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Abstract
Purpose of Review The present review discusses the peripheral nervous system (PNS) manifestations associated with coronavi-
rus disease 2019 (COVID-19).
Recent Findings Nerve pain and skeletal muscle injury, Guillain-Barré syndrome, cranial polyneuritis, neuromuscular junction
disorders, neuro-ophthalmological disorders, neurosensory hearing loss, and dysautonomia have been reported as PNS manifes-
tations in patients with COVID-19.
Summary Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes COVID-19. COVID-19 has shown
syndromic complexity. Not only does SARS-CoV-2 affect the central nervous system but also it involves the PNS. The PNS
involvement may be due to dysregulation of the immune system attributable to COVID-19. Here we review the broad spectrum
of PNS involvement of COVID-19.

Keywords COVID-19 . SARS-CoV-2 . Peripheral nervous systemmanifestations

Introduction

Coronaviridae are common pathogens of the respiratory sys-
tem. Two important outbreaks of coronavirus infections,

namely severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome corona-
virus (MERS-CoV), have emerged in the past decades. Since
December 2019, there has been an increasing number of
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patients affected by coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The virus has a 79.5% [1] and 50% [2] gene
sequence homology to SARS-CoV and MERS-CoV, respec-
tively. During the current pandemic, the medical community
has faced enormous challenges. The public health burden of
COVID-19 has become one of the highest among infectious
respiratory illnesses. There has been a widening pattern of
central nervous system (CNS) involvement associated with
COVID-19 [3•]. Furthermore, a growing body of literature
links COVID-19 to peripheral nervous system (PNS) mani-
festations. In the present review, we discuss the PNS manifes-
tations associated with COVID-19.

Neuropathophysiology of COVID-19

SARS-CoV-2 is a beta-coronavirus with a 29,903 base single-
stranded RNA genome that belongs to the Orthocoronavirinae
subfamily, which is part of the Coronaviridae family.
Structurally, SARS-CoV-2 has a well-defined composition
comprising of 14 binding residues. Spike (S) glycoprotein
receptor on the surface of SARS-CoV-2 binds to
angiotensin-converting enzyme 2 (ACE2) receptors expressed
on various host tissues [4–8], enabling endocytosis of the
virion. Data suggests that the neurovirulence of SARS-CoV-
2 could be related to the degree of expression of the ACE
receptor in the nervous system. However, this receptor is
expressed in the smooth muscle cells in the endothelium.
Therefore, it is necessary to investigate further its role in the
etiopathogenesis of neurological complications [9]. In the in-
ternalization process of SARS-CoV-2, transmembrane prote-
ase serine 2 (TMPRSS2), furin, and cathepsins B and L (Cat B
and L) trim the S glycoprotein and facilitate its binding to
ACE2 and SARS-CoV-2 cell entry [10•].

SARS-CoV-2 has shown several degrees of neurotropism.
It has been proposed that the virus can enter the nervous sys-
tem from PNS terminals of the olfactory nerve and the nasal
olfactory epithelium, a probable site of enhanced binding of
SARS-CoV-2. Bilinska et al. [11] showed that ACE2 and
TMPRSS2 are expressed in the olfactory epithelium’s
sustentacular cells, suggesting that these cells may be in-
volved in SARS-CoV-2 virus entry and smell impairment.
Notably, the expression of the entry proteins is increased in
older animals, thus possibly explaining why older individuals
are more susceptible to SARS-CoV-2 infection [11].
Additionally, another possible transsynaptic route from the
nasal respiratory epithelium to the brain via the trigeminal
nerve branch has recently been hypothesized, although this
needs verification [12]. Furthermore, an alternative proposed
pathway was also proposed indicating a retrograde spread via
transsynaptic transfer using an endocytosis or exocytosis
mechanism and a fast axonal transport mechanism of vesicle

transport moving the virus along microtubules back to neuro-
nal cell bodies [13]. Autopsy of patients with COVID-19
showed that viral RNA is present in the CNS [14, 15].

In the nervous system, SARS-CoV-2 induces downregula-
tion of ACE2, underactivating the renin-angiotensin system
(RAS)’s alternative pathway (ACE2-Ang-(1-7)-Mas). Such
underactivation, in turn, leads to overactivation of the classical
RAS pathway (ACE-Ang II-AT1R). These can result in oxi-
dative stress, neuroinflammation, vasodilation, and thrombot-
ic events. Animal models showed that the brain cortex was
unevenly involved with infected cells visible in columnar
patches and sensory regions, a high density of infected cells
in most brain regions except for the cerebellum and that
SARS-CoV-2 can induce a disruption in vascular topology
at the cortex [16]. It has been suggested that the virus affects
the respiratory centers in the brainstem [17].

Cytokine Storm in COVID-19

No unifying definition of cytokine storm exists. There is much
disagreement about what the definition should be and whether
specific conditions such as COVID-19 should be included in
the spectrum of cytokine storm disorders [18]. Nevertheless,
cytokine storm due to COVID-19 triggers coagulopathy and
thrombosis [19]. SARS-CoV-2 can also bind to toll-like re-
ceptors, enabling interleukin (IL)-1 synthesis and release [20,
21]. Activation of this receptor leads to a biochemical cascade
starting with the production of pro-IL-1 cleaved by caspase-1,
which is followed by inflammasome activation. IL-6 is also
elevated in COVID-19 [22]. IL-6 is an important pro-
inflammatory mediator that can induce an immune response
in the nervous system, leading to brain tissue injury [23] and
stroke [24]. The level of IL-6 is correlated with the severity of
COVID-19 symptoms [25]. Type I interferon (IFN) dysregu-
lated in COVID-19 can affect innate and acquired immunity
[20]. Most COVID-19 patients also exhibit increased circulat-
ing levels of IL-2, IL-8, IL-17, granulocyte colony-stimulating
factor, granulocyte-macrophage colony-stimulating factor, in-
terferon gamma-induced protein 10, and monocyte
chemoattractant protein 1 [26]. Nevertheless, IFN release
can result in inflammation and immune system suppression
[27]. These key features represent a maladaptive immune re-
sponse characterized by hyperactivity of innate immunity
followed by immunosuppression.

PNS Manifestations of COVID-19

COVID-19 may affect the PNS even before the resolution of
pneumonia, meeting diagnostic criteria for acute
polyradiculoneuropathy [28]. Stuart-Neto et al. [29] reviewed
records of 89 patients with COVID-19. The authors found that
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3 (6.7%) out of 45 COVID-19 patients with severe respiratory
conditions developed peripheral neuropathy. The PNS in-
volvement may be caused by SARS-CoV-2 dysregulating
systemic immune response. Systemic hyper-inflammation
with macrophage activation syndrome, also known as second-
ary hemophagocytic lymphohistiocytosis, has been proposed
in COVID-19 patients [30]. These immune-mediatedmanifes-
tations occur typically after the acute phase of the infection
subsides [31].

Guillain-Barré Syndrome Spectrums

Guillain-Barré syndrome (GBS) has been reported following
COVID-19. The clinical spectrum of GBS encompasses a
classic sensorimotor form, Miller Fisher syndrome, bilateral
facial palsy with paresthesias, pure motor, pure sensory,
paraparesis, pharyngeal-cervical-brachial variants, polyneuri-
tis cranialis (GBS-Miller Fisher syndrome overlap), and
Bickerstaff brainstem encephalitis. Regarding the electrophys-
iological features, several main subtypes are recognized, in-
cluding acute inflammatory demyelinating polyneuropathy
(AIDP) and acute motor-sensory axonal neuropathy
(AMSAN) [32]. Classic GBS is characterized by acute-onset
ascending sensorimotor polyneuropathy [33]. Both GBS and
acute motor axonal neuropathy (AMAN) have been reported
after SARS-CoV and MERS-CoV infections [34, 35].
Furthermore, peripheral motor neuropathy has also been re-
ported before the onset of the typical flu-like symptoms of
COVID-19 [36–38]. A post-infectious dysregulation of the
immune system arising from COVID-19 is presumably the
cause of GBS [39]. Amolecular mimicry mechanism in which
infecting viruses likely share epitopes similar to some periph-
eral nerve components is believed to occur and stimulate
autoreactive T or B lymphocytes [39]. GBS can further com-
plicate COVID-19 outcomes. Published case reports of GBS
cases occurring post-COVID-19 have been published from
China, the USA, Europe, and the Middle East (see Table 1)
[28, 36, 37, 40–70, 71••]. In a review of 37 published GBS
cases associated with COVID-19, Caress et al. [38] reported a
mean age of 59 years, and 65% were males. One systematic
review [72••] of COVID-19 patients with GBS found that the
interval between COVID-19 symptoms onset and the first
symptoms of GBS ranged from 8 to 24 days. Most of the
patients had a typical GBS clinical presentation with a pre-
dominantly demyelinating subtype on electrophysiological
studies. Mechanical ventilation was necessary for eight
(44%) patients. Two (11%) patients died. Another report
showed that the majority of COVID-19-related GBS patients
had AMAN and ASMAN phenotypes [73]. Even so, a few of
these patients had enhancement of caudal nerve roots on
gadolinium-enhanced MRI of the spine. Miller Fisher syn-
drome, a rare variant of GBS, has also been reported in

COVID-19 patients [74]. Most of these patients received
hydroxychloroquine, azithromycin, lopinavir, and ritonavir,
as well as intravenous immunoglobulin (IVIG). Yet, more
than half of these patients exhibited poor outcomes in the form
of prolonged intensive care unit (ICU) stay, residual paresis,
and dysphagia [73]. A systematic review of 42 COVID-19
patients with GBS showed a 40.5% ICU admission rate, with
one-third of the patients having respiratory failure [75]. Since
case reports mostly shape the body of the literature on
COVID-19 and GBS, it cannot be excluded that they present
coincidentally. A recent epidemiological study in the UK does
not confirm a causal link of COVID-19 to GBS [76]. The
annual incidence of GBS in UK hospitals was 1.66 to 1.88
per 100,000 people for the years 2016 to 2019. Significantly
fewer GBS cases were reported for March, April, and
May 2020 (93, 70, and 56, respectively) compared with
2016–2019 mean case numbers for the same months (132,
116, and 113, respectively) [76]. It is suggested that lockdown
measures may have reduced the transmission of other GBS-
triggering pathogens and could explain the decline in ob-
served cases in 2020, although unascertained since the atten-
dance bias in a pandemic cannot be excluded.

Nerve Pain, Myalgias, and Skeletal Muscle
Injury

In Wuhan, Mao et al. [77] studied 214 patients with COVID-
19 of which 88 and 216 patients showed severe and non-
severe symptoms. Nerve pain was found in 4 (4.5%) and 1
(0.8%) of the patients with severe and non-severe COVID-19,
respectively. Skeletal muscle injury was seen in 17 (19.3%)
and 6 (4.8%) of the patients with severe and non-severe
COVID-19, respectively. It is important to consider that re-
ports of creatine kinase (CK) elevation, as the only marker of
muscle injury, are non-specific and may be related to
prolonged bed rest and medications in severe COVID-19
cases more than a direct muscle injury from COVID-19. In
the ALBACOVID registry, myopathy and myalgia were seen
in 3.1% and 17.2% of the COVID-19 patients, respectively
[71••]. Myalgias were reported in 15.79% to100% of COVID-
19 patients in other published studies [26, 78–90].

Myopathy and Myositis

Myositis can be a manifestation of COVID-19, although most
literature only involves case reports. A patient with diffuse
myalgias and proximal lower limb muscle weakness, causing
him to fall, showed a bilateral hip flexion deficit with 3/5
muscle strength [91]. There were bilateral external obturator
muscle and quadricipital edema on his proximal lower limb
MRI, and bilateral myositis was confirmed. The patient was
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Table 1 Peripheral nervous system manifestations in patients with COVID-19

Manifestation Rate and features Study type Location Author, year, ref

Nerve pain, myalgia,
and skeletal muscle
injury

Nerve pain in 5 (2.3%) of 124 patients; skeletal muscle
injury in 23 (10.7%) patients

Retrospective China Mao et al., 2020 [77]

Myopathy and myalgia in 3.1 and 17.2%
of 841 patients, respectively

Retrospective Spain Romero-Sanchez et al., 2020 [71••]

Myalgias in 52% of 25 adult patients Retrospective China Han et al., 2020 [78]
Myalgias in 44% of 41 patients Prospective China Huang et al., 2020 [26]
Myalgias in 52% of 62 patients Retrospective China Xu et al., 2020 [88]
Myalgias in 70% of 30 patients Retrospective China Liu et al., 2020 [80]
Myalgias in 23.75% of 80 patients Retrospective China Wang et al. 2020 [79]
Myalgias in 100% of 14 patients Retrospective China Wei et al., 2020 [89]
Myalgias in 62.5% of 1420 patients Retrospective 18 European

hospitals
Lechien wt al., 2020 [81]

Myalgias in 45.5% of 110 patients Retrospective China Lai et al., 2020 [82]
Myalgias in 57% of 1487 patients Retrospective France Lapostolle et al. 2020 [83]
Myalgias in 15.79% of 38 patients Retrospective China Chen et al., 2020 [84]
Myalgias in 19% of 80 children Retrospective Turkey Korkmaz et al., 2020[90]
Myalgias in 67% of 14 patients Prospective Australia O’Reilly et al., 2020 [85]
Myalgias in 38.46% of 26 patients Case series India Gaur et al., 2020 [86]
Myalgias in 43.75% of 32 patients Retrospective India Aggarwal et al., 2020 [87]

GBS 4/5 muscle strength in both arms and hands and 3/5
muscle strength in both legs and feet

Case report China Zhao et al., 2020 [36]

2/5 muscle strength in the lower extremity, 3/5 upper
extremities strength

Case report USA Virani et al., 2020 [40]

5 patients Case series Italy Toscano et al., 2020 [41]
Paraplegia, 4/5 muscle strength in the upper limbs Case report Italy Ottaviani et al., 2020 [44]
Right peripheral facial nerve palsy Case report Spain Juliao Caamano et al., 2020 [45]
Acute-onset bilateral facial weakness, dysarthria with

labial sounds, and paresthesia in the feet
Case report Canada Chan et al., 2020 [42]

Bilateral lower motor neuron pattern of facial weakness Case report USA Hutchin et al., 2020 [43]
4/5 symmetricmuscle strength of distal upper and lower

limbs
Case report Italy Padroni et al., 2020 [46]

Quadriplegia Case report Iran Sedaghat et al., 2020 [47]
Bilateral lower limb flaccid paresis Case report Switzerland Coen et al., 2020 [48]
Flaccid severe tetraparesis Case report France Camdessanche et al., 2020 [49]
Motor predominant peripheral neuropathy Case report UK Abdelnour et al., 2020 [37]
One patient with Miller Fisher syndrome

and one patient with polyneuritis cranialis
Case report Spain Gutiérrez-Ortiz et al., 2020 [50]

Miller Fisher syndrome Case report USA Lantos et al., 2020 [51]
Miller Fisher syndrome Case report USA Rana et al. [52], 2020
Miller Fisher syndrome Case report Spain Reyes-Bueno et al., 2020 [53]
Miller Fisher syndrome Case report Germany Senel et al., 2020 [54]
Miller Fisher syndrome Case report Spain Fernández-Domínguez., 2020 [55]
Miller Fisher syndrome Case report Italy Manganotti et al., 2020 [56]
Hypesthesia of the left mandibular region, paresis of

both upper limbs, and problem with ambulation
Case report Spain Diez-Porras et al., [57]

Generalized areflexia, bilateral peripheral facial
paralysis, and decreased sensation in distal limbs

Case report USA Paybast et al., 2020 [58]

Hypoglossal nerve palsy, limb hyporeflexia, and
demyelinating pattern in the limbs

Case report Italy Assini et al., 2020 [59]

Severe flaccid tetraparesis Case report Italy Alberti et al., 2020 [28]
GBS with dysautonomia Case report USA Su et al., 2020 [60]
Paraparesis, areflexia, numbness, and dysphagia Case report Germany Scheidl et al., 2020 [61]
Mild dysarthria due to jaw weakness and bilateral,

predominant lower limb weakness, slight weakness
in hand muscles, and decreased sensation to
pin-prick distally to the upper thighs

Case report Turkey Oguz-Akarsu et al., 2020 [62]

Quadriplegia, hypotonia, areflexia, and bilateral
positive Lasègue sign

Case report Morocco Otmani et al., 2020 [63]

The first case showed weakness in the lower limb, right
peripheral facial palsy, ataxia, reduced light touch
from midthigh to feet and the tip of the fingers,
reduced vibration sense in the lower limbs,

Case report France Bigaut et al., 2020 [64]
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diagnosed as having COVID-19 by a chest CT scan and PCR
testing. A case report of a 58-year-old woman with COVID-
19 showed a hypernasal type of dysarthria, facial weakness,
bilateral eyelid ptosis, profound symmetric proximal limb
weakness, and reduced muscle stretch reflexes [92]. Her
MRI did not demonstrate any signs of CNS and PNS involve-
ment; nevertheless, diffuse muscle edema and enhancement

were demonstrated with a region of myonecrosis. Her motor
and sensory nerve conduction study (NCS) of the relevant
nerves was unremarkable. Electromyography (EMG) of the
right vastus lateralis, deltoid, and iliopsoas muscles showed
sparse fibrillation potentials. Her CK level increased on ad-
mission. Regenerating fibers, perivascular inflammatory infil-
tration with endomysial extension, and upregulation of human

Table 1 (continued)

Manifestation Rate and features Study type Location Author, year, ref

symmetric weakness for dorsiflexion and extension
of the toes and flexion of the thigh, and areflexia in
the forelimbs apart from the left biceps reflex.

The second case had lower limb weakness and distal
weakness, diffuse areflexia, left peripheral facial
palsy, and demyelinating pattern.

The first case showed albuminocytologic dissociation
in the CSF, limb hypoaesthesia, and demyelinating
pattern.

The second case had lower limbs’ weakness along with
foot drop, areflexia, polyneuropathy, and
gastroplegia.

Case report France Arnaud et al., 2020 [65]

Cranial nerve involvement, paresthesia of the hands and
feet, progressive lower limb weakness, dysphagia,
and areflexic quadriplegia

Case report Spain Esteban Molina et al., 2020 [66]

Dysphagia, paresthesia, tetraplegia, areflexia, limb
weakness, radiating pain, and inflammatory
polyradiculoneuropathy

Case report Spain Marta-Enguita et al., 2020 [67]

GBS in association with leptomeningeal enhancement Case report Spain Sancho-Saldaña et al., 2020 [68]
Dysphagia, quadriparesis, quadriplegia, global

areflexia, and bilateral facial palsy
Case report Spain Velayos Galán et al. 2020 [69]

Progressive limb weakness and foot dysaesthesia,
myalgias, paresis, and global areflexia

Case report UK Webb et al., 2020 [70]

One of 841 patients Retrospective Spain Romero-Sanchez et al., 2020 [71••]
Myositis Proximal lower limb muscle weakness, causing to fall Case report France Beydon et al., 2020 [91]

Severe proximal and bulbar weakness Case report USA Zhang et al., 2020 [92]
Cranial polyneuropathy Facial nerve palsy and olfactory disturbance Case report Japan Homma et al., 2020 [96]

Ipsilateral fifth and seventh cranial nerve involvement Case report USA Gogia et al., 2020 [97]
Neuromuscular junction

disorders
MG in 3 cases Case report Italy Restivo et al., 2020 [98]
MG crisis Case report USA Delly et al., 2020 [101]
Among 15 adult MG patients with COVID-19, majority

were critically ill, requiring mechanical ventilation
with a mortality rate of 30%.

Retrospective Brazil Camelo-Fiho et al., 2020 [100]

Neuro-ophtalmalogical
disorder

Using OCT, hyperreflective lesions at the level of
ganglion cells and inner plexiform layers were
found, especially at the papillomacular bundle of
both eyes in 11 adult patients.

Case series Brazil Marinho et al., 2020 [105]

Optic neuritis in one of 841 patients Retrospective Spain Romero-Sanchez et al., 2020 [71••]
Ophtalmoparesis from cranial nerve palsy Case report USA Dinkin et al., 2020 [106]
Third cranial nerve palsy Case report Morocco Belghmaidi et al., 2020 [107]

Hearing loss SNHL Case report Thailand Sriwijitalai et al., 2020 [109]
SNHL Case report Egypt Abdel Rhman et al., 2020 [110]
COVID-19 was confirmed 1 out of 5

patients with SNHL.
Case series Turkey Kilic et al., 2020 [111]

Complete deafness on the right side
and profound SNHL on the left side

Case report Germany Degen et al., 2020 [112]

FLAIR, fluid-attenuated inversion recovery; GBS, Guillain-Barré Syndrome; ICA, internal carotid artery; MG, myasthenia gravis; MRC, Medical
Research Council; OCT, optical coherence tomography; NMS, neuroleptic malignant syndrome; SNHL, sensorineural hearing loss
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leukocyte antigen class ABC expression on non-necrotic fi-
bers was shown using muscle biopsy. The patient was diag-
nosed as having a COVID-19-associated myositis.

Mehan et al. [93] performed a retrospective cohort study at
a single large academic institution. Between March 3, 2020,
and May 6, 2020, 641 patients presented with COVID-19. A
total of 9 patients underwent spine MRI scan to evaluate pa-
thology with indications including back pain, lower extremity
weakness, and lower extremity paresthesia. Four of the 9 MR
imaging examinations were performed with contrast. None of
these patients had been previously treated for myositis. Six of
the 9 patients required admission to the hospital to treat
COVID-19, where 4 of these patients were intubated. Seven
of 9 (78%) patients who underwent spine MRI demonstrated
myositis on MRI with the erector spinae and multifidus mus-
cles’ involvement. In all 7 patients with MRI findings of myo-
sitis, it occurred exclusively in the lumbar spine and involved
multiple vertebral body levels. In all cases, the myositis was
bilateral. In the seven patients with lumbar spine MRI who
had imaging findings suggestive of myositis, the edema in the
paraspinal musculature was out of proportion to the degree of
superficial subcutaneous edema.

Our unpublished work indicated that COVID-19 patients
could also develop an inflammatory myopathy characterized
by proximalmuscle weakness, elevated serummuscle enzyme
levels where muscle biopsy showed significant myofiber ne-
crosis and minimal, if any, lymphocytic infiltrates character-
izing an immune-mediated necrotizing myopathy (IMNM),
sometimes referred to as necrotizing autoimmune myopathy
(NAM), representing a distinct type of myositis included in
the most recent classification schemes of the inflammatory
myopathies and different from previous ones described. The
histopathological features of IMNM comprise myonecrosis,
myophagocytosis, regeneration, and a relative paucity of lym-
phocytic infiltration. The myonecrosis is scattered, and differ-
ent stages of necrosis, myophagocytosis, and muscle fiber
regeneration are observed, indicating temporal evolution.
Macrophages are the predominant mononuclear cell type,
whereas T and B cells were very scant. Non-specific features,
including focal tissue sclerosis, muscle fiber size variation,
and nuclear centralization, were present (Fig. 1). The inflam-
matory infiltrate was primarily composed of macrophages
(CD68/PGM1+) along with scant lymphocytes B/CD20+
and T/CD3+ with a T-helper immunophenotype (CD4+), as
well as CD123+ plasmacytoid dendritic cells. To date, two
different autoantibodies have been described in association
with IMNM, those recognizing the signal recognition particle
(SRP) and those targeting hydroxy-3-methylglutaryl-CoA re-
ductase (HMGCR). Both autoantibodies were not identified.
The presence of elevated CK levels and proximal weakness is
insufficient to diagnose the myopathy subtype in COVID-19
patients, making it necessary to obtain a muscle biopsy to
demonstrate the characteristic features of a necrotizing

myopathy. COVID-19 may represent a possible trigger of
IMNM. Exposure to the virus could generate an immune re-
sponse due to molecular mimicry [94]. Notably, there are no
clinical trials to guide therapeutic decisions in COVID-19-
related IMNM. Therefore, the following recommendations
are derived from personal experience: corticosteroids (IV,
0.5–1 g/day, 3–5 days) and IVIG for refractory disease, which
may be considered as monotherapy for patients who have
contraindications to the use of steroids (IVIG 2 g/kg in 5
days).

Multiple Cranial Neuropathies

Recent evidence indicates that COVID-19 may also lead to
multiple cranial neuropathies, as well as the more recognized
high incidence of anosmia with infection, with rates of up to
73% of those infected [95]. A 35-year-old COVID-19 patient
had the right facial paralysis and olfactory disturbances [96]
and an almost complete loss of sense of taste on the right side
of her tongue, with only the preservation of a sense of sweet-
ness. Her sense of smell was also completely absent as she
could not smell shampoo, coffee, or soy sauce. One report of a
patient with ipsilateral fifth and seventh cranial nerve involve-
ment that started within 5 days of respiratory symptoms and
resolved in 3 weeks suggests that multiple cranial neuropa-
thies may be a manifestation of COVID-19 [97].

Neuromuscular Junction Disorders

New-onset myasthenia gravis (MG) after COVID-19 infec-
tion can also occur and may also be due to molecular mimicry
mechanisms as with other neurological manifestations. This
was suggested by Restivo et al. [98] after describing three
cases of new-onset acetylcholine receptor antibody-positive
(antiAChR+) MG after COVID-19. Indeed, there is evidence
that COVID-19 can trigger autoimmunity through the aug-
mentation of T cell signaling [99]. Acute respiratory distress
(ARDS) seen in COVID-19 coupled with respiratory muscle
failure in MG crises may result in a dire prognosis. A retro-
spective Brazilian study conducted fromMarch 15 toMay 31,
2020, among 15 adult MG patients with COVID-19, showed a
30%mortality rate [100]. The most common presentation was
dyspnea, followed by fever. Within about 2 weeks, patients
needed ICU care with a 73% intubation rate. One study [101]
reported a 56-year-old woman who developed an MG crisis
with concomitant COVID-19 had improvement in ventilator
settings after receiving IVIG. In this case, the combined use of
hydroxychloroquine and azithromycin possibly aggravated
MG, requiring additional doses of IVIG, which may increase
the risk of adverse reactions, including thrombosis that is com-
mon among severe COVID-19 cases [102, 103].
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Plasmapheresis therapy for MG may be of a limited option in
critically ill patients due to unstable hemodynamic status. The
International MG/COVID-19Working Group has published a
guideline for MG and Lambert-Eaton myasthenic syndrome
management in the COVID-19 pandemic [104].

Neuro-ophthalmological Disorders

In 11 adult patients with COVID-19, on optical coherence
tomography, hyperreflective lesions at the ganglion cells’ lev-
el and inner plexiform layers were found, especially at the
papillomacular bundle of both eyes [105]. In the
ALBACOVID registry, optic neuritis was seen in one of 841
COVID-19 patients [71••].

A 36-year-old COVID-19 patient with a history of infantile
strabismus presented with diplopia and partial left oculomotor
palsy shown by left mydriasis, mild eyelid ptosis, limited de-
pression, and adduction [106]. Abduction was bilaterally lim-
ited, consistent with bilateral abducens palsies. Lower extrem-
ity hyporeflexia and hypesthesia, and gait ataxia were also
noted. On MRI, there was a T2 hyperintensity and

enlargement of the left oculomotor nerve. His symptoms de-
teriorated with worsening left eyelid ptosis, complete loss of
depression, horizontal eye movements on the left, and loss of
abduction on the right. Moreover, a 24-year woman in
Morocco developed diplopia and strabismus of the left eye 3
days after the onset of COVID-19 symptoms [107]. She was
diagnosed as having an acute painless third partial cranial
nerve palsy.

Sensorineural Hearing Loss

Auditory complications have also been reported in COVID-19
patients. Munro et al. [108], in a self-reporting survey, follow-
ed up 138 adults with severe COVID-19 symptoms for hear-
ing and/or tinnitus 8 weeks after discharge from the hospital.
Sixteen (13.2%) patients reported a change in hearing and/or
tinnitus after the COVID-19 diagnosis.

Sensorineural hearing loss (SNHL) is a complication of
several viral infections. However, in COVID-19, auditory
complications are rare manifestations. A Thai case report de-
scribes an elderly female with COVID-19 causing SNHL

Fig. 1 Diagnostic accuracy of muscle biopsy and electromyography in
COVID-19-associated myopathy. Hematoxylin and eosin formalin-fixed
and paraffin-embedded tissue sections from multiple biopsies of the left
deltoid muscle and the left biceps brachial muscle. Panel a Scattered
myofibers undergoing various stages of necrosis, with many atrophic
muscular fibers, and nuclear centralization. Panel b An example of
myophagocytosis. A macrophage (in blue) is phagocytizing a myofiber.
Panel c immunostaining using CD68/PGM1+ antibodies demonstrates
that the inflammatory infiltrate is mainly composed of macrophages.
Scant lymphocytes B/CD20+ and T/CD3+ with a T-helper
immunophenotype (CD4+) as well as CD123+ plasmacytoid dendritic
cells were also found (data not shown). Panel d Other non-specific

features are focal tissue sclerosis, atrophy, and variation in muscle fiber
size. Panel e The electromyogram may be useful early in the diagnostic
workup to confirm the presence of a myopathic pattern. Motor nerve
conduction study from affected muscle (deltoid) shows compound
muscle action potential (CMAP) amplitude reduced, with preserved
distal latencies (top), reflecting muscle damage in the face of normal
nerve function. Muscles tested by concentric needle (bottom) show
short-duration, polyphasic low-amplitude motor unit potentials (MUP).
Because each small motor unit is able to generate only a reduced amount
of force compared with normal, with little muscle contraction, many
MUPs are recruited. EMG traces were kindly supplied by Dr. Flavio Di
Stasio, MD, and Dr. Giuliano Gentili, RNT
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[109]. A 52-year-old confirmed case of COVID-19 without
typical symptoms experienced sudden onset left-sided hearing
loss, preceded by gradually worsening tinnitus [110].
Otoscopy showed bilateral normal external auditory canals
and tympanic membranes. Tuning fork tests demonstrated a
positive Rinne test bilaterally, although the Weber test was
lateralized to the right side. Brain MRI scans, including the
internal auditory meatus and cerebellopontine angles, were
unremarkable. Kilic et al. [111] studied five Turkish male
patients with the sole complaint of unilateral SNHL who vis-
ited their otolaryngology outpatient clinic in April 2020 and
found that one of the patients was COVID-19 positive.
Another case report of a 60-year-old COVID-19 patient with
hyperactive delirium [112] who developed bilateral deafness
with tinnitus confirmed by acoustic evoked potential after his
delirium resolved. Audiologic testing revealed complete deaf-
ness on the right side and profound sensorineural hearing loss
on the left side. MRI demonstrated a partially decreased fluid
signal in the cochlear basal turn of the right cochlea and a
pronounced contrast enhancement in the right cochlea. In ad-
dition, meningeal contrast enhancement was observed at the
base of the right temporal lobe adjacent to the temporal bone.
A common practice is the use of systemic corticosteroids as
initial therapy for SNHL. Neither of the two latter cases used
systemic corticosteroid therapy, rather intratympanic triam-
cinolone injections [112] and COVID-19 treatment were uti-
lized [111].

Acute Care-Related Peripheral Nervous
System Complications

A host of patients with severe COVID-19 require acute care,
and many of them are likely to have prolonged ICU stays.
Therefore, these patients are at risk of developing acute care-
related PNS complications. Literature prior to the COVID-19
pandemic established that 24% to 80% of ICU survivors de-
velop severe neuromuscular weakness, with slow recovery
and profound disability [113, 114].

ICU-acquired weakness, including critical illness
polyneuropathy (CIN) and myopathy (CIM), have been iden-
tified in many patients recovering from prolonged mechanical
ventilation due to severe COVID-19. Frithof et al. [115] stud-
ied 111 COVID-19 patients and found that 11 developed CIN
or CIM. There was a high incidence of CIN or CIM in
COVID-19 patients compared with the general ICU patients
during 2019 (9.9% and 3.4%, respectively). The general ICU
patients had sepsis (n = 2), pneumonia (n = 1), herpes enceph-
alitis (n = 1), meningitis (n = 1), subarachnoidal hemorrhage
(n = 4), and subdural hematoma (n = 1). CIN was found to
have a higher frequency in the COVID-19 ICU cases (50%)
than in the non-COVID-19 ICU cases (0%). A 68-year-old
man with COVID-19 intubated in ICU showed severe

symmetrical proximal and distal weakness of 2/5 according
to MRC, diffuse muscle wasting, and absent deep tendon re-
flexes [116]. On day 65 of hospitalization, EMG-NCS was
consistent with CIP. Another COVID-19 patient showed dif-
fuse and symmetrical muscle weakness after a long stay in
ICU [117]. Her NCS showed normal sensory conduction
and low-amplitude compound muscle action potentials; even
so, her EMG revealed signs of myopathy that was more pro-
nounced in the lower limbs. The direct stimulation of muscle
motor points showed a compound muscle action potentials
with decreased amplitude on the tibialis anterior and absent
on the quadriceps. Accordingly, a diagnosis of CIM was
made.

COVID-19 patients may present with nerve entrapment
secondary to large hematomas or another fluid buildup during
their hospital stay. SARS-CoV-2 may result in thrombotic
complications [118], and many COVID-19 patients may be
treated with anticoagulants during their hospital course.
Therefore, the risk of hematoma development should be con-
sidered in these patients [119].

Potential Neurological Issues with the Prone
Positioning in Hospitalized COVID-19 Patients

Prone positioning has been recommended to treat ARDS in
COVID-19 patients because of improved ventilation-
perfusion matching, optimized chest wall mechanics, re-
cruitment of lung dependent regions, and enhanced drain-
age of tracheobronchial secretions [120]. However, several
neurological issues may arise from prone positioning. This
positioning may lead to a rise in intracranial pressure [121],
brachial plexus damage [122], and radial, median, and sci-
atic nerve injury.

A 62-year-old patient with COVID-19 required respiratory
assistance for 16 days [123]. During this period, prone posi-
tioning was regularly utilized. After the removal of the
orotracheal intubation tube, the patient suffered dysphonia
and swallowing difficulties. He thereafter showed left-sided
tongue deviation indicating hypoglossal nerve injury. On
nasofibroscopy, a paralysis of the left vocal cord in the
abducted position, suggestive of paralysis of the vagus nerve
was shown. The neurological status did not improve, even a
month later. Although Tapia syndrome, i.e., the concomitant
paralysis of the hypoglossal (XIIth) and vagus (Xth) nerves, is
likely to be due to the compression or stretching of these
nerves on the extracranial course due to airway manipulation
under the prone positioning, in this case, the possible role of
direct viral infection or virus-mediated immune response
mechanisms should not be ignored.

Malik et al. [124] studied 83 patients after hospitalization
for ARDS due to COVID-19. Of these patients, 12 (14.5%)
showed peripheral nerve injury. Except for one, the rest of the
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patients (91.7%) had a history of prone positioning in the
acute care unit. Twenty-one sites of focal peripheral nerve
injury were found in these patients. Among the 12 patients
with peripheral nerve injury, one had distal symmetric
polyneuropathy. 76.2% of these peripheral nerve injuries were
found in the upper limb. The most common site of injury was
the ulnar nerve (28.6%), followed by the radial nerve (14.3%),
the sciatic nerve (14.3%), the brachial plexus (9.5%), and the
median nerve (9.5%). Using EMG-NCS, the authors found
nineteen peripheral nerve injury sites, of which 94.7% showed
Seddon classification of axonotmesis.

Vaccine-Related Peripheral Nerve Syndromes

On December 11, 2020, the Food and Drug Administration
(FDA) granted Emergency Use Authorization (EUA) for the
BNT-162b2 SARS-CoV-2 vaccine in individuals 16 years
and older (Pfizer Inc. [125]). On December 18, 2020, the US
FDA granted EUA for the mRNA-1273 SARS-CoV-2 vac-
cine that encodes the S-2P antigen in individuals 18 years and
older (Moderna [126]). The European Medical Agency
(EMA) also adopted this accelerated procedure granting a
conditional marketing authorization in Europe a few weeks
after. In 2021, the promise of these vaccines to control the
pandemic is becoming a reality. These vaccines are up to
95% effective against clinically evident COVID-19. Both vac-
cines were well tolerated in early trials. The safety profile of
BNT162b2 was characterized by short-term, mild-to-
moderate pain at the injection site, fatigue, and headache.
The incidence of serious adverse events was low, and no se-
rious safety concerns were observed. Short-term mild-to-
moderate pain at the injection site was the most commonly
reported reaction, and severe pain occurred in less than 1% of
participants across all age groups. The proportion of partici-
pants reporting local reactions did not increase after the sec-
ond dose. In the mRNA-1273 SARS-CoV-2 vaccine trial
(COVE trial, Moderna), Bell’s palsy occurred in the vaccine
group (3 participants (< 0.1%)) and the placebo group (1 par-
ticipant (< 0.1%)) during the observation period of the trial
[126]. Overall, the local reactions to vaccination were mild;
however, moderate-to-severe systemic side effects, such as
fatigue, myalgia, arthralgia, and headache, were noted in
about 50% of participants in the mRNA-1273 group after
the second dose. These side effects were transient, starting
about 15 h after vaccination and resolved in most participants
by day 2, without sequelae. The anecdotal finding of a slight
excess of Bell’s palsy in this trial and in the BNT162b2 vac-
cine trial may be more than a chance event, but the incidence
was extremely low. For example, in the Pfizer-BioNTech clin-
ical trial, which included 44,000 participants, 4 people report-
ed experiencing Bell’s palsy, a total of 0.0091% of partici-
pants. The events were reported 3, 9, 37, and 48 days after

vaccination. No cases of Bell’s palsy were reported in the
placebo group [127]. In the Moderna trial, which included
30,400 participants, 3 people (0.099%) reported experiencing
Bell’s palsy. One personwas in the placebo group. Among the
three not in the placebo group, the Bell’s palsy incidents were
reported 32, 28, and 22 days after vaccination [128]. Although
these rates are not higher than expected, the FDA recommends
surveillance for Bell’s palsy as the vaccines are distributed to
the general population.

A third vaccine, AZD-1222 (ChAdOx1 nCoV-19;
AstraZeneca), is a replication-deficient chimpanzee adenovi-
ral vector vaccine containing the surface glycoprotein antigen
(spike protein) gene. This vaccine primes the immune system
by eliciting antibodies to attack the SARS-CoV-2 virus. The
study was briefly put on hold on September 6, 2020, after a
study participant in the UK was diagnosed with transverse
myelitis. After FDA review in the USA, phase 3 trials re-
sumed there on October 23, 2020. As the follow-up period
for vaccine-related complications for all of the available trials
has been brief (months), future complications will be closely
monitored. Still, the efficacy and safety of these novel vac-
cines appear to be incredibly robust.

Concluding Remarks

It is widely acknowledged that COVID-19 can influence the
CNS andPNS. The literature has been flooded by reports of a
broad spectrum of neurological manifestations due to
COVID-19. SARS-CoV-2 may lead directly to these mani-
festations or deterioration of an existing medical condition.
Not only doesCOVID-19 causeCNS involvement but also it
shows PNS manifestations. The growing number of reports
concerning PNS manifestations associated with COVID-19
necessitates further vigilance for early and careful diagnosis
and therapy. Undoubtedly, there is a pressing need to shed
light on the underlying mechanisms that result in SARS-
CoV-2-associated neurological manifestations. However,
we must keep in mind that during the pandemic scenario,
the biopsy and autopsy cases described and validated are still
scarce in PNS pathology; some symptoms and signs of PNS
involvement were not always framed correctly with differ-
ential diagnosis. The most common pathological pictures in
COVID-19 patients seem to be similar to those observed in
other viral and systemic diseases, and many of the proposed
described associations are probably incidental and may not
have a causal relationship with COVID-19 infection.
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