of breath, dyspnea-
on-exertion, and 13 kg weight loss over 2 weeks after the
onset of rashes when adalimumab was discontinued whilst
the prednisone dose increased to 60 mg daily. Her symp-
toms progressed, resulting in hospitalization when a CT
chest showed bilateral GGOs in the upper lobes along with
reticular interstitial opacities in the peripheral lower lobes.
Bronchoscopy with bronchoalveolar lavage (BAL) was
negative for bacteria, fungi, and pneumocystis-PCR. She
was discharged on 2—-3L/min home oxygen due to interim
improvement in her dyspnea after prednisone 60 mg/day.
The outpatient evaluation showed a positive ANA 1:640
(homogenous pattern), and a strongly positive anti-MDAS
autoantibody, with the rest of the myositis panel being nega-
tive. Her repeat RF (484) and CCP (> 250 U) both were
highly positive as in the past when she was diagnosed with
rheumatoid arthritis. Cutaneous biopsy at this juncture
showed vacuolar interface dermatitis with focal interstitial
granulomatous inflammation consistent with dermatomy-
ositis. Electromyography (EMG) showed mild myopathic
features but no muscle biopsy was performed. A CK level
was normal as well as her muscle strength.

Based on these features, she was diagnosed with anti-
MDAJS positive CADM, and RTX was commenced (1 g
IV x 2, 2 weeks apart) whilst she received tapering doses of
prednisone until 20 mg/day. She continued to worsen over
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the next 4 weeks to develop significant facial edema (helio-
trope rash), worsening skin rashes over the hand joints, spe-
cifically the MCPs (Gottron’s papules), toes, elbows, scalp,
neck, and shoulder with worsening nonproductive cough,
dyspnea, and hypoxemia requiring oxygen up to 6 L/min. A
repeat CT chest confirmed RP-ILD due to anti-MDAS posi-
tive IIM with demonstrable patchy bilateral consolidation
and GGOs, consistent with an organizing pneumonia pattern
with the “Atoll” sign. BAL ruled out an underlying active
infection, and high-dose IV methylprednisolone with PLEX
was given for 5 days. Tofacitinib was started with improve-
ment in the patient’s fatigue and dyspnea. One week later the
patient experienced an acute worsening of her dyspnea with
increased oxygen needs, as well as a worsening rash (peri-
orbital edema and violaceous rash on extremities). A repeat
CT chest angiography showed no pulmonary embolism but
demonstrated worsening GGOs and thus she was readmit-
ted to the hospital and treated for presumed ILD flare with
pulse IV steroids. Tofacitinib was stopped and tacrolimus
with steroid taper was done. Approximately 2 weeks later,
she was diagnosed with COVID-19 infection primarily with
respiratory symptoms. Tacrolimus was held during this time
but restarted once she recovered from the acute COVID-19
infection. Her respiratory status remained stable, however,
her worsening rash was the main concern, therefore, IVIG
was added to her outpatient regimen with close monitoring.

Case 4

A 28-year-old-Caucasian female with a past medical his-
tory of hypothyroidism, and Brooke-Spiegler syndrome (a
rare, autosomal dominant condition associated with nodu-
lar, adnexal tumors) diagnosed five years earlier, developed

4

Fig.5 Case 4. A Erythema and
scaling of entire scalp, forehead,
cheeks, nose, with (B) V sign
over chest. C Periorbital helio-
trope rash. D Gottron’s sign
overlying MCP and IP joints

of hands. E Proximal nailfold
dilated capillaries with F rag-
ged cuticles and periungual
erythema
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acute onset of cutaneous rashes on arms, face, elbows, hands,
chest, and trunk approximately 2 weeks after receiving her
2nd dose of the Pfizer (BNT162b2) COVID-19 vaccine. She
had the 1st dose 21 days prior without any complication. The
rash became flaking and painful that continued to worsen
despite treatment with topical nystatin-triamcinolone and
oral methylprednisolone taper.

Two weeks later her symptoms had worsened with new-
onset proximal symmetric muscle weakness of upper and
lower extremities. Physical exam revealed erythema and
scaling of entire scalp, forehead, cheeks, nose (diffuse Got-
tron’s sign) with V-sign over the chest, and Gottron’s pap-
ules seen overlying bilateral MCPs and IP joints of hands.
She had objective muscle weakness with 4/5 on Medical
Research Council (MRC) scale on deltoid as well as iliop-
soas with moderate difficulty rising from a seated position
with the rest of the muscle strength within normal limits.
Dermoscopy of proximal nail fold revealed dilated capillary
loops and ragged cuticles with periungual erythema (Fig. 5).
Given this constellation of findings highest concern was for
dermatomyositis and therefore a punch biopsy was done.

At a two-week follow-up, the rash had improved with
topical steroids (oral steroids were avoided due to previ-
ous lack of response), however, she developed worsening
muscle weakness requiring assistance getting in and out of
vehicles, difficulty swallowing, and weight loss. Skin biopsy
showed findings consistent with dermatomyositis and was
started on hydroxychloroquine 300 mg daily and prednisone
1 mg/kg daily until seen by a theumatologist. Subsequent lab
work showed a normal metabolic panel aside from elevated
ALT at 55. (<40 U/L). CBC, CK, aldolase, LDH, and ESR
all were normal, as well as a negative ANA. A myositis
antibody panel resulted strongly positive for both MDAS
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and TIF-1 gamma. Although the patient denied any respira-
tory symptoms, a CXR and CT chest were done confirming
no lung involvement. MMF 1500 mg twice a day was later
added to her treatment regimen as well as sulfamethoxazole-
trimethoprim for pneumocystis pneumonia prophylaxis. She
was recommended for medical exemption from the COVID-
19 booster shot in light of this concern. She has remained
stable with no known flaring of her disease.

Case5

A 51-year-old-Asian female with a past medical history of
COVID-19 infection developed a photosensitive rash over
her face, neck, knuckles, and thighs as well as polyarthralgia
and progressive dyspnea 1 week after the 2nd dose of the
Pfizer (BNT162b2) COVID-19 vaccine. She received the 1st
dose 28 days prior without any complications. Six months
prior she was diagnosed with COVID-19 infection compli-
cated by organizing pneumonia (OP) and subsegmental pul-
monary embolism. During her hospitalization for COVID-
19, she required intubation for 4 days as well as IV pulse
methylprednisolone for 1 week. She improved and was able
to be discharged on an oral steroid taper with follow-up in
the respiratory clinic. A repeat high-resolution CT (HRCT)
chest 5 months later showed significant improvement in the
OP pattern previously seen. She symptomatically improved
over several months and was able to return to her normal
routine (until the symptoms after vaccination started).

The rash over her bilateral knuckles progressed to pain-
ful ulcerative lesions accompanied by fingertip ulcerations.
She later developed a loss of appetite with a 13 1b weight
loss over 3 months. She denied any muscle weakness or

Fig.6 Case 5. Bilateral dorsal
PIPs and MCPs with erythe-
matous, ulcerative lesions (A).
Reverse Gottron’s lesions on
bilateral palms and over PIP
and DIP palmar creases (B).
Erythematous rash overlying
lateral thigh (Holster sign) (C).
Erythematous macular rash over
upper back (Shawl sign) (D).
High resolution CT of lungs
showing organizing pneumonia
pattern concerning for progres-
sive ILD (E)

difficulty swallowing. At the time of the rheumatology
visit, her physical examination was noteworthy for Got-
tron’s papules over bilateral MCPs with ulcerations, helio-
trope rash, holster sign over bilateral thighs, and Shawl
sign which were all suggestive of a dermatomyositis rash
(Fig. 6). She also had active synovitis over bilateral knees
and wrists. Lung examination revealed fine crepitations
over bilateral mid-to-lower lobes. There was no muscle
weakness, peripheral edema, or lymphadenopathy noted.
The rest of the physical exam was unremarkable.

Lab work revealed a normal CBC, normal CK, nor-
mal CMP aside from AST 64 (<35 U/L), elevated ESR
73 (0-20.0 mm/h), elevated CRP 6.8 (<5.0 mg/L), and a
negative ANA. Complement levels were normal. A repeat
COVID-19 PCR was also negative. An extended myositis
panel was strong-positive for anti-MDAS5 and anti-Ro52.
A repeat HRCT of the lungs showed a worsening appear-
ance of OP pattern with mediastinal lymphadenopathy
(Fig. 6). She underwent pulmonary function testing (PFT)
which showed a restrictive pattern (FVC 44%, FEV1/FVC
89%). A thorough infectious workup was negative includ-
ing tuberculosis (TB). She was subsequently diagnosed
with MDA5-associated CADM with RP-ILD and initi-
ated on prednisolone 1 mg/kg (60 mg daily). Since being
diagnosed, she has undergone 4 out of 6 cycles of cyclo-
phosphamide 0.6 g/m? (monthly) in view of RP-ILD while
tapering oral prednisolone. Immunosuppression was held
recently in light of a soft tissue infection requiring incision
and drainage, however, she has had marked improvement
in terms of muscle weakness (MRC score decreased from
4 to currently 1). She is scheduled for repeat HRCT and
PFT once her infection resolves.
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Case 6

A 54-year-old Hispanic woman with a past medical history
of well-controlled asthma and mild COVID-19 infection
presented to the Rheumatology Clinic due to concerns of
dermatomyositis after having received the first dose of the
BioNTech/Pfizer (BNT162b2 mRNA) COVID-19 vaccine.
She received the first dose of the Pfizer COVID-19 vaccine
on June 1st, 2021. Approximately 2 weeks later she devel-
oped a burning erythematous rash at the external aspect
of the left arm that progressed to the neck, face, anterior
chest, metacarpophalangeal joints, and right arm. She also
developed bilateral eyelid and facial edema, hyperkeratotic
eruptions on the lateral surfaces of the digits, and polyar-
thralgia mainly in the hands and knees. She received the
second dose of the vaccine on July 12th which exacerbated
the previously mentioned symptoms. She was initially
given oral daily prednisone for concerns for cutaneous
adverse reaction to COVID-19 vaccine which provided
some improvement, however, symptoms returned neces-
sitating a skin biopsy. The biopsy showed findings con-
sistent with interface dermatitis. Hydroxychloroquine was
later started with continuation of oral prednisone.

Her symptoms continued to progress for the next 4
months until she was evaluated by a rheumatologist. A
physical exam showed intense erythema over the fore-
head and cheeks (sunburn sign), eyelids (heliotrope rash),
chest (V-sign), erythematous maculopapular lesions over
the MCPs (Gottron’s papules), periungual erythema, and
mechanic hands (Fig. 7). There was no synovitis or mus-
cle weakness. Cardiopulmonary exam was also normal. A
CBC, urinalysis, kidney, and thyroid tests were all normal.
She had slightly increased AST 35 (N <32 U/L) and LDH
234 (N<214 U/L), and normal ALT 29 (N <52), CPK
64 U/L (N <223) and aldolase 4.4 U/L (N<7.6). CRP
(1.61 mg/dl (N<0.30)) and ESR (26 mm/h (N < 20) were
elevated. C3, C4, and immunoglobulin G were normal.
ANA was positive at 1:640 with a fine speckled nuclear
pattern, however, anti-dsDNA, anti-Smith, anti-RNP, and
anti-La were negative. The myositis panel was positive for
anti-MDAS5 (54, N< 10) and anti-Ro-52 antibodies (23,
N < 10). Thoracic, abdominal, and pelvic CT was done
without signs of interstitial lung disease or malignancy.
Electromyography and muscle biopsy were not performed.
A diagnosis of anti-MDAS and anti-Ro-52 positive amy-
opathic dermatomyositis temporally associated with
COVID-19 vaccination was given. She was started on aza-
thioprine (later changed to MMF) and oral prednisone with
adequate clinical response and nearly complete disappear-
ance of facial edema and rash at the most recent follow-up
in March 2022. A few weeks later MMF was stopped due
to concern for hair loss and replaced with MTX plus the
continuation of tapering prednisone.

@ Springer

Fig.7 Case 6. A Sunburn sign with bright red erythema over the
forehead and cheeks and heliotrope rash. B V-sign. C Erythematous
maculopapular lesions over the MCPs (Gottron’s papules) and peri-
ungual erythema

Limitations

The findings of our cases have to be seen in light of some
limitations. The first and primary limitation is the number of
reported cases of MDAS-associated disease from COVID-19
vaccination is scarce provided the number of people in the
world who have been vaccinated. Recognition, as well as
awareness of MDAS-associated disease by clinicians, may
also be decreased for multiple reasons including its rarity, its
lack of typical myositis features such as significant muscle
weakness and elevated CK levels, and its clinical similari-
ties to COVID-19 infection. COVID-19 infection itself is a
new disease entity and we are yet to fully understand its full
long-term implications. The cases we are presenting will
have to be followed over a longer period of time to see if
their outcomes are similar to previously reported cases of
MDAS prior to the COVID-19 era.

Literature review and discussion

We herein describe six serendipitous occurrences of anti-
MDAS5 CADM, a rare subtype of IIM, with temporality after
COVID-19 vaccination. While association cannot be causa-
tion, especially in the setting of a global vaccination drive
during a worldwide pandemic, we explore and discuss the
possibilities and evidence around the specific interactions
of the interferon pathway, the MDAS gene, and the COVID-
19 vaccine and its intersection with myositis. We further
scrutinize the link of anti-MDAJS-associated myositis with
viral infections in general, draw parallels, and discuss the
possibilities of an aetiopathological overlap from an immu-
nologic standpoint.
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The association of a positive anti-MDAS autoantibody
and CADM with RP-ILD and poor survival is well estab-
lished in the literature. Objective muscle weakness is typi-
cally not common in this dermatomyositis subtype, although
cutaneous and muscle manifestations may vary, ranging
from minimal skin lesions to striking, widespread ulcerative
lesions and/or characteristic palmar papules [1-4, 7, 8, 11,
12, 17-24]. CADM has also been used as an umbrella term
that combines amyopathic and hypomyopathic DM patients.
In some instances, the glaring absence of both cutaneous and
muscle manifestations may culminate in delayed diagnosis
of autoimmune RP-ILD with fatal outcomes within weeks of
symptom onset in up to 50% [3, 8, 18, 21, 25, 26].

Viral infection has long been thought to be a potential
etiology for autoimmune disease, including IIM [1, 3,
12, 27]. Development of autoimmune reaction following
SARS-CoV-2 infection (including IIM) has been described
extensively and the similarities with anti-MDAS disease
and COVID-19 infection have further increased this suspi-
cion [1, 2, 4, 12-15, 28-35]. Firstly, the pulmonary damage
from MDAS-DM RP-ILD is difficult to distinguish from the
interstitial pneumonia and subsequent acute respiratory dis-
tress syndrome (ARDS) seen in COVID-19 infection. Both
MDAS-DM and COVID-19 seem to share several patho-
genic mechanisms by activation of the IFN-I signaling path-
way [1-3, 14, 35]. Notably, COVID-19 infection activates
downstream interferon signaling for viral clearance by host
defense, and this is initiated by cytoplasmic viral RNA sen-
sors such as the RIG-I and MDAS [1, 2, 36-38]. This sets
the tone for the suggestion that the production of anti-MDAS
antibodies during virus infection, including COVID-19, is
an epiphenomenon associated with the onset of CADM
and RP-ILD; namely, infection of the skin and lung epithe-
lium that may up-regulate the expression of MDAS in the
infected tissues [1-3, 17, 36, 39]. The possible mechanisms
of autoimmunity may be molecular mimicry, or the virus
itself may activate antigen-presenting cells directly, activa-
tion of T-cells, and consequent cytokine storm with result-
ant tissue damage [13, 27]. This can further be favored by
specific genetic variants predisposing individuals to loss of
tolerance of the MDAS5 antigen resulting in the production of
anti-MDAJS autoantibodies [3, 39, 40]. In a 2020 study done
by Megremis et al. on dermatomyositis patients, there were
six distinct epitopes with high sequence affinity to human
SARS-CoV2 virus and of these, three linear epitopes of six
amino acid lengths were highly specific for SARS-CoV-2
[28]. Around this time, a case series by Gokhale et al. noted
the “sudden spur” in dermatomyositis cases coinciding with
the peak of COVID-19 infections. Among the five cases they
saw in a span of 4-5 months, four were positive for MSAs,
and one of those patients was positive for MDAS [15]. Simi-
lar to the cytokine storm seen in severe COVID-19 infec-
tions, the increased levels of Cutaneous T cell Attracting

Chemokine (CTACK), IFN-gamma, IL-8, monocyte chem-
oattractant protein-3 (MCP-3), and stem cell growth factor-
beta (SCGF-beta) were observed in MDAS5-DM RP-ILD.
Liu et al. performed a retrospective study involving 3 hos-
pitals across China (in Wuhan, Harbin, and Beijing) from
December 2019 to April 2020 where they showed a 48.2%
positivity rate (132/274 patients) for anti-MDAS5 antibody
among COVID-19 patients. They also showed that higher
titers of anti-MDAJS antibodies were more prevalent among
the severe and non-survival cases [34].

An additional hypothesis of a viral trigger of MDAS5-DM
is suggested by epidemiological studies that highlighted a
seasonal distribution of the disease with an epidemic period
in fall and winter, a peak in late winter and spring, and a
dip in summer [3]. The clustered occurrence of cases of
anti-MDAS positive IIM in Japan along the Kiso River are
further pointers to an environmental trigger, potentially in
the genetically predisposed [41].

Another important aspect is the occurrence of severe
COVID-19 in apparently healthy young individuals who
were later found to have subtle IFN pathway defects and
polymorphisms including those affecting the MDAS gene
[42]. Tt is also shown that Pangolins, the natural reservoir of
COVID-19 lack the MDAS gene, possibly providing them
an evolutionary advantage [43]. Autoimmunity and immuno-
deficiency occur along a continuum, and the frequent occur-
rence of viral infections in patients with anti-MDAS positive
myositis raises the case for deregulated viral clearance due
to polymorphisms in viral sensors [27, 44]. Besides, occa-
sional reports of psoriasiform rashes and cutaneous features
in patients with anti-MDAS5 positive IIM, when such rashes
are otherwise described in those with MDAS mutations sug-
gest that our current understanding of this disease may be
just the tip of the iceberg, with several undiagnosed forms
currently misunderstood in the absence of a timely genetic
and autoimmune screen [45].

The mRNA COVID-19 vaccine was shown to exclusively
induce type I IFN effects. RNA sensors such as Toll-like
receptor 7 (TLR7) and MDAS are triggered by the mRNA
vaccine [46]. The upregulation of these immunological path-
ways is widely considered to be the basis of several immune-
mediated diseases, especially in genetically predisposed sub-
jects who have impaired clearance of nucleic acids [47, 48].
Some data suggest that these individuals may acquire the
infection asymptomatically and the presence of autoreactive
cells and autoantibodies cross-reacting against SARS-CoV-2
epitopes may provide natural protection against the infection
[48]. Although more evidence is needed, the administration
of nucleic acid vaccines may put these individuals at risk of
developing immunological side effects via sensitization of
pattern recognition particles (PRRs) or generation of cross-
reactive cell clones and antibodies [47]. Additionally, the
COVID-19 mRNA vaccine, like the COVID-19 infection
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Table 1 Reported cases of MDAS5-dermatomyositis developing after COVID-19 vaccine administration

Author/year of Age Gender Time to symptom Clinical features Serologies COVID-19 vaccine  Treatments received Outcomes
publication onset type
Carrasco et al. [9] 58 Male 4 days after Fever ANA 1:320 NA Steroids Died
unknown dose Digital tip ischemia (unknown pattern) Cyclophosphamide
and ulceration MDAS IVIG
RP-ILD Colchicine
PTX Tacrolimus
Pneumomediasti-
num
Pericardial effusion
Gonzalez et al. 45 Male 2 days after second  Fever SSA-52 (Ro-52) Moderna (mRNA-  Steroids Recovered
This report 2022 dose Heliotrope rash MDAS 1273) IVIG
Case 1 Gottron's papules Rituximab
Erosive retiform
rash
Polyarthralgia
RP-ILD
Extensive right arm
edema
Case 2 58  Female 7 days after second  Fever MDAS Covishield Steroids Recovered
dose Gottron's sign (ChAdOx1 nCov- Mycophenolate
Auricular papules 19) mofetil
Polyarthralgia Hydroxychloro-
quine
Cyclophosphamide
Rituximab
Tofacitinib
Tacrolimus
Nintedanib
Case 3 45 Female 3 days after second  Fever ANA 1:640 Pfizer (BNT162b2) Adalimumab®** Recovered
dose Heliotrope rash (Homogenous Prednisone
Gottron's papules pattern) Rituximab
Mechanic hands MDAS Tofacitinib
ILD PLEX
Case 4 28  Female 14 days after second Heliotrope rash TIF-1 gamma Pfizer (BNT162b2) Steroids Recovered
dose Gottron's papules MDAS Hydroxychloro-
Gottron's sign quine
V-sign Mycophenolate
Muscle weakness mofetil
Sulfamethoxazole-
trimethoprim (for
PCP ppx)
Case 5 51 Female 7 days after second  Gottron's papules SSA-52 (Ro-52) Pfizer (BNT162b2) Cyclophosphamide Recovered
dose Holster sign MDAS Steroids
Shawl sign
ILD
Case 6 54 Female 14 days after first Heliotrope rash ANA 1:640 (Fine Pfizer (BNT162b2)  Steroids Recovered
dose Gottron's papules speckled pattern) Hydroxychloro-
Mechanic hands SSA-52 (Ro-52) quine
V-sign MDAS Azathioprine
Sunburn sign Mycophenolate
mofetil

ACR American College of Rheumatology, ANA antinuclear antibody, DM dermatomyositis, EULAR European League Against Rheumatism, //M
idiopathic inflammatory myositis, /VIG intravenous immune globulin, MDA5 melanoma differentiation-associated protein 5, NA not available,
PCP pneumocystis pneumonia, PLEX plasma exchange, ppx prophylaxis, RP-ILD rapidly progressive interstitial lung disease, SSA Sjogren syn-
drome A, TIF-1 gamma anti-transcription factor 1 gamma

**Medical history of seropositive rheumatoid arthritis in remission on upadacitinib that was switched to adalimumab once diagnosis of MDAS5-
DM was made

All cases met 2017 EULAR/ACR classification criteria for adult IIMs and their subgroups

mentioned above, may generate an unbalance in the cytokine
pathways via stimulation of myeloid or plasmacytoid den-
dritic cells (DCs) which are known to have a crucial role
in autoimmunity and autoinflammation [32, 49]. To what

extent the novel mRNA COVID-19 vaccine plays a role in
autoimmunity and subsequent disease are unanswered ques-
tions that need further attention.
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We have introduced six cases to the previously docu-
mented single case (Carrasco et al.) of MDAS-associated
CADM that developed within days of receiving the COVID-
19 vaccine [9]. Although no specific diagnostic criteria for
the MDAS subtype of DM exists, all our patients did meet
the 2017 EULAR/ACR (European League Against Rheu-
matism/American College of Rheumatology) classifica-
tion criteria for adult [IMs and their subgroups [50]. See
Table 1. Although our focus here is on MDAS5-associated
disease with the COVID-19 vaccine (and infection), our lit-
erature review also included other forms of myositis from
the COVID-19 vaccine, including four cases of non-autoim-
mune myositis [51-53], two cases of myositis with positive
myositis-associated antibodies (MAAs) [54, 55], and two
MSA cases (anti-Jo-1 and SAE1-associated dermatomyosi-
tis) [55, 56].

All our cases of MDAS5-DM demonstrated rashes con-
sistent with classic DM with varying degrees of muscle
weakness and lung disease. No recommendations for the
management of anti-MDAS-DM exist at this time, however,
a combination of immunosuppressive therapy has been
used exemplified by the variety seen in our cases. In addi-
tion to the case reported by Carrasco et al., 3 out of our 6
cases developed RP-ILD. Interestingly, one of our cases,
Case 4, was positive for two different MSAs, TIF-1 gamma
and MDAS, which is very rare [57]. Case 1 presented with
intense, unilateral, limb swelling, which was concerning as
some case reports have suggested that unilateral/bilateral
limb edema can be associated with more aggressive types of
IIM [58, 59]. This patient, like Case 5 and Case 6, was also
positive with SSA-52 (Ro-52), a MAA that when co-present
with MSAs can correlate with increased disease intensity
[60].

In summary, we bring attention to the relationship seen
between MDAS-DM and COVID-19 vaccination and infec-
tion. Due to the severity and rapid course of anti-MDAS5-
associated CADM, timely diagnosis and therapy initiation is
crucial. As previously mentioned, while association cannot
be causation, especially in the setting of a global vaccination
drive during a worldwide pandemic, our findings highlight
the continued need to understand viral and vaccine interac-
tion with the host immune response and subsequent autoan-
tibody development, particularly in patients presenting with
symptoms of myositis. Our findings are not intended to dis-
suade clinicians against recommending COVID-19 vaccina-
tion for patients, especially those with known autoimmunity
and/or immunocompromised, but rather to sensitize medical
providers to this rare but potentially life-threatening disease
that may arise in the post-vaccine period.
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