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Abstract: Coronavirus disease 2019 (COVID-19) interacts with the nervous system directly and
indirectly by affecting the activation of the immune system. Guillain–Barré syndrome (GBS) is
triggered by an inappropriate immune system activation that overlaps with the neurotoxic mechanism
of an invading pathogen. Here, we discuss the complexity of an abnormal immune system response
leading to the generation of autoimmunity in the setting of acute viral infection. A 67-year-old male
patient with COVID-19 developed a sensory motor acute polyneuropathy with respiratory failure.
Several serum inflammatory and neurodegeneration markers were collected during hospital days 1,
3, 8, and 67 and compared to healthy individuals. Neural cell adhesion molecule 1 (NCAM-1) and
neurofilament light chain (NfL) values were highly variable when compared to healthy individuals,
but not to the reference COVID-19 group. We focused our attention on NCAM-1 as a possible target
for antibodies directed at COVID-19 in silico.

Keywords: Guillain–Barré syndrome; COVID-19; biomarkers; inflammation; NCAM-1; NF-L; tau
protein; critical care illness

1. Introduction

Guillain–Barré syndrome (GBS) is a relatively uncommon condition characterized by
an acute onset of muscle weakness and/or sensory loss as a result of a disruption in periph-
eral nerve myelin and axonal function by the body’s immune system [1,2]. The symptoms
may progress to respiratory failure, loss of deep tendon reflexes, and dysautonomia. The
most common variant is an acute inflammatory demyelinating polyneuropathy, which
is characterized by motor weakness, paresthesia and loss of deep tendon reflexes. Less
common variants are acute motor and sensory axonal neuropathies, which involve motor
and sensory loss, respectively, and characteristic patterns in electromyography and nerve
conduction studies (EMG/NCS). While GBS is a clinical syndrome, the following ancillary
testing may be supportive of the diagnosis. Cerebrospinal fluid (CSF) analysis often shows
albumin-cytologic dissociation in over half of patients, and magnetic resonance imaging of
the spinal cord may show nerve root thickening and enhancement [3]. EMG demonstrates
a pattern of either demyelinating or axonal polyneuropathy and is more sensitive weeks
after the acute phase of illness [3–5].
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1.1. Models of Pathophysiology

GBS often follows infection, vaccination, exposure to certain chemicals, or a non-
specific insult to the body due to abnormal immunological response and leads to the
generation of autoimmunity (Figure 1A–D) [1,3,4,6]. One of the most prevalent types
of GBS is linked to autoantibodies, but antibodies to peripheral nerve gangliosides are
detected in only detected in a proportion of patients (Figure 1B) [7]. Several other nodal-
located targets have been identified [8]. Cytotoxic T cells and monocytes may also partake
in damaging the peripheral nerves. Inappropriate resolution of inflammation in the im-
munologically privileged nervous system is another potential culprit (Figure 1A). Some
of these patients suffer from alternative mechanisms of GBS induction, including the ac-
quisition of immunity secondary to the release of danger signals acting as haptens for the
emergence of autoantibodies (Figure 1B) [9,10]. It is also possible that some GBS-like cases
represent non-specific nerve damage with GBS-like symptoms (Figure 1E) [11]. Patients
with coronavirus disease 2019 (COVID-19) may suffer from a superimposing infection
triggering an autoimmune disease, which is GBS (Figure 1B–D) [2]. Finally, other peripheral
demyelinating diseases may emerge as they target alternative epitopes and peripheral
nerve nodal targets [3,12].

Figure 1. GBS may emerge as a failure of the immune system to eliminate autoreactive B or T cell clones. (A) A resemblance
of the offending antigen to autoantibodies, (B) the inappropriate resolution of inflammation, (C) a direct and indirect
SARS-CoV-2 effect, (D) other diseases resembling GBS, (E) a co-infection setting new process in place leading to GBS (F).

1.1.1. Molecular Mimicry

Certain features of sudden acute respiratory syndrome coronavirus 2 are neutropic
in nature, pointing to the direct contribution of this pathogen to nervous system injury or
intrathecal production of autoantibodies [2,13,14].

Autoantibodies are created due to the ongoing release of danger signals from affected
neurons, or the presence of virus triggers molecular mimicry. At the same time, the virus
triggers immune system activation that potentially results in additional collateral damage,
including that of peripheral nerves leading to a potential overlap in the symptoms [15].
What is unclear is if there are specific markers, or inciters, of peripheral nerve damage
caused by COVID-19 compared to the those of a viral-induced GBS, or rather a specific
cluster for COVID-19-related GBS [16,17].
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1.1.2. Inflammation

The onset and progression of GBS has previously been related to certain neuroinflam-
mation characteristics of well-studied neurological disorders [3]. The release of peripheral
injury markers seems to be a natural consequence of the autoantibody binding, intrathecal
immune system activation, or cytotoxicity [3,18]. While certain markers such as apolipopro-
tein E (ApoE) seem to be found in decreased levels in patients’ CSF, both the plasma and
CSF levels of others (interleukin 37 (IL-37), interleukin 17A (IL-17A), interferon gamma
(IFN-γ), and tumor necrosis factor alpha (TNF-α)) seem to be significantly higher following
the onset of GBS symptoms [19,20]. This suggests that inflammation may be generalized,
therefore distinguishing if the axonal injury is a primary or secondary event. Because many
of these markers are indicators of neurological damage, their presence and correlation to
COVID-19 patients may provide insight as to how the body immunologically responds
to viral infections. The similarities, or distinguishing factors, between these neurodegen-
eration markers and those seen in central neurodegenerative disorders can therefore be
compared to investigate the autoimmune component of COVID-19. Such a comparison
must be made with caution, as several markers are somewhat arbitrarily assigned to the
central or peripheral part of the nervous system (Table 1).

Table 1. Neurodegeneration, neuroinflammation, and general inflammatory markers and their role in critical care illness
and COVID-19. All values are presented in units of pg/mL.

Biomarker
Blood

CSF Reference Ranges
General Description

T1 T2 T3 T4 Relevance to COVID-19

KLK6 923.7 3953.6 3442.7 465.2 14,849.4 unknown

Serum protease,
neuroinflammation, linked to

multiple sclerosis (MS),
elevated in Alzheimer’s disease

(AD) when tau also elevated,
decreased in Parkinson’s
disease (PD), degraded in

respiratory disease, regulates
myelin volume. No association

with GBS or COVID-19 [21]

Amyloid B1-41 BDL BDL BDL BDL BDL unknown Was not found in the
literature [22]

Amyloid B1-42 4.2 7.8 12.6 16.1 29.3 0–400 pg/mL
(SIMOA)

Lower in AD, no relation to
COVID-19 found [22]

TOT TAU BDL 121.7 BDL 114.1 BDL 100–300 in GBS,
0–360 pg(SIMOA)

Higher values associated with
worse prognosis in GBS [22–26]

NCAM-1 57,758.5 51,593.3 57,231.2 119,018.3 22,356.6 246.03 pg/mL
control, 153 in autism

Also called CD56, helps
synapse formation, found to be

low in autism, high in MS,
hypothetically associated with
COVID-19 pathogenesis [27–30]

TAU PT181 BDL BDL BDL BDL BDL unknown
Another marker for tau, no

association found with GBS or
COVID-19 [23,24]

TDP43 ND 4045.3 1620.1 5583.8 BDL unknown

Elevated in amyotrophic lateral
sclerosis (ALS), frontotemporal
dementia (FTD), not GBS. No
association with COVID-19

seen [5]

NFL 41.85 93.15 38.61 192.9 unknown
Elevated in AD, GBS, and ALS,
in addition to non-survivors of

COVID-19 [31–33]

NRGN 6052.2 11,867.6 5743.6 11,040.7 1048.9 unknown

Neurogranin: decreased in
schizophrenia, increased in AD,

no association found with
COVID-19 or GBS [23]

FGF21 BDL BDL BDL BDL BDL unknown
Neuroprotectant, involved in
carbohydrate metabolism, no
link with GBS or COVID [34]
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Table 1. Cont.

Biomarker
Blood

CSF Reference Ranges
General Description

T1 T2 T3 T4 Relevance to COVID-19

CLUSTERIN 11,039.5 1673.9 28,787,864.31 56,444,777.02 29,957.99667 unknown
Increased in AD, no evidence

for role in GBS or
COVID-19 [35]

TREM2 109.5 144.6 286.51 1833.17 728.849106 unknown

Associated with a risk for AD,
can suppress inflammation but

also trigger it, no clear
association with GBS or

COVID-19 [36]

BLC 325.1 6462.4 155.89 200.75 BDL unknown

B lymphocyte chemoattractant.
Associated with

adenocarcinoma. Also called
CXCL13 or BCA-1. Other types

but not this type associated
with GBS [37]

YKL40 8684.5 14,853.5 17,258.11 18,389.31 15,090.6293 healthy: 80 ng/mL,
severe COVID 300

Also called chitinase-3-like
protein 1 (CHI3L1), elevated in
AD, not GBS, associated with

worse mortality in lung
COVID-19 disease [38,39]

RAGE 146.3 124.8 67.87 61.70 24.0432183
serum pg/mL
AIDP > 1000,

AMAN < 1000

Binds to pro-inflammatory
pathways, higher in

neurodegenerative disease,
lower in AMAN subtype of

GBS, higher in AIDP, higher in
asymptomatic COVID-19, lower

in severe COVID-19 in
enzyme-linked immunosorbent

assay in ng/mL [2,10,40–42]

FERRITIN 383,593.2 207,231.3 218,048.4 709,040.7 51,863.9 unknown

Increased levels seen in patients
that showed inflammation

during episode of malaria and
COVID-19. Similar results were
seen in a patient who presented

with GBS associated with
COVID-19 [43–45]

DDIMER 110,928.0 34,814.4 25,904.3 6,737,038.6 720,348.9 unknown

Elevated d-dimer plasma levels
are associated with

inflammatory reactions to
pneumonia and severe

COVID-19. No association with
GBS [46]

IL-6 1.6 22.8 5.0 0.7 <1.04736328125 unknown

Uncontrolled inflammation
may occur following the

increased activation of serum
IL-6, similarly to how its role in

a “cytokine storm” has been
correlated with critical

COVID-19 development. It
plays both a pro-inflammatory

and protective role in
GBS [47,48]

TNF-α 0.0 0.5 0.0 0.0 0.1 unknown

Gene polymorphisms prevent
efficacious immune response

against viruses such as hepatitis
B and predict susceptibility to
GBS, while decreased levels

due to antibiotics (azithromycin
specifically) are seen in
COVID-19 patients [49]

Exploring the intricacy of the nervous system is a critical component in completely
understanding the interaction between SARS-CoV-2 and the immune system in the emer-
gence of GBS. To begin, the nervous system contains immunologically privileged organs
with a tightly regulated entry of leukocytes [50]. To a certain degree, this is also the case
for the peripheral nervous system. These immunological properties result in difficulties in
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translating the immunological response outside the nervous system to pathologies within
the nervous system. Therefore, it is virtually impossible to discern if GBS is triggered by
direct viral toxicity or if a viral infection can result in an abnormal immune system activa-
tion leading to GBS. It is unknown if the pathological reaction originates in or is driven
from the inside or outside of the protected nervous system. The latter is an important point
as the traditionally considered protective space of the nervous system may have a role
in forming the autoimmune GBS pathology due to an inability to formulate an effective,
self-extinguishing resolution of the immune system activation [51,52]. The intersection
between COVID-19 and GBS may provide insight as to how the nervous system responds
to viral illness and critical care illnesses.

1.2. Correlation with COVID-19

Case reports and case series have described GBS as a complication of COVID-19 with
an incidence rate of 47.9 cases/100,000 [2,40,53–57], with the incidence rate in the general
population being 1 to 2 cases/100,000 [58]. The comorbidity of COVID-19 and GBS was
related to longer hospital stays and increased ICU utilization, but it is unclear if the effects
are additive, synergistic, or even different from those in other ICU-related illnesses [11,57].
Reported incidence of GBS increased in 2020 compared to years prior, concomitantly with
COVID-19 cases. While this could be due to an increase in reporting, attention to this
association could help improve the understanding of both GBS and COVID-19. In essence,
this is the conundrum behind the rise of GBS in 2020 and 2021: Is the GBS specific to
COVID-19, or does it follow a global trend in mortality due to the bystander effect?

The incidence of GBS in other viral diseases suggests a possible association between
GBS and COVID-19. The development of the Zika virus infection in South America, particu-
larly in Colombia and Brazil, has been significantly correlated to the onset and progression
of GBS in patients [59]. GBS has also been associated with less prominent viruses such
as the Epstein–Barr and hepatitis E viruses [60,61]. In regard to COVID-19, reports have
varied as a group of researchers from the United Kingdom report no association between
these two illnesses, while others hypothesis a more causal relationship [2,55,62,63]. The
relationship between COVID-19 and GBS seems to be elusive in terms of characterizing
which one is primary and how specific GBS symptoms are for COVID-19.

We would like to provide a brief review of the current state of this gap in knowledge
using a case report to illustrate the complex interaction between COVID-19 and GBS.
Furthermore, this case report offers a unique opportunity to evaluate several inflammatory
and neuronal injury markers in blood and cerebrospinal fluid longitudinally. This is an
illustrative case discussing the role of different types of immune system responses to
COVID-19, and infection in general, in the emergence of autoimmunity against the nervous
system component. We examined the state of knowledge in respect to markers of neuronal
injury in relation to GBS as opposed to other neurodegenerative illnesses. Finally, we
would like to highlight the role of neural cell adhesion molecule 1 (NCAM-1) as a potential
culprit in sensitizing the immune system to myelin and the subsequent emergence of GBS
symptoms.

2. Case Presentation
2.1. Methods

Blood and medical records were examined under the IRB-approved protocol (#843311).
Blood was collected in heparin vacutainer tubes (BD, Franklin Lakes, NJ, USA) and put
on ice. Serum was separated by collecting the top layer after spinning the line at 1000× g,
10 min, 4 ◦C within 3 h from collection. Aliquoted serum was stored at −80 ◦C. CSF was
collected into standard collection tubes and immediately brought to −80 ◦C. The serum was
inactivated by incubation of 100 µL of serum with 5% Tween-20 (Bioworld, Baltimore, MD,
USA) for 20 min at room temperature and then analyzed using multiplex assay (Thermo
Fisher, Waltham, MA, USA). The biological markers were measured using the multiplex
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technique and are presented as normalized protein expression (NPX) dimensionless values
plotted against protein concentration (pg/mL).

2.2. Case Report

A 67-year-old male presented with three days of ascending numbness and weakness in
his hands and feet along with difficulty walking. Exams revealed proximal more than distal
weakness with distally diminished sensation in a stocking-glove pattern and absent lower
extremity reflexes. His medical history included hypertension, glaucoma, and obstructive
sleep apnea. He denied any recent fever, chills, headache, chest pain, abdominal pain,
nausea, vomiting, diarrhea, constipation, leg swelling, or trauma. He had not received his
flu vaccine that year, and his only new medication was loratadine that he started two weeks
prior. He developed a productive cough with clear sputum on the day before admission
associated with some shortness of breath. He was afebrile on presentation with tachycardia
and normal oxygen saturation of 97% in room air. Initial laboratory workup revealed
only elevated C-reactive protein (29.1 mg/L) and sedimentation rate (103 mm/h). His
anti-ganglioside antibody panel, myelin oligodendrocyte glycoprotein antibodies, and
anticholinergic antibodies were negative, but the nasopharyngeal SARS-CoV-2 reverse
transcription polymerase chain reaction (RT-PCR) swab returned positive twice.

Negative inspiratory force of −10 cmH2O prompted transfer to the intensive care unit.
Considering no fevers, infiltrates on chest X-ray, or other lab abnormalities suggested severe
COVID-19 treatment, dexamethasone or remdesivir were deferred. He had weak bilateral
hand grip, no movement in bilateral lower extremities, intact sensation and proprioception
throughout, and absent reflexes except in bilateral wrist extensors. His respiratory strength
declined, and he required bilevel positive airway pressure ventilation (day 2) and intubation
(day 3) (Figure 2) [18]. Cervical, thoracic, and lumbar spine magnetic resonance imaging
was completed on day 4 and revealed no definite leptomeningeal, spinal cord, or nerve
root enhancement. Lumbar puncture performed on day 4 revealed an opening pressure
of 27 cmH2O, CSF protein of 117 mg/dL (normal 15–45 mg/dL), CSF white blood cells of
2/µL (normal 0–5/µL), and 115/µL red blood cells (normal 0/µL).

Figure 2. Clinical trajectory of the patient.
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Plasmapheresis (PLEX) was initiated on day 3 [18]. Intravenous immunoglobulins
were thought to have a theoretical contraindication in the setting of possible hypercoagula-
bility due to COVID-19. The benefits of PLEX were determined to outweigh the risks of
immunosuppression given his rapid neuromuscular respiratory failure and profound weak-
ness. Despite five PLEX sessions (days 3, 5, 7, 9, and 11 of hospital stay), his exam continued
to worsen to only nodding and intact shoulder shrug, but also facial diplegia, quadriplegia,
and severe dysautonomia. On day 17, needle EMG/NCS examination revealed moderate
to severe sensorimotor polyneuropathy with features of axonal degeneration. Repeated
EMG/NCS on day 31 revealed continued evidence of severe axonal sensorimotor polyneu-
ropathy. The patient was ultimately transferred to a ventilator weaning facility on day
40 of his hospital course. He was liberated from the ventilator on day 61 and transferred
to an acute rehabilitation facility (day 85) and home (day 112). At this time, he remained
wheelchair-bound with no sensation in his ankles and feet, but able to perform his activities
of daily living with minimal assistance.

Serum levels of spike protein and anti-SN antibodies followed the expected clinical
trajectory, with initial increase of antigen (S-spike) and IgG following it (Figure 3A). The
level of inflammatory response was signified by ferritin, d-dimer, and a brief spike of serum
IL-6 (Table 1). Analysis of biomarkers demonstrated an elevation in NCAM-1, no changes
in phosphorylated tau or amyloid β-1–40, and some fluctuation in NfL (Figure 3B).

Figure 3. Changes in spike protein and reactive antibodies followed expected trajectory (A), but
NCAM-1 continued to increase as compared to tau protein (B).
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2.3. Clinical Presentation Discussion

The presented case of GBS is a hallmark of several conundrums when debating GBS
in the context of COVID-19. The patient’s initial presentation was strictly neurologic in
nature, eventually worsening to respiratory failure as seen in classic severe GBS. Lack
of clear antibodies while presenting with the classic symptoms of GBS demonstrates
difficulty in judging the etiology of the disease, hampers the treatment, and potentially
casts doubt on the accuracy of diagnosis. Furthermore, lack of a response to plasmapheresis
suggests that the neurological symptoms were not antibody mediated, as plasmapheresis
removes immunoglobulin and serum inflammatory mediators. Instead, the patient may
experience a cytotoxic-based response leading to an attack on the peripheral ceramide,
myelin, or potentially other targets. In addition, the patient’s IL-6 response was quite
subdued despite other markers (C-reactive protein, ferritin) being severely elevated [64].
IL-6 is frequently received as danger signal and culprit of organ damage in critical care
illnesses [65]. However, it is also necessary for immunoglobulin switching, a critical part
of the optimal response. Consequently, one would expect it to be elevated. The nature
of cytotoxic response is mediated by direct cell-to-cell contact and executed by cytotoxic
T cells, natural killer cells, and sensitized monocytes. This is only an assumption as no
specific test exists to evaluate cellular autoreactivity in the case of GBS.

There is also still uncertainty regarding whether the patient had another viral infection
that had become symptomatic, if the patient was sensitized secondary to an unknown
exposure, or rather if the subsequent worsening of symptoms was secondary to COVID-19
or the worsening respiratory failure from the muscle weakness itself. This patient’s EMG
demonstrated the typical findings of GBS, yet it is possible that the patient suffered from
superimposed axonal damage, or critical care illness polyneuropathy.

The patient received several treatments with PLEX. The therapy should lower the
levels of antibodies, but its response is highly erratic. Furthermore, there are no directly
linear relationships between antibodies and the severity of symptoms previously studied.
While immunoglobulins have previously been used in the treatment of COVID-19 patients
experiencing GBS, none were used in this case [56]. The patient focused on in this study
showed both increased immunoglobulin G and A levels from the first to the last collection
timepoints and therefore did not demonstrate a need for intravenous immunoglobulins
(data not shown). A causal relationship between immunoglobulin levels, COVID-19, and
GBS may be problematic as even though no other pathogens were detected in the patient,
they cannot be ruled out.

The plethora of neurological biomarker abnormalities present during the observed
case illustrates the difficulty in distinguishing between non-specific inflammatory response
versus viral infection from COVID-19 mediated mechanisms leading to GBS. We detected
elevation of tau, amyloid X, and NfL levels. Phosphorylated tau was not detected. However,
the assays used may not have been sensitive enough to record these markers. Several
markers typical to neurodegenerative disorders, including Alzheimer’s disease, were
elevated. This observation is consistent with acute brain injury and secondary to either
direct neurotoxic effects or inflammatory response in the brain. Some have suggested an
interaction between COVID-19 and the abnormal activation of several phosphorylation
neurodegeneration pathways, but it is also likely that the elevation in markers is secondary
to injury due to critical care illness.

3. Discussion

The presented case of GBS is a hallmark of several conundrums when debating GBS
in the context of COVID-19. It is impossible to tell if the emergence of GBS symptoms was
related to COVID-19 exclusively. The patient could have suffered from another viral or
bacterial disease even though extensive testing failed to detect one. It seems that the level
of immunological response to COVID-19 did not correlate with the severity of the disease.
This suggests that clinical symptoms of GBS were initiated but not sustained by COVID-19.
In that case, COVID-19 follows a similar trajectory as seen in other viral-triggered GBS
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cases [59,66–68]. For the discussion, we are in favor of diagnosing this patient with GBS
based on clinical studies.

The elevation of serum neuroinflammation markers in the early stages of COVID-
19 may reflect the beginning of neurological damage, whether it be acute or chronic.
Increased levels of neuroprotective markers in the later stages may possibly prevent
neurodegeneration as they subdue the virus’ attack (Figure 3).

NCAM-1 as a Potential Link between GBS and COVID-19

The activation of the immune system, measured via changes in inflammatory mark-
ers, is part of a generalized response. It is unclear how this would lead to a case of GBS
except via severely deranged immunity leading to non-specific nerve damage processes
initiated by the exposure of the immune system to the antigen on the surface of periph-
eral nerves, triggering antibody production or cytotoxic cellular response. The trigger
for the emergence of autoimmunity may have several origins. Circulating products of
inflammation and cellular damage secondary to sepsis may function as haptens, render-
ing previously harmless molecules immunologically active [10,41]. The receptor for the
advanced glycation endproducts (RAGE) pathway was suggested to be one of the culprits.
The autoimmune system may activate secondary to molecular mimicry. In classical GBS,
ganglioside antibodies may be formed due to exposure to several lookalike molecules,
although molecular mimicry may play a role in other presentations of GBS when autoan-
tibodies emerge directed at other targets due to a similar mechanism. In fact, Devaux
et al. demonstrated several nodal targets with some mimicry to anti-GM antibodies [8].
Gliomedin, contactin, and NCAM were shown to trigger the increase in autoantibodies.
Neurofascin is another potential target leading to the emergence of peripheral autoimmune
neuropathy [12].

Consequently, of interest is which of the autoantibodies are predominantly responsible
for symptoms typical of GBS. Devaux et al. also suggested that anti-GM antibodies
can be triggered secondary to primary processes and alternative targets. Once anti-GM
antibodies emerge, then patients demonstrate clinical symptoms for GBS or other peripheral
demyelinating diseases [8].

Interestingly, in silico, NCAM was found to be 85% identical to SARS-CoV-2 envelope
proteins, suggesting that an immune response against SARS-CoV-2 could theoretically
create antibodies against NCAM and lead to demyelination and polyneuropathy [69].
Furthermore, most patients in the largest case series of GBS and COVID-19 had negative
anti-ganglioside antibodies like our patient, suggesting another culprit at play [70]. The
level of NCAM-1 fluctuated significantly, consistent with the previously observed elevation
of markers in the setting of muscle denervation which has been implicated as an antibody
target in acute polyneuropathies [8,12]. In a subgroup of GBS patients, antibodies to
NCAM-2 were detected, but NCAM-1 itself was not measured [69]. NCAM-1 has been
identified as a possible target for antibodies directed at COVID-19 in silico, possibly playing
a role in the demyelination and polyneuropathy seen in this patient [69]. This finding is
a first step to understanding the molecular underpinnings of the relationship between
COVID-19 and the peripheral nervous system.

The potential mimicry of SARS-CoV-2 envelope proteins and NCAM-1 is not the
only one described in the literature. Considering certain similarities between COVID-19,
vasculitis, and autoimmune disease, some suggested that molecular mimicry may play a
very significant role in the pathology of COVID-19 comorbidities. Release of danger signals,
in particular heat shock protein, can acquire the antigen features by self-proteins [70].
Increased support for this hypothesis is provided by homology between viral protein
sequence and respiratory pacemaker neuron proteins [71]. Consequently, COVID-19 may
result in acquisition of reactivity to existing self-antigens by the host. A review of the
auto-epitope antibodies database revealed several other potential targets [72,73]. COVID-
19 can also exacerbate pre-existing autoimmune disorders, especially ones with mimicry
such as ankylosis spondylosis [74]. It is unclear if this process is specific to autoantibodies
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emerging in response to COVID-19 or if it is a generalized response to viral infections in
particular [27,72,75].

In silico modeling to narrow down the list of potential targets is being utilized with
increasing frequency. COVID-19 provides a new impetus to the process that was already
quite mature. In general, modeling should allow for the generation of the best fit in a timely
fashion. Though the translation is still missing, the new impetus provided by COVID-19 will
allow an understanding of how in silico modeling can help verify experimental observation,
generate new leads, or limit possible hypotheses down to the most promising [76]. In the case
of GBS and NCAM-1, a promising lead has been suggested, yet it has to be actionable.

4. Conclusions

The relationship between COVID-19 and GBS seems to be similar to those observed in
other viral diseases. This theoretical report suggests possible molecular mimicry between
NCAM-1 and the SARS-CoV-2 envelope protein.
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Abbreviations

KLK6 Kallikrein-6
TOT TAU Total tau protein
NCAM-1 Neural cell adhesion molecule 1
TDP43 TAR DNA-binding protein 43
NFL Neurofilament light chain
NRGN Neurogranin
FGF21 Fibroblast growth factor 21
TREM2 Triggering receptor expressed on myeloid cells 2
BLC B lymphocyte chemoattractant
YKL40/CHI3L1 Chitinase-3-like protein 1
RAGE Receptor for advanced glycation endproducts
TNF-α Tumor necrosis factor alpha
AMAN Acute motor axonal neuropathy
AIDP Acute inflammatory demyelinating polyneuropathy
COVID-19 Coronavirus disease 2019
GBS Guillain–Barré syndrome
CSF Cerebrospinal fluid
ApoE Apolipoprotein E
IL-37 Interleukin 37
IL-17A Interleukin 17A
IFN-γ Interferon gamma
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
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CRP C-reactive protein
RT-PCR Reverse transcription polymerase chain reaction
PLEX Plasmapheresis
EMG Electromyography
IgG Immunoglobulin G
IL-6 Interleukin 6
MS Multiple sclerosis
AD Alzheimer’s Disease
PD Parkinson’s Disease
ALS Amyotrophic lateral sclerosis
FTD Frontotemporal dementia
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