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Neurological impacts of COVID-19
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COVID-19 is a pandemic respiratory disease caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which has infected more 
than 72 million people and claimed 1.6 million lives worldwide (15 Dec 2020). 
Recent studies suggest a neurotropic element of COVID-19 infections, as 
36.4% (78/214) of patients exhibit neurological abnormalities, including head-
ache, acute ischemic stroke, epilepsy, encephalitis, encephalopathy, ataxia, 
anosmia, ageusia, and acute disseminated encephalomyelitis [1,2] in addition 
to or in the absence of systemic and respiratory symptoms. SARS-CoV-2 in-
vades human cells via the Angiotensin-Converting Enzyme 2 (ACE2) recep-
tor and can replicate in neuronal cells in vitro [3,4] the viral uptake is further 
facilitated by a priming protease TMPRSS2. ACE2 is a cardio-cerebrovascular 
protection factor that regulates blood pressure and anti-atherosclerosis mech-
anisms [5]. Given that the SARS-CoV-2 spike protein binds to ACE2 expressed 
in the vascular endothelium, the virus may enter the Central Nervous Sys-
tem (CNS) by a hematogenous route. In addition, ACE2 is expressed in both 
neurons and glia in the brain, particularly in the brainstem and regions that 
regulate cardiovascular function. Thus, blockage of ACE2 by spike protein 
could lead to dysregulation of blood pressure and cerebrovascular function, 
astrogliosis, and microglia activation. SARS-CoV-2 may spread towards the 
CNS through neuronal dissemination, where the virus travels from peripheral 
nerves with retrograde or anterograde neuronal transport proteins. The olfac-
tory nerve functions as a gateway to the CNS in that it communicates with the 
nasal epithelium and the olfactory bulb. SARS-CoV-2 binds to ACE2 recep-
tors on sustentacular cells of the olfactory epithelium and potentially impairs 
the sense of smell in COVID-19 patients [6]. Alternatively, SARS-CoV-2 may 
enter the CNS through other trans-synaptic contacts, such as the trigeminal 
nerve, which possesses nociceptive neurons in the nasal cavity, or the sen-
sory fibers of the vagus nerve, which stems from the brainstem and innervates 
the respiratory tract. Certain neuronal damages may exacerbate or lead to 
cardio-respiratory failure. An important aspect of SARS-CoV-2 infection is that 
it triggers a cytokine storm with a massive release of pro-inflammatory sig-
nals and subsequent leakage of the blood brain barrier (BBB). The increased 
BBB permeability by destabilizing the tight junctions could further facilitate viral 
transmigration into the CNS. However, SARS-CoV-2 is largely undetected in 
the cerebrospinal fluid from patients with confirmed COVID-19 and neurologi-
cal conditions [7,8], which hints at a role of immune responses in neurological 
manifestations. Consistently, interleukin (IL)-6, an important member of the 
cytokine storm, positively correlates with the severity of COVID-19 symptoms 
[9]. Persistent neuroinflammation severely disturbs brain homeostasis, causes 
neuronal death, and may contribute to cognitive impairment as observed in 
COVID-19 patients. In theory, SARS-CoV-2 may also induce antibody produc-
tion through molecular mimicry to human proteins, leading to an enhanced 
autoimmune response [10]. Close examinations of SARS-CoV-2 viral involve-

ment in the nervous system will have wide implications on treatment as well as 
prediction of long-term effects on neurology. If a large number of patients have 
active viruses in their CNS, treatment should be designed to achieve better 
CNS penetrance and neuroinflammatory regulation. 

References

1.	 Mao L, Jin H, Wang M, Hu Y, et al. “Neurologic Manifestations of 
Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China”. 
JAMA Neurol 77 (2020): 683-690.

2.	 Niazkar HR, Zibaee B, Nasimi A, Bahri N. “The neurological manifestations 
of COVID-19: a review article”. Neurol Sci 41 (2020): 1667-1671.

3.	 Hoffmann M, Schroeder S, Kruger N, HerrlerT, et al. “SARS-CoV-2 Cell 
Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically 
Proven Protease Inhibitor.” Cell 181(2020): 271-280.

4.	 Chu H, Chan JF, Yuen TT, Shuai H, et al. “Comparative tropism, replication 
kinetics, and cell damage profiling of SARS-CoV-2 and SARS-CoV with 
implications for clinical manifestations, transmissibility, and laboratory 
studies of COVID-19: an observational study.” Lancet Microbe 1(2020): 
e14-e23.

5.	 Miller AJ, Arnold AC. “The renin-angiotensin system in cardiovascular 
autonomic control: recent developments and clinical implications.” Clin 
Auton Res 29 (2019): 231-243.

6.	 Bilinska K, Jakubowska P, Bartheld CSV, Butowt R. “Expression of the 
SARS-CoV-2 entry Proteins, ACE2 and TMPRSS2, in cells of the olfactory 
epithelium: Identification of cell types and trends with age.” ACS Chem 
Neurosci, 11 (2020): 1555-1562.

7.	 Lucchese G. “Cerebrospinal fluid findings in COVID-19 indicate 
autoimmunity. Lancet Microbe.” 1 (2020):  242.

8.	 Destras G, Bal A, Escuret V, Morfin F, et al. “Systematic SARS-CoV-2 
screening in cerebrospinal fluid during the COVID-19 pandemic.” Lancet 
Microbe 1 (2020): 149.

9.	 Zhang J, Hao YQ, Ou WL, Ming F, et al. “Serum interleukin-6 is an indicator 
for severity in 901 patients with SARS-CoV-2 infection: a cohort study.” J 
Transl Med 18 (2020).

10.	Weiler JL. “Pathogenic priming likely contributes to serious and critical 
illness and mortality in COVID-19 via autoimmunity.” J Transl Autoimmun 
3 (2020).

How to cite this article: Nan Zhang. “Neurological impacts of COVID-19” J Clin 
Neurol Neurosurg 4 (2021): 117

mailto:nzhang@houstonmethodist.org
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7149362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7149362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7149362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262683/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7262683/
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\0.1016\j.cell.2020.02.052
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\0.1016\j.cell.2020.02.052
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\0.1016\j.cell.2020.02.052
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30004-5/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30004-5/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30004-5/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30004-5/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30004-5/fulltext
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1007\s10286-018-0572-5
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1007\s10286-018-0572-5
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1007\s10286-018-0572-5
https://www.biorxiv.org/content/10.1101/2020.03.31.013268v2.full
https://www.biorxiv.org/content/10.1101/2020.03.31.013268v2.full
https://www.biorxiv.org/content/10.1101/2020.03.31.013268v2.full
https://www.biorxiv.org/content/10.1101/2020.03.31.013268v2.full
https://europepmc.org/article/med/32835345
https://europepmc.org/article/med/32835345
https://europepmc.org/article/med/32835345
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-020-02571-x
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-020-02571-x
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-020-02571-x
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1016\j.jtauto.2020.100051
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1016\j.jtauto.2020.100051
E:\Tushar Journals\JCNN\JCNN-Volume 4\JCNN-Vol4.1_W\JCNN-21-24486(117 pdf)\10.1016\j.jtauto.2020.100051


J Clin Neurol Neurosurg, Volume 4:1, 2021Zhang N, et al.

Page 2 of 2


