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Encephalitis due to SARS-CoV-2 infection 

• SARS-CoV-2 infection is associated with a wide spectrum of neurological 
complications, including encephalitis

• encephalitis with other etiologies than autoimmune ( direct viral damage)
• the majority of which seem to be related to a secondary 

hyperinflammation syndrome ,with a massive release of cytokines and 
chemokines encephalopathies COVID-19 related 

• a few cases of encephalitis  are due to an antibody-mediated mechanism 
have been reported 

• fewer of  encephalitis are due to autoimmune limbic encephalitis (LE)
• acute disseminated encephalitis(3 cases)
• acute necrotizing encephalitis(3 cases)
• non-limbic autoimmune encephalitis, the majority of which anti NMDAr



Encephalitis due to SARS-CoV-2 infection 

• Most cases showed features consistent with a central nervous system 
(CNS) cytokine-mediated damage

• COVID-19 is associated with a severe systemic inflammatory 
responses which can lead to a para- or post-infectious immune-
mediated CNS damage



Hypothesis for autoimmune reaction 
triggered by SARS-CoV-2 
• A high prevalence SSA/Ro and antinuclear antibodies and presence of 

antiganglioside antibodies in COVID-19 patients supports the potential for 
an autoimmune reaction triggered by SARS-CoV-2 leading to neurological 
sequelae

• the prolonged time interval between respiratory - when present - and 
neurological symptoms( range 13–15 days), instead of a concomitant 
involvement, as occurs during cytokine related syndrome

• There was not severe alterations of blood-brain barrier in any case( mild 
pleocytosis and mild hyperproteinorrachia )

• the good response to immunomodulating therapy with steroids, 
immunoglobulins or plasma-exchange(all treated patients showed a 
significant improvement, in two cases with almost complete recovery)



Hypothesis for autoimmune reaction 
triggered by SARS-CoV-2 
• In patients asymptomatic or pauci-symptomatic for respiratory 

involvement exhibiting autoimmune LE as apparently first 
manifestation of COVID-19 disease(a previous, though asymptomatic, 
onset of SARS-CoV2 infection, as a trigger for a subsequent 
autoimmune process within the CNS is hypothesized) 



Graus criteria 

• definite autoimmune LE according to Graus criteria :

• 1) subacute onset(rapid progression of less than 3 months) of working 
memory deficits, seizures, or psychiatric symptoms suggesting involvement 
of the limbic system

• 2) bilateral brain abnormalities on T2-weighted fluid-attenuated inversion 
recovery MRI highly restricted to the medial temporal lobes

• 3) at least one of the following:

• i) CSF pleocytosis(white blood cell count of more than five cells per mm3)

• ii) EEG with epileptic or slow wave activity involving the temporal lobes

• 4) reasonable exclusion of alternative causes



Graus criteria 

• If one of the first three criteria is not met, a diagnosis of definite 
limbic encephalitis can be made only with the detection of antibodies 
against cell-surface, synaptic, or onconeural proteins

• ¹⁸Fluorodeoxyglucose (¹⁸F-FDG) PET can be used to fulfil this criterion

• Results from studies from the past 5 years suggest that ¹⁸F-FDG-PET 
imaging might be more sensitive than MRI to show an increase in FDG 
uptake in normal-appearing medial temporal lobes



Case report

• Two weeks after the onset of COVID-19 infection, a 74-year-old woman 
presented with subacute confusion and focal motor seizures starting from 
left temporal region

• CSF: hyperproteinorrachia

• Brain MRI : bilateral T2/FLAIR hyperintensities in both hippocampi

• total body PET/TC scan :hypermetabolism in basal ganglia bilaterally(PET 
scan can be abnormal initially in the autoimmune encephalitis, when EEG, 
MRI, and CSF studies are in-conclusive)

• A diagnosis of autoimmune LE was made. Thus, high dose corticosteroids 
and antiseizure medications were started, with a marked improvement of 
neurological conditions.





• A 60-year-old male physician with a history of recent 
recovered COVID-19 infection presented with 
neuropsychiatric complaints including altered mental status, 
perseveration, disinhibition, word finding difficulty and 
worsening paranoia. Exam consistent with constructional 
apraxia, akinetic mutism, bradykinesia, severely impaired 
delayed recall, and difficulty with complex tasks and multistep 
commands. Other neurological exam was normal. 
Cerebrospinal fluid analysis (CSF) demonstrated a glucose of 
58, protein of 54, nucleated cell count of 0, RBC 0. SARS-CoV-
2 RT-PCR in CSF was inconclusive. Autoimmune encephalitis 
and paraneoplastic panel in CSF were negative. Positron 
emission tomography (PET) scan was consistent with 
abnormal mixed brain hypometabolism and hypermetabolism
suggesting an early pattern of autoimmune encephalitis. 
Detailed neurocognitive testing consistent with severe 
executive dysfunction. 48 hours of video EEG was suggestive 
of severe diffuse encephalopathy, no seizures or epileptiform 
discharges. Patient received treatment with 5 days of 
intravenous immunoglobulin (IVIg) with marked improvement 
noted clinically and as well as on repeat PET imaging and 
neurocognitive testing.



Acute disseminated encephalomyelitis(ADEM)

• Acute disseminated encephalomyelitis is a syndrome of multifocal 
demyelination, mainly occurs in children and adults younger than 40 years

• typically occurring weeks after an infection or vaccination 

• generally presents with focal neurological symptoms, often with encephalopathy

• usually characterized by a monophasic course

• Acute disseminated encephalomyelitis has been already reported after several 
viral infections, including SARS-COV, MERS-COV 

• there are few case reports of ADEM-like manifestations in the context of COVID-
19 disease 

• Worryingly, preliminary reports show that ADEM is not exclusive to COVID-19 
patients with demographic risk factors, as young COVID-19 patients and those 
with no comorbidities also develop this complication 



ADEM

• Newly occurring multifocal neurological symptoms suggest acute 
disseminated encephalomyelitis (ADEM)

• subacute encephalopathic syndrome

• cranial nerve palsies

• ataxia

• hemiparesis

• optic neuritis 

• myelitis with or without brain involvement 

• the diagnosis of ADEM is based on combined clinical and radiological 
features and exclusion of other possible similar conditions



Csf

• mild pleocytosis(less than 50 lymphocytes per mm³)

• CSF oligoclonal bands are uncommon (less than 7% of all cases)



Imaging

• CT scan display non-diagnostic features

• MRI is the preferred neuroimaging modality Brain

• multiple, Diffuse, poorly demarcated, large (>2 cm) abnormalities on T2- weighted FLAIR imaging 

• bilateral and asymmetric T2/FLAIR hyperintensities

• central and subcortical white matter 

• thalami

• basal ganglia

• cerebellum

• brainstem

• gadolinium-enhancing lesions(1/3)

• spinal cord involvement(1/3)

• Restricted diffusion in diffusion-weighted imaging (DWI) sequences can be present in acute 
settings, and has been associated with a more aggressive disease course





pathophysiology

• Perivenular sleeves of demyelination associated with inflammatory 
infiltrates are the hallmark of ADEM pathology

• Post-mortem neuropathological findings in one COVID-19 patient 
revealed features suggestive of combined demyelinating and vascular 
mechanisms



pathophysiology

• Demyelinating lesions after viral infection can be caused by :

• cross-reaction between immune response and host cell components 

• lymphocyte and macrophage reaction 

• lymphokine-mediated damage

• immune cell protease release

• cytokine storm may activate glial cells, leading to demyelination

• viral infection can trigger the production of antibodies targeted against glial 
cells

• In primates, murine coronavirus can acutely replicate and cause 
oligodendrocyte lysis and demyelination



Treatment

• Intravenous pulse methylprednisolone, plasma exchange and IVIg

• There are no randomized controlled trials related to ADEM

• Use of high-dose intravenous corticosteroids is widely accepted as 
first-line therapy, and was associated with substantial clinical 
improvement in adults in uncontrolled observational studies

• In patients who fail to respond to corticosteroids, IVIG and, less 
commonly, plasma exchange are considered second-line options

• In COVID-19 patients immunotherapy should be individualized, 
taking into account concerns about safety of these treatments.



MOG-associated encephalitis 

• SARS-CoV-2 infection may have triggered an autoimmune response, 
leading to the development of MOG-antibodies and a post-infectious 
encephalitis syndrome

• A previous study showed that infection with the murine coronoavirus
MHV (mouse hepatitis virus) A59 worsened the immunopathology in 
mice with MOG autoantibodies 

• This suggests that viral infections like COVID-19 may unmask 
previously quiescent autoimmune pathologies



Acute hemorrhagic necrotizing 
encephalitis(AHNE)
• is a rare neurologic complication secondary to para-infectious and 

hyperimmune response to SARS-CoV-2 infection

• This clinicoradiological syndrome affects patients with severe COVID-19 
infection 

• occurs between one to two weeks after the onset of the upper respiratory 
tract infection

• The true incidence is unknown due to under recognition of the syndrome 
and difficulties in obtaining timely neuroimaging studies due to patients' 
disease severity

• More than 50% had medical comorbidities such as hypertension and 
diabetes mellitus, and only one patient had a prior neurologic disease



Acute hemorrhagic necrotizing 
encephalitis(AHNE)
• The most common presenting symptoms with SARS-CoV-2 infection 

were fever, malaise, headache, dyspnea, diarrhea, cough, and 
abdominal pain

• Most patients had severe pulmonary manifestations leading to 
hypoxemic respiratory failure requiring intubation and mechanical 
ventilation with multiorgan dysfunction and cytokine storm

• Neurologic manifestations of coma and persistent encephalopathy 
dominated clinical presentation, followed by seizures and focal 
deficits

• The interval between disease onset and neurologic manifestation or 
neurologic consultation ranged between 1 and 30 days 



Acute hemorrhagic necrotizing encephalitis

• Increasing numbers of patients with hemorrhagic encephalomyelitis 
are reported

• A case report described a woman in her late fifties who presented 
with fever, cough, and altered mental status; MRI revealed 
hemorrhagic lesions in bilateral thalami, medial temporal lobes, and 
subinsular lesions 



AHNE

Hyperintensity within the 
bilateral medial temporal 
lobes and thalami on 
T2/FLAIR MRI. (D) Evidence of 
haemorrhage, indicated by 
hypointense signal on 
susceptibility-weighted 
images, consistent with acute 
necrotising encephalopathy in 
a patient with confirmed 
COVID-19



Diagnosis

• patchy bilateral periventricular hypoattenuation on CT

• MRI:with Gd and SWI and DWI

• periventricular confluent T2/FLAIR hyperintensities

• DWI:multifocal diffusion restriction

• T2* or SWI: diffuse microhemorrhages or large lesions in the medullary 
canal and basal 

• some of lesions absorb contrast medium

• MRI imaging with contrast agent administration is essential for the 
detection of inflammatory lesions



Csf

• elevated opening pressure

• pleocytosis of < 100 cells/μl(usually)

• elevated CSF protein

• negative SARS-CoV-2 PCR 

• Isolated oligoclonal bands in CSF are uncommon

• Testing for aquaporin-4 or myelin oligodendrocyte glycoprotein 
(MOG) antibodies should be performed in order to identify the initial 
manifestation of a neuromyelitis optica spectrum disorder (NMOSD) 
or MOG encephalomyelitis



Treatment

• high-dose corticosteroids (1–2 g/day) intravenously over 3–5 days 
with or without oral tapering is recommended

• In case of an insufficient response to steroids, the administration of 
immunoglobulins (0.4 g/kg bw intravenously) and/or plasma 
exchange or  convalescent plasma is recommended

• The effect of various on the clinical course and long-term outcomes 
among patients diagnosed with AHNE secondary to COVID-19 needs 
evaluation in larger prospective cohorts



outcome

• variable 

• many patients die 

• Some patients have substantial neurologic morbidity, particularly 
those with hemorrhagic lesions 



pathophysiology

• The pathophysiology of COVID-19 related AHNE is unclear

• Several mechanisms were hypothesized:

• hypercoagulable state from systemic inflammation

• Cytokine storm-mediated IgG (immunoglobulin G) production and 
breakdown of blood-brain-barrier

• post-infectious immune-mediated responses

• direct viral-induced endotheliopathy leading to angiopathy, and 
microthrombosis and microhemorrhage ( Viral particles have been 
isolated from the endothelium of various tissues, including the brain )



mild encephalitis with reversible splenial
lesion 
• MERS is characterized by fever, encephalopathy, and a reversible 

splenium lesion on MRI

• MERS has been associated with infection, potentially as an 
autoimmune response

• Patients with MERS typically present with:

• fever 

• encephalopathy and lethargy 

• seizures 

• behavioral changes



pathophysiology

• unknown

• it is believed that intramyelinic edema and inflammation within the 
splenium may be the result of a spontaneously reversible 
autoimmune response, with complete resolution of clinical and 
radiographical abnormalities seen in most instances



MERS

• MERS has been associated with:

• antiepileptic medication withdrawal

• high-altitude exposure

• metabolic disturbances

• most commonly associated with infection such as influenza virus



MERS
A reversible splenium lesion on MRI 
in a patient with antibodies to 
SARS-CoV-2. Initial MRI brain 
showed a midline splenium 
increased signal on (a) DWI and (b) 
FLAIR, and decreased signal on (b) 
ADC sequences. After two weeks, 
there was complete reversal of 
these changes on (d) DWI, (e) ADC, 
and (f) FLAIR sequences



Take home message

• It is important to monitor neurological symptoms in COVID-19 patients and 
to consider the possibility of an autoimmune LE, in particular when altered 
mental status and seizures appear late in the disease course

• There should be high suspicion of autoimmune encephalitis following 
COVID-19 infection in patients presenting with combination of neurological 
and neuropsychiatric symptoms following recovery of acute infection

• In these cases, managing an early diagnostic set-up with CSF analysis, EEG, 
and brain imaging, represents the best diagnostic strategy, in order to avoid 
unnecessary delays and promptly start the appropriate treatments
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