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Abstract

SARS-CoV-2 infection can associate diverse neurological manifestations. Several studies have provided proof to support the
theory of neurotropic involvement of SARS-CoV-2. Alpha-synuclein has been described as a native antiviral factor within
neurons, and upregulation of this protein can be seen in animals that suffered other neuroinvasive infections. To assess if
increased expression of this protein takes place in COVID-19 patients with neurological symptoms, we analyzed serum total
alpha-synuclein levels in three groups: seven COVID-19 patients with myoclonus, Parkinsonism and/or encephalopathy;
thirteen age- and sex-matched COVID-19 patients without neurological involvement and eight age- and sex-matched healthy
controls. We did not find differences among them. In a subset of four patients, the change in serum alpha-synuclein before
and after the onset of neurological symptoms was not significant either. Cerebrospinal fluid alpha-synuclein levels were also
similar between neurological COVID-19 and healthy controls. Overall, these results cannot support the hypothesis of alpha-
synuclein upregulation in humans with neurological symptoms in COVID-19. Further research taking into account a larger
group of COVID-19 patients including the whole spectrum of neurological manifestations and disease severity is needed.
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Introduction [1]. Initially thought to be restricted to the respiratory tract,

several reports demonstrated that neurological features in

At the end of 2019, a cluster of cases of pneumonia was
reported in Wuhan, China [1, 2]. A novel p-coronavirus
(CoV), subsequently named SARS-CoV-2, was identified
as the causative agent of the disease, termed COVID-19
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COVID-19 can be relatively common, including large ves-
sel stroke, Guillain—Barre syndrome, encephalopathy, and
meningoencephalitis [3-5].

We previously reported three COVID-19 patients with
generalized myoclonus [6] and another one who developed
generalized myoclonus, opsoclonus, and an asymmetric
hypokinetic-rigid syndrome after a severe SARS-CoV-2
infection [7]. Although rare, other reports have described
COVID-19-associated myoclonic syndrome [8—13] and Par-
kinsonism [14, 15]. Direct central nervous system (CNS)
damage by SARS-CoV-2 or post infectious/immune-medi-
ated pathogenesis has been considered in those cases. Sev-
eral studies have provided proof to support the theory of
neurotropic involvement of SARS-CoV-2 [16-18].

Alpha-synuclein (aSyn) could be part of the first line of
defense against pathogens acting as a natural antimicrobial
peptide [19], maybe preventing neuron-to-neuron spread of
virus [20, 21], as shown by an increased neuronal expression
of aSyn following acute West Nile virus infection, another
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enveloped RNA virus [22, 23]. It has been theorized that
similar aSyn upregulation might occur with SARS-CoV-2
infection [24, 25].

To assess this hypothesis, we analyzed total aSyn in
serum and cerebrospinal fluid (CSF), when available, from
patients with COVID-19 who also presented neurological
signs and symptoms, including four patients already reported
[6, 7] and another three with a similar clinical course (myo-
clonus and encephalopathy). We compared those results
with total aSyn levels in COVID-19 patients with no neuro-
logical manifestations, and in healthy age- and sex-matched
controls.

Methods
Ethics

Study protocol received ethical approval by Hospital Uni-
versitario 12 de Octubre Ethics Committee (Protocol num-
ber 20/342), in accordance to Declaration of Helsinki. All
COVID-19 alive patients gave their written informed con-
sent to the study during their clinical follow-up. Healthy
controls donated CSF and serum samples to the i+ 12 Labo-
ratory of Neuroscience after obtaining informed consent at
the time of sample collection.

Study population

In this retrospective study, we defined three groups of com-
parison: COVID-19 with neurological symptoms (COVID-
19-NRL), COVID-19 without neurological involvement, and
healthy controls.

We reviewed all COVID-19 patients older than 16 years
who were admitted to Hospital Universitario 12 de Octubre,
Madrid, Spain, from March 1st to April 30th 2020, who also
had a consultation with Neurology Department. To delineate
COVID-19-NRL group, we selected those patients with gen-
eralized myoclonus (with encephalopathy or Parkinsonism)
related to SARS-CoV-2 infection, who received a thorough
assessment to rule out another explanation for their neuro-
logical symptoms, such as metabolic disturbances, hypoxia,
or drugs. We found a total of seven patients with moderate-
to-severe SARS-CoV-2 infection who matched that criteria.

To define the COVID-19 group free of neurological
symptoms, we retrospectively selected thirteen moderate-
to-severe COVID-19 age- and sex-matched patients free of
any kind of neurological complaints (including milder ones
such as anosmia or headache), who were admitted to the
Hospital Universitario 12 de Octubre in the same period.
SARS-CoV-2 infection was confirmed in all of them with
RT-PCR.

Another control group was configured with eight age- and
sex-matched healthy controls, recruited before the COVID-
19 outbreak from the Neurology Department of Hospital
Universitario 12 de Octubre, who voluntarily donated serum
and CSF samples for research purposes.

Biological samples and analysis

For the COVID-19-NRL group, we selected those serum
samples obtained closer to the onset of neurological mani-
festations as part of their routine clinical care, which were
stored in the Hospital serum bank and available for a new
analysis. Four individuals also had stored serum extracted
after the onset of COVID-19 symptoms but before the
occurrence of neurological involvement. A subset of three
patients also had CSF available for laboratory analysis.
Other eight serum samples from this group, obtained in dif-
ferent moments of the disease, were also investigated. For
the COVID-19 group free of neurological manifestations, we
analyzed available serum samples collected closer to the date
of symptom onset. All participants from the healthy control
group had available serum and CSF samples, obtained at the
same time, and stored in a biobank.

Venous blood from participants was collected in serum
separating tubes and centrifuged at 1500 g for 10 min.
Serum supernatant was aliquoted in small volumes and
stored at — 80 °C. CSF samples were collected by lumbar
puncture after obtaining informed consent from participants.
All samples were spun at 3000 rpm at 4 °C for 10 min to
remove any cells and debris, aliquoted in small volumes, and
stored in low bind polypropylene tubes at—80 °C.

Serum and CSF total aSyn measurements were per-
formed in the Laboratory of Neuroscience from Hospital
12 de Octubre Research Institute (i+ 12). Analysis was per-
formed using commercially available total aSyn ELISA Kkits
(Invitrogen, KHB0061) as described by the manufacturer.
The concentration of total aSyn was determined by spectro-
metric measurement at 450 nm in an appropriate microplate
reader (EnSpire Multimode Plate Reader, Perkin Elmer,
USA). Each sample was analyzed in duplicate. Intra-assay
coefficients of variation were < 10% for all samples.

Serum enolase was quantified at Clinical Analysis Lab-
oratory of Hospital 12 de Octubre, using Elecsys® NSE
electrochemiluminescence automated immunoassay on the
Cobas e801 (Roche Diagnostics). The limit of quantification
of this assay is 0.15 ng/ml (measuring range 0.075-300 ng/
mL).

Statistical analysis
Statistical analysis and graphs were performed using Stata/

IC software (Stata 16.1, StataCorp LLC, USA) and Prism
(GraphPad Software version 8.00, La Jolla, CA).

@ Springer



3118

Journal of Neurology (2021) 268:3116-3124

All data are reported as mean and SD unless otherwise
indicated. The normality of the variable distribution was
assessed using the Shapiro—Wilk test. A parametric test for
comparison of two means was applied when possible. Com-
parison of aSyn among the three groups was done using
Kruskal-Wallis test. Changes in aSyn and enolase serum
levels before and after the onset of neurological symptoms
were analyzed with paired 7 tests. Associations were meas-
ured with Spearman correlation.

Results
Demographics

All three groups (COVID-19 with and without neurological
symptoms, and individuals without an acute infection) were
similar in age and sex distribution (Table 1). All patients
with SARS-CoV-2 infection included in this study had a
moderate-to-severe bilateral pneumonia requiring oxygen
supplementation (Table 2). Among those patients requiring
intensive care, median intensive-care unit (ICU) stay was
similar (median: 16 days in patients with neurological symp-
toms and 17 days in those without; Table 2). Nevertheless,
neurological COVID-19 patients required longer hospitali-
zation stay (median: 43 days) than the other group (median:
8 days) (Table 2).

All selected patients exhibited a similar clinical picture,
consistent in generalized myoclonus as shown in patient
one [6] with variable degrees of severity (Table 2). We also
observed the development of subacute Parkinsonism in one
patient (patient four) [7]. A detailed clinical and work-up
description has been reported elsewhere for four of the seven
patients of this group [6, 7]. The remaining three had a simi-
lar clinical course than those already published.

Notwithstanding the clinical severity of the neurological
group, the prognosis was good for most of them, and some
exhibited marked improvement without a specific treat-
ment, including the patient who developed the subacute

Parkinsonism. The proportion of deaths was only of 14% in
this group, while it was of 38% in the group without neuro-
logical involvement (Table 2).

Alpha-synuclein testing

Serum total aSyn levels did not differ significantly among
the three groups (Kruskal-Wallis H =2.624, df=2, p=0.27;
Table 1 and Fig. 1). We also did not find differences when
comparing aSyn levels in the CSF of COVID-19-NRL and
healthy controls (d=67.6 pg/ml, IC 95%: —325.7-461.0 pg/
ml, p=0.71; Table 1; Fig. 2).

aSyn measurements were also very similar in the sub-
group that required intensive care, compared to those who
did not (z=0.266, p=0.82). Serum sample analyzed in
COVID-19-NRL was extracted later in the course of the dis-
ease (median days since symptom onset: 31; Table 2) than
in non-neurologic COVID-19 (median: 12 days; Table 2).
Nevertheless, no statistically significant correlation was
found with serum aSyn concentration and the days elapsed
since the beginning of the disease (ry=— 0.21, p=0.26,
n=32; Fig. 3) or since the onset of neurological symptoms
(r,=0.07,p=0.78, n=19).

We also tested for aSyn levels before and after the onset
of neurological symptoms in a subgroup of four patients
who also had available serum close to the moment of admis-
sion. No significant difference was found between the two
groups (change=— 3.78 ng/ml, IC 95%: —21.2-13.7 ng/ml,
p=0.54). An individual graphical representation of values
can be found in Fig. 4.

To assess whether COVID-19 patients with neurological
involvement suffered from an underappreciated CNS injury,
we also analyzed serum neuron specific enolase (NSE), a
validated biomarker for CNS injury available in our institu-
tion, in all COVID-19 patients (Table 1). There were no
differences between groups with or without neurological
involvement (z=1.39, p=0.18). This validated marker of
neuronal injury was within the normal limits in all but one
measurement corresponding to a non-neurologic COVID-19

Table 1 Total alpha-synuclein
(aSyn) and enolase levels in

serum and cerebrospinal fluid toms

COVID-19 with
neurological symp-

COVID-19 without neuro-
logical symptoms

Healthy controls p value

Age, years
Sex, M/F 52
Serum aSyn, ng/ml
CSF aSyn, pg/ml

65.0 (61.4-76.3)*

15.64 (13.3) (n=7)
324.2 (223.4) (n=3) -
Serum enolase, ng/ml 9.31 (4.7) (n="7)

66.5 (65.9-68.4)* 66.5 (64-70.5)* -
8/5 6/2 -
20.92 (18.1—26.9)* (n=13) 26.82 (18.90) (n=8) 0.27
256.5 (265.6) (n=8) 0.71
1435 (8.9) (n=13) - 0.18

All data are displayed as Mean (SD), unless otherwise indicated

CSF cerebrospinal fluid, F: female, M male

“Median (interquartile interval)
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Fig.3 Serum total alpha-synuclein (aSyn) levels and days since
COVID-19 symptom onset. COVID-19-NRL: COVID-19 patients
with neurological symptoms

. ID #3
D #4

C 1 ID #6
@ = ID #7
3
£ S 10
S £
7]
n 5

0 ] ] ] ] 1

-40 -20 0 20 40 60

Days since neurological
symptoms appeared

Fig.4 Change in serum total alpha-synuclein (aSyn) levels before
and after the onset of neurological manifestations

95%: —12.1-3.13, p=0.16) in the subgroup of four patients
with samples pre- and post-neurological symptoms.

Discussion

Our results show no significant differences in serum total
aSyn levels measured on patients with COVID-19 and neu-
rological involvement in the form of generalized myoclonus
and encephalopathy, compared with age- and sex-matched
COVID-19 patients free of neurological symptoms and
healthy controls. We also did not find a significant change
in serum aSyn concentration before and after the emergence
of neurological manifestations in a subset of four patients
where pre- and post-samples were available. Furthermore,
CSF total aSyn levels were similar in three patients with
neurological involvement compared with those from healthy
controls without acute infection.

@ Springer

Abnormal aSyn accumulation in peripheral fluids (serum,
plasma, and CSF) may mirror brain abnormalities of Parkin-
son’s disease (PD) patients, making this protein a candidate
biomarker in PD [26] as well as in other synucleinopathies
[27]. Moreover, the role of infectious etiologies in the devel-
opment of Parkinsonism, PD, and other neurodegenerative
diseases has been proposed elsewhere [19, 28, 29]. It has
been theorized that a neurotropic pathogen can gain access
to the CNS and trigger diverse mechanisms of neurodegen-
eration [19, 28]. However, as far as we know, this is the first
study that quantify serum aSyn in patients with a neuro-
tropic virus infecting the CNS.

aSyn is nearly exclusively expressed in neurons, and its
physiological function is not completely understood [30].
Recent studies support the hypothesis that aSyn can func-
tion as a restriction factor for RNA virus infections within
neurons, inhibiting viral growth and injury to the CNS [22,
23]. However, we did not find serum or CSF aSyn change
in patients with SARS-CoV-2 infection affecting the CNS.

First, our results could suggest that generalized myo-
clonus in COVID-19 (with associated encephalopathy and
parkinsonism in some of the patients described) may not be
the consequence of direct CNS damage by SARS-CoV-2, but
an immune-mediated pathomechanism, and further studies
should consider this possibility. Nevertheless, neither evi-
dence of inflammation nor of infection was described in CSF
or neuroimaging from none of the reported cases [§—15].
As we have previously argued [6, 7], these findings do not
exclude the possibility that SARS-CoV-2 entered the CNS,
since some animal models showed no histologic lesions or
encephalitis after viral neuroinvasion [31, 32], including
SARS-CoV [33], and virus could not be detected in the CSF
[32]. Even more, RT-PCR testing in the CSF could have sub-
optimal sensitivity for the detection of SARS-CoV-2, as it
occurs with other neuroinvasive viruses, such asenterovirus-
D68, rabies virus, and West Nile virus [4].

Second, no upregulation in serum could not rule out an
intraneuronal increase in aSyn aggregates [34]. In some
animal models, cytoplasmic aSyn aggregates were found
strictly in conjunction with the presence of viral antigens
[34]. Therefore, SARS-CoV-2 RNA detection and immuno-
histochemistry [16] and aSyn immunohistochemical staining
on brains from patients who died from COVID-19 could
shed light on it. Even more, other putative antimicrobial
peptides such as APP/amyloid-f [35] or tau [36] could be
involved in neurons protection before the activation of the
innate and adaptive immune system take place [19, 31, 33].
Indeed, autopsy cases of postencephalitic Parkinsonism, a
chronic complication of encephalitis lethargica, showed tau
immunoreactivity and the absence of aSyn pathology [37].

This study has several limitations. First, it is a retrospec-
tive study with an extremely limited number of patients.
As an explorative study, we thus focused on COVID-19
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with major neurological symptoms such as generalized
myoclonus. We made a special effort to include only those
cases where other alternative explanations (metabolic dis-
turbances, drugs, etc.) were improbable, and that conduced
to a very low number of participants. Therefore, further
research is necessary, taking into account a larger group
of COVID-19 patients including the whole spectrum of
neurological manifestations and disease severity.

Second, although sample manipulation was similar
for all of them and there were no relevant macroscopic
changes, other confounders such as hemolysis and platelet
contamination that may affect aSyn levels were not sys-
tematically assessed in the healthy control group.

Third, the age of participants cannot rule out the pos-
sibility that other mechanisms affecting aSyn clearance
and regulation have already turned on.

In conclusion, we did not find any significant differ-
ence in serum and CSF total aSyn levels among COVID-
19 patients with and without neurological symptoms and
healthy controls. Overall, these results cannot support
the hypothesis of aSyn upregulation in humans when an
infectious pathogen gains access to the CNS. We hope that
this small study encourages further research to investigate
the neural function of aSyn and other possible biological
markers of COVID-19 neurological manifestations.
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