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Abstract. More studies have shown the neurological manifestations of the novel corona virus (COVID-19) 
and have inferred the molecular mechanism by which it invades the nervous system. The neurological 
aspect of the COVID-19 pandemic has been differently interpreted and dealt with in different parts of the 
world. To review the neurological manifestations and the neurovirulent mechanism by which CoV attacks 
the human nervous system and to examine different perspectives on this very same topic, the research on 
PubMed and ScienceDirect is conducted. The mechanisms that CoV enter and attack the nervous system 
and the subsequent neurologic manifestations have been proposed and now seems quite clear. However, 
more studies have to be done directly on the effect of COVID-19 on the CNS as well as the PNS. 

1 Introduction 

The novel COVID-19 was recognized as a pandemic by 
WHO in April 2020. As of July 2020, there have been 
approximately 16.3 million confirmed cases of the novel 
corona virus globally [1]. In fact, in the beginning of the 
21st century, there have been three major outbreaks of 
respiratory infections: the severe acute respiratory 
syndrome (SARS) that took place from 2002 to 2003 by 
SARS-CoV, the Middle East Respiratory Syndrome 
(MERS) by MERS-CoV, and the ongoing one caused by 
SARS-CoV2. All three CoV viruses firstly infect lower 
animals and then spread among human population. The 
pathophysiological symptoms that follows the infection 
include coughing, sore throat, muscle pain, etc. [2] 

Patients may show neurologic symptoms as well as a 
result of the viral infection. This includes a change in 
mental status, seizure, and confusion [3]. A considerable 
number of literature has shown some of the neurological 
manifestations of COVID-19, and common grounds have 
been established regarding the potential mechanisms that 
SARS-CoV2 may have played in invading, particularly, 
the central nervous system. Two major types of 
neurovirulent mechanisms will be discussed in this 
review. 

There are yet varying perspectives on the 
interpretation of the neurological complication of 
COVID-19 by SARS-CoV2, which will be compiled and 
discussed later. This article will provide another brief 
overview on the researches and reports that have been 
done regarding the neural manifestations and 
neuroinvasive mechanism of SARS-CoV2. In addition, 
the article will explain some of the differences in terms 
of interpretations across countries. 

2 Common grounds established: an 
overview 

The vast majority of the searched studies have an 
unanimous conclusion on the neurological symptoms of 
COVID-19 infection and the molecular neurovirulence of 
the corona viruses.The article presents a brief overview 
of both. 

2.1 Reported cases and neurological 
manifestations of COVID-19 

Many confirmed COVID-19 cases have been reported 
from different nations since the early stage of the 
pandemic. As mentioned before, whereas most reported 
cases show symptoms involving multi-organ system 
dysregulations[2] and respiratory syndromes[4]. 
Neurologic symptoms are shown by a significant number 
of the reported cases as well [12]. A few studies on 
confirmed COVID case series and some of those 
neurological manifestations of COVID-19 infection will 
be identified and discussed here in this section. 

In a study recently conducted by Mao et al. in Wuhan, 
China, 214 patients, 88 of which being identified as 
severely cases. Neurologic symptoms of  COVID-19  
infection were reported after a retrospective chart review. 
In total, 45.5% of the patients are observed to show 
neurologic symptoms, most of which are central nervous 
system damage involving dizziness, headache, and 
impaired consciousness; And 8.9% of the 214 patients 
presented peripheral nervous system impaiement [13] 
such as hypogeusia and hyposmia [5].  The study 
conducted by Helm et al. in France, too, indicated the 
neurologic manifestations of 2019-nCoV infection. In 
their report, 84% of the patients experienced neurological 
symptoms. 69% of the patients experienced agitation and 
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65% of experienced delirium as documented by CAM-
ICU [6]. Below is a more complete summary of these 
two case reports. 

There are reported individual studies from all over 
the world, though not published. In Japan, a COVID-19 
patient who experienced seizure after severe brain edema 

was reported [7]. There have been multiple reports of 
COVID-19-associated Guillain-Barré syndromes [8] as 
well as encephalitis [9] It is clear that 
neuropathy/encephalopathy are indeed closely associated 
with SARS-CoV2 infection. 

 
Table 1. Neurologic manifestations in two most cited case series [10] 

 Mao et al., 2020 Helms et al., 2020 Total 

Method Retrospective chart review Observational study  

Number of Patients 214 58 273 

Median Age 58.7 63  

Neurologic Symptoms 45.5% 83% 53.3% 

Dizziness 19.3% NR  

Headache 17.1% NR  

Agitation NR 69%  

Delirium documented by CAM-ICU NR 65%  

Impaired consciousness 14.8% NR  

Hypogeusia 5.6% NR  

Hyposmia 5.1% NR  

Ischemic stroke 5.7% 23% (3/13) 5.6% 

CAM-ICU: Confusion assessment method in Intensive care unit 
 

2.2 Mechanisms of SARS-CoV2/CoV invasion 

Given the neurological manifestation associated with 
SARS-CoV2 and other corona viruses, studies have been 
done on how exactly different viruses in the CoV family 
(particularly SARS-CoV1, MERS, and SARS-CoV2) 
might attack the human nervous system on the molecular 
and cellular level. Organizing findings and hypotheses 
from various studies, mechanisms by which SARS-CoV2 
invade the nervous system, mostly derived from those of 
SARS-CoV1 can be divided into two categories: direct 
and indirect.[11] 

The Direct’s as self-explanatory as the name “direct 
infection” is, it stands for the process in which the 
viruses directly invade the nervous system. This is 
supported by the discovery of genetic materials and 
protein components of the viruses directly in the tissues 
in the nervous system. CoV might directly attack the 
nervous system in two distinct ways. The first way is 
through neuronal pathways, by which the olfactory bulb, 
due to its distinct anatomy, acts as a channel between the 
nasal epithelium and the central nervous system. The 
second mechanism, though supported by only a few 

studies, is viral infection through blood circulation [4]. 
Another direct neuroinvasive mechanism is through 
angiotens in converting enzyme 2 (ACE2). ACE2 
receptors to which CoV spike proteins target, are found 
mainly on lung alveolar epithelium, yet they are found, 
too, in the central nervous system, which indicates 
possible neurotropism [11], another way by which CoV 
attack our nervous system directly. The viruses may 
enter the central nervous system by damaging the blood-
brain barrier and attacking the vascular system [4]. 

The Indirect’s As mentioned just now, ACE2 
receptors are present primarily on the lung epithelium, 
suggesting an indirect pathway of viral attack. CoV 
viruses may bind to these receptors, which in turn raises 
blood pressure putting the brain at a higher risk of 
cerebral hemorrhage. Another indirect mechanism is 
injury by hypoxia. The proliferation of CoV in the lung 
causes edema and inflammation, which in turn results in 
disruptions in gas exchange and CNS hypoxia[5]. 
Immune injury is yet another mechanism. Activation of 
the immune system will in turn cause inflammation and 
brain damage. Below is a succinct summary of different 
types of neuroinvasion of CoV: 
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Figure 1. Different mechanisms by which CoV (presumably SARS-CoV2) attack nervous system [2] 

 
It is a unanimous assumption, though not supported 

by much evidence, on how SARS-CoV2 invade our 
nerves, as well as what the neurologic manifestations of 
COVID-19 are. 

3 Discussion 

Although many common grounds, discussed in the last 
section, have been established on this very topic. It is 
easy to observe numerous differences between researches 
and studies from all over the world. Here the article 
argues that the discrepancies come from two aspects: the 
varying physiological features of people at different ages, 
and the differences in what to emphasize in different 
cultures as to how to deal with neurologic symptoms. 
There are limitation of the current studies, which will be 
elaborated in this section as well. 

3.1 Different perspectives 

The Ages In the studies done by Mao et al. and Helms et 
al., several neurologic manifestations are discussed. 
45.5% and 84% of the studies patients, respectively, 
showed neurologic symptoms in these two studies. Yet 
many other studies documented few patients with 
neurologic manifestations. This is because of the median 
age reported in Mao et al. and Helms et al.’s studies: 58.7 
and 63, respectively, both are high. One can postulate 
that neurologic symptoms, along with vulnerability to 
CoV increases when one gets older. More case series 
studying younger groups of people are required in order 
to find out a correlation between the severity of 
neurological manifestations and age. 

The Focuses in the same studies[6,10], one can easily 
observe the differences of the neurologic symptoms 
reported. Mao et al. from China mainly reported neural 
manifestations associated with physical features, such as 
dizziness and hypogeusia, whereas Helms et al. from 
France mainly reported manifestations more on a 

cognitive and neurological basis, like agitation and 
delirium (Chart 1). This difference is not uncommon: It 
is possible to assume that the definition of a neurological 
manifestation may vary across countries. For example, a 
neural manifestation may be described as a symptom that 
can be shown physically under the Chinese medical care 
system, while it may be described as cognitive and 
mental impairment in France. Therefore, whereas 
observable and instant treatments are the main emphasis 
in the Chinese medical care system, long-lasting, 
cognitive illnesses could be the main focus of the French 
and even some other western countries. It is wise if 
medical carers from the correspondent countries are able 
to convene and corporate allowing the exchange of 
perspectives. 

3.2 Other limitations 

Though the neurologic influence of the virus is studies, 
but limitations still exist is undoubtable. Many of these 
studies are not solely studying the neurologic 
symptoms[3], indicating a limitation in these current 
studies.  It  is easy to infer that the neurological aspect of 
CoV infection still is not the main focus of the current 
field. Yet a few studies have already concluded that those 
severely infected show more neurologic symptoms and 
fewer respiratory ones. Thus, neurologic manifestations 
of COVID-19 and other CoVs are essential to understand 
how the viruses might affect a person as a whole. Further 
studies are required, only directly studying   the neural 
manifestations and complications. In addition, the 
mechanism that SARS-CoV2 attack the human nervous 
system is proposed solely by referencing that of SARS-
CoV1 and the fact that both viruses behave in similar 
fashions [3] Further studies directly on SARS-CoV2 are 
required, too. Furthermore, not a good number of studies 
have been done using EEG or CSF analysis, indicating a 
potential inaccuracy in the neurologic manifestations 
reported. 
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4 Conclusion 

Studies have been done on the neurovirulence of 
coronaviruse, indicating that potential neurologic 
manifestations may include both peripheral and central 
nervous system impairment. The molecular and cellular 
mechanisms have been directly and indirectly postulated. 
The viruses enter and affect the nervous system. 
However, there still are differences as to what exactly is 
a neurologic manifestation and the severity of 
neurological symptoms in patients, and can potentially 
be explained as a product of both age difference and 
different subjects of focus. Yet more studies are requires 
to directly and solely study the effect of SARS-CoV2 
(COVID-19) on the human nervous system, and 
technologies such as CSF analysis and EEG are also 
required to get more accurate results. 
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