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Coronavirus disease 2019 (COVID-19) is a viral illness caused by severe acute respiratory

syndrome coronavirus-2 (SARS-CoV-2) which has taken the form of a pandemic. It mainly
presents as fever, cough, shortness of breath involving respiratory system but neurolog-
ical manifestations are increasingly being recognized worldwide and even virus RNA was
demonstrated to be present in cerebrospinal fluid of a patient. SARS-CoV-2 involves both
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Introduction

The Coronavirus disease 2019 (COVID-19), a viral illness
first noticed in Wuhan, China, has taken the form of pan-
demic.! The International Virus Classification Commission
has named this novel Coronavirus as severe acute respi-
ratory syndrome Coronavirus-2 (SARS-CoV-2). It is a pos-
itive-sense single-stranded RNA virus having a 88 to 96%
similarity of genetic sequence to the bat Coronavirus;
therefore, SARS-CoV-2 is postulated to have originated from
bats. Two other epidemics caused by the Coronavirus are
severe acute respiratory syndrome (SARS), with around
10% mortality rate, and MERS (Middle East respiratory
syndrome) with 37% mortality.? But compared with them,
SARS-CoV-2 is highly transmissible probably because of
higher affinity to angiotensin-converting enzyme-2 (ACE-2)
receptor, using which the virus gains entry into the host.?
The most common symptoms of COVID-19 pertaining to
the respiratory system include fever, cough, shortness of
breath and acute respiratory distress syndrome (ARDS), but
other systems’ involvement is being increasingly recognized
as cases are rising. It can involve neurological, renal, car-
diac, and circulatory systems. Neurological involvement is
seen in 8 to 36% percent of patients in different studies.**®
Neurological manifestations were reported to be more in
severe COVID-19 disease as compared with patients with
mild disease.* We present a descriptive review of neurolog-
ical complications of COVID-19.
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central nervous system and peripheral nervous system. Virus can enter the neural tissue
from hematological route or through retrograde transport from nerve endings. Physicians
especially neurologists should be aware regarding neurological manifestations as patient can
present with these conditions in emergency. We therefore reviewed the neurological diseases
or complications associated with COIVID-19 in available literature.

Materials and Methods

We searched PubMed for relevant literature using keywords
“Coronavirus,” “COVID-19,” “manifestations,” “neurological,”
“anosmia” and “ophthalmoparesis.” We selected articles only
in the English language and included case reports, letters
to editor, review articles, and neurological images. We also
focused on articles in which the mechanism of neurological
insult was also described.

Pathogenesis of Neurological Involvement in
COoVID-19

The exact pathogenesis of COVID-19 is yet to be established.
Studies on SARS-related Coronavirus (SARS-CoV) are extrap-
olated because of the similarity between the two viruses.
SARS-CoV-2 uses ACE-2 receptor as a host cell receptor.
ACE-2 is expressed in brain tissue, although less as compared
with small intestine and lungs.” After gaining entry into the
body, the virus replicates intracellularly, evades host immune
response, and leads to cascade of events, causing increased
proinflammatory cytokines IFN-y, IFN- «, IL-6, IL-12, IL-18,
IL-33, TNF- a and chemokines (CXCL9, CCI2, CCL3, CCL5, etc.).
Increased proinflammatory cytokines may lead the immune
system to attack its own body, causing systemic inflamma-
tory response, ARDS and multiple organ failure.? Once the
virus gains entry into the host body, neurological involve-
ment can occur in the following ways (=Fig. 1).
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Fig.1 Mechanism of neurological manifestationsin COVID-19: 1. Direct viral invasion via retrograde transport through nerves. 2. Hematogenous
dissemination through circulatory system. 3. Secondary to hypoxia, shock, and other systemic complications.
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Direct invasion of central nervous system (CNS) by virus.

II. Aberrant immune response.
III. Secondary to systemic complications such as hypoxia or

L.

shock.

Direct invasion by virus into CNS: SARS-CoV-2 can enter
the CNS by two routes—following a neural pathway or
through body fluids (lymph, blood). The virus may enter
into a nerve terminal, multiply, and be retrogradely trans-
ported to a cell body of neurons, for example, hyposmia in
SARS-CoV-2. The virus first infects the olfactory epithe-
lium and then can be transported into the CNS along the
olfactory nerve. Evidence of such direct invasion into CNS
comes from studies on other Coronaviruses. Netland et al
demonstrated that, SARS-CoV after inoculation through
intranasal route in mice that are transgenic for SARS-CoV
receptor (human angiotensin-converting enzyme-2), viral
antigen was present in olfactory bulb specimens after
60 to 66 hours and subsequently involved piriform and
infralimbic cortex, basal ganglia and midbrain without
demonstrating viral antigen in intestine or lung tissue, sug-
gesting direct spread from olfactory epithelium and olfac-
tory nerve to brain tissue.® A similar study by Dube et al
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in mice inoculated with human Coronavirus (HCOV-0C43)
demonstrated spread from olfactory neuroepithelium to
brain.® Furthermore, the virus can gain direct entry into
brain via the hematogenous route. After gaining entry
through lungs or intestine. the virus particles can directly
enter the blood stream or infect local lymph nodes, that
is, hilar and mesenteric lymph nodes, and eventually into
the blood circulation through lymphatics.? The virus then
infects endothelial cells of the blood-brain barrier (BBB)
and subsequently spreads across the CNS. The BBB can
also be disrupted by a cytokine storm followed by CNS
invasion.!

II. Aberrant immune response: As pointed above, SARS-
CoV-2 infection triggers aberrant immune response
which can lead to CNS manifestations due to immune
mechanisms targeting CNS or peripheral nervous sys-
tem (PNS),"" for example, Guillain-Barre Syndrome
(GBS) or cranial neuropathies in SARS-CoV-2.

Ill. Secondary to systemic involvement: SARS-CoV-2 can
cause multiple organ failure and CNS involvement can be
secondary to systemic involvement, for example, hypoxic
encephalopathy, uremic encephalopathy, intracranial



bleed or thrombosis due to disseminated intravascular
coagulopathy (DIC).

Neurological Involvement in COVID-19

Neurological involvement could mean CNS or PNS involve-
ment (~Table 1).

A. Central nervous system manifestations: CNS manifes-
tations can be divided into meningeal involvement, brain
parenchymal (focal or diffuse) involvement, vascular
involvement, spinal cord manifestations, and other non-
specific CNS involvement.

A.1. Meningeal involvement: Meningeal involvement
causes headache, meningitis or meningoencephalitis (men-
ingeal and brain parenchymal involvement). Headache
incidence reported in literature ranges from 8 to 13.6%.4>1
Headache is nonspecific and its pathophysiology has not
been described in these studies. Although one case report
described a COVID-19 patient who presented with menin-
goencephalitis had headache and SARS-CoV-2 RNA was
detected in his CSE.'® This points toward the possibility that
headache can be due to meningeal involvement or inflam-
mation due to virus spread, leading to a mild form of asep-
tic meningitis. Two cases of meningoencephalitis have been
reported due to COVID-19, one each from Japan and Wuhan
(China).!314

A.2. Brain parenchymal involvement (focal or dif-
fuse): Brain parenchymal involvement due to COVID-19
documented to date presented differently as encephalitis

Table 1 Neurological complications of COVID-19
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(meningoencephalitis), seizures, ataxia, and acute hemor-
rhagic necrotizing encephalopathy. Seizures can occur sec-
ondary to meningoencephalitis. The reported incidence of
seizures in COVID-19 is 0.5% in a study of 214 patients from
Wuhan.* In the same study, ataxia was seen in 0.5% patients,
although the mechanism for seizure and ataxia was not dis-
cussed. Acute hemorrhagic necrotizing encephalopathy has
been reported in a female patient of COVID-19 in her late
fifties. The mechanism postulated is an intracranial cytokine
storm, leading to BBB disruption.’” Helms et al reported a
study from France where out of 64 patients admitted with
ARDS due to COVID-19, 69% had agitation on discontinuing
neuromuscular blockade, 67% patients were having diffuse
corticospinal signs, and 33% patients were having poor exec-
utive functions at discharge. Brain MRI of 13 patients was
done for unexplained encephalopathy in this study, and
it showed leptomeningeal enhancement in 8 patients and
subclinical infarct in two patients; also, 11 patients were
having bilateral frontotemporal hypoperfusion in perfusion
studies.'®

A.3. Vascular involvement: Acute cerebrovascular dis-
ease in the form of ischemic stroke or hemorrhagic stroke
and cortical venous thrombosis has been reported in
COVID-19 patients.'” Mao et al reported stroke in six patients
(2.8%) out of 214 hospitalized COVID-19 patients in Wuhan,
with five suffering an ischemic stroke and one suffering
a hemorrhagic stroke. Stroke was even more with severe
COVID-19 illness, according to the study.* Cortical venous
thrombosis has also been reported in COVID-19 patients.!”

1 CNS involvement Meningeal involvement Headache
Meningitis
Meningoencephalitis
Brain parenchymal involvement Encephalitis
(focal or diffuse) Seizures/epilepsy
Ataxia
Acute necrotizing encephalopathy
Vascular involvement Ischemic stroke
Hemorrhagic stroke
Cerebral venous thrombosis
Spinal cord Transverse myelitis
Secondary to systemic Encephalopathy Headache Dizziness
complications
2 PNS involvement Cranial neuropathies Hyposmia/anosmia
Hypogeusia/Ageusia
Chemesthesis Loss/impairment
Ophthalmoparesis
Vision loss
Peripheral nerves GBS and variants (MFS)
Skeletal muscle Myalgia/raised creatine kinase

Abbreviation: PNS, peripheral nervous system.
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The mechanism of stroke is not well-elucidated in
COVID-19 but extrapolating findings from other organs can
provide explanations. Autopsy studies demonstrated deep
venous thrombosis in lower limbs, and pulmonary thrombo-
embolism and microthrombi in small lung arteries and within
the prostate.’ Endothelitis was seen in kidney and small
intestine vessels on electron microscopy.!® Coagulopathy in
COVID-19 is combination of DIC and thrombotic microangi-
opathy with thrombocytopenia, elevated D-dimer, and pro-
longed prothrombin time along with endothelial dysfunction.
Thrombocytopenia in COVID-19 is not as severe as sepsis but
D-dimer is more profoundly elevated. Proinflammatory cyto-
kines may have to play a role in increasing the coagulability
of blood as well as in endothelial dysfunction.? Direct viral
invasion into endothelium also causes endothelial dysfunc-
tion. Similar mechanisms in brain can lead to ischemic as
well as hemorrhagic stroke.

A.4. Spinal cord: Transverse myelitis has been reported in
one COVID-19 patient.

A 66-year-old SARS-CoV-2 positive male developed acute
transverse myelitis on the 7th day of illness, which was
reported from Wuhan, China. He improved with IV immuno-
globulin. It was attributed to inflammation due to a cytokine
storm.?!

A.5. Nonspecific/secondary to systemic involvement:
Headache, nausea, vomiting, dizziness, encephalopathy,
and delirium have been reported. Dizziness is a nonspecific
symptom present in 8 to 16% patients with COVID-19 in two
studies.* However, dizziness was not further explored in
these studies nor was the mechanism of dizziness elucidated.
Nausea and vomiting also have been observed in COVID-19
patients, which can be attributed either to gastrointestinal
involvement or area postrema/chemoreceptor trigger zone
CTZ involvement in brain. Encephalopathy can be secondary
to hypoxia, uremia or other systemic complications and not
specific for CNS involvement. Delirium also can be multifac-
torial in COVID-19 patients.

B. PNS manifestations: PNS manifestations reported to date
are in the form of cranial neuropathies, peripheral nerve
involvement in the form of GBS and variants, and skeletal
muscle involvement.

B.1. Cranial neuropathies: Among cranial neuropathies,
hyposmia and hypogeusia are common. Oral chemesthesis
loss, ophthalmoparesis, and polyneuritis cranialis have also
been documented. Olfactory dysfunction and taste dysfunc-
tion are being increasingly recognized as early symptoms
of COVID-19. Incidence of olfactory dysfunction reported
from different studies ranges between 5.1 to 85.6% and taste
dysfunction incidence ranges between 5.6 to 88%.#?? In fact,
olfactory dysfunction was the first symptom in 11.8 to 26.6%.
Olfactory dysfunction documented in studies are anos-
mia, hyposmia, parosmia, and phantosmia in descending
order, according to the number of cases.?? Oral chemesthesis
impairment has also been described with COVID-19.

Chemesthesis means to sense and detect chemical envi-
ronment around us in daily life. This sensation is differ-
ent from taste and olfaction, for example, spices evoking
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sensations like tingling, cooling or burning, and menthol
from mint, producing a cooling sensation. Parma et al
reported 46% rating reduction for chemesthesis accompa-
nied by either taste or smell loss in 4039 participants.?
This suggests that SARS-CoV-2 affects all three chemo-
sensory modalities-taste, olfaction and chemesthesis.
Multiple hypotheses have been postulated for taste and
olfactory dysfunction. 1) Local inflammatory response:
SARS-CoV-2 triggers a local inflammation, causing rhi-
nitis or stomatitis which can cause dysfunction of olfac-
tory epithelium and taste receptors. 2) Local immune
response: virus triggers a local immune response, leading
to antibody formation against components of olfactory and
gustatory tissues. 3) Cytopathic effect: SARS-CoV-2 virus
interacts with ACE-2 receptors over olfactory and gusta-
tory cells and causes dysfunction of these modalities due
to the neurocytopathic effect. 4) Altered neurotransmis-
sion in olfactory and gustatory pathways, affecting sero-
tonin and dopamine pathways. 5) Central involvement of
olfactory bulb and other brain structures can lead to taste
and olfactory sense dysfunction.* The exact mechanism
causing chemesthesis impairment is not known but sim-
ilar mechanisms may be operational. Vision involvement
was present in 1.4% patients out of 214 patients in a study
from Wuhan, China.* However, the type of visual involve-
ment is not described further. Two patients were reported,
one each from Madrid, Spain, and USA with ophthalmopa-
resis in COVID-19 patients due to bilateral abducens nerve
palsy in one patient and unilateral right abducens nerve
palsy in the other patient, respectively. MRI showed optic
nerve sheath enhancement and posterior tenon capsule
enhancement in the second patient.!?

B.2. Peripheral nerve involvement: GBS in patients
with COVID-19 have been reported from Italy, China and
Iran.?6-28 Five patients of COVID-19 developed GBS after 5
to 10 days of illness. Three patients had an axonal vari-
ant of GBS, and two patients had a demyelinating variant.
They were treated with IV immunoglobulin for GBS. GBS
variants were also associated with COVID-19. Miller Fisher
Syndrome (MFS) was reported in two patients, one each
from Italy and USA.*?2 GD1b antibody was positive in the
patient from Italy and both were treated with IV immu-
noglobulin. Aberrant immune response was the proposed
mechanism described in these studies pertaining to the
development of GBS and MFS. COVID-19 patients in criti-
cal care can also develop critical illness-associated neurop-
athy or myopathy although they are not directly related to
COVID-19 infection.

B.3. Skeletal muscle involvement: Myalgia is a com-
mon complaint in COVID-19 patients ranging from 14.9 to
44%, although some studies have taken myalgia and fatigue
together in their analysis.*® Skeletal muscle involvement in
the form of myalgia and raised creatine kinase more than
200 U/L was found in 10.7% patients out of 214 patients in
Wuhan by Mao et al. Proposed mechanism for muscle injury
is a direct effect of COVID-19 virus on muscle or proinflam-
matory cytokines, causing skeletal muscle injury.



Management of Neurological Complications
of COVID-19

Along with standard management of COVID-19, neurological
complications may need separate treatment, according to
the type of neurological involvement. Minor symptoms
such as headache, dizziness and myalgia can be managed
symptomatically. Meningitis or meningoencephalitis needs
ruling out other causes of similar presentation and empirical
treatment with antibiotics and antivirals till etiology is
established. Antiepileptics should be given for seizures,
according to institutional protocol. Patients presenting
as acute ischemic stroke also can be managed as per
international/regional acute stroke guidelines. But one should
be cautious as coagulopathy and other systemic involvement
like uremia, ARDS may be coexisting and may alter the
outcome. For complications arising out of aberrant immune
response like GBS, MFS, acute necrotizing encephalopathy,
intravenous immunoglobulins are treatment of choice. For
isolated cranial neuropathies only follow-up may be needed
as they tend to resolve spontaneously or steroids or IVIg can
be given after individualizing each patient.

Future Research

Our understanding of COVID-19 is still incomplete and
presently the world is busy in dealing with the catastrophe
caused by the virus. As the cases are on rise and an increasing
amount of research is ongoing, we can see more of neuro-
logical manifestations and understand the underlying patho-
physiology in a better way. Further research is needed to
determine the exact pathway of entry of the virus in the CNS,
and potential therapeutic agents which can target the virus
before it invades body tissues, activating a cascade of events
and leading to a cytokine storm.

Conclusion

Neurological complications are increasingly being recog-
nized in COVID-19, and these manifestations can be the first
presenting features in emergency. Neurologists are required
to have a high-index of suspicion in such cases to identify and
manage the patient.
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