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Introduction
Coronaviruses (CoVs), are large enveloped 
non‐segmented group of viruses containing 
positive‐sense RNA, which are often seen 
causing respiratory complications in animals 
and humans. The novel Coronavirus (Severe 
Acute Respiratory Syndrome Coronavirus-2: 
SARS-CoV- 2) appeared and began to be 
discovered for the first time in December, 2019 in 
China and led to a national outbreak of 
pneumonia in China1, and now it seems to be 
spreading rapidly around the world and has 
already passed the necessary epidemiological 
criteria for it to be declared a pandemic, and 
has resulted in more than  243,572,402 
confirmed cases and more than 4,948,434 
deaths across 218 countries and geographical 
regions as of October 26, 20212.The RNA virus 
SARS-CoV-2 belongs to the family of

β-coronavirus, and has a length of 29,881 bp 
with9860 coding amino acids3. The virus 
envelope contains a lipid bilayer consisting of 
structural proteins i.e., spike protein (S), an 
envelope protein (E), membrane protein (M), 
and a nucleocapsid protein (N)4. The interaction 
between protein particularly the spike protein 
and the host cell receptor has been identified as 
an important requirement for virulence and 
infection5. In terms of its functioning, according 
to Mousavizadeh et al., SARS-CoV-2 appears to 
bind to ACE2 (Angiotensin-Converting Enzyme 
2) receptors that are present on the 
cellswhichpermit SARS-CoV-2 to gain entry 
thereby infecting of cells 6. Apart from the very 
evident respiratory difficulties faced by 
SARS-COV-2 infected patients, neurological 
complications are also found to be present in an 
increased number inSARS-COV-2 cases. The 
various potential neurological symptoms and 
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syndromes caused by SARS-CoV-2 infection 
includesmild to moderate headache, fatigue, 
dizziness, anosmia, ageusia, anorexia, myalgias 
andsevere cases of meningoencephalitis, 
hemorrhage, altered consciousness, 
Guillain-Barré syndrome, syncope, seizure, 
stroke7. The novel SARS-CoV-2 belongs to the 
same beta coronavirus (βCoV) family of 
MERS-CoV(Middle East respiratory 
syndrome–related coronavirus) and SARS-CoV 
and share a high sequence similarity with 
SARS-CoV which was confirmed as a result of 
genomic analysis. Evidence suggests that 
SARS-CoV-2 shares similar pathogenesis with 
pneumonia triggered by SARS-CoV or 
MERS-CoV8. As a result of next-generation 
sequencing conducted on the emergence of 
the pandemic, it showed that SARS-CoV-2 was 
found to be significantly identical to the two 
colonies found by bats such as SARS-like 
coronaviruses - bat-SL-CoVZC45 (with 87.9% 
sequence identity) and bat-SL-CoVZXC21 (with 
87.2% sequence identity) and much reserved 
from SARS-CoV (with 79% sequence identity) 
and MERS-CoV (with 50% sequence identity). 
Furthermore, based on the results of a recent 
study, SARS-CoV-2 invasion into human host 
cells was shown to have a stronger affinity with 
ACE2 molecules, which are present in the 
human cell surface, and this seems to be the 
same mechanism followed by other CoVs 9, 10. 
ACE2 exhibits a diffuse distribution in various 
organs including neural cells and brain 
cells1even though it is mainly respiratory system 
being its primary target. However, mild to 
moderate neurological symptoms including 
headache, anosmia, ageusia, confusion, 
fainting, and encephalopathy are more 
frequently been reported in patients with 
SARS-CoV-2 infection 11. The neurological 
complications as a result of SARS-COV-2 
infection were first reported in China in the form 
of headache 12. 

When looked into the range of symptoms shown 
by the current pandemic caused by 
SARS-CoV-2, it is seen to emerge from mild to 
severe with fever, cough, and shortness of 
breath being the most common symptoms of 
the disease13.  Although various lines of evidence 
support the involvement of the human nervous 
system in SARS-CoV, MERS-CoV, and 
SARS-CoV-2 infections, it is still difficult to 
determine how different neurological factors 
relate to the overall pathophysiology; that is, 
whether they lead directly or indirectly as a 
result of a viral infection, or appear in other 
ways, such as multiple organ failure, hypoxia, or 
sepsis. A possible hypothesis may be that since 
the loss of sense of smell (anosmia) and the loss 
of sense of taste (ageusia) are the first 
SARS-COV-2 infection symptoms, this provides 
some evidence of infection in the olfactory 
nerve and brain. The lack of smell is often 
considered the first visible sign of Central 
Nervous System (CNS) damage and is also the 
first sign of diseases such as Parkinson's14and 
Alzheimer's15, thus suggesting that germs can 
reach the brain and cause dysfunctionas a 
consequence of the virus traveling through the 
olfactory nerve by penetrating itself into the 
Cerebrospinal fluid (CSF) and entering the 
spinal cord continuing to infect nerve endings 
and/or attach to existing ACE2 receptors and 
ultimately affect the CNS (Fig. 1). The brainstem 
respiratory centre can be considered as one of 
the main targets of SARS-CoV-2 leading to 
various respiratory illnesses and dysfunction in 
patients1. While many studies have focused on 
the respiratory manifestations of SARS-COV-2, 
the neurological manifestations of the recent 
SARS-CoV-2 outbreak are increasingly a major 
cause for concern.

Abstract

As the current understanding of COVID-19 continues to emerge, the compilation of literature on the 
neurological impact of this novel virus might facilitate inform clinical management and highlight poten-
tial non-investigative approaches. Besides, perceiving the potential mechanisms of neurologic injury 
can guide efforts to better understand these conditions. Therefore, in this review, we include the scope of 
pre-terminal observation and a series of preliminary cases describing the likelihood and potential 
neurological manifestations related to SARS-CoV-2 infection. Reported manifestations of the nervous 
system vary from anosmia and ageusia to hemorrhage and infarction and numerous other serious 
complications. While the number of studies on COVID-19 related cases continues to grow, previous 
experimental virus-related work suggests possible ways in which the novel coronavirus will have an 
effect on the nervous system and cause neurological issues. In depth awareness of the necessary 
neurotropism of CoVs might contribute to the early detection of signs and symptoms of infection and 
injury to the nervous system caused by the virus and pave way to new prognostic testing and targeted 
medical interventions.
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syndromes caused by SARS-CoV-2 infection 
includesmild to moderate headache, fatigue, 
dizziness, anosmia, ageusia, anorexia, myalgias 
andsevere cases of meningoencephalitis, 
hemorrhage, altered consciousness, 
Guillain-Barré syndrome, syncope, seizure, 
stroke7. The novel SARS-CoV-2 belongs to the 
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and share a high sequence similarity with 
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Furthermore, based on the results of a recent 
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ACE2 molecules, which are present in the 
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of headache 12. 
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the disease13.  Although various lines of evidence 
support the involvement of the human nervous 
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relate to the overall pathophysiology; that is, 
whether they lead directly or indirectly as a 
result of a viral infection, or appear in other 
ways, such as multiple organ failure, hypoxia, or 
sepsis. A possible hypothesis may be that since 
the loss of sense of smell (anosmia) and the loss 
of sense of taste (ageusia) are the first 
SARS-COV-2 infection symptoms, this provides 
some evidence of infection in the olfactory 
nerve and brain. The lack of smell is often 
considered the first visible sign of Central 
Nervous System (CNS) damage and is also the 
first sign of diseases such as Parkinson's14and 
Alzheimer's15, thus suggesting that germs can 
reach the brain and cause dysfunctionas a 
consequence of the virus traveling through the 
olfactory nerve by penetrating itself into the 
Cerebrospinal fluid (CSF) and entering the 
spinal cord continuing to infect nerve endings 
and/or attach to existing ACE2 receptors and 
ultimately affect the CNS (Fig. 1). The brainstem 
respiratory centre can be considered as one of 
the main targets of SARS-CoV-2 leading to 
various respiratory illnesses and dysfunction in 
patients1. While many studies have focused on 
the respiratory manifestations of SARS-COV-2, 
the neurological manifestations of the recent 
SARS-CoV-2 outbreak are increasingly a major 
cause for concern.

Fig.1.:SARS-COV-2 entry into CNS. The entry of human Coronavirus in CNS through olfactory bulb 
upon nasal infection which could cause inflammation and infection (created with biorender.com).
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SARS-CoV-2 virus also infect endothelial cells22. 
ACE2 protein has been observed in human brain 
vessels, a finding recently attributed to expres-
sion in pericytes and smooth muscle cells in the 
vascular wall, but not in the endothelium lining 
cerebral vessels23. The expression pattern of 
ACE-2 on cells in almost all organs suggests 
that the SARS-CoV-2, once present in the circu-
lation, can spread easily through the body24. 
Pericyte deficiency leads to increased endothe-
lial proliferation and release of von Willebrand 
factor and intravascular platelets, followed by 
fibrin synthesis, suggesting that pericytes act by 
reducing the thrombus-promoting response of 
the endothelium. This may provide important 
clues to SARS-COV-2 disease, as pericytes are 
protected behind the endothelial barrier and 
become infected only when this boundary is 
disrupted by SARS-COV-2 risk factors25. There-
fore, further studies focusing on mechanisms 
under the influence of SARS-CoV-2 in the brain 
and associated cells may provide promising 
future research methods aimed at improved 
understanding of SARS-CoV-2 neurotropism.

The neuroinvasive component of SARS-CoV-2 
can cause neurological damage in a variety of 
neuropathological pathways. Because of the 
similar structure and mode of infection between 
SARS-CoV-2 and other members of the corona-
virus family, the same neuropathology 
approach can be speculated1. As the mecha-
nism of action of the SARS-CoV-2 nervous 
system remains to be determined. Several theo-
ries have been submitted including ACE2 recep-
tor expression, olfactory pathway neuronal 
pathway, direct invasion, blood circulatory 
pathway, hypoxia injury, immune injury/cytokine 
storm syndromes, among various other26.Re-
portedly, one of the most common neuropatho-
logical processes of SARS-CoV-2 is caused by 
hyperinflammatory disease. The excess 
immune system leads to the massive release of 
inflammatory cytokines such as Interleukin 2 
(IL2), Interleukin 6 (IL6), Interleukin 7 (IL7), Inter-
leukin 10 (IL 10), Tumor Necrosis Factor-α (TNF-α), 
and Granulocyte colony-stimulating factor 
(G-CSF or GCSF) and chemokines (CXCL10, and 
CCL2)27. These factors have conceivably altered 
the BBB's influx which increases the beginning of 
neuroinflammatory cascades. An important 
feature of SARS-CoV-2 is the maladaptive 
immune response characterized by increased 
innate immunity and subsequent immunosup-
pression23. Rahmanet al.,2020 suggest that 
SARS-CoV-2 virus could easily spread to the 
medullary cardiorespiratory centre in the. brain-
stem via chemoreceptors and mechanore-
ceptors of the lung, as observed in several other 
respiratory viruses. Suggests. This increases the 

likelihood of a neurological mechanism of 
respiratory failure in some SARS-COV-2-infect-
ed patients. ACE2 receptors are found in the 
alveolar epithelium of the lungs, but the mecha-
nism by which the virus migrates from the lungs 
to the nervous system remains unclear. The 
detection of SARS-CoV-2 by CSF or brain biopsy 
further reveals this potential pathway. In addi-
tion to the inflammatory effects of the brain, 
neurological symptoms can also be caused by 
hypoxia-related damage28.

Further, destruction of cells in the sensory nerve 
epithelium can cause inflammatory changes 
that impair the function of the olfactory receptor 
neurons, causing subsequent damage to the 
olfactory receptor neurons, and / or impairing 
subsequent neurogenesis. Such changes can 
cause temporary or long-term sensory 
dysfunction. This has led to the suggestion that 
SARS-CoV-2 can penetrate intracranially and 
have downstream effects on the olfactory and 
non-olfactory areas of the brain, which can 
have serious effects on olfactory function29. 
Moreover, studies with human samples are not 
enough to prove that this approach is the 
current leading belief. A better picture on the 
mechanism and the onset of these manifesta-
tions are been studied using animal models30; 
26. Concerning the existing evidence of 
neurotropism of SARS and MERS and other β
CoVs31,26, and based on current evidence of the 
presence of viral receptors in myelin and olfac-
tory cells neural epithelium, SARS-CoV-2's 
neurotrophic attack on the sensory pathway 
appears plausible. This seems to clarify most of 
the neurological symptoms in SARS-COV-2. 
There are opportunities for multiple pathways 
followed by SARS-CoV-2 to gain access to the 
brain, or multiple pathways may be involved in 
the pathogenesis of neurological symptoms32. 
Several potentially interacting mechanisms 
have been suggested for neurological symp-
toms including hypoxia, severe cytokine storms 
during and post-infection autoimmune reac-
tions, hypercoagulation, endotheliopathy, 
multiple organ failure (eg, liver failure leading to 
metabolic disorders), and possibly direct nerve 
infiltration 33.Currently, although specific pieces 
of evidence on specific SARS-CoV-2 neuropath-
ogenic compounds are very limited. Future 
research conducted and tested in an in-situ / 
in-vivo environment will be needed to get a 
clearer view of the virus-host interaction and 
may provide a better understanding of its 
mechanism of action.

These viruses have been shown to have the 
capability to invade the CNS which was 
confirmed by examining the CSF samples 
collected from patients affected with SARS-CoV 
and MERS-CoV. Besides that, the SARS-CoV virus 
antigen were found mainly in bulb olfactory, 
piriform, basal ganglia, midbrain and other 
regions of infected patients suspecting that 
direct inoculation of the olfactory bulb through 
the cribriform plate may be one mechanism for 
the intrusion of the virus into the CNS7. 
Concerning the before mentioned similarities 
existing between SARS-CoV-2 and other beta 
coronaviruses, it is not an unexpected fact that 
patients with SARS-COV-2 show neurological 
symptoms and complications. Many patients 
with the novel coronavirus have reported a wide 
range of neurological symptoms ranging from 
mild and indirect symptoms such as anosmia, 
hyposmia, headache, nausea, vomiting, fatigue, 
myalgia, and irregular mobility to more serious 
symptoms such as meningitis, encephalitis, 
cerebral hemorrhage. and other neurological 
problems. In addition to the olfactory pathway, it 
has been shown that SARS-CoV-2 couldinvade 
the CNS either via hematogenic, retrograde, or 
through anterograde neuronal transport1.

Understanding neuroinvasion mechanisms of 
the virus can help researchers identify 
disease-related outcomes in the best way 
possible by prioritizing the best diagnostic 
criteria and working to improve the 
management and treatment of the disease. In 
this review article, we summarize the potential 
SARS-CoV-2 infiltration leading to the 
symptoms of SARS-COV-2 infection in the CNS 
and the Peripheral Nervous System (PNS) which 
further illuminates viral neuropathology and 
other viral effects. nervous and nervous 
disorders.

The Possible Entrance Mechanisms 
Of Sars-Cov-2 Into The Nervous 
System And Its Neuropathology
Even though there exist several proposed ways 
SARS-CoV-2 is integrated into the nervous 
system, the exact mechanism of its neural 
infiltration has not yet been elucidated. The virus 
can directly attack nerve tissue based on its 
exposure to CSF and brain tissue. SARS-CoV-2 
can also spread through the bloodstream to 
conquer various organs. Patients with 
SARS-CoV-2 syndrome are exposed to the pres-
ence of the virus in the CSF, the virus happens to 
gain access into the CNS via the olfactory path-
way by infecting the olfactory receptor neurons 
(ORNs) or non-neural cells with the help of both 
ACE2 receptor and spike protein protease 

TMPRSS2 (Trans Membrane Protease, Serine 2), 
which are also required for SARS-CoV-2 infiltra-
tion16,17. It is seen that the ACE2 and TMPRSS2 
receptors involved in the transmission route are 
strongly expressed in the olfactory mucosa of 
humans and mice, and their expression 
increases with age in the mouse model18. 

Various studies and reports have shown that the 
mechanism of infection is based on ACE2, which 
functions as a functional receptor for 
SARS-CoV-2. Viral spike proteins interact with 
ACE 2 receptors expressed in brain neurons and 
glial cells, making the brain susceptible to nerve 
infiltration. After binding to the ACE 2 receptor, 
TMPRSS2 causes proteolytic cleavage and prim-
ing of the spike protein, allowing the virus to 
invade the host cell and causing a variety of 
neurological complications19.Li et al., stated that 
the pathways associated with viral entry into the 
brain may be primarily related to specific trans-
duction pathways and the presence of recep-
tors in viral cells. The vascular pathway to the 
brain is theoretically fast, but only if the disease 
has progressed to some extent and the 
blood-brain barrier (BBB) has become inactive. 
In addition, the delineating neuronal pathways 
in peripheral neural pathways is slow. However, 
the olfactory epithelium is characterized by the 
presence of sensory neurons. SARS-CoV-2 can 
enter sensory neurons and replicate quickly. In 
addition, previous research suggests that CoVs 
may first attack the peripheral nerve terminals 
and then enter the brain by means of transmis-
sion of a nerve impulse across a synapse. 
Because the olfactory nerve is physically close 
to the center, the sensory pathway may prove to 
be one of the major mechanisms by which the 
virus invades the brain during the early onset of 
infection20.

These viruses also infect BBB endothelial cells 
and invade nervous tissue by breaking the 
blood cerebrospinal fluid barrier or by using 
leukocytes as a vector for distribution in the 
CNS21. The role of brain professional phagocytes, 
especially microglia act as  BBB's first line of 
defense to contain the virus and prevent access 
to nervous tissue, but this phenomenon needs 
further investigation in patients diagnosed with 
SARS-COV-2 as to find out what exactly hap-
pens and how the virus crosses the BBB. On 
collecting clinical findings, inflammation of the 
blood vessels as a major cause of acquired 
syndrome known as SARS-CoV-2-related coag-
ulopathy which is a multifactorial condition with 
the involvement of veins, arteries, and the 
microcirculatory system, and others and 
distinct from other viral illnesses and was 
recently suggested that particles of of 

Neurological Manifestations Of 
Patients With Sars-Cov-2 Infection

SARS-CoV-2 is known to bind to ACE2. ACE2 is 
upregulated in the human cerebrovascular 
system in cases of hypertension and dementia. 
Endothelial cells of the brain exhibit a marked 
pro-inflammatory response when exposed to 
various SARS-CoV-2 peplomer subunits. BBB 
function is adversely affected by the 
SARS-CoV-2 spike protein subunit. Mechanisti-
cally, barrier disruption can be explained by the 
induction of members of the matrix metallopro-
teinase (MMP) protein family. An analysis 
conducted by Buzhdygan et al., provides 
evidence that the SARS-CoV -2 spike protein 
directly affects the barrier function of BBB, allow-
ing deeper insight into the neuropathology 

associated with SARS-COV-2. It has also been 
found that SARS-CoV-2 can induce microclot 
formation in blood vessels of peripheral tissues 
and blood vessels of CNS34. Given the previous 
evidence of possible SARS-CoV invasion into the 
central nervous system and the fact that 
SARS-CoV-2 has genetic similarities to it, the 
neurological complications that may result 
from SARS-CoV2 infection should be taken into 
consideration.The mode of infection for both 
viruses is found to be via ACE 2 receptors to gain 
access inside the cells. Till date, there have been 
various neurological complications reported in 
patients all around the world. Some being mild, 
some moderate and some being very severe. 
Summary of various studies on neurological 
manifestations in coronavirus disease 2019 
(COVID-19) patients are enlisted in Table-1.
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capability to invade the CNS which was 
confirmed by examining the CSF samples 
collected from patients affected with SARS-CoV 
and MERS-CoV. Besides that, the SARS-CoV virus 
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regions of infected patients suspecting that 
direct inoculation of the olfactory bulb through 
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hyposmia, headache, nausea, vomiting, fatigue, 
myalgia, and irregular mobility to more serious 
symptoms such as meningitis, encephalitis, 
cerebral hemorrhage. and other neurological 
problems. In addition to the olfactory pathway, it 
has been shown that SARS-CoV-2 couldinvade 
the CNS either via hematogenic, retrograde, or 
through anterograde neuronal transport1.

Understanding neuroinvasion mechanisms of 
the virus can help researchers identify 
disease-related outcomes in the best way 
possible by prioritizing the best diagnostic 
criteria and working to improve the 
management and treatment of the disease. In 
this review article, we summarize the potential 
SARS-CoV-2 infiltration leading to the 
symptoms of SARS-COV-2 infection in the CNS 
and the Peripheral Nervous System (PNS) which 
further illuminates viral neuropathology and 
other viral effects. nervous and nervous 
disorders.

The Possible Entrance Mechanisms 
Of Sars-Cov-2 Into The Nervous 
System And Its Neuropathology
Even though there exist several proposed ways 
SARS-CoV-2 is integrated into the nervous 
system, the exact mechanism of its neural 
infiltration has not yet been elucidated. The virus 
can directly attack nerve tissue based on its 
exposure to CSF and brain tissue. SARS-CoV-2 
can also spread through the bloodstream to 
conquer various organs. Patients with 
SARS-CoV-2 syndrome are exposed to the pres-
ence of the virus in the CSF, the virus happens to 
gain access into the CNS via the olfactory path-
way by infecting the olfactory receptor neurons 
(ORNs) or non-neural cells with the help of both 
ACE2 receptor and spike protein protease 

TMPRSS2 (Trans Membrane Protease, Serine 2), 
which are also required for SARS-CoV-2 infiltra-
tion16,17. It is seen that the ACE2 and TMPRSS2 
receptors involved in the transmission route are 
strongly expressed in the olfactory mucosa of 
humans and mice, and their expression 
increases with age in the mouse model18. 

Various studies and reports have shown that the 
mechanism of infection is based on ACE2, which 
functions as a functional receptor for 
SARS-CoV-2. Viral spike proteins interact with 
ACE 2 receptors expressed in brain neurons and 
glial cells, making the brain susceptible to nerve 
infiltration. After binding to the ACE 2 receptor, 
TMPRSS2 causes proteolytic cleavage and prim-
ing of the spike protein, allowing the virus to 
invade the host cell and causing a variety of 
neurological complications19.Li et al., stated that 
the pathways associated with viral entry into the 
brain may be primarily related to specific trans-
duction pathways and the presence of recep-
tors in viral cells. The vascular pathway to the 
brain is theoretically fast, but only if the disease 
has progressed to some extent and the 
blood-brain barrier (BBB) has become inactive. 
In addition, the delineating neuronal pathways 
in peripheral neural pathways is slow. However, 
the olfactory epithelium is characterized by the 
presence of sensory neurons. SARS-CoV-2 can 
enter sensory neurons and replicate quickly. In 
addition, previous research suggests that CoVs 
may first attack the peripheral nerve terminals 
and then enter the brain by means of transmis-
sion of a nerve impulse across a synapse. 
Because the olfactory nerve is physically close 
to the center, the sensory pathway may prove to 
be one of the major mechanisms by which the 
virus invades the brain during the early onset of 
infection20.

These viruses also infect BBB endothelial cells 
and invade nervous tissue by breaking the 
blood cerebrospinal fluid barrier or by using 
leukocytes as a vector for distribution in the 
CNS21. The role of brain professional phagocytes, 
especially microglia act as  BBB's first line of 
defense to contain the virus and prevent access 
to nervous tissue, but this phenomenon needs 
further investigation in patients diagnosed with 
SARS-COV-2 as to find out what exactly hap-
pens and how the virus crosses the BBB. On 
collecting clinical findings, inflammation of the 
blood vessels as a major cause of acquired 
syndrome known as SARS-CoV-2-related coag-
ulopathy which is a multifactorial condition with 
the involvement of veins, arteries, and the 
microcirculatory system, and others and 
distinct from other viral illnesses and was 
recently suggested that particles of of 

Neurological Manifestations Of 
Patients With Sars-Cov-2 Infection

SARS-CoV-2 is known to bind to ACE2. ACE2 is 
upregulated in the human cerebrovascular 
system in cases of hypertension and dementia. 
Endothelial cells of the brain exhibit a marked 
pro-inflammatory response when exposed to 
various SARS-CoV-2 peplomer subunits. BBB 
function is adversely affected by the 
SARS-CoV-2 spike protein subunit. Mechanisti-
cally, barrier disruption can be explained by the 
induction of members of the matrix metallopro-
teinase (MMP) protein family. An analysis 
conducted by Buzhdygan et al., provides 
evidence that the SARS-CoV -2 spike protein 
directly affects the barrier function of BBB, allow-
ing deeper insight into the neuropathology 

associated with SARS-COV-2. It has also been 
found that SARS-CoV-2 can induce microclot 
formation in blood vessels of peripheral tissues 
and blood vessels of CNS34. Given the previous 
evidence of possible SARS-CoV invasion into the 
central nervous system and the fact that 
SARS-CoV-2 has genetic similarities to it, the 
neurological complications that may result 
from SARS-CoV2 infection should be taken into 
consideration.The mode of infection for both 
viruses is found to be via ACE 2 receptors to gain 
access inside the cells. Till date, there have been 
various neurological complications reported in 
patients all around the world. Some being mild, 
some moderate and some being very severe. 
Summary of various studies on neurological 
manifestations in coronavirus disease 2019 
(COVID-19) patients are enlisted in Table-1.
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SARS-CoV-2 virus also infect endothelial cells22. 
ACE2 protein has been observed in human brain 
vessels, a finding recently attributed to expres-
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vascular wall, but not in the endothelium lining 
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SARS-CoV-2 virus could easily spread to the 
medullary cardiorespiratory centre in the. brain-
stem via chemoreceptors and mechanore-
ceptors of the lung, as observed in several other 
respiratory viruses. Suggests. This increases the 

likelihood of a neurological mechanism of 
respiratory failure in some SARS-COV-2-infect-
ed patients. ACE2 receptors are found in the 
alveolar epithelium of the lungs, but the mecha-
nism by which the virus migrates from the lungs 
to the nervous system remains unclear. The 
detection of SARS-CoV-2 by CSF or brain biopsy 
further reveals this potential pathway. In addi-
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hypoxia-related damage28.
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26. Concerning the existing evidence of 
neurotropism of SARS and MERS and other β
CoVs31,26, and based on current evidence of the 
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in-vivo environment will be needed to get a 
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These viruses have been shown to have the 
capability to invade the CNS which was 
confirmed by examining the CSF samples 
collected from patients affected with SARS-CoV 
and MERS-CoV. Besides that, the SARS-CoV virus 
antigen were found mainly in bulb olfactory, 
piriform, basal ganglia, midbrain and other 
regions of infected patients suspecting that 
direct inoculation of the olfactory bulb through 
the cribriform plate may be one mechanism for 
the intrusion of the virus into the CNS7. 
Concerning the before mentioned similarities 
existing between SARS-CoV-2 and other beta 
coronaviruses, it is not an unexpected fact that 
patients with SARS-COV-2 show neurological 
symptoms and complications. Many patients 
with the novel coronavirus have reported a wide 
range of neurological symptoms ranging from 
mild and indirect symptoms such as anosmia, 
hyposmia, headache, nausea, vomiting, fatigue, 
myalgia, and irregular mobility to more serious 
symptoms such as meningitis, encephalitis, 
cerebral hemorrhage. and other neurological 
problems. In addition to the olfactory pathway, it 
has been shown that SARS-CoV-2 couldinvade 
the CNS either via hematogenic, retrograde, or 
through anterograde neuronal transport1.

Understanding neuroinvasion mechanisms of 
the virus can help researchers identify 
disease-related outcomes in the best way 
possible by prioritizing the best diagnostic 
criteria and working to improve the 
management and treatment of the disease. In 
this review article, we summarize the potential 
SARS-CoV-2 infiltration leading to the 
symptoms of SARS-COV-2 infection in the CNS 
and the Peripheral Nervous System (PNS) which 
further illuminates viral neuropathology and 
other viral effects. nervous and nervous 
disorders.

The Possible Entrance Mechanisms 
Of Sars-Cov-2 Into The Nervous 
System And Its Neuropathology
Even though there exist several proposed ways 
SARS-CoV-2 is integrated into the nervous 
system, the exact mechanism of its neural 
infiltration has not yet been elucidated. The virus 
can directly attack nerve tissue based on its 
exposure to CSF and brain tissue. SARS-CoV-2 
can also spread through the bloodstream to 
conquer various organs. Patients with 
SARS-CoV-2 syndrome are exposed to the pres-
ence of the virus in the CSF, the virus happens to 
gain access into the CNS via the olfactory path-
way by infecting the olfactory receptor neurons 
(ORNs) or non-neural cells with the help of both 
ACE2 receptor and spike protein protease 

TMPRSS2 (Trans Membrane Protease, Serine 2), 
which are also required for SARS-CoV-2 infiltra-
tion16,17. It is seen that the ACE2 and TMPRSS2 
receptors involved in the transmission route are 
strongly expressed in the olfactory mucosa of 
humans and mice, and their expression 
increases with age in the mouse model18. 

Various studies and reports have shown that the 
mechanism of infection is based on ACE2, which 
functions as a functional receptor for 
SARS-CoV-2. Viral spike proteins interact with 
ACE 2 receptors expressed in brain neurons and 
glial cells, making the brain susceptible to nerve 
infiltration. After binding to the ACE 2 receptor, 
TMPRSS2 causes proteolytic cleavage and prim-
ing of the spike protein, allowing the virus to 
invade the host cell and causing a variety of 
neurological complications19.Li et al., stated that 
the pathways associated with viral entry into the 
brain may be primarily related to specific trans-
duction pathways and the presence of recep-
tors in viral cells. The vascular pathway to the 
brain is theoretically fast, but only if the disease 
has progressed to some extent and the 
blood-brain barrier (BBB) has become inactive. 
In addition, the delineating neuronal pathways 
in peripheral neural pathways is slow. However, 
the olfactory epithelium is characterized by the 
presence of sensory neurons. SARS-CoV-2 can 
enter sensory neurons and replicate quickly. In 
addition, previous research suggests that CoVs 
may first attack the peripheral nerve terminals 
and then enter the brain by means of transmis-
sion of a nerve impulse across a synapse. 
Because the olfactory nerve is physically close 
to the center, the sensory pathway may prove to 
be one of the major mechanisms by which the 
virus invades the brain during the early onset of 
infection20.

These viruses also infect BBB endothelial cells 
and invade nervous tissue by breaking the 
blood cerebrospinal fluid barrier or by using 
leukocytes as a vector for distribution in the 
CNS21. The role of brain professional phagocytes, 
especially microglia act as  BBB's first line of 
defense to contain the virus and prevent access 
to nervous tissue, but this phenomenon needs 
further investigation in patients diagnosed with 
SARS-COV-2 as to find out what exactly hap-
pens and how the virus crosses the BBB. On 
collecting clinical findings, inflammation of the 
blood vessels as a major cause of acquired 
syndrome known as SARS-CoV-2-related coag-
ulopathy which is a multifactorial condition with 
the involvement of veins, arteries, and the 
microcirculatory system, and others and 
distinct from other viral illnesses and was 
recently suggested that particles of of 
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SARS-CoV-2 is known to bind to ACE2. ACE2 is 
upregulated in the human cerebrovascular 
system in cases of hypertension and dementia. 
Endothelial cells of the brain exhibit a marked 
pro-inflammatory response when exposed to 
various SARS-CoV-2 peplomer subunits. BBB 
function is adversely affected by the 
SARS-CoV-2 spike protein subunit. Mechanisti-
cally, barrier disruption can be explained by the 
induction of members of the matrix metallopro-
teinase (MMP) protein family. An analysis 
conducted by Buzhdygan et al., provides 
evidence that the SARS-CoV -2 spike protein 
directly affects the barrier function of BBB, allow-
ing deeper insight into the neuropathology 

associated with SARS-COV-2. It has also been 
found that SARS-CoV-2 can induce microclot 
formation in blood vessels of peripheral tissues 
and blood vessels of CNS34. Given the previous 
evidence of possible SARS-CoV invasion into the 
central nervous system and the fact that 
SARS-CoV-2 has genetic similarities to it, the 
neurological complications that may result 
from SARS-CoV2 infection should be taken into 
consideration.The mode of infection for both 
viruses is found to be via ACE 2 receptors to gain 
access inside the cells. Till date, there have been 
various neurological complications reported in 
patients all around the world. Some being mild, 
some moderate and some being very severe. 
Summary of various studies on neurological 
manifestations in coronavirus disease 2019 
(COVID-19) patients are enlisted in Table-1.

 Fig.2. - Possible mechanisms of neuroinvasion by SARS-CoV-2 and its resulting neurological 
manifestations (Created with biorender.com).
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NEUROINVASION
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   FLUID

CYTOKINE STORM

NEURO-INFLAMMATION

VIRUSES GAIN ACCESS INTO
THE CNS BY INFECTING THE
ENDOTHELIAL CELLS OF THE

BLOOD-BRAIN BARRIER (BBB)

POSSIBLE MECHANISMS OF SARS-CoV-2 NEUROINVASION AND ITS
CONSEQUENCES

NEUROLOGICAL CONSEQUENCES OF COVID-19

PROBLEMS AFFECTING THE SENSES (PNS)
1.ANOSMIA
2.AGEUSIA
MANIFESTATIONS AFFECTING THE CNS
3.HEADACHE
4.DIZZINESS
5.INSOMNIA
6. ENCEPHALITIS
7.MENINGITIS
8. MENINGOENCEPHALITIS
9. ATAXIA

10. MYELITS
11. BRAINSTEM ENCEPHALITS
12.ENCEPHALOPATHY
OTHER MAINFESTATIONS AFFECTING THE PNS
13.LOSS OF VISION
14.MYAGLIA
15. GUILLAIN-BARRE SYNDROME
16. MILLER FISHER SYNDROME
17. NEURAGLIA
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strate the neuroinfiltration properties of 
SARS-CoV-2. Studies conducted mainly using 
animal models and brain tissue can provide a 
better understanding of the modus operandi of 
the virus and the various mechanistic pathways 
that can be followed for the infection that can 
cause neuroinflammation and                                                 
neurodegeneration.
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Another potential neurological problem is 
Multiple Sclerosis (MS). Given the strong link 
between SARS-CoV and the high risk of 
developing multiple sclerosis 57, this condition 
may also pose a threat to the current COVID-19. 
Although the risk of death/illness in MS patients 
with COVID-19 treated with Disease-Modifying 
Therapies (DMTs), is probably very low. Besides, 
the administration of immunosuppressants in 
these patients could lead to limited lung 
capacity to increase the risk of COVID-19 
pneumonia 58, thereby increasing the DMT for 
COVID-infected MS patients. Besides, a major 
complication of COVID-19 infection may arise 
from an overdose of the virus 59. It is thought 
that moderate immunosuppression treatment 
taken by MS patients may increase the risk of 
severe COVID-19 complications 60. In this line, 
many more trials are being done and more is 
yet to be studied to test the effectiveness of 
these antibodies in the immune response to the 
virus 61, 62.Autopsystudies in which coronavi-
rus-like molecules and molecules such as 
murine neurotropic coronaviruses have been 
detected in brain tissues obtained from MS 
patients which is an indication of a CNS 
infection. Besides, HCoV RNA and coronavirus 
antigens have been found in the brain 63 and 
cerebrospinal fluid of MS and other neurological 
patients 64, 21. Most importantly, a recent study 
in Germany showed that SARS-CoV-2 RNA can 
be found in brain biopsies in 36.4% (8/22) of 
COVID-19 fatal cases65, demonstrating the 
potential for viral infections in the human brain. 
To date, there is no experimental evidence for 
SARS-CoV-2 infection in the CNS.

In addition to severe neurological conditions, 
there have been many reported cases of 
neuropsychiatric and psychiatric disorders 
associated with COVID-19, although such pres-
entation may replicate the broader social and 
economic effects of this pandemic on mental 
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strate the neuroinfiltration properties of 
SARS-CoV-2. Studies conducted mainly using 
animal models and brain tissue can provide a 
better understanding of the modus operandi of 
the virus and the various mechanistic pathways 
that can be followed for the infection that can 
cause neuroinflammation and                                                 
neurodegeneration.
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strate the neuroinfiltration properties of 
SARS-CoV-2. Studies conducted mainly using 
animal models and brain tissue can provide a 
better understanding of the modus operandi of 
the virus and the various mechanistic pathways 
that can be followed for the infection that can 
cause neuroinflammation and                                                 
neurodegeneration.
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strate the neuroinfiltration properties of 
SARS-CoV-2. Studies conducted mainly using 
animal models and brain tissue can provide a 
better understanding of the modus operandi of 
the virus and the various mechanistic pathways 
that can be followed for the infection that can 
cause neuroinflammation and                                                 
neurodegeneration.
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strate the neuroinfiltration properties of 
SARS-CoV-2. Studies conducted mainly using 
animal models and brain tissue can provide a 
better understanding of the modus operandi of 
the virus and the various mechanistic pathways 
that can be followed for the infection that can 
cause neuroinflammation and                                                 
neurodegeneration.

Authors’ Contribution
All authors contributed equally to the drafting 
and editing of the final manuscript.

Conflict of Interest: The authors declare 
that the research was conducted in the 
absence of any financial relationships that 
could be construed as a potential conflict of 
interest.

Source of funding: Nil

References
1. Yavarpour-Bali, H. and Ghasemi-Kasman, M., 

Update on neurological manifestations of 
COVID-19 Life sciences 2020; p.118063.

2. WHO, 2021 (https://covid19.who.int)

3. Huang Y, Yang C, Xu X, Xu W, Liu S. Structural 
and functional properties of SARS-CoV-2 
spike protein: potential antivirus drug devel-
opment for COVID-19. Acta Pharmacologica 
Sinica [Internet]. 2020 Aug 3;41(9):1141–9. 

4. Zhang B-Z, Chu H, Han S, Shuai H, Deng J, Hu 
Y, et al. SARS-CoV-2 infects human neural 
progenitor cells and brain organoids. Cell 
Research. 2020 Aug 4;30(10):928–31.

5. Romero-Sánchez CM, Díaz-Maroto I, Fernán-
dez-Díaz E, Sánchez-Larsen Á, Layos-Romero 
A, García-García J, et al. Neurologic manifes-
tations in hospitalized patients with COV-
ID-19: The ALBACOVID registry. Neurology 
[Internet]. 2020 Jun 1 [cited 2020 Jun 
22];10.1212/WNL.0000000000009937. 

6.  Mousavizadeh L, Ghasemi S. Genotype and 
phenotype of COVID-19: Their roles in patho-
genesis. Journal of Microbiology, Immunolo-
gy and Infection. 2020 Mar;54(2).

7. Nordvig AS, Fong KT, Willey JZ, Thakur KT, 
Boehme AK, Vargas WS, et al. Potential 
Neurologic Manifestations of COVID-19. 
Neurology: Clinical Practice. 2020 Jun 
30;11(2):e135–46.

8. Song Z, Xu Y, Bao L, Zhang L, Yu P, Qu Y, et al. 
From SARS to MERS, Thrusting Coronaviruses 
into the Spotlight. Viruses [Internet]. 2019 Jan 
14 [cited 2019 Sep 3];11(1):59. Available from: 
https://www.md-
pi.com/1999-4915/11/1/59/htm

Another potential neurological problem is 
Multiple Sclerosis (MS). Given the strong link 
between SARS-CoV and the high risk of 
developing multiple sclerosis 57, this condition 
may also pose a threat to the current COVID-19. 
Although the risk of death/illness in MS patients 
with COVID-19 treated with Disease-Modifying 
Therapies (DMTs), is probably very low. Besides, 
the administration of immunosuppressants in 
these patients could lead to limited lung 
capacity to increase the risk of COVID-19 
pneumonia 58, thereby increasing the DMT for 
COVID-infected MS patients. Besides, a major 
complication of COVID-19 infection may arise 
from an overdose of the virus 59. It is thought 
that moderate immunosuppression treatment 
taken by MS patients may increase the risk of 
severe COVID-19 complications 60. In this line, 
many more trials are being done and more is 
yet to be studied to test the effectiveness of 
these antibodies in the immune response to the 
virus 61, 62.Autopsystudies in which coronavi-
rus-like molecules and molecules such as 
murine neurotropic coronaviruses have been 
detected in brain tissues obtained from MS 
patients which is an indication of a CNS 
infection. Besides, HCoV RNA and coronavirus 
antigens have been found in the brain 63 and 
cerebrospinal fluid of MS and other neurological 
patients 64, 21. Most importantly, a recent study 
in Germany showed that SARS-CoV-2 RNA can 
be found in brain biopsies in 36.4% (8/22) of 
COVID-19 fatal cases65, demonstrating the 
potential for viral infections in the human brain. 
To date, there is no experimental evidence for 
SARS-CoV-2 infection in the CNS.

In addition to severe neurological conditions, 
there have been many reported cases of 
neuropsychiatric and psychiatric disorders 
associated with COVID-19, although such pres-
entation may replicate the broader social and 
economic effects of this pandemic on mental 
health. Depression, anxiety, and traumatic 
symptoms have been associated with CoV 
outbreaks, but it is still unclear whether the risks 
are due to the virus itself or the host-viral 
response. Studies of health care workers during 
the SARS-CoV-1 pandemic, the MERS-CoV 
outbreak, and the current SARS-CoV-2 epidem-
ic suggest that the frequency and severity of 
psychiatric symptoms are associated with 
proximity to CoV-infected patients 66, 67.Neu-
ropsychiatric effects that appear as a sequence 
of brain injury or disease can be exacerbated by 
direct effects of CNS infection or indirectly 
through physical or therapeutic response. A 
systematic review and meta-analysis conduct-
ed by Rogers et al., on the neuropsychiatric 
demonstration of SARS and MERS CoV, revealed 

that during acute illness, common psychologi-
cal symptoms such as insomnia 41.9%, anxiety 
(35.7%), impaired memory (34.1%), feelings of 
depression (32.6%) and followed by confusion 
(27.9%) were reported 68. A retrospective study 
of 13,783 records from patient management 
revealed that it was linked to an increase in the 
incidence of the first episode of schizophrenia 
with a change in age at onset.

69.With similar findings from the outbreak of 
SARS-CoV and MERS, not all patients diagnosed 
with SARS-CoV-2 infection have regained 100% 
of their original emotional and neurocognitive 
function. A follow-up study of neuropsychiatric 
sequelae 31-50 months after severe SARS-CoV 
infection found evidence of post-traumatic 
stress disorder (39%), depression (36.4%), 
severe psychiatric disorders (15.6%), and anxiety 
disorders (15.6 %) 67.Though there are only a 
limited number of SARS-CoV-2 studies on its 
neurotrophic effects, available evidence strong-
ly suggests a diminished effect on CNS, and also 
the presence of a novel coronavirus in the brain 
can also be seen in psychiatric conditions. 
SARS-CoV-2 has been reported to be able to 
cross the blood-brain barrier and reach the 
brain via the olfactory bulb. The virus has been 
shown to interact with the ACE2 receptor, but the 
exact mechanism underlying its adverse effects 
on CNS is unknown.

Conclusion
COVID-19 is expected to affect a very high 
proportion of the world's population, setting it 
apart from other viruses in terms of mortality 
and infection rates. However, the neurological 
and neuropsychiatric burden of this pandemic 
can be significant. Although the number of 
patients with vascular symptoms is small com-
pared to respiratory problems, reports indicate 
that SARS-CoV-2 has organotropism beyond 
the respiratory tract, including the brain, and it is 
thought that organotropism contributes to the 
course of COVID-19 disease and, possibly 
strengthens the existing conditions. Careful 
clinical, diagnostic, and pathological studies are 
needed to explain neurological symptoms and 
burden. The neurological symptoms of the early 
stages of COVID-19 infection are often unspeci-
fied, increasing the risk of developing the 
disease or making a late diagnosis. Due to the 
adverse effects of COVID-19 at the CNS, PNS and 
neuropsychiatric levels, more research is 
needed to determine the long-term effects of 
SARS-CoV-2 on the active nervous system, and 
light on the specific mechanism of its neural 
infiltration. Also, to detect the neuroinvasive 
characteristic of SARS-CoV-2, in vitro and in vivo 
studies should also be performed to demon-

9. Adhikari SP, Meng S, Wu Y-J, Mao Y-P, Ye R-X, 
Wang Q-Z, et al. Epidemiology, causes, 
clinical manifestation and diagnosis, preven-
tion and control of coronavirus disease 
(COVID-19) during the early outbreak period: 
a scoping review. Infectious Diseases of 
Poverty. 2020 Mar 17;9(1).

10. Zhang AJ, Lee AC-Y, Chu H, Chan JF-W, Fan Z, 
Li C, et al. Severe Acute Respiratory Syndrome 
Coronavirus 2 Infects and Damages the 
Mature and Immature Olfactory Sensory 
Neurons of Hamsters. Clinical Infectious 
Diseases. 2020 Jul 15;73(2): e503–12.

11. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. 
Neurologic Manifestations of Hospitalized 
Patients With Coronavirus Disease 2019 in 
Wuhan, China. JAMA Neurology. 2020: 
77(6):683-690

12. Liu K, Pan M, Xiao Z, Xu X. Neurological mani-
festations of the coronavirus (SARS-CoV-2) 
pandemic 2019–2020. Journal of Neurology, 
Neurosurgery & Psychiatry [Internet]. 2020 
Jun 1 [cited 2021 Feb 26];91(6):669–70. 
Available from: https://jnnp.bmj.com/con-
tent/91/6/669

13. Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, 
et al. Coronavirus Disease 2019 (COVID-19): A 
Perspective from China. Radiology. 2020 Feb 
21;296(2):200490.

14. Fullard ME, Morley JF, Duda JE. Olfactory 
Dysfunction as an Early Biomarker in Parkin-
son’s Disease. Neuroscience Bulletin [Inter-
net]. 2017 Aug 22 [cited 2020 Nov 
30];33(5):515–25.

15. Kotecha A, Corrêa A, Fisher K, Rushworth J. 
Olfactory Dysfunction as a Global Biomarker 
for Sniffing out Alzheimer’s Disease: A 
Meta-Analysis. Biosensors. 2018 Apr 13;8(2):41.

16. Fodoulian L, Tuberosa J, Rossier D, Boillat M, 
Kan C, Pauli V, et al. SARS-CoV-2 Receptors 
and Entry Genes Are Expressed in the Human 
Olfactory Neuroepithelium and Brain. 
iScience. 2020 Dec;23(12):101839.

17. Brann DH, Tsukahara T, Weinreb C, Lipovsek 
M, Berge KV den, Gong B, et al. non-neuronal 
expression of SARS-CoV-2 entry genes in the 
olfactory system suggests mechanisms 
underlying COVID-19-associated anosmia. 
Science Advances [Internet]. 2020 Jul 31 
[cited 2020 Sep 23];6(31): eabc5801. Available 
from: https://advances.sciencemag.org/-
content/6/31/eabc5801

18. Butowt R, Bilinska K. SARS-CoV-2: Olfaction, 
Brain Infection, and the Urgent Need for 
Clinical Samples Allowing Earlier Virus 
Detection. ACS Chemical Neuroscience 
[Internet]. 2020 Apr 13.

19. Harapan BN, Yoo HJ. Neurological symptoms, 
manifestations, and complications associat-
ed with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and coronavirus 
disease 19 (COVID-19). Journal of Neurology. 
2021;268(9):3059-3071.

20. Li Z, Liu T, Yang N, Han D, Mi X, Li Y, et al. 
Neurological manifestations of patients with 
COVID-19: potential routes of SARS-CoV-2 
neuroinvasion from the periphery to the 
brain. Frontiers of Medicine [Internet]. 2020 
May 4 [cited 2020 May 13]; Available from: 
https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC7197033/pd-
f/11684_2020_Article_786.pdf

21. Yachou Y, El Idrissi A, Belapasov V, Ait Benali S. 
Neuroinvasion, neurotropic, and neuroin-
flammatory events of SARS-CoV-2: under-
standing the neurological manifestations in 
COVID-19 patients. Neurological Sciences. 
2020 Jul 28;41(10):2657–69.

22. Becker RC. COVID-19 update: Covid-19-asso-
ciated coagulopathy. Journal of Thrombosis 
and Thrombolysis. 2020;50(1): 54-67.

23. Iadecola C, Anrather J, Kamel H. Effects of 
COVID-19 on the nervous system. Cell. 
2020;183(1):16-27.e1.

24. Huertas A, Montani D, Savale L, Pichon J, Tu L, 
Parent F, et al. Endothelial cell dysfunction: a 
major player in SARS-CoV-2 infection (COV-
ID-19)? European Respiratory Journal [Inter-
net]. 2020 Jan 1 [cited 2021 Mar 29]; Available 
from: https://erj.ersjournals.com/con-
tent/ear-
ly/2020/06/11/13993003.01634-2020#:~:text=T
he%20expression%20of%20ACE2%20on

25. He L, Mäe MA, Muhl L, Sun Y, Pietilä R, Nahar K, 
et al. Pericyte-specific vascular expression of 
SARS-CoV-2 receptor ACE2 – implications for 
microvascular inflammation and hyperco-
agulopathy in COVID-19. 2020.

26. Netland J, Meyerholz DK, Moore S, Cassell M, 
Perlman S. Severe Acute Respiratory 
Syndrome Coronavirus Infection Causes 
Neuronal Death in the Absence of Encephali-
tis in Mice Transgenic for Human ACE2. 
Journal of Virology. 2008 May 
21;82(15):7264–75.

27. Coperchini F, Chiovato L, Croce L, Magri F, 
Rotondi M. The Cytokine storm in COVID-19: 
An overview of the involvement of the 
chemokine/chemokine-receptor system. 
Cytokine & Growth Factor Reviews. 2020; 
23(11):3036-7.

28. Rahman A, Niloofa R, De Zoysa IM, Cooray AD, 
Kariyawasam J, Seneviratne SL. Neurological 
manifestations in COVID-19: A narrative 
review. SAGE Open Medicine. 2020 Jan; 
8:205031212095792.

29. Whitcroft KL, Hummel T. Olfactory Dysfunction 
in COVID-19. JAMA. 2020 May 20

30. Andries K, Pensaert MB. Immunofluorescence 
studies on the pathogenesis of hemaggluti-
nating encephalomyelitis virus infection in 
pigs after oronasal inoculation. American 
journal of veterinary research [Internet]. 1980 
Sep 1 [cited 2021 Nov 26];41(9):1372–8. Availa-
ble from: https://europepmc.org/arti-
cle/med/6255837

31. Hao X, Lv Q, Li F, Xu Y, Gao H. The characteris-
tics of hDPP4 transgenic mice subjected to 
aerosol MERS coronavirus infection via an 
animal nose‐only exposure device. Animal 
Models and Experimental Medicine. 2019 Oct 
30;2(4):269–81.

32. Kumar A, Pareek V, Prasoon P, Faiq MA, Kumar 
P, Kumari C, et al. Possible routes of SARS‐-
CoV‐2 invasion in brain: In context of neuro-
logical symptoms in COVID‐19 patients. 
Journal of Neuroscience Research. 
2020;98(12):2376-2383.

33. Misra S, Kolappa K, Prasad M, Radhakrishnan 
D, Thakur KT, Solomon T, et al. Frequency of 
Neurologic Manifestations in COVID-19: A 
Systematic Review and Meta-analysis. 
Neurology. 2021 Oct 11;10.1212/ 
WNL.0000000000012930.

34. The SARS-CoV-2 spike protein alters barrier 
function in 2D static and 3D microfluidic 
in-vitro models of the human blood–brain 
barrier. Neurobiology of Disease. 2020 Dec 1; 
146:105131. 

35. Coolen T, Lolli V, Sadeghi N, Rovai A, Trotta N, 
Taccone FS, et al. Early postmortem brain MRI 
findings in COVID-19 non-survivors. Neurolo-
gy [Internet]. 2020 Oct 6; 95(14): e2016–27. 
Available from: https://pubmed.nc-
bi.nlm.nih.gov/32546654/

36. Rapalino O, Weerasekera A, Moum SJ, Eiker-
mann-Haerter K, Edlow BL, Fischer D, et al. 
Brain MR Spectroscopic Findings in 3 Con-
secutive Patients with COVID-19: Preliminary 
Observations. American Journal of Neurora-
diology. 2020 Oct 29;42(1):37–41.

37. Girardeau Y, Gallois Y, De Bonnecaze G, 
Escudé B, Lafont C, Chattelier G, et al. Con-
firmed central olfactory system lesions on 
brain MRI in COVID-19 patients with anosmia: 
a case-series. 2020.

38. Meppiel E, Peiffer-Smadja N, Maury A, Bekri I, 
Delorme C, Desestret V, et al. Neurological 
manifestations associated with COVID-19: a 
nationwide registry. 2020.

39. Lechien JR, Chiesa-Estomba CM, De Siati DR, 
Horoi M, Le Bon SD, Rodriguez A, et al. Olfacto-
ry and gustatory dysfunctions as a clinical 
presentation of mild-to-moderate forms of 
the coronavirus disease (COVID-19): a 
multicenter European study. European 
Archives of Oto-Rhino-Laryngology. 2020.

40. Franke C, Ferse C, Kreye J, Reincke SM, 
Sanchez-Sendin E, Rocco A, et al. High 
frequency of cerebrospinal fluid autoanti-
bodies in COVID-19 patients with neurological 
symptoms. Brain, Behavior, and Immunity. 
2021; 93:415–9.

41. Deinhardt-Emmer S, Wittschieber D, Sanft J, 
Kleemann S, Elschner S, Haupt KF, et al. Early 
postmortem mapping of SARS-CoV-2 RNA in 
patients with COVID-19 and the correlation 
with tissue damage. eLife. 2021; 30;10.

42. Yin R, Yang Z, Wei Y, Li Y, Chen H, Liu Z, et al. 
Clinical characteristics of 106 patients with 
neurological diseases and co-morbid 
coronavirus disease 2019: a retrospective 
study. 2020.

43. Henry-Feugeas M-C, Gaudemer A, Lescure X, 
Dossier A, Sonneville R, Ehmer C, et al. 
Covid-19 and dysregulated cerebral perfu-
sion: observations with multimodal MRI. 2020.

44. Moriguchi T, Harii N, Goto J, Harada D, Suga-
wara H, Takamino J, et al. A first Case of 
Meningitis/Encephalitis associated with 
SARS-Coronavirus-2. International Journal of 
Infectious Diseases. 2020.

45. Thu SS, Matin N, Levine SR. Olfactory gyrus 
intracerebral hemorrhage in a patient with 
COVID-19 infection. Journal of Clinical 
Neuroscience. 2020 Sep; 79:275–6.

46. Afshar H, Yassin Z, Kalantari S, Aloosh O, Lotfi 
T, Moghaddasi M, et al. Evolution and resolu-
tion of brain involvement associated with 
SARS- CoV2 infection: A close Clinical – 
Paraclinical follow up study of a case. 
Multiple Sclerosis and Related Disorders. 2020 
Aug; 43:102216.

47. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. 
Neurologic Manifestations of Hospitalized 
Patients With Coronavirus Disease 2019 in 
Wuhan, China. JAMA Neurology. 2020.

48. Fotuhi M, Mian A, Meysami S, Raji CA. Neurobi-
ology of COVID-19. Journal of Alzheimer’s 
Disease [Internet]. 2020 Jan 1 [cited 2020 Jun 
21]; Preprint (Preprint):1–17. 

49. Triarhou LC. Dopamine and Parkinson’s 
Disease [Internet]. Nih.gov. Landes Biosci-
ence; 2013. Available from: https://www.nc-
bi.nlm.nih.gov/books/NBK6271/

50. Helmich RC, Bloem BR. The Impact of the 
COVID-19 Pandemic on Parkinson’s Disease: 
Hidden Sorrows and Emerging Opportunities. 
Journal of Parkinson’s Disease. 2020 Apr 
3;10(2):351–4.

51. Zach H, Dirkx MF, Pasman JW, Bloem BR, 
Helmich RC. Cognitive Stress Reduces the 
Effect of Levodopa on Parkinson’s Resting 
Tremor. CNS Neuroscience & Therapeutics. 
2017 Jan 10;23(3):209–15.

52. Ehgoetz Martens KA, Hall JM, Georgiades MJ, 
Gilat M, Walton CC, Matar E, et al. The func-
tional network signature of heterogeneity in 
freezing of gait. Brain. 2018 Mar 
9;141(4):1145–60.

53. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et 
al. A crucial role of angiotensin converting 
enzyme 2 (ACE2) in SARS coronavirus–in-
duced lung injury. Nature Medicine [Internet]. 
2005 Jul 10 [cited 2020 Apr 19];11(8):875–9. 
Available from: https://dx.doi.org/10.1038%2F-
nm1267

54. Bone NB, Liu Z, Pittet J-F, Zmijewski JW. 
Frontline Science: D1 dopaminergic receptor 

signaling activates the AMPK-bioenergetic 
pathway in macrophages and alveolar 
epithelial cells and reduces endotoxin-in-
duced ALI. Journal of Leukocyte Biology. 2016 
Oct 12;101(2):357–65.

55. Nataf S. An alteration of the dopamine 
synthetic pathway is possibly involved in the 
pathophysiology of COVID-19. Journal of 
Medical Virology. 2020 Apr 8;

56. Cilia R, Bonvegna S, Straccia G, Andreasi NG, 
Elia AE, Romito LM, et al. Effects of COVID ‐19 
on Parkinson’s Disease Clinical Features: A 
Community‐Based Case‐Control Study. 
Movement Disorders. 2020 Jun 
11;35(8):1287–92.

57. Murray RS, Cai G-Y, Hoel K, Johnson S, Cabi-
rac GF. Coronaviruses and Multiple Sclerosis. 
Coronaviruses. 1994;353–7.

58. Baysal-Kirac L, Uysal H. COVID-19 associate 
neurological complications. Neurological 
Sciences and Neurophysiology. 2020;37(1):1.

59. Giovannoni G, Hawkes C, Lechner-Scott J, 
Levy M, Waubant E, Gold J. The COVID-19 
pandemic and the use of MS disease-modi-
fying therapies. Multiple Sclerosis and 
Related Disorders. 2020 Mar;102073.

60. Ramanathan K, Antognini D, Combes A, 
Paden M, Zakhary B, Ogino M, et al. Planning 
and provision of ECMO services for severe 
ARDS during the COVID-19 pandemic and 
other outbreaks of emerging infectious 
diseases. The Lancet Respiratory Medicine 
[Internet]. 2020 May 1 [cited 2020 Jun 
3];8(5):518–26. 

61. Barzegar M, Mirmosayyeb O, Nehzat N, Sarrafi 
R, Khorvash F, Maghzi A-H, et al. COVID-19 
infection in a patient with multiple sclerosis 
treated with fingolimod. Neurology - Neuro-
immunology Neuroinflammation. 2020 May 
5;7(4):e753.

62. Foerch C, Friedauer L, Bauer B, Wolf T, Adam EH. 
Severe COVID-19 infection in a patient with 
multiple sclerosis treated with fingolimod. 
Multiple Sclerosis and Related Disorders. 
2020;42:102180.

63. Sorensen O, Coulter-Mackie MB, Puchalski S, 
Dales S. In vivo and in vitro models of demyeli-
nating disease IX. Progression of JHM virus 
infection in the central nervous system of the 
rat during overt and asymptomatic phases. 
Virology. 1984 Sep;137(2):347–57.

64. Cristallo A, Gambaro F, Biamonti G, Ferrante P, 
Battaglia M, Cereda PM. Human coronavirus 
polyadenylated RNA sequences in cerebrospi-
nal fluid from multiple sclerosis patients :105-114 
[Internet]. New Microbiol.; 1997. Available from: 
https://pubmed.ncbi.nlm.nih.gov/9208420/

65. Puelles VG, Lütgehetmann M, Lindenmeyer MT, 
Sperhake JP, Wong MN, Allweiss L, et al. Multior-
gan and Renal Tropism of SARS-CoV-2. New 
England Journal of Medicine. 2020 Aug 
6;383(6):590–2.

66. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, et al. 
Factors Associated With Mental Health 
Outcomes Among Health Care Workers 
Exposed to Coronavirus Disease 2019. JAMA 
Network Open [Internet]. 2020 Mar 2 [cited 
2020 Mar 26];3(3):e203976–6. Available from: 
https://jamanetwork.com/journals/jamanet-
workopen/fullarticle/2763229

67. Troyer EA, Kohn JN, Hong S. Are we facing a 
crashing wave of neuropsychiatric sequelae 
of COVID-19? Neuropsychiatric symptoms 
and potential immunologic mechanisms. 
Brain, Behavior, and Immunity. 2020;87:34-39.

68. Rogers JP, Chesney E, Oliver D, Pollak TA, 
McGuire P, Fusar-Poli P, et al. Psychiatric and 
neuropsychiatric presentations associated 
with severe coronavirus infections: a system-
atic review and meta-analysis with compari-
son to the COVID-19 pandemic. The Lancet 
Psychiatry. 2020;7(7).

69. Hu W, Su L, Li D, Zhou Y, Zhu J. Risk of First-Epi-
sode Schizophrenia in Aged Adults Increased 

During COVID-19 Outbreak. International 
Journal of Mental Health and Addiction. 
2021;12; 1-11.

 How to cite this article: Amulya V, Prabhu D, 
Anandan B. Neurological consequences of 
SARS-COV-2 infection: A review. Chettinad 
Health City Medical Journal 2021; 10(4):
163-183

183


