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Abstract  Review Article 
 

There are different symptoms associated with COVID-19 infections. Respiratory symptoms were described firstly. 

Neurological symptoms among adults were further reported. It was thought that COVID-19 is less likely to affect 

children, and as a result, neurological symptoms among children were not receiving great attention. With increasing 

the prevalence of COVID-19 among the whole populations, neurological manifestations among children became 

important. Neurological manifestations among children are varied and including as examples encephalitis, meningitis, 

ischemic, and hemorrhagic strokes. The present study reviewed the most recent updates of literature regarding the 

involvement of neurological symptoms among children with COVID-19. Taken together, neurological symptoms 

associated with COVID-19 are involved in children and adults following similar patterns. 
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INTRODUCTION 
COVID-19 

In the past year, a worldwide pandemic has 

been brought on by the novel coronavirus disease 2019 

(COVID-19), which is brought on by the severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) 

(Khatoon et al., 2022). COVID-19 has spread 

uncontrollably around the world and shows no sign of 

stopping. This virus has infected 178 million people 

worldwide and killed 38 million (Khatoon et al., 2022). 

Most SARS-CoV-2 cases were asymptomatic (80%) or 

displayed mild flu-like symptoms, including shortness 

of breath, fever, sore throat, cough, myalgia, loss of 

taste and smell, and fatigue. SARS-CoV-2 is a 26-32 kb 

single-stranded RNA virus. The virus is spherical or 

oval with an average 100 nm diameter and covered by a 

crown-like spike (S) protein that binds to cellular ACE-

2 receptors (Wrapp et al., 2020). SARS-CoV-2 enters 

the brain via direct and indirect pathways, like SARS-

CoV and MERS-CoV (Netland et al., 2008; Li et al., 

2016). It can enter the CNS by infecting blood-brain-

barrier endothelial cells and blood-CSF epithelial cells. 

Other routes to the CNS are retrograde axonal transport, 

synapse-connected route after entering respiratory 

network peripheral nerve terminals (Bohmwald et al., 

2018), sympathetic ENS afferent neurons, and blood 

circulation (Baig et al., 2020; Khatoon et al., 2020). 

 

Neurological manifestations of COVID-19  

Numerous neurological manifestations have 

also been linked to COVID-19 patients, in addition to 

severe respiratory distress. Because of these cases, 

SARS-CoV-2 can be regarded as an opportunistic brain 

pathogen. The olfactory bulb, retrograde axonal 

transport from peripheral nerve endings, or 

hematogenous or lymphatic routes are all ways that 

SARS-CoV-2 can enter the brain. Noteworthy 

neurological symptoms caused by COVID-19 infection 

include encephalopathy, impaired consciousness, 

confusion, agitation, seizure, ataxia, headache, anosmia, 

ageusia, neuropathies, and neurodegenerative diseases 

(Khatoon et al., 2022).  

 

Neurological complications in COVID-19 

patients are increasing globally. Yea et al., (2021) 

reported 31 headache-only patients, so we excluded 

them and studied 180 children with SARS-CoV-2-

related neurological symptoms. Using our data and the 

literature review, we created a chart of the most 

common neurological symptoms in COVID-19 

children.  2 months to 17 years. 95 patients (53.4%) 

were women. Half of neurologic patients with MIS-C 

were children (n = 90, 50.6%) (LaRovere et al., 2021). 

 

Neurological manifestations like encephalitis, 

meningitis, ischemic, and hemorrhagic strokes are 

reported frequently in Coronavirus patients 2019 
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(COVID-19). Viral infection is a major cause of acute 

ischemic stroke in children. We describe a child with 

SARS-CoV-2 infection who developed massive right 

cerebral artery ischemia and a malignant cerebral 

infarction. The patient had a life-saving decompressive 

hemicraniectomy and recovered well, except for 

hemiplegia. During rehabilitation, the patient developed 

a long-Covid-related lower extremity peripheral nerve 

neuropathy (Scala et al., 2022). 

 

Neurological manifestations in adult patients 

affected by SARS-CoV-2, such as encephalitis, 

meningitis, ischemic, and hemorrhagic strokes, are 

reported with increasing frequency in the scientific 

literature (Koralnik and Tyler, 2020; Zhou et al., 2021). 

SARS-CoV-2 causes hypercoagulability through a 

cytokine storm that binds to ACE2 (Ranucci et al., 

2020). Few papers reported focal arteriopathies and 

ischemia in SARS-COV-2-affected children (Appavu et 

al., 2021; Tiwari et al., 2021). In these studies, patients 

had obvious symptoms. We describe a child with only 

serological evidence of SARS-CoV-2 infection who 

developed massive right cerebral artery ischemia and a 

malignant cerebral infarction. During rehabilitation, the 

patient developed a long-Covid-related lower extremity 

peripheral nerve neuropathy (Scala et al., 2021) 

 

Lindan et al., (2021) found seven cases of 

thromboembolic or vasculitic stroke in children. 

Neurologic involvement was found in 4.8% of 

hospitalized children and adolescents with COVID-19 

and/or MIS-C. Most patients with neurologic findings 

(80%, n = 12) were previously healthy, and most 

neurological manifestations (n = 15) resolved at 

hospital discharge. Three patients had mild-to-moderate 

neurologic disabilities at discharge. 

 

Neurological symptoms in adults and children 

range from fatigue, headache, and anosmia to 

encephalopathy, seizures, and stroke (Zubair et al., 

2019). Neurologic symptoms varied by age; young 

patients had seizures and status epilepticus, while older 

patients had headaches, taste and smell loss, and 

fatigue. Four patients with seizures (three with para-

infectious febrile SE and one with Status Epilepticus 

(SE) were young children. MRI showed punctate 

diffusion restriction in the posterior limb of the internal 

capsule in a 3-month-old girl who had her first seizure 

postinfectious. No cause besides COVID-19 was 

identified. All patients were seizure-free during 3-to-6-

month monotherapy follow-up. 

 

Because there are currently no viable treatment 

options for the Coronavirus Disease 2019 (COVID-19), 

which is caused by the Severe Acute Respiratory 

Syndrome Corona Virus 2 (SARS-CoV-2), the world 

has suffered enormous losses as a result of this illness. 

As a result of the fact that it can cause severe 

respiratory disease, neurological complications, and 

other associated problems, it is now considered to be a 

serious threat to humans. In children, COVID-19 most 

commonly causes symptoms that are mild and easily 

recoverable; however, it can cause symptoms that are 

serious and severe, as well as complications that can 

lead to death. In children, the SARS-CoV-2 virus has 

the potential to cause a variety of neurological 

complications, the most important of which include 

dyspnea, myalgia, stroke, and encephalopathy. These 

issues have a strong connection to cytokine storm and 

proinflammatory responses, both of which have the 

potential to change the physiology of the blood-brain 

barrier and make it easier for the virus to cross into the 

brain. In spite of the fact that the virus entered the brain 

and caused an infection there directly, these 

neurological complications can also be the result of 

indirect causes, such as severe immune responses (Khan 

et al., 2022).  

 

COVID-19, which was caused by SARS-CoV-

2, has been responsible for the deaths of a significant 

number of people all over the world. It is an enveloped, 

positive-sense, single-stranded RNA virus with a size of 

about 30 kilobytes (kb), and it has a sense of direction. 

Even though it has been reported that COVID-19 is 

more dangerous to adults than it is to children, the 

severity of the virus has also been widely reported in 

children (Lin et al., 2021). It is interesting to note that 

the progression of COVID-19 is the same in all 

individuals regardless of the severity of disease or age 

of the individual who is infected. The beginning of the 

disease is marked by the entry of the virus into the cells 

of the host, which is followed by the manifestation of 

symptoms. COVID-19 is now thought to affect multiple 

organ systems, especially the brain, by causing 

neurological complications in approximately 36 percent 

of the total COVID-19 patients. Although the primary 

symptoms of COVID-19 (pneumonia, cough, and 

fatigue) are associated with the pulmonary system, it is 

now believed that COVID-19 affects multiple organ 

systems. The fact that neurological complications were 

also reported to be caused by severe acute respiratory 

syndrome (SARS) and Middle East Respiratory 

Syndrome (MERS) indicates that all human 

coronaviruses are responsible for causing neurologic 

complications. On the other hand, the neurological 

complications brought on by COVID-19 are more 

widespread than those brought on by SARS and MERS. 

There is a lack of understanding regarding the 

mechanism by which COVID-19 causes these 

neurological complications. It is possible that the virus 

infected the brain directly, as it has been reported that 

SARS-CoV-2 can invade the brain and may also infect 

the peripheral and central nervous systems (Stafstrom 

and Jantzie, 2020). This is one of the possible 

explanations. 

 

Growing evidence suggests that COVID-19 

affects both the central nervous system (CNS) and the 

peripheral nervous system (PNS), causing respective 

complications due to either direct infectiousness or 
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immune-mediated disease in response to COVID-19 

infection. These complications can be caused by either 

COVID-19 infection itself or immune response to 

COVID-19 infection. In addition, histopathological 

changes such as CNS infarction due to cerebral 

thromboembolism and the presence of viral RNA in the 

CNS further indicate the impact that SARS-COV-2 has 

had on alterations in the CNS (Meinhardt et al., 2020). 

Patients who have COVID-19 have a higher risk of 

developing severe neurological complications, such as 

encephalopathies, myelitis, rhabdomyolysis, Guillain-

Barré syndrome, cognitive syndrome, affective 

disorder, and cerebrovascular complications such as 

strokes, intracerebral hemorrhages, and CNS vasculitis) 

4. Patients who have COVID-19 have a higher risk of 

developing severe neurological complications, such as 

taste and smell dysfunction, nausea, and headache 

However, the manifestation of these neurological 

complications can vary greatly depending on the 

underlying comorbidities and the patient's age (Lin et 

al., 2020).  

 

SARS-CoV-2 must have the cellular receptor 

angiotensin-converting enzyme 2 (ACE2) and the serine 

protease TMPRSS2 in order to enter human host cells. 

This is necessary for the priming of the spike (S) 

protein. After initial infection, the virus is able to 

replicate and spread throughout the airway after the IFN 

type 1 antiviral pathway has been inhibited. In most 

cases, the virus will spread from the lung, but it is also 

capable of migrating to other tissues that express ACE2 

(Rello et al., 2020). It is common knowledge that 

alveolar pneumocytes contain a high concentration of 

the enzyme ACE2, which makes it possible for SARS-

CoV-2 to enter these cells and infect them. 

Furthermore, there is evidence to suggest that ACE2 is 

also expressed on neuronal and glial cells in the human 

CNS (Khan et al., 2020), which leads one to believe 

that SARS-CoV-2 is able to enter these cells. Despite 

the fact that the presence of SARS-CoV-2 RNA in CNS 

regions has been proven to exist (Meinhardt et al., 

2020), the path that viruses take to reach these regions 

and the mechanisms that lie beneath the surface have 

not been fully investigated. Preliminary evidence 

suggests that neuro-invasion of SARS-CoV-2 can occur 

via regional nervous structures at the neural-mucosal 

interface (Tsivgoulis et al., 2020). This leads one to 

believe that the possible transport of the virus along the 

olfactory tract of the central nervous system may be the 

cause of neurological complications. However, 

Meinhardt et al., (2020). found that there is no direct 

connection between viral RNA in the central nervous 

system and the olfactory mucosa. This suggests that the 

virus entry into the central nervous system may involve 

other pathways or mechanisms, such as CNS 

endothelia, axonal transport, and leukocytes (Tsivgoulis 

et al., 2020). 

 

Children who have COVID-19 have an 

increased risk of developing respiratory and 

neurological complications. Children are not immune to 

the widespread effects of the currently ongoing 

COVID-19 pandemic, which is affecting people of all 

ages. It is now clear that fever and cough are two of the 

most common clinical manifestations of the COVID-19 

virus in children. These symptoms typically manifest 

themselves in an abnormal manner in comparison to 

adults. In children, the disease can range from being 

asymptomatic to causing severe illness and even putting 

their lives at risk. Despite this, severe illness is not 

common in children because children are less likely to 

have underlying diseases such as hypertension, 

diabetes, or cardiovascular problems. In addition, 

factors such as differential expression of ACE2, co-

morbidities, and predisposition to pro-inflammatory 

states are all conditions that have the potential to 

influence viral entry, replication, inflammation, 

hypoxia, and tissue injury. It is further helped by the 

increased effectiveness of the innate immune response, 

which normally weakens with increasing age (Williams 

et al., 2020).  

 

CNS symptoms 

Headache, dizziness 

Headaches and dizziness are common 

neurological symptoms of COVID-19 (Guan et al., 

2020; Mao et al., 2020). Mao et al., (2020) reported 

dizziness and headache in 16.8% and 13.1% of patients. 

13.6 percent of 1099 Chinese patients reported 

headaches in a population-based study (Guan et al., 

2020). Headaches are not a specific symptom of any 

viral infection, but they are commonly reported in 

COVID-19 patients, ranging from 3% to 15% in some 

studies (Roy et al., 2020). Headaches can be a sign of 

viral meningitis or encephalitis and cerebrovascular 

disease (Wang et al., 2020).  

 

Anosmia/hypogeusia 

Up to 40% of COVID-19 infected adults have 

post-viral anosmia (Giacomelli et al., 2020). 

Hypogeusia/ageusia is reported in the US, Italy, China, 

UK, France, and Korea (Roy et al., 2020). 33.9 percent 

of infected patients have taste or olfactory disturbances, 

and 18.3 percent have both (Giacomelli et al., 2020). In 

83% of infected patients, anosmia was the first 

symptom. In most cases, olfactory disturbances 

occurred despite no nasal inflammation or coryzal 

symptoms (Heidari et al., 2020). SARS-CoV-2 may 

target the odor-processing mechanism (Khatoon et al., 

2022).  

 

Neurological manifestations of COVID-19 among 

children 

Schlarb et al., (2020) studied 5–10-year-olds 

and their parents, they found that 67% of kids slept less 

during COVID-19. A 16-year-old with extreme and 

persistent health concerns responded quickly to low 

antidepressant and antipsychotic doses (Colizzi et al., 

2020).  
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In pediatric patients, respiratory disease and 

multisystem inflammatory syndrome in children (MIS-

C) are the main concerns, but SARS-CoV-2 may target 

the nervous system (Ellul et al., 2020; Zubair et al., 

2020).  

 

312 COVID-19-infected children were 

hospitalized. Median age was 10.8 (range: 1 month–

17.5 years). Fifteen (4.8%) consecutive SARS-CoV-2 

cases had acute neurological symptoms. The median 

age of these patients at admission was 5 years. 6 (40%) 

women to 9 (60%) men (60 percent). Three patients had 

diseases: asthma, factor V Leiden mutation, and 

sensorineural hearing loss (Gürlevik et al., 2022). 

 

In infants, the COVID-19 virus has the 

potential to cause life-threatening illness; as a result, it 

requires serious consideration. Studies have shown that 

fever is the most common symptom of COVID-19 in 

children. In addition to fever, other symptoms that have 

been reported in children include rhinorrhea, cough, 

gastrointestinal symptoms, headache, encephalopathy, 

mild shortness of breath, and myalgia. It is interesting 

to note that ground-glass opacities and mild bronchial 

thickening can be visible in some cases even when there 

are no symptoms present. On the other hand, there have 

been some reports that suggest children who are 

infected with SARS-CoV-2 might not present any 

clinical or radiological symptoms (Tsivgoulis et al., 

2020). According to a report that was published not too 

long ago, the clinical manifestations of COVID-19 in 

children included a high temperature in 64 percent of 

cases, a cough in 35 percent of cases, and rhinorrhea in 

16 percent of cases. However, 15 percent of cases were 

asymptomatic. In total, 54 percent of the cases 

presented ground-like opacities in radiological 

investigations, and the most common findings from 

laboratory tests were an elevated D-dimer level (52 

percent of the cases), a low lymphocyte count (40 

percent of the cases), and C-reactive protein level (40 

percent of the cases) (33 percent). 15 percent of these 

patients, the majority of whom required intensive care, 

developed a multisystem inflammatory syndrome that 

manifested with significantly elevated inflammatory 

biomarkers, gastrointestinal symptoms, shock, and left 

ventricular systolic dysfunction. In total, this affected 

15 percent of the patients. Despite this, children are at 

risk for developing severe symptoms. Consequently, 

proper management and prevention of transmission 

requires early detection of COVID-19 as well as timely 

diagnosis of the multisystem inflammatory syndrome 

(Yasuhara et al., 2020). 

 

Headaches, encephalopathy, and altered 

mental status are some of the neurological 

complications that have been associated with COVID-

19 in children. This is in addition to the multisystem 

inflammatory syndrome and the respiratory symptoms 

that have been observed. In addition, children who were 

diagnosed with multisystem inflammatory syndrome 

had severe neurological abnormalities, such as 

encephalitis, seizure, coma, demyelinating disorders, 

dysgeusia or ageusia, aseptic meningitis, stroke 

dysarthria, dysphagia, cerebellar ataxia, axial 

hypotonia, drowsiness, or moaning, and peripheral 

neuropathy. These symptoms were all present in the 

children. MRI or CT changes involving the splenium of 

the corpus callosum were seen in COVID-19 infected 

children who presented with fever, shock, and rash. 

These changes may increase the risk of Kawasaki 

disease or a disease similar to it, as well as 

inflammatory encephalopathies (Lin et al., 2021). On 

the other hand, additional research is necessary to 

confirm the actual neurological conditions that are 

brought on by the conditions. 

 

CONCLUSIONS 
Neurological manifestations associated with 

COVID-19 among children are likely to those reported 

among adults. Due to the considerations that children 

are less likely to be affected by COVID-19, their 

neurological manifestations are not well reported, 

particularly at the early stages of the pandemic. 

However, neurological manifestations of the COVID-19 

among children should be investigated and treated as a 

part of the COVID-19 management. 
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