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Abstract

Purpose Myositis as a rare manifestation of COVID-19 is only recently being reported. This review examines the current
literature on COVID-19-induced myositis focusing on etiopathogenesis, clinical presentations, diagnostic practices, and thera-
peutic challenges with immunosuppression, and the difficulties experienced by rheumatologists in established myositis in the
COVID-19 era.

Recent Findings COVID-19 is associated with a viral myositis attributable to direct myocyte invasion or induction of autoim-
munity. COVID-19-induced myositis may be varied in presentation, from typical dermatomyositis to rhabdomyolysis, and a
paraspinal affliction with back pain. It may or may not present with acute exponential elevations of enzyme markers such as
creatine kinase (CK). Virus-mediated muscle inflammation is attributed to ACE2 (angiotensin-converting enzyme) receptor—
mediated direct entry and affliction of muscle fibers, leading on to innate and adaptive immune activation. A greater recognition
of'the stark similarity between anti-MDAS5-positive myositis with COVID-19 has thrown researchers into the alley of exploration
— finding common etiopathogenic basis as well as therapeutic strategies. For patients with established myositis, chronic care was
disrupted during the pandemic with several logistic challenges and treatment dilemmas leading to high flare rates.
Teleconsultation bridged the gap while ushering in an era of patient-led care with the digital transition to tools of remote disease
assessment.

Summary COVID-19 has brought along greater insight into unique manifestations of COVID-19-related myositis, ranging from
direct virus-induced muscle disease to triggered autoimmunity and other etiopathogenic links to explore. A remarkable shift in
the means of delivering chronic care has led patients and caregivers worldwide to embrace a virtual shift with teleconsultation and
opened doorways to a new era of patient-led care.

Keywords COVID-19 - Myositis - Idiopathic inflammatory myopathy - Rhabdomyolysis - Dermatomyositis - Myasthenia -
Telemedicine - Tele-triage - Immunopathogenesis

Introduction

The ongoing Coronavirus disease 2 pandemic (COVID-19)
has brought several interesting observations to the fore, rang-
This article is part of the Topical Collection on Inflammatory Muscle ~ ing from virus-induced muscle disease to a possibility of

Disease virus-triggered inflammation in patients with long-standing
chronic autoimmune diseases [1, 2]. The initial pandemic pe-
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suggests that the acute inflammatory response and production
of autoantibodies contribute to morbidity observed in
COVID-19 [5]. Lasting effects are observed in some individ-
uals at 6 months or even longer after recovery. While fever,
cough, and sore throat have been the most reported symptoms
associated with the disease, published case reports have re-
cently started to describe more atypical and rarer presentations
of infection with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). It is apparent now that the
musculoskeletal system is not spared either [6] with musculo-
skeletal manifestations of COVID-19 ranging from a mild
elevation of creatine kinase (CK) with mild or no weakness
to severe rhabdomyolysis.

This review aims to examine current knowledge available
on COVID-19-related myositis, including but not limited to
the presentation, diagnostic challenges, currently proposed
disease mechanisms, and management. Furthermore, we dis-
cuss the complexity of administering immunosuppressive
treatment in diagnosed cases of IIM, who may be at risk for
contracting COVID-19. We also explore the effect of the pan-
demic on the management of the idiopathic inflammatory my-
opathies (IIM) and the proposed directions for care of these
debilitating disorders in the future.

Muscle Involvement in COVID-19

Alongside the typical respiratory manifestations like cough,
fever, and sore throat, proximal muscle weakness is increas-
ingly being reported as a manifestation causing significant
morbidity in occasional COVID-19 patients. Myalgia is re-
ported extensively in the literature as a common musculoskel-
etal manifestation of COVID-19 infection, presenting in near-
ly half of all COVID-19-infected patients. COVID-19-related
myositis and consequently rhabdomyolysis are other reported
manifestations, albeit relatively rare [7, 8]. By July 2020, a
single case of COVID-19-related myositis had been reported
in the literature [9]. Since then, several case reports and series
reporting a virus-induced myositis attributed to COVID-19
disease have been published. The muscle involvement may
vary from an asymptomatic elevation of CK to severe
rhabdomyolysis.

Acute Viral Myositis

Nearly 23 patient cases of myositis attributable to COVID-19
have been described so far. COVID-19-induced myositis may
vary in presentation, ranging from frank muscle weakness to
typical dermatomyositis replete with classic rashes, or mere
back pain with muscle disease on MRI. Most patients test
positive for COVID-19 on initial presentation with most re-
ported being males aged 33—87. Noteworthily, COVID-19
may or may not present with acute exponential elevations of
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enzyme markers such as CK, and muscle enzymes may not
necessarily have a direct bearing on prognosis.

Rhabdomyolysis

Rhabdomyolysis is one of the rare and severe complications
of COVID-19 infection which can be an initial presentation in
some cases [10, 11]. In such cases, patients present with typ-
ical COVID-19 symptoms such as fever, cough, myalgia, and
shortness of breath as well as manifest acute lower limb—
dominant symmetric muscle weakness and subsequently go
on to develop rhabdomyolysis associated with elevated CK
levels. A study reported a peak CK value as high as 33,000
U/L [12¢]. In this setting, they may present with frank muscle
weakness, which is profound, proximal, lower limb—domi-
nant, acute, and symmetric. At times, the patients are critically
ill and requiring ventilatory support. The only manifestation
of thabdomyolysis in these may be myoglobinuria (dark
urine) and acute kidney injury (AKI) needing hemodialysis
with raised CK >5000 IU/L [13e, 14+, 15¢]. Rhabdomyolysis
can be fatal, with casualties reported in nearly 45% (4 of 9
reported) of those with this presentation over a short follow-up
duration (Table 1). Among all reported cases (n = 23) of
COVID-19-related myositis so far, 21.7% (n = 5) succumbed
to the illness of which 80% (n=4) had rhabdomyolysis.

Therefore, rhabdomyolysis should be suspected in all cases
with soaring muscle enzymes with or without AKI in the
critical care setting where a formal muscle examination may
or may not be feasible. MRI findings of intramuscular hemor-
rhage, potentially in the proximal muscles like the shoulder,
help differentiate these patients from myositis patients in
whom edema would be found in the absence of hypointense
attenuation [12¢]. In general, patients diagnosed with rhabdo-
myolysis appear to have negative myositis-specific autoanti-
bodies and higher CK levels than those without this severe
complication (Table 1) again highlighting the need for close
monitoring of CK levels.

Dermatomyositis

Another manifestation of COVID-19-induced muscle disease
is classic dermatomyositis, replete with rashes, muscle weak-
ness, and interstitial lung disease. The latter two can occur in
both COVID-19 and de novo myositis, making timely diag-
nosis challenging. However, the presence of typical rashes
such as heliotrope with periorbital edema, malar erythema,
or diffuse facial rashes may guide diagnosis of dermatomyo-
sitis. Sometimes, less specific erythematous rashes over the
extensor surfaces of limbs (knees, elbows) and trunk may be
the only clue. Muscle weakness is invariably present, being
symmetric, proximal, and involving upper as well as lower
limbs. Severe bulbar weakness is also reported [16°]. CK is
usually elevated but can occasionally be normal when muscle
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Outcome

Management

Imaging
findings

Antibodies
positive

Creatinine  Highest
Weakness  kinase on CK level

positive on

initial

Comor-  Myalgia COVID-19 Muscle
bidities

presentation

Gender Age Features on

Table 1 (continued)

Study name

@ Springer

presentation
(U/L)

presentation

Bilateral

Unfractionated

NA

Did not Normal Elevated

Yes No

Diabetes

Myalgia,

M 33

Almadani

amputation.

heparin,

(value
not

develop

swollen

et al. [26°]

Myositis +

Discharged
on day 16
post-op

fasciotomy,

left thigh

hydroxychloroqui-

men-

compart-
ment

ne, azithromycin,
antibody plasma

therapy

tioned)

syndrome

Note: Where only CK values on presentation were reported, the same value was reported as the peak CK value. Where admission duration was not specifically mentioned, the duration for COVID-19

nasopharyngeal swab PCR result to become negative is reported. Rashes are described as acute (<2 weeks), subacute (2—6 weeks), or chronic (>6 weeks)

Abbreviations: /MNM immune-mediated necrotizing myopathy, SOB shortness of breath, HTN hypertension, CKD chronic kidney disease, M male, F' female, NA not available, CXR chest X-ray, CT

computerized tomography

involvement is minimal. Myositis-specific autoantibodies can
be an important clue to diagnosis, with recent reports demon-
strating anti-Mi2 (n = 1), anti-MDAS (anti-melanoma
differentiation-associated gene 5) (n = 1), anti-SAE1 (anti-
small ubiquitin-like modifier-1 activating enzyme) (n = 2),
or anti-nuclear autoantibodies (n = 1) [17+¢]. The outcomes
may vary, with patients exhibiting milder disease variant
regaining muscle strength in a week [17¢¢]. Others had notable
long-lasting effects of COVID-19 infection with full strength
returning over 3 months. Rarely, the disease can be severe and
fatal with severe lung involvement due to COVID-19 infec-
tion in the presence of anti-MDAS antibody which was also
reported [17¢°].

Paraspinal Myositis

Involvement of the erector spinae and multifidus paraspinal
muscles has been reported on MRI in those diagnosed with
COVID-19 with back pain [18e¢]. Of the 9 patients of
COVID-19 who underwent MRI of the spine, 5 patients had
back pain, 2 had bilateral leg pain, 1 had imbalance, and 1
patient had attempted suicide. Notably, muscle edema and
enhancement on MRI were always bilateral and occurred ex-
clusively in the lumbar spine over multiple vertebral levels
[18ee]. It is noteworthy that paraspinal involvement could be
a harbinger for a protracted hospital course spanning over 3
weeks.

Since most patients in the above study had an underlying
degenerative spinal disease and occasional neurogenic symp-
toms necessitating an MRI, neurotropism of SARS-CoV2
could be an interesting hypothesis to explain such observa-
tions. SARS-CoV-2 uses the ACE2-mediated endocytotic
pathway for internalization and intracellular transport to ex-
ploit the retrograde axonal transport machinery, a feature com-
mon to most Coronaviruses. It is hypothesized that the virus
could potentially disrupt vagal signaling after access to the
brainstem through the olfactory nerves. Apart from paraspinal
myositis, this model could explain several odd clinical sequel-
ae, including protracted clinical course, neurologic symptoms,
and multiple organ affliction even in the absence of lung pa-
thology [19].

Myasthenia as the First Presentation of COVID-19

Myasthenia may be an early sign of COVID-19 infection,
with occurrence around the time of diagnosis or immediately
preceding it [20+]. Recent reports suggest a predilection for
ocular myasthenia with anti-acetylcholine receptor (AChR)
antibody positivity, positive repetitive nerve stimulation test,
and fair response to pyridostigmine/intravenous immunoglob-
ulin [20+]. Bulbar myasthenia gravis has also been reported
post-COVID-19 infection in the elderly with anti-MuSK
(muscle-specific kinase) antibody and a resistant disease
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requiring immunosuppression with azathioprine [21¢].
Considering that these patients would likely present to prima-
ry care, neurology, or rheumatology, they need to be exam-
ined with the differential of COVID-19 in mind.

Asymptomatic Rise in CK

Elevated CK levels, with other signs of myositis such as rash
or weakness, have been reported in as many as 16-33% of
COVID-19 patients [22]. Given that asymptomatic elevated
CK has been associated with increased mortality in some stud-
ies, CK should be evaluated in patients with musculoskeletal
symptoms in COVID-19 [23, 24].

Other Rarer Manifestations

Lastly, COVID-19-related axonal neuropathy with residual
muscle denervation edema and atrophy is described [25]. On
occasion, an isolated group of muscles may be inflamed in
patients with COVID-19, resulting in myofascial compart-
ment syndrome, which may even require amputation [26¢]
(Table 1). COVID-19-induced cachexia akin to that seen in
cancer patients is also described [27].

Long-term Outcomes in Patients with COVID-19

In the general population, persistent fatigue and myalgia are
emerging as important and functionally debilitating symptoms
post-recovery [28]. Data on long-term outcomes for COVID-
19 infection in rheumatic disease in general and myositis, in
particular, is limited and continue to evolve over time.

In cases wherein COVID-19 leads on to acute myositis
(Table 1), nearly half have prolonged recovery typically over
weeks to months. Cases exhibiting paraspinal myositis have a
protracted course with prolonged hospitalization in the major-
ity. In view of the short duration of follow-up reported in most
reports, it is currently unclear whether these patients continued
to experience weakness, myalgia, relapses, or other musculo-
skeletal complications after discharge from the hospital.
Nevertheless, it seems imperative to closely monitor these
individuals for continued musculoskeletal symptoms long af-
ter hospital discharge.

COVID-19 in Established 1IM

Environmental factors are important triggers for autoimmune
diseases in genetically predisposed individuals and myositis is
no exception. Various viral triggers have been identified in
patients with myositis, and seasonal variations, as well as viral
inclusions in muscle biopsy specimens, further support the
hypothesis that viruses may trigger autoinflammation to auto-
immunity along a continuum in a conducive genetic environ-
ment [29]. While prospective studies on COVID-19 incidence

and outcomes in patients with established IIM are awaited,
anecdotal evidence supports flares/worsening of disease in
the event of COVID-19 infection. Patients with rheumatic
disease may be at a higher risk for worse outcomes especially
those >65 years with diabetes, end-stage renal disease, hyper-
tension, cardiovascular disease, or use of glucocorticoids >10
mg/day prednisolone equivalent [2].

Case reports describe worsened disease activity after
COVID-19 infection, in both dermatomyositis and immune-
related necrotizing myositis (IMNM) [17¢¢, 30]. A 50-year-
old male with DM (anti-Mi2 and anti-PM-Scl antibody), pre-
sented with flare of myositis and skin rash following COVID-
19 infection, is one such case reported by Gokhale etal. [17¢¢].
Recently high flare rates in juvenile dermatomyositis (DM)
(71%) in the pandemic period have been described though
the relative attribute with COVID-19 infection versus logistic
challenges in procuring medicines per se is unclear [3e].

On similar lines, worsening myasthenia crisis can be as-
cribed to various kinds of infection, and COVID-19 is no
exception [31, 32]. In a series of 91 patients with myasthenia
gravis, myasthenic worsening required rescue therapy in 40%
who were diagnosed with COVID-19 [33]. Nearly 43% of
them had a complete recovery and were subsequently
discharged, but 24% succumbed to COVID-19. Another study
from Sao Paulo confirmed poor outcomes, wherein 87% of
patients with myasthenia gravis were admitted in the intensive
care unit due to COVID-19, 73% needed mechanical ventila-
tion, and 30% died [34].

COVID-19 — the Human Model for Anti-MDA5 IIM?

Most types of inflammatory muscle disease have significant
clinical muscle weakness. However, forms with
hypomyopathic and amyopathic dermatomyositis (clinically
amyopathic dermatomyositis (CADM)) are increasingly being
recognized. These CADM patients are strongly associated
with anti-MDAS antibody. Anti-MDAS antibody—positive pa-
tients are at high risk for rapidly progressive interstitial lung
disease (ILD), which may be more prominent in specific eth-
nic groups such as the Asian population. In the early pandemic
period, immunologists and pulmonologists drew interesting
parallels between anti-MDAS5-associated rapidly progressive
ILD and lung disease of COVID-19, raising several questions
regarding a possible pathogenic link.

Clinically, COVID-19 infection may result in remarkably
similar chest X-ray findings of bilateral ground-glass opaci-
ties, acute respiratory distress syndrome (ARDS), fever, rash,
arthralgias, and especially for the purpose of this review, my-
algias, heightened CK levels, and pro-inflammatory cyto-
kines. Apart from acute interstitial pneumonia, vasculopathy
and thrombosis are notable features of both COVID-19 infec-
tion and anti-MDAS dermatomyositis. The striking similarity
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has forced experts around the world to examine COVID-19 as
a potential human model of anti-MDAS IIM [35¢°].

Cytokine storm syndrome, well-depicted in COVID-19, is
being increasingly recognized in anti-MDAS5 DM as well.
Fever and hyperferritinemia are also seen both in COVID-19
and in anti-MDAS5 DM [35¢¢]. Interestingly, fever is a com-
mon manifestation in anti-MDAS patients compared to those
with other connective tissue diseases. Furthermore, bilateral
posterior and peripheral ground-glass opacities seen in anti-
MDAS are distinctively different from the interstitial lung dis-
ease seen in other myositis and similar to the distribution in
COVID-19 further suggesting that COVID-19 may be a better
model for anti-MDAS than other connective tissue diseases
[36]. Pneumomediastinum is also reported both in COVID-19
and in anti-MDAS DM but not as prevalent in non-anti-
MDA S5-associated myositis [35¢e, 36].

Beneath the remarkable similarities between COVID-19
and the anti-MDAS syndrome may lie a common pathogenic
link, wherein the MDAS, an intracellular cytoplasmic viral
RNA detector, is activated in both, leading to an intense in-
flammatory state due to innate immune system activation and
interferon production. The MDAS action is part of the cellular
type 1 interferon response axis in response to viral pathogen
and other triggers [17¢¢]. Worth noting is the fact that IFN-o is
a mechanism of viral defense [37], and hence, it is an impor-
tant consideration that viral infection, possibly COVID-19,
may be implicated in anti-MDAS5 dermatomyositis as well.
Several reports implicate cytomegalovirus activation and oth-
er environmental infectious drivers in anti-MDAS-positive
1IM [36, 38].

The similarities between the conditions hold implications
for targeted treatment development, with agent like human
immunoglobulins, high-dose corticosteroids, JAK (Janus ki-
nase) inhibitors, and T cell modulators currently in trials and
IL-6 inhibitors (e.g., tocilizumab), IL-1 inhibitors (e.g.,
anakinra), anti-GM-CSF (gimsilumab), and anti-IFNvy agents
(e.g., emapalumab) currently being looked as potential for
treatment of COVID-19 [36]. Drawing parallels between the
two diseases can help guide better therapeutic strategies in
combatting the post-inflammatory states of both these condi-
tions. Furthermore, regression of anti-MDAS IIM as well as
COVID-19 with glucocorticoids as well as tofacitinib in re-
cent times further substantiates the striking overlap between
the two conditions [39]. At a time where the debate regarding
the risk vs. benefit of the use of immunosuppression in pa-
tients with diagnosed COVID-19 is still brewing, Tacrolimus,
which has been successfully used in anti-MDAS5-positive dis-
ease, shows promise in controlling COVID-19 replication and
needs to be examined further [40].

The stark similarity in presentation and response to immu-
nosuppressive therapy highlights the need to further examine
the MDAS functionality in COVID-19-infected patients with
IIM. Notably, emerging reports of underlying unidentified
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genetic defects in the interferon signaling axis, including the
IFIH/MDAS gene and various autoantibodies in COVID-19,
further lend support to this hypothesis [41]. A recent case
series described two new cases of anti-MDAS-associated
IIM possibly triggered after COVID-19 infection, further sub-
stantiating an intersection between the two diseases (Table 1).

Proposed Pathogenesis
of COVID-19-Triggered Muscle Inflammation

Direct Virus Entry into the Muscle via ACE-2 Receptors

Akin to most other sites predisposed to SARS-CoV-2, the
muscle tissue expresses ACE-2 receptors as well [6].
Extrapulmonary manifestations of COVID-19 are thought to
occur through ACE-2 receptor—mediated facilitation of virus
entry into small vessel endothelium, organs like the bowel,
synovial tissue, and both smooth and skeletal muscles [42].
In effect, this may be the reason behind multisystem involve-
ment with COVID-19. It has been speculated that COVID-19-
induced myositis may also transpire via direct muscle entry of
the virus through these receptors on the muscle cells.*®
Specifically, the viral spike protein attachment to the ACE-2
receptor may enable SARS-CoV-2 viral envelope coupling
with the host cell membrane with the genetic material transfer
into the cell. Notably, it is suggested that SARS-CoV-2 may
be the first virus capable of infecting muscle fibers directly
[43].

Virus-Triggered Innate Immune
Activation/Autoinflammation

Most other virus-associated muscle inflammation is attributed
to T-cell clonal expansion and the production of pro-
inflammatory cytokines resulting in muscle damage [7]. It
seems plausible that these mechanisms may also be operative
in COVID-19 as well. Specifically, SARS-CoV-2 may bind
and activate TLR4 to increase ACE2 expression, facilitating
entry and causing hyperinflammation as recorded in other
inflamed tissues [44].

Virus-Triggered Adaptive Immune Activation

Recently, the identification of 3 different T cell receptor epi-
topes “highly specific” for SARS-CoV-2 (O-ribose methyl-
transferase, RNA-dependent RNA polymerase, and 3'-to-5’
exonuclease proteins) in dermatomyositis patients suggested
that the virus may be a trigger for CD8 T-cell overactivation
and lead on to COVID-19-induced myositis [45¢¢].
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Other Proposed Mechanisms

Several other mechanisms have been postulated and proposed
in the immune-mediated muscle injury observed in COVID-
19 infection. An alternate or co-existing mechanism for myo-
sitis in COVID-19 pathogenesis may include the induction of
a hyper-inflammatory state with a rise in TNF-alpha, interfer-
on-alpha, interleukin-1, and interleukin-6 among other cyto-
kines [46]. The stimulation of inflammation following the
positing of antigen-antibody complexes is one of the mecha-
nisms proposed [17¢¢, 47¢]. Another mechanism includes an-
tibody attack of the myocytes as a result of cross-reactivity
where antibodies initially produced against the virus attack
muscle cells due to molecular mimicry leading to B-cell and
T-cell activation and the creation of a hyper-inflammatory
state with subsequent myocyte injury. Another mechanism is
the direct intake of viral antigen by the myocytes, leading to
structural deformity of the myocyte [48].

Impact of COVID-19 Pandemic on the Care
of Patients with Established IIM

Social distancing restrictions and public-health laws limiting
the extent of in-person visits have completely altered the dy-
namics of health care provisions during the COVID-19 pan-
demic. The pandemic period also saw a switch to
teleconsultations, with patients with myositis requiring dispro-
portionately greater admissions as compared with other rheu-
matic diseases [4¢¢, 49]. Hence, now, telemedicine is being
increasingly utilized to provide care to patients in this new era.
With over half of IIM patients availing telemedicine consul-
tations, remote monitoring has become the modality of choice
for continuity of care in IIM patients (preferred by up to 70%)
with in-person visits to the health care provider falling out of
favor (preferred by only about 25%) in these patients [4e¢]
[50e]. This is understandably due to fears of acquiring the viral
infection and going into public spaces [3¢e, S1¢¢]. Global stud-
ies, such as one conducted in Poland also show marked patient
approval for virtual consultations over in-person visits [52].

Challenges

The COVID-19 pandemic has presented many obstacles in the
provision of care to many patients around the globe. This is
especially true for autoimmune diseases like IIM where pa-
tients ideally require continual ongoing check-ups, examina-
tions, and frequent medication reviews. With the disruption of
the global health care framework, modified allocation and
distribution of health care resources have negatively impacted
IIM patients. In an e-Survey conducted among 608 I1IM pa-
tients, 32.1% of respondents reported having one or more
issues relating to their condition during the COVID-19

pandemic [51e¢]. Half of these patients had medication-
related issues, requiring an increase in medication dose with
13% requiring glucocorticoid dose elevation due to ineffective
disease control. Also, it is important to note that over half were
already on glucocorticoid treatment which may increase
COVID-19 susceptibility, complications, and hospitalization
rates in rheumatologic patients [53]. About 18% of patients
with IIM were hospitalized for disease-related complications,
while a fifth experienced delay in receiving infusion treatment
necessary for their condition [51e¢]. Furthermore, 30.7% ex-
perienced symptoms that were of unclear origin further pre-
senting challenges to management during this time. Another
obstacle reported by patients in their management was the
difficulty in procuring medication (26.3%) and while a major-
ity were able to get medications delivered by family members
or alternative means, 10.6% many of these patients were still
unable to obtain medication forcing a temporary halt in their
treatment regimen [3ee, S1ee].

While telemedicine may be the saving grace in the eyes of
both doctors and patients alike, it must be noted that even this
brings with it its own challenges with inadequate lighting,
poor video or audio quality, lack of thorough examination,
etc., limiting ideal care to patients during this time, and
methods to resolve these issues need to be examined.
Moreover, it may specifically disenfranchise poor or elderly,
who may not have the means or not technologically savvy, to
get appropriate care through telemedicine.

In developing countries, the provision of telemedicine care
to financially challenged groups unable to afford reliable in-
ternet connections or quality smart phones continues to remain
a challenge in maintaining adequate disease control. This is
compounded by the markedly lower educational as well as
technological literacy rates in these countries [3ee].
Furthermore, physiotherapy forms an important component
of IIM management, yet one in three patients was not able to
receive timely physical therapy sessions during pandemic
[S1ee]. This is especially of concern because deconditioning
in patients with sarcopenia/muscle disease has been reported
as a significant but preventable complication amenable with
timely detection and physical and/or occupational therapy
[54].

Solutions

While not much can replace the effectiveness of in-person
physical examinations in assessing patients, several authors
have proposed solutions and ideas for combating the chal-
lenges presenting during these difficult times. The need to
shift to virtual consultations has been highlighted by many
authors [4ee, 51ee, 55]. Transition to the use of mobile appli-
cations to determine patient self-reported outcomes and track
symptoms may improve patient management in cases with
limited in-person interaction between patient and doctor [3ee,
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51e¢]. A need has been highlighted to develop accurate and
approved outcome measures with high sensitivity for disease
progression and control in patients with [IM. Self-physical
assessment of patient at home with 2-min walking-distance
test (meters walked), timed up and go (time taken to stand,
walk for 10 m, turn back and return to chair), 30-s sit to stand
(number of repetitions of'sit to stand in 30 s), and an arm-raise
test (time taken to raise arms above head 10 times) have been
some of the serial-outcome measures that can be employed for
remote monitoring [3¢¢]. In addition, daily monitoring of
symptoms and validated patient-reported outcomes can en-
hance care of patient and may lead to early detection and
intervention of flare or worsening of the disease [56, 57].
Such routine monitoring tests are especially important because
approximately a quarter of COVID-19 patients show a de-
crease in 6-min walking distance even after 6 months of hos-
pital discharge suggesting long-term persistence of COVID-
19-related musculoskeletal complications [54]. It has been
proposed that applications reporting self-outcome measures
should be internally linked to national health care databases
which will help expedite care at a time when clinicians are
finding it difficult to manage the workload in order to care for
the maximum number of patients at the best standard of care
reasonably possible, especially in chronic autoimmune dis-
eases [S1ee, 55]. Studies reporting no difference in patient
satisfaction between those managed in clinics and those man-
aged via remote consultations are positive signs suggesting
that telemedicine that has entrenched its place in patient man-
agement will play a vital role not only during this pandemic
but possibly in the post-COVID-19 era as well [3¢].

In regard to mobile programs, applications like WhatsApp
secured messaging and video chat are finding a use for an-
swering quick patient queries. The type of application used
varies from country to country with WeChat finding use in
China [3ee, 58]. Furthermore, to combat long delays in infu-
sion delivery to patients, home-administered subcutaneous in-
jections have been proposed, and an attempt to determine its
practicality is already being made in a French study [4ee, 51¢¢].
Provision of video-assisted physiotherapy, dietary advice,
mindfulness, and yoga sessions on a continuous basis to pa-
tients with long-standing IIM may be greatly beneficial in
maintaining disease control [3¢¢]. At-home medication deliv-
ery via pharmacies or intermediary courier service can tackle
the issue of drug procurement experienced by many IIM pa-
tients [S1ee].

Mental health and anxiety management is yet another sec-
tor that needs to be analyzed and addressed with an increas-
ingly important role of cognitive behavioral therapy in com-
bating this increasingly prevalent issue [51e¢]. It is also impor-
tant to note that this is an issue that does not simply vanish
with the regression of the disease, and patients who have had
myositis or COVID-19 may still have anxiety and depression
long after the disease is under control [54]. Considering how
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mental health issues may highlight a separate need for triaging
patients into those who may benefit from further intervention,
expanding telecommunication to the to the primary-care sec-
tor may be crucial in ensuring that these patients receive ade-
quate counseling and mental health support during these
times.

Need for Tele-triage Which May Be Greater in IIM
During the Pandemic

With the advent of a global pandemic that poses a health risk
to patients and healthcare workers alike, teleconsultations
have become a staple of patient care and management. The
realization that not all patients will present with the same
severity of disease or require admission has helped accelerate
patient care by stratifying patients requiring hospital admis-
sion from those that can be managed conservatively after a
video teleconsultation, a method called tele-triaging which has
recently been gaining attention [3ee, 19]. An increasing need
for tele-triaging patients was felt during these times and holds
the potential for better management of patient relapses
through effective risk stratification and telecommunication
[3¢]. This will help ensure that patients who can be managed
with medication receive timely medication delivered at home,
and only those who require urgent admission get admitted
[3¢¢]. The ultimate goal of such triaging would be to reduce
the healthcare burden and ensuring that adequate bed spaces
remain vacant for those people who genuinely require them,
and at this time, especially those infected by COVID-19 and
suffering from its complications, so that they can be treated
promptly.

Unresolved Questions Raised
in COVID-19-Associated Myositis

Is Diagnostic Testing for Myositis Warranted in
Patients Presenting with COVID-19 and Myalgias?

A gray area that remains still is the need for and importance of
modalities like muscle biopsies, electromyograms, and MRIs
in the diagnosis of patients. Currently available studies on
COVID-19-associated myositis show remarkably variability
in CK on the first presentation. In a case series by Gokhale
et al., a patient diagnosed with dermatomyositis had normal
CK levels but died because of COVID-19. However, another
patient with a greatly elevated CK of 42,670 IU/L had a fa-
vorable recovery within 9 days. In light of such studies, it then
seems reasonable to assume, at least on a preliminary analysis
of cases, that CK elevation does not correlate directly with
disease severity in all patients with IIM and that myositis-
specific clinical signs and symptoms by thorough history
and examination as well as markers such as myositis-



Curr Rheumatol Rep (2021) 23: 63

Page 130f 16 63

specific autoantibodies such as anti-MDAS, inflammatory
markers (C-reactive protein (CRP) and erythrocyte sedimen-
tation rate (ESR)), etc. may need to be taken into consideration
together with CK levels to determine disease severity in pa-
tients presenting with IIM.

Views on the use of muscle biopsies remain heterogeneous.
Several authors cite the potential risks of biopsies such as
prolonged bleeding and increased recovery times as deter-
rence for use of this diagnostic modality in the majority of
patients [12¢, 59-61]. Similarly, others do not advocate the
need for muscle biopsies in COVID-19 patients with myal-
gias, stating that a clinical diagnosis is sufficient in the pres-
ence of a diagnosed viral infection [47¢, 62, 63]. In contrast,
Almadani et al. reports a case of COVID-19-associated myo-
sitis complicated by compartment syndrome, and Bolig et al. a
case of immune-mediated necrotizing myopathy, where both
felt that a muscle biopsy was warranted [26+, 30]. Hence,
muscle biopsies may be warranted in certain specific situa-
tions where myositis associated with COVID-19 is complicat-
ed by a more sinister problem.

Immunosuppressive Treatment in Myositis; a Double-
edged Sword?

Immunosuppressive medications are the treatment of choice
for most inflammatory myopathies; however, they lead to det-
riment of the body’s immunological capabilities which are
required to fend off infectious agents. Hence, the topic of
whether to continue or withhold immunosuppressive treat-
ment in COVID-19 patients with myositis currently remains
a hot-topic up for debate.

An interesting case of an initially well-suppressed immune-
mediated necrotizing myopathy has been reported where the
IMNM recurred after mycophenolate mofetil and intravenous
immunoglobulins were withheld for 6 and 8 weeks, respec-
tively, following a diagnosis of COVID-19 [30]. This led to
the suggestion that holding immunosuppressants may lead to
arecurrence of myositis flares and thus not necessarily need to
be stopped in people with inflammatory myopathies with
COVID-19 [30]. Although immunosuppressive treatment
may be warranted in patients with this subset of myositis, a
fine balancing act has to be taken into consideration as immu-
nosuppression can lead to worsening of COVID-19 compli-
cations [64]. Mycophenolate mofetil results in T-cell and B-
cell suppression; however, studies have reported some anti-
viral effects both in vitro and in vivo [65]. Another unexplored
area is the severity of COVID-19 in patients with myositis
—who have activated interferon axis which may potentially
help them clear the virus better. However, this is subject to
various confounders, and until more research is made avail-
able, a case-by-case approach and individualized treatment
plan may be necessary for managing these patients.

A high level of concern however must always be main-
tained while a patient is on immunosuppressants as death
has been observed in a patient on prednisolone and cyclophos-
phamide for dermatomyositis (Table 1, 17). What the authors
suggest is not the complete abolishment of immunosuppres-
sives in COVID-19 patients with myositis, but the increasing
need to monitor medication, especially switching from highly
immunosuppressive agents to less immunosuppressive
agents. Furthermore, in cases where there were two potential
treatments available, such as IVIG and rituximab for bulbar
palsy, IVIG was preferred as it provided concomitant protec-
tion against COVID-19 pneumonia as well, while for MDA-5-
associated dermatomyositis with interstitial lung disease, cy-
clophosphamide was the preferred choice over rituximab due
to its shorter duration of actions [17¢¢]. These small consider-
ations in medication management during the times of COVID-
19 are critically important, especially where immunosuppres-
sion can be a matter of life and death for patients with [IMs.

Furthermore, emerging data from cohort studies seem to
suggest a beneficial role of agents like tocilizumab and
hydroxychloroquine, which, by their immune modulation,
dampen the inflammatory response and consequently reduce
morbidity by preventing cytokine storms [19]. Taken together
in the light of the findings claiming higher COVID-19 mor-
bidity in immunocompromised patients, such a statement
seems contradictory, but harbors support from other authors
as well who bring the benefits of agents like tocilizumab to the
fore.

Frequency, Severity, and Outcomes of COVID-19 in
IIMm

While rheumatic diseases incur a higher risk of adverse out-
comes in COVID-19, the exact burden of morbidity, mortal-
ity, attributable risk for adverse outcomes, and risk factors for
mortality is to be ascertained. It seems plausible that besides
conventional risk factors for COVID-19, immunosuppression,
underlying disease damage, and organ involvement such as
ILD may contribute to COVID-19-related morbidity in IIM.

COVID-19 as an Environmental Risk Factor for the
Onset of IIM

Another unexplored area is the possibility of an increase in the
incidence of I[IM post-pandemic, with the emergence of virus-
triggered myositis in the genetically predisposed. Many of
these individuals may potentially harbor minor immune path-
way defects, placing them on the helm of environmental trig-
ger leading to increase frequency and or severity of
autoimmunity.

To conclude, COVID-19 can induce myositis, potentially
by direct infection of the muscle, and as an inciting environ-
mental event triggering autoimmunity. The clinical profile can
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be highly varied, warranting a high index of suspicion for
myositis in any COVID-19 patient. A greater recognition of
the stark similarity between anti-MDAS5-positive myositis
with COVID-19 has thrown researchers into the alley of ex-
ploration — finding common etiopathogenic basis as well as
therapeutic strategies. With immunosuppression seen both a
friend and a foe, we certainly need more data from large
registry-based prospective studies to help physicians better
manage patients with IIM in the setting of COVID-19 infec-
tion. While the COVID-19 pandemic may be behind us soon,
the massive effects of the pandemic including disease damage
due to fragmented care, fear, and anxiety, as well as innova-
tive healthcare delivery such as teleconsultation, may be here
to stay. Embracing these new means of communication and
adapting to new models of tele-triage and remote patient dis-
ease monitoring through patient-reported and patient-oriented
outcome measures may be the way forward.
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