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ABSTRACT 

Background. Immune-mediated neurological syndromes may occur following SARS-CoV-2 

infection or vaccination. Their presentation can be extremely heterogeneous and there are no 

established guidelines for treatment. 

Methods. We report the clinical and instrumental features of two patients presenting 

neurological syndromes started two weeks after Covid-19 vaccine, with infection co-

occurring in one case, describe their common neuroimaging profile and illustrate their 

response to immunosuppressive treatment. 

Results. Both patients displayed simultaneous central and peripheral nervous system 

involvement. Cerebellar ataxia and predominantly sensory neuropathy/neuronopathy were 

present in one case, whereas rapidly evolving quadriparesis, sensory level, bulbar deficits and 

altered vigilance characterized the other. Electrophysiological studies were in favor of both 

central and peripheral conduction deficits. Brain MRI displayed inflammatory changes with 

contrast enhancement in superior cerebellar peduncles in both cases. Intrathecal IgG synthesis 

was present, but no known autoantibodies were found in plasma and CSF. 

Immunosuppressive treatments, namely plasma exchanges and high-dose corticosteroids, had 

a partially favorable impact, at least on central involvement. 

Conclusions. We report two cases of cerebellar encephalitis following Covid-19 exposure 

with an atypical neuroimaging signature involving superior cerebellar peduncles. This 

neuroinflammatory pattern, already identified in patients exposed to SARS-CoV-2 vaccine, 

suggests that cerebellar encephalitis may be considered a rare but severe adverse event of 

RNA vaccine against Covid-19. We also provide evidence concerning the potential benefit of 

intensive immunosuppressive strategies in such cases. 
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INTRODUCTION 

Since the outbreak of Covid-19 pandemic several studies highlighted an association of SARS-

CoV-2 infection with neurological and neuropsychiatric illness[1]. While the evidence of 

clear neurotropism for SARS-CoV-2 is still lacking[2], para-infectious or post-infectious 

immune-mediated neurological complications have been documented[2–4]. As with other 

viral agents such as rubella or influenza viruses, infection itself or vaccination can trigger a 

delayed autoimmune response, probably due to viral mimicry[5]. Post-infectious/post-

vaccinal Covid-19 neurological syndromes may involve both the central (CNS) and peripheral 

nervous system (PNS). Despite the lack of rigorous epidemiological studies[6], their 

incidence remained relatively low throughout Covid-19 pandemic. Clinical, laboratory and 

neuroimaging presentations can be highly heterogenous[7]. In most cases, no relevant 

autoantibodies, in particular against neural-surface antigens are found[8]. Immunosuppressive 

regimens (corticosteroids, plasma exchanges (PE), anti-CD20 antibodies) have been 

employed in such cases with variable efficacy, but there are still no consensual treatment 

guidelines.  

Hereby we report two patients presenting neurological complications following Covid-19 

exposure (vaccination in both cases, and concurrent infection in one of them) both displaying 

the same atypical neuroimaging profile and featuring simultaneous involvement of CNS and 

PNS, and we illustrate their response to immunosuppressive treatment. 

 

CASE DESCRIPTIONS 

Patient 1 

The first patient, an individual in their 70s without prior remarkable medical conditions, 

underwent a four-shot Covid-19 vaccination protocol (two Comirnaty® doses one month 

apart, then two booster doses after twelve and eighteen months, respectively). Two days after 

the last dose the patient presented mildly symptomatic Covid-19 infection (fever, cough, nose 

congestion). Two weeks after the infection lower limbs weakness, asthenia, and 

proprioceptive ataxia were noticed. Deep tendon reflexes were brisk. SARS-CoV-2 PCR was 

negative at that time. The anti-S IgG titer was >40000 U/mL and the anti-N index was 

positive at 2.96. Brain and spinal cord MRI were unrevealing. Nerve conduction study (NCS) 

showed mild amplitude reduction in sensory potentials in the four limbs. The leading 
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hypothesis being atypical sensory Guillain-Barré syndrome, 2 g/kg intravenous 

immunoglobulin (IVIg) therapy wad administered, without noticeable improvement.  

After 10 days the patient experienced increase in balance disorders, severe muscle weakness 

requiring wheelchair, and urinary and pelvic incontinence. Neurological examination showed 

cerebellar ataxia in upper and lower limbs, Romberg sign, nystagmus and (intermittently) 

dysarthric speech. Muscle strength was reduced in bilateral tibialis anterior, glutei and 

hamstring muscles; vibratory sense was abolished in distal lower limbs. The score at the scale 

for the assessment and rating of ataxia (SARA) was 13. Brain MRI showed T2/Fluid 

Attenuated Inversion Recovery (FLAIR) hyperintensity and enlargement of the superior 

cerebellar peduncles with associated patchy contrast enhancement (Figure 1A). NCS 

confirmed the decrease in sensory potentials with only mild motor conduction impairment. 

Somatosensory and motor evoked potentials (EP) were in favor of both peripheral and central 

slowing, greater in lower limbs. Cerebrospinal fluid (CSF) analysis only displayed slightly 

increased proteins (0.48 g/L) and intrathecal oligoclonal IgG synthesis. Infectious workup 

including herpesviruses, hepatitis, influenza, HIV, syphilis, and Lyme disease was negative in 

blood and CSF. Testing for neuropathy/neuronopathy-associated antibodies (gangliosides, 

fibroblast grow factor receptor-3, neurofascin proteins 155 and 186, contactin, contactin-

associated protein-1, argonaute proteins) as well as demyelinating disorders of the CNS 

(aquaporin-4 (AQP4), myelin oligodendrocyte glycoprotein (MOG), myelin-associated 

glycoprotein) was negative. In addition, screening for antibodies against extracellular and 

intracellular neuronal antigens using tissue-based indirect immunofluorescence assay in serum 

and CSF was negative. No anti-interferon-alpha antibodies were detected. 

After an attempt with an IV methylprednisolone 1 g for 10 days, with limited efficacy, the 

patient was treated with ten PE, followed by oral steroids (prednisone 1 mg/kg for 4 weeks 

then slow tapering). Motor deficit and cerebellar signs significantly improved after the PE 

series, whereas sensory deficits and proprioceptive ataxia persisted. At six months from onset, 

SARA score was 6. Progressive resolution of brain lesions was observed at follow-up MRI 

(Figure 1B), with spinal cord MRI being persistently normal. Sensory and motor amplitudes 

slightly increased, with improvement in central conductions. At 21-month follow-up the 

patient can walk without supports, take stairs, ride a bike, tough being still impaired in tandem 

gait and in keeping balance without visual control. NCS were overall stable, without 

significant recovery. 
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Patient 2  

The second patient was an individual in their 80s with mild neurocognitive and gait disorder 

due to chronic adult hydrocephalus and cerebral small-vessel disease diagnosed 5 years 

before, who underwent a four-shot Covid-19 vaccination protocol (2 Spikevax® doses one 

month apart, then two Comirnaty® boosters, after 5 and 11 months). The patient presented 

rapidly progressive weakness and numbness in lower limbs and urinary incontinence two 

weeks after the last shot. Neurological examination showed flaccid paralysis of lower limbs 

and T10 sensory level. Spinal cord MRI was unrevealing. NCS evidenced only mild reduction 

in amplitude of sensory and motor potentials.  

About a month after onset their conditions rapidly worsened, with extension of motor deficit 

also to upper extremities, mainly to distal muscle groups, and the appearance of dysarthria, 

hypophonia, apathy and fluctuations in vigilance. Brain MRI (Figure 1C) showed T2/FLAIR 

hyperintensity and enlargement of the superior cerebellar peduncles, with associated contrast 

enhancement. NCS found further decrease of motor potentials with conduction blocks at 

lower limbs. Somatosensory and motor EP were consistent with both central and peripheral 

conduction deficits, more severe in lower limbs. Spinal cord MRI was persistently negative. 

CSF analysis showed increased proteins (0.57 g/L) and intrathecal IgG synthesis. SARS-

CoV-2 PCR was negative, anti-S IgG titer was 7080 U/mL and anti-N index was negative. 

Infectious and autoimmune testing, as in the first case, was unrevealing.  

Due to the inefficacy of IV steroids and the severity of the clinical deficits, the patient 

underwent ten PE followed two weeks after by two administrations of Rituximab 1000 mg. 

The patient displayed only mild improvement, with normalization of vigilance and recovery 

of speech, but with no noticeable changes in limb strength. Follow-up brain MRI at 6 months 

(Figure 1D) showed progressive lesion reduction, whereas NCS showed slight further 

decrease in sensory and motor amplitudes. Clinical conditions did not change, as the patient 

was still bedridden without any motor recovery. 

Clinical, laboratory and instrumental features of the two patients are summarized in Table 1. 

 

Discussion 

Post-covid neuroinflammatory processes have been reported before as rare complications of 

symptomatic SARS-CoV-2 infection or vaccination. Those syndromes can range across a 
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wide spectrum of clinical presentations including acute disseminated encephalomyelitis[4, 9], 

rhombencephalitis[10], Bickerstaff’s brainstem encephalitis[11], myelitis[12], and Guillain-

Barré syndrome[13]. Their pathophysiological mechanisms likely include sustained 

inflammatory response, trigger of immune activation and production of self-reactive 

antibodies[14]. 

In this report, we describe two cases of neurological syndromes occurring about two weeks 

after SARS-CoV-2 immune stimulation (Comirnaty® vaccine and mildly symptomatic 

infection occurring 48 hours apart in the first patient, and Comirnaty® vaccine alone in the 

second patient). Though it is difficult to disentangle whether viral infection or vaccination 

were the main trigger in the first patient, the delay is highly suggestive of post-infectious / 

post-vaccinal process in both cases. Accordingly, in the specific case of Covid-19 

neurological sequelae, mean timeframe between symptomatic infection and onset of 

neurological symptoms ranges from 12 to 20 days (lowest in case of seronegative encephalitis 

and highest in case of ADEM)[15]. 

Both patients of our series displayed the same neuroimaging signature, consisting of bilateral 

involvement of the superior cerebellar peduncles on brain MRI. Despite symmetric 

appearance of SCP abnormalities, MRI findings including vasogenic oedema (T2/FLAIR and 

diffusion signal hyperintensity with no apparent diffusion coefficient restriction) and 

associated patchy gadolinium enhancement were consistent with inflammatory process. This 

was further supported by the presence of intrathecal IgG synthesis, and the partial response to 

immunosuppressive treatment. The localization of these processes correlated with cerebellar 

ataxia in the first case and with apathy and reduced alertness in the second one. Previous 

reports have highlighted unusual patterns of CNS involvement following Covid-19 infection 

or vaccination, different from those encountered in acute disseminated encephalomyelitis 

cases, and mostly localized to infratentorial structures[9, 16]. Cases presenting with 

Bickerstaff’s encephalitis[11] and neuromyelitis optica spectrum disorder (NMOSD)[17] have 

been reported, in association with their defining autoantibodies. This study emphasizes the 

significance of bilateral involvement of the superior cerebellar peduncles. Neuroinflammatory 

changes in this area should not be disregarded, occurring in isolation or in association with 

white matter hypersignals present elsewhere, since they may represent an atypical yet 

consistent finding in patients manifesting neurological changes following immune 

stimulation, as previous works and ours point out[16, 18]. 
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Notably, disease course was characterized by sequential development of neurological deficits 

in both patients, with delayed increase of functional impairment compared to disease onset, 

particularly in the second one. Post-infectious / post-vaccinal neurological syndromes usually 

follow a monophasic course, even if stepwise progression of neurological deficits is not 

uncommon, in particular when CNS and PNS are both involved [19]. Of interest, a unique 

case of recurrent ADEM following Covid-19 exposure, also featuring posterior fossa 

abnormalities at brain MRI, has been recently described in a patient with a likely genetic 

predisposition to autoimmune disease[20]. Another intriguing point concerning patient 2 was 

the presence of clinical and electrophysiological signs of myelopathy with persistently 

negative spinal cord MRI. Previous reports described cases of MRI-negative myelitis in the 

context of autoimmune disorders of CNS, mainly MOG-IgG-associated disorder (MOGAD), 

where their frequency may be as high as 10%[21]. Possible explications include the 

insensitivity of MRI to the detection of antibody-mediated inflammation, or a functional glial 

cell disturbance mediated by anti-MOG antibodies[21]. However, the research of antibodies 

involved in CNS demyelinating disorders turned negative in both our patients. Interestingly, a 

few cases of MRI-negative myelitis following Covid-19, with altered EP and evidence of 

intrathecal IgG synthesis, but not anti-MOG or anti-AQP4 antibodies, have been reported[22], 

suggesting that the yet undefined causative antibodies may share a pathophysiological 

mechanism like what observed in MOGAD.  

Some evidence exists in favor of an overlap between Bickerstaff’s encephalitis and Guillain-

Barré syndrome[23]
 
suggesting a continuum in their physiopathology. Accordingly, our two 

cases showed different profiles of PNS involvement co-occurring with central deficits, in the 

form of sensory neuropathy/neuronopathy in one case, and severe motor 

neuropathy/neuronopathy in the other. A previous case of NMOSD and polyradiculitis after 

Covid-19 infection and vaccination has been reported, with the central involvement being 

attributed to the vaccine and the peripheral findings to the infection[17]. Our data do not 

support this hypothesis: injury of the superior cerebellar peduncles was induced by 

vaccination alone (patient 2) or vaccination plus Covid-19 infection (patient 1). Hence, it is 

likely that the immune response triggered by either SARS-CoV-2 infection or vaccination 

may translate in CNS and PNS lesions due to antigen commonalities[23, 24]. However, this 

remains conjectural as no autoantibodies have been found despite multiple tests. 

Finally, our study illustrates the favorable impact of intensive immunosuppressive treatments 

on CNS involvement. In the absence of consensual treatment guidelines, PE were chosen for 
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their expected efficacy and rapidity of action, after unsuccessful attempts with IV steroids. 

Oral steroid treatment and gradual tapering promoted clinical recovery in the first case, 

whereas neurological deficits persisted despite adding anti-CD20 treatment in the second 

case. The difference in the overall clinical outcome was possibly due to the older age and the 

pre-existing neurological conditions in the second patient.  

In conclusion, our series highlights that inflammatory adverse events following Covid-19 

exposure may simultaneously or sequentially affect both the superior cerebellar peduncles and 

the peripheral nervous system and may be reversed by intensive immunosuppressive 

treatments. Our cases and the previously reported ones suggest that cerebellar encephalitis 

with signal changes in superior cerebellar peduncles may be considered a rare but severe 

adverse event of RNA vaccine against Covid-19. 
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Tables 

 Patient 1 Patient 2 

PNS involvement Sensory > motor neuropathy Flaccid paralysis 

CNS involvement Cerebellar ataxia 

Quadriparesis, sensory level, speech 

impairment, apathy, fluctuating 

vigilance 

MRI 
T2/FLAIR hyperintensities and contrast 

enhancement in brainstem and SCP 

T2/FLAIR hyperintensities and contrast 

enhancement in brainstem and SCP 

NCS 
Reduced amplitude of sensory > motor 

potentials, no conduction blocks 

Severely decreased motor amplitudes 

with conduction blocks, reduced sensory 

potentials 

CSF 
Slightly increased proteins (0.48 g/L) 

Intrathecal IgG synthesis 

Increased proteins (0.57 g/L) 

Intrathecal IgG synthesis 

Antibody testing Negative Negative 

Treatment 
IVIg, IV methylprednisolone, oral 

corticosteroids, PE 

IV methylprednisolone, PE, anti-CD20 

(Rituximab) 

Clinical evolution 
Improvement of cerebellar syndrome, 

persistence of sensory deficits 
Limited improvement of CNS deficits 

Follow-up MRI (6 

months) 

Reduction of SCP volume and contrast 

enhancement 

Reduction of SCP volume and contrast 

enhancement 

Follow-up NCS (6 

months) 

Slight recovery of motor amplitudes, 

stable sensory conduction 

Worsening of motor and sensory 

conductions 

 

Table 1. Summary of clinical and instrumental findings of the two patients. CNS: central 

nervous system; CSF: cerebrospinal fluid; FLAIR: fluid-attenuated inversion recovery; IVIg: 

intravenous immunoglobulins; MRI: magnetic resonance imaging; NCS: nerve conduction 

study; PE: plasma exchanges; PNS: peripheral nervous system; SCP: superior cerebellar 

peduncle. 
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Figures 

 

Figure 1. Brain MRI scans of the two patients. Baseline (A) and six-month follow-up (B) 

brain MRI of the first patient demonstrating bilateral superior cerebellar peduncles fluid 

attenuated inversion recovery (FLAIR) (A.1, arrows) and diffusion-weighted imaging (DWI) 

(A.2, arrows) hyperintensity without apparent diffusion coefficient restriction (ADC) (A.3), 

and with associated gadolinium enhancement on T1-weighted image (A.4, arrows). 

Corresponding follow-up images (B.1-4) reveal the complete disappearance of the preexisting 

abnormalities. Baseline (C) and six-month follow-up (D) brain MRI of the second patient 

with FLAIR (C-D.1), DWI (C-D.2), ADC (C-D.3) and T1-weighted post-gadolinium (C-D.4) 

images showing very similar initial presentation with FLAIR (C.1, arrows) and diffusion (C.2, 

arrows) signal hyperintensity and gadolinium enhancement (C.4, arrows) of the superior 

cerebellar peduncles and subsequent abnormalities disappearance.   


