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SARS-CoV-2 invasion of the central nervous: a brief review
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ABSTRACT
There is increasing evidence of the ability of the novel coronavirus to invade the central nervous system 
(CNS). But how does a respiratory virus invade the highly protected CNS? Here, we reviewed available 
literature and case reports to determine CNS involvement in COVID-19, and to identify potential regions 
of the brain that may be affected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
its possible route of entry into the brain to identify its pathogenicity. Based on the symptoms, the 
parietal lobe and the cerebellum are the likely targets of SARS-CoV-2; however, further work is needed 
to elucidate this. The presence of ACE2, used by SARS-CoV-2 for cell entry, in the brain as well as 
detection of the virus in the cerebrospinal fluid, further assert that SARS-COV-2 targets the brain, and 
therefore, medical practitioners should take that into account when dealing with patients suffering from 
COVID-19.
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1. Introduction

The coronaviruses, comprising the severe acute respiratory 
syndrome coronavirus (SARS-CoV), human coronavirus NL63 
(HCoVs-NL63), Middle East respiratory syndrome-CoV (MERS- 
CoV), HCoVs-OC43, HCoVs-HKU1, and HCoVs-229E amongst 
others, are a family of ribonucleic acid viruses that are 
known to cause disease in humans and animals [1–8]. The 
recently elucidated SARS-CoV-2, is the seventh affiliate of 
the coronavirus family and has infected over 96.9 million 
people (as of 21 January 2021) since its discovery in 
December 2019 [1,9]. Three strains of SARS-CoV-2 have 
been reported based on amino-acid changes, namely A, B, 
and C. Type A is the ancestral type, and C type is found 
globally, while B is mostly found in East Asia [10]. While 
SARS-CoV-2 is primarily recognized to affect the respiratory 
system, there is growing evidence that it also invades the 
central nervous system (CNS). SARS-CoV as the predecessor 
of SARS-CoV-2 has been shown to infect the brain, and it 
has been identified in neurons of the brain [11]. This is 
concomitantly with previous studies that reported that 
CNS infection with MERS-CoV was more pivotal with higher 
mortality rates as compared to lung infections [12]. SARS- 
CoV has also been identified in brain tissues with focal 
degeneration of neurons and edema, while infection of 
neurons was confirmed through in situ hybridization, elec-
tron microscopy, and immunohistochemistry [13]. Moreover, 
both SARS-CoV and MERS-CoV infections displayed delayed 
neurologic consequences, such as myopathy, Guillain-Barre 
syndrome peripheral neuropathy, and Bickerstaff brainstem 
encephalitis that occurred weeks after respiratory symptoms 

[14–22]. Here, we reviewed available literature and case 
reports to evidence CNS involvement in COVID-19, and to 
identify regions of the brain that are possibly affected by 
SARS-CoV-2.

2. Clinical cases with central nervous system 
involvement

As shown in Table 1, neurological involvement has been 
observed among several cases of SARS-CoV-2. For example, 
a 30-year-old female experiencing seizures, fever, fatigue, and 
confusion was tested positive for SARS-CoV-2, albeit she had 
no history of alcohol/drug abuse, or epilepsy [18]. In another 
study, a female in her late 50s was diagnosed with SARS-CoV-2 
infection, with cough, fever, and altered mental condition, and 
the final diagnosis was acute necrotizing encephalopathy 
associated with SARS-CoV-2 infection [21]. A 24 years old 
COVID-19 male patient in Japan was diagnosed with fever 
and meningeal irritation, while a 56 years old male patient in 
China was reported with encephalitis and SARS-CoV-2 in the 
cerebrospinal fluid (CSF) [22–24]. In addition, RNA of SARS-CoV 
-2 was identified in the brain samples of patients through RT- 
PCR [25]. Consistent with other viral/bacterial pathogens 
invading the CNS, infection with SARS-CoV-2 is shown to 
produce inflammation of the brain and spinal cord, resulting 
in headaches, fevers, febrile seizures, loss of consciousness, 
convulsions, and status epilepticus, and may trigger the 
onset of multiple sclerosis [26,27]. Retrospective studies of 
214 COVID-19 patients revealed that patients exhibited symp-
toms (Figure 1) such as dizziness (17%), confusion (9%), 

CONTACT Naveed Ahmed Khan naveed5438@gmail.com Department of Clinical Sciences, College of Medicine, University of Sharjah, University City, 
Sharjah, United Arab Emirates 

*Both authors contributed equally

HOSPITAL PRACTICE                                                                                                                                               
https://doi.org/10.1080/21548331.2021.1887677

© 2021 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0001-9646-6208
http://orcid.org/0000-0002-8056-4011
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21548331.2021.1887677&domain=pdf&date_stamp=2021-02-27


impaired consciousness (8%), hypogeusia (6%), anosmia (6%), 
acute cerebrovascular diseases (3%) (80% ischemic stroke and 
20% cerebral hemorrhage), epilepsy (1%), ataxia (1%), and 
neuralgia [28,29], further confirming the involvement of CNS, 
although some symptoms, such as dizziness, might be 
a secondary effect of inflammation or fever. Hypogeusia and 

anosmia are controlled by the parietal lobe in the brain and 
dizziness is linked to the parietal cortex [30,31], which sug-
gests that the parietal lobe might be affected by SARS-CoV-2 
since the abnormalities were reported in the parietal lobes of 
COVID-19 patients [32,33]. Four scenarios have been proposed 
for development of anosmia in SARS-CoV-2 patients, namely 
nasal obstruction and rhinorrhea, damage of support cells in 

Table 1. Case reports indicating SARS-CoV-2 infection of the brain. The cases are described, and gender, age, and symptoms are noted.

Case description Gender Age Symptoms Symptoms relating to CNS References

Patient was transported to hospital after being found 
unconscious. SARS-CoV-2 was not detected in the 
nasopharyngeal but was detected in cerebrospinal 
fluid.

Male 24 Headache, fatigue, fever, sore throat, 
vomiting, loss of consciousness, 

seizures.

Headache, loss of 
consciousness, seizures

[17]

Previously healthy with no history of alcohol or drug 
abuse, the patient has no history of epilepsy. After 
experiencing seizures, patient was admitted and 
tested positive for SARS-CoV-2.

Female 30 Fever, fatigue, seizure, confusion. Seizure, confusion [18]

Patient showed no fever, runny nose or cough. 
Patient was diagnosed with SARS-CoV-2 infection 
and negative for common influenza virus. The final 
diagnosis was COVID-19 pneumonia complicated 
with Bell’s palsy.

Female 65 Facial drooping, pain in the mastoid 
region.

Left facial paralysis. [19]

Patient was diagnosed with SARS-CoV-2 infection. 
Patient did not show evidence of tuberculous or 
bacterial infection of the CNS. Final diagnosis was 
encephalitis associated with SARS-CoV-2 infection.

Male Not  
noted

Fever, shortness of breath, myalgia, 
confusion, meningeal irritation signs 
(nuchal rigidity, Brudzinski sign and 

Kernig sign)

Confusion, meningeal 
irritation signs (nuchal 
rigidity, Brudzinski sign 

and Kernig sign)

[20]

Patient was diagnosed with SARS-CoV-2 infection. 
Tests for bacteria, herpes simplex virus, West Nile 
virus and varicella zoster virus were negative. Final 
diagnosis was acute necrotizing encephalopathy 
associated with SARS-CoV-2 infection.

Female Late 50 Cough, fever, altered mental condition Altered mental condition [21]

SARS-CoV-2 was detected in the cerebrospinal fluid of 
patient. Patient was diagnosed with viral 
encephalitis

Not 
noted

56 Not noted Not noted [22]

Dizziness

Epilepsy

Seizure

Anosmia

Hypogeusia

Impaired consciousness

Confusion

Nausea

Vomiting

Headache 

Neuralgia

Ataxia

Figure 1. The various symptoms displayed by patients that are infected with SARS-CoV-2 that can be linked to the CNS.
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the olfactory epithelium, brain infiltration affecting olfactory 
centers, and loss of olfactory receptor neurons [34]. In addi-
tion, ataxia that has been reported as a symptom of SARS-CoV 
-2 infection is linked to damaged cerebellum [35], indicating 
that the virus may target the cerebellum of infected indivi-
duals. Also, RNA of SARS-CoV-2 has been detected in cerebel-
lar tissue, further enhancing the probability of the cerebellum 
as a target of SARS-CoV-2 [36]. However, studies need to be 
done to determine if this is the case. Moreover, while other 
signs, including headache (8%), vomiting (1%), and nausea 
have been found in patients with SARS-CoV-2, these effects 
might be secondary effects caused by inflammation or fever. 
Among patients with severe COVID-19, 88% of patients exhib-
ited impaired consciousness and acute cerebrovascular dis-
eases [37]. It has been shown that patients with 
cardiovascular diseases have an increased risk of neurological 
symptoms [38]. Encephalopathy or constant change in con-
sciousness was described in approximately one-fifth of 
patients succumbing to the disease [14,39]. Several Guillain- 
Barre syndrome cases related to SARS-CoV-2 infection have 
also been reported [38]. Although neurological manifestations 
are mostly seen in severe cases of COVID-19, it was shown that 
CNS involvement of SARS-CoV-2 infection can be observed in 
non-severe cases (Table 2) [29]. Moreover, some of the 
patients were classified as ‘asymptomatic’ who suffered from 
hypogeusia and anosmia, while neurological deficits were 
identified in symptomatic patients [28]. Notably, coronaviruses 
can disrupt the ciliary nasal epithelium which may lead to 
olfactory dysfunction affecting smell sensation, and it can 
disrupt the cranial nerves which may lead to chemosensory 
dysfunction affecting taste sensation [14,40,41]. Loss of smell 
and taste was described in 68% and 71% of 59 SARS-CoV-2 
positive patients [42]. The invasion of the medullary structures 
involved in respiration by SARS-CoV-2 may be linked to the 
respiratory failures reported in cases of COVID-19 [13,31]. 
Moreover, infection of the CNS by coronaviruses might lead 
to the creation of an inflammatory milieu that may promote 
the host antibodies or lymphocytes which are cross-reactive 
both with viral antigen and self-antigen [14,43,44]. Hence, it is 
of utmost importance to confirm whether patients are suffer-
ing from SARS-CoV-2 infection with neurological involvement. 
Moreover, SARS-CoV-2 may be latent in the CNS. Thus, there is 
a possibility that ‘cured’ patients might suffer from neurologi-
cal diseases at a later point in time; however, there are no 

experimental data to support this at present, and this needs to 
be investigated further [22].

3. Invasion of SARS-CoV-2 into the brain

At the molecular level, the presence of angiotensin- 
converting enzyme II (ACE2), a receptor that is essential 
for the cell entry of SARS-CoV-2, in the brain, indicates 
that the brain may be a potential target of the virus. But 
how does a respiratory virus invade the CNS? Among 
possible routes of entry into the CNS, the virus may 
enter the olfactory nerves via ACE2 and migrate along 
the neuroepithelial route to reach the brain (as evident 
by loss of smell in COVID-19 patients) or via the blood- 
brain barrier by binding to the ACE2 on the endothelial 
cells and traversing the highly selective barrier. For the 
latter, SARS-CoV-2 infection is associated commonly with 
high fever that can cause cytokine storms leading to 
increased permeability of the blood-brain barrier 
[21,26], which in turn, can provide viral access to the 
CNS (Figure 2). Moreover, SARS-CoV-2 invasion of sen-
sorial receptors located in lung and airways may serve as 
another route for transsynaptic propagation [38].

Previous studies on SARS-CoV, another member of the 
coronavirus family, revealed that it can gain entry into the 
brain intranasally through the olfactory nerves in 
a transgenic mouse model expressing human ACE2 [45]. 
The olfactory system was analyzed for expression of ACE2, 
TMRPSS2 and other genes implicated in coronavirus entry 
and, in a mice model, it was revealed that non-neuronal 
cells in the olfactory epithelium and olfactory bulb, includ-
ing perivascular, support and stem cells, express CoV-2 
entry-associated transcripts and their associated proteins 
[46]. Also, it has been reported that primary olfactory sen-
sory neurons of humans are highly susceptible to SARS-CoV- 
2 infection and the fact that olfactory epithelial cells have 
high ACE2 and TMPRSS2 expression, clinical studies identi-
fied SARS-CoV-2 infection in the olfactory nerve system and, 
in animal models, brain infection through intranasal delivery 
of SARS-CoV-2 has been demonstrated, further supports the 
hypothesis of olfactory route for brain infection with SARS- 
CoV-2 [47]. Moreover, the central glial substance (gray mat-
ter bordering the central canal that transports CSF and 
transfers nutrients to the spinal cord) and the choroid 
plexus (the site where the blood-CSF barrier is located and 
CSF is produced) in the human brain were found to highly 
express ACE2 [48–52]. Furthermore, endothelial cells and 
pericytes (linked to the integrity of the blood-brain barrier 
and part of the building blocks of neurovascular unit) exhi-
bit high expression of ACE2 [48,53,54]. Hence, pericytes and 
endothelial cells may facilitate the entry of SARS-CoV-2 into 
the brain through the blood-brain barrier and the infection 
of neurovascular units. It has been suggested that move-
ment of the blood in the cerebral circulation might favor 
interactions between SARS-CoV-2 that might pass into the 
cerebral circulation from the general circulation, and ACE2 
expressed in capillary endothelium [55].

Peripheral myeloid cells that can persistently remain 
infected by coronaviruses may transmigrate to the CNS if 

Table 2. Percentage of patients (out of 214) displaying neurological symptoms 
[29].

Symptoms

Percentage of cases that show symptoms

Severe cases Non-severe cases Total cases

Dizziness 19.3 15.1 16.8
Headache 17 10.3 13.1
Impaired consciousness 14.8 2.4 7.5
Acute cerebrovascular disease 5.7 0.8 2.8
Ataxia 1.1 0 0.5
Seizure 1.1 0 0.5
Hypogeusia 3.4 7.1 5.6
Hyposmia 3.4 6.3 5.1
Vision impairment 2.3 0.8 1.4
Neuralgia 4.5 0.8 2.3
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the permeability of the blood-brain barrier is increased by 
conditions such as psychological stress and inflammation 
[14,56–58]. Peripheral cytokines involved in the host 
response against SARS-CoV-2 might trigger neuropsychiatric 
symptoms by causing neuroinflammatory responses and 

damage blood-brain interface integrity, resulting in transmi-
gration of peripheral immune cells into the CNS and disrup-
tion of neurotransmission [14,59]. Of note, it has been 
reported that SARS-CoV-2 may disrupt the blood-brain bar-
rier and is further supported by research that showed that 

Paracellular route
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Transcellular route

Disrupting 
tight junctions

(i) (ii) (iii)

Endothelium
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(iv)
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Injury to the 
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Immune system-
mediated damage

Receptor-mediated 
entry via ACE2
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mediated damage
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Figure 2. (A) Schematic illustration of the blood-brain barrier at the cerebral capillary endothelium. The endothelial cells are surrounded by basement membrane 
composed of collagen type IV, laminin, fibronectins, and heparan sulfate proteoglycans which is ensheathed by astrocytes. The endothelial cells from brain 
capillaries are distinct from the endothelial cells from peripheral capillaries in the presence of tight junctions, increased mitochondria, and association with 
astrocytes. Possible routes of SARS-CoV-2 transmigration of the endothelium at the blood-brain barrier, via transcellular route or paracellular route. (i) viral traversal 
of the blood-brain barrier by producing immune-mediated endothelial cell damage, (ii) viral traversal of the blood-brain barrier while maintaining the integrity of 
the endothelial cell function through receptor–ligand interactions, (iii) viral traversal of the blood-brain barrier via paracellular route through immune-mediated 
disruption of the tight junctions, and (iv) via infected leukocytes. (B) SARS-CoV-2 enters the nasal route, likely binds to the olfactory nerves via ACE2 and migrates 
along the olfactory neuroepithelial route to invade the CNS.
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viral-like particles of SARS-CoV-2 found in the endothelial 
cells and pericytes of brain capillaries actively overrode the 
blood-brain barrier [60]. Moreover, it has also been sug-
gested that could spread into the CNS by initially infecting 
endothelial cells of the blood-cerebrospinal fluid barrier or 
through organs that are not protected by the blood-brain 
barrier such as choroid plexus and circumventricular cere-
bral organs [60]. Neuronal pathway whereby the virus 
invade the CNS through nerve endings has also been pos-
tulated [60].

It has been reported that coronaviruses may be able to 
spread through air conditioning units and it was suggested 
that the virus might reside inside resilient Acanthamoeba 
castellanii that may boost the transmission of the virus to 
the CNS, as these protists have the ability to cause infection 
in CNS, and can act as a carrier of viruses, being well 
recognized as the ‘Trojan horse of the microbial world’ 
[61]. Other ‘trojan horses,’ such as bloodstream leukocytes, 
dendritic cells, and myeloid cells have been suggested, 
where the cells are used to gain entry into the CNS and 
are used as reservoirs which can be a source of virus for 
‘future’ infections [60].

4. ACE2 in the brain

coronaviruses is determined by the Spike (S) protein of the 
virus since it mediates the cell fusion and receptor binding 
[62]. The receptor-binding domain of SARS-CoV-2 has a high 
affinity to human ACE2 [63]. The previous study showed 
that SARS-CoV-2 was able to gain entry into HeLa cells 
expressing human ACE2, but not the cells that did not 
express human ACE2, further confirming that ACE2 is an 
essential cell receptor used by SARS-CoV-2 [64]. Moreover, 
biophysical and structural analysis of SARS-CoV-2 revealed 
the strong affinity of the virus to ACE2 [65,66].

It has been reported that in specific areas of the human 
brain, including substantia nigra and brain ventricles, as well 
as both excitatory and inhibitory neurons in the middle tem-
poral gyrus and posterior cingulate cortex, the expression of 
ACE2 is high [48]. ACE2 is high in brain nuclei of various 
important cells, such as neural cell bodies of different neuro-
modulators, including dopaminergic nuclei, serotoninergic 
nuclei, histaminergic nuclei, and norepinephrinergic nuclei 
[48]. The posterior hypothalamic area (responsible for cardio-
vascular regulation, expression of defensive behavior and 
sleep-wake cycle), paraventricular nuclei of thalamus (respon-
sible for feeding, wakefulness, appetitive motivation, regula-
tion of stress, negative emotional behavior, and control of 
drug addiction), lateral hypothalamic area (responsible for 
control of thirst, hunger, and autonomic nervous system), 
and the paraventricular nuclei of hypothalamus have also 
been shown to highly express ACE2 [23,48,67–69]. Piriform 
cortex (associated with the sense of smell), amygdalo- 
hippocampal transition area (linked to fear manifestation), 
fastigial nucleus (associated with eye and body movements), 
and hippocampal CA2 field (linked to memory and learning) 
are other locations in the brain that highly express ACE2 [48,-
,70–73]. ACE2 was also detected in excitatory neurons (linked 

to emotion and memory) in the parahippocampal cortex and 
hippocampal formation and inhibitory neurons (vital for nor-
mal brain function) [48,74,75].

5. Significance and impact

The pandemic associated with SARS-CoV-2 continues to 
spread worldwide and the most favorable epidemic control 
scenario is the development and distribution of an effective 
and safe vaccine. However, considering that SARS-CoV-2 
may penetrate the brain and that the human brain is 
immune privileged [76], it is unclear whether vaccines may 
be able to protect the brain from infection and/or eradicate 
infection of SARS-CoV-2. Furthermore, it has been reported 
that vaccines may trigger neurological diseases [77] and it is 
not known if this could further worsen the conditions of 
patients that are suffering from neurological manifestations 
due to SARS-CoV-2 infections. In addition, considering that 
SARS-COV-2 can traverse into the brain, drugs that are used 
for the treatment of COVID-19 have to be reviewed, to 
ensure that these drugs have good CNS penetration and 
ability to penetrate the blood-brain barrier [78]. The treat-
ment and eradication of SARS-CoV-2 from the brain might 
also be hindered by its suggested ability to use cells such as 
amoebae as ‘trojan horse,’ since amoebae, especially cysts, 
are known to be very resilient [61]. The survivability of 
SARS-CoV-2 in free-living amoebae warrants further studies 
since studies will reveal if the amoebae has a role as facil-
itators for the transmission of the virus and/or protection of 
the virus during treatment which might be responsible for 
relapses.

6. Conclusion

While SARS-CoV-2 is known to affect the respiratory system, 
mounting evidence suggests that it invades the CNS. 
Several case reports have demonstrated that patients 
showed symptoms related to brain infection. Based on the 
symptoms, the parietal lobe and the cerebellum might be 
the likely targets of SARS-CoV-2; however, further work is 
needed to elucidate this. The presence of ACE2, used by 
SARS-CoV-2 for cell entry, in the brain as well as detection 
of the virus in the CSF, further assert that SARS-COV-2 
targets the brain. Therefore, medical practitioners should 
take that into account when dealing with patients suffering 
from COVID-19.
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