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We report the case of a 72-y-old man with concomitant autoimmune

encephalitis and severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) infection. The patient presented with subacute
cerebellar syndrome and myoclonus several days after general

infectious symptoms began. Methods: Clinical examination, CT,

PET, MRI, and autoantibody testing were performed. Results: The
oropharyngeal swab test was positive for SARS-CoV-2. The brain
MRI results were normal. Cerebrospinal fluid testing showed normal

cell counts, a negative result on reverse-transcription polymerase

chain reaction testing, and no oligoclonal banding. Brain 18F-FDG
PET showed diffuse cortical hypometabolism associated with puta-

minal and cerebellum hypermetabolism, compatible with encepha-

litis and especially cerebellitis. The immunologic study revealed high

titers of IgG autoantibodies in serum and cerebrospinal fluid di-
rected against the nuclei of Purkinje cells, striatal neurons, and

hippocampal neurons. Whole-body 18F-FDG PET and CT scans

did not show neoplasia. Treatment with steroids allowed a rapid

improvement in symptoms. Conclusion: This clinical case argues
for a possible relationship between SARS-CoV-2 infection and au-

toimmune encephalitis and for the use of 18F-FDG PET in such a

context.
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Since late December 2019, there has been a worldwide out-
break of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), with substantial morbidity and mortality. Most patients

present with fever and respiratory tract symptoms (1). Several
neurologic manifestations have been described, mostly acute ce-
rebrovascular disease, impaired consciousness, and muscle injury
(2). Cases of Guillain–Barré syndrome (3) and meningitis or en-
cephalitis (4) have also been reported. In this context, the possible
impact of PET imaging has been debated (5). Here, we report a
case of suspected autoimmune encephalitis concomitant with
SARS-CoV-2 infection, corroborated by high titers of antineuro-
nal antibodies, 18F-FDG PET imaging, and clinical improvement
after immunomodulatory treatment.

CASE REPORT

A 72-y-old nonsmoking man with a single episode of transient
global amnesia 10 y previously presented with progressive diffuse
arthralgia and a sore throat (day 0). Two days afterward, his
general practitioner started josamycin for 4 d. On day 8, the
patient exhibited an episode of fever (38�C–38.5�C) without rhi-
norrhea, cough, or dyspnea, leading to the prescription of azithro-
mycin. He never experienced anosmia or ageusia. On day 12,
chest CT showed peripheral bilateral ground-glass lesions and
consolidative opacities suggestive of SARS-CoV-2 infection.
The symptoms improved gradually. On day 17, he started to de-
velop bilateral upper-limb action tremor. The next day, the tremor
worsened, involving the lower limbs and trunk, making walk-
ing and sitting impossible and leading to his admission to the
hospital.
Neurologic examination showed a cerebellar syndrome (action

tremor, ataxia, dysarthria, and upper-limb dysmetria) associated
with spontaneous diffuse myoclonus, mostly affecting the prox-
imal limbs and worsening with movement, also stimulus-sensitive.
The remainder of the neurologic examination showed normal
findings, including ocular motility and deep tendon reflexes. His
body temperature, oxygen saturation, respiratory rate, and lung
auscultation were normal. A moderate biologic inflammatory syn-
drome was present, with increased fibrinogen (7.07 g/L; reference
level, 1.90–4.30 g/L) and C-reactive protein (14 mg/L; reference
level, 0.0–5.0 mg/L).
The first nasopharyngeal swab test for SARS-CoV-2 was

positive (day 18), as was the serology afterward (strongly positive
for IgM and IgG). The next swab tests, quantitative reverse-
transcription polymerase chain reaction testing of nasopharyngeal
or oropharyngeal swabs, were negative (days 21, 22, 26, and 27).
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Electroencephalography showed symmetric diffuse background
slowing, reactive to stimulation, without interictal paroxysm and,

notably, no correlation of the myoclonus on back-averaging. Brain

MRI with gadolinium contrast injection had normal results (Fig.

1). Brain PET with 18F-FDG showed putaminal and cerebellum

hypermetabolism associated with diffuse cortical hypometabo-

lism, confirmed by whole-brain voxel-based SPM quantification

(Fig. 1). Slight lung and hilar lymph node hypermetabolism was

noticed, matching postinfectious pseudonodular retractile consol-

idation on CT, without a straightforward argument for neoplasia.
Cerebrospinal fluid (CSF) testing showed normal cell counts

(4 · 106/L), a mildly elevated protein level (49 mg/dL), negative

reverse-transcription polymerase chain reaction, and no oligoclo-

nal banding. Nerve tissue immunostaining with the serum and

CSF revealed the presence of autoantibodies directed against the

nuclei of Purkinje cells, striatal neurons, and hippocampal neu-

rons, as illustrated with the CSF in Figure 2. This immunostaining

did not evoke any previously described targets for autoimmune

encephalitis. The titer of the IgG isotype autoantibodies in the

serum was extremely high (1/25,000) but was 1/96 in the CSF.

The same intensity and reactivity in serum and CSF were observed

at the same IgG concentration, ruling out intrathecal autoantibody

synthesis in concordance with the absence of CSF-specific IgG

oligoclonal banding. Dot blot assays against onconeural anti-

gens and cell-based assays against membrane antigens had neg-

ative results. Finally, the patient was negative for antinuclear,

antiphospholipid, and antipolynuclear autoantibodies and other

tissue autoantibodies.
Because of the suspected autoimmune nature of the encepha-

litis, we promptly started immunomodulatory treatment: at first,

beginning on day 23, we used intravenous immunoglobulins (0.4

g/kg/d for 5 d); tolerance was good, but there was no significant

clinical improvement. We then decided to treat the patient with

intravenous methylprednisolone (1 g/d for 5 d) beginning on day

30. To help reduce myoclonus, we introduced oral drops of

clonazepam (0.3 mg 3 times a day), but the treatment was stopped

because of drowsiness. Clinically, the patient improved consider-

ably after the methylprednisolone treatment, leading to cessation

of myoclonus and upper-limb dysmetria and allowing him to walk

without assistance. He was discharged from the hospital on day

37. We did not observe any signs of SARS-CoV-2 reactivation.

DISCUSSION

Like other viruses in the b-coronavirus group, SARS-CoV-2 is
suspected to have neuroinvasive potential. The supposition is that

a rapid entry into human host cells is mediated mainly by cellular
receptor angiotensin-converting enzyme 2, which is expressed in

human airway epithelia, vascular endothelia, and the brain, par-
ticularly the brain stem (both in neurons and in glia) (6). However,

in our patient, a primary infection of the central nervous system
seemed unlikely for several reasons. The first was that the neuro-

logic symptoms began at the time that the infectious symptoms
were regressing (with only slight residual thoracic abnormalities
on PET/CT). The second was the negative results from the next

nasopharyngeal or oropharyngeal swab reverse-transcription
polymerase chain reaction tests. The third was the absence of a

meningeal reaction and the negativity of SARS-CoV-2 reverse-
transcription polymerase chain reaction testing in CSF. In contrast,

the autoimmune hypothesis was supported by, first, the very high
titer of IgG antineuronal autoantibodies, excluding potential in-

duction of antibodies secondary to neuronal damage; second, the
brain PET hypermetabolism pattern compatible with encephalitis
and especially cerebellitis (7); and third, the clinical improvement

after immunomodulatory treatments (8).
It was interesting to note the correlation of clinical symptoms

with brain PET hypermetabolism and the targets of the autoan-

tibodies. The mismatch between the abnormalities found on brain
PET and the normality of MRI also highlights the potential of

PET as an early biomarker (9). Absence of oligoclonal banding or
hypercellularity should not preclude the disease, as this absence is

frequently reported in other types of autoimmune encephalitis
(e.g., contactin-associated proteinlike 2 or leucine-rich glioma

inactivated 1 autoantibodies). These types of encephalitis are also
characterized by very high titers of autoantibodies, passage of
autoantibodies into the central nervous system, and a good re-

sponse to steroids (10,11). In our patient, antibodies were present
at very high levels in the serum and were not synthesized in the

central nervous system, probably acting by passage through the
CSF (11).
Finally, an alternative hypothesis could be an incidental associ-

ation between SARV-Cov2 infection and autoimmune encephalitis
as, for example, part of a paraneoplastic syndrome. However, no

neoplasia was initially detected on whole-body 18F-FDG PET and
CT scans in this nonsmoking patient, lung

findings were compatible with SARS-CoV-
2 postinfection lesions (12), and all antion-
coneural test results were negative. Obviously,

follow-up remains necessary to exclude a
tumor occurrence.
Because of the presence of antibodies

with intracellular targets, methylprednisolone
seemed the best first-line treatment option

(8). We were at that moment nevertheless
concerned about a potential worsening of

infectious symptoms due to corticoste-
roids, and we initially started intravenous

immunoglobulins. The recent results of the
RECOVERY (Randomised Evaluation of
COVID-19 Therapy) trial would now cer-

tainly encourage use of steroids as first-
line therapy (13). Because of the lack of

significant clinical improvement after 5

FIGURE 1. 18F-FDG brain, whole-body PET, and brain MRI findings. (A and B) Brain 18F-FDG PET

sagittal and axial slices showing diffuse cortical hypometabolism associatedwith putaminal and cerebellum

hypermetabolism (A), confirmed by SPM comparison to 20 healthy elderly subjects (B) (P , 0.001, k .
600). (C and D) Whole-body 18F-FDG PET/CT showing slight lung and hilar lymph node hypermetabolism

onmaximum-intensity projection (C) and axial fused slices (D),matching pseudonodular retractile consolidation

postinfectious findings onCT,without straightforward argument for neoplasia. (E) Axial slices fromT2-weighted

fluid-attenuated inversion recovery MRI of putamen and cerebellum showing no abnormalities.
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d of intravenous immunoglobulins, we then prescribed methylpred-
nisolone, leading to major improvement without signs of viral
reactivation.

CONCLUSION

The medical community should be aware of potential post-
–SARS-Cov-2 autoimmune syndromes that might not appear
until several days after resolution of infectious symptoms. In sus-
pected encephalitis, the search for SARS-CoV-2 (notably in the
CSF), the detection of antineuronal autoantibodies, and the use
of 18F-FDG PET—despite the complexity of the logistics and the
procedure—could help to determine the diagnosis and the man-
agement of patients, especially in MRI-negative cases. Further
studies are required to identify the neuronal autoantigen in
order to sustain or discard the hypothesis of cross-reactivity with
viral antigens.

DISCLOSURE

No potential conflict of interest relevant to this article was
reported.

ACKNOWLEDGMENTS

We thank Prof. Azulay Jean-Philippe, Prof. Eusebio Alexandre
(Department of Neurology and Movement Disorders, University
Hospital of Marseille), Dr. Gonzalez Sandra, and Dr. Salgues
Betty (Department of Nuclear Medicine, University Hospital of
Marseille) for sharing their evaluation.

KEY POINTS

QUESTION: Can SARS-CoV-2 infection be associated with au-

toimmune encephalitis?

PERTINENT FINDINGS: We report the case of a 72-y-old man

presenting with subacute cerebellar syndrome and myoclonus

with oropharyngeal swab findings positive for SARS-CoV-2. An

autoimmune encephalitis was suspected despite normal results

on brain MRI and CSF testing, because brain 18F-FDG PET

showed a diffuse pattern compatible with encephalitis, and es-

pecially cerebellitis, and because there were high titers of auto-

antibodies directed against the nuclei of Purkinje cells, striatal

neurons, and hippocampal neurons.

IMPLICATIONS FOR PATIENT CARE: Despite the complexity of

the logistics and procedure in this setting, 18F-FDG PET could

help to determine the diagnosis and management of such pa-

tients, especially in MRI-negative cases. Treatment with steroids

brought about a rapid improvement in symptoms.
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