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Abstract

Coronavirus (CoV) is a virus infectious disease with a considerable
spectrum of clinical presentations. Symptoms ranged from asymp-
tomatic infection to severe pneumonia that may lead to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and several
clinical complications. Neurologic symptoms related to CoV have
been described recently in the literature. The relationship between
SARS-CoV-2 and the central nervous system (CNS) is still not clear.
This review aimed to reveal the current knowledge regarding CNS
manifestation in SARS-CoV-2. A systematic literature review was
carried out to identify the particularities of coronavirus disease 2019
(COVID-19) in patients with CNS involvement, using the PubMed
database between January 1, 2020 and April 30, 2020. Conference pa-
pers, reviews, published letters, editorials, studies in pregnant women
and children, and studies only reporting on a specific factor were ex-
cluded. An initial search included as many as 83 articles. Out of the
83 screened articles, 32 were selected for full-text review. Sixteen
studies were excluded because they did not analyze nervous system
involvement in SARS-CoV-2 infection. Thus, 16 papers were includ-
ed in this review. There were three retrospective studies and 13 case
reports/series of cases. Data from the current literature reveal that pa-
tients who suffer from a severe illness have more CNS involvement,
neurological symptoms (i.e., dizziness, headache) and an association
with strokes. The severe patients had higher D-dimer and C-reactive
protein levels than non-severe patients and presented multiple organ
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involvement, such as serious liver, kidney and muscle damage.
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Introduction

Coronaviruses (CoVs) cause enteric and respiratory diseases
in humans and animals and are enveloped non-segmented
positive-sense RNA viruses [1]. Severe acute respiratory syn-
drome coronavirus (SARS-CoV) and Middle East respiratory
syndrome coronavirus (MERS-CoV) had already been known
for physicians [2, 3]. However, another highly pathogenic cor-
onavirus named SARS-CoV-2 emerged in December 2019 in
China and rapidly reached the world.

This virus shares a highly homological sequence with
SARS-CoV and MERS-CoV [2, 3]. The infection of SARS-
CoV-2 has been reported in the brains of patients and experi-
mental animals. However, the relationship between SARS-
CoV-2 and the central nervous system (CNS) is still not clear
[2]. This review aimed to reveal the current knowledge regard-
ing CNS manifestation in SARS-CoV-2.

Methods

To review the particularities of coronavirus disease 2019
(COVID-19) in patients with CNS involvement, an electronic
search of the literature was conducted in the PubMed database
between January 1, 2020 and April 30, 2020. Data extraction
and the evaluation of literature quality were conducted inde-
pendently by two investigators. Microsoft Excel database was
used to record all available information. Any disagreement
was resolved by another investigator. The following keywords
with Boolean operators were used “COVID-19 AND CNS” or
“COVID-19 AND neurologic” or “COVID-19 AND stroke”.
A total of 74 articles were extracted. Moreover, we hand-
searched (manual search) and included nine more articles. We
only selected case reports, series of cases, retrospective studies
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Figure 1. PRISMA flow diagram.

and prospective studies. We included articles in all languages.
Conference papers, reviews, published letters, editorials, stud-
ies in pregnant women and children, and studies only reporting
on a specific factor were excluded. Our work is summarized in
the PRISMA diagram below (Fig. 1).

Case reports and series of cases were divided into two
groups: the acute neurological manifestation of COVID-19 and
the later neurological manifestation of COVID-19. Besides,
acute neurological manifestation of COVID-19 was divided into
two subgroups: vascular disorder and inflammatory disorder.

Results

An initial search included as many as 83 articles. Out of the 83
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screened articles, 32 were selected for full-text review. Sixteen
studies were excluded because they did not analyze nervous
system involvement in SARS-CoV-2 infection. Thus, 16 pa-
pers were included in this review. There were three retrospec-
tive studies and 13 case reports/series of cases.

Case reports and series of cases

In a total of 13 case reports/series of cases that analyzed nerv-
ous system involvement, 26 cases were reported.

In the group of patients who developed acute vascular
neurological manifestation, 19 patients were reported. The av-
erage age was 54.2 years and the more frequent gender was
male (57.8%). Clinical manifestations included general symp-
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Table 1. Acute Vascular Neurological Manifestation in Patients With SARV-CoV-2 Infection

Study Patients Age Gender UD D-dimer Type of Treatment Death
(years) stroke
Hypertension: 100%
Avula et al, 4 81 F: 75% Dyslipdemia: 75% Elevated: IS Aspirin 75%
2020 [4] M: 25% Diabetes: 25% 50%
Saiegh et al, 2 46.5 F:50% None: 50% ns IS External ventricular None
2020 [5] M: 50% ns: 50% ICH drain and specific
surgery
Beyrouti et 6 69.8 F:33.3%  Hypertension: 66.6% Elevated: IS Anticoagulati 16.6%
al, 2020 [6] M: 66.6% 100% on: 66.6%
Intravenous
thrombolysis: 16.6%
Gonzalez-Pinto 1 36 F ns Elevated IS Supportive measures ~ No
et al, 2020 [7]
Oxley et al, 5 40.4 F:20% Hypertension: 20% Elevated: IS Aspirin: 60% None
2020 [8] M: 80% Dyslipdemia: 20% 60% Clot retrieval: 80%
Diabetes: 40% Intravenous
thrombolysis: 20%
Anticoagulati on: 40%
Moshayedi et 1 80 M Heart failure, cardiovascular ns IS Supportive measures  No
al, 2020 [9] shock and ischemic

bilateral lower limbs

Median; F: female; M: male; UD: underlying disorders; IS: ischemic stroke; ICH: intracerebral hemorrhage; ns: not specified.

toms (fever, cough, fatigue, etc.) and neurological symptoms
and motor deficit. The main underlying disease observed was
hypertension (47.3%), followed by diabetes (31.5%) and hy-
percholesterolemia (26.3%). In blood investigation, 12 of 19
patients (63%) had higher D-dimer levels and six of 19 pa-
tients (31.5%) had higher C-reactive protein (CRP) levels. Ab-
normal chest image was reported in 10 of 19 patients (52.6%).
In 94.7% of the cases, ischemic stroke was diagnosed and 11%
of the patients developed hemorrhage transformation. Intracer-
ebral hemorrhage was observed in only one case (5.2%). The
mortality rate in patients with acute vascular neurologic mani-
festation was 21%. Table 1 complements all of this informa-

tion [4-9].

In the group of patients who developed an acute inflam-
matory neurological disorder, only three cases were observed,
including meningitis/encephalitis, necrotizing hemorrhagic
encephalopathy and demyelinating lesions. The average age
in this group was 42.6 years and female was the more com-
mon gender. Abnormal brain image was observed in all cases
and abnormal chest image was reported in two of three cases
(66.6%). None death was reported. Table 2 summarizes and
complements all of this information [10-12].

In the group of patients who developed later neurological
manifestation, four cases were reported. All of the cases re-

Table 2. Acute Inflammatory Neurological Manifestation in Patients With SARV-CoV-2 Infection

Age

Type of

Study () Symptoms BI inflamation Treatment Outcome
Moriguchi et 24 years Headache, Elevated: white cell count, Meningitis/ Intravenous ceftriaxone, ns
al, 2020 [10] (M) fatigue, fever and  neutrophil dominant encephalitis vancomycin, acyclovir
consciousness Decreased: lymphocytes, and corticosteroids
disturbance increased C-reactive protein
Poyiadji et 50 years Cough, fever ns Necrotizing Intravenous ns
al, 2020 [11] (F) and altered hemorrhagic immunoglobulin
mental status encephalopathy
Zanin et al, 54 years Anosmia, ageusia  Elevated: C-reactive Demyelinating ~ Antiretroviral, Discharged
2020 [12] ™M) and loss of protein and fibrinogen lesions (brain hydroxychloroquine,
consciousness Decreased: lymphocytes and spine) antiepileptic and
corticosteroids

M: male; F: female; BI: blood investigation; ns: not specified.
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Table 3. Late Neurological Manifestation in Patients With SARV-CoV-2 Infection

Age Symptoms (on-

Study () UuD a5 A Diagnosis Treatment Outcome
Albertietal, 71 years (F) Hypertension, Paresthesia, Guillain-Barr  Intravenous immunoglobulin, Death
2020 [13] abdominal aortic ~ weakness, and flaccid ~ syndrome antiviral and hydroxychloroquine
aneurysm and tetraparesis (3)
lung cancer
Virani etal, 54 years (M) ns Complaints of Guillain-Barr ~ Intravenous immunoglobulin, Discharged
2020 [14] numbness and syndrome hydroxychloroquine
weakness (2)
Sedaghatet 65 years (M) Diabetes Acute progressive Guillain-Barr  Intravenous Immunoglobulin, Discharged
al, 2020 [15] symmetric ascending ~ syndrome hydroxychloroquine, lopinavir/
quadriparesis (5) ritonavir and azithromycin
Zhao et al 69 years (F) ns Acute weakness Guillain-Barr ~ Intravenous immunoglobulin, Discharged
2020 [16] in both legs and syndrome arbidol, lopinavir and ritonavir

severe fatigue (1)

M: male; F: female; UD: underlying disorders; ns: not specified.

ported Guillain-Barr syndrome. The average age in this group
was 64.75 years with the same proportion between male and
female gender. The chest image was abnormal in all patients.
Intravenous immunoglobulin was instituted in all cases and
hydroxychloroquine was used in three of four patients (75%).
One patient died and three patients were discharged. All of this
information is summarized in Table 3 [13-16].

Retrospective studies

Mao et al observed CNS manifestation in 25% of all patients
included in their study (N = 214) and the most common symp-
tom was dizziness (17%), followed by headache (13%) [17].
Patients who had CNS symptoms presented lower lymphocyte,
platelet counts and higher blood urea nitrogen levels compared
with those without CNS symptoms [17]. Ischemic stroke was
observed in 7.5% of all patients and cerebral hemorrhage was
observed in 1.9% [17]. This study did not specify age and gen-
der in patients with cerebrovascular disease (CVD), an average
of durations from the first symptoms of SARS-CoV-2 infection
to CVD and underlying disorders in patients with CVD [17].
This study concluded that CNS manifestation carries a poor
prognosis in COVID-19 [17].

In Li et al’s study with 221 patients, the age ranged from
57 to 91 years and the male gender was more common to de-
velop CVD [3]. The prevalent of CVD in all patients studied
was 6% and hypertension and diabetes were the most common
underlying disorders in patients with CVD [3]. The average of
durations from the first symptoms of SARS-CoV-2 infection
to CVD was 10 days in this study [3]. Patients who developed
CVD had high white blood cells, neutrophil counts and CRP
levels [3]. Lower lymphocyte counts were found. Eleven of
221 patients (5%) developed ischemic stroke, 0.5% cerebral
venous sinus thrombosis and 0.5% cerebral hemorrhage [3].
This study concluded that older patients with risk factors can
be more favorable to develop CVD and CVD is an important
negative prognostic factor [3].
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In Lodigiani et al’s study, CVD complication age ranged
from 57 to 82 years [18]. In concordance with Li et al, the male
gender was more prevalent (66.7%) [18]. Nine of 362 closed
cases (2.5%) developed CVD [18]. All of the patients who de-
veloped CVD presented ischemic stroke [18]. In blood investi-
gation, it was observed that non-survivors patients have evaluat-
ed rapidly with increasing high D-dimer levels, over 249 ng/mL,
9 - 10 days after the first symptom [18]. The study concluded
that high D-dimer levels may indicate poor prognosis.

Table 4 summarizes all of these retrospective studies dis-
cussed [3, 17, 18].

Discussion

Physiopathology

The complete genome of SARS-CoV-2 is a 29.903 bp single-
stranded RNA (ss-RNA) CoV. Thus, the virus causing COV-
ID-19 is a SARS-like CoV that had previously been reported
in bats in China [1, 19].

CoVs have been shown to develop neuroinvasion, infect
and induce neurological disease (neurovirulence) in animal
models [2]. The entry of SARS-CoV and MERS-CoV on hu-
man host cells is mainly via dipeptidyl peptidase 4 (DPP4) [2,
3]. However, studies demonstrated SARS-CoV-2 enters into
human host cells from different receptors. The main receptor
of SARS-CoV-2 entrance is the cellular receptor angiotensin-
converting enzyme 2 (ACE2), which is expressed in many
tissues of the body such as human airway epithelia, lung pa-
renchyma and vascular endothelia [20]. The brain has been
reported to express ACE2 receptors that have been detected
over neurons and glial cells, which explain the neurotropism
of SARS-CoV-2 [21].

The COVID-19 mRNA encoded several proteins and the
virus gets used to a spike protein S1 that enables the attach-
ment of the virion to the cell membrane by interacting with

www.neurores.org
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Table 4. Review of Retrospective Studies on Neurological Manifestations in Patients With COVID-19

Patients with Neurological
Study neurological Age BI . . Outcome Limitation
complication
symptoms
Mao et al, 53 ns Lower lymphocyte, Ischemic stroke ns Single-center study, all data
2020 [17] platelet counts and 7.5% and cerebral were abstracted from the
higher blood urea hemorrhage 1.9% electronic medical records;
nitrogen levels no EEG study; no clear
definition of symptoms; and
no outcome information
Liet al, 13 Age ranged from  High white blood cell, Ischemic stroke Survive Single-center study; no EEG
2020 [3] 32 to 91 years neutrophil counts and  (84%), cerebral rate study; no clear definition
C-reactive protein venous sinus (61.5%); of symptoms; and no
levels; and lower thrombosis (7.6)  deathrate  outcome information
lymphocyte counts and cerebral (38.4%)
hemorrhage
(7.6%)
Lodigianiet 9 Age ranged High D-dimer levels  Ischemic stroke Survive Single-center study, they
al, 2020 [18] from 57 to 82 (> 249 ng/mL) rate could not confirm whether
(77.7%); thromboembolic events
death rate  contributed substantially to
(22.2%%)  such a dramatic mortality

and no autopsies were
routinely performed

Bl: blood investigation; ns: not specified; EEG: electroencephalography.

the ACE2 receptor [21, 22]. In a study, it was shown that the
ACE2 binding affinity of the SARS-CoV-2 spike protein ec-
todomain was 10- to 20-fold higher than that of the SARS-
CoV-2 spike protein [22].

The exact pathway by which SARS-CoV-2 and MERS-
CoV enter the CNS is still not clear. The main pathway is
associated with hematogenous dissemination of infected leu-
kocytes through compromised endothelial cells of the blood-
brain barrier [3, 20]. Nerve dissemination is possible by the
polarization of neurons, and this transport can be retrograde
or antegrade [3, 20]. Dinein and kinesin proteins aid in the
process and may be the target of viruses [23].

In the study of Gu et al, eight autopsies were detected in
SARS victims with neuronal histopathological alterations in
the hypothalamus and cortex [24]. In the case of SARS-CoV-2,
retrograde propagation along the olfactory tract may explain
anosmia in some cases [3, 20]. The initial colonization of the
brain at the olfactory bulbs before the spreading proceeds to
the highly susceptible regions, such as the piriform cortex
and other regions associated with olfaction, and then globally
through the CNS. The initial olfactory pathway begins in bi-
polar cells located in the olfactory epithelium and axons and
dendrites extend to the olfactory bulb [25]. Over there, the
synapses happen with the cells present in this structure. After
this, the cranial pair is directed towards the olfactory nucleus
present in the pyriform cortex [25]. The use of this nerve route
was observed by other CoVs in animal models and can explain
similarly the SARS-CoV-2 pathway [21, 25].

When the virus found neuronal tissues, its interaction
with ACE2 receptors can initiate a cycle of viral budding ac-
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companied by neuronal damage as has been seen with cases
of SARS-CoV-2 [21, 26]. Also, the endothelial ruptures in
cerebral capillaries can bleed before neuronal damage happen
[5, 26]. It can explain intracerebral hemorrhage in COVID-19
patients that have already been reported in the literature [5].
Moreover, an altered sense of smell or hyposmia in an early
stage COVID-19 patient should be investigated for CNS in-
volvement [27, 28]. Figure 2 summarizes the nervous system
involvement in SARS-CoV-2 infection.

Epstein-Barr virus can be similar to SARS-CoV-2 in CNS
physiopathology involvement. In a study in mouse models, the
increased disease severity in Epstein-Barr infection was asso-
ciated with enhanced leukocyte entry into the CNS with greater
numbers of both CD8" T cells and virus-specific CD8" T cells
than wild-type mice [29]. Thus, this development mechanism
in patients with severe disease in Epstein-Barr infection can be
similar to SARS-CoV-2 infection.

Clinical features in COVID-19 related to neurological
manifestation

Respiratory involvement is the most common in patients with
COVID-19 infection; however, there are reports of neurologi-
cal manifestations [1, 2]. The median time from the first symp-
tom to dyspnea in patients with COVID-19 was 5.0 days, to
hospital admission was 7.0 days, and to the intensive care was
8.0 days [30, 31]. In a study developed in South Korean with
213 patients with COVID-19 confirmed, the median duration
from the first symptom to RT-PCR confirmation was 14 days,
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Figure 2. COVID-19 relationship with the nervous system.

and the median duration from RT-PCR confirmation to admis-
sion was 3 days [32]. This latency period can be enough for
the virus to enter and destroy the medullary neurons [33]. In
a retrospective study with 214 patients, the CNS manifestation
was present in 25% of all patients and the main symptoms were
dizziness (17%), followed by headache (13%) [17]. In a cohort
study with 41 patients identified with laboratory-confirmed
COVID-19, headache symptom was observed in 8% of the pa-
tients [2]. In other studies, headache varied between 6% and 8%
of all patients that had been confirmed with COVID-19 [24-26].

The loss of smell and taste could be a nervous system mani-
festation but is not specific to COVID-19 because it commonly
occurs in other viruses. Symptoms of anosmia and taste-relat-
ed changes should be taken as an indication of SARS-CoV-2
infection [34]. In a cross-sectional study in Iran with 10,069
patients with hyposmia/anosmia, 7,608 patients (76%) of them
or their immediate families had upper respiratory symptoms
[35]. It can suggest a possible correlation between the sudden
increase in anosmia and the COVID-19 pandemic. In the same
study, 83% of patients with anosmia also reported hypogeu-
sia [35]. In Wuhan, China, a study with patients with periph-
eral nervous system symptoms showed that the most common
complaints were hypogeusia (5.5%) and hyposmia (5%) of all
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patients [17]. Nervous system symptoms were significantly
more common in severe cases as compared with non-severe
cases, indicating as a poor prognostic factor [17].

The presence of SARS-CoV-2 in the cerebrospinal liquid
has already been described in the literature and it is impor-
tant to confirm the COVID-19 [36]. Thus, neuroinflammation
pathology has been associated with COVID-19. Necrotizing
encephalopathy and meningitis/encephalitis have been report-
ed as a rare COVID-19 complication as such as in influenza
infection and other viruses [10, 11]. This pathological process
should occur in a severe subgroup of patients with COVID-19
due to hyper-inflammatory syndrome [10, 11, 36, 37]. In a
COVID-19 patient with necrotizing encephalopathy, brain
magnetic resonance imaging (MRI) showed hemorrhagic rim
enhancing lesions within the bilateral thalami, medial tempo-
ral lobes and subinsular region [11]. Meningitis/encephalitis
in COVID-19 patient was showed on diffusion-weighted MRI
with hyperintensity along the wall of the inferior horn of the
right lateral ventricle [10].

Another target of discussion is if SARS-CoV-2 CNS may
be a cause of para-infectious neurological diseases such as
Guillain-Barre syndrome (GBS) or acute disseminated en-
cephalomyelitis as observed in the Zika virus infection [38].

www.neurores.org
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GBS has also been reported in patients with COVID-19
[13-16]. Before the COVID-19 pandemic, only two cases of
other CoV were reported in the literature with the GBS associ-
ation. One of them was a man with MERS-CoV infection who
developed Bickerstaff encephalitis, and another case was a 5
years old boy who developed an atypical GBS after a respira-
tory infection by HCoV-OC43 [39, 40]. The physiopathology
about this topic is not clear.

COVID-19 and ischemic stroke

COVID-19 may predispose to venous and arterial thrombo-
embolic disease due to excessive inflammation, hypoxia and
diffuse intravascular coagulation [36, 41]. Thus, acute pulmo-
nary embolism, deep-vein thrombosis, ischemic stroke, myo-
cardial infarction, or systemic arterial embolism are possible
COVID-19 manifestations [42].

In a study with 184 patients with proven COVID-19 pneu-
monia admitted to the intensive care unit, coagulopathy during
admission was observed in 38% of the patients and ischemic
stroke in 4% [42]. Mao et al observed 5.7% of the patients
had developed the cerebrovascular disease in the course of
COVID-19 severe infection [17]. In the study of Li et al with
221 patients, the incidence of cerebrovascular disease in COV-
ID-19 patients was 6% and 84% of these patients had devel-
oped ischemic stroke [3].

The incidence of ischemic stroke was associated with a
higher prevalence of risk factors such as diabetes, hypertension,
coronary artery disease, malignancy disease and previous cer-
ebrovascular disease [3, 4, 41, 42]. Elevation of D-dimer (over
3442 ng/mL) and CRP (over 16.24 ng/dL) also had an associa-
tion with strokes in COVID-19 patients [42]. SARS-CoV-2 in-
fection can increase the risk of stroke in 3.2 to 7.82 folds within
the first 3 days after other respiratory tract infections [43, 44].

Average time durations from the first symptoms of SARS-
CoV-2 infection to the cerebrovascular event was 10 days [41].
In a case series with six patients, five patients developed is-
chemic stroke between 8 and 24 days after COVID-19 symp-
tom onset [6].

The prevalent age to develop ischemic stroke is not clear.
The prevalent age to developed acute stroke varied between
57 and 91 years in Li et al’s study [3]. In a series of cases
with four patients who developed ischemic stroke, the aver-
age age was 81 and the mortality rate was 75% [4]. However,
large-vessel stroke in patients younger than 50 years of age
was observed by Oxley et al in their case series with five
patients [8].

Blood investigation

The severe patients had higher D-dimer levels than non-severe
patients and also had multiple organ involvement, such as seri-
ous liver, kidney and muscle damage [17]. Some studies have
shown that patients with CNS symptoms had lower lympho-
cyte, platelet counts, and higher CRP and blood urea nitrogen
levels compared with those without CNS symptoms [11, 17].
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CNS involvement in COVID-19 management

The management of COVID-19 patients with CNS involve-
ment is still not clear. The treatment for acute neuroinflamma-
tory infection can be made with intravenous immunoglobulins
as was reported in a case of necrotizing hemorrhagic encepha-
lopathy [11]. In the treatment of meningitis/encephalitis, the
use of antibiotics, antiviral and corticosteroids was reported
[10], but the scientific evidence has been demonstrated that
corticosteroid should not be used for the routine treatment of
SARS-CoV-2 because of demonstrated poor prognosis in pa-
tients with lung injury or shock [45].

Currently, patients with ischemic stroke symptoms
should be treated as suspected or possible COVID-19 pa-
tients [46]. Routine thromboprophylaxis is not recommended
in ambulatory patients with acute medical illness or respira-
tory symptoms [18]. In the emergency room, patients diag-
nosed with ischemic stroke should receive the standard of
stroke care and should be evaluated for potential thromboly-
sis with plasminogen activator or tenecteplase. Endovascular
thrombectomy should be done when large vessel occlusion is
suspected [46].

Conclusion

The impact of COVID-19 on the healthcare system makes
urgent knowledge about appropriate diagnosis and treatment.
Data from the current literature reveal that patients who suf-
fer from a severe illness have more CNS involvement, neu-
rological symptoms, and also had an association with strokes.
The endothelial rupture in cerebral capillaries can bleed before
neuronal damage happens. Precise studies and targeted docu-
mentation are still necessary to determine physiopathology,
clinical manifestations, factor prognosis, diagnosis and treat-
ment about this topic.
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