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Introduction

At the time of this writing, health care systems are facing

Abstract

We report a subtype of immune-mediated encephalitis associated with COVID-
19, which closely mimics acute-onset sporadic Creutzfeldt-Jakob disease. A
64-year-old man presented with confusion, aphasia, myoclonus, and a silent
interstitial pneumonia. He tested positive for SARS-CoV-2. Cognition and
myoclonus rapidly deteriorated, EEG evolved to generalized periodic discharges
and brain MRI showed multiple cortical DWI hyperintensities. CSF analysis
was normal, except for a positive 14-3-3 protein. RT-QulC analysis was nega-
tive. High levels of pro-inflammatory cytokines were present in the CSF and
serum. Treatment with steroids and intravenous immunoglobulins produced
EEG and clinical improvement, with a good neurological outcome at a
6-month follow-up.

jerks at the right limbs, with a Glasgow Coma Scale
(GCS) 12 (eyes opening to verbal command, confused,
localizing pain, not obeying commands). His wife

worldwide the coronavirus SARS-CoV-2 pandemic and its
associated disease, named COVID-19. A variety of central
nervous system (CNS) manifestations has been associated
with COVID-19, ranging from mild encephalopathy to
necrotizing encephalitis,'™ despite CNS damage directly
caused by SARS-CoV-2 seems unlikely from neuropatho-
logical studies.™® Here, we report the case of an immune-
mediated encephalitis, with several features (EEG, MRI,
CSF) mimicking acute-onset sporadic Creutzfeldt—Jakob
disease (sCJD), occurring in the late hase of an asymp-
tomatic COVID-19 infection.

Case Presentation

A 64-year-old man was admitted to the Emergency
Department with confusion, disorientation, moderate
aphasia, mild right hemiparesis, and irregular myoclonic

reported that she saw him normal 3 hours earlier. He nei-
ther had fever nor respiratory symptoms in the previous
days. His past medical history included hypothyroidism
and hypertension. Brain CT and CT-angiography were
negative. Chest CT scan showed bilateral interstitial pneu-
monia, while his arterial blood oxygen was normal. D-
dimer (387 ng/mL)
(7.92 mg/dL) were mildly elevated. Nasopharyngeal swab
and bronchoalveolar lavage tested negative for SARS-
CoV-2 on admission, but repeated SARS-CoV-2 PCR on
both respiratory tract specimens resulted positive on day
7, when anti-SARS-CoV-2 antibodies to nucleocapsid
antigen were also found elevated in serum. A diagnosis of

levels and C-reactive protein

late-phase, asymptomatic COVID-19 pneumonia was
made.

A first EEG showed irregular, left-sided periodic lateral-
ized epileptiform discharges (Figure 1A), apparently time-
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Figure 1. Representative EEG epochs showing left-sided lateralized periodic discharges with associated myoclonus on day 1 (A) and generalized
periodic discharges on day 7 (B). EMG = right flexor carpi surface electromyography electrode.

locked with right-sided myoclonus (back averaging analy-
sis was not performed). Cerebrospinal fluid (CSF) analysis
showed normal protein content (18 mg/dL) and cell
count (3 cells/ul); comprehensive virologic testing (in-
cluding HSV1, HSV2, VZV, EBV, CMV, HHV6, HHVS,
adenovirus, enterovirus, parvovirus B19, JC virus, West
Nile virus, influenza A and B virus, respiratory syncytial
virus A and B, Zika virus, and SARS-CoV-2) was nega-
tive, as well as bacterial and fungal cultures. Oligoclonal
bands were present in both CSF and serum (pattern type
4). Onconeural antibodies (GAD-65, Zic4, Tr, SOXI,
Ma2, Mal, amphiphysin, CRMP5, Hu, Yo, Ri), GAD-65,
and neural surface antigens antibodies (VGKC, LGII,
CASPR2, DPPX, NMDAr, AMPA1-2, mGluR3, GABAbI,
VGCC) were absent in serum and CSF. We also tested
serum and CSF using a tissue-based assay on primate
brain sections, without obtaining any specific fluorescence
signal. He was initially treated with intravenous diazepam
followed by intravenous antiepileptic drugs (valproate,
levetiracetam, lacosamide), without clinical benefit. The
day after admission, the level of consciousness decreased
to GCS 7 (no eyes opening, no verbal response, localizing
pain on the left, no motor response on the right) and
acute respiratory failure developed, requiring intubation
and transfer to the Intensive Care Unit. Continuous EEG
monitoring showed evolution of the EEG pattern to gen-
eralized periodic epileptiform discharges at 1 Hz (Fig-
ure 1B), which were transiently abolished during two
cycles of anesthetics (propofol-midazolam for 24 hours
and ketamine-midazolam for 48 hours), but relapsed after
withdrawal of anesthetics. Add-on perampanel had no
effect on either EEG or clinical picture. On day 3, a first
brain MRI was normal. Seven days later (on day 10) a
second brain MRI showed signal hyperintensity of the
cortical ribbon of the left perisylvian regions (insula,
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middle frontal gyrus, inferior parietal lobule, and superior
temporal gyrus) and Dbilateral cingulate gyrus on
diffusion-weighted imaging (DWI) sequences, without
concomitant reduction on the apparent diffusion coeffi-
cient (ADC) map and with subtle hyperintensities on
fluid-attenuated inversion recovery (FLAIR) sequences
(Figure 2A).

Considering MRI evolution, EEG showing periodic
sharp wave complexes and refractoriness to treatment, a
differential diagnosis between acute-onset sCJD and
autoimmune encephalitis associated with COVID-19 was
hypothesized.

Further diagnostic tests were performed on the CSF
and serum samples: 14-3-3 protein was positive on a CSF
sample from day 10; nonetheless, Real Time Quaking-
Induced Conversion (RT-QulC) analysis did not show
any positive seeding activity due the presence of prion;
re-assessment of the CSF and serum samples from day 1
showed very high levels of IL-6 in the CSF, compared to
serum, elevated levels of IL-23 and IL-31 in both serum
and CSF and elevated IL-33 in serum (Table 1).

The patient was treated with high-dose intravenous
methylprednisolone (1000 mg/day for 5 days), immedi-
ately followed by intravenous immunoglobulins (0.4 g/
kg/day for 5 days). A clear EEG improvement was
observed during the last day of immunoglobulin infusion,
with disappearance of generalized periodic discharges.
Anesthetics were withdrawn and antiepileptic drugs were
reduced, followed by gradual improvement of conscious-
ness with no relapse of seizures or myoclonus. A third
brain MRI, performed 7 weeks after hospital admission,
showed disappearance of the previously detected cortical
abnormalities (Figure 2B).

In the following weeks, the patient regained a full func-

tional status, including cognitive abilities, and was

2315



COVID-related Encephalitis Mimicking Prion Disease S. Beretta et al.

Figure 2. Representative MRI images showing coronal DWI, ADC, and FLAIR sequences of the same slice and axial FLAIR sequence, performed in
the subacute phase (day 10; (A) and post-acute phase (day 50; (B). Abnormal cortical areas are indicated by arrows. Notably, ADC map does not
show commensurate hypointensity in the anterior cingulate and insula, where the DWI and FLAIR cortical hyperintensity was present. ADC,
apparent diffusion coefficient; DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery.

Table 1. Selected values of laboratory diagnostic tests on cerebrospinal fluid and serum.

Diagnostic test Day Unit CSF [normal range] Serum [normal range]
Proteins 1 mg/dL 18 [15-45] -

Glucose 1 mag/dL 63 [40-70] 110 [70-110]
White cell count 1 cells 3 [< 4] -

Link index 1 ratio 0.63 [0.10-0.70] -

Oligoclonal bands 1 - Present (pattern 4) Present (pattern 4)
Gram stain 1 - Negative -

SARS-CoV-2 1 - Negative -
Anti-SARS-CoV-2 1gG 7 - - Positive

14-3-3 protein 10 - Positive -

RT-QuIC assay 10 - Negative -

IL-1beta 1 pg/mL 0.68 1.70 [<5.8]

IL-4 1 pg/mL 0 9.21 [4.06-5.5]
IL-6 1 pg/mL 299.89 20.14 [<24.8]
IL-10 1 pg/mL 1.48 6.82 [0.6-25.0]
IL-17a 1 pg/mL 1.59 8.68 [<9.7]

IL-17f 1 pg/mL 0 8.68 [absent]

IL-21 1 pg/mL 0 34.23 [absent]
IL-22 1 pg/mL 2.87 15.40 [absent]
IL-23 1 pg/mL 81.24 333.52 [absent]
IL-25 1 pg/mL 0.55 3.54 [absent]

IL-31 1 pg/mL 20.23 42451 [absent]
IL-33 1 pg/mL 0 98.43 [absent]
IFN-gamma 1 pg/mL 3.22 28.55 [<50]
sCD40L 1 pg/mL 25.91 109.15 [80.3-210.2]
TNF-alfa 1 pg/mL 0 0 [<50]

Abbreviations: CSF, cerebrospinal fluid; IL, interleukin; INF, interferon; RT-QuIC, real time quaking-induced conversion; SCD40L, soluble CD40
ligand; TNF, tumor necrosis factor.
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discharged home. At the follow-up visit 6 months later,
his neurological examination was unremarkable and no
further seizure occurred.

Discussion

We report for the first time a probable association
between COVID-19 infection and a peculiar type of
immune-mediated encephalitis which closely resembles
acute-onset sCJD. Rapidly progressive cognitive dysfunc-
tion, focal myoclonus, EEG evolution to periodic sharp
wave complexes, bilateral cortical DWI hyperintensities
on brain MRI and 14-3-3 protein in the CSF were present
in this case and were consistent with diagnostic criteria of
sCJD.”® Although a subacute onset is typical for sCJD, a
stroke-like onset has been recognized as a rare sCJD pre-
sentation.”'! In our case, this severe neurological picture
was entirely driven by a COVID-19- associated cytokine
storm in both the CNS and bloodstream and was fully
reversed by immunotherapy, leading to a complete neuro-
logical recovery.

A positive 14-3-3 protein in the CSF was reported in
stuporous and comatose COVID-19 patients with SARS-
CoV-2 antibodies in the CSF.'* 14-3-3 protein is often
present in the CSF of patients with sCJD (sensitivity 92%
and a specificity of 80%) but can be detected also in the
CSF of patients with other neurological conditions associ-
ated with neuronal injury."” In the present study, the pos-
itivity of the 14-3-3 could be the consequence of
refractory status epilepticus. RT-QulC analysis of the CSF
sample resulted negative. Moreover, the typical MRI pat-
tern of sCJD includes cortical DWI hyperintensities asso-
ciated with restricted diffusion on ADC map,'*'> while
ADC was not affected in our patient. The absence of
hypointensity on ADC in retrospect should have sug-
gested against a sCJD diagnosis. Our case further con-
firms that either a positive CSF 14-3-3 and/or a DWI
MRI cortical ribboning, without evidence of restricted dif-
fusion on ADC map, can lead to a misdiagnosis of sCJD.

A case of steroid-responsive COVID-19 encephalitis
was reported, who presented with akinetic mutism, which
is a core clinical symptom of sCJD.'® These previous
reports, together with our case, suggest that a COVID-19-
associated autoimmune encephalitis could present as a
sCJD-like disorder, that needs to be recognized early and
treated with immunotherapy to prevent an otherwise
poor outcome. Similar to previously reported cases of
COVID-19-related encephalitis, the CSF of our patient
was negative for SARS-CoV-2 RNA and neuronal surface
antibodies. SARS-CoV-2 antibodies were not assessed in
the CSF due to technical limitations of the available assay.
Strikingly, the CSF tested normal on conventional analysis
(protein count, cell count, glucose), despite a high

COVID-related Encephalitis Mimicking Prion Disease

content of pro-inflammatory cytokines (IL-6, IL-23,
IL-31). The onset of encephalitis symptoms followed an
asymptomatic COVID-19 pneumonia by at least 10—
14 days, since positive serum anti-SARS-CoV-2 IgG
antibodies were found in the first week after admission.
Overall, our case provides further evidence for an
immune-mediated, but likely not antibody-mediated,
mechanism of a subtype of COVID-19-associated
encephalitis, which could be explained by cytokines
release within the CNS and related neuroinflammation.
Interestingly, a recent pathological study showed neuroin-
flammatory features of microglia and astrocytes from sev-
ere COVID-19 patients.'” Further studies are needed to
assess the frequency of sCJD-like presentation and con-
firm the response to immunotherapy, compared to other
subtypes of COVID-19-associated encephalitis.
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