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Abstract: Background and Objectives: Recent findings demonstrate that the transmigration of severe
acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) to the nervous system implicates severe
neurotropic pathologies, including the onset of the rare disease called Guillain-Barré syndrome
(GBS) which is characterized by immune-mediated polyneuropathy. This study aimed to identify
the predisposing factors and the clinical features of coronavirus disease 2019 (COVID-19)-induced
GBS. Materials and Methods: We have performed an analysis of 147 cases. A systematic review
of the published research work was performed per the PRISMA statement to obtain individual
participant data (IPD) for the meta-analysis. The search was conducted through PubMed, using the
combined search terms “Guillain—Barré syndrome” and “COVID-19”. All case reports and series
in the English language with accessed full text were included in the search. Results: A systematic
database search led to the retrieval of 112 peer-reviewed articles published between 1 April 2020,
and 8 February 2022. The articles comprised 16 case series and 96 case reports containing IPD for
147 patients. Our findings showed that 77.6% of all cases were 40 years or older. Males comprised
most of the cases (65.3%; n = 96). The intensive care unit (ICU) admission was 44.9%, and the need for
mechanical ventilation (MV) was 38.1%. The patients presented with hyporeflexia or areflexia (84.4%;
n = 124), lower limb strength and sensation impairment (93.2%; n = 138), upper limb strength and
sensation impairment (85.7; n = 126), and somatic sensation impairment (72.8%; n = 107). The patients
presented with increased cerebral spinal fluid (CSF) protein levels (92%; n = 92) and the presence of
CSF albuminocytological dissociation (83.5%; n = 71). The most common variant of GBS observed
was acute inflammatory demyelinating polyneuropathy (AIDP). We found that predisposing factors
concomitant with COVID-19 and GBS were male gender and older age. Among the cases, patient
mortality was 10.9%. Conclusions: A gap of knowledge exists regarding the complete spectrum of
clinical characteristics of COVID-19-related GBS. Recent findings suggest that SARS-CoV-2 triggers
GBS, as it follows a similar para-infectious pattern as the other viral agents contributing to the onset
of GBS.

Keywords: SARS-CoV-2; COVID-19; Guillain—-Barré syndrome; GBS; meta-analysis; neurological
complications

1. Introduction

The current disease outbreak caused by severe acute respiratory syndrome Coro-
navirus 2 (SARS-CoV-2) has become a global health emergency. Although respiratory
impairment is the main symptom associated with the pathology of the Coronavirus disease
2019 (COVID-19), there are reports of neurological manifestations associated with the
disease. Opportunistic viral pathogens, such as human Coronaviruses, may spread into
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other tissues, such as the central nervous system (CNS), where additional pathologies
may be induced [1]. The family of 3-Coronaviruses to which SARS-CoV-2 belongs has
previously been identified within the brain (especially the brainstem) [2]. The mechanism of
neuroinvasion by SARS-CoV-2 is still poorly understood, and it is imperative to understand
this phenomenon, as the neurological manifestations of COVID-19 are of growing concern.

Several pathways for the invasion of SARS-CoV-2 to the CNS have been postulated.
Transmigration of SARS-CoV-2 to the brain may occur via the olfactory pathway, general
circulation, or the peripheral neurons of the lungs [2]. The transmigration of SARS-CoV-2 to
the nervous system implicates severe neurological pathologies such as ischemic changes of
neurons, demyelination of nerve fibers, and diseases such as polyneuropathy, encephalitis,
and aortic ischemic stroke [3]. In recent months, there have been increasing reports which
show the association and para-infectious nature between Guillain—-Barré syndrome (GBS)
and SARS-CoV-2 [4]. It is postulated that COVID-19 triggers the onset of GBS similarly to
cytomegalovirus, the Epstein—Barr virus, the Middle East Respiratory Syndrome (MERS),
Hepeatitis E, and the Zika virus contribute to the etiology of GBS through autoimmune
dysregulation and augmentation of the cytokine release storm (CRS) [5]. Many of the
cytokines that participate in the pathogenesis of COVID-19 are also involved in the onset
of GBS and play a pivotal role(s) in the rapid progression of GBS [6].

Details such as the type and severity of the preceding infection and patient-related
host factors are the prime determinants of the onset, phenotypic form, and progression of
GBS [7]. Multidisciplinary care for patients with GBS is imperative to manage the poten-
tially severe and life-threatening complications associated with its onset and progression [7].
Plasma exchange (a well-supported treatment for GBS) removes neurotoxic antibodies and
other inflammatory mediators [7]. It was found that plasma exchange treatment yields
optimal outcomes when performed within two to four weeks following the initial signs of
weakness [7].

The relationship between SARS-CoV-2 and GBS is yet to be understood. Therefore, this
study aimed to provide insight into the predisposing factors through sociodemographic
characteristics of the patients and their clinical outcomes associated with concomitant GBS
and COVID-19.

2. Materials and Methods
2.1. Data Extraction

A systematic review of the published research work was performed per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to obtain
individual participant data (IPD) for the meta-analysis [8]. The following review protocols
were registered through Prospero, an international prospective register of systematic re-
views. The registration code CRD42022379581 can be used to find the review on Prospero. A
literature search was carried out across several major databases such as PubMed, Cochrane,
Medline, BioMed Central, Embase, Scopus, and Web of Science. The search supported that
PubMed would be the most fitting database because it had the most significant number
of articles closely related to our novel topic. It was confirmed that the other databases
were less inclusive and yielded similar results to the PubMed database. A final exten-
sive literature search was conducted through PubMed, using the combined search terms
“Guillain-Barré syndrome” and “COVID-19”. Search years were limited to 2020, 2021, and
2022 and all case reports and series were included in the search. The articles with accessed
full texts written in the English language were included. The meta-analyses, randomized
controlled trials, and systemic reviews were excluded. Overlapping publications were
reviewed and excluded. The cases that were unrelated to either GBS or COVID-19 were
excluded. If the patients had a prior history of GBS prior to COVID-19, they were also
excluded. Patients were excluded if an infectious agent other than SARS-CoV-2 was present
in the blood or CSF. Patients were also required to have a confirmed COVID-19 diagnosis
by either a reverse transcription-polymerase chain reaction (RI-PCR) test or the presence
of serum antibodies.
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2.2. Data Elements and Outcomes

Normal reference values for laboratory data were established to maintain consistency
when reporting data findings. Reference values for the laboratory data are displayed in
Table Al in Appendix A. The data was recorded through Microsoft Excel and coded to
be transferred into IBM SPSS for statistical analysis. Table A2 in Appendix A displays
the coding mechanism used for the project. The data elements included demographic
information, comorbidities, laboratory tests, treatments, and procedures, including invasive
mechanical ventilation, conducted during hospitalization. The clinical outcomes were
evaluated by disease severity (intensive care unit (ICU) level of care, reliance on mechanical
ventilation (MV), and vasopressor support), time on MV, hospital length-of-stay (LOS), and
mortality. Anti-ganglioside antibodies, neurological findings, and GBS subtype were also
recorded. The variants of GBS in the study included acute inflammatory demyelinating
polyneuropathy (AIDP), acute motor and sensory axonal neuropathy (AMSAN), acute
motor axonal neuropathy (AMAN), Miller Fisher syndrome (MFS), pharyngeal-cervical-
brachial (PCB) variant, and facial diplegia (FD), hemiplegia, or weakness with paresthesia.

2.3. Ethics

The study does not involve research with human subjects and therefore is exempt
from an institutional review board (IRB) oversight. Data were obtained from previously
published studies in which the primary investigators obtained informed consent.

2.4. Statistical Analyses

The statistical analyses were performed using IBM SPSS Statistics Software for Win-
dows version 28.0 (IBM Corp, Armonk, NY, USA). The data points included frequencies
and descriptive statistics such as mean, standard deviation (SD), and Range. A Chi-square
test was used to analyze the association in cross-tabulations. p < 0.05 value was considered
statistically significant.

3. Results
3.1. Patient Population

The PRISMA flow diagram illustrating the exclusion of articles is presented in Figure A1l
in Appendix B. These articles found through the literature search comprised 16 case series and
96 case reports containing IPD for 147 patients. Table A3 in Appendix C provides the author(s)
name, year of publication, and the number of patients in this project’s included articles.

The results for sociodemographic patient data and clinical outcome measures are
outlined in Table 1. The patients were about two-thirds male (65.3%; n = 96), and about
one-third were female (34.7%; n = 51). The mean age among the patients was 52 years old
(SD = 18). There were 33 (22.4%) patients younger than 40, while most patients (77.6%;
n = 114) were 40 years or older.

The patient’s hospital LOS ranged from one to 62 days and had a mean value of
23 days (SD = 17). There was nearly an equal ratio of patients that stayed in the hospital for
less than 20 days (54.5%; n = 30) and patients that stayed in the hospital for 20 or more days
(45.5%; n = 25). A similar relationship occurred between whether the patients required
admission to the ICU. A slight majority of patients did not require ICU admission (55.1%;
n = 81) compared to those admitted to the ICU (44.9%; n = 66). Roughly two-thirds of the
patients did not require MV (61.9%; n = 91), while the remaining patients required MV due
to respiratory failure (38.1%; n = 56). For patients who did require MV, the days they relied
on MV before being extubated or expiring ranged from two to 26 days, with an average of
12 days (SD = 7). There was a high survival rate among patients, with 78.9% (n = 116) of
patients that survived and 10.9% (1 = 16) of patients that did not survive. Of the patients
who survived, 10.2% (n = 15) were not yet discharged from the hospital to their homes or a
rehabilitation center.
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Table 1. Sociodemographic patient data and clinical outcome measures.

Category (mean + SD) [Range] n %

Age 52+ 18[3-94]
Male 96 65.3
Gender  gornale 51 347
Age orou <40 33 224
BEBIOUP 540 114 77.6

Hospital LOS (days) 23 4 17 [1-62]
. <20 days 30 54.5
Hospital LOS (days) >20 25 455
Yo 66 44.9
ICU admission .~ o1 =1
. o Yes 56 38.1
Mechanical ventilation No 91 61.9

Number of days on mechanical ventilation 12 + 7 [2-26]

Survived 116 78.9
Mortality =~ Deceased 16 10.9
Hospitalized 15 10

SD: standard deviation; LOS: length of stay; ICU: intensive care unit.

3.2. Serological Analyses

Serological studies examined the relationship between the onset of GBS and COVID-19
by identifying serum anti-ganglioside antibodies. Results are summarized in Figure 1. Only
18.8% (n = 9) of patients tested positive for serum anti-ganglioside antibodies, while most
tested patients (81.3%; n = 39) were negative.

90
80
70
60
50
40
30
20
10

Percentage of cases

Positive Negative

Serum anti-ganglioside antibodies test result

Figure 1. Serum anti-ganglioside antibodies test result.

3.3. Cerbrospinal Fluid Analyses

The CSF analysis revealed that COVID-19 was detected in four cases of the 55 tested
(6.8%). Protein levels in CSF were elevated in 92% of the patients (1 = 92), as displayed in
Figure 2. Figure 2 also displays that only 7% (n = 7) of the patients had a standard CSF
protein value, while only one percent had a low CSF protein value. The most common
CSF protein value range was between 51-75 mg/dL, comprising 30% (1 = 30) of the values
among 100 total patients. The white blood cell (WBC) count was within the normal limits
in 94.2% (n = 81) of the total cases (n = 86). The total WBC count obtained from 55 patients
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ranged from zero to 18 cells/uL of blood and had a mean value of 2.3 cells/uL (SD = 3.1).
Cerebrospinal fluid albuminocytological dissociation (elevated CSF total protein value
without pleocytosis) was observed in 83.5% (n = 71) of cases. The CSF glucose values
were abnormal in 52.9% (n = 18) of the 34 cases. The CSF glucose values recorded among
34 patients ranged from 50 to 166 mg/dL and had a mean value of 76.4 mg/dL (SD = 22.5).

= Low CSF protein - Normal CSF protein = High CSF protein

Figure 2. Cerebrospinal fluid protein values.

3.4. Neurophysiological Findings

The neurophysiological symptoms reported by each study are included in Table 2. The
neurological manifestations reported from a total of 147 cases are as follows: 7.5% report
an abnormal plantar response, 12.9% report aphasia, 46.3% report ataxia, 20.4% report
dysphagia, 42.2% report facial palsy, weakness, or plegia, 4.1% fecal incontinence, 10.9%
report urinary difficulties 17.7% report hypogeusia or ageusia, 84.4% report hyporeflexia or
areflexia, 15.6% report hyposmia or anosmia, 72.8% report impaired somatic sensation, 15%
report lumbar pain, 23.8% report myalgia, and 7.5% report neck flexion weakness.

Table 2. Neurophysiological findings.

Category n %

Abnormal plantar response 11 7.5
Aphasia 19 129
Ataxia 68 46.3
Dysphagia 30 20.4
Facial palsy/weakness/plegia 62 42.2
Fecal incontinence 6 41
Urinary difficulties 16 10.9
Hypogeusia/ ageusia 26 17.7
Hyporeflexia/ areflexia 124 84.4
Hyposmia/ anosmia 23 15.6
Impaired somatic sensation 107 72.8
Lumbar pain 22 15
Myalgia 35 23.8

Neck flexion weakness 11 75




Medicina 2022, 58, 1835

6 of 15

Upper limb

Lower limb

3.5. Limb Strength and Sensation

Patients presented with both upper and lower limb strength and sensation abnormal-
ities. The findings are displayed in Figure 3. All 147 cases included data on the upper
and lower limb abnormalities. A vast majority of cases reported that the patient’s lower
limbs were affected by either weakness, plegia, or paresthesia (93.2%; n = 137). Out of the
126 cases that reported upper limb abnormalities, 44 reported both paresthesia and weak-
ness, 20 reported complete upper limb plegia without paresthesia, 50 reported weakness
without paresthesia, and 11 reported paresthesia without weakness. In all cases involv-
ing limb plegia, it was assumed that patients with limb plegia also presented with limb
weakness. Out of the 137 cases that reported lower limb abnormalities, 60 reported both
paresthesia and weakness, 24 reported complete lower limb plegia without paresthesia,
48 reported weakness without paresthesia, and five reported paresthesia without weakness.
As for the results regarding upper limb abnormalities, most cases (85.7%; n = 126) reported
that the patient’s upper limbs were affected by either weakness, plegia, or paresthesia.

Absent -

Present #

Absent -

Present

20 40 60 80 100
Percentage of cases that had limb function abnormalities

Figure 3. Percentage of cases with limb function abnormalities.

3.6. Electrophysiological Findings

Electrophysiological studies were conducted in many studies to explore the distal
latency (ms), conduction velocity (m/s), amplitudes (mV for motor and uV for sensory),
onset latency, peak latency, and F-response latency of the sensory and motor nerves. Specific
nerves commonly evaluated between studies included the ulnar, peroneal, tibial, and sural
nerves. Sensory nerve action potential (SNAP) and compound muscle action potential
(CMAP) test results are displayed in Figure 4. The SNAP tests were shown to have abnormal
values in 86.9% (1 = 86) of cases. The CMAP tests also revealed that most patients received
abnormal test results (99%; n = 102).
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Absent -

Present

Sensory nerve
action potential

Absent '
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0 20 40 60 80 100

Percentage of cases that had impaired action potentials

Figure 4. Sensory nerve and compound muscle action potential.

3.7. Guillain—Barré Syndrome Subtype Classification

A total of 85 cases included the GBS subtype associated with the patient’s diagnosis of
GBS. A total of 11 cases reported overlaps of GBS variants. Four cases reported an overlap
of the AIDP and AMAN variants, four cases reported an overlap of the AIDP and the
AMSAN variant, one case reported the overlap of MFS and AMSAN, one case reported the
overlap of AIDP and MFS, and one case reported the overlap of AMSAN and FD. The AIDP
variant was the most prominent subtype and comprised 50.4% (1 = 58) of the studies. The
second most prominent variants were the axonal variants, including AMAN and AMSAN.
The AMSAN variant made up 16.5% (n = 19) of the classification, while the AMAN variant
made up 9.6% (n = 11). The MFS variant affected a total of seven patients (6.1%). The least
common variants were the FD and the PCB variants of GBS, comprising 5.2% (1 = 6) and
2.6% (n = 3), respectively. The distribution of GBS subtypes is shown in Table 3.

Table 3. Distribution of Guillain-Barré syndrome subtypes.

GBS Subtype n %
Acute inflammatory demyelinating polyneuropathy (AIDP) 58 50.4
Acute motor axonal neuropathy (AMAN) 11 9.6
Acute motor-sensory axonal neuropathy (AMSAN) 19 16.5
Miller-Fisher syndrome (MFS) 7 6.1
Facial diplegia (FD) 6 52
Pharyngo-cervico-brachial (PCB) 3 2.6
AIDP and AMAN overlap 4 3.5
AIDP and AMSAN overlap 4 3.5
MFS and AMSAN overlap 1 0.9
AIDP and MFS overlap 1 0.9
AIDP and FD overlap 1 0.9

GBS: Guillain-Barré syndrome; AIDP: Acute inflammatory demyelinating polyneuropathy; AMAN: Acute motor
axonal neuropathy; AMSAN: Acute motor-sensory axonal neuropathy; MFS: Miller-Fisher syndrome; FD: Facial
diplegia; PCB: Pharyngo-cervico-brachial.
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4. Discussion

In our study, we observed that the majority of the patients with concomitant COVID-
19 and GBS were male and over 40 years old. This observation is similar to the factors
associated with COVID-19. A meta-analysis revealed a 3.5% increase in the disease sever-
ity per age year when measuring the relative risk estimate associated with age-related
risk factors of COVID-19 severity [9]. Furthermore, males were suggested to have an
increased susceptibility to the binding of the SARS-CoV-2 spike (S) glycoprotein and the
angiotensin-converting enzyme 2 (ACE2) receptors on host cells, causing a downregulation
in ACE2 [10]. Downregulation of ACE2 can be detrimental to patients that may already be
deficient in ACE2. The male mortality rate for COVID-19 is influenced by the location of
ACE2 on the X chromosome and how it influences an increased binding affinity between
SARS-CoV-2 S glycoprotein and ACE2, according to Gadi et al. [10]. Men are more likely
to contract COVID-19 and have a relatively higher risk of acquiring severe COVID-19
symptoms once they are already hospitalized and more often require ICU admission [11].
An epidemiological study in Finland reported that 57% (n = 559) of patients with GBS were
male [12]. In our study, more male patients were reported to have GBS and COVID-19,
supporting the earlier reports.

According to our study, approximately half of the patients were in the hospital for
20 or more days (46%) and required admission to the ICU (44.9%), and 38% required
MYV indicating that these patients were severely affected by COVID-19 and GBS. Patients
with GBS are historically prone to respiratory failure due to progressive respiratory muscle
weakness, which causes a restrictive respiratory pattern [13]. Teitelbaum and Borel reported
that about one-third of patients with GBS require MV and ICU admission due to respiratory
failure [13].

Coronaviruses are thought to cause GBS directly through the neuroinvasive capac-
ity of SARS-CoV-2 or as an autoimmune response triggered by a CRS mediated by the
inflammatory response associated with COVID-19. Reports show that GBS associated
with COVID-19 differs from the typical “post-infectious” pattern of GBS and presents
more commonly as an “acute para-infection” [6]. The apparent difference between these
infection patterns is that most infectious agents typically associated with GBS, such as
varicella-zoster virus and cytomegalovirus, cause direct damage to the nerve roots due to
the presence of the virus in the CSE, which appears unlikely in COVID-19 infections [6].

Cerebrospinal fluid analysis revealed that protein levels in CSF were elevated in 92% of
the patients (1 = 92). Our study results support previous reports of COVID-19 CSF analysis,
showing that CSF protein was high in almost three-quarters of patients with severe and non-
severe symptoms [14]. This study also found that CSF levels were elevated in all patients
that presented with both CSF and COVID-19 [14]. These findings suggest that elevated
CSF protein levels in COVID-19 patients can be a marker for CNS involvement. The classic
immunologic alteration of CSF, albuminocytological dissociation, was described by Guillain,
Barré, and Strohl in 1916 [15]. Cerebrospinal fluid albuminocytological dissociation was
observed in 83.5% (1 = 71) of cases. The CSF glucose values were abnormal in 52.9% (1 = 18)
of the 34 cases. High levels of CSF glucose were found to be significantly associated with
severe impairments from GBS [16]. This factor is especially true in patients with diabetes
mellitus or hyperglycemia, where the blood—-brain barrier disruption is increased [16,17].
The overall findings from our data and previous literature attribute CSF findings such as
increased protein, albuminocytological dissociation, and increased glucose as an indication
of blood—CSF barrier disruption [16,18,19].

Our analysis observed the absence of SARS-CoV-2 in CSF when evaluating the results
of cases that reported CSF PCR testing. Only four out of 55 cases (~7%) detected the
presence of COVID-19 in the CSF. Similar results for COVID-19 in CSF were reported in
studies on cases with a COVID-19 diagnosis (without GBS). Lewis et al. reported that the
CSF SARS-CoV-2 PCR resulted in positive for 17/303 (6%) patients [20]. Furthermore, Lersy
et al. found that four patients (7%) had a positive SARS-CoV-2 RT-PCR result in CSF [21].
The presence of anti-ganglioside antibodies in serum analysis was evaluated because of the
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typical ganglioside mimicry traditionally associated with GBS. Anti-ganglioside antibody
testing revealed that only 18.8% of patients tested positive for anti-ganglioside antibodies
typically associated with GBS. Similar results by Hasan et al. showed that only one out of
26 patients tested positive for anti-ganglioside antibodies [22]. This trend differs from the
classical GBS presentation associated with molecular mimicry and suggests that the CRS
may significantly impact the onset of COVID-19-related GBS.

Mistaken attacks on myelin sheaths or axons (the nerve conduits for sending and
receiving neural signals) cause signature symptoms of GBS, such as rapidly progressive as-
cending symmetrical weakness, paresthesia, and sensory disturbance [7,23,24]. Symptoms
of GBS are highly variable with respect to the antecedent. The variability of GBS symptoms
is credited to multiple factors, including the extent of sensory symptoms and weakness,
the presence, distribution, and scope of cranial nerve deficits, ataxia, pain, and autonomic
dysfunction [7].

Through neuronal retrograde dissemination, CNS infection can be induced via the
cranial nerves by the infection of the epithelial cells in the oral mucosa, where levels of
ACE2 are highly expressed and very susceptible to binding with SARS-CoV-2 [25]. The
olfactory nerve is considered a shortcut for many viruses to gain access to the brain through
the olfactory bulb, after that spreading to specific brain areas, including the brainstem
and the thalamus [25,26]. Deficits to olfactory nerve function were reported in several
cases. In our study, 17.7% of patients presented with ageusia (n = 26), and 15.6% reported
anosmia as a symptom (1 = 23). SARS-CoV-2 may also enter the CNS via retrograde axonal
transport through other peripheral nerves, including the trigeminal nerve, which possesses
nociceptive cells in the nasal cavity [27]. The virus may also gain access through the sensory
fibers of the glossopharyngeal nerve (cranial nerve nine) and the vagus nerve (cranial nerve
ten) [27-29]. SARS-CoV-2 and its effects on cranial nerves (such as the glossopharyngeal
and vagus nerve) may contribute to dysphagia. Dysphagia was present in 20.4% of cases
(n = 30). Cranial nerve deficits may also contribute to the symptoms associated with
respiratory distress and failure due to disruption of the innervations of the respiratory tract
and lungs. Several cases also reported signs of pathology related to the facial nerve (the
seventh cranial nerve). Facial nerve involvement can manifest as facial weakness, plegia,
or paresthesia, resulting in 42.2% (n = 62) of cases.

Aphasia, a neurological language disorder caused by brain injury, was present in
12.9% (n = 19) of cases. The etiology of aphasia is most often attributed to stroke, but may
also be caused by traumatic brain injury, dementia, and brain tumors [30]. In patients
with COVID-19, aphasia is likely caused by encephalopathy and ischemic stroke [30,31].
Encephalopathy is a significant concern and risk in COVID-19 due to hypoxia, metabolic
changes, and the CRS augmented by the SARS-CoV-2 virus [31].

It was found that 46.3% of cases reported ataxia as a symptom, and 84.4% of patients
reported hyporeflexia or areflexia. The loss of deep tendon reflexes is one of the characteris-
tic symptoms of GBS and was expected to have a high frequency among cases. The patients
that were diagnosed with MFS had a higher prevalence of areflexia and ataxia, where all
cases present in the study reported both as a symptom [26,32-37]. The high frequency of
areflexia and ataxia was not a surprise, as the usual triad for MFS consists of acute onset of
external ophthalmoplegia, ataxia, and loss of tendon reflexes [26].

Aside from hyporeflexia, areflexia, and limb impairment, our study patients’ most
common neurologic manifestation was impaired somatic sensation. Somatic sensation
impairment was reported in about three-quarters of cases (72.8%). Somatic sensation
impairment is often accompanied by myalgia and lumbar pain and was reported in 23.8%
of patients and 15% of patients, respectively. For electrophysiological tests investigating
either CMAP or SNAP, any patient with impaired action potentials was considered to have
impaired somatic sensation. Analysis revealed that 86.9% of patients had abnormal values
in SNAP testing, while 99% had impaired CMAP.

A total of 24 patients were diagnosed with the AMSAN variant of GBS (this number
includes five cases with an AMSAN overlap with AIDP or MFS). Twenty-two patients
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in this group had results for electrophysiological testing, and all 22 cases had impaired
action potentials for both the SNAP and the CMAP tests, indicating the involvement of
both the motor and sensory nerves. There was one case that reported an AMSAN and MFS
overlap syndrome. A total of 15 patients were diagnosed with the AMAN variant of GBS
(this number includes four cases with an AMAN overlap with AIDP). Nerve conduction
studies showed that out of the 11 cases with electrophysiological testing results, ten patients
had abnormal CMAP results, while only five showed impaired SNAP. It is important to
note that two cases that reported abnormal SNAP were with AMAN and AIDP overlap
syndrome. The most common variant of GBS among patients was AIDP, comprising about
half the total cases (50.4%). A total of 10 cases presented an overlap of AIDP and another
GBS variant. Four patients were diagnosed with an overlap of AIDP and AMAN; four were
found to have an overlap between AIDP and AMSAN. One had an overlap of AIDP and
MFS, and one patient had an overlap of AIDP and FD. The least common variants reported
among cases were MFS, which comprised about 6% of cases; FD, which comprised about
5% of cases; and PCB, which comprised <3% of cases.

Limb strength and sensation were measured in all the patients. It was found that 93.2%
of patients reported abnormal lower limb function, while 22 cases presented complete
lower limb plegia. It was found that 85.7% of patients reported abnormal upper limb
function, while 20 cases presented complete upper limb plegia. The difference between
strength and sensation in the upper and lower limbs can be explained by the fact that GBS
affects patients in a progressive, ascending manner, where lower limbs are first affected
by weakness or paresthesia and then the trunk and upper limbs. The differences in limb
impairment also explain why more patients presented with lower limb plegia. Neurological
manifestations that were not frequently reported included neck flexion weakness (present
in ~8% of cases), abnormal plantar response (present in ~8% of cases), urinary difficulties
(present in ~11% of cases), and fecal incontinence (present in ~4% of cases). The symptoms
of GBS are often specialized to the subtype of GBS present; the most prevalent subtypes
are AMSAN, AIDP, AMAN, and MFS. Other less common subtypes include paraparetic
GBS, FD, PCB GBS, Bickerstaff brainstem encephalitis, polyneuritis cranialis, and acute
autonomic neuropathy. Electrophysiologic studies characterize the specific subtype of GBS,
which are crucial in determining the effective treatment per patient.

5. Conclusions

While numerous peer-reviewed case reports and cases series of concomitant GBS
with COVID-19 exist, there is a gap in knowledge on the correlation between the two,
and the complete spectrum of clinical characteristics of COVID-19-related GBS remains
unknown. Recent findings suggest that SARS-CoV-2 is a trigger for GBS, as it follows a
similar para-infectious pattern as the other viral agents which contribute to the onset of
GBS. Exploring the extent to which SARS-CoV-2 infection and GBS are related pathophys-
iologically is crucial in delivering the optimal treatment to patients suffering from this
concomitant occurrence. Assessing the biomarkers, diagnostic parameters, and severity of
injuries between cases of COVID-19-related GBS will provide better means to explore this
relationship and patient management with improved outcomes. Thus, the present study
provides oversight of the confounding factors and clinical outcomes of the patients with
concomitant GBS and COVID-19.
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Appendix A

Table Al. Reference values for laboratory data.

Variables Reference Values
High: >45 mg/ dL
CSF protein Normal: 15-45 mg/ dL

Low: <15 mg/ dL

CSF Albumino-cytological dissociation

Absent: Normal CSF protein value with normal WBC count,
decreased CSF protein value with normal WBC count,
decreased CSF protein value with increased WBC count, or
increased CSF protein value with increased WBC count
Present: Increased CSF protein value with normal WBC count

CSF WBC count

Normal: 0-8 cells/ pL
Abnormal: Any value out of the normal reference range

CSF RBC count

Normal: 0 cells/ uL
Abnormal: Any value out of the normal reference range

CSF glucose (>18 years old)

Normal: 40-70 mg/ dL
Abnormal: Any value out of the normal reference range

CSF glucose (<18 years old)

Normal: 60-80 mg/ dL
Abnormal: Any value out of the nomal reference range

CSF: cerebrospinal fluid; mg/ dL: milligrams per deciliter; cells/ uL: cells per microliter; WBC: white blood cell;

RBC: red blood cell.

Table A2. Coding manual.

Variables  Coding Mechanisms
1=AIDP, 2 = AMSAN, 3 = AMAN, 4 = MFS, 5 = PCB, 6 = FD,
Variant of GBS 7 = AIDP and MFS, 8 = FD and AIDP, 9 = AMAN and AIDP,
10 = AMSAN and AIDP, 11 = AMSAN and MFS
Gender 1 =TFemale, 2 = Male
Age category  1=0-18,2 =19-39, 3 = 40-59, 4 = 60+
Mortality 1 = Survived, 2 = Expired, 3 = Hospitalized
Relianceon MV 1= Yes, 2 =No
ICU admission 1= Yes,2=No
CSF COVID-19 detection 1= Yes,2=No

CSF protein

1 =Normal, 2 = High, 3 = Low

CSF albumino-cytological dissociation

1 = Absent, 2 = Present

CSFWBC count 1= Normal, 2 = Abnormal
CSF RBC count 1= Normal, 2 = Abnormal
CSF glucose 1 =Normal, 2 = Abnormal

Serum anti-ganglioside antibodies present

1=Yes,2=No

Abnormal plantar response

1 = Absent, 2 = Present

Aphasia/ dysarthria

1 = Absent, 2 = Present

Ataxia

1 = Absent, 2 = Present

Dysphagia

1 = Absent, 2 = Present

Facial Palsy/weakness/plegia

1 = Absent, 2 = Present

Fecal incontinence

1 = Absent, 2 = Present

Hypogeusia/ ageusia

1 = Absent, 2 = Present

Hyporeflexia/ areflexia

1 = Absent, 2 = Present
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Table A2. Cont.

Variables

Coding Mechanisms

Hyposmia/ anosmia

1 = Absent, 2 = Present

Impaired somatic sensation

1 = Absent, 2 = Present

Impaired CMAP

1 = Absent, 2 = Present

Impaired SNAP

1 = Absent, 2 = Present

Lumbar pain

1 = Absent, 2 = Present

Myalgia

1 = Absent, 2 = Present

Neck-flexion weakness

1 = Absent, 2 = Present

Urinary difficulties

1 = Absent, 2 = Present

Upper limbs affected

1 = Absent, 2 = Present

Lower limbs affected

1 = Absent, 2 = Present

Upper limb plegia

1 = Absent, 2 = Present

Lower limb plegia

1 = Absent, 2 = Present

Upper limb weakness

1 = Absent, 2 = Present

Lower limb weakness

1 = Absent, 2 = Present

Upper limb paresthesia

1 = Absent, 2 = Present

Lower limb paresthesia

1 = Absent, 2 = Present

GBS: Guillain-Barré syndrome; AIDP: Acute inflammatory demyelinating polyneuropathy; AMAN: Acute motor
axonal neuropathy; AMSAN: Acute motor-sensory axonal neuropathy; MFS: Miller-Fisher syndrome; FD: Facial
diplegia; PCB: Pharyngo-cervico-brachial; COVID-19: Coronavirus 2019; ICU: Intensive care unit; MV: Mechanical
ventilation; CSF: Cerebrospinal fluid; WBC: White blood cell; RBC: Red blood cell; CMAP: Compound muscle
action potential, SNAP: Sensory nerve action potential.

Appendix B
Records identified i
ecords identi 1e‘ n Discarded duplicate
PubMed Database I articles (n=5)
search (n=223) T
Records screened for full Free English full text
text availability (n=218) — unavailable (n=14)
Full-text articles Excluded articles that were
assessd for unrelated to GBS and/ or
eligibility (n=204) unrelated to COVID-19
(n=82)
Articles screened for
R . Articles excluded due to
meeting study design study design (n=3)
criteria (n=122) ¥ design {n=
Articles screened for Articles excluded due to
diagnostic inclusion uncomfirmed COVID-19
criteria (n=117) diagnosis, history of GBS, or the
presence of another virus (n=5)

Articles finally included
(n=112)

Patients finally included
(n=147)

Figure A1. Article exclusion flow chart (PRISMA).
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Appendix C
Table A3. Articles included in the meta-analysis (147 cases in 112 articles).
Citation # Of Cases Citation # Of Cases Citation # Of Cases

(Aasfara et al., 2021) 1 (Garnés-Camarena et al., 2021) 1 (Naddaf et al., 2020)

(Abbaslou et al., 2020) 1 (Ghosh et al., 2020) 1 (Nanda et al., 2021)
(Abolmaali et al., 2021) 3 (Gigli et al., 2020) 1 (Nejad et al., 2021) 1
(Abrams et al., 2020) 1 (Gutiérrez-Ortiz et al., 2020) 2 (Oguz-Akarsu et al., 2020) 1
(Agosti et al., 2021) 1 (Haidary et al., 2021) 1 (Ottaviani et al., 2020) 1
(Akgay et al., 2021) 1 (Hassan et al., 2021) 2 (Padroni et al., 2020) 1
(Alberti et al., 2020) 1 (Helbok et al., 2020) 1 (Paybast et al., 2020) 2
(Ameer et al., 2020) 1 (Hirayama et al., 2020) 1 (Pelea et al., 2021) 1
(Ansari andandHemasian, 2021) 1 (Hutchins et al., 2020) 1 (Petrelli et al., 2020) 1
(Araujo et al., 2021) 1 (Ibrahim et al., 2021) 1 (Raahimi et al., 2021) 1
(Arnaud et al., 2020) 1 (Garcia et al., 2021) 1 (Rajdev et al., 2020) 1
(Assini et al., 2020) 2 (Judge et al., 2020) 1 (Ramirez et al., 2021) 1
(Bigaut et al., 2020) 2 (uliao ngg;ﬁz"o;(r)‘)d’“"“so 1 (Randhawa et al., 2021) 1
(Bracaglia et al., 2020) 1 (Kakumoto et al., 2021) 1 (Ray, 2020) 1
(Brooks et al., 2021) 1 (Khaja et al., 2020) 1 (Reyes-Bueno et al., 2020) 1
(Bueso et al., 2021) 1 (Khalifa et al., 2020) 1 (Riva et al., 2020) 1
(U. Chakraborty et al., 2021) 8 (Khan et al., 2021) 5 (Sancho-Saldana et al., 2020) 1
(J. L. Chan et al., 2020) 1 (Khedr et al., 2021) 5 (Santoro et al., 2021) 1
(M. Chan et al., 2020) 2 (Kilinc et al., 2020) 1 (Scheidl et al., 2020) 1
(Chen andBriemberg, 2021) 1 (Koca et al., 2021) 1 (Sedaghat andandKarimi, 2020) 1
(Chmiela et al., 2021) 2 (Korem et al., 2020) 1 (Seixas et al., 2021) 1
(Civardi et al., 2020) 1 (Krueger et al., 2021) 2 (Senel et al., 2020) 1
(Coen et al., 2020) 1 (N- Chakragggtg; andKumar, 1 (Singh et al., 2021) 1
(Colonna et al., 2021) 1 (Lantos et al., 2020) 1 (Singhai andBudhiraja, 2021) 1
(Curtis et al., 2021) 1 (Lascano et al., 2020) 3 (Study et al., 2021) 1
(d’Orsi et al., 2021) 1 (Liberatore et al., 2020) 1 (Su et al., 2020) 1
(Defabio et al., 2021) 1 (Lowery et al., 2020) 1 (Szewczyk et al., 2021) 1
(Diez-Porras et al., 2020) 1 (Mackenzie et al., 2021) 1 (Taguchi et al., 2022) 1
(Dmitriy A et al., 2021) 1 (Manganotti et al., 2021) 5 (Tard et al., 2020) 1
(Dufour et al., 2021) 1 (Manji et al., 2020) 1 (Tekin et al., 2021) 1
(Ebrahimzadeh et al., 2021) 2 (Mantefardo et al., 2021) 1 (Tiet and Alshaikh, 2020) 1
(el aidouni et al., 2021) 1 (Marta-Enguita et al., 2020) 1 (Wada et al., 2020) 1
(el Mezzeoui et al., 2021) 1 (Masuccio et al., 2021) 1 (Webb et al., 2020) 1
(Elkhouly et al., 2020) 1 (Mcgann andBahuva, 2021) 1 (Yakoby et al., 2021) 1
(Elzouki et al., 2021) 2 (Miyajan et al., 2021) 1 (Zhao et al., 2020) 1
(Ferraris et al., 2020) 1 (Mohammadi et al., 2022) 1 (Zito et al., 2020) 1
(Finsterer, 2021) 1 (Mokhashi et al., 2021) 1 (Zubair et al., 2021) 2

(Frank et al., 2021) 1




Medicina 2022, 58, 1835 14 0of 15

References

1.  Desforges, M.; Le Coupanec, A.; Stodola, ] K.; Meessen-Pinard, M.; Talbot, P.J. Human Coronaviruses: Viral and Cellular Factors
Involved in Neuroinvasiveness and Neuropathogenesis. Virus Res. 2014, 194, 145-158. [CrossRef] [PubMed]

2. Das, M,; Penn, C.; Martinez, T.; Mayilsamy, K.; McGill, A.; Wiling, A.; Mohapatra, S.S.; Mohapatra, S. COVID-19 Neurotropism
and Implications for Therapy. Neuroimmunol. Neuroinflamm. 2020, 7, 141-149. [CrossRef]

3. Tsai, LK, Hsieh, S.T.; Chao, C.C.; Chen, Y.C; Lin, Y.H.; Chang, S.C.; Chang, Y.C. Neuromuscular Disorders in Severe Acute
Respiratory Syndrome. Arch. Neurol. 2004, 61, 1669-1673. [CrossRef] [PubMed]

4. Abu-Rumeileh, S.; Abdelhak, A.; Foschi, M.; Tumani, H.; Otto, M. Guillain-Barré Syndrome Spectrum Associated With COVID-19:
An Up-to-Date Systematic Review of 73 Cases. . Neurol. 2021, 268, 1133-1170. [CrossRef] [PubMed]

5. Yu, RK,; Usuki, S.; Ariga, T. Ganglioside Molecular Mimicry and Its Pathological Roles in Guillain-Barré Syndrome and Related
Diseases. Infect Immun. 2006, 74, 6517-6527. [CrossRef]

6. Hussain, ES.; Eldeeb, M. A ; Blackmore, D.; Siddiqi, Z.A. Guillain Barré Syndrome and COVID-19: Possible Role of the Cytokine
Storm. Autoimmun. Rev. 2020, 19, 102681. [CrossRef]

7. vanden Berg, B.; Walgaard, C.; Drenthen, J.; Fokke, C.; Jacobs, B.C.; van Doorn, P.A. Guillain-Barré Syndrome: Pathogenesis,
Diagnosis, Treatment and Prognosis. Nat. Rev. Neurol. 2014, 10, 469-482. [CrossRef]

8.  Hutton, B,; Salanti, G.; Caldwell, D.M.; Chaimani, A.; Schmid, C.H.; Cameron, C.; Ioannidis, J.P; Straus, S.; Thorlund, K.;
Jansen, J.P; et al. PRISMA NMA Checklist of Items to Include When Reporting a Systematic Review Involving a Network
Meta-Analysis. Ann. Intern. Med. 2015, 162, 777-784. [CrossRef]

9.  Starke, K.R.; Petereit-Haack, G.; Schubert, M.; Kampf, D.; Schliebner, A.; Hegewald, J.; Seidler, A. The Age-Related Risk of Severe
Outcomes Due to COVID-19 Infection: A Rapid Review, Meta-Analysis, and Meta-Regression. Int. ]. Environ. Res. Public Health
2020, 17,5974. [CrossRef]

10. Gadi, N.; Wu, S.C,; Spihlman, A.P.; Moulton, V.R. What’s Sex Got to Do With COVID-19? Gender-Based Differences in the Host
Immune Response to Coronaviruses. Front Immunol. 2020, 11, 2147. [CrossRef]

11.  Pijls, B.G,; Jolani, S.; Atherley, A.; Derckx, R.T.; Dijkstra, J.LR.; Franssen, G.H.L.; Hendriks, S.; Richters, A.; Venemans-Jellema, A.;
Zalpuri, S.; et al. Demographic Risk Factors for COVID-19 Infection, Severity, ICU Admission and Death: A Meta- Analysis of
59 Studies. BM] Open 2021, 11, e044640. [CrossRef] [PubMed]

12.  Sipil4, J.O.T.; Soilu-Hanninen, M.; Ruuskanen, ].O.; Rautava, P; Kyto, V. Epidemiology of Guillain-Barré Syndrome in Finland
2004-2014. J. Peripher. Nerv. Syst. 2017, 22, 440-445. [CrossRef] [PubMed]

13. Teitelbaum, J.S.; Borel, C.O. Respiratory Dysfunction in Guillain-Barre Syndrome. Clin. Chest Med. 1994, 15, 705-714. [CrossRef]
[PubMed]

14. Tandon, M,; Kataria, S.; Patel, ].; Mehta, T.R.; Daimee, M.; Patel, V.; Prasad, A.; Chowdhary, A.A_; Jaiswal, S.; Sriwastava, S. A
Comprehensive Systematic Review of CSF Analysis That Defines Neurological Manifestations of COVID-19. Int. |. Infect. Dis.
2021, 104, 390-397. [CrossRef]

15. Illes, Z.; Blaabjerg, M. Cerebrospinal Fluid Findings in Guillain-Barré Syndrome and Chronic Inflammatory Demyelinating
Polyneuropathies. Handb. Clin. Neurol. 2017, 146, 3-20. [CrossRef]

16. Gong, Q.; Liu, S.; Xiao, Z.; Fu, X.; Lu, Z. Elevated Blood and Cerebrospinal Fluid Glucose Levels Affect the Severity and
Short-Term Prognosis of Guillain-Barré Syndrome. Neurol. Res. 2021, 44, 121-127. [CrossRef]

17. Geng, J.; Wang, L.; Zhang, L.; Qin, C.; Song, Y.; Ma, Y.; Chen, Y.; Chen, S.; Wang, Y.; Zhang, Z.; et al. Blood-Brain Barrier
Disruption Induced Cognitive Impairment Is Associated with Increase of Inflammatory Cytokine. Front. Aging Neurosci. 2018,
10, 129. [CrossRef]

18.  Péter, M.; Torok, W.; Petrovics-Balog, A.; Vigh, L.; Vécsei, L.; Balogh, G. Cerebrospinal Fluid Lipidomic Biomarker Signatures of
Demyelination for Multiple Sclerosis and Guillain-Barré Syndrome. Sci. Rep. 2020, 10, 18380. [CrossRef]

19. Rath, J.; Zulehner, G.; Schober, B.; Grisold, A.; Krenn, M.; Cetin, H.; Zimprich, F. Cerebrospinal Fluid Analysis in Guillain-Barré
Syndrome: Value of Albumin Quotients. J. Neurol. 2021, 268, 3294-3300. [CrossRef]

20. Lewis, A; Frontera, ].; Placantonakis, D.G.; Lighter, J.; Galetta, S.; Balcer, L.; Melmed, K.R. Cerebrospinal Fluid in COVID-19: A
Systematic Review of the Literature. J. Neurol. Sci. 2021, 421, 117316. [CrossRef]

21. Lersy, E; Benotmane, I; Helms, J.; Collange, O.; Schenck, M.; Brisset, J.C.; Chammas, A.; Willaume, T.; Lefebvre, N.; Solis, M.; et al.
Cerebrospinal Fluid Features in Patients with Coronavirus Disease 2019 and Neurological Manifestations: Correlation with Brain
Magnetic Resonance Imaging Findings in 58 Patients. |. Infect. Dis. 2021, 223, 600—-609. [CrossRef] [PubMed]

22. Hasan, L; Saif-Ur-Rahman, K.M.; Hayat, S.; Papri, N.; Jahan, I.; Azam, R.; Ara, G.; Islam, Z. Guillain-Barré Syndrome Associated
With SARS-CoV-2 Infection: A Systematic Review and Individual Participant Data Meta-Analysis. J. Peripher. Nerv. Syst. 2020, 25,
335-343. [CrossRef] [PubMed]

23. Nanda, S.; Handa, R; Prasad, A.; Anand, R.; Zutshi, D.; Dass, S.K.; Bedi, PK.; Pahuja, A.; Shah, PK.; Sharma, B. COVID-19-
Associated Guillain-Barre Syndrome: Contrasting Tale of Four Patients from a Tertiary Care Centre in India. Am. . Emerg. Med.
2021, 39, 125-128. [CrossRef]

24. Burns, TM. Guillain-Barré Syndrome. Semin. Neurol. 2008, 28, 152-167. [CrossRef] [PubMed]

25. Zhou, Z.; Kang, H.; Li, S.; Zhao, X. Understanding the Neurotropic Characteristics of SARS-CoV-2: From Neurological Manifesta-

tions of COVID-19 to Potential Neurotropic Mechanisms. J. Neurol. 2020, 267, 2179-2184. [CrossRef] [PubMed]


http://doi.org/10.1016/j.virusres.2014.09.011
http://www.ncbi.nlm.nih.gov/pubmed/25281913
http://doi.org/10.20517/2347-8659.2020.36
http://doi.org/10.1001/archneur.61.11.1669
http://www.ncbi.nlm.nih.gov/pubmed/15534177
http://doi.org/10.1007/s00415-020-10124-x
http://www.ncbi.nlm.nih.gov/pubmed/32840686
http://doi.org/10.1128/IAI.00967-06
http://doi.org/10.1016/j.autrev.2020.102681
http://doi.org/10.1038/nrneurol.2014.121
http://doi.org/10.7326/M14-2385
http://doi.org/10.3390/ijerph17165974
http://doi.org/10.3389/fimmu.2020.02147
http://doi.org/10.1136/bmjopen-2020-044640
http://www.ncbi.nlm.nih.gov/pubmed/33431495
http://doi.org/10.1111/jns.12239
http://www.ncbi.nlm.nih.gov/pubmed/29095548
http://doi.org/10.1016/S0272-5231(21)00963-1
http://www.ncbi.nlm.nih.gov/pubmed/7867285
http://doi.org/10.1016/J.IJID.2021.01.002
http://doi.org/10.1016/B978-0-12-804279-3.00009-5
http://doi.org/10.1080/01616412.2021.1965337
http://doi.org/10.3389/fnagi.2018.00129
http://doi.org/10.1038/s41598-020-75502-x
http://doi.org/10.1007/s00415-021-10479-9
http://doi.org/10.1016/j.jns.2021.117316
http://doi.org/10.1093/infdis/jiaa745
http://www.ncbi.nlm.nih.gov/pubmed/33249438
http://doi.org/10.1111/jns.12419
http://www.ncbi.nlm.nih.gov/pubmed/33112450
http://doi.org/10.1016/j.ajem.2020.09.029
http://doi.org/10.1055/s-2008-1062261
http://www.ncbi.nlm.nih.gov/pubmed/18351518
http://doi.org/10.1007/s00415-020-09929-7
http://www.ncbi.nlm.nih.gov/pubmed/32458193

Medicina 2022, 58, 1835 150f 15

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

Gutiérrez-Ortiz, C.; Méndez-Guerrero, A.; Rodrigo-Rey, S.; San Pedro-Murillo, E.; Bermejo-Guerrero, L.; Gordo-Maiias, R,;
de Aragon-Gomez, E; Benito-Ledn, J. Miller Fisher Syndrome and Polyneuritis Cranialis in COVID-19. Neurology 2020, 95,
e601-e605. [CrossRef]

Desforges, M.; le Coupanec, A.; Dubeau, P.; Bourgouin, A.; Lajoie, L.; Dubé, M.; Talbot, P.J. Human Coronaviruses and Other
Respiratory Viruses: Underestimated Opportunistic Pathogens of the Central Nervous System? Viruses 2019, 12, 14. [CrossRef]

Thomas, K.; Das, M.]J. Neuroanatomy, Cranial Nerve 9 (Glossopharyngeal); StatPearls Publishing: Tampa, FL, USA, 2019.

Costello, F; Dalakas, M.C. Cranial Neuropathies and COVID-19: Neurotropism and Autoimmunity. Neurology 2020, 95, 195-196.
[CrossRef]

Pak, A.; Kong, H. COVID-19 and Aphasia. Curr. Neurol. Neurosci. Rep. 2021, 21, 61. [CrossRef]

Pizzato Tondo, L.; Beck Paglioli Neto, E.; Arpini, S.; Passos, G.; Becker, J. Encephalopathy Due to COVID-19 with Great Response
to Glucocorticoids. Cureus 2021, 13, €17845. [CrossRef]

Lantos, J.E.; Strauss, S.B.; Lin, E. COVID-19-Associated Miller Fisher Syndrome: MRI Findings. Am. J. Neuroradiol. 2020, 41,
1184-1186. [CrossRef] [PubMed]

Lowery, M.M.; Taimur Malik, M.; Seemiller, J.; Tsai, C.S. Atypical Variant of Guillain-Barre Syndrome in a Patient with COVID-19.
J. Crit. Care Med. 2020, 6, 231-236. [CrossRef] [PubMed]

Reyes-Bueno, J.A.; Garcia-Trujillo, L.; Urbaneja, P; Ciano-Petersen, N.L.; Postigo-Pozo, M.J.; Martinez-Tomas, C.;
Serrano-Castro, PJ. Miller-Fisher Syndrome after SARS-CoV-2 Infection. Eur. J. Neurol. 2020, 27, 1759-1761. [CrossRef]

Ray, A. Miller Fisher Syndrome and COVID-19: Is There a Link? BM] Case Rep. 2020, 13, e236419. [CrossRef] [PubMed]

Senel, M.; Abu-Rumeileh, S.; Michel, D.; Garibashvili, T.; Althaus, K.; Kassubek, ]J.; Otto, M. Miller-Fisher Syndrome after
COVID-19: Neurochemical Markers as an Early Sign of Nervous System Involvement. Eur. ]. Neurol. 2020, 27, 2378-2380.
[CrossRef] [PubMed]

Assini, A.; Benedetti, L.; di Maio, S.; Schirinzi, E.; del Sette, M. New Clinical Manifestation of COVID-19-Related Guillain-Barre
Syndrome Highly Responsive to Intravenous Immunoglobulins: Two Italian Cases. Neurol. Sci. 2020, 41, 1657-1658. [CrossRef]


http://doi.org/10.1212/WNL.0000000000009619
http://doi.org/10.3390/v12010014
http://doi.org/10.1212/WNL.0000000000009921
http://doi.org/10.1007/s11910-021-01150-x
http://doi.org/10.7759/cureus.17845
http://doi.org/10.3174/ajnr.A6609
http://www.ncbi.nlm.nih.gov/pubmed/32467190
http://doi.org/10.2478/jccm-2020-0038
http://www.ncbi.nlm.nih.gov/pubmed/33200094
http://doi.org/10.1111/ene.14383
http://doi.org/10.1136/bcr-2020-236419
http://www.ncbi.nlm.nih.gov/pubmed/32784241
http://doi.org/10.1111/ene.14473
http://www.ncbi.nlm.nih.gov/pubmed/32781484
http://doi.org/10.1007/s10072-020-04484-5

	Introduction 
	Materials and Methods 
	Data Extraction 
	Data Elements and Outcomes 
	Ethics 
	Statistical Analyses 

	Results 
	Patient Population 
	Serological Analyses 
	Cerbrospinal Fluid Analyses 
	Neurophysiological Findings 
	Limb Strength and Sensation 
	Electrophysiological Findings 
	Guillain–Barré Syndrome Subtype Classification 

	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	References

