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Abstract

Introduction The outbreak of coronavirus disease 2019 (COVID-19) has become one of the most serious pandemics of the
recent times. Since this pandemic began, there have been numerous reports about the COVID-19 involvement of the nerv-
ous system. There have been reports of both direct and indirect involvement of the central and peripheral nervous system
by the virus.

Objective To review the neuropsychiatric manifestations along with corresponding pathophysiologic mechanisms of nervous
system involvement by the COVID-19.

Background Since the beginning of the disease in humans in the later part of 2019, the coronavirus disease 2019 (COVID-
19) pandemic has rapidly spread across the world with over 2,719,000 reported cases in over 200 countries [World Health
Organization. Coronavirus disease 2019 (COVID-19) situation report-96.,]. While patients typically present with fever,
shortness of breath, sore throat, and cough, neurologic manifestations have been reported, as well. These include the ones
with both direct and indirect involvement of the nervous system. The reported manifestations include anosmia, ageusia,
central respiratory failure, stroke, acute inflammatory demyelinating polyneuropathy (AIDP), acute necrotizing hemorrhagic
encephalopathy, toxic—metabolic encephalopathy, headache, myalgia, myelitis, ataxia, and various neuropsychiatric mani-
festations. These data were derived from the published clinical data in various journals and case reports.

Conclusion The neurological manifestations of the COVID-19 are varied and the data about this continue to evolve as the
pandemic continues to progress.
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Introduction is angiotensin-converting enzyme 2 (ACE2) [4] to gain entry

into the cells. Hence, this virus was named SARS-CoV-2. In

At the end of 2019, many unexplained pneumonia cases
occurred in Wuhan, China, and rapidly spread to other parts
of China, then to other parts of Asia, Europe, and recently to
North America. Eventually, this outbreak was confirmed to
be caused by a novel coronavirus [2]. This novel coronavirus
reportedly had symptoms resembling that of Severe Acute
Respiratory Syndrome Corona Virus (SARS-CoV) seen in
the year 2003 [3]. Both these viruses share almost 70% of
the amino acid sequences and use the same receptor—which
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February 2020, the World Health Organization named the
disease as coronavirus disease 2019 (COVID-19).
Coronaviruses cause multiple systemic infections affect-
ing various organ systems, but primarily affect the res-
piratory system. They tend to mutate and adapt quickly
to cross the species barrier, which occurred with SARS-
CoV and Middle East respiratory syndrome coronavirus
(MERS-CoV), causing epidemics and pandemics. Infection
with these viruses in humans often leads to severe clini-
cal symptoms with high mortality [5]. All three of these
novel viruses (SARS-CoV, SARS-CoV-2/COVID-19, and
MERS-CoV) originate from zoonotic transmission. These
are enveloped, positive-stranded RNA corona viruses in the
betacoronoviride family. Studies had demonstrated that the
clinical course of SARS and MERS was highly similar and
SARS and MERS may have similar pathogenesis [6]. The
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genome sequence of SARS-CoV-2 also shows some similari-
ties to that of MERS-CoV. The postulated common patho-
physiologic mechanisms include dysregulation of cytokines/
chemokines, deficiencies in the innate immune response,
direct infection of immune cells, direct viral cytopathic
effects, and autoimmunity [7]. MERS-CoV infects cells by
binding to the dipeptidyl peptidase 4 receptor, and SARS-
CoV acts via the angiotensin-converting enzyme 2 receptor
[8].

As for COVID-19, numerous studies have described
typical clinical manifestations including fever, cough, sore
throat, shortness of breath, diarrhea, and fatigue. COVID-19
also has characteristic laboratory findings and lung com-
puted tomography abnormalities [9]. However, there is
growing literature that patients with COVID-19 have car-
diac [10] and neuropsychiatric manifestations, as well. A
recently published study that looked at 214 cases of severe
coronavirus illness treated in Wuhan during the early phase
of the global pandemic reported that about 36% of patients
displayed neurological symptoms [11]. This study reports
that strokes, altered consciousness, and other neurological
issues are relatively common in serious cases of COVID-
19. These include both direct and indirect involvement of
the nervous system. Following this study, there have been
several case reports of various neurologic diagnoses. The
reported manifestations include anosmia, ageusia, stroke,
AIDP, acute necrotizing hemorrhagic encephalopathy,
toxic—metabolic encephalopathy, headache, myalgia, central
respiratory failure, myelitis, ataxia, and various neuropsy-
chiatric manifestations.

Discussion

In this section, we will discuss the neuropsychiatric presen-
tations and the possible associated pathophysiology.

Anosmia and ageusia

Losses of smell and taste have been strongly linked to
COVID-19 infections [12]. So far, there have been numer-
ous publications about the association of loss of smell and
taste with COVID-19 infection. Post-viral anosmia is one
of the leading causes of loss of sense of smell in adults.
This post-viral loss of smell is thought to be secondary to
initial congestion of the nose, which leads to loss of fine hair
like endings of the olfactory receptor cells causing them
to be ineffective in picking up odor molecules from the
nose. SARS-CoV-2 also appears to be highly concentrated
in the nostrils of affected patients causing inflammation of
the olfactory nerves and structural damage to the receptors
and thereby causing anosmia [13]. Studies have shown that
the tongue has a very high expression of ACE2 receptors
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compared to buccal and gingival tissues, thereby posing a
high risk of viral binding and ageusia from taste receptor
damage [14].

Central respiratory failure

There have been a fair number of reports suggesting SARS-
CoV-2 infecting the neurons, raising questions about the
direct effects of the virus on the brain that play a role in
patients’ deaths. Some of the respiratory symptoms due to
the disease might actually be secondary to respiratory center
involvement controlled by the nervous system. According to
Yan-Chao Li, et al. [15], SARS-CoV-2 infects nerve cells,
particularly the neurons in the medulla oblongata, which
serves as the control center for the heart and the lungs. The
damage to this area could contribute to the acute respira-
tory failure of patients with COVID-19. Autopsy results of
patients with COVID-19 showed that the brain tissue near
brainstem was hyperemic and edematous with neuronal
degeneration [16]. By contrast, there have been a few case
reports which mention no penetrance of virus into the central
nervous system as evidenced by the absence of SARS-CoV-2
in CSF and that the CNS effects are secondary to elevated
inflammatory markers as CSF analyses during the acute
stage showed pleocytosis with increased IL-8 and TNF-«
concentrations [17].

Researchers have reported that many human cell types
express ACE2, including lung, heart, kidney, intestine, and
brain tissue [18]. There are at least a couple of ways that the
virus could invade the central nervous system—it might cir-
culate through the blood and then attack ACE2 receptors in
the endothelia that line blood capillaries in the brain, breach-
ing the blood—brain barrier and invading neurons through
that route (Fig. 1). A breached blood-brain barrier could
also cause brain swelling, compressing the brain stem there
by affecting respiration. Apart from these two mechanisms,
it has also been demonstrated that some coronaviruses can
spread by synaptic transfer from chemoreceptors and mecha-
noreceptors in lung to the medullary cardiorespiratory center
[19]. This process could be an implicating factor in acute
onset respiratory failure in some of the COVID-19 patients
[20].

Acute inflammatory demyelinating polyneuropathy,
myelitis

Researchers in China published the first presumptive case of
Acute Inflammatory Demyelinating Polyneuropathy (AIDP)/
Guillain—-Barre syndrome (GBS) associated with COVID-
19 on Apr 1, 2020 [21]. Reportedly, the patient initially
presented with signs of the autoimmune neuropathy after
returning from Wuhan, China and later tested positive for
the COVID-19. Considering the temporal association, it



Journal of Neurology (2021) 268:2007-2012

2009

Direct Invasion

COVID-19 Neuro|
Involvement

Anosmia

Ageusia

(L]
Respiratory
Failure

Skeletal Muscle
Injury

Acute Necrotizing
Hemorrhagic
Encephalopathy

Stroke

AIDP/

Encephalopathy

Indirect effects due

to

Neuropsychiatric
Symptoms

Hyperinflammation

Fig. 1 COVID-19 neuro manifestations

was speculated that SARS-CoV-2 infection might have been
responsible for the development of AIDP. Following this, a
case series from Italy, published by Toscano et al., reported
five cases of AIDP that started after the onset of COVID-19
disease [22]. Around the same time, two case reports were
published from Spain reporting the occurrence of Miller
Fisher syndrome and polyneuritis cranialis in patients diag-
nosed with COVID-19 [23]. All these studies showed that
AIDP occurs early in the course of the disease and followed
the pattern of a para-infectious profile, instead of the classic
post-infectious profile.

The underlying pathophysiologic mechanisms might be
secondary to the neuroinvasive nature of the virus precipi-
tating demyelination [24] versus viral infection creating an

Seizures

Skeletal
Muscle
Injur

inflammatory environment triggering an aberrant immune
response (secondary to molecular mimicry) leading to
peripheral demyelination [25].

Acute necrotizing hemorrhagic encephalopathy

Poyiadji et al. reported the first presumptive case of COVID-
19-associated acute necrotizing hemorrhagic encephalopa-
thy [26]. Acute necrotizing encephalopathy is a rare enceph-
alopathy and one of the remote complications of influenza
and other viral infections. This has been presumed to be
due to intracranial cytokine storm, which results in the
blood-brain barrier breakdown, without direct viral inva-
sion or para-infectious demyelination [27]. Accumulating
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evidence suggests that a subgroup of patients with severe
COVID-19 might have a cytokine storm syndrome [28].

A cytokine profile resembling secondary hemophagocytic
lymphohistiocytosis (a hyperinflammatory syndrome that
leads to fulminant and fatal hypercytokinaemia with multio-
rgan failure which is commonly triggered by viral infections
[29]) is associated with severe COVID-19, characterized by
increased interleukin’s—IL-2, IL-7, granulocyte-colony
stimulating factor, interferon-alpha, monocyte chemoattract-
ant protein 1, macrophage inflammatory protein 1-alpha, and
tumor necrosis factor-alpha [30]. Predictors of fatality from
a recent retrospective, multicenter study of 150 confirmed
COVID-19 cases in Wuhan, China, included elevated ferritin
and IL-6 [31], suggesting that hyper inflammation might be
contributing to mortality.

Stroke

Patients with severe infection were more likely to develop
neurologic manifestations, especially acute cerebrovascular
disease. Patients with severe infection had higher D-dimer
levels than that of patients with the non-severe infection,
which may be the reason why patients with severe infec-
tion are more likely to develop the cerebrovascular disease.
Apart from the elevated d-dimer causing a state of altered
coagulation cascade, there is also a theory that there is a
vasculitis type of picture created secondary to intracranial
cytokine storm versus the infection by the virus itself which
are believed to be the possible pathophysiologic mechanisms
behind stroke/cerebrovascular accident [32]. The virus can
get access to cerebral circulation from systemic circulation,
attach to endothelium ACE2 receptors, and cause endothe-
lial ruptures and thrombus [33]. Slow cerebral circulation
compared to systemic circulation pose an increased risk of
replication and rupture. Also, the virus can get into brain
tissue from capillary endothelium by brain-blood barrier
disruption and cause neuronal damage without much inflam-
mation (Fig. 1).

Neuropsychiatric symptoms

Past studies on viral pandemics, especially involving res-
piratory viruses, suggest that diverse types of neuropsy-
chiatric symptoms can arise with acute infection as well as
in the post-viral infectious period [34]. One study reported
persistent neurocognitive deficits up to 18 months post-dis-
charge [35]. In the acute phase, apart from being the psy-
chosocial stressor, COVID-19 has been reported to cause
neuropsychiatric manifestations, like encephalopathy, psy-
chosis, insomnia, and mood changes. Post-traumatic stress
disorder, panic attacks, anxiety are mostly seen in health
care workers and survivors of SARS CoV infection [36].
This is largely secondary to the mental trauma and not as a
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direct consequence of infection. In addition, over-reactive
behavior due to fear is usually noted in the public during
the pandemics [37]. Aggression, frustration, can worsen
with quarantine and lockout procedures [38].

These neuropsychiatric manifestations have been attrib-
uted to viral infection per se and also secondary to the host
immune response [39]. Direct viral infiltration of the cen-
tral nervous system can trigger a neuro-inflammatory reac-
tion leading to microglial activation [40], which in turn
triggering demyelinating processes is one of the primary
etiologies for encephalopathy. In the absence of direct
viral infiltration, peripheral hypercytokinaemia caus-
ing an imbalance of neurotransmitters within the central
nervous system has been implicated in neuropsychiatric
manifestations. The state of hypercytokinaemia triggers
a neuro-inflammatory response causing disruption of the
blood-brain barrier, leading to peripheral immune cell
transmigration into the central nervous system and, in turn,
causing imbalances in neurotransmission [41].

Skeletal muscle injury and myalgia

ACE2 was identified as the functional receptor to enter
into a cell for SARS-CoV-2, which is present in multiple
human organs, including the nervous system and skeletal
muscles. Patients with severe COVID-19 disease had mus-
cle breakdown causing muscle weakness and this mani-
fested as elevated creatine kinase and lactate dehydroge-
nase levels than those without muscle symptoms. Apart
from the direct tissue injury by the virus, cytokine storm
damage [42] might also be the other reason for muscle
involvement with COVID-19.

Ataxia

This has been commonly reported in patients with moder-
ately severe disease. The pathophysiologic mechanisms are
unclear, but could be secondary to breached blood—brain
barrier and involvement of the brain stem versus elevated
inflammatory markers.

Toxic-metabolic encephalopathy

Patients with severe disease had a prolonged ICU course and
were noted to be encephalopathic for more than the usually
expected duration. This is most likely secondary to the use
of multiple and high doses of anesthetics and sedatives as a
part of the symptomatic management of severe respiratory
disease. Hypoxia and viremia itself are also the possible fac-
tors behind encephalopathy [43].
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Seizures, headaches

Headache was commonly seen in patients with mild-to-
moderate disease severity. These were partly believed
to be secondary to raised inflammatory mediators in the
body and decreased cerebral blood flow from hypoxia
and endothelial changes from viremia. Seizures were also
randomly reported. These have been hypothesized to be
secondary to decreased seizure threshold secondary to an
innate immune response from cytokine surge [44] rather
than viruses primarily causing the seizures.

Challenges of nervous system involvement

Dense parenchyma and imperviousness of brain tissues not
only protects the brain from infectious processes, but also
poses a challenge to eliminate them once brain involve-
ment occurs [45]. Cytotoxic T cells are the mainstay for
the elimination of viruses from brain tissue because of the
lack of major histogen compatibility antigens in neurons
46. Therefore, more research about COVID-19 neurogenic
involvement is necessary to identify and treat the neuro-
logical disease early, rather than at an advanced stage at
which it will be more challenging.

Conclusions

Patients with COVID-19 commonly have neurologic
manifestations. The data/literature on this continues to
evolve. On one hand, there are very commonly reported
neurologic diagnoses of anosmia, encephalopathy, and
stroke, and at the same time, there have been only a few
isolated case reports of acute necrotizing encephalopa-
thy and AIDP. We have to keep in mind that the current
information that we have about the neurologic manifesta-
tions of COVID-19 is in the context of purposefully avoid-
ing advanced neurodiagnostic procedures like magnetic
resonance imaging, lumbar puncture, electromyography,
and nerve conduction studies to reduce the risk of cross-
infection within the hospital. A prospective, observational
study with a larger number of patients that includes more
specific neuro-imaging and other diagnostic tests is war-
ranted for more conclusive evidence.
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