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ABSTRACT

With the outbreak of coronavirus disease 2019 (COVID-19), the whole world was impacted by a pandemic. With
the passage of time and knowledge about the dynamics and viral propagation of this disease, the short-, medium-
and long-term repercussions are still being discovered. During this period, it has been learned that various
manifestations of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can affect the nervous system.
In recent months, a variety of studies and case reports have proposed an association between COVID-19 and
Guillain-Barré syndrome (GBS). The present work aims to systematically review the publications available to
date to verify the relationship between these two pathologies and the characteristics of post-COVID GBS. There
were 156 studies included in this work, resulting in a total of 436 patients. The findings show a mean age of the
patients of 61,38 years and a male majority. The GBS symptoms began on average 19 days after the onset of
COVID-19 infection. Regarding GBS, the main manifestations found included generalized weakness, reflex
reduction, facial paresis/paralysis and hypoesthesia. As expected, the most common result in cerebrospinal fluid
(CSF) analysis was albuminocytological dissociation. A pattern of blood analysis findings common to all patients
was not observed due to non-standardization of case reports. Regarding electrodiagnostic studies, acute in-
flammatory demyelinating polyneuropathy (AIDP) appeared as the most common subtype of GBS in this study.
There have been reports, to a lesser extent, of acute motor axonal neuropathy (AMAN), acute sensorimotor
axonal neuropathy (AMSAN), the pharyngeal-cervical-brachial variant (PCB), and Miller-Fisher syndrome (MFS).
The GBS treatment used was mainly intravenous immunoglobulin (IVIG) and plasma exchange (PLEX). There-
fore, the present study reports a high prevalence of hospitalization and intensive care units ICU admissions,
conjecturing a relationship between the development of GBS and the severity of COVID-19. Despite the severity,
most patients showed improvement in GBS symptoms after treatment, and their residual symptoms did not
include motor involvement. Therefore, the development of GBS seems to be related to COVID-19 infection, as
reported by the present systematic review.

1. Introduction

international public health emergency (Carvalho et al., 2021).
After the surge of COVID-19, the world underwent an unparalleled

On December 31, 2019, the World Health Organization (WHO)
contacted China to clarify reports that were being published regarding a
group of viral pneumonias in Wuhan. These pneumonias were attributed
to a novel strain of coronavirus known as SARS-CoV-2. In January 2020,
the WHO stated that the spread of SARS-CoV-2 WHO was an

pandemic. The short-, medium- and long-term repercussions of this
disease are still being discovered. An important finding was that SARS-
CoV-2 operates through angiotensin-2 converting enzyme (ACE2),
which is expressed in type II pneumocytes, vascular endothelium, car-
diomyocytes, smooth muscle cells and enterocytes. This enzyme
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operates as a receptor for the virus to get into host cells; therefore, it is
believed that the ability of SARS-CoV-2 to infect cells in vitro is
dependent on the expression of ACE2 (Carvalho et al., 2021; Hamming
et al., 2004).

During this period, there were several manifestations of SARS-CoV-2
regarding the nervous system. Therefore, manifestations related to the
central nervous system (CNS), such as stroke, consciousness impairment,
headaches and seizures and related to the peripheral nervous system
(PNS), such as isolated involvement of cranial nerves and peripheral
neuropathies, have emerged as possible effects of this pathology that are
not yet utterly understood.

Guillain-Barré syndrome (GBS) is characterized as an immune-
mediated postinfectious syndrome that affects peripheral nerves and
nerve roots and is estimated to affect 1.1-1.8 per 100,000 people per
year (McGrogan et al., 2009). This occurs due to molecular mimicry
triggered by previous infection, which results in the formation of
anti-ganglioside antibodies that attack proteins present in the axonal
membrane. This aggression causes rapidly progressive ascending flaccid
paresis, which can affect sensory fibers and cranial nerves. GBS can be
divided into the following subtypes: acute inflammatory demyelinating
polyradiculoneuropathy (AIDP), acute motor axonal neuropathy
(AMAN) and acute motor sensory axonal neuropathy (AMSAN), which
can be distinguished through electrophysiological studies and the clin-
ical picture (Amoretti et al., 2002). Miller-Fisher syndrome (MFS) is a
rarer subtype of GBS, which presents a triad of clinical features of
ophthalmoplegia, ataxia, and areflexia. This pathology, if left untreated,
can progress to involvement of the cervical and ventilatory muscles,
making mechanical ventilation of the patient necessary.

To date, cases of GBS after EBV (Epstein-Barr virus), Campylobacter
jejuni, and Zika virus infection and after vaccination for polio, hepatitis
B, rabies, and influenza have been described (Sejvar et al., 2011). In
addition, cases of GBS after vaccination against COVID-19 have also
been reported. However, there is a lack of studies on the subject, and it is
not possible to draw conclusions about a significant association between
vaccination for COVID-19 and GBS (Kanabar and Wilkinson, 2021).

Recently, there have been reports of patients who progressed to GBS
subsequent to a COVID-19 infection. This systematic review was written
with the evidence available thus far to help understand the association
between COVID-19 and GBS in the adult population to provide a greater
understanding of clinical symptoms for the recognition and prevention
of poor outcomes and residual symptoms.

2. Methods

This systematic review was performed in consonance with the
methodology stated in the Cochrane Handbook for Systematic Re-
viewers (Higgins and Thomas, 2019) and presented as suggested by the
Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) (Page et al., 2021). The protocol was registered at the Inter-
national Register of Prospective Systematic Reviews under identification
number CRD42021292406.

2.1. Search strategy

The literature search was performed in PubMed, Scopus and Embase.
The keywords used were “covid-19”7, “SARS-CoV-2”, “2019-nCoV”,
“guillain barre”, and “miller fisher”. The search terms were used as
keywords and in combination as MeSH terms to maximize the output
from the literature findings.

2.2. Study selection

All the studies and data collection were performed by three authors
(V.P., V.W.L,, G.L.), and disagreements were resolved by consensus and
involvement of a fourth, fifth and sixth author (A.M.A., N.B.E., G.Z.) or
the senior author (J.C.C). We considered full texts that were designed as
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a case report, case series or observational study. We restricted our search
to studies published in English or Portuguese.

2.3. Eligibility criteria

Studies were included if they had data on any aspects of peripheral
nervous symptoms compatible with GBS associated with COVID-19
infection. We excluded cases related to the obstetric and pediatric
populations (under the age of 18), as well as cases with missing data, a
nonconfirmed diagnosis of GBS and non-English/non-Portuguese arti-
cles. The design categories comprising the exclusion criteria were re-
views, systematic reviews, abstracts, brief communications, letters to
the editor, opinions, editorials and posters.

2.4. Data extraction

The information extracted was the following: study data (design and
location); demographic data (age, sex, ethnicity, comorbidities); clinical
data (showing signs and symptoms), laboratory data, nerve conduction
study, treatment, disease severity (mild, hospital ward, intensive care
units) and clinical outcome (death, residual symptoms, no sequelae).

3. Results
3.1. Description of the studies

In a first search, performed on May 1, 2021, a total of 1301 articles
were found; after excluding duplicates and non-original papers, a total
of 869 articles were used for full-text screening. Finally, only 66 studies
matched the final inclusion criteria and were included in our study (total
patients = 121). A second search was conducted on September 16, 2022,
limiting the date to articles published from May 2021 to the date of the
search. In this updating search, a total of 1722 were found; after
excluding duplicates and non-original papers, a total of 1682 articles
were used for full-text screening. Of these, only 90 new studies were
included in the review (total patients = 315). Consequently, in total, this
review includes a total of 156 studies (total patients = 436). Fig. 1 il-
lustrates the selection process.

Among the 156 included articles, there were 118 case reports, 22
case series, 2 case-control studies, 8 prospective studies and 6 retro-
spective studies. To evaluate the scientific level of those studies, we used
the Oxford Center for Evidence-Based Medicine Classification and the
Grading of Recommendations, Assessment, Development, and Evalua-
tions (GRADE). These data are summarized in Table 1.

3.2. Demographic data

This study included case reports, case series, a prospective observa-
tional study and a retrospective observational study. Among the 156
articles analyzed, data referring to 436 patients with Guillain-Barré
syndrome associated with COVID were found. Of these patients, 67.20%
were male and 32.80% female and the mean age of included patients
was 61,38 years.

3.3. Clinical findings

3.3.1. Comorbidities

Information regarding the past medical history of the 436 included
patients was analyzed and the data found are described below. Among
general comorbidities reported were the following pathologies: diabetes
mellitus type 2 (n = 50), obesity (n = 31), unspecified pulmonary dis-
eases (n = 10), hypothyroidism (n = 7), asthma (n = 5), gastroesoph-
ageal reflux disease (n = 4), chronic obstructive pulmonary disease (n =
2), diabetes mellitus type 1 (n = 2), osteoporosis (n = 2), hiatal hernia
(n = 2), previous cholecystectomy (n = 2), hepatitis (n = 1), epistaxis (n
= 1), previous splenectomy (n = 1), prediabetes (n = 1), liver failure (n



V. Pimentel et al.

( oo e Vi datan )
—
H Records identified from:
% ecDoat:t:a:;s' (?1 = 103'3'1) Records removed before
- screening:
£ = {bubMed (=342} Duplicate records removed
] - Embase (n = 445) (n=432)
5 - Scopus (n =514)
|
—
Records screened Records excluded**
e
(n = 869) (n = 765)
Reports excluded:
- unable to access articles
B (n=4)
E - non-English or non-
o 2 Portuguese (n = 1)
= Reports for » _ -
3 (n = 104) G;evlew, letter, or poster (n =
- cohort study (n=9)
-low quality reports (n=7)
- irrelevant (n=7)
- pediatric population (n=1)
- obstetric population (n=1)
- GBS diagnosis not confirmed
(n=2)
—
Studies included in review
(n=66)
Previous studies \ ‘ Identification of new studies via databases and registers
—
5 R"“";@g’iﬁ"_”fg’z) Records removed before
E Studies included in e (n= 497) screening:
previous version of Embase (n =1015) Duplicate records removed
S Co) (n=1015) (n240)
g | | review(n Scopus (n = 848)
=
-
— !
Records screened Records excluded
(n=1682) (n =1491)
Reports sought for retrieval Reports not retrieved
% (n=197) (h=7)
3 v
Reports assessed for eligibility Rieposts Gchicec
(n=1%0) Non-english or non-portuguese (n = 8)
Review, abstract, letter or poster (n = 71)
Cohort study (n = 5)
Irrelevant (n = 12)
— Non-covid (n = 4)
New studies included in review
(n=90)
i
°
=

Total studies included in review
L | (n=156)

Fig. 1. — PRISMA flow diagram of evidence search and study selection.

Table 1
Summary of the 156 studies, GRADE and Oxford evidence levels.

Study Type Number of GRADE evidence  Oxford evidence
studies level level
Case report 118 Very low 4
Case series 22 Very low 4
Case control 2 Very low 4
Prospective 8 Low 3
observational study
Retrospective 6 Low 3

observational study

= 1) and unspecified colitis (n = 1).

Within cardiovascular comorbidities, hypertension (n = 105) was
the most prevalent, followed by dyslipidemia (n = 8), coronary heart
disease (n = 3), and previous acute myocardial infarction (n = 3). Atrial
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fibrillation (n = 2), congestive heart failure (n = 1), aortic aneurysm (n
= 1), myocardial infection (n = 1), previous carotid endarterectomy (n
= 1) and unspecified cardiovascular diseases (n = 20) were also
reported.

Some patients presented previous neurological diseases, including
stroke (n = 3), migraine (n = 2), reflex sympathetic dystrophy (n = 2),
cervical spondylosis (n = 1), herniated disc (n = 1), lumbar stenosis (n =
1), previous spinal trauma (n = 1), strabismus (n = 1), and unspecified
cerebrovascular disease (n = 1). Prior neuropathies were reported in 3
patients (1 Bell’s palsy, 1 prior GBS and 1 diabetic polyneuropathy).
Autoimmune diseases such as fibromyalgia (n = 3), rheumatoid arthritis
(n = 2), psoriasis (n = 1), Crohn’s disease (n = 1), and systemic lupus
erythematosus (n = 1) affected the patients analyzed as well.

Regarding neoplasms, the most described were breast cancer (n = 4)
and leukemia (n = 4), followed by testicular seminoma (n = 2). Other
neoplasms such as lung cancer (n = 1), previous thyroid cancer (n = 1),
and throat cancer (n = 1) were present in lower numbers. At last, 3
patients were affected by unspecified malignancies.

3.3.2. Symptomatic findings related to COVID-19

Information regarding previous COVID-19 infection was reported in
365 of the evaluated patients. Among these, fever (n = 217) and cough
(n = 184) were the most frequent symptoms reported in the articles
during the period of COVID-19 infection, followed by dyspnea (n =
132), myalgia (n = 27), headache (n = 22) and diarrhea (n = 21).
Symptoms related to special sensory fibers related to taste and olfaction
were reported (64 anosmia/hyposmia; 20 dysosmia, 52 dysgeusia; 20
ageusia). The following symptoms were present: odynophagia (n = 14),
fatigue (n = 11), malaise (n = 8), chills (n = 7), rhinorrhea (n = 7),
asthenia (n = 7), hemodynamic disorders (n = 7), hyporexia (n = 6),
chest pain (n = 5), low back pain (n = 5), sweating (n = 5), nausea (n =
4), vomiting (n = 4), dizziness (n = 4), nasal congestion (n = 3),
expectoration (n = 3), arthralgia (n = 3), postural hypotension (n = 2),
dysuria (n = 2), abdominal pain (n = 2), dysphagia (n = 1), constipation
(n = 1), erectile dysfunction (n = 1), confusion (n = 1), cramps (n = 1)
and not specified gastrointestinal symptoms (n = 25). Moreover, in 32
patients, the presence of unspecified respiratory symptoms was
described. These data are summarized in Table 2.

3.3.3. Neurological symptoms associated with Guillain-Barré syndrome

Of the 436 cases evaluated, only 333 reported how many days after
the Covid-19 infection the GBS symptoms started. The average number
of days for the onset of the neurological condition in these cases was 19
days after the first symptom of Covid-19.

Among the patients evaluated, 293 had information regarding
testing of the deep tendon reflexes. Of these, 260 patients had general-
ized hyporeflexia/areflexia, 24 patients had isolated hyporeflexia/are-
flexia of the lower limbs, 2 patients had isolated hyporeflexia/areflexia
of the upper limbs and 8 patients had normal reflexes. Moreover,
generalized hyperreflexia was observed in 1 patient, and associated
Babinski sign in this patient and 2 others due to concomitant myelitis (n
= 2) and prior encephalitis (n = 1).

Weakness was an extremely prevalent finding among the cases
evaluated. Detailed information regarding motor involvement was
described in 323 cases. The following patterns were found: generalized
weakness, with involvement of both the lower and upper limbs (n =
218); isolated weakness of the lower limbs (n = 49); isolated weakness
of the upper limbs (n = 6); single limb weakness (n = 3); hemiparesis (n
= 2); limb weakness of unspecified pattern (n = 19) and absence of limb
weakness (n = 26). Associated hypotonia (n = 17), cervical weakness (n
= 9) and trunk weakness (n = 3) were also reported among these cases.

Respiratory muscle involvement was described in 79 patients of the
total cases, need for intubation and mechanical ventilation was reported
in 44 of these cases. Also, 54 cases reported ICU admission for unspec-
ified causes, and it was not possible to infer whether it was due to the
involvement of ventilatory muscles or other complications related to
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Table 2
Clinical findings during COVID-19 infection.

Clinical Findings Total Number (%)

COVID-19 symptoms 365 (Huang et al., 2020)

Fever 217 (59.45)
Cough 184 (50.41)
Dyspnea 132 (36.16)
Myalgia 27 (7.39)
Headache 22 (6.02)
Diarrhea 21 (5.75)
Anosmia/Hyposmia 64 (17.53)
Dysgeusia/Ageusia 72 (19.72)
Dysosmia 20 (5.47)
Odynophagia 14 (3.83)
Fatigue 11 (3.01)
Malaise 8(2.19)
Chills 7 (1.91)
Rhinorrhea 7 (1.91)
Asthenia 7 (1.91)
Hemodynamic disorders 7 (1.91)
Hyporexia 6 (1.64)
Chest pain 5 (1.36)
Low back pain 5 (1.36)
Sweating 5 (0.36)
Nausea 4 (1.09)
Vomiting 4 (1.09)
Dizziness 4 (1.09)
Nasal congestion 3(0.82)
Expectoration 3(0.82)
Arthralgia 3 (0.82)
Postural hypotension 2 (0.54)
Dysuria 2(0.54)
Abdominal pain 2 (0.54)
Dysphagia 1(0.27)
Constipation 1(0.27)
Erectile dysfunction 1(0.27)
Unspecified gastrointestinal symptoms 25 (6.84)
Unspecified respiratory symptoms 32 (8.76)

hospitalization.

In reference of cranial nerves (CN), the following results were found:
facial paresis/paralysis (n = 154), bulbar nerve involvement (n = 73),
ophthalmoplegia (n = 52); trigeminal hypoesthesia (n = 25) and un-
specified cranial nerve involvement (n = 3). In addition, the following
symptoms were actively reported in the cases analyzed: diplopia (n =
16); dysphagia (n = 30); dysarthria (n = 15); ptosis (n = 8) dysphonia (n
= 5) tongue deviation (n = 2); nystagmus (n = 1); tinnitus (n = 1) and
vomiting (n = 1). Gait ataxia has been reported in 51 cases. Dysmetria
was observed in 2 patients.

In relation to changes in sensitivity, 181 patients had hypoesthesia.
Sixty-four patients reported isolated involvement of the lower limbs,
among which 14 reported only distal hypoesthesia. In 62 patients,
hypoesthesia with involvement of all four limbs was reported, in 27 of
them it was described as glove and boot pattern, with involvement of the
distal upper and lower limbs. Hypoesthesia affecting only the upper
limbs was reported in only 2 patients, 1 of them with a glove pattern.
Hypoesthesia with an unspecified pattern was reported in 52 cases.
Paresthesia was found in 116 patients (66 cases affected all four limbs,
with 30 of them described as affecting distal extremities only). Isolated
lower limb paresthesia was described in 33 cases. In 5 cases only the
upper limb was affected, with hand-only disposition in 4 of them.
Moreover, paresthesia of unspecified disposition was described in 12
cases. Furthermore, dysesthesias (n = 14), impaired proprioception (n
= 12), allodynia (n = 1) and low back pain (n = 18) were reported.

Among the autonomic manifestations, blood pressure abnormalities
were a frequent finding. Among the cases analyzed, 30 patients had
hypotension, 16 hypertension, 6 blood pressure instability, and 2
postural hypotension. Arrhythmias were reported in 24 cases. Urinary
problems were present in 20 cases (17 urinary retention, 3 urinary in-
continence) and bowel problems in 12 cases (8 fecal retention/con-
stipation, 3 fecal incontinence, 1 diarrhea). Other abnormalities such as
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gastroparesis (n = 3), sweating (n = 2), dry mouth (n = 1), erectile
dysfunction (n = 1) and unspecified autonomic involvement (n = 13)
were also reported.

Concomitant CNS involvement was reported in 35 cases. Among
these, 11 patients had decreased level of consciousness, 8 delirium, 6
confusion, 3 myelitis, 2 headache, 2 posterior reversible encephalopathy
syndrome, 1 encephalitis, 1 seizures, 1 sensory and auditory hallucina-
tions, 1 acute infarction, 1 cerebral thrombophlebitis, 1 psychomotor
agitation, 1 cerebral vasculitis, and 1 acute disseminated encephalo-
myelitis. These data are summarized in Table 3.

3.4. Laboratory findings

Laboratory tests for blood analysis showed cases with leukocytosis
(n = 8), lymphopenia (n = 41), neutrophilia (n = 4), thrombocytopenia
(n = 8) and unspecified anemia (n = 2). Among the cases which the
exams were available, most of them had variations in the inflammatory
markers, and the exams that were most commonly altered were CRP (n

Table 3
Clinical findings related to Guillain-Barré Syndrome.

Clinical Findings Total Number (%)

Guillain-Barré symptoms

Reflexes 293 (Huang et al., 2020)
Generalized hyporeflexia/areflexia 260 (88.73)

Lower limb hyporeflexia/areflexia 24 (8.19)

Upper limb hyporeflexia/areflexia 2 (0.68)

Normoreflexia 6 (2.04)

Generalized hyperreflexia 1(0.34)

Associated Babinski sign 3(1.02)

Motor impairment 323 (Huang et al., 2020)

Generalized weakness 218 (67.49)
Lower limbs weakness 49 (15.17)
Upper limbs weakness 6 (1.85)
Single limb weakness 3(0.92)
Hemiparesis 2 (0.61)
Absence of limb weakness 26 (8.04)
Limb weakness of unspecified pattern 19 (5.88)
Cervical weakness 9 (2.78)
Trunk weakness 3 (0.92)

Cranial Nerve involvement 436 (Huang et al., 2020)

Facial paresis/paralysis 154 (35.32)
Bulbar nerve impairment 73 (16.74)
Ophthalmoplegia 52 (11.92)
Trigeminal hypoesthesia 25 (5.73)
Unspecified CNs involvement 3 (0.68)

Sensory alterations 436 (Huang et al., 2020)

Hypoesthesia 181 (41.51)
Paresthesia 116 (26.60)
Dysesthesia 14 (3.21)
Proprioception disturbance 12 (2.75)
Allodynia 1(0.22)
Low back pain 18 (4.12)

436 (Huang et al., 2020)
79 (18.11)

Respiratory muscle involvement
Neuromuscular respiratory weakness

436 (Huang et al., 2020)
51 (11.69)

Gait disturbance
Ataxia

Autonomic dysfunction 436 (Huang et al., 2020)

Hypotension 30 (6.88)
Hypertension 16 (3.66)
Blood pressure instability 6 (1.37)
Postural hypotension 2 (0.45)
Arrhythmias 24 (5.50)
Bladder dysfunction 20 (4.58)
Bowel dysfunction 12 (2.75)
Gastroparesis 3(0.68)
Sweating 2 (0.45)
Dry mouth 1(0.22)
Erectile dysfunction 1(0.22)
Unspecified autonomic involvement 13 (2.98)
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= 23), d-dimers (n = 9), LDH (n = 9), ferritin (n = 5) and CK (n = 9).
Only a minority had unaltered inflammatory evidence, three cases found
CRP without abnormalities, and one case had CK dosage within refer-
ence values. Regarding antibodies, 44 cases reported negative anti-
ganglioside antibodies, however these articles didn’t specify which an-
tibodies were researched. Only 7 patients presented positive of one or
more anti-ganglioside antibodies. One patient had positive serology for
recent Campylobacter infection, which could be a confounding factor in
relation to the true etiology of GBS. More details of laboratory findings
are shown in Table 4.

Regarding the cerebrospinal fluid analysis, 303 cases had detailed
results. Among these cases, the most common findings were albu-
minocytological dissociation (n = 227) and normal CSF analysis (n =
56). We considered as normal CSF analysis the patients who had gly-
corrhachia levels within normal parameters and did not present albu-
minocytological dissociation. Furthermore, there was 1 report of a
patient that was IgM + for COVID-19 in CSF and 4 reports of patients
that were IgG+ and 2 reports of patients that had positive IgG anti-GQ1B
in CSF. Table 5 shows CSF findings.

3.5. Guillain-Barré and its variants

Guillain Barre variants can be differentiated through electro-
neuromyography or clinical characteristics. In this research we found
reports of 2 patients with confirmed diagnosis of GBS that had a normal
electroneuromyography and 55 reports that did not specify the GBS
variant after conducting an electroneuromyography study. An AIDP
compatible pattern was reported in 201 cases. Axonal damage was
described in 84 cases, of which 50 cases were compatible with AMAN
and 34 cases with AMSAN. There were also 16 reports of patients who
developed MFS, 4 reports of the pharyngeal-cervical-brachial variant
(PCB).

Our research also showed some cases with overlap diagnosis between
variants of GSB. There were 4 cases with an AIDP and AMSAN diagnosis,
1 case with AMSAN and MFS, 2 cases with AMAN and AMSAN, 2 cases
with MFS and an unspecified GBS variant and one case with AIDP and

Table 4
Laboratory findings.

Hematology Findings Total number

Hemogram
Leukopenia
leukocytosis 14
Normal leukocytes count
Lymphopenia

Normal lymphocytes count
Neutrophilia

Normal neutrophil count
thrombocytopenia

Normal platelet count

o)}

ury

W o=~ whu

Inflammatory tests
Elevated CRP
Normal CRP
Elevated d-dimers
Elevated LDH
Elevated ferritin
Elevated IL-6
Elevated CK
Normal CK
Elevated lactate

N
w

o= O = U0 0 W

Antibodies Testing

IgG + for anti-GM2

IgM + for anti-GM2

IgG + for anti-GD1b

IgM + for anti-GD1b

IgG -+ for anti-GQ1b

Positive anti-Gal

Positive unspecified Anti-ganglioside
Negative unspecified Anti-ganglioside 44

I I N

Brain, Behavior, & Immunity - Health 28 (2023) 100578

Table 5
CSF findings.

CSF Findings

Total number

Albumin-cytological dissociation 227
Normal CSF analysis 56
Elevated protein® 20
IgG + for covid-19 4
IgM + for covid-19 1
Positive anti-GQ1B antibodies 2

@ There were 20 cases that were considered as an isolated elevated
protein because their reports didn’t specify cellularity levels to consider
as albumin-cytological dissociation.

AMAN.
3.6. Treatment data

Among the 436 patients with GBS or MFS, only 200 had data about
their treatment for COVID, and 400 had data about their GBS/MFS
treatment. The most used medication for COVID treatment was
Hydroxychloroquine (n = 68); antibiotics were used in 101 patients,
including azithromycin (n = 10), doxycycline (n = 5) vancomycin (n =
2), amoxicillin-clavulanate (n = 1), amoxicillin (n = 1), meropenem (n
= 3), tigecycline (n = 1), ciprofloxacin (n = 1), piperacillin-tazobactam
(n = 1), ceftriaxone (n = 7), colistin (n = 1), cefepime (n = 1), clari-
thromycin (n = 3), linezolid (n = 2), and unspecified antibiotics (n =
62); corticosteroids were used in 73 patients, including dexamethasone
(n = 13), methylprednisolone (n = 12), prednisone (n = 1) hydrocor-
tisone (n = 1), and unspecified corticosteroid (n = 46); antivirals were
used in 89 patients, including ritonavir/lopinavir (n = 21), remdesivir
(n = 34), ritonavir (n = 1), darunavir (n = 5), oseltamivir (n = 5),
favipiravir (n = 4), umifenovir (n = 1), ribavirin (n = 1), and unspecified
antivirals (n = 17); anticoagulants were used in 80 cases, including
enoxaparin and low molecular weight heparins (n = 16), heparin (n =
59), and unspecified anticoagulants (n = 5); other medications were also
used, such as interferon beta-1b (n = 1), bamlanivimab (n = 1), tocili-
zumab (n = 22), acetaminophen (n = 9), meperidine (n = 2), losartan (n
= 2), acetylsalicylic acid (n = 1), an unspecified vasopressor (n = 1), an
unspecified antiemetic (n = 1), an unspecified antipyretic (n = 2),
norepinephrine (n = 1), fluconazole (n = 2), insulin (n = 1), vitamins (n
= 4), and unspecified symptomatic treatment (n = 2); one patient was
treated with what was called “European Protocol”, but it was not
described; five patients were not treated for COVID-19. The GBS/MFS
treatment used was mostly intravenous immunoglobulin (IVIG) (n =
329) and PLEX (n = 45). Methylprednisolone (n = 3), dexamethasone (n
= 2), prednisone (n = 4), gabapentin (n = 3), pregabalin (n = 1), toci-
lizumab (n = 1), enoxaparin (n = 2), unspecified anticoagulants (n = 3),
unspecified steroids (n = 2), vitamins and electrolytes (n = 3), eye drops
(n = 1), diclofenac (n = 1), unspecified symptomatic treatment (n = 3)
were also used, and 34 patients were not treated.

3.7. Outcome data

For the COVID outcome, the 315 patients with available data were
separated into 5 groups according to the severity of their infection:
asymptomatic (n = 3), mild (n = 82), hospitalized (n = 91), ICU without
intubation (n = 43), and ICU with intubation (n = 85). The other 11
patients were admitted to the ICU, but no information was provided
about their intubation status.

For the GBS outcome, 295 patients had data available until the end of
their respective study follow-up. Of these, 41 had completely recovered,
148 had general or unspecified improvement of the symptoms, 14 had
no improvement, and 27 died; 67 patients had residual muscle weak-
ness, 11 had residual cranial nerves symptoms, 9 had residual pares-
thesia, 5 had residual neuropathic pain, 4 had residual sensory loss, 3
remained areflexic, and 2 had residual dysautonomic symptoms.
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4. Discussion

This systematic review searched for an association between COVID-
19 and GBS in the adult population and demonstrated that there is
possibly a correlation between GBS and age and sex, given that the mean
age of the analyzed cases was 61,38 years and most of them were men.
Regarding COVID-19, the major symptoms presented were fever, cough
and dyspnea, and in regard to GBS, the major signs presented were
reduction or abolishment of the reflexes, generalized weakness, facial
paresis/paralysis, hypoesthesia and paresthesia. There were also some
relevant laboratory findings, such as variations in inflammatory
markers, in most of the patients. CSF studies showed that albu-
minocytological dissociation was highly prevalent in the analyzed cases.
For electrodiagnostic studies, most cases with available data reported
AIDP as the most present variant of GBS in the study. The analysis also
demonstrated that the main treatment utilized for COVID-19 infection
was hydroxychloroquine and/or antibiotics, and in GBS treatment, the
most common option was IVIG. Additionally, it was reported that most
of the patients with available information were admitted to the ICU for
COVID-19. The outcome of the GBS clinical picture was mainly positive,
considering that most of the cases had an improvement in their clinical
state after treatment.

4.1. Mechanisms of SARS-CoV-2 infection associated with GBS

SARS-CoV-2 has a mechanism of action based on the "key/lock"-type
interaction with the angiotensin II converting enzyme (ACE2), which
works like an access for the virus into the cell (Li et al., 2003). Xintian
and colleagues demonstrated in 2020 that protein S in its RBD binding
domain demonstrates high affinity for human ACE2, which gives it a
high potential for infection by this pathway (Xu et al., 2020a). There-
fore, according to Xu et al. (2020), the large presence and distribution of
ACE2 in human tissues may suggest the routes of infection of
SARS-CoV-2 (Xu et al., 2020b).

Upon entering the host cell, SARS-CoV-2 begins to prepare for active
replication (Tay et al., 2020). With the release of new viral copies, this
process causes the infected cell to suffer pyroptosis, and with it, the
release of molecular patterns associated with damage occurs (DAMPs)
(Tay et al., 2020). This infection process causes the death of lung cells
due to the triggering of a local immune response, which starts with the
sensitization of macrophages and monocytes that respond to the release
of cytokines and through adaptive T and B lymphocytes. Thus, if the
process is not efficient, subsequent pyroptosis causes DAMPs and PAMPs
to be recognized, and thus, the inflammatory process extends. This
process leads to augmented secretion of the proinflammatory cytokines
IL-6, IFNy, MCP1 and IP-10, which further recruits the immune system
and thus progresses the inflammatory process (Huang et al., 2020). For
this reason, this high degree of cytokine secretion in response to
SARS-CoV-2 infection drives the immune system out of control, which
can lead to a cytokine storm and sepsis symptoms, which are the cause of
death in 28% of infected individuals (Zhang et al., 2020).

According to Yachou et al. (2020), many human viruses (including
coronaviruses) have tropism and neuronal invasion properties with the
potential to cause other disturbances (Yachou et al., 2020). In addition,
regarding the inflammatory aspect of a cytokine storm, Yachou and
colleagues also showed that neurological manifestations by COVID-19
arise from inflammatory cascades, that is, from the presence of a cyto-
kine storm (Yachou et al., 2020).

Sedaghat and Karimi (2020) presented a case of a 65-year-old male
with symmetrical quadriparesis with progressive and acute weakness of
the distal lower extremities. Furthermore, the individual had bilateral
facial paresis and RT-qPCR test results were positive for SARS-CoV-2
infection (Sedaghat and Karimi, 2020). Ottaviani et al. (2020) re-
ported the case of a 66-year-old female who was in a viral endemic area
and who, for a period of 72 h, had progressive difficulty to walk. In her
evaluation, she presented symmetrical and progressive weakness in the
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lower limbs and paraplegia, as well as distal weakness of the upper limb.
Her computed tomography showed bilateral opacity with a “ground
glass” appearance, but her first RT-qPCR test was negative for infection
(Ottaviani et al., 2020). Nevertheless, Otmani and colleagues reported
the case of a 70-year-old female in 2020 who began to experience rapid
bilateral weakness and tingling in all extremities within 48 h. In her
neurological examination, she demonstrated quadriplegia, hypotonia
and bilateral areflexia. In three days of symptoms, she presented dry
cough, dyspnea and fever that resolved spontaneously within 48 h, but
her computed tomography (CT) scan showed an opaque aspect and
“ground glass” findings, and her RT-qPCR test was positive for infection
by SARS-CoV-2 (El Otmani et al., 2020). Based on the results, we hy-
pothesize that episodes of SARS-CoV-2 infection and the outcome of GBS
are not random. Due to the inflammatory mechanism presented by
SARS-CoV-2, it actively contributes to the increase in the inflammatory
response and finally to the triggering of a lack of control in the immune
system, which can result in neurological illnesses linked to GBS. Fig. 2
illustrates the pathophysiology described above.

4.2. Main findings

There are still no biomarkers with good sensitivity and specificity for
GBS, so its diagnosis is made through clinical history and physical ex-
amination and is assisted by additional tests such as CSF analysis and
electrophysiological studies (Leonhard et al., 2019).

Electrodiagnostic studies are not essential to the diagnosis of GBS,
but they are of great help, especially for patients with atypical pre-
sentations of the disease and to differentiate its subtypes. The most
frequent findings in our study were reduction in conduction speed,
reduction in muscle action potential amplitude and reduction/absence
of sensory action potential amplitude, which is consistent with what is
presented in the literature (Leonhard et al., 2019). Regarding the dis-
tribution of GBS electrophysiological variants, our analysis showed that
COVID-19-associated GBS manifests prevalently with AIDP, as other
studies have shown (Abu-Rumeileh et al., 2021). In addition, there were
reports, although to a lesser extent, of AMAN, AMSAN, MFS and PCB.

Regarding CSF analysis, our study showed that findings in patients
diagnosed with GBS and COVID-19 were similar to findings in non-
COVID-19 patients. Our main findings were increased protein with
normal cellularity. It is known that an association of increased protein
and normal cellularity (determining albuminocytological dissociation)
in CSF is a trait of GBS; yet, its isolated presence does not confirm the
diagnosis of GBS (van den Berg et al., 2014).

Regarding the analysis of blood samples, our study did not observe a
pattern that was common to all patients. Blood count and platelet count
results included leukopenia, leukocytosis, lymphopenia, neutrophilia,
thrombocytopenia, and normal cell count. Concerning inflammatory
tests, most patients had at least one of them that was abnormal, whether
CRP, d-dimers, LDH, ferritin or CK. However, there was a minority of
cases where inflammatory evidence was within the normal range. This
lack of a pattern in the biochemical analysis is common in patients with
GBS, as other studies have shown (Abu-Rumeileh et al., 2021; Caress
et al., 2020).

Furthermore, most cases were negative for anti-ganglioside antibody
testing, and only 7 of our cases tested positive for at least one type of
serum anti-ganglioside antibody, the most frequent being anti-GD1b IgG
(n = 4). Antibody testing can be useful to support a diagnosis. However,
it is a test that has limitations because, even if negative, GBS cannot be
excluded as a diagnosis and, if positive, it does not confirm the diagnosis
of GBS, since anti-ganglioside antibodies can occur in other pathologies.
Nevertheless, the presence of anti-GQ1B antibodies appears in up to
90% of patients with MFS. However, in our analysis of the 16 reported
cases of MFS, only 2 of them had anti-GQ1B antibody, which represents
12,5% of the MFS reported cases. This may suggest that the development
of MFS in COVID and non-COVID patients has different mechanisms, but
further studies are needed to prove this hypothesis (Leonhard et al.,
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Fig. 2. Mechanisms of SARS-CoV-2 infection in GBS.

2019; Abu-Rumeileh et al., 2021; van den Berg et al., 2014).

4.3. Clinical features of GBS post-COVID-19

The clinical characteristics of Guillain-Barré after COVID-19 are, in
general, similar to those presented by patients who developed this
syndrome due to other causes. In this context, the analyzed patients
presented decreased strength, predominantly distal, of the limbs with
ascending evolution, in addition to paresthesia, tactile and painful
hypoesthesia, hyporeflexia or areflexia and cranial nerve alterations
(Jasti et al., 2016).

The clinical analysis of the patient, consisting of the search for
symptoms through anamnesis added to the detection of signs by physical
examination, is the basis of the Guillain-Barré diagnosis. The diagnosis
of this pathology is established on criteria proposed by the US National
Institute of Neurological Disorders and Stroke (NINDS), which defines
the findings as mandatory, strongly associated with the disease and,
finally, those that should cause diagnostic doubt when present. The
mandatory characteristics for the diagnosis to be made are progressive
weakness of the limbs, accompanied by decreased reflexes in the
affected limb. Factors supporting the diagnosis involve a progression of
up to four weeks, symmetry of motor and sensory deficit, mild sensory
involvement, involvement of the cranial nerves (principally VII), onset
of recovery four weeks from the stopping of progression, autonomic
dysfunction, absence of fever at onset, albuminocytological dissociation
in CSF, and slow or blocked nerve conduction for several weeks on
electroneuromyography. Among the factors that call into question the
diagnosis is a marked asymmetric weakness, initial or persistent visual
and/or intestinal dysfunction, high lymphocyte count in CSF and well-
demarcated sensory level. Isolated sensory involvement or explanation
of the better condition by another neuropathy exclude the diagnosis
(van Doorn, 2013).

In our study, the most frequent symptom was limb weakness, which
was reported in 297 patients, and the most frequent sign was the

reduction or abolition of reflexes, which was present in 286 patients.
Sensory alterations were also a highly prevalent finding, especially
hypoesthesia. Cranial nerve involvement was also found on neurological
examination of the patients evaluated. Corroborating the findings
already present in the literature, the facial nerve (VII) was the main
affected CN, followed by the bulbar nerves, the III, IV and VI pairs
involved in ocular motricity and the V pair. The remaining cranial pairs
were affected less frequently.

4.4. Relation of GBS variants and other viral diseases

Typical Guillain-Barré syndrome is an acute-onset ascending
sensorimotor neuropathy that presents with distal paresthesia or sensory
loss, with or followed by muscle weakness that starts in the legs, pro-
gressing to the arms and cranial muscles. Reflexes are often decreased or
absent at first presentation, and, at nadir, it is present in nearly all pa-
tients. However, the disease can have an atypical onset or show as a
clinical variant. Variants are defined by the involvement of different
sorts of nerve fiber (motor, sensory, motor and sensory, cranial or
autonomic), by the nature of the injury (axonal or demyelinating), and
by the changes in consciousness. The GBS variants commonly present
features from the classic syndrome or show typical aspects from another
variant. The most common variant, AIDP, characterized by sensorimotor
GBS, is frequently seen combined with autonomic dysfunction and
cranial nerve impairment. The AMAN variant presents pure motor GBS,
and rarely affects cranial nerves. The AMSAN variant resembles severe
AMAN; however, sensory fibers are affected. MFS is a less common
variant defined by a triad of clinical features of ophthalmoplegia, ataxia
and areflexia. PCB is a rare motor variant that manifests with weakness
of the pharyngeal, cervical, and brachial muscles without lower limb
weakness (Leonhard et al., 2019; Dimachkie and Barohn, 2013).

Research shows that 2/3 of patients present respiratory or gastro-
intestinal tract infection symptoms previous to the onset of GBS. The
most common pathogens related to GBS are C. jejuni, cytomegalovirus,
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Epstein-Barr virus, Mycoplasma pneumoniae, Zika virus, Haemophilus
influenzae and influenza A. The most recurring pathogen found prior to
GBS development is C. jejuni, and it is predominantly related to the
AMAN subtype of GBS, yet it is also seen in other variants. On the other
hand, our study and other reviews on GBS and COVID-19 have shown
that the most common type in COVID-19 patients is the AIDP variant
(Leonhard et al., 2019).

During the outbreaks of infectious diseases that trigger GBS, the
syndrome can become more prevalent in the population. An example of
that was the Zika virus outbreak in French Polynesia, Latin America and
the Caribbean between 2013 and 2016. During this period, there was an
increase in individuals diagnosed with GBS (Leonhard et al., 2019; van
den Berg et al., 2014; Sriwastava et al., 2021). Nonetheless, it has not
been proven that there has been an increase in GBS cases after the
SARS-CoV-2 pandemic, as occurred in the Zika virus pandemic. In a
study conducted across the UK, it was stated that, during the first wave
of COVID-19, there was no increased incidence of GBS; thus, COVID-19
couldn’t be associated as a cause of GBS in this population. Therefore,
more studies are needed to confirm or deny the correlation between
COVID-19 and GBS (Keddie et al., 2021).

Studies have shown that there is some evidence to support the hy-
pothesis of the association between GBS and most vaccines as its trig-
gers. An exception was the vaccine for swine influenza used in 1976-77
and older rabies vaccines (Haber et al., 2009). Increases in GBS related
to modern influenza vaccines has not been of great prevalence, many
robust studies agree in an increase of about one case of GBS per million
vaccinations (Lunn et al., 2021). Thus far, there have been reported
cases of GBS after a COVID vaccine (Pfizer, Johnson & Johnson, Janssen,
AstraZeneca). However, if millions of individuals have been vaccinated
and GBS was rarely reported, this does not presuppose a solid connection
between COVID-19 vaccines and GBS. Therefore, more research is
needed to fully understand the pathogenesis behind GBS following
vaccination and to estimate the prevalence of GBS as a possible side
effect (Kanabar and Wilkinson, 2021).

4.5. Diagnosis and management of GBS

The diagnosis of GBS is initially clinical, based on the presentation of
acute progressive and mainly symmetric muscle weakness and the
absence or reduction of deep tendon reflexes (Fokke et al., 2014). The
clinical diagnosis is accompanied by a CSF study in every patient (Wil-
lison et al., 2016). In our study, 297 patients had some level of motor
limb impairment, representing approximately 92% of the patients who
had the strength analysis described. The reflexes, in turn, were reduced
or absent in 97.6% of the post-COVID-19 GBS patients in whom they
were tested. Currently, the diagnosis of GBS usually follows the criteria
proposed in 1978 by the National Institute of Neurological Disorders and
Stroke (NINDS) with a reaffirmation of these criteria in 1990 (Criteria
for diagnosis of Guillain, 1978; Asbury and Cornblath, 1990). Moreover,
the complete diagnosis of GBS is supported by a CSF study presenting
albuminocytological dissociation, which helps exclude other causes of
the patient’s clinical presentation (Asbury and Cornblath, 1990). In our
analysis, 303 patients had detailed results of their CSF studies, with 227
of them showing albuminocytological dissociation. Furthermore, the
GBS diagnosis is also reinforced by electrodiagnostic studies of nerve
conduction studies (NCS) and electromyography (EMG), which help
evaluate the prognosis of the syndrome and differentiate its subtypes
(Asbury and Cornblath, 1990). Other tests are also helpful for GBS
diagnosis, such as laboratory testing, antibody testing and diagnostic
imaging (Kaida et al., 2008; Ogawara et al., 2000; Byun et al., 1998).

The management of GBS is focused mainly on immunotherapy with
IVIG or PLEX, with IVIG being more commonly used because of its easier
administration and better acceptance from the patient (Hughes et al.,
2014; Chevret et al., 2017). Our study showed that from 400 cases with
information about their treatment, 329 patients were treated with IVIG
and 45 with PLEX. Eleven patients were also treated with
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glucocorticoids, even though this is not recommended considering that
there is no evidence of their benefit to the clinical picture of GBS
(Hughes et al., 2016).

This study reported a high prevalence of hospitalization (n = 91) and
ICU admissions (n = 139) among the cases with available data,
conjecturing a relationship between the development of GBS and
COVID-19 severity.

4.6. Outcomes

In regard to GBS outcome, most patients with available information
had an improvement after treatment in most of their residual symptoms
not including motor involvement. However, 27 patients died during the
treatment.

4.7. Strengths and limitations

The present work is a systematic review that groups together the
available literature on the themes of GBS and SARS-CoV-2. Here, the
extreme importance of the work was shown by making a compilation of
the literature and highlighting the relationship between GBS and viral
infection. Based on the search on different platforms, this resulted in a
large number of studies (n = 3023), of which after the initial filtering, a
significant number of articles reporting common characteristics
remained (n = 156). From there, similar characteristics were listed and
relevant characteristics about the indicated relationship were analyzed
based on preestablished criteria. For this reason, this systematic review
demonstrates the rigor with which it was constructed, following the
precepts of excellence proposed for a systematic review. As for strengths,
we listed the pooling and filtering criteria of the range of proposed
studies on the relationship and findings between SARS-CoV-2 and GBS
infection. The compilation of studies provided a rigorous view and
better inferential potential about the findings. The systematic review
provided visualization and an increase in evidence about the afore-
mentioned relationship. Regarding the limitations, the literature pre-
sented itself in a distorted way with different types of articles, and based
on case reports, large compilation studies were few, which led us to view
it as a new description. In our work, we emphasized the importance of an
enhanced understanding of the aspects related to the association of the
diseases in question, but we recognize that carrying out larger epide-
miological studies can contribute to a greater amount of evidence.

5. Conclusion

Our study presented a collection of literature related to the link be-
tween GBS and SARS-CoV-2 infection. A significant number of studies
reported common characteristics between these two conditions. Here,
we demonstrated that there is possibly an interrelationship between
GBS, age and sex by showing that the mean age of the patients was 61,38
years and that most were male. In addition, we highlighted the major
related symptoms for GBS and COVID-19. Regarding GBS, the main
manifestations included generalized weakness, reflex reduction, facial
paresis/paralysis, hypoesthesia and paresthesia. As expected, the most
common feature in CSF analysis was albuminocytological dissociation.
Regarding electrodiagnostic results, AIDP was the most frequent subtype
of GBS in the present study. The present study reported a high preva-
lence of hospitalizations and ICU admissions, conjecturing a correlation
between the development of GBS and the severity of COVID-19. The
results presented in this systematic review can serve as the basis for
studies on the influence of SARS-CoV-2 infection on the peripheral
nervous system and can be used in clinical practice to assist the medical
team in describing clinical GBS findings in patients with COVID-19
manifestations. Recent COVID-19 variants, such as Omicron, whose
consequences are still unknown, are occurring worldwide. Thus, in the
present scenario, more studies are necessary to investigate the possible
permanent neurological impacts due to SARS-CoV-2 infection.
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