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A B S T R A C T   

A wide number of neurological manifestations have been described in association with coronavirus disease 19 
(COVID-19). We describe an unusual case of a young man who developed severe rhombencephalitis after COVID- 
19. He demonstrated clinical and radiological improvement with high dose corticosteroids, plasma exchange and 
intravenous immune globulin. Our findings, along with previously reported cases that we review here, support an 
autoimmune para- or post-infectious mechanism and highlight a possible role for immunotherapy in patients 
with rhombencephalitis after COVID-19.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a 
novel strain of coronavirus identified in December 2019. Coronavirus 
disease 19 (COVID-19), the disease caused by SARS-CoV-2, is associated 
with neurological complications including headaches, seizures, stroke 
and encephalitis.(Ellul et al., 2020) The neurological sequelae are 
attributed to various mechanisms such as direct viral infection,(Baig 
et al., 2020) post- or para-infectious immune-mediated processes. 
(Zubair et al., 2020; Reichard et al., 2020) We describe a patient with 
brainstem and cerebellar inflammation consistent with rhomboence-
phalitis(Cleaver et al., 2020) following COVID-19, and a literature re-
view of SARS-CoV-2-related rhomboencephalitis.(Llorente Ayuso and 
Torres Rubio, 2020; Wong et al., 2020; Khoo et al., 2020) 

2. Case report 

A 21-year-old man with type 1 diabetes mellitus developed mild 
fevers, cough, myalgias and had a positive nasopharyngeal PCR for 
SARS-CoV-2. He was managed conservatively at home, and he had a 
follow-up negative SARS-CoV-2 PCR 14 days later. Two weeks after, he 
developed progressive gait instability and dysarthria and within a week 
he was bedridden. 

He then was evaluated in a community hospital. A repeat nasopha-
ryngeal SARS-CoV-2 PCR was negative. Brain magnetic resonance im-
aging (MRI) showed extensive brainstem and cerebellum T2/fluid 

attenuated inversion recovery (FLAIR) hyperintense signal (Fig. 1, A) 
with heterogeneous contrast enhancement (Fig. 1, B) and patchy areas 
of restricted diffusion (Fig. 1, C). Cerebrospinal fluid (CSF) revealed no 
pleocytosis, normal glucose and elevated protein. He had negative anti- 
GM1 IgG/IgM and anti-GQ1B antibodies. He received 1 g methylpred-
nisolone intravenously for 5 days, intravenous immune globulin (IVIG) 
2 g/kg over 5 days, followed by 5 cycles of plasmapheresis. He had no 
significant improvement and was discharged home. 

Ten days after hospital discharge, he presented to our institution 
after two generalized tonic-clonic seizures. His vital signs were normal, 
neurological examination was notable for limitation of leftward gaze, 
severe dysarthria and profound truncal and limb ataxia. He had slightly 
brisk reflexes and flexor plantar response bilaterally. Nasopharyngeal 
SARS-CoV-2 PCR was negative and serum SARS-CoV-2 IgG was positive. 
Systemic inflammatory markers were slightly elevated, with thrombo-
cytosis 465 10E(Zubair et al., 2020)/mcL (150–400 10E(Zubair et al., 
2020)/mcL) and erythrocyte sedimentation rate of 34 mm/h (normal 
1–15 mm/h). Repeat brain MRI showed mild improvement of the signal 
abnormalities and decreased contrast enhancement (Fig. 2 A, B). CSF 
analysis revealed zero white blood cells, elevated protein count (122 
mg/dL, normal 15–45 mg/dL), normal glucose, zero oligoclonal bands 
and normal IgG index. An extensive infectious workup was negative, 
including negative HIV, CSF bacterial and fungal cultures, PCR for HSV, 
VZV, EBV, CMV, and metagenomic next-generation sequencing (UCSF 
Clinical Laboratories - San Francisco, CA). Extensive antibody screening 
including serum and CSF autoimmune encephalopathy panels (Mayo 
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Clinic Laboratories – Rochester, MN), serum anti-aquaporin 4 IgG and 
myelin oligodendrocyte glycoprotein IgG were negative. He had a pos-
itive glutamic acid decarboxylase-65 (GAD-65) in the serum (2.00 nm/L, 
normal ≤ 0.02 nm/L) and normal in CSF. Other autoimmune testing 
revealed slightly elevated anti-double-stranded DNA antibody titer (8.0 
IU/mL, normal 0–4 IU/mL), with negative antinuclear antibodies, 
antineutrophil cytoplasmic antibodies, and extractable nuclear antigen. 

He was diagnosed with post-infectious autoimmune rhombence-
phalitis. With his severe symptoms and partial radiological improve-
ment, he was treated again with 5 sessions of plasmapheresis followed 
by IVIG 2 g/kg. Levetiracetam was started for seizures. Clinically, he 
demonstrated some improvement with normalization of his extraocular 
movements and improvement of the dysarthria and ataxia. Repeat im-
aging prior to discharge showed significant improvement (Fig. 3, A, B). 
He was discharged to an acute rehabilitation facility. 

3. Methods 

We conducted a systematic literature search in electronic databases 

PubMed and Scopus to identify studies reporting on “COVID-19” or 
“SARS-CoV- 2” with “brainstem encephalitis”, “rhombencephalitis”, 
“postinfectious brainstem encephalitis” and “Bickerstaff encephalitis” 
published between January 1, 2020 and February 28, 2021. We selected 
case studies that reported the association between COVID-19 and 
brainstem encephalitis. The search identified 29 articles. Based on the 
title and abstract, 3 papers were selected and are summarized in Table 1. 

4. Case reviews 

4.1. Case 1 

Wong et al.(Wong et al., 2020) describe a 40-year-old man who 
presented with unsteady gait, diplopia, oscillopsia, limb ataxia, altered 
sensation in right arm, and hiccups 14 days after the onset of respiratory 
symptoms. Nasopharyngeal PCR SARS-CoV-2 was positive. Neurological 
examination revealed bilateral facial weakness, tongue weakness, up-
beat nystagmus and limb ataxia. Imaging showed increased signal in the 
inferior cerebellar peduncle extending to the upper cervical spinal cord 

Fig. 1. (A) Axial MRI FLAIR sequence demonstrating extensive FLAIR signal abnormality involving the cerebral peduncles, midbrain, pons, and bilateral brachium 
pontis associated with (B) marked contrast enhancement of the pons, (C) restricted diffusion in the anterior portion of the pons. (D) Coronal views demonstrating the 
extensive signal abnormality in the braistem. 

Fig. 2. (A) Improvement of the signal abnormality in the midbrain, demonstration of FLAIR signal hyperintensity in the bilateral superior cerebellar peduncles and 
bilateral pons. (B) Demonstrated enhancement in the bilateral pons, similar compared to prior MRI. 
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and normal CSF analysis. He was diagnosed with brainstem encephalitis 
and treated symptomatically with gabapentin with improvement of 
hiccups and nystagmus. Ataxia persisted upon discharge. 

4.2. Case 2 

Llorente Ayuso et al.(Llorente Ayuso and Torres Rubio, 2020) 
describe a 72-year-old woman who presented with dizziness, oscillopsia, 
and unsteadiness 8 days after a prolonged hospitalization for SARS-CoV- 
2 pneumonia complicated by myocardial infarction and cardiogenic 
shock. Neurological examination revealed inattention downbeat 
nystagmus and impairment of smooth pursuit, Babinski on the left, se-
vere truncal ataxia and stimulus-induced myoclonus. CSF was normal, 
with normal IgG index and no oligoclonal bands. MRI revealed T2/ 
FLAIR hyperintense lesions in the cerebellum and contrast enhancement 
in the floor of the fourth ventricle. Serum GD1a IgG antibodies were 
detected. She was treated with high-dose steroids and oral steroid taper, 
with significant clinical and radiological improvement. She was diag-
nosed with Bickerstaff’s brainstem encephalitis, with a triad of oph-
thalmoplegia, ataxia, and depressed level of consciousness, typically a 
post-infectious syndrome.(Shahrizaila and Yuki, 2013) 

4.3. Case 3 

Khoo et al(Khoo et al., 2020) describe a 65-year-old woman who 
developed involuntary movements, diplopia and cognitive decline 7 
days after a prodrome of fever, cough and myalgia. She was diagnosed 
with COVID-19 after a positive nasopharyngeal PCR SARS-CoV-2 and 
chest X-ray demonstrating bilateral pulmonary infiltrates. Brain MRI 
and CSF analysis were normal. CSF SARS-CoV-2 PCR was negative. 
Extensive antibody screening was negative. She was diagnosed with 
post-infectious immune-mediated encephalitis and started on high-dose 
steroids, with slow progressive improvement of her neurological 
symptoms. 

5. Discussion 

Neurological manifestations of COVID-19 are relatively common, 
described in 36%–84% of cases.(Mao et al., 2020; Helms et al., 2020) 
Neurological symptoms can be the presenting manifestation of SARS- 

CoV-2 infection or can develop later in the disease course.(Mao et al., 
2020; Romero-Sánchez et al., 2020) COVID-19 is associated with the 
development of autoimmune neurological diseases, such as Guillain- 
Barré syndrome,(Toscano et al., 2020; Padroni et al., 2020) Miller Fisher 
syndrome,(Gutiérrez-Ortiz et al., 2020) acute necrotizing encephalitis, 
(Poyiadji et al., 2020) and acute disseminated encephalomyelitis.(Par-
sons et al., 2020) In 43 patients with neurological disorders associated 
with COVID-19, 12 developed a central nervous system (CNS) inflam-
matory syndrome thought to be associated with para-or post-infectious 
mechanisms. Of these patients, 2 developed encephalitis, 9 acute 
disseminated encephalomyelitis and 1 myelitis.(Paterson et al., 2020) 

SARS-CoV-2 is known to access the CNS.(Baig et al., 2020) Different 
mechanisms of CNS invasion have been proposed including the trans- 
synaptic spread of the virus, direct viral entry along the olfactory 
bulb, invasion of the vascular endothelium via the angiotensin con-
verting enzyme 2 receptor, to which SARS-CoV-2 binds to gain entry into 
the cells, and finally migration of infected leukocytes through the blood- 
brain barrier.(Ellul et al., 2020; Zubair et al., 2020) Our patient had a 
negative CSF SARS-CoV-2 IgG, and the patient reported by Khoo et al 
(Khoo et al., 2020) had a negative CSF SARS-CoV-2 PCR, which argues 
against direct viral injury. Furthermore, the brainstem lesions in our 
patient predominantly affect the white matter and spare the grey matter 
(Fig. 1, A), making an infectious process less likely. 

COVID-19 is associated with a severe systemic inflammatory 
response,(Lan et al., 2020; Moore and June, 2020; Mehta et al., 2020) 
which can lead to a para- or post-infectious immune-mediated CNS 
damage.(Zubair et al., 2020; Romero-Sánchez et al., 2020; Guilmot 
et al., 2021) The presence of antiganglioside antibodies in patients with 
immune mediated syndromes supports the potential for an autoimmune 
reaction triggered by SARS-CoV-2 leading to neurological sequelae. 
(Gutiérrez-Ortiz et al., 2020; Guilmot et al., 2021) A high prevalence 
SSA/Ro and antinuclear antibodies has been detected in COVID-19 pa-
tients, further supporting the possibility of autoimmune phenomena in 
convalescent patients.(Zhou et al., 2020) Our patient had low titers of 
dsDNA, likely a false positive seen in other autoimmune conditions or 
following prior IVIG administration.(Attar and Koshak, 2010) His serum 
GAD-65 was minimally elevated, which is consistent with his type 1 
diabetes mellitus(Mattozzi et al., 2020) and is likely predisposing him to 
other autoimmune disorders. The timing of the neurological symptom 
onset, the course and clinicoradiological improvement seen in this case 

Fig. 3. (A) Significantly improved FLAIR signal abnormalities, particularly of the cerebral peduncles and midbrain, pons, and medulla. (B) Enhancement of the 
bilateral pons significantly improved from prior MRI. 
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series, suggest a para- or post-infectious immune-mediated mechanism. 
Other studies have shown inflammatory changes and elevated cytokines 
in CSF analysis,(Benameur et al., 2020; Picod et al., 2020; Muccioli 
et al., 2020) which further support this theory. 

For patients with neurological sequelae from COVID-19, rehabilita-
tion (both appropriate assessments and programs) will also be critical in 
their recovery, especially in patients who were admitted to the intensive 
care unit.(Curci et al., 2021; de Sire et al., 2021; Tuzun et al., 2021) 
Many COVID-19 patients experience fatigue(de Sire et al., 2021; Carfì 
et al., 2020) including in the post-acute/chronic phase, and intensive 
rehabilitation has been shown to improve outcomes.(Curci et al., 2021; 
Ferraro et al., 2021) 

6. Conclusion 

Our case adds to the literature describing post-infectious immune 
mediated neurological sequalae in patients with COVID-19. Even though 
we cannot rule out the possibility of direct viral CNS penetration by 
SARS-CoV-2, the timing, imaging and clinical features, along with 
improvement after immunotherapy, are most supportive of a para- or 
post-infectious disease mechanism in COVID-19 associated rhomben-
cephalitis. Although it is unclear whether treatment with steroids, IVIG 
or plasmapheresis contributed to the improvement or if it merely fol-
lowed the natural course of a monophasic illness, these cases highlight a 
possible role for these therapies in patients where a post- COVID-19 
autoimmune rhombencephalitis is suspected after careful exclusion of 

Table 1 
Summary of cases of rhombencephalitis  

Patient 1 (Wong et al., 2020) 2 (Llorente Ayuso and Torres Rubio, 
2020) 

3 (Khoo et al., 2020) Our patient 

Age/sex 40-year-old man 72-year-old woman 65-year-old woman 21-year-old man 
Presenting 

symptoms 
Fever, malaise, exertional 
dyspnea 

Delirium and fever, bilateral interstitial 
pneumonia with hospital course 
complicated by myocardial infarction 
and shock. Discharged home after 22 
days of hospitalization. 

Fever, cough and myalgias Fever, cough and myalgias 

Days of respiratory 
symptoms before 
neurological 
presentation 

13 days 30 days 7 days 21 days 

Covid diagnosis Positive nasopharyngeal 
PCR SARS-CoV-2 on initial 
presentation 

Positive nasopharyngeal PCR SARS- 
CoV-2 on initial presentation, negative 
at the time of CNS symptoms 

Positive nasopharyngeal PCR SARS- 
CoV-2 on initial presentation with 
neurological symptoms. CSF PCR for 
SARS-CoV-2 was negative. 

Positive nasopharyngeal PCR SARS- 
CoV-2 on initial presentation, negative 
at the time of neurological symptoms. 
SARS-CoV-2 IgG antibodies: positive in 
serum, negative in CSF. 

Neurologic 
symptoms 

Unsteady gait, diplopia, 
oscillopsia, limb ataxia, 
altered sensation in right 
arm, hiccups 

Dizziness, oscillopsia, and unsteadiness Involuntary movements, diplopia, 
visual hallucinations and cognitive 
decline 

Severe slurred speech, inability to walk 
and abnormal eye movements 

Neurological exam Mild bilateral facial 
weakness, tongue 
weakness, upbeat 
nystagmus on all directions 
of gaze and limb ataxia. 

Bradypsychia, downbeat nystagmus 
and impairment of smooth pursuit. The 
left plantar response was extensor. 
Severe truncal ataxia and stimulus 
induced myoclonus. 

Widespread stimulus-sensitive 
myoclonus, hyperekplexia, ocular 
flutter and convergence spasm, and 
ocular-facial synkinesis. 

Severe dysarthria, truncal and limb 
ataxia, and abnormalities of horizontal 
extraocular movements 

CSF findings Normal WBC of 0/mm3, glucose 70 mg/dL, 
protein 41 mg/dL, sterile cultures, IgG 
index of 0.5, and absence of CSF 
oligoclonal bands 

WBC of 0.001 × 109/L (normal <0.005 
× 109/L), normal protein and glucose 
with negative CSF oligoclonal bands. 

WBC 0/mm3, protein 122 mg/dL, 
normal 15–45 mg/dL) with normal 
glucose. 

Other workup CRP marginally increased 
(50 mg/L), negative HIV 

Negative HIV, extensive negative 
infectious workup in the CSF. Extensive 
autoimmune encephalitis antibody 
screening was negative. Positive anti- 
GD1a IgG antibodies in the serum. 

CRP elevated (21 mg/L,), extensive 
autoimmune encephalitis antibody 
screening was negative. No occult 
malignancy on CT chest, abdomen and 
pelvis and FDG-PET 

Extensive infectious and autoimmune 
encephalitis antibody screening was 
negative. No occult malignancy 
evidences on CT chest, abdomen and 
pelvis 

MRI Increased T2/FLAIR signal 
abnormality in the inferior 
cerebellar peduncle 
extending to the upper 
cervical cord. 

T2/FLAIR hyperintense lesions in the 
caudal vermis and right flocculus, with 
contrast enhancement in the floor of 
the fourth ventricle. 

Normal Extensive brainstem and cerebellar 
increased T2/FLAIR signal, restricted 
diffusion and contrast enhancement 

Treatment Symptomatic - Gabapentin IV methylprednisolone 1 g daily x 5 
days followed by 1 mg/kg/day of PO 
prednisone. 

IV methylprednisolone 1 g daily x 3 
days, followed by oral prednisolone 1 
mg/kg, with a plan to wean over a 
period of 4–6 months. 

IV methylprednisolone 1 g daily x 5 
days, IVIG 2 g/kg followed by 5 sessions 
of PLEX at outside institution without 
clinical improvement. On arrival to our 
institution, underwent 5 sessions of 
PLEX followed by IVIG 2 g/kg. 

Outcome Improvement in hiccups 
and nystagmus, oscillopsia 
and ataxia persisted at the 
time of discharge. 

Significant improvement within days, 
with resolution of bradypsychia, 
nystagmus, myoclonus and 
improvement of ataxia. Imaging on day 
24 with significant improvement. 2- 
month follow-up with mild 
unsteadiness. 

On discharge from hospital (10 days 
after steroids), slow improvement was 
noticed. Cognition returned to her 
previous baseline, able to mobilize with 
support, and some improvement of 
myoclonus. 

Normalization of his extraocular 
movements and improvement of the 
dysarthria and ataxia. Significant 
radiological improvement. 

Diagnosis/ 
presumed 
mechanism 

Brainstem encephalitis and 
myelitis/ not discussed by 
the authors. 

BBE/Post- or para-infectious Postinfectious immune-mediated 
encephalitis 

Postinfectious immune-mediated 
encephalitis 

Abbreviations: BBE Bickerstaff brainstem encephalitis; FLAIR: fluid attenuated inversion recovery, CRP: C-reactive protein, mg = milligram, kg = kilogram, g = gram, 
PLEX = plasmapheresis. 
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infectious mimics, such as listeria, herpes simplex encephalitis, and 
tuberculosis.(Cleaver et al., 2020) 
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