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Abstract

Considering the similarities with other pandemics due to respiratory virus infections and subsequent development of neu-
rological disorders (e.g. encephalitis lethargica after the 1918 influenza), there is growing concern about a possible new
wave of neurological complications following the worldwide spread of SARS-CoV-2. However, data on COVID-19-related
encephalitis and movement disorders are still limited. Herein, we describe the clinical and neuroimaging (FDG-PET/CT, MRI
and DaT-SPECT) findings of two patients with COVID-19-related encephalopathy who developed prominent parkinsonism.
None of the patients had previous history of parkinsonian signs/symptoms, and none had prodromal features of Parkinson’s
disease (hyposmia or RBD). Both developed a rapidly progressive form of atypical parkinsonism along with distinctive
features suggestive of encephalitis. A possible immune-mediated etiology was suggested in Patient 2 by the presence of
CSF-restricted oligoclonal bands, but none of the patients responded favorably to immunotherapy. Interestingly, FDG-PET/
CT findings were similar in both cases and reminiscent of those observed in post-encephalitic parkinsonism, with cortical
hypo-metabolism associated with hyper-metabolism in the brainstem, mesial temporal lobes, and basal ganglia. Patient’s
FDG-PET/CT findings were validated by performing a Statistical Parametric Mapping analysis and comparing the results with
a cohort of healthy controls (n=48). Cerebrum cortical thickness map was obtained in Patient 1 from MRI examinations to
evaluate the structural correlates of the metabolic alterations detected with FDG-PET/CT. Hypermetabolic areas correlated
with brain regions showing increased cortical thickness, suggesting their involvement during the inflammatory process.
Overall, these observations suggest that SARS-CoV-2 infection may trigger an encephalitis with prominent parkinsonism
and distinctive brain metabolic alterations.
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P While SARS-CoV-2 is known to cause interstitial pneumo-

nia and acute respiratory distress syndrome (ARDS), there
is increasing evidence of diverse neurological manifesta-
tions, including encephalopathy [1, 2], limbic and brainstem
encephalitis [3, 4], stroke [5—7], and Guillain—Barré syn-
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drome [8, 9]. These presentations may reflect either direct
viral infection or, more likely, inflammatory processes with
dysregulation of the immune response. In addition, there is
growing concern about a potential new wave of parkinson-
ism following SARS-CoV-2 infection, similarly to the devel-
opment of encephalitis lethargica after the 1918 influenza
epidemic, but very limited data exist to prove this hypoth-
esis. In particular, the fact that only four cases of parkinson-
ism have been described so far [10] when more than 110
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million people contracted SARS-CoV-2 in the world renders
the possibility of a similar epidemic of neurodegenerative
disorders unlikely. Conversely, the occurrence of parkinson-
ism following a viral infection is a well-known phenomenon,
in which both causal and coincidental links are possible (i.e.
unmasking of underlying, pre-symptomatic, neurologic dis-
order) [10, 11].

Herein, we describe the clinical and neuroimaging find-
ings in two patients with prominent parkinsonism due to
SARS-CoV-2-related encephalitis, focusing on 2-deoxy-2-
['®F] fluoro-D-glucose positron emission tomography/com-
puted tomography (FDG-PET/CT) metabolic alterations.

Materials and methods

Two cases of COVID-19-related encephalitis diagnosed at
the Fondazione Poliambulanza Hospital, Brescia, Italy from
27th February to May 15th were reviewed. The diagnosis
of encephalitis followed the criteria proposed in the litera-
ture [12], while SARS-CoV-2 positivity was confirmed by
a positive reverse-transcriptase polymerase-chain-reaction
(RT-PCR) assay obtained from nasopharyngeal swab. The
patients underwent the following clinical and neuroimag-
ing work-up: cerebrospinal fluid (CSF) analysis including
RT-PCR assay for neurotropic viruses [herpes simplex virus
(HSV)-1, HSV-2, HSV-6, Epstein—Barr virus, varicella-
zoster virus, cytomegalovirus and enterovirus] and SARS-
CoV-2 (in Patient 1), onconeuronal antibody panel (anti-
HuD, Ri, Yo, Amphiphysin, Ma2, CV2, Recoverin, SOX1,
Titin, Zic4, GADG65, Tr) and neuronal surface antigens anti-
bodies (anti-NMDAR, AMPAR, CASPR2, LGI1, GABABR)
in blood and CSF, brain magnetic resonance imaging (MRI),
electroencephalogram (EEG), and FDG-PET/CT.

FDG-PET/CT images were analyzed by Statistical
Parametric Mapping (SPM). The patients (parkinsonian
group, n=2) were compared to a retrospectively collected,
anonymized, group of healthy subjects (control group,
n=48) and the results analyzed by means of a two-sample ¢
test using the SPM 12 software. The SPM analysis was opti-
mized according to the steps previously described for other
neurological diseases [13]. Family-wise error rate (FWE)-
corrected p < 0.05 was considered significant.

Structural MRI examinations of Patient 1 at baseline and
after 79 days were acquired with 1.5 T GE scanner using a
gradient echo 3D protocol according to the following param-
eters: TR =8.4 ms, TE=3.2 ms, flip angle =12°, acquisition
matrix 256 X 256, voxel size 1 mm?. Cortical thickness maps
were obtained with FreeSurfer version 6.0 (https://surfer.
nmr.mgh.harvard.edu/). Cortical thickness was calculated
as the closest distance from the gray/white boundary to the
gray/CSF boundary at each vertex on the tessellated surface
[14]. Reconstructions were visually inspected and corrected

manually. After cross-sectional processing, images were
processed with the longitudinal two stage stream [15]. The
percent change of thickness with respect to the thickness at
the first time point was smoothed with a Gaussian kernel of
25 mm and is shown on the pial average surface between the
two time points.

I-123 ioflupane dopamine transporter single-photon emis-
sion CT (DaT-SPECT) in one patient (Patient 1) was ana-
lyzed with Basal Ganglia matching tools V2 [16].

Results

Clinical and laboratory features of the two patients are sum-
marized in Table 1, while complete clinical vignettes are
described below.

Presentation of cases

Patient 1 was a 70-year-old woman who presented to the
Emergency Department with fever and cough for 2 days.
Her past medical history included arterial hypertension and
mixed anxiety—depressive disorder treated with trazodone,
fluoxetine and benzodiazepines. A geriatric evaluation per-
formed 45 days prior to admission found no evidence of neu-
rological disorders on clinical examination and neuropsy-
chological tests yielded normal results (MMSE: 28/30, clock
drawing test correctly performed). Her body temperature at
admission was 37.2 °C with no evidence of respiratory dis-
tress (SpO, 97%, PaO,/FiO, 321). Nevertheless, a chest CT
showed multiple bilateral ground-glass opacities suggestive
of SARS-CoV-2 infection. Nasopharyngeal swab was posi-
tive for SARS-CoV-2 on RT-PCR assay. Due to the moderate
disease (according to WHO) with no sign of acute respira-
tory distress, the patient was discharged with domiciliary
therapy (darunavir, ritonavir and hydroxychloroquine). Dur-
ing the following 2 weeks, her medical conditions worsened
and she was admitted to an outside Hospital with respiratory
insufficiency (SpO, 67%). Repeated chest CT showed mul-
tiple consolidations suggestive for late stage of the disease.
Following two consecutive nasopharyngeal swabs negative
for SARS-CoV-2 infection, the patient was transferred to
our Hospital. At admission (day 0), her body temperature
was 38.3 °C and oxygen saturation (SpO,) was 98% while
receiving oxygen therapy (12 L/min with Venturi mask
50%). Initial neurological examination found the patient to
be alert and oriented, speech was fluent with good compre-
hension, and no motor weakness was present. The patient
progressively developed psychomotor agitation, aggressive
behavior and confusion in association with spontaneous
myoclonus in the upper and lower limbs. Sleep—wake cycle
inversion was also noted. Temporary treatment with haloper-
idol was required for controlling agitation, which gradually
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Table 1 Clinical characteristics
and initial laboratory features of
the patients

Clinical characteristics Patient 1 Patient 2
Age 70 73
Sex F F
Comorbidities Hypertension, Diabetes mellitus II,
depression hypertension,
depression
COVID-19 symptoms Fever, Fever
cough,
dysgeusia

Chest CT
Supplemental oxygen during hospitalization

Laboratory features

Bilateral pneumonia
Yes

Unilateral pneumonia
Yes

Haemoglobin (g/dL) (12.00-16.00) 10.4 10.7
Platelet count (10°/L) (130—450) 749 179
Lymphocyte count (10°/L) (0.90-5.00) 1.38 0.72
Neutrophil count (10%/L) (1.90-7.00) 5.58 8.37
C-reactive protein (mg/L) (<5) 195.2 7.8
D-dimer (ng/mL) (<232) 848 -
Ferritin (pg/L) (13-150) 888 -
Lactate dehydrogenase (U/L) (125-220) 247 279
Prothrombin time activity % (70-120) 50 88
Creatinine (mg/dL) (0.55-1.02) 1.12 1.55
CSF cellularity (cell/mm®) (<4) 4 4
CSF protein levels (mg/dL) (20-45) 34 58
CSF oligoclonal bands Absent Present

resolved. Conversely, myoclonus persisted and the patient
also manifested a transient episode of loss of consciousness
with diffuse myoclonic jerks. EEG showed bilateral theta-
delta slowing with bitemporal epileptiform discharges. After
this episode, treatment with levetiracetam (750 mg bid) was
started with improvement of myoclonus. On day 10, brain
MRI (MRI 1) did not reveal any acute alteration or contrast-
enhanced areas within the brain and/or meninges. CSF was
negative for both neurotropic viruses and SARS-CoV-2 on
RT-PCR assay. Two nasopharyngeal swabs (day 11 and
day 14) confirmed SARS-CoV-2 infection negativity. Brain
FDG-PET/CT, performed on day 20, showed diffuse corti-
cal hypo-metabolism (with relative sparing of sensorimo-
tor areas) (Fig. 1a). Whole-brain voxel-based SPM analysis
revealed that hypo-metabolism reached highest significance
in the precuneus (Brodmann area (BA) 7 and 19) and right
posterior parietal cortex (BA 40) while hyper-metabolism
was noted within the bilateral putamen and medial temporal
lobe, cingulate gyrus, brainstem and within the vermian-
paravermian areas of the cerebellum. On the same day, the
patient was discharged with a domiciliary therapy consisting
of antiepileptic drugs.

On day 31 after hospital discharge, she developed a gen-
eralized tonic—clonic seizure and was readmitted. Neurologi-
cal evaluation showed new-onset, generalized (particularly
axial) hypertonia, cogwheel rigidity and loss of spontaneous
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movements of right limbs, bradykinesia at finger tapping,
hypomimia, hypophonia and ophthalmoparesis. On further
questioning, no previous history of hyposmia (neither prior
to COVID-19, nor after the infection) was recalled, and no
elements compatible with previous REM behavior disorder
(RBD) emerged. Chest XR showed no lung parenchymal
lesions. CSF examination demonstrated decreased amyloid
B42 (225 ng/L, pathologic values < 530 ng/L) and increased
total Tau protein (454 ng/L, pathologic values > 350 ng/L).
Onconeuronal antibody panel and neuronal surface anti-
gens antibodies were all negative. Antiepileptic drugs
(Ievetiracetam 750 mg bid, valproate 500 mg tid), clonaz-
epam (0.5 mg q.d.), carbidopa/levodopa (100/25 mg q.i.d.),
corticosteroids and intravenous immunoglobulins (IVIGs)
0.4 g/Kg/die (from day 13 to day 17) were administered.
After controlling seizures, the patient was discharged. Dur-
ing the following 11 weeks, focal, fixed dystonia of the
right upper limb was also noted, while a modest effect of
levodopa was noticed on the other parkinsonian features.
Myoclonus was no more detectable after dual antiepileptic
therapy, but the patient showed a rapid deterioration of her
cognitive functions (12/30 MMSE). Brain MRI (MRI 2 per-
formed 79 days from baseline examination) showed slight
enlargement of the ventricular system as compared to the
previous examination. Cerebral cortical thickness analysis
showed negative variations, suggestive for cortical thinning,
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Fig. 1 Brain FDG-PET findings
in the patients and comparison
with a control group. a-b Brain
FDG-PET data of Patient 1

(a) and Patient 2 (b) displayed
in spectrum color scale. The
images show diffuse corti-

cal hypo-metabolism with
relatively spared metabolism

in the sensorimotor cortex.

c—d Voxel-based SPM analysis,
comparison between the two
patients and 48 healthy controls
(FWE-corrected p <0.05);
regions of significant difference
were color-graded in terms of
Z values. The analyses showed
hypo-metabolism within
bilateral dorso-lateral prefrontal
cortex, right caudate nucleus
and bilateral posterior parietal
cortex (c). Relative hyper-
metabolism was evident in the
mesiotemporal cortex, basal
ganglia, brainstem and cerebel-
lum on both hemispheres (d)

FDG-PET SPM Patients vs controls

>

SO *
PO ®

S % 4 0

CDE - oDO -
O e

|
)

S & ¢
t OO0 : OO @®

N
.~/
]

\.
»
)

CHO ¢ QO »

within bilateral mesial aspect of frontal superior gyrus, bilat-
eral post-central gyrus, precuneus on the right side, focal
areas within the bilateral occipital lobe, and olfactory/rectal
gyrus on the right side. Positive variations, due to relatively
increased cortical thickness, were noted within bilateral
inferior frontal gyrus, insula, temporal pole, bilateral supe-
rior temporal gyrus, parahippocampal gyrus and anterior
cingulate cortex (Fig. 2). [1231]-ioflupane DaT-SPECT was
performed and confirmed a bilateral decrease in presynaptic
dopamine uptake asymmetrically involving both putamina,
more severe on the left side (Fig. 3). On last follow-up per-
formed 9 months after presentation, the patient was able to
walk only with aid [Modified Rankin Scale (mRS)=4] and
severely affected in activities of daily living (ADL =3/6).
Late-day confusion (sundowning) was also reported by the
patient’s daughter.

Patient 2 was a 73-year-old woman who presented with
a post-traumatic sub-galeal left frontal hematoma. Her past
medical history included type II diabetes, arterial hyperten-
sion and mixed anxiety-depressive disorder with psychotic
symptoms treated with olanzapine and amilsulpride. No
previous history of neurological disorders, hyposmia, or
symptoms compatible with RBD was reported. The patient
initially did not complain cough or dyspnea but had fever

-8,00 6,75 -5,50 4,25 -3,00
[

3,00 4,25 5,50 6,75 8,00
]

(38.8 °C) and tested positive for RT-PCR assay from naso-
pharyngeal swab. Chest CT showed minimal ground-glass
opacities within the right lung. During the previous 20 days
of diffuse tremors, impaired posture and balance with
repeated falls were reported by the daughter. At admission,

Fig.2 Brain cortical thickness map. Brain cortical thickness map
representing percentage variations of cortical thickness between the
two time points (MRI 1 and MRI 2). Blue to white: areas with rela-
tive decrease of cortical thickness; red to yellow: areas with relative
increase of cortical thickness. L: left hemisphere; R: right hemi-
sphere; S: superior view; I: inferior view
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Fig.3 DaTscan SPECT. [123]I]-ioflupane (DaTscan) SPECT showed a bilaterally reduced nigrostriatal absorption affecting the putamina, more
severe on the left side. Basal ganglia alterations were confirmed by semiquantitative analysis with Basal Ganglia matching tools V2

the patient was alert and comprehended simple commands,
but severe anarthria was noticed. She had a slight limita-
tion of vertical gaze. The rest of the neurological examina-
tion revealed a bilateral hypokinetic-rigid syndrome. Loss
of spontaneous movements and moderate cogwheel rigidity
enhanced by the Froment’s maneuver were observed. Frank
hypomimia with diminished blinking as well as glabellar tap
sign were also documented. The following days the patient
was lethargic with no or limited responsiveness to external
stimuli. Neuroleptics were discontinued without improve-
ment of the clinical syndrome. EEG showed generalized
theta slowing with sharp waves over the right fronto-tem-
poral region. Brain MRI did not reveal any acute alteration
or contrast-enhanced areas within the brain and/or menin-
ges. CSF investigations showed increased protein content
(Table 1) and four oligoclonal bands. Onconeuronal anti-
body panel and neuronal surface antigens antibodies were
negative. Brain FDG-PET/CT (day 14) showed diffuse cor-
tical hypo-metabolism with relative sparing of sensorimo-
tor areas (Fig. 1b). Whole-brain voxel-based SPM analysis
revealed that hypo-metabolism reached highest significance
in the right posterior parietal cortex (BA 40 A), while rela-
tive hyper-metabolism was noted within bilateral medial
temporal lobe and the brainstem.

The patient was treated with amantadine (100 mg bid,)
and levodopa/carbidopa (up to 100/25 mg qid). Corticoster-
oids were introduced twice (from day 3 to day 6 and from
day 10 to day 13) as well as IVIGs 0.4 g/Kg/die (from day
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13 to day 17). The clinical conditions did not significantly
improve and 30 days after discharge, the patient died of
medical complications (infected bedsores and aspiration
pneumonia).

Comparison between FDG-PET/CT findings
in the patients and a control group

The analyses showed hypo-metabolism in a widespread cer-
ebral network including the dorso-lateral prefrontal cortex,
anterior cingulate, right caudate nucleus and bilateral pos-
terior parietal cortex in the patients as compared to healthy
controls (Fig. 1c). Relative hyper-metabolism was evident
in the mesiotemporal cortex, basal ganglia, brainstem and
cerebellum on both hemispheres (Fig. 1d).

Discussion

We report the clinical evolution and FDG-PET/CT findings
in two patients who developed encephalitis and prominent
movement disorders following SARS-CoV-2 infection. The
association of neurological signs and brain metabolic altera-
tions (selective hyper-metabolism) suggested the involve-
ment of the basal ganglia, mesial temporal lobes, and the
brainstem. Conversely, the cerebral cortex demonstrated
a rather diffuse hypo-metabolism, with relative sparing of
sensorimotor areas, which appeared in association with
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clinically overt, rapidly progressive, cognitive decline.
Importantly, the presence of this dual aspect combining
areas of hyper-metabolism (possibly suggesting an inflam-
matory process) and other regions with decreased metabolic
activity (where the subsequent development of brain atrophy
points towards a neurodegenerative process) is distinctive
and reminiscent of the alterations found in post-encephalitic
parkinsonism [17]. In agreement with these findings, the
clinical syndrome shown by the patients might resemble
encephalitis lethargica, a neurological syndrome spread
in the period 1916-1930, and firstly described by Von
Economo in Vienna. The initial description of the disorder
suggested the presence of three different variants in the acute
phase, namely somnolent-ophthalmoplegic, hyperkinetic,
and akinetic [18]. The patients here described manifested
many of the characteristic symptoms of acute encephali-
tis lethargica, including cognitive decline, myoclonus, and
ophthalmoplegia, even if with different clinical evolution
(appearance of parkinsonism closer to the encephalitis
symptoms). Von Economo also described the progression
of this disease, in which he observed typical parkinsonian
signs (hypertonia and bradykinesia), at times in association
with less common features (kinesia paradoxa and oculogyric
crisis) [18]. Similarly, we observed the appearance of par-
kinsonian features just after the encephalitic phase (Patient
1) and in concomitance with encephalitis (Patient 2). In
addition, reduced, asymmetric, DaT-SPECT uptake in the
putamina was also demonstrated in Patient 1. Even more
interestingly, the seminal pathological observations made at
that time confirmed the involvement of upper midbrain and
substantia nigra as the most frequent anatomical targets, fol-
lowed by the basal ganglia, pons, and medulla [18, 19]. The
affected areas demonstrated soft, edematous alterations and
reddish discoloration, suggestive for inflammatory lesions,
while modest degree of cortical atrophy was also present.
The recent observation of similar neuropathological changes
in the brainstem of 43 patients died of COVID-19 [20] sug-
gests possible shared mechanisms.

So far, four other patients developing a parkinsonian
syndrome soon (within few weeks) after COVID-19 were
described [10, 21-23], and the description of one of them
is highly similar to our observations in Patient 2. In detail,
Méndez-Guerrero and colleagues reported a COVID-19
patient who developed a hypokinetic-rigid syndrome in
association with vertical gaze limitation. Importantly, in
our patient, the detection of CSF-restricted oligoclonal
bands points toward an immune-mediated (post-infectious)
etiology. Conversely, the absence of clinically significant
response following immunotherapy is possibly related to the
subsequent development of neurodegeneration.

The link between autoimmunity and neurodegeneration
was proposed also for other immune-mediated disorders that
can present with atypical parkinsonism and sleep disorders

including, for instance, IgLONS autoimmune encephali-
tis. In particular, the pathological evidence of tau protein
deposits suggested a subsequent irreversible brain damage
which is likely triggered by the immune process [24, 25].
In this context, the altered amyloid f42 and T-tau protein
levels detected in the CSF of Patient 1, who showed dra-
matic decline of cognitive functions during the course of
the disease, probably reflected extensive neuronal damage.
This possibility is further supported by cortical thickness
reduction found at the second MRI examination.

Interestingly, few other autoimmune encephalitides,
including those targeting LGI1 and NMDAR antigens,
showed similar FDG-PET/CT abnormalities [26, 27].
Maeder-Ingvar et al. reported a 25-year woman with anti-
NDMAR antibody encephalitis who developed limbs rigid-
ity and akinetic mutism. FDG-PET showed diffuse cortical
hypo-metabolism and bilateral basal ganglia hyper-metab-
olism which normalized after the improvement of move-
ments disorders [26]. The pattern noted in our patients is
also similar to the metabolic alterations reported by Delorme
et al. [28] in four patients with COVID-19-related encepha-
lopathy. However, none of the patients discussed by these
Authors developed parkinsonism. Global cortical hypo-
metabolism is characteristic of delirium, but Haggstrom
et al. [29] reported only one case out of 13 patients (4/13
of which with dementia) with hyper-metabolism within the
basal ganglia, and no case of hyper-metabolism within the
brainstem and the cerebellum.

Remarkably, there was correspondence between cerebral
areas with relatively increased cortical thickness and areas
with hyper-metabolism, including the bilateral temporal pole
and mesiotemporal region, suggesting their involvement dur-
ing the inflammatory process. However, additional studies
with serial neuroimaging examinations are needed to investi-
gate the evolution between hyper- and hypo-metabolism and
their structural correlates in MRI. In this regard, increased
volume of gray matter has been reported in a subset of auto-
immune limbic encephalitis during the early stages of the
disease [30].

An immune-mediated etiology was hypothesized also for
encephalitis lethargica: among 20 cases observed in 2004,
55% had a preceding infection (mostly pharyngitis), 69%
showed the presence of oligoclonal bands in the CSF, and
95% had autoantibodies reactive against human basal gan-
glia antigens [31].

An alternative possibility is that SARS-CoV-2 infec-
tion causes the hastening of pre-clinical neurodegen-
erative diseases, as it was suggested for one patient with
newly diagnosed Parkinson’s disease and previous history
of premotor symptoms (constipation) [10] and one case of
Creutzfeldt-Jakob disease occurring in tandem with symp-
tomatic onset of COVID-19 [32]. We cannot exclude that the
infection unmasked a pre-clinical parkinsonism especially
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in Patient 2, where the potential confounding role of previ-
ous treatment with neuroleptics should be acknowledged.
However, our patients (i) lacked a previous history of pro-
dromal parkinsonian symptoms, (ii) they did not show motor
features prior to COVID-19, (iii) parkinsonism started sub-
acutely in close temporal association with encephalitis, (iv)
it did not improve following discontinuation of neuroleptics,
and it did not benefit from levodopa.

The present study is obviously limited by the small sam-
ple size, but we believe that it provides novel clinical and
PET data for the characterization of this still obscure disor-
der. Further limitations include the lack of IgLONS antibody
testing in our two cases, which can rarely present in a similar
way. More observations are needed to determine whether the
central nervous system, and in particular the brainstem and
basal ganglia, are affected by SARS-CoV-2 or its immune-
mediated complications.

Conclusion

Findings from our study support the hypothesis that SARS-
CoV-2 infection can—in rare circumstances—trigger
inflammatory and neurodegenerative processes leading to
the development of parkinsonian symptoms and cognitive
disturbances. In this context, PET imaging (especially if
associated with objective automated analysis) may provide
additional information on the brain areas affected and it
can be particularly useful in patients with COVID-19-re-
lated encephalitis/encephalopathy and negative brain MRI.
However, additional data on the metabolic patterns and their
pathophysiologic basis are needed to assess the potential
contribution of PET imaging in clinical practice.
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