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Background/Objective: The most significant adverse events following
SARS-CoV-2 vaccination are myocarditis and pericarditis. Myositis and
dermatomyositis have been reported following SARS-CoV-2 infection, but
vaccine-induced dermatomyositis (DM) has not been reported. Our case
series aimed to characterize new onset dermatomyositis or disease-related
flares following SARS-CoV-2 vaccination.

Materials and methods: A total of 53 patients from our institution with a
new or pre-existing diagnosis of DM were recruited and consented. Phone
interviews were conducted to obtain vaccination status and symptoms
following vaccination. Electronic medical records were reviewed to extract
age, sex, autoantibody profiles, comorbidities, immunomodulatory therapies,
creatine kinase (CK) values, and SARS-CoV-2 vaccination dates from the
provincial vaccination registry. For patients who reported disease flares,
records were reviewed for the onset and nature of symptoms, extent of organ
involvement and changes in immunomodulation.

Results: On average, patients received 2.62 vaccine doses (range 1-3
doses). A total of 3 of 51 patients (5.88%) experienced dermatomyositis
symptoms following vaccination. Two patients were newly diagnosed with
dermatomyositis, one requiring hospitalization. Reported symptom onset
following vaccination ranged from 1 to 30 days. Of note, all of these patients
had normal CK values, even though there was muscle biopsy-confirmed
myositis in one patient. Eight patients in the cohort (15.1%) had asymptomatic
CK elevation (<1.5 X ULN).
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New onset dermatomyositis or flare up of pre-existing

dermatomyositis may be a rare complication in SARS-CoV-2 vaccination
although no studies can support a true correlation. Several pathophysiologic
mechanisms are proposed.

vaccine, dermatomyositis, SARS-CoV-2, exacerbation, TLR7, molecular mimicry

Introduction

As of May 2022, 84.9% of the population of Canada (32.4
million) received at least one dose of the vaccine against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1).
Of the 114,108 adverse events reported to date as of 29 April
2022, myocarditis and pericarditis comprise 0.93% of cases,
the most common autoimmune complications (2, 3). Although
most cases of myocarditis have been classified as mild, skeletal
muscle inflammation may also ensue, resulting in significant
sequelae (4).

(DM) s
inflammation of the skin and muscles. Cases of DM in the

Dermatomyositis associated with systemic
context of COVID-19 infection have been previously reported
in the literature (5-13) and DM following hepatitis B, influenza,
tetanus, and Bacillus Calmette-Guérin (BCG) vaccines have also
been reported. However, DM developing after SARS-CoV-2
vaccination has not yet been reported.

To determine the risk of DM flare after SARS-CoV-2
vaccines, we performed a single-institution retrospective case
series compromising all patients with the diagnosis of DM.
We report two cases of new-onset DM and three cases of
exacerbations of DM following SARS-CoV-2 vaccination among
a series of 53 DM patients. We discuss the potential causal
relationship between vaccination and DM.

Materials and methods
Patient recruitment

All patients recruited in our study had a diagnosis of DM,
and met the 2017 ACR/EULAR classification criteria for DM
(14). All patients seen in the Divisions of Rheumatology and
Dermatology with a pre-existing diagnosis of DM or a new
diagnosis of DM were invited to the study. This included all
patients in our catchment zone, with a population of 2 million.
An ethics application was approved by the Research and Ethics
Board at the University of Alberta (Pro00116853) in compliance
with the Declaration of Helsinki. Consent was obtained from
all participants included in this study. A total of 53 patients
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were contacted and responded to our study. 43 patients did
not respond or could not be contacted, and 5 patients were
deceased. Phone interviews using predetermined questionnaires
were conducted to determine self-reported vaccination status
and subjective symptoms associated with disease exacerbation
(Supplementary material 1).

Determination of disease exacerbation

Disease exacerbation or “flare” was defined as at least two
or more of the following: increased fatigue, increased muscle
soreness and/or weakness, and development or worsening
of cutaneous findings in dermatomyositis such as heliotrope
rash or Gottron’s papules. Although the predetermined
questionnaire inquired about onset of subjective symptoms
within 1 week of vaccination, the accepted time period
for vaccine-associated DM exacerbation was 0-30 days. Any
patients who subjectively reported disease exacerbation received
a follow-up unscripted phone interview from MO or AC
to further clarify their symptoms. These patients and their
laboratory investigations were subsequently adjudicated by
three members of the study team (AC, MO, RG). Consensus was
reached by discussion.

Data elements extracted

Age, sex, autoantibodies (which included myositis specific
autoantibodies, anti-Mi-2, TIF-1y, NXP-2, Jo-1, PL-7, PL-
12, and MDA-5), immunomodulatory therapies prior to
vaccination and in response to increased disease activity, and
creatine kinase (CK) levels up to 1 year following the first
dose of vaccination were collected from the electronic medical
record (EMR) for all patients. Vaccination status and dates
were obtained from patients directly via phone interviews, then
confirmed using EMR for all patients. For patients with a notable
vaccine-associated DM flare, symptoms and extent of organ
involvement as per Myositis Intention to Treat Activity Index
(MITAX) (15) were extracted, along with subsequent addition
of immunomodulatory therapies.
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Results

The demographics of our cohort are summarized in Table 1.
Of the 53 participants, 46 were female (86.8%) and 7 were
male (13.2%). The mean age was 57.4 years, with a range of
18-89 years. The majority of patients with dermatomyositis
in our cohort did not report disease exacerbation (90.6%).
Eight patients were found to have CK elevations despite being
asymptomatic (15.1%). These CK elevations occurred within
1 year following the first dose of vaccination during their routine
DM follow-ups. All elevated CK values were found to be less
than 1.5 times the upper limit of normal.

Of 51 patients with existing diagnoses of DM, three
patients (5.88%) experienced DM symptom flares following
vaccination (Table 2) with a mean MITAX score of 4.3
indicating mild disease. In addition, two patients received a new
diagnosis of dermatomyositis, of which one patient required
hospitalization, with a mean MITAX score of 18.5. Reported
onset of disease ranged from 1 to 30 days, with a mean of
12.8 days. The majority of patients experiencing a flare did

TABLE1 Demographic summary of all dermatomyositis patients.

Patient
demographics
Total N patients 53
Sex (N; %) Female 46 (86.8%)
Male 7 (13.2%)
Mean age (Mean; 57.4 (18-89)
Range)
Elevated creatine 8 (15.1%)
kinase without
reported flare
(>198U/L) (N; %)
Mean vaccine doses 2.62 (1-3)
(Mean; Range)
Dose mixing 5(9.43%)
No dose mixing 45 (84.9%)
Vaccine not specified® 3(5.66%)
Mean number of 1.51 (0-3)
drugs used for
immunosuppression
(Range)
No immunosuppression (N; %) 5(9.43%)
Single agent (N; %) 22 (41.5%)
Two agents (N; %) 20 (37.7%)
Three agents (N; %) 6 (11.3%)
Immunosuppression  Hydroxychloroquine (N; %) 20 (37.7%)
regimen (excluding
prednisone)

Methotrexate (N; %) 20 (37.7%)

Azathioprine (N; %) 4(7.55%)
Mycophenolate mofetil (N; %) 8(15.1%)
Intravenous immunoglobulins (N; %) 20 (37.7%)
Subcutaneous immunoglobulins (N; %) 5(9.43%)
Rituximab (N; %) 3(5.66%)

vaccine records not found in provincial vaccine registry due to residence in different
province but patients self-reported minimum one dose in survey.
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not require changes in immunomodulation therapy (median
MITAX score 5; mean MITAX score 4.3). Overall disease activity
was low in all five patients with a mean MITAX score of
10.

On average, participants received 2.62 vaccinations against
SARS-CoV-2, with a range of one to three doses at the end of the
study period. A total of 84.9% of patients had no dose mixing.
A total of 9.43% of patients had mixed doses. Three patients
(5.66%) self-reported having received at least one vaccination
dose of Pfizer-BioNTech; however, the records could not be
confirmed with the provincial vaccine registry due to limitations
in the EMR for these particular patients.

For patients with historical DM, a majority of them
were on combination immunomodulatory therapies with the
most common
(37.7%),
immunoglobulins (37.7%).

therapies including hydroxychloroquine

methotrexate (37.7%), and intravenous
We have summarized the specific case summaries for the
patients with a new diagnosis of DM (cases 1 and 2), and those

with a disease-associated flare (cases 3, 4, and 5).

Case summaries

Patient 1 presented with internal iliac vein thrombosis

and bilateral basilar pulmonary emboli, accompanied
by wedge shaped consolidative opacity at the right base,
approximately 4 weeks after receiving COVAUVec vaccine.
This was treated with rivaroxaban. Approximately 5 weeks
after anticoagulation, the patient presented with fever, joint
pain (elbows, wrists, hands, knees, and ankles), and worsening
shortness of breath. Troponin and C-reactive protein (CRP)
were elevated, and the patient was positive for SSA antibodies
(MITAX score 26). Positron emission tomography (PET)
scan showed bilateral scattered consolidative opacities more
prominent at the lung bases, along with borderline enhanced
mediastinal, hilar, and axillary lymphadenopathy. The patient
was started on prednisone 40 mg daily, methotrexate, and
hydroxychloroquine for presumed Sjogren’s disease. However,
as prednisone was tapered, she developed a skin rash, fever,
severe dyspnea and chest pain, and was rehospitalized
6 months later. CT scan showed evolution of the previous
lung lesions to basal-predominant subpleural reticulation
with associated bronchiectasis/bronchiolectasis, showing the
pattern of usual interstitial pneumonia (UIP) or non-specific
interstitial pneumonia (NSIP). Hospital stay was complicated
by atrioventricular nodal reentry tachycardia requiring rate
control with amiodarone and diltiazem, and cardiac MRI
showed pericarditis. Diagnosis of dermatomyositis (with
concomitant pericarditis and interstitial lung disease) was made
based on skin findings, PL-12 autoantibodies, and a positive
muscle biopsy (vastus medialis). Treatment with prednisone

and mycophenolate mofetil (MMF) led to an improvement of
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TABLE 2 Summary of patient experiencing dermatomyositis exacerbation after vaccination.

Patient (age/sex) Onset of Vaccine, dose #  Clinical findings Organ Autoantibodies MITAX score
symptoms after involvement
vaccination
1 (53F) 30 days AstraZeneca, dose 1 Initially presented with R Myocarditis (peak ANA+, ENA+ 26
flank pain due to PE, but  troponin 133 ng/L) RF+
later developed myalgia,  Pericarditis anti-Ro-52+
joint pain, Gottron’s sign, Interstitial lung disease SSA+
Mechanic’s Hand, holster  (usual interstitial PL-12+
sign, shawl sign, V-neck ~ pneumonia pattern)
sign, ragged cuticles, Muscle weakness,
capillary loop dilation positive biopsy and MRI
findings (normal CK)
Venous thrombosis
2 (76F) 24 days Pfizer-BioNTech, Fatigue, heliotrope rash, Proximal muscle ANA+ 11
dose 2 Gottron’s papules, shawl ~ weakness, normal CK SAE-1+
sign, periungual
erythema with capillary
loop dilation, ragged
cuticles, panniculitis with
skin ulcerations
3 (49F) 2 days Pfizer-BioNTech, Heliotrope rash, Proximal muscle TIF-1y+ 5
dose 2 Gottron’s papules, weakness, normal CK PM/Scl100+
periungual capillary loop PM/Scl75+
dilation, cuticle
hemorrhages
4 (36F) 1 day Moderna, dose 2 Tll-defined erythema of Muscle weakness, Mi-2+ 3
cheeks, V-neck sign, normal CK
fatigue, myalgia
5(79F) 7 days Pfizer-BioNTech, Shawl sign, Gottron’s Distal muscle weakness, ANA+ 5

dose 2

papules, holster sign,
fatigue, myalgia

normal CK

Negative myositis
panel

her symptoms. This was followed by a course of intravenous
immunoglobulins (IVIG).

Patient 2, a previously healthy female, developed fatigue,
voice hoarseness and skin lesions on the arms, trunk, and
face, 3 weeks after her second dose of the Pfizer-BioNTech
vaccine. On examination, she presented with proximal
muscle weakness and skin signs of dermatomyositis (MITAX
11). Serology for anti-SAE-1 was positive. Nailfold video
capillaroscopy revealed severe capillary disorganization
with capillary enlargement and microhemorrhages. She
initially did not respond to prednisone monotherapy,
but disease improvement was achieved with the use
of MMF and IVIG.

Patient 3 had a previous history of TIF-1y positive DM
and was in complete remission for a period of 2 years on
hydroxychloroquine. After receiving the second dose of the
Pfizer-BioNTech vaccine, she developed a heliotrope rash
and prominent muscle weakness which spontaneously
improved within 2 weeks (MITAX 5). We maintained
watchful observation, but during the following month
the cutaneous lesions flared, and she developed proximal
muscle weakness. The patient declined systemic steroids, and

IVIG was initiated.
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Patient 4 had a previous history of anti-Mi-2 DM that
was in full remission for the last 18 months, maintained on
azathioprine, hydroxychloroquine, and monthly infusions of
methylprednisolone. One day following her second dose of the
Moderna vaccine, she developed ill-defined erythema on her
cheeks, V-neck sign, and mild myalgia which spontaneously
improved over 2 days (MITAX 3). She did not require any
change in medications and had not developed symptoms
with her first dose of Moderna, or her third dose of Pfizer-
BioNTech.

Patient 5 had a previous history of inclusion body
myositis which was relatively quiescent, diagnosed by muscle
biopsy in August 2019. Within 1 week of her first dose of
the Pfizer-BioNTech vaccine, she developed shawl sign and
Gottron’s papules, with no myalgia. She received her second
dose of Pfizer-BioNTech 4 weeks after the first dose, and
noted mild myalgia, and worsening of the shawl sign and
Gottron’s papules. Her skin findings continued to progress
to include her scalp and legs, until she was diagnosed with
dermatomyositis/inclusion body myositis overlap syndrome
based on complement staining on skin biopsy in August
2021, and subtle perimysial pathology on repeat muscle
biopsy. After her third dose of Pfizer-BioNTech in November

frontiersin.org


https://doi.org/10.3389/fmed.2022.1013378
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Chan et al.

2021, she noted significant worsening of fatigue, myalgia,
and her skin rashes (MITAX 5). She did not have CK
elevation despite her myalgias. Throughout these reactions, she
remained on IVIG during all three doses; she had been unable
to tolerate prednisone, methotrexate, and mycophenolate
mofetil in the past.

Discussion

We have observed two patients who have new presentations
and three patients with exacerbations of existing DM
SARS-CoV-2. This
represents a small but significant proportion of patient

following receiving a vaccine for
series (9.8%) compared to the general population which
has been reported to have 0.6% prevalence of adverse
events overall in Canada (16). There was no association
between the presence of myositis specific autoantibodies,
or elevations in CK with DM flares in our patient
series.

The incidence of DM exacerbation before and after the
onset of COVID-19 is difficult to compare as the literature
is limited and definitions for disease exacerbations are not
standardized. However, the incidence of disease exacerbation
in our case series is low in comparison to one survey of 524
patients from 2018 to 2019 on patient-reported exacerbation
in dermatomyositis and polymyositis, where 378 patients
(72.1%) reported at least one flare in the past 12 months
(17). One thought is that COVID-19 and telemedicine has
created challenges in monitoring patient disease activity and
adapting immunosuppression regimens, although this would
likely lead to an increased frequency of relapses, rather than a
lower incidence.

We acknowledge certain limitations in our methodology
as well. Approximately 50% of patients were unable to be
reached by telephone, which introduces the possibility of
selection bias. There was also a small number of patients who
were deceased (n = 5) at the time of the questionnaires; the
cause of death for patients was unknown, and a relationship
to vaccination cannot be excluded as their records were not
reviewed. Recall bias is another limitation as patients may
not have remembered their symptoms, and symptoms of
exacerbation are subjective. Our questionnaire was conducted
from November to December of 2021. First dose vaccination
was available to the general public in Canada around April
2021, however, each individual patients first doses varied
between January 2021 to December 2021. For this reason,
the CK values up to 1 year post-vaccination were reviewed
during data extraction in January 2022 to evaluate for possible
trends or asymptomatic elevation. We also acknowledge the
limitations of asking patients about symptoms of exacerbations
in a closed-ended format and within a restricted short time
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period of 1 week, as this may also have led to under-
reporting, although the patients that experienced vaccine-
associated flares were closely followed by MO and RG, and
frequently interacted with them.

There have been several other reports of dermatomyositis
and idiopathic inflammatory myopathies developing or
relapsing after SARS-CoV-2 vaccination, which supports our
findings (18-22). Overall it is difficult to conclude whether there
is a true correlation between dermatomyositis exacerbation and
vaccination, however, there is emerging literature describing
several mechanisms that propose how vaccinations may
promote the development of inflammatory diseases such as
DM. DM has been associated with infectious triggers, but it has
also been suggested that de novo diagnosis of DM following
COVID-19 infection may be a mimic of COVID-19 myositis
(12, 13). Initial case reports of myositis following active COVID-
19 infection discussed the possibility of direct virus entry into
muscle via ACE-2, viral trigger of innate immune activation or
autoinflammation, and viral adaptive immune activation (23).
Similar phenomena of vaccine-induced autoimmune disease
have been reported with viral RNA from the influenza vaccine
contributing to the development of ANCA-vasculitis (24).
Autoimmune/inflammatory syndrome in response to adjuvants
(ASTA) syndrome has also been reported after SARS-CoV-2
vaccination (25, 26).

It is well established that patients with connective tissue
diseases such as systemic lupus erythematosus (SLE) and
DM develop elevated type I interferon responses in the
prodromal phases anteceding clinical manifestations of their
disease (27, 28). These patients are more sensitive to flares
in their disease resulting from viral infections. In SLE, the
presence of these signals is associated with pattern recognition
receptors such as toll-like receptor 7 (TLR7) which are known
to recognize ssRNA. Indeed, it has recently been suggested
that patients with SLE may have increased frequencies of
gain of function mutations in TLR7 which are sufficient to
promote inflammatory manifestations associated with SLE such
as chronic B cell activation (29). This may explain why several
groups have reported new diagnoses of SLE or severe SLE flares
after COVID-19 vaccinations as we have described for DM (30—
33). As TLR7 plays a prominent role in the pathogenesis of DM
(34), we suspect that TLR7 agonists such as those present in
RNA/DNA vaccines utilized for COVID-19 may be sufficient
to promote inflammatory signals associated with DM. Another
possibility may include a role for vaccine encoded spike proteins
promoting a “superantigen” response, which promotes systemic
immune dysregulatory responses in genetically predisposed
individuals, as previously suggested (35). Of note, a study of
vaccinated DM and SLE patients demonstrated that more fully
vaccinated dermatomyositis patients had disease exacerbation
following the vaccine compared to their SLE counterparts, the
reason for which is unknown but may be related to the role of
plasmacytoid dendritic cells in SLE (36).
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We speculate that one potentially protective mechanism for
patients with DM and/or SLE is the use of TLR7 inhibitory
anti-rheumatic therapies such as antimalarial therapies (e.g.,
hydroxychloroquine or chloroquine). These agents are known
to attenuate TLR7 signals through a variety of mechanisms
(37). This observation is supported in our cohort where a
large number (37.7%) of patients were using an antimalarial
agent. Similarly, in patients with established SLE (many of
which were on hydroxychloroquine) treated with a SARS-CoV-
2 vaccine, the rates of adverse reactions were low, which may
be explained in part by the use of these agents (31). Further to
this, most of the patients in our cohort with adequate disease
control using combination immunomodulatory agents did
not experience significant adverse reactions from vaccination-
suggesting a role for immunomodulation in quelling vaccine
related inflammatory responses in patients with DM. In
addition, in the patients with a disease related flare that were
using an antimalarial agent, their flares were mild and self-
limited compared to the more severe ones noted in patients not
using an antimalarial agent.

Finally, an intriguing theory may suggest a role for
molecular mimicry as a potential cause for vaccine-associated
flares in DM patients. Megremis et al. (38) reported three
immunogenic linear epitopes with high sequence identity to
SARS-CoV-2 proteins in patients with autoimmune DM. Based
on these findings that viral spike glycoproteins share amino
acid sequences with DM autoantigens, we consider it plausible
that molecular mimicry to viral proteins in the vaccine in
the presence of RNA serving as adjuvants may promote
exacerbations in DM. These results may be extrapolated to
post-vaccine myocarditis (4, 39, 40).

Conclusion

Our observations suggest a possible correlation between
SARS-CoV-2 vaccination and exacerbation of dermatomyositis.
There are no current studies with appropriate design to establish
a relationship between vaccination and disease exacerbation.
However, there are several emerging pathophysiological
arguments that support this hypothesis including that spike
(S) protein-coding SARS-CoV-2 vaccines may induce or
exacerbate dermatomyositis, analogously to what was shown
in patients with COVID-19 disease. Most of the patients with
disease-associated flares experienced proximal muscle weakness
(with normal CK values) and typical cutaneous findings and
nailfold capillary changes described in DM. DM-related flares
can result in cardiac and/or pulmonary involvement which
is important to distinguish from COVID-19 vaccine-induced
myocarditis, pericarditis and interstitial lung disease. The
mechanism of vaccine-induced dermatomyositis remains
unknown although we speculate that it may be promoted by
aberrant TLR7 signaling, and possible molecular mimicry
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between viral spike glycoproteins, anti-idiotype antibodies, and
dermatomyositis autoantigens.
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