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Rising evidence for neurological involvement in COVID-19 pandemic
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Dear Editor,
A novel coronavirus, named severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), emerged at the end of
2019 and resulted in a rapidly spreading acute respiratory
illness epidemic in Wuhan, China. The World Health
Organization (WHO) termed this severe respiratory illness
Coronavirus Disease 2019 (COVID-19). Since then,
COVID-19 has become a pandemic and has affected over 2
million individuals in more than 200 countries and resulted in
more than 135,000 deaths worldwide

Clinically, COVID-19 is primarily a respiratory disease
marked by fever, cough, and shortness of breath, and in a
small percentage of cases, it can lead to severe respiratory
complications and death. However, as the number of cases
of COVID-19 grows globally and understanding of the dis-
ease is unfolding, there are hints that it might have a neuro-
logic component as well.

Coronavirus infections and CNS

The novel SARS-CoV-2 belongs to theβ-coronavirus cluster [1]
and COVID-19 is the third known zoonotic coronavirus disease
after SARS and Middle East Respiratory Syndrome (MERS),
which are also caused by β-coronaviruses SARS-CoV and
MERS-CoV, respectively. Evidence from former studies of

SARS and MERS indicates that human coronaviruses (CoV)
do not remain confined to the respiratory system. Instead, they
can disseminate damaging several other regions, including the
central nervous system (CNS). Indeed, many human
coronaviruses are neurotropic and potentially neurovirulent.
Possible mechanisms of entry into the CNS include the neuronal
retrograde route and hematogenous dissemination. Within the
neuronal route, trans-synaptic transfer via peripheral nerve termi-
nals has been well documented for other coronaviruses. An al-
ternative pathway for neuroinvasion implicates connections from
mechano- and chemoreceptors in the lung and lower respiratory
airways to specific nuclei in the brainstem.

Neurological manifestations were previously observed in
patients with SARS and MERS. A group described four pa-
tients who developed axonal polyneuropathy, myopathy, or
both approximately 3 weeks after the onset of SARS [2],
while others have reported large artery ischemic strokes [3].
These findings raise the critical issue of possibly needing to
adjust therapeutic strategies in certain patients. Similarly, pa-
tients with MERS-CoV infections have a high probability of
experiencing neurological complications. A retrospective
study of patients with MERS found that symptoms such as
generalized fatigue, confusion, and myalgia are relatively
common [4]. Another study reported that almost 1/5 of pa-
tients show specific neurological complications, including im-
paired consciousness, paralysis, ischemic stroke, Guillain-
Barré syndrome, and other neuropathies which appeared 2–
3 weeks after the respiratory symptoms [5].

Given the neurotropic properties of other CoVand the sim-
ilarity between SARS-CoVand SARS CoV-2, it is likely that
neuroinvasion plays an important role in COVID-19. Notably,
earlier this year, a group found that up to one-third of COVID-
19 patients presented at least one neurological symptom [6].
Most reported symptoms are non-specific like dizziness, head-
ache, fatigue, and myalgia. However, specific symptoms such
as acute cerebrovascular disease, seizure, and coma are also
described and are more common in severe cases of COVID-
19. The incidence of neurological features may vary signifi-
cantly among different study populations. Further studies are
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needed to assess whether the neurological complications are
reflective of direct viral injury or due to the secondary or
systemic effects of infection. These symptoms may be indic-
ative of intercurrent viral neuroinvasion and based on prelim-
inary evidence, some authors have hypothesized that SARS-
CoV-2 takes part in the development of respiratory failure [7].
Indeed, experimental studies in transgenicmouse models have
provided important insight into the potentially critical role for
CNS infection in SARS, suggesting that death may be second-
ary to neuronal dysfunction in cardiorespiratory centers of the
medulla [8].

The pathogenesis of neurological complications in
COVID-19 is probably complex and involves a currently un-
known set of interactions between viral properties, tissue sus-
ceptibility, and host immune response. SARS-CoV-2 has been
shown to bind to the angiotensin-converting enzyme 2
(ACE2) receptor which is primarily expressed on epithelial
cells of the respiratory and gastrointestinal tracts and is uti-
lized by the virus to enter host cells. However, ACE2 is also
detected in the CNS, especially in the brainstem and regions
responsible for regulating cardiovascular functions such as the
subfornical organ, paraventricular nucleus (PVN), nucleus of
the tractus solitarius (NTS), and the rostral ventrolateral me-
dulla. Interestingly, ACE2 is expressed in both neurons and
astroglia [9] and the latter may also play a role in facilitating
viral spread in the CNS by becoming activated. This hypoth-
esis is corroborated by the rapid dissemination of SARS-CoV-
1 in the cerebrum while the virus remained undetected in the
cerebellum, where the ratio of neural to non-neural cell types
is significantly different [10].

Accumulating evidence suggests that a subgroup of pa-
tients with severe COVID-19 might develop a “cytokine
storm” syndrome with hypersecretion of cytokines,
chemokines, and other inflammatory signals which contribute
to the progression of critical illness [11, 12]. This state of
hyperinflammation may significantly damage the blood-
brain barrier (BBB), which in turn can amplify the
neuroinflammatory process. Neuroinflammatory activity as-
sociated with functional brain damage may partly explain
the reports of clinical cognitive deficits reported in some pa-
tients during and after acute pneumonia. Indeed, altered con-
sciousness, cognitive deficits, and behavioral changes may be
caused by systemic inflammation associated with prolonged
hypoxia and neuroinflammatory damage to specific cortical
areas [13].

Taken together, these pieces of evidence prompt curiosity
on the viral properties of SARS-CoV-2 and their impact of
COVID-19 on the nervous system, but further studies are
warranted to shed light on this phenomenon.

Additionally, since the beginning of the epidemic, anosmia
and dysgeusia have been observed in patients with COVID-19
and, with the rapid increase in cases, a growing number of
patients presenting with anosmia in the absence of other

symptoms are being reported. This has been widely shared
on medical discussion boards by physicians from all regions
managing a high incidence of cases. Iran has reported a sud-
den increase in cases of isolated anosmia [14], and other col-
leagues from China, France, and Northern Italy have the same
experience [15]. The first record of direct involvement of
SARS-CoV-2 in the CNS came from physicians in Beijing
Ditan Hospital, China, who reported a case of encephalitis
with confirmed presence of the virus in cerebrospinal fluid.
More recently, a case of acute necrotizing hemorrhagic en-
cephalopathy was also described [16].

Moreover, neurological comorbidities in COVID-19 are
also likely. Acute ischemic stroke often occurs in the elderly,
which is one of the most susceptible demographics of severe
COVID-19. Coagulation abnormalities, like thrombocytope-
nia and D-dimer increase, are frequently seen in COVID-19
patients. Thus, the risks and benefits of intravenous thrombol-
ysis and/or arterial embolectomy should be reconsidered in
patients with comorbidities of acute ischemic stroke and
COVID-19. SARS-CoV-2 is known to bind to the ACE2 re-
ceptor on vascular endothelial cells, resulting in abnormally
increased blood pressure. Along with platelet and coagulation
dysfunctions, the abnormally high blood pressure contributes
to the increased risk of intracranial hemorrhage in COVID-19
patients.

Finally, people with neurological conditions such as amyo-
trophic lateral sclerosis (ALS), Parkinson’s disease, and
Alzheimer’s disease could be at high risk. Patients and their
caregivers should be advised to follow specific recommenda-
tions during the pandemic. Likewise, patients with autoim-
mune diseases such as multiple sclerosis and myasthenia
gravis are at high risk of severe COVID-19 as well as disease
exacerbations.

Conclusion

As the number of cases of COVID-19 grows globally, neurol-
ogists should be vigilant for possible signs of direct and indi-
rect involvement of the nervous system in its entirety. We
should also recognize that some patients that recover from
COVID-19 may complain of lasting neurological sequelae
that may have been overlooked at the time of acute illness.
Therefore, long-term follow-up for neurological deficits will
be essential in Italy and the rest of the world. A global warning
was sent by one of the authors [17].
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