
Introduction 
Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) infection is characterized by severe respiratory symp-

toms. In addition to these symptoms, a wide range of central 

nervous system (CNS) complications in patients with corona-

virus disease 2019 (COVID-19) have been reported [1,2]. 

SARS-CoV-2 infection also has the potential to specifically tar-

get the CNS, and some cases of encephalitis have been de-

scribed in patients admitted to the intensive care unit (ICU) 

for severe respiratory distress [3,4]. The occurrence of en-

cephalitis during SARS-CoV-2 infection independent from 

acute respiratory distress syndrome (ARDS) has been de-

scribed in a few case reports, indicating CNS inflammato-

ry-mediated involvement [5,6]. However, the neurotropism of 

SARS-CoV-2 infection and the mechanisms leading to specific 

brain involvement remain debatable [7–9]. Encephalitis can 

be defined as inflammation of the brain parenchyma associ-

ated with neurologic dysfunction [10]. Patients diagnosed 

with COVID 19–associated encephalitis have diverse clinical 

neurological manifestations, including conscious-ness distur-
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bance, epileptic attacks, and psychotic syndrome. Cerebrospi-

nal fluid (CSF) tests revealed elevated protein, lymphocytes, 

and cytokines. SARS CoV 2 can be detected in the CSF in cer-

tain individuals. Neuroimaging findings include hyperintense 

signal changes in the white matter and enhancement of me-

ninges on brain magnetic resonance imaging (MRI) [11]. In 

the present article, several reports of encephalitis associated 

with SARS-CoV-2 infection were reviewed to summarize the 

data in the literature and related pathomechanisms. 

Main Subjects 
1. Overview of CNS complications associated with 
SARS-CoV-2 
In an observational study on CNS manifestations in COVID-19, 

31%–69% of patients with severe COVID-19 and 21% with non-

severe COVID-19 complained of various CNS symptoms [1,4]. 

Dizziness (17%), headache (13%), impaired consciousness 

(8%), acute stroke (3%), ataxia ( < 1.0%), and seizures ( < 1.0%) 

were the main symptoms reported among hospitalized pa-
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tients [1]. Agitation (69%), confusion (65%), signs of cortico-

spinal tract dysfunction (67%), and impairment of executive 

function (36%) were frequent symptoms observed in 64 con-

secutive patients admitted to two ICUs due to ARDS caused 

by COVID-19 [4]. In that series, at the time of hospital dis-

charge, 33% of patients had a dysexecutive syndrome consist-

ing of inattention, disorientation, and poorly organized re-

sponses to commands [4]. 

Retrospective, multicenter, case series studies were conduct-

ed in France; based on the analysis of 64 patients with 

COVID-19 who underwent MRI for neurological symptoms, 

stroke, leptomeningeal enhancement, and encephalitis were 

the most common abnormal neuroimaging findings [12]. In 

particular, encephalitis was present more often in younger 

patients, and agitation was associated with leptomeningeal 

enhancement [12]. In the case series reported from England, 

COVID-19–related neurologic complications were classified 

into the five categories of encephalopathies, encephalitis, 

acute disseminated encephalomyelitis (ADEM), myelitis, and 

ischemic stroke. Among these, the most common was en-

cephalitis, followed by encephalopathies and ischemic stroke 

[13]. Although differences exist among the reports, 20%–60% 

of patients with COVID-19 had CNS manifestations, and the 

neurologic symptoms were more frequent in cases of severe 

respiratory infection. In a retrospective, observational study 

on neurologic manifestations of 841 patients hospitalized for 

COVID-19 at two centers in Spain, 57.4% of patients com-

plained of some form of neurologic symptoms. In particular, 

disorders of consciousness occurred more frequently in the 

elderly and severely ill patients [14]. In addition, headache, 

dizziness, taste and smell dysfunctions, and impaired con-

sciousness were common symptoms in a systematic review of 

COVID-19 and neurological manifestations, and impaired 

consciousness was more frequent in severe or critical disease 

courses [15]. 

2. Diagnosis of COVID-19 encephalitis 
Although pathologic examination and testing of brain tissue 

are considered the “gold standard” diagnostic test for enceph-

alitis syndrome, in the absence of pathologic evidence of 

brain inflammation, encephalitis has been defined based on 

selected clinical, laboratory, electroencephalographic, and 

neuroimaging features. The diagnosis of possible encephalitis 

requires altered mental status and at least two minor criteria 

associated with fever, CSF pleocytosis, MRI changes, electro-

encephalographic changes, new-onset seizures, or focal neu-

rologic deficits [16]. Conversely, encephalopathy refers to a 

clinical state of altered mental status, manifesting as confu-

sion, disorientation, behavioral changes, or other cognitive 

impairments, with or without inflammation of brain tissue 

[16]. Meningitis denotes involvement of the meninges. Clini-

cally, meningitis is characterized by fever, headache, vomit-

ing, and meningeal signs. CSF examination in meningitis 

usually shows inflammatory changes [17]. 

According to reports of COVID-19–associated encephalitis, 

most patients are diagnosed if CNS manifestations are ob-

served, and hyperproteinorrachia and/or pleocytosis ob-

served on CSF examination or MRI are suggestive of encepha-

litis. In a representative COVID-19–associated encephalitis 

cohort study, positive CSF reverse transcription (RT) poly-

merase chain reaction (PCR) results for SARS-CoV-2 were rare 

[18,19]. Standards for encephalitis diagnosis typically are per-

formed by applying the standards for possible encephalitis as 

previously mentioned. However, consideration of how en-

cephalitis was diagnosed in each study is important. 

3. COVID-19 encephalitis case report 
The first reported case of SARS-CoV-2-related encephalitis 

was of a 24-year-old Japanese male patient [20]. He was treat-

ed with laninamivir (anti-influenza inhaler; Daiichi-Sankyo, 

Tokyo, Japan) for headache, fatigue, and fever in late February 

2020, and his family found him with decreased consciousness 

on day 9 after symptom onset. A generalized seizure occurred 

in an ambulance en route to the hospital. Brain computed to-

mography (CT) showed extensive cerebral edema, and chest 

CT showed small ground-glass opacities. CSF examination 

showed a white blood count of 12/μL and a positive SARS-

CoV-2 PCR test; all other specimens were negative for SARS-

CoV-2 based on PCR tests. A hyperintense signal change was 

observed in the right temporal lobe and hippocampus on 

brain MRI. This was the first encephalitis case associated with 

COVID-19 for which the patient was admitted for reduced 

consciousness and seizure and where SARS-CoV-2 RNA was 

detected in the CSF. 

After the aforementioned case report, encephalitis cases asso-

ciated with COVID-19 continued to be reported from different 

countries [11]. The initial symptoms varied and included re-

duced consciousness, seizure attacks, psychotic symptoms, 

and meningeal irritation signs. Most cases were diagnosed as 

COVID-19–related encephalitis based on the accompanying 

neurological symptoms observed during treatment after con-

firmed SARS-CoV-2 RT-PCR results from nasopharyngeal 

swab samples. Increased protein and pleocytosis levels were 

observed on CSF analysis, and 30% of the patients had posi-
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tive CSF SARS-CoV-2 RT-PCR results. Many case reports did 

not include brain imaging, possibly due to the difficulty in 

performing MRI in patients with COVID-19 in many centers 

at the beginning of the pandemic. Cases with reported MRI 

results showed subtle, nonspecific encephalitic changes or 

normal more than specifically for COVID-19–related enceph-

alitis. High-dose steroids or immunoglobulins were adminis-

tered for treatment after diagnosis, and favorable outcomes 

were reported for most cases, although death during treat-

ment among elderly patients was reported [11]. 

4. COVID-19–associated encephalitis cohort study 

The ENCOVID multicenter study 
The ENCOVID multicenter study conducted in Italy was a 

landmark cohort study in which the focus was on encephalitis 

among the various COVID-19–related neurological complica-

tions [18]. This was a hospital-based, longitudinal cohort 

study conducted in 13 neurological units in northern Italy be-

tween Lombardy and Veneto, to understand the relationship 

between COVID-19 and CNS involvement. All patients con-

secutively admitted to the participating hospitals between 

February 20, 2020, and May 31, 2020, with symptoms sugges-

tive of encephalitis, were screened for inclusion. Venkatesan’s 

criterion was used as the standard for encephalitis diagnosis 

[16]. During the study period, 45 patients with encephalitis 

were recruited, and an association with COVID-19 was ob-

served in 32. Twenty-five cases with MRI, electroencephalog-

raphy (EEG), and CSF results that could be analyzed with 

clinical presentation, clinical course, response to treatment, 

and outcome data were studied. CSF analysis confirmed hy-

perproteinorrachia and/or pleocytosis in 17 of 25 patients 

(68.0%), and positive CSF RT-PCR for SARS-CoV-2 was con-

firmed in 14 patients but all were negative. ADEM was ob-

served in three patients on MRI, two patients had limbic en-

cephalitis (LE), seven patients had atypical encephalitis, and 

13 patients had normal presentation. Patients with imaging 

patterns for ADEM and LE had slower onset of symptoms and 

more severe respiratory tract invasion. Furthermore, patients 

with abnormal MRI findings had poor response to treatment. 

Spanish Society of Neurology’s COVID-19 Registry 
Another important cohort study was a report from Spanish 

neurologists regarding neurological involvement in patients 

with COVID-19 seen between March 17, 2020, and June 6, 

2020 [19]. Among various neurological complications, this re-

port was limited to encephalopathy and encephalitis. Neuro-

logical symptoms were observed in 232 patients, and patients 

with encephalopathy or encephalitis accounted for 21.9% of 

the study cohort (n =  51). In addition, 39 cases of anosmia 

(16.8%), 30 of headache (12.9%), 26 of seizures (11.2%), 61 of 

neuromuscular disorder (26.2%), and 55 of cerebrovascular 

disease (23.7%) were observed. The mean time between onset 

of infection and onset of neurological symptoms was 8.0 days. 

Lumbar puncture was performed in 60.8% of patients, with 

positive PCR results for SARS-CoV-2 in only one case. Brain 

MRI studies were performed in 47.0% of patients and alter-

ations were detected in 7.8%. EEG studies were performed in 

41.3% of cases and alterations were detected in 61.9%. Similar 

to other reports, the rate of positive SARS-CoV-2 PCR results 

was very low, and abnormal MRI findings were found in fewer 

than 10% of cases. The authors reported that EEG was rela-

tively sensitive and helpful for diagnosis.  

5. Mechanisms of COVID-19–associated encephalitis  
Similar to other well-recognized neuroinvasive human virus-

es, coronaviruses enter the CNS through three major routes: 

transsynaptic propagation from the olfactory epithelium, en-

dothelial angiotensin-converting enzyme 2 (ACE2) receptors 

expressed in brain vessels, or crossing a leaky blood-brain 

barrier (BBB) affected by systemically produced cytokines [9]. 

Neuronal pathway 
Some human coronaviruses, including SARS-CoV-1, are con-

sidered neurotropic due to their capacity to enter the CNS via 

the neuronal pathway [21]. Viruses present near the upper re-

spiratory mucosal nerves infect the ends of the sensory and 

motor nerves and induce retrograde or anterograde transport 

via kinesins, dynein, and motor proteins [22]. In an intranasal 

coronavirus infection study in mice, coronaviruses were con-

firmed to invade the CNS via the olfactory route and gradually 

reach the brainstem and spinal cord through dispersion [23]. 

However, as mentioned in the above case series and cohort 

study, few patients with COVID-19–related encephalitis had 

positive CSF SARS-CoV-2 PCR results, and we do not believe 

that neurological involvement via the neuronal pathway is 

observed in all encephalitis cases. 

Blood circulation pathway 
Viruses can enter the CNS without infecting the nerves. The 

human immunodeficiency virus infects leukocytes and can 

enter the brain parenchyma via the infected leukocytes. These 

“Trojan horse mechanisms” are possible because the infected 

cells can pass through the BBB [24]. In addition, Japanese en-

cephalitis viruses cause increased production of proinflam-

matory cytokines when they enter the bloodstream, and this 

increases BBB permeability and accelerates CNS entry [25]. 

This mechanism is speculated to apply to SARS-COV-2 be-
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cause SARS-COV-2 infections are frequently accompanied by 

a severe systemic inflammation and an increase in cytokines, 

and CNS invasion was reportedly positively associated with 

the severity of respiratory symptoms in most cohort studies 

[26]. Furthermore, ACE2 receptor expression on the BBB en-

dothelium has been confirmed and can be considered a pos-

sible mechanism of CNS entry [6]. However, additional stud-

ies are needed to elucidate the mechanism of how SARS-

CoV-2 enters the CNS. 

Immune-mediated injury to the CNS 
SARS-CoV-2 is proposed to cause damage to the CNS by a 

surge of inflammatory cytokines (mainly interleukin [IL]-6), 

termed cytokine storm syndrome (CSS), in the same manner 

as many neurotropic viruses are assumed to induce the pro-

duction of IL-6 from glial cells, resulting in CSS [27]. In an in 

vitro study, activated glial cells were observed to cause chron-

ic inflammation and brain damage by producing proinflam-

matory cytokines such as IL-6, IL-2, IL-5, and tumor necrosis 

factor-α [28]. SARS-CoV-2 infection of the CNS activates the 

CD4+ cells of the immune system, which induce macrophages 

to secrete IL-6 by producing granulocyte-macrophage colo-

ny-stimulating factor. IL-6 is a predominant component of 

CSS and leads to multiple organ failure, which is a major 

cause of fatality in COVID-19 [29]. This is supported by re-

ports that treatment with tocilizumab (an IL-6 receptor block-

er) resulted in improvement in critically ill COVID-19 patients 

[30]. Therefore, CSS is a major mechanism used by SARS-

CoV-2 to indirectly damage the brain. In addition, CSF IL-1β, 

IL-6, and ACE levels were elevated in a case series presenting 

CSF inflammatory markers in patients with SARS-CoV-2–as-

sociated encephalitis. Based on the negative CSF PCR results 

for SARS-CoV-2 and clinical improvement within three days 

of symptom onset, the authors estimated the CNS dysfunction 

in the patient to be a systemic hyperinflammatory response to 

the virus. They also emphasized that, in this case, anti-IL 

treatments such as anakinra (targeting IL-1) or tocilizumab 

and siltuximab (targeting IL-6) would be useful for symptoms 

of CNS involvement [31].  

Conclusion 
Encephalitis, along with cerebrovascular disease and neuro-

muscular disorder, is a neurological complication often ob-

served in patients with COVID-19. Although the prevalence of 

encephalitis is difficult to determine based on the available 

data due to different standards for diagnosis, encephalitis ac-

counts for 20% of various CNS manifestations. Because posi-

tive CSF SARS-COV-2 PCR results are rare in COVID-19–relat-

ed encephalitis, other mechanisms than the neuronal path-

way are likely involved. Responses to immunotherapy are fa-

vorable, and the prognosis is good. Brain MRI can show vari-

ous patterns, such as ADEM and LE; however, in more than 

half of cases, brain MRI findings appear normal. Therefore, 

treatment should be decided after considering any neurologi-

cal symptoms, hyperproteinorrachia and/or pleocytosis 

found on CSF examination, and abnormal EEG findings. In 

summary, due to the recent increase in cases, this article re-

view can provide insight into the management of encephalitis 

in patients with COVID-19. 
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