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What can the neurological manifestations 
of COVID‑19 tell us: a meta‑analysis
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Abstract 

Background:  Covid-19 became a global pandemic in 2019. Studies have shown that coronavirus can cause neu-
rological symptoms, but clinical studies on its neurological symptoms are limited. In this meta-analysis, we aimed to 
summarize the various neurological manifestations that occurred in COVID-19 patients and calculate the incidence of 
various neurological manifestations. At the same time, we further explored the mechanism of nervous system injury 
and prognosis in COVID-19 patients in combination with their nervous system manifestations. This study provides a 
reference for early clinical identification of COVID-19 nervous system injury in the future, so as to achieve early treat-
ment and reduce neurological sequelae.

Methods:  We systematically searched all published English literature related to the neurological manifestations of 
COVID-19 from January 1, 2020, to April 30, 2021, in Pubmed, Embase, and Cochrane Library. The keywords used were 
COVID-19 and terminology related to the nervous system performance. All included studies were selected by two 
independent reviewers using EndNote and NoteExpress software, any disagreement was resolved by consensus or by 
a third reviewer, and the selected data were then collected for meta-analysis using a random-effects model.

Results:  A total of 168 articles (n = 292,693) were included in the study, and the meta-analysis showed that the 
most common neurological manifestations of COVID-19 were myalgia(33%; 95%CI 0.30–0.37; I2 = 99.17%), smell 
impairment(33%; 95%CI 0.28–0.38; I2 = 99.40%), taste dysfunction(33%; 95%CI 0.27–0.39; I2 = 99.09%), altered mental 
status(32%; 95%CI 0.22–0.43; I2 = 99.06%), headache(29%; 95%CI 0.25–0.33; I2 = 99.42%), encephalopathy(26%; 95%CI 
0.16–0.38; I2 = 99.31%), alteration of consciousness(13%; 95%CI 0.08–0.19; I2 = 98.10%), stroke(12%; 95%CI 0.08–0.16; 
I2 = 98.95%), dizziness(10%; 95%CI 0.08–0.13; I2 = 96.45%), vision impairment(6%; 95%CI 0.03–0.09; I2 = 86.82%), intrac-
erebral haemorrhage(5%; 95%CI 0.03–0.09; I2 = 95.60%), seizure(4%; 95%CI 0.02 -0.05; I2 = 98.15%), encephalitis(2%; 
95%CI 0.01–0.03; I2 = 90.36%), Guillan-Barré Syndrome (GBS) (1%; 95%CI 0.00–0.03; I2 = 89.48%).

Conclusions:  Neurological symptoms are common and varied in Covid-19 infections, and a growing number of 
reports suggest that the prevalence of neurological symptoms may be increasing. In the future, the role of COVID-19 
neurological symptoms in the progression of COVID-19 should be further studied, and its pathogenesis and assess-
ment methods should be explored, to detect and treat early neurological complications of COVID-19 and reduce 
mortality.
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Introduction
At the end of December 2019, an epidemic of COVID-
19 occurred in Wuhan, Hubei Province, China. As 
the epidemic has spread, cases have been found in 
many countries. At the time of writing, it has spread 
to more than 200 countries and regions, with a total 
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of 187,637,579 confirmed cases and 4,066,292 death. 
Coronavirus has caused two fatal outbreaks in the past, 
the first in China in 2003, with a 10 percent mortality 
rate; The second outbreak was Middle East Respira-
tory Syndrome (MERS) in Saudi Arabia in 2012, with 
a mortality rate of 35% [1, 2]. Novel Coronavirus was 
named severe acute respiratory syndrome coronavirus 
Type 2 (SARS-COV-2). Sars-Cov-2 is a single-stranded 
RNA coronavirus, belonging to the same -coronavi-
rus branch as SARS-COV and MERS-CoV. Its genome 
sequence is 89.1% similar to the nucleotide sequence of 
a group of SARS-like coronaviruses. Studies have found 
that the viral structure and receptor binding domain of 
SARS-COV-2 is similar to that of SARS-COV, and both 
of them enter human cells by binding to ACE2 recep-
tors [3, 4].  To evaluate the genetic variation of SARS-
COV-2, 86 complete or nearly complete genomes were 
genetically analyzed, and many mutations and deletions 
were found in both coding and non-coding regions [5]. 
At present, the biological characteristics and genetic 
variation of SARS-COV-2 are still not very clear and 
deserve further study.

Although COVID-19 is typically characterized by 
respiratory symptoms, numerous clinical studies have 
shown that patients infected with SARS-COV-2 are asso-
ciated with acute injuries to external pulmonary organs, 
including the heart, digestive tract, liver, kidney, and 
nervous system [6, 7]. More and more clinical evidence 
indicates that SARS-COV-2 may invade the central 
nervous system. A retrospective analysis of 214 patients 
with COVID-19 found that 78 (36.4%) had nervous sys-
tem involvement, and 28.2% of them had severe central 
nervous system injury [8]. Studart-Neto A et  al. retro-
spectively analyzed 1208 patients with COVID-19 and 
found that 89 (7.4%) presented neurological manifesta-
tions, including encephalopathy (44.4%), stroke (16.7%), 
epilepsy (9.0%), neuromuscular disease (5.6%), another 
acute brain injury (3.4%), and other mild non-specific 
diseases (11.2%) [9]. Takeshi et al. detected SARS-COV-2 
RNA in cerebrospinal fluid specimens, providing direct 
evidence for the nervous invasiveness of SARS-COV-2 
[10]. There are three main types of COVID-19 nervous 
system involvement:  (1) central nervous system involve-
ment, such as dizziness, headache, disturbance of con-
sciousness, acute cerebrovascular disease, and epilepsy;  
(2) peripheral nervous system involvement, including 
anosmia, decreased taste, decreased vision, and neu-
ralgia; (3) skeletal muscle injury [11, 12].COVID—19 
possible mechanisms include: nerve injury by angioten-
sin-converting enzyme (ACE2) receptor function, blood 
and break through the blood–brain barrier, through the 
way such as the olfactory nerve attack the nervous sys-
tem [13, 14].

Since nervous system manifestations are an important 
part of COVID-19 patients’ clinical manifestations, early 
detection and treatment of nerve injury in COVID-19 
patients is of great significance for their prognosis and 
reduction of neurological sequelae. This study aims to 
further summarize the incidence and characteristics of 
various nervous system manifestations in COVID-19 
patients, and explore the mechanism and prognosis of 
nervous system injury in combination with nervous sys-
tem manifestations, so as to provide positive clinical sig-
nificance for better epidemic prevention and control and 
clinical diagnosis and treatment in the future.

Methods
Search strategy and research selection
We searched the following electronic databases for lit-
erature published between 1 January 2020 and April 30, 
2021: Pubmed, Embase and the Cochrane Library. The 
search terms used include: ((severe acute respiratory 
syndrome coronavirus 2) OR (SARS-CoV-2) OR (2019-
nCoV) OR (2019 novel coronavirus) OR (COVID-19) 
OR (coronavirus) OR (novel coronavirus pneumonia) 
OR (NCP)) AND ((neurologic manifestations) OR (neu-
rological manifestations) OR (neurologic manifestation) 
OR (neurologic signs and symptoms) OR (neurologi-
cal manifestation) OR (neurologic deficits) OR (neuro-
logic deficit) OR (neurologic symptoms) OR (neurologic 
symptom) OR (neurologic findings) OR (neurologic 
finding) OR (neurologic signs) OR (neurologic sign) OR 
(neurologic dysfunction) OR (neurologic dysfunctions) 
OR (nervous system diseases) OR (nervous system dis-
ease) OR (neurologic disorders) OR (neurologic disorder) 
OR (neurological disorders) OR (neurological disorder) 
OR (nervous system disorders) OR (nervous system dis-
order) OR (neurological complication) OR (neurological 
complications) OR (nerve function injury)).

Inclusion and exclusion criteria
The inclusion criteria for this study are as follows: all 
English literature from 1 January 2020 solstices 30 April 
2021 that has been published reporting neurological 
manifestations of COVID-19 patients. Studying types 
include case–control studies, cohort studies, cross-sec-
tional studies, and case series. Only those subjects who 
were diagnosed with SARS-COV-2 infection by real-
time reverse transcription-polymerase chain reaction or 
by high-throughput sequencing of swab samples were 
included in the study. Only those studies whose results 
included specific neurological manifestations were 
included.

Exclusion criteria included: (1) no clinical manifesta-
tions of related neurological symptoms and lack relevant 
data; (2) Age < 18  years old; (3) Repeated studies; (4) 
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Editorials, reviews, systematic reviews, meta-analyses, 
comment, animal studies, postmortem studies, etc. (5) 
Documents not written in English.

Data extraction and quality assessment
A comprehensive and rigorous review of all literature 
retrieved was conducted by two independent study mem-
bers according to inclusion and exclusion criteria, and 
any disagreement between reviewers was determined by 
consultation between the two or by a third investigator. 
Extracting data from each study include the first author’s 
name, year, country, research design, time and duration, 
participants details (gender, age, the overall sample size 
and specific symptoms of patients number) and neuro-
logic manifestations, such as headache, dizziness, altered 
mental status, stroke, intracerebral hemorrhage, seizure, 
myalgia, smell impairment, taste dysfunction, vision 
impairment, alteration of consciousness, encephalitis, 
encephalopathy and Guillan-Barré Syndrome (GBS).

The STROBE Statement was used to evaluate the qual-
ity of the included studies. It consists of 22 projects and 
is used to evaluate six main components, including title 
and abstract, Introduction, Methods, Results, Discus-
sion, and other information. Quality evaluations were 
conducted by two independent researchers, and any dif-
ferences between them were resolved by discussion or by 
the intervention of a third researcher.

Statistical analysis
Our study synthesizes the results of several similar stud-
ies to provide a quantitative summary. The extracted data 
details and instructions are presented in tables and fig-
ures. We used Stata (version 15.1) for the meta-analysis. 
I2 was calculated to assess the level of heterogeneity and 
can be divided into four categories: maybe unimportant 
(0–40%), may represent moderate heterogeneity (30–
60%), may represent significant heterogeneity (50–90%) 
and significant heterogeneity (75–100%). In this study, 
a fixed-effect model or random-effect model was used 
to calculate the comprehensive prevalence rate and 95% 
confidence interval. When there was no heterogene-
ity, the fixed effect model was selected; when there was 
heterogeneity, a random effect model was selected. For-
est maps are used to visually indicate the magnitude of 
the effects that the study summarizes and their 95% con-
fidence intervals. Funnel plot and Egger’s test were used 
to assess the publication bias of all literature, and P < 0.05 
was considered statistically significant.

Results
A total of 8812 studies were selected from the database, 
including 5789 in Pubmed, 2971 in Embase, and 52 in 
the Cochrane Library. After eliminating duplicate studies 

(n = 1916), 6896 studies met the preliminary screening 
criteria based on titles and abstracts. After excluding 
review, mata analysis, case report, age < 18, animal exper-
iment and literature with inconsistent research contents 
(n = 6483), the remaining 413 articles were screened 
according to the inclusion and exclusion criteria. After 
the full-text screening, 168 articles (N = 292,693) were 
included in the meta-analysis. Figure 1 showed the Study 
Flow Diagram. All of the studies were published in 2020 
and 2021. Among the included studies, 6 studies were 
case–control studies,10 studies were case series, 13 were 
cohort studies, and 25 were cross-sectional studies.104 
retrospective studies, 36 prospective studies and 29 mul-
ticenter studies were included. Major countries included 
were 29 studies in the USA, 20 in Italy, 17 in Spain, 15 in 
France, 15 in China and 12 in Turkey. Table 1 showed the 
details and characteristics of the included studies.

Myalgia(33%; 95%CI 0.30–0.37; I2 = 99.17%) (86 
studies), smell impairment(33%; 95%CI 0.28–0.38; 
I2 = 99.40%) (106 studies), taste dysfunction(33%; 
95%CI 0.27 -0.39; I2 = 99.09%) (80 studies) and altered 
mental status(32%; 95%CI 0.22–0.43; I2 = 99.06%) (18 
studies) were the most common neurological manifes-
tations of COVID-19. Headache(29%; 95%CI 0.25–0.33; 
I2 = 99.42%) (123 studies), encephalopathy(26%; 95%CI 
0.16–0.38; I2 = 99.31%) (23 studies), alteration of con-
sciousness(13%; 95%CI 0.08–0.19; I2 = 98.10%) (19 
studies), stroke(12%; 95%CI 0.08–0.16; I2 = 98.95%) (47 
studies), dizziness(10%; 95%CI 0.08–0.13; I2 = 96.45%) 
(50 studies), vision impairment(6%; 95%CI 0.03–0.09; 
I2 = 86.82%) (14 studies), intracerebral haemorrhage(5%; 
95%CI 0.03–0.09; I2 = 95.60%) (21 studies) and sei-
zure(4%; 95%CI 0.02–0.05; I2 = 98.15%) (47 studies) were 
the next most common. The less common neurological 
manifestations were encephalitis(2%; 95%CI 0.01–0.03; 
I2 = 90.36%) (14 studies) and Guillan-Barré Syndrome 
(GBS) (1%; 95%CI 0.00–0.03; I2 = 89.48%) (12 studies).

In all the included literature, 16 studies grouped and 
analyzed the neurological characteristics according to 
the severity of COVID-19. Through meta-analysis, we 
concluded that there was no significant difference in the 
incidence of headache(16%;95%CI 0.11–0.22; I2 = 94.05% 
VS 16%;95%CI 0.10–0.23; I2 = 97.77%) between the 
severe group and the non-severe group, and the inci-
dence of dizziness(12%;95%CI 0.07–0.18; I2 = 88.28% VS 
9%;95%CI 0.04 − 0.16; I2 = 96.05%) and seizure(3%;95%CI 
0.01–0.06; I2 = 83.80% VS 1%;95%CI 0.00–0.03; 
I2 = 86.05%)was higher, while myalgia(21%;95%CI 
0.13–0.29; I2 = 97.82% VS 24%;95%CI 0.16–0.32; 
I2 = 98.39%), smell impairment(8%;95%CI 0.05–0.13; 
I2 = 87.77% VS 13%;95%CI 0.08–0.18; I2 = 92.34%) and 
taste dysfunction(9%;95%CI 0.05–0.14; I2 = 90.24% VS 
14%;95%CI 0.10–0.20; I2 = 93.21%) were less. Table  2 
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Fig. 1  The Study flow Diagram
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shows the details and characteristics of the 16 included 
studies divided into severe and non-severe groups.

Included studies had good methodological quality 
(Figs. 2, 3, 4, 5).

Discussion
According to our meta-analysis, the most common neu-
rological manifestations of COVID-19 patients were 
myalgia (33%), smell impairment (33%), taste dysfunc-
tion (33%) and altered mental status (32%). It can be 
seen that both the central nervous system and periph-
eral nervous system will be involved after patients are 
infected with SARS-CoV-2. At the same time, consider-
ing the difference between symptoms and diseases, our 
study can conclude that the most common central nerv-
ous system symptoms are altered mental status  (32%), 
headache (29%), alteration of consciousness (13%), and 
dizziness (10%). The most common central nervous sys-
tem (CNS) disorders were encephalopathy (26%), stroke 
(12%), intracerebral haemorrhage (5%), seizure (4%), 
and encephalitis (2%). The most common symptoms of 
peripheral nervous system (PNS) impairment were myal-
gia (33%), smell impairment (33%), taste dysfunction 
(33%) and vision impairment (6%). Guillan-Barre Syn-
drome (GBS) occurs in approximately 1% of peripheral 
nervous system disorder.

In addition, COVID-19 involvement in the peripheral 
nervous system includes other manifestations, such as 
cranial neuropathy and neuromuscular joint disease, etc. 
However, since only a few studies have reported such 
cases, and most of these studies were case reports, these 
less frequent COVID-19 peripheral nervous system man-
ifestations were not included in this study. In the future, 
as more and more of these studies are reported, we can 
conduct further research.

Among 168 studies that were finally included in the 
meta-analysis, 123 studies discussed the incidence of 
headache, 106 studies discussed smell impairment, 86 
studies discussed myalgia, and 80 studies discussed taste 
dysfunction. In our opinion, this also indirectly indicates 
that COVID-19 patients have symptoms of headache, 
smell impairment, myalgia and smell impairment earlier 
and have more cases, which is worthy of further study 
and discussion, to provide a diagnosis and treatment 
direction for early intervention in the future.

In 16 of the included studies, patients were divided 
into severe and non-severe groups for detailed analy-
sis according to the severity of COVID-19 infection in 
patients. We found that the most studied neurological 
manifestations in this literature were headache, dizziness, 
seizure, myalgia, smell impairment and taste dysfunc-
tion. Our results showed that there was no significant 
difference in the incidence of headache between the two 

groups, both at 16%; the incidence of dizziness and sei-
zure in the severe COVID-19 group was higher than that 
in the non-severe group (12% VS 9%, 3% VS 1%, respec-
tively). The incidence of myalgia, smell impairment and 
taste dysfunction in the severe COVID-19 group was 
lower than that in the non-severe group, which was 21% 
VS 24%, 8% VS 13%, 9% VS 14%, respectively. However, 
considering that the severity of COVID-19 disease is 
not classified the same according to different prevalence 
periods of COVID-19 and its prevalence in different 
countries, our statistical data may be biased to a certain 
extent, and the statistical results may lack a certain scien-
tific nature. At the same time, there are still limited stud-
ies on various neurologic characteristics of COVID-19 
under different severity, which deserves more research 
and exploration.

We also found that altered mental status, encephalopa-
thy, and alteration of consciousness were reported sepa-
rately, but they may be related to each other. Through 
reading different literature, we found that different 
researchers have different definitions of the above three 
aspects. Josef Anrather et  al. [181] argue that altered 
mental status (e.g., confusion, disorientation, emotional 
restlessness and lethargy) can be collectively referred to 
as encephalopathy. Emad Nader Eskandar et al. [130] sug-
gested that if there was evidence of cognitive impairment 
(e.g., confusion, disorientation, agitation or delirium) or 
impaired arousal (e.g., lethargy or dullness), the patient 
can be included in the altered mental status cohort. 
In another study, altered mental status was defined as 
including personality, behavior, cognition, and conscious-
ness changes; encephalopathy, encephalitis; catatonia, 
mania, anxiety or depression, etc. [131]. We recognize 
that there may be overlapped parts among altered mental 
status, encephalopathy and alteration of consciousness, 
but they can all indicate that the central nervous system 
of patients is damaged, so their clinical reference value is 
not affected.

Associations between neurologic manifestations 
and mechanisms of nervous system injury 
in patients with COVID‑19
ACE2 has been proved to be a functional receptor of 
SARS-CoV-2, which binds to the ACE2 receptor through 
its Spike (S) protein C-terminal domain (CTD) [182]. 
The expression profile of ACE2 is very extensive, and it 
is expressed in various regions of the human brain, such 
as the ventricle, motor cortex and posterior cingulum 
gyrus, middle temporal gyrus, substantial nigra, olfactory 
bulb, contralateral medulla oblongata, nucleus solitaries, 
vagus nerve, neurons, astrocytes, microglia and oligo-
dendroglia, etc. [183, 184]. Therefore, the nervous sys-
tem is at risk of SARS-COV-2 infection. The mechanism 
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Fig. 2  Forest maps of neurological manifestations. a Headache, b myalgia, c smell impairment, d taste dysfunction, e dizziness, f seizure, g stroke, h 
encephalopathy, i intracerebral haemorrhage, j alteration of consciousness, k altered mental status, l vision impairment, m Guillan-Barré Syndrome 
(GBS) and n encephalitis. After the heterogeneity test, the results in figures a–n all suggest that there was significant heterogeneity among the 
selected literature in this study
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of nervous system injury in COVID-19 patients includes 
cross-neuronal hypothesis, homogenous transmission 
and BBB transmission, hypoxia, inflammatory response 
and hypercoagulability and immune mechanism as well. 
In the following sections, we will analyze and discuss the 
relationship between the neurological manifestations we 
have studied and the corresponding mechanisms of neu-
rological damage.

Altered mental status and alteration of consciousness
The altered mental status and alteration of consciousness 
of COVID-19 patients may be a systemic consequence 
of the over-activation of the body’s immune response or 
may be caused by the direct invasion of the nerves by 
SARS-COV2 [185, 186]. Hypoxia, organ dysfunction, the 
need for large doses of sedatives, and prolonged isolation 
may also contribute to consciousness changes [181].

Headache and dizziness
Headaches and dizziness can be caused by a variety of 
causes. One reason may be the large and rapid increase of 
inflammatory cytokines, including IL-1, IL-6, and TNFα, 
after infection. It can also cause pain if the virus invades 
the nervous system directly and damages the nerve. 
Hypoxia leads to the accumulation of acid in brain cells, 
swelling, and interstitial edema, resulting in cerebral vas-
odilation or cerebral blood flow obstruction, etc., which 
is also considered as one of the potential mechanisms of 
causing headache [185].

Myalgia
Because there are ACE2 receptors in skeletal mus-
cle [187], direct cytotoxicity caused by the interac-
tion between SARS-CoV-2 and ACE2 in skeletal 
muscle should be considered. Secondly, muscle injury 

Fig. 2  continued



Page 23 of 35He et al. J Transl Med          (2021) 19:363 	

Fig. 3  Funnel plots. a Headache, b myalgia, c smell impairment, d taste dysfunction, e dizziness, f seizure, g stroke, h encephalopathy, i intracerebral 
haemorrhage, j alteration of consciousness, k altered mental status, l vision impairment, m Guillan-Barré Syndrome (GBS) and n encephalitis. After the 
bias test, the visual symmetry of the funnel plot and Egger’s test showed that the publication of myalgia, taste dysfunction, encephalopathy and vision 
impairment was unbiased
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may be related to the harmful immune response medi-
ated by infection and the increase of pro-inflam-
matory cytokines [8]. Elevated concentrations of 
C-reactive protein and D-dimer in the blood may 
induce the expression of a strong immune response, 
leading to direct immune-mediated nerve and muscle 
injury [188]. At the same time, prolonged mechanical 
ventilation or the use of neuromuscular blockers in 
patients with severe COVID-19 infection is also closely 
related to the progression of critical myopathy [189].

Smell impairment and taste dysfunction
Studies have shown that the anosmia of most COVID-
19 patients has nothing to do with rhinorrhea or nasal 
obstruction, and may be related to the transmission of the 
virus through olfactory nerve epithelial cells and further 
invasion of the olfactory bulb and central nervous system 
[43, 190]. It has been reported that higher levels of angio-
tensin can induce the apoptosis effect of neural stem cells 
[191], reducing the number of nerve cells migrating to 
the olfactory bulb, resulting in reduced replacement of 

Fig. 4  Forest plots of the severe and non-severe groups. a Headache, b dizziness, c seizure, d myalgia, e smell impairment, f taste dysfunction 
in severe group and a’ headache, b’ dizziness, c’ seizure, d’ myalgia, e’ smell impairment, f’ taste dysfunction in the non-severe group. After the 
heterogeneity test, the results in figures a/a’ to f/f’ all suggest that there was significant heterogeneity among the selected literature in this study.)
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new neurons in the olfactory bulb, and interference with 
the smell. Animal experiments have shown that SARS-
CoV-2 may invade the brain retrograde along with taste 
and trigeminal nerve pathways in the early stage of infec-
tion, causing lesions such as taste disturbance [192].

Encephalopathy and encephalitis
Patients with COVID-19 may develop many types of 
encephalopathy. The combination of SARS-CoV-2 virus 
and ACE2 receptor increases peripheral vascular resist-
ance, leading to a significant and rapid increase in blood 
pressure, triggering a cascade reaction that leads to the 

destruction of blood–brain barrier integrity, cerebral 
hyperperfusion, and cerebral edema, leading to the 
development of hypertensive encephalopathy [193, 194]. 
Hypoxia, insufficient energy supply, or overall insuffi-
ciency after severe brain injury can progress to hypoxic-
ischemic encephalopathy. Steatosis, liver function 
damage, or cardiovascular dysfunction after COVID-19 
infection may induce the occurrence of hepatic encepha-
lopathy, which may be related to direct liver damage of 
SARS-CoV-2 or the side effects of some drugs [195, 196]. 
In addition, recent studies have found an increased inci-
dence of acute renal damage after SARS-CoV-2, and the 

Fig. 4  continued
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pathophysiological mechanism remains unclear, which 
may also be caused by an inflammatory response, ACE/
ACE2 imbalance, or dysfunction of other organs (such 
as the heart). When patients have renal insufficiency, the 
body cannot completely discharge toxins and regulate the 
concentration of cytokines normally, and the brain home-
ostasis will be destroyed, leading to uremic encephalopa-
thy [197]. When SARS-CoV-2 enters the human body 
through ACE2, the human body immediately generates 

an immune response. When the virus invades the brain, 
it will cause immune damage and lead to the attack of 
encephalitis [198]. Encephalitis may also be associated 
with blood–brain barrier disruption and cytokine surges 
[199].

Stroke and intracerebral hemorrhage
SARS-CoV-2 directly invades the nerve through ACE2 
receptors and deregulation of blood pressure is the 

Fig. 5  Funnel plots for the severe and non-severe groups. a Headache, b dizziness, c seizure, d myalgia, e smell impairment, f taste dysfunction in 
severe group and a’ headache, b’ dizziness, c’ seizure, d’ myalgia, e’ smell impairment, f’ taste dysfunction in non-severe group. Funnel plot results 
and Egger’s test showed that there was no publication bias in dizziness, seizure, myalgia, smell impairment, and taste dysfunction in both groups
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potential mechanism of COVID-19 stroke [200, 201]. 
Continuous hypoxia in COVID-19 patients will eventu-
ally lead to disorders in neurotransmitter metabolism 
and mitochondrial failure, causing irreversible nerve 
damage and increasing the risk of stroke [202]. Studies 
have shown that increased inflammatory markers such 
as IL-2, IL-6, macrophage inflammatory protein 1-α or 
coagulation dysfunction in patients with severe COVID-
19 may increase the likelihood of stroke compared with 
moderate patients [200]. After the SARS-CoV-2 virus 
binds to the ACE2 receptor, it can lead to increased 

blood pressure, which may lead to hypertensive crisis in 
severe cases and increase the risk of intracranial hemor-
rhage [188].

Seizure
The process of SARS-CoV-2 virus replication in host 
cells disrupts neuronal function and manifests as sei-
zures, convulsions, and loss of consciousness [203]. The 
increase of pro-inflammatory mediators may contribute 
to epileptic seizures, which in turn enhance the produc-
tion of cytokines such as IL-1B and TNFα [204]. After 

Fig. 5  continued
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the destruction of the blood–brain barrier, inflammatory 
factors and viral particles flood into the central nervous 
system, leading to brain damage that can lead to epileptic 
seizures [188].

Guillan‑Barré Syndrome (GBS)
Guillain–Barre syndrome (GBS) is an increasing occur-
rence in patients with COVID-19, a typical viral autoim-
mune nervous system disease caused by a strong immune 
response, which includes a range of polyneuropathy 
characterized by acute motor weakness, mild to moder-
ate paresthesia, cranial nerve involvement, and muscle or 
nerve root pain [205]. At present, large sample studies on 
GBS are still lacking, and most researchers express their 
views in the form of case reports.

Biomarkers reflecting nervous system damage 
in COVID‑19 patients
A prospective study showed that total Tau, GFAP, and 
NFL protein levels in cerebrospinal fluid were elevated in 
63, 37, and 16% of patients, respectively, and NFL protein 
was associated with disease severity, duration of intensive 
care, and level of consciousness [206]. Multiple studies 
on COVID-19 patients with ischemic stroke have shown 
that the neutrophil–lymphocyte ratio (NLR) is increased 
in 90% of the patients [207], CRP is increased in over 90% 
of the patients [208], and serum ferritin is also increased 
[209], in which serum ferritin can also predict the degree 
of nerve injury in patients with acute ischemic stroke 
[210]. There was a significant correlation between the 
decrease of interleukin-6 level and the improvement of 
olfaction and taste function in COVID-19 patients [211]. 
Elevated serum nerve filament light chain (SNFL) levels 
in critically ill patients with COVID-19 are closely associ-
ated with poor prognosis [212].

Examination methods reflecting nervous system 
damage in COVID‑19 patients
In our study, stroke incidence was 12%, intracerebral 
hemorrhage 5%, encephalopathy 26% and encephalitis 
2%. Studies have shown that patients with COVID-19 
with acute neuroimaging abnormalities are more likely 
to have an ischemic stroke. Neuroimaging features of 
these patients are not invariable but are predominated by 
acute ischemic infarction, intracranial hemorrhage, and 
leukoencephalopathy [81]. COVID-19 is an independent 
risk factor for acute ischemic stroke and a valid indica-
tor of poor prognosis. Meningitis and encephalitis are 
not very common [213, 214]. In one study, continuous 
EEG monitoring was performed in 11 of 16 patients with 
COVID-19, most of whom presented with nonspecific 
encephalopathy [215]. At the same time, some studies 
also found significant structural changes in the olfactory 

nerve, olfactory bulb, olfactory cortex and other olfactory 
pathways in MRI examination of COVID-19 patients, 
suggesting that SARS-CoV-2 may enter the central nerv-
ous system through the olfactory bulb mediated cross-
neuronal pathway [94, 95]. The relationship between 
COVID-19 imaging changes and neurological symptoms 
requires more research.

Prognosis of nervous system injury in COVID‑19 
patients
Nervous system damage is closely associated with the 
mortality of SARS-COV-2 infection, and whether the neu-
rological symptoms are reversible is not yet clear. Patients 
with COVID-19 who require ICU admission for neu-
rological problems or develop neurological dysfunction 
in the ICU have significantly increased mortality [216]. 
In one animal study, 4 out of 14 infected mice developed 
significant respiratory distress and neurological symp-
toms 2  days after infection, and only the mice showing 
neurological symptoms died, suggesting that neurological 
involvement may be a cause of death [217]. Some studies 
have confirmed that recovery from acute SARS-CoV-2 
infection does not completely clear the virus, and has been 
found to have a higher potential risk for long-term residual 
neuropsychiatric and neuroscientist impairments, includ-
ing depression, obsessive–compulsive disorder, psycho-
sis, Parkinson’s disease and Alzheimer’s disease [218]. An 
experimental animal study has also shown that corona-
virus can persist in the central nervous system of its host 
[219]. The study results of Helms et al. showed that 36% of 
severe COVID-19 survivors developed Dysfunction Syn-
drome [220], and some studies also reported that patients 
with severe dysfunction after the acute phase had signifi-
cant recovery after active neurological rehabilitation [221]. 
In a prospective study, 68.33% of patients developed neu-
rological symptoms during infection with SARS-CoV-2, 
and 50% recovered 3  months after infection but still 
had neurological symptoms [213]. Imaging results of 60 
patients after recovery of COVID-19 neurological symp-
toms suggest that the microstructure and functional brain 
integrity of the brain may be damaged during the rehabili-
tation phase, which may require long-term neurological 
and neuroimaging follow-up [214].

Advantages and disadvantages of this study
Our meta-analysis included 168 articles (n = 292,693) 
detailing the various neurologic symptoms common in 
COVID-19 patients and providing a comprehensive view 
of the neurologic symptoms of COVID-19. The results 
were comprehensive. We started the discussion of the 
clinical manifestations and analyzed the evidence, pos-
sible mechanism and prognosis of the nervous system 
injury caused by SARS-CoV-2. We also discussed the 
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biomarkers and examination methods of nervous system 
injury caused by SARS-COV-2, providing some valuable 
suggestions for early identification, monitoring, screen-
ing, diagnosis and follow-up of nervous system injury and 
poor prognosis in patients with COVID-19 and potential 
targets for future clinical intervention strategies.

This study also has some limitations. Firstly, most of 
the included literature was retrospective studies, which 
may cause some potential bias. Secondly, this study 
failed to provide an analysis of the correlation between 
various neurological manifestations and disease sever-
ity and mortality. The question of which neurological 
manifestations are the most insidious and which are the 
most difficult to recover from is currently unanswered, 
and more findings will be needed in the future. Finally, 
the high degree of heterogeneity in our study may be due 
to differences in patient race selection, disease severity, 
comorbidities, only a few studies specifically assessed 
neurological symptoms, differences in the number of 
patients in different studies, or differences in publication 
bias and study methodology.

Conclusion
In conclusion, our study suggests that nervous system 
expression in COVID-19 is diverse and pervasive but eas-
ily underestimated. Therefore, the long-term pathophysi-
ological results of SARS-COV-2 neuropathy should be 
of serious concern to us. At the same time, summarizing 
the entire symptom spectrum, biomarkers and examina-
tion methods of the disease is conducive to predicting the 
severity of neurological impairment and providing better 
suggestions for preventing misdiagnosis, early diagnosis, 
preventing disease transmission, early intervention treat-
ment, evaluation of therapeutic effect and follow-up. In 
the future, more clinical and experimental studies should 
be carried out to provide strong evidence to support 
clinical practice, and further, explore the role of nervous 
system symptoms in the incidence of COVID-19 and its 
possible mechanism, to reduce mortality, reduce disease 
severity, control disease progression and prevent possible 
long-term nervous system complications.
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