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The pandemic of coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 has
caused a large number of deaths, and there is still no effective treatment. COVID-19 can
induce a systemic inflammatory response, and its clinical manifestations are diverse.
Recently, it has been reported that COVID-19 patients may develop myositis and
interstitial pulmonary disease similar to dermatomyositis (DM). This condition is similar
to the rapidly progressive interstitial lung disease associated with MDA5+ DM that has a
poor prognosis and high mortality, and this poses a challenge for an early identification.
Suppression of the immune system can protect COVID-19 patients by preventing the
production of inflammatory cytokines. This article attempts to explore the possibility of a
relationship between COVID-19 and DM in terms of the potential pathogenesis and clinical
features and to analyze the therapeutic effect of the immunosuppressive drugs that are
commonly used for the treatment of both DM and COVID-19.
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INTRODUCTION

In December 2019, a novel infectious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was reported (1). Compared with SARS-CoV and MERS-CoV,
SARS-CoV-2 is more infectious; therefore, coronavirus disease 2019 (COVID-19) has become a
global epidemic. The most common symptoms of COVID-19 are fever, cough, dyspnea, myalgia,
and fatigue (2), and pulmonary involvement is significantly associated with a poor prognosis and a
high mortality. Viruses can cause a variety of autoimmune diseases, and patients with autoimmune
diseases are more susceptible to infection due to the pathogenesis of the autoimmune disease and/or
the use of immunosuppressants. Among the potential autoimmune diseases that may be related to
COVID-19, the most intriguing is idiopathic inflammatory myopathy (IIM), a heterogeneous
disease that primarily affects the skeletal muscles and can be divided into polymyositis,
dermatomyositis (DM), immune-mediated necrotizing myopathy, anti-synthase syndrome, and
inclusion body myositis (3). During the COVID-19 outbreak, several studies have recognized a
striking similarity between COVID-19 and DM due to the lung and muscle involvement and the
presence of a rash. DM typically presents with characteristic skin manifestations that accompany or
precede muscle weakness, and interstitial lung disease (ILD) is a common complication of DM. The
pathogenesis of DM is still unclear, although it is likely associated with inappropriate complement
activation and interferon (IFN) response (4, 5), which results in the production of myositis-specific
autoantibodies that may be related to unique clinical features. Obviously, COVID-19 is closely
related to DM.
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COVID-19 AND AUTOIMMUNITY

For many infections, the immune system provides an
appropriate response that mediates resistance to the invading
microorganism. Appropriate innate and adaptive responses
promote the coordinated production of proinflammatory
cytokines that can control pathogens. Several environmental
factors have been suspected to trigger or even exacerbate
existing autoimmune conditions in genetically susceptible
patients, and these factors include viral, bacterial, and parasitic
infections (6). Viruses can induce autoimmunity in genetically
susceptible individuals through multiple mechanisms, including
molecular mimicry, epitope spreading, bystander activation, and
the immortalization of infected B cells. Chronic relapsing/
reactivated infections caused by Epstein-Barr virus (EBV) are
associated with the occurrence or onset of various autoimmune
diseases, including DM (7). Similar to SARS-CoV, SARS-CoV-2
uses the membranous angiotensin-converting enzyme 2 (ACE2)
receptors to enter human cells (8). Then, SARS-CoV-2 can
trigger innate and adaptive immune responses, known as
cytokine storms. This abnormal elevation of inflammatory
cytokines, such as interleukin (IL)-1, IL-6, IL-10, interferon g
(IFN-g), monocyte chemotactic protein-1 (MCP-1), and
granulocyte-macrophage colony-stimulating factor, can interact
with the complement and coagulation systems, leading to acute
respiratory distress syndrome, disseminated intravascular
coagulation, and even multiple organ failure (9). Li et al.
demonstrated significant expression of ACE2 receptors on
alveolar epithelial cells, which may explain why pulmonary
involvement is a hallmark of COVID-19 (10). A retrospective
study revealed that SARS-CoV-2 might act primarily on
lymphocytes, especially T lymphocytes. Moreover, patients
with severe COVID-19 had higher neutrophils and fewer
lymphocytes than patients with mild COVID-19, indicating
that an increased neutrophil-to-lymphocyte ratio (NLR) in
patients with severe COVID-19 and the use of lymphocyte
subset monitoring are helpful for early screening, diagnosis,
and treatment of severe COVID-19 (11).
PATHOGENESIS AND CLINICAL
CHARACTERISTICS OF DM

DM is a rare disease characterized by distinct cutaneous
manifestations and a clinically heterogeneous systemic
presentation. Pathognomonic skin manifestations such as
Gottron’s papules and heliotrope rash are conducive to the
early diagnosis of DM. Therefore, DM can be difficult to
diagnose in the absence of the characteristic dermatologic
features. DM has been suggested to occur more frequently in
women and African Americans (12), and the age range of the
patients at the time of the diagnosis of DM is bimodal, with the
peak frequencies occurring in 5- to 14-year-old children and in
40- to 60-year-old adults (13). Epidemiological data has
demonstrated that subsets of DM patients that were diagnosed
by the presence of different myositis-specific autoantibodies tend
Frontiers in Immunology | www.frontiersin.org 2
to be diagnosed at specific times of the year (14). The
pathogeneses of the different types and subtypes of myositis
are incompletely understood. Predisposition to IIM are
attributable to genetic and environmental factors, and viral or
bacterial infections may induce the occurrence of the disease.
The seasonal clustering of symptoms suggests that viral or
bacterial infections could be common environmental triggers.
A case-control study showed that a higher number EBV genomes
are present and that anti-Epstein-Barr nuclear antigen 1
antibodies were detected at a higher frequency in DM patients
than in healthy control counterparts (15). Autoimmune
mechanisms are important in the pathogenesis of IIM, and
myositis-specific or associated autoantibodies can be observed
in patients with IIM, which is often associated with particular
clinical features (16). With the further study of DM, many novel
autoantibodies against myositis have been found, including anti-
melanoma differentiation-associated gene 5 (MDA5), anti-
transcriptional intermediary factor 1 g, anti-nuclear matrix
protein 2, anti-Ku and anti-Mi-2 (17). Anti-MDA5+ DM is
typically associated with rapidly progressive interstitial lung
disease (RP-ILD), which has a high early mortality (18). It is
still controversial whether the immune activation seen in DM is
antibody-dependent or is triggered by a classical complement
cascade (4). The IFN pathway is activated in the different clinical
subtypes of myositis, and type 1 IFN1 is most upregulated in DM
patients (5). The expression level of IFN-induced genes was
correlated with the indicators of DM disease activity (19). Three
different ligand families activate the IFN pathway by binding to
cell surface receptors and by stimulating the expression of IFN-
inducible genes via the Janus kinase (JAK)/signal transducer and
the activator of transcription (STAT) signaling pathway (20). A
persistent IFN response promotes antigen presentation and
lymphocyte responses and induces chemokine expression, and
the resulting T and B cell activation may also be responsible for
the production of autoantibodies (20).

Approximately 80% of DM patients have myopathy, which
usually presents as proximal muscle weakness (4). Extramuscular
involvement is common in IIM; the skin, lungs, joints, heart, and
gastrointestinal tract can be affected in IIM; and the degree of
involvement varies according to the different subtypes of IIM
(21). ILD is a common complication of DM, and the severity of
the pulmonary symptoms varies among patients with different
subtypes (22). Patients with mild ILD are stable and respond well
to treatment, while some patients with RP-ILD have more severe
disease and have a poor prognosis (23, 24). In addition, the
extent of muscle involvement can also be fatal for DM patients
because weakness of the intercostal muscles may lead to
respiratory disorders and acute respiratory distress
syndrome (25).
CORRELATION ON COVID-19 AND DM

The similarity of COVID-19 and DM implies a common
underlying mechanism (Figure 1). MDA5, a myositis-specific
autoantibody, is an intracellular sensor of the intermediates or
January 2022 | Volume 12 | Article 747116
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byproducts of double-stranded RNA viral replication that trigger
the innate response and subsequent production of cytokines that
activate macrophages and helper T cells (26). Increased levels of
several cytokines, such as IFN-g, IL-8, and MCP-1 (which are
similar to the cytokine storms seen in severe COVID-19
patients), were found in patients with anti-MDA5+ DM (27).
IFN1, which plays a major role in the muscle fiber damage in DM
patients, is involved in the organ damage seen in COVID-19
(28). Megremis et al. proposed that DM patients have three linear
epitopes of immunogenicity that have a high sequence identity
with the SARS-CoV-2 protein; thus, a potential exposure to a
virus within the coronavirus family may lead to the development
of DM (29). An Italian patient study reported a higher prevalence
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of COVID-19 in patients with autoimmune diseases than in the
general population (30). Movahedi et al. noticed a sudden
outbreak of new cases of juvenile dermatomyositis during the
COVID-19 pandemic, with a higher incidence among women
(31). Notably, 76.5% of COVID-19 patients are women (30), and
the ratio of males to females in DM is 1:2 (4). Autoimmune
diseases are generally more prevalent in women than men, with
the strongest sex biases seen in Sjogren’s syndrome, systemic
lupus erythematosus, autoimmune thyroid disease, and
scleroderma (32). Estrogen, especially 17-b estradiol and
prolactin, can act as humoral immune enhancers, which causes
women to be more susceptible to autoimmune diseases (33). In
addition, because of incomplete X chromosome inactivation
FIGURE 1 | Common pathogenetic mechanisms between COVID-19 and DM. COVID-19 and DM share three immunogenic linear epitopes with high sequence
consistency. SARS-CoV-2 enters human cells through the membranous angiotensin-converting enzyme 2 (ACE2) receptors, triggering an innate and adaptive
immune response. This initiates the production of cytokines such as IL-1, IL-6, IL-10 and IFN-g, which can induce lung and muscle damage. The activation of
complement in DM patients results in capillary destruction, which further affects multiple organs, and cytokine storms are associated with the occurrence of certain
subtypes of DM.
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caused by random silencing in females during the early stages of
embryogenesis, several immune-related genes may be
upregulated, and their overexpression may influence the
immune response (34, 35). Several cases of DM associated with
COVID-19 have been summarized (Table 1). Of the seven
patients that were reported to have both DM and COVID-19,
85.7% were female, and two of these patients were anti-MDA5+.
Most patients had distinct cutaneous manifestations, with
elevated CK. In addition, the female mortality was 33.3%, even
after receiving aggressive treatment. Based on our summary
table, we should raise awareness of the fact that women are
more susceptible to COVID-19 combined with DM and
experience more severe conditions, and effective treatment
interventions would help to improve survival. It is increasingly
recognized that the features of severe COVID-19 are similar to
those of DM, especially anti-MDA5+ DM because these
conditions have similar involvement of the lung and are
associated with the development of rash, fatigue, and myalgia.
In addition, the imaging findings of COVID-19 are comparable
to those of the ILD seen in anti-MDA5+ DM because diffuse
ground-glass opacifications are often present in both of these
diseases, and the presence of the ground-glass opacifications
suggest peribronchovascular consolidation (26). Compared with
other DM subtypes, the RP-ILD seen in anti-MDA5+ DM usually
develops rapidly, rarely relapses, and responds poorly to
glucocorticoids and immunosuppressants, which seems to be
similar to a viral infection (27). In recent case reports,
autoantibodies against myositis, such as anti-MDA5, anti-SAE,
anti-Mi2, anti-Ku, and anti-Ro52, have been detected in
COVID-19 patients with DM. Viral infections seem to be
associated with certain subtypes of DM.

More than 10% of COVID-19 patients were reported to have
muscular symptoms and elevated CK levels (43). Muscle biopsies
from patients with COVID-19 show abnormal presence of
Myxovirus resistance protein A in muscle fibers and capillaries.
Myxovirus resistance protein A is one of the IFN1-inducible
Frontiers in Immunology | www.frontiersin.org 4
proteins, is overexpressed in biopsy muscle specimens from DM
patients and may be a more sensitive marker of DM (44, 45),
suggesting that autoimmune myositis may be caused by COVID-
19. The SARS-CoV-2 receptor ACE2 is expressed in a variety of
human tissues, including the skeletal muscles, where ACE2
expression is the lowest (10). The expression and distribution
of ACE2 remind us that SARS-CoV-2 may cause muscle injury
through direct or indirect mechanisms. Beydon et al. reported a
case of this type of myositis diagnosed by MRI (46). However,
SARS-CoV, which has the same receptor as SARS-CoV-2, was
not found in the muscle tissue of the patient at autopsy (47, 48).
In addition, the muscle manifestations of COVID-19 patients
can be contributed to rhabdomyolysis caused by SARS-CoV-2
(49). Rhabdomyolysis is a life-threatening disease that requires
aggressive hydration in order to avoid acute renal failure, which
can worsen the oxygenation status in COVID-19 patients (49,
50). Therefore, when patients have focal muscle pain and fatigue,
the possibility of rhabdomyolysis should be taken seriously (50).
Symptoms of myopathy in severe systemic viral diseases are
multifactorial, and further muscle biopsies and antibody
screening are required.
TREATMENT OPTIONS

Since hyperinflammation underlies COVID-19 and is associated
with the disease severity, anti-inflammatory therapy may be
beneficial to patients. Immune impairment may inhibit viral-
induced cytokine storm syndrome (11). Immunosuppressive
agents have a variety of mechanisms targeting the cellular and
humoral immune responses, so the use of immunosuppressive
agents may have a protective effect for COVID-19 patients.
Along with the increased understanding of COVID-19, several
drugs commonly used to treat DM have potential therapeutic
effects for COVID-19 patients.
TABLE 1 | Cases of COVID-19-associated DM.

Authors Year Sex Age Antibody Clinical characteristics Treatment Outcomes

Zhang et al.
(36)

2020 F 58 Anti-SSA, Anti-
SAE, Anti-Ku

Muscle weakness, dyspnea, myalgia, CK↑ Antiviral drug, MP, HCQ, tocilizumab Recovered

Kogami
et al. (37)

2020 F 46 Anti-MDA5 Erythematous papules Antiviral drug Recovered

Cao et al.
(38)

2020 F 45 Anti-Ro52 Fever, myalgia, Gottron’s sign, RP-ILD, ferritin↑, IL-6↑, CK↑,
LDH↑

Antiviral drug, MP, CTX, IVIG Died

Borges
et al. (39)

2021 F 36 Anti-Mi2 Sore throat, fatigue, Gottron’s papules, muscle weakness,
Raynaud phenomenon, CK↑

MP Recovered

Quintana-
Ortega
et al. (40)

2021 F 11 Anti-MDA5,
Anti- Ro/SSA

Gottron’s papules with calcinosis, heliotrope rash, palmar
papules, dysphagia, cervical subcutaneous emphysema,
RP-ILD, SF↑, IL-6↑

Antiviral drug, glucocorticoids, HCQ,
MMF, TAC, CTX, tocilizumab,
tofacitinib, IVIG, PE

Died

Ho et al.
(41)

2021 M 58 NA Fatigue, myalgias, muscle weakness, Gottron’s sign,
heliotrope rash, CK↑

Glucocorticoids, MTX, Recovered

Liquidano-
Perez et al.
(42)

2021 F 4 Anti-RNP/Sm,
Anti-Scl-70,
Anti-Sm

Muscle weakness, Gottron’s papules, heliotrope rash,
dysphagia, CK↑

Glucocorticoids, HCQ, MTX, CsA, IVIG Recovered
January 2022 | Volume 12 | Art
CK, creatine kinase; CTX, cyclophosphamide; CsA, cyclosporine; DM, dermatomyositis; F, female; HCQ, hydroxychloroquine; IL-6, interleukin-6; IVIG, Intravenous immunoglobulin; LDH,
lactate dehydrogenase; M, male; MMF, mycophenolatemofetil; MP, methylprednisolone; MTX, methotrexate; NA, not available; PE, plasmapheresis; RP-ILD, rapidly progressive interstitial
lung disease; TAC, tacrolimus.
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Glucocorticoids
Glucocorticoids inhibit inflammatory cytokines and reduce the
proliferation and differentiation of lymphocytes and
macrophages, and they have immunosuppressive effects on the
body and may increase susceptibility to COVID-19 (51). There is
no evidence that patients infected with COVID-19 benefit
from glucocorticoids, and COVID-19 patients may be more
prone to the side effects of glucocorticoid treatment (52).
However, retrospective analyses have shown that the use of
glucocorticoids reduces hospital mortality in patients with
COVID-19 cytokine storms (53). Dexamethasone has been
shown to reduce the mortality in patients with COVID-19 who
receive invasive mechanical ventilation (54). Strangfeld et al.
reported a higher mortality rate in patients receiving higher
dosages of glucocorticoids (>10 mg/day prednisolone equivalent
dose) than in those who did not receive glucocorticoids (55). The
efficacy of glucocorticoids in COVID-19 is controversial,
especially in terms of doses and risk of side effects.
Conventional Synthetic Disease-Modifying
Antirheumatic Drugs
Some conventional synthetic disease-modifying antirheumatic
drugs (csDMARDs), such as methotrexate, hydroxychloroquine
(HCQ), and azathioprine, suppress the cytokine storm associated
with COVID-19 (11). Methotrexate, a dihydrofolate reductase
inhibitor, is widely used in autoimmune diseases because of its
pleiotropic therapeutic effects on various immune cells and
mediators and its inhibition of the body’s overall inflammatory
response (56). In patients with DM, the use of HCQ can effectively
improve the skin lesions. Chloroquine (CQ) blocks the fusion of
the virus to the host cell by interfering with the terminal
glycosylation of the cell receptor, ACE2, and by inhibiting sialic
acid biosynthesis, which is used as a receptor by the viruses through
inhibiting quinine reductase-2 (57). On the other hand, CQ can
also play an antiviral role by reducing IFN1 (51). Wang et al. found
that CQ played an important role in multiple stages of COVID-19
in vitro, and it had immunomodulatory effects that synergically
enhanced its antiviral effects (58). However, the mortality of
COVID-19 patients treated with HCQ increased, and there was
no benefit from CQ (59). In addition, adverse drug reactions
associated with CQ and HCQ increased dramatically during the
COVID-19 pandemic (60). Mycophenolate mofetil, calcineurin
inhibitors, and cyclophosphamide as immunosuppressants have
also shown a good therapeutic effect in the treatment of myositis.
Mycophenolate mofetil is an inhibitor of purine synthesis that
inhibits inosine monophosphate dehydrogenase, reduces
lymphocyte proliferation, and has antifibrosis properties (61).
Mycophenolate mofetil showed anti-SARS-COV-2 activity and it
could be worth considering used for clinical treatment of COVID-
19 (62). In addition, tacrolimus and cyclosporine produced dose-
dependent inhibitory effects on NK cell degranulation and IFN-g in
vitro (63), and tacrolimus also reduced the ability of dendritic cells
to stimulate T cells, resulting in decreased production of CXCL-10
and IL-12 (64). Tacrolimus has a positive effect on survival in liver
transplant patients with symptoms of COVID-19 compared to
other immunosuppressants, including cyclosporine and
Frontiers in Immunology | www.frontiersin.org 5
mycophenolate mofetil (65). Nevertheless, there was no
improvement in severe COVID-19 patients who received a
combination of methylprednisolone pulses and tacrolimus (66).
A prospective study demonstrated that a combination of high-dose
glucocorticoids, tacrolimus and intravenous cyclophosphamide
improved survival in anti-MDA5+ DM patients complicated with
ILD. This regimen also has an increased risk of opportunistic
infections, leading to an exacerbation of ILD (67). Some
csDMARDs, such as methotrexate, mycophenolate mofetil, and
tacrolimus may provide a therapeutic strategy for COVID-19. The
efficacy and safety of CQ and HCQ remain controversial and need
further research.

Interleukin Receptor Antagonists
Considering the mechanism of COVID-19, cytokine-targeting
biologicals and signaling molecule inhibitors are also promising
therapeutic approaches (11). Anakinra is a recombinant IL-1
receptor antagonist that can be used to treat autoinflammatory
diseases (51). Zong et al. demonstrated that patients with
myositis may respond to anakinra, especially DM patients with
skin rash (68). Currently, a study is underway that combines
anakinra with anti-IFN-g antibodies for the treatment of patients
with COVID-19 (51). IL-6 is a pleiotropic cytokine that plays a
key role in the cytokine storm. The IL-6 receptor antagonist
tocilizumab is used for the treatment of refractory juvenile DM
(69). Tocilizumab may be a salvage therapy for anti-MDA5+ DM
associated with RP-ILD patients refractory to an intensive
immunosuppressive regimen (70). A retrospective study of
patients with severe COVID-19 showed that tocilizumab
improved the clinical symptoms and that the early use of
tocilizumab effectively controlled the progression of the
symptoms (71). Another study also demonstrated that
corticosteroids combined with tocilizumab or anakinra reduced
mortality in hospitalized patients with COVID-19 and that
corticosteroids combined with tocilizumab had better survival
outcomes (53). Interleukin receptor antagonists anakinra and
tocilizumab may be alternative drugs for COVID-19 patients, but
given the intrinsic limitations of retrospective studies,
randomized clinical trials are still warranted.

JAK Inhibitors
JAK inhibitors are novel target synthetic immunoregulatory
agents that not only inhibit tyrosine kinases, which are
involved in intracellular viral transport and epithelial
endocytosis, but also inhibit intracellular signal transduction of
various inflammatory cytokines (51). A patient with refractory
JDM was described as having clinical improvement after
treatment with baricitinib. The JAK inhibitor baricitinib binds
to cyclin G-associated kinases, a regulator of endocytosis, to
block the entry of SARS-CoV-2 into cells and the inflammatory
cytokine storm (72). A randomized controlled trial demonstrated
that baricitinib combined with remdesivir reduced the recovery
time in COVID-19 patients, especially in patients receiving high-
flow oxygen or noninvasive ventilation, and it also accelerated
the clinical improvement of patients and was associated fewer
serious adverse events (73). In the early phase of COVID-19,
baricitinib may prevent an excessive inflammatory response and
January 2022 | Volume 12 | Article 747116
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the rapid progression of respiratory failure (74). Kurasawa et al.
proposed that tofacitinib combined with conventional treatment
might control refractory MDA5+ DM complicated with ILD (75).
Furthermore, tofacitinib improved the survival 6 months after the
onset of anti-MDA5+ amyopathic DM-associated ILD (76). In a
randomized controlled trial, tofacitinib reduced the incidences of
mortality and respiratory failure in patients with COVID-19 (77).
Baricitinib and tofacitinib can cause thrombosis, and patients with
COVID-19 are in hypercoagulable states; therefore, careful
monitoring for the development of thrombosis during treatment
with JAK inhibitors is necessary (78). JAK inhibitors, such as
baricitinib and tofacitinib could be available treatments for
COVID-19, thrombosis should be paid extensive attention to.

Intravenous Immunoglobulin and
Plasmapheresis
Intravenous immunoglobulin (IVIG) is effective in the treatment
of refractory DM (79). IVIG improves patient strength, reduces
mortality, and promotes recovery. There is a potential for
patients with COVID-19 to respond to early immunotherapy,
especially IVIG, which may also provide a variety of potential
protective antibodies and anti-cytokine effects (80). Elevated
cytokine levels are found in the sera of DM patients with ILD,
and plasmapheresis is an option to remove the elevated cytokines
as an additional supportive treatment (27, 67). Immunoglobulin
and plasmapheresis might be considered in patients affected with
SARS-CoV-2. A retrospective study demonstrated that COVID-
19 patients who were not treated with DMARDs had a higher
mortality rate than those who received methotrexate
monotherapy, while leflunomide, antimalarials, TNF inhibitors,
abatacept, belimumab, and IL-6 inhibitors were not associated
with an increased risk of death (55). The efficacy of high-dose
corticosteroids, IVIG, JAK inhibitors, and T-cell modulators for
COVID-19 has been reported in a small series of cases, and
clinical trials are currently under investigation (81).
CONCLUSION AND PERSPECTIVES

During the recent pandemic, several cases of COVID-19 were
reported to be related to DM. In this review article, we discussed
the possible relationship between COVID-19 and DM based on the
similarpotential pathogenicmechanisms andclinicalmanifestations.
More importantly, we provide a direction for the treatment of
Frontiers in Immunology | www.frontiersin.org 6
COVID-19 through an analysis of immunosuppressive agents that
are commonly used for DM. We have highlighted that the
manifestations of DM, such as ILD and myositis, can also be
observed in patients with COVID-19. Therefore, these
manifestations of DM are difficult to distinguish in the early clinical
stages, and even certain subtypes of DM my involve the same
immune response that is caused by COVID-19. It is noteworthy
that women have been more susceptible to DM during the COVID-
19 pandemic and havemore severe clinical symptoms, whichmeans
that extensive clinical attention should be given to the possibility of
autoimmunediseases in female patientswithCOVID-19and that the
treatment regimens should be more aggressive in these patients.

In conclusion, infection with SARS-CoV-2 can induce the
occurrence of DM. COVID-19 and DM potentially have a
common pathogenesis, such as IFN1, which not only
participates in organ damage of COVID-19 but also mediates
muscle fiber damage in patients with DM. Although there have
been some studies supporting the relationship between COVID-
19 and DM, the exact mechanism is largely unknown, and more
evidence is needed to confirm this association. Routinely
available drugs for DM have provided an alternative
therapeutic strategy for COVID-19. Further studies should be
done to assess the efficacy and safety of the regimen to tackle the
inflammatory stages of COVID-19. We recommend that all
newly diagnosed DM cases should be tested for COVID-19
during the pandemic, especially for certain subtypes of DM
patients, such as anti-MDA5+, and early differential diagnosis
is helpful to improve the survival of these patients.
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80. Dalakas MC. Guillain-Barré Syndrome: The First Documented COVID-19-
Triggered Autoimmune Neurologic Disease: More to Come With Myositis in
the Offing. Neurol Neuroimmunol Neuroinflamm (2020) 7:e781. doi: 10.1212/
NXI.0000000000000781

81. De Lorenzis E, Natalello G, Gigante L, Verardi L, Bosello SL, Gremese E. What
can We Learn From Rapidly Progressive Interstitial Lung Disease Related to
Anti-MDA5 Dermatomyositis in the Management of COVID-19?
Autoimmun Rev (2020) 19:102666. doi: 10.1016/j.autrev.2020.102666

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Qian and Xu. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
January 2022 | Volume 12 | Article 747116

https://doi.org/10.3389/fimmu.2020.611318
https://doi.org/10.1016/S0140-6736(20)30317-2
https://doi.org/10.1016/j.chest.2020.09.275
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1136/annrheumdis-2020-219498
https://doi.org/10.1038/nrrheum.2016.175
https://doi.org/10.1016/j.ijantimicag.2020.106028
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.1038/s41467-021-22446-z
https://doi.org/10.1038/s41467-021-22446-z
https://doi.org/10.7326/m20-7918
https://doi.org/10.1038/s41584-020-0374-8
https://doi.org/10.1111/1348-0421.12828
https://doi.org/10.1371/journal.pone.0013294
https://doi.org/10.1093/ndt/gfg594
https://doi.org/10.1053/j.gastro.2020.11.045
https://doi.org/10.1053/j.gastro.2020.11.045
https://doi.org/10.3389/fmed.2021.691712
https://doi.org/10.1002/art.41105
https://doi.org/10.1136/annrheumdis-2012-202857
https://doi.org/10.1186/s12969-017-0174-0
https://doi.org/10.1093/rheumatology/keaa906
https://doi.org/10.1073/pnas.2005615117
https://doi.org/10.1016/s0140-6736(20)30304-4
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1093/rheumatology/key188
https://doi.org/10.1056/NEJMc1900045
https://doi.org/10.1056/NEJMoa2101643
https://doi.org/10.1183/13993003.01919-2020
https://doi.org/10.1056/NEJM199312303292704
https://doi.org/10.1212/NXI.0000000000000781
https://doi.org/10.1212/NXI.0000000000000781
https://doi.org/10.1016/j.autrev.2020.102666
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	COVID-19 Disease and Dermatomyositis: A Mini-Review
	Introduction
	COVID-19 and Autoimmunity
	Pathogenesis and Clinical Characteristics of DM
	Correlation on COVID-19 and DM
	Treatment Options
	Glucocorticoids
	Conventional Synthetic Disease-Modifying Antirheumatic Drugs
	Interleukin Receptor Antagonists
	JAK Inhibitors
	Intravenous Immunoglobulin and Plasmapheresis

	Conclusion and Perspectives
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


