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Introduction

Neurological complications, including central and periph-
eral nervous system (PNS) disorders and myopathies, have
been reported in up to 36.4% of hospitalised patients with
coronavirus disease 2019 (COVID-19) [1]. Within PNS dis-
orders, patients with neuralgic amyotrophy, critical illness
polyneuropathy, positional compressive neuropathies, cra-
nial neuropathies and especially Guillain-Barré syndrome
(GBS) have been described [2]. The association between
GBS and severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection was not unexpected, due to the
post-infectious nature of the disease, possibly sustained by
immune-mediated antibody-response induced by molecular
mimicry [3].

However, discordant data have been reported on the inci-
dence of GBS during the COVID-19 pandemic and, there-
fore, on a possible correlation between these two conditions
[4, 5]. In addition, the association between SARS-CoV-2
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infection and other immune-mediated neuropathies has not
been addressed so far. This study is aimed to report the clini-
cal/paraclinical characteristics of patients with new onset/
relapse of PNS disorders of suspected autoimmune origin
occurred during the COVID-19 pandemic and to deter-
mine their relation with antecedent SARS-CoV-2 infection
through extensive serological analysis.

Methods
Study subjects

We retrospectively identified consecutive inpatients and
outpatients with acute onset/relapse of PNS disorders of
suspected autoimmune origin referred to the Laboratory of
Neuropathology, University Hospital of Verona, Italy, for
serological testing aimed at detecting autoantibodies against
myelin associated glycoprotein (MAG n=19), intracellular/
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synaptic antigens (n=15) and/or gangliosides (n=41),
between January 1st and December 31st, 2020.

SARS-CoV-2 IgA/IgG testing

All sera were tested using an FDA-approved ELISA assay
for detecting anti-SARS-CoV-2 (S1 subunit of the spike
protein) IgA and IgG (Euroimmun, Luebeck, Germany).
Positive results were validated using a trimeric anti-SARS-
CoV-2 S1/S2 IgG test (DiaSorin, Saluggia, Italy), an anti-
SARS-CoV-2 Receptor Binding Domain (RBD) IgG test
(Beckman-Coulter, Brea, USA) and an anti-SARS-CoV-2
RBD total antibodies test (Roche Diagnostics, Basel,
Switzerland). Available CSF samples from SARS-CoV-2
seropositive cases (n=2) were also tested, as previously
described (at 1:10 dilution) [6].

Antibody testing

IgM antibodies to MAG were detected with a quantitative
ELISA assay (Biihlmann Laboratories AG, Schonenbuch,
Switzerland), whilst gangliosides (GM1 IgM/IgG, GM2
IgM/1IgG, GD1a IgM/IgG, GD1b IgM/IgG, GQ1b IgG and
sulfatide IgM) were analysed using a home-made ELISA
assay [7]. Serum autoantibodies against intracellular/synap-
tic antigens including Hu, Ri, Yo, Amphiphysin, PNMA2,
CV2, Recoverin, SOX1, Titin, Zic4, GAD65 and Tr were
assessed with line blot (Euroimmun, Luebeck, Germany)
and confirmed with a tissue-based assay for intracellular
antigens on frozen sections of rat brain [8].

Clinical and paraclinical data

We collected demographic, clinical, neurophysiological
and laboratory features, as well as treatment and outcome
(graded according to ONLS score) data of all included
cases with a standardised case report form. GBS diagnosis
was stated using previously established diagnostic criteria
[9] whilst the diagnosis of anti-MAG-related neuropathy,
chronic inflammatory demyelinating polyneuropathy (CIDP)
and multifocal motor neuropathy was defined according to
the revised European Federation of Neurological Societies/
Peripheral Nerve Society Guidelines.

Statistical analysis

For comparison between SARS-CoV-2 IgA/IgG seropositive
and seronegative subjects, differences in nominal categori-
cal variables were assessed with Fisher’s exact test and in
ordinal ones with Z-test, whilst Student’s 7-test was used
for continuous variables, applying Welch’s correction for
unequal variance, when appropriated. Mann—Whitney test

was applied to compare median values. For all analyses, a p
value < 0.05 was considered significant.

Results

A total number of 47 patients referred from 8 different Ital-
ian hospitals were included in the study based on the afore-
mentioned inclusion criteria. The median age was 56 (range
14-81) years with male predominance (29/47 cases; 62%).
Most of included cases had acute onset during the inclusion
timeframe, and only 2 patients presented a relapse of a pre-
viously diagnosed CIDP. Neurological diagnoses in these
patients were as follows: GBS (n=15), CIDP (n=7), MAG-
associated neuropathy (n =3), multifocal motor neuropathy
(n=1), neuropathy associated with systemic disorders (can-
cer n=4, rheumatoid arthritis »=2) and idiopathic neuropa-
thy (n=15). Only patients with PNS disorders of suspected
autoimmune origin were included and none required admis-
sion to intensive care unit during the acute stage, so that
none of included cases had factors suggestive of critical ill-
ness polyneuropathy or positional compressive neuropathy.

We identified SARS-CoV-2 IgA and IgG in 7 out of 47
(14.9%) patients, with no discrepancy on confirmatory anal-
yses. No paired CSF positivity was detected. A known ante-
cedent SARS-CoV-2 infection determined with a positive
SARS-CoV-2 PCR on nasopharyngeal swab was reported
in 5 out of 7 patients, 2 of whom needed hospitalization.
All patients with known SARS-CoV-2 infection developed
neurological symptoms after COVID-19, with median time
lapse between neurological symptoms onset and SARS-
CoV-2 systemic symptoms of 34 (range 12-70) days. The
remaining 2 patients never reported symptoms/signs of
SARS-CoV-2 infection.

Demographic, clinical, neurophysiological and laboratory
data of the 7 SARS-CoV-2 seropositive cases are reported
in Table 1.

Mean age of seropositive patients was 60 (range 48—78)
years, and 3 were females. Neurological diagnoses were
GBS (acute motor axonal neuropathy, AMAN n=1, acute
inflammatory demyelinating polyradiculoneuropathy, AIDP
n=1), CIDP (n=2) and idiopathic neuropathies (n=3), 2
of whom had previous symptomatic COVID-19. Electroneu-
rography (ENG) was abnormal in 6/7 patients (demyelinat-
ing n=2, axonal n=2, demyelinating and axonal n=2). CSF
analysis was performed in all GBS/CIDP patients, show-
ing pleocytosis in one and elevated protein content in all
cases. Median ONLS score was 3.29 (0-10) at onset, and
3.14 (0-11) after hospital discharge, respectively. Neural
autoantibody testing was negative in all but 1 patient with
CIDP, who tested positive for anti-GD1b and anti-GM2
IgM antibodies. Among SARS-CoV-2 seronegative cases,
we detected anti-GM1 IgM and/or IgG (n=3), GM2 IgM
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(n=1), sulfatides IgM (n=1), anti-MAG (n=3) and anti-
recoverin (n=1).

No significant differences emerged by comparing clinical
and paraclinical features between SARS-CoV-2 seropositive
vs seronegative cases (Table 2). Notably, antibodies to MAG
and intracellular/synaptic antigens could only be detected in
a subgroup of SARS-CoV-2 seronegative cases.

Discussion

By analysing the association between SARS-CoV-2 infec-
tion and immune-mediated neuropathies, we herein observed
that (i) a significant number of patients with PNS disor-
ders of suspected autoimmune origin occurring during the
COVID-19 pandemic had antecedent SARS-CoV-2 infec-
tion; (ii) peripheral neuropathies are not always associated
with severe COVID-19 but may also occur in cases without
systemic symptoms; (iii) idiopathic peripheral neuropathy
is the most common subtype of PNS disorders occurring
after SARS-CoV-2 infection (GBS can also occur and is

Table 2 Comparison of

o - SARS-CoV-2 SARS-CoV-2 p-value

clinical and paraclinical seropositive patients  seronegative patients

fcatures. l?etween SARS—COV—2 (n="7) (n=40)

seropositive vs seronegative

patients Demographic data
Age, median (range) 60.1 (48-78) 55.8 (14-81) 0.496
Female, n (%) 3 (43%) 15 (38%) 1
Clinical history, n (%)
Haematological diseases 0 8 (20%) 0.329
Tumours 0 4 (10%) 1
Final diagnosis, n (%)
GBS 2 (28.6%) 13 (31%) 1
CIDP 2 (28.6%) 5 (13%) 0.276
Anti-MAG-related neuropathy 0 3 (8%) 1
Multifocal motor neuropathy 0 1(2.5%) 1
Neuropathy correlated with systemic conditions 0 6 (15.5%) 0.571
Idiopathic neuropathy 3 (42.8%) 12 (30%) 0.664
ENG findings, n/total (%)
Demyelinating 2/7 (29%) 19/37 (51%) 0.416
Axonal 2/7 (29%) 10/37 (27%) 1
Demyelinating and axonal 2/7 (29%) 7137 (19%) 0.619
Normal* 1/7 (14%) 1/37 3%) 0.296
Sensory 0/7 2/37 (5%)
Motor 1/7 (14%) 11/37 (30%) 0.653
Sensory and motor 5/7 (711%) 23/37 (62%) 1
CSF analysis, n/total (%)
Pleocytosis 1/4 (25%) 11/30 (37%) 1
Increased protein content 4/4 (100%) 20/30 (67%) 0.296
Protein content (mg/dL), median (range) 99.25 (64-119) 98.15 (20-284) 0.952
Autoantibody testing, n/total (%)
Anti-gangliosides 1/7 (14%) 5/34 (15%) 1
Anti-MAG 0/3 3/16 (18.7%) 1
Anti-onconeural 0/0 1/15 (7%) -

n, number; %, percentage; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; GBS, Guillain-
Barré syndrome; CIDP, chronic inflammatory demyelinating polyradiculoneuropathy; MAG, myelin-asso-
ciated glycoprotein; ENG, electroneurography; CSF, cerebrospinal fluid

“The SARS-CoV-2 seropositive patient had a clinical phenotype suggestive for small fibre neuropathy
whilst ENG was conducted at the early stage of the disease in the SARS-CoV-2 seronegative patient later

diagnosed with GBS (AIDP)
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as common as CIDP); (iv) PNS disorders occurring after
SARS-CoV-2 infection do not present a distinct pheno-
type; and (v) autoantibodies to nervous system antigens are
rarely observed in patients with PNS disorders and previous
SARS-CoV-2 infection.

In particular, we noted a higher incidence of SARS-
CoV-2 IgG seropositivity in our cohort (14.9%) than that
reported by epidemiological data of general and local
population in the analysed timeframe (2.5-2.6%) [10, 11].
Although referral bias and regional differences must be
considered, this discrepancy suggests a possible association
between SARS-CoV-2 and inflammatory PNS conditions.

In addition, previous studies mainly focused on describ-
ing PNS disorders occurring in patients with well-known
SARS-CoV-2 infection [12]. The unique design of our study
allowed the identification of peripheral neuropathies in
patients with antecedent asymptomatic SARS-CoV-2 infec-
tion, expanding the few cases previously described with mild
systemic symptoms [13] and supporting clinicians to con-
sider this viral disease as a potential trigger of PNS disorders
also in patients without a known history of COVID-19.

Then, in agreement with earlier studies, GBS was recog-
nised as one of the PNS conditions potentially triggered by
SARS-CoV-2 infection [2, 12—-14]. However, according to
our data, CIDP is as common as GBS among patients with
an antecedent SARS-CoV-2 infection, which might support
clinicians to consider this infectious disease as a potential
trigger also in patients with a subacute onset and chronic
course. In addition, 3/7 cases could not be defined accord-
ing to established diagnostic criteria and were classified as
“idiopathic peripheral neuropathy”, thus suggesting that the
spectrum of PNS disorders possibly related to SARS-CoV-2
infection might be wider than expected, particularly when
considering systemic asymptomatic cases, which could have
been underestimated at present.

Notably, in our cohort, median latency between neuro-
logical symptoms and COVID-19 in cases with a known
SARS-CoV-2 infection was longer (34 days) than that pre-
viously reported (3-33 days) [2, 14], supporting the occur-
rence of a post-infectious immune-response rather than a
para-infectious aetiology.

Finally, in agreement with previous studies, we con-
firmed that anti-gangliosides antibodies are often negative in
patients with peripheral neuropathies occurring after SARS-
CoV-2 infection [14, 15] and we expanded these findings
providing evidence of absence of other well-known antibod-
ies. According to this observation, cross-reactivity between
COVID-19 epitopes and peripheral nerve antigens does not
explain the correlation between the two syndromes.

To conclude, SARS-CoV-2 infection should be included
among the possible trigger of PNS disorders, also in asymp-
tomatic cases. These patients have a heterogenous phenotype
and are usually negative for well-known autoantibodies to

@ Springer

PNS antigens. Our study is limited by the low number of
included patients and prospective multicentre studies with
prolonged follow-up over different timespan of COVID-19
pandemic are needed to confirm and expand our findings.
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