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Guillain–Barré syndrome (GBS) is a potentially fatal, immune-mediated disease of the

peripheral nervous system that is usually triggered by infection. Only a small number

of cases of GBS associated with COVID-19 infection have been published. We report

here five patients with GBS admitted to the Neurology, Psychiatry, and Neurosurgery

Hospital, Assiut University/Egypt from July 1 to November 20, 2020. Three of the five

patients were positive for SARS-CoV-2 following polymerase chain reaction (PCR) of

nasopharyngeal swabs on day of admission and another one had a high level of IgM

and IgG; all had bilateral ground-glass opacities with consolidation on CT chest scan

(GGO) and lymphopenia. All patients presented with two or more of the following:

fever, cough, malaise, vomiting, and diarrhea with variable duration. However, there

were some peculiarities in the clinical presentation. First, there were only 3 to 14 days

between the onset of COVID-19 symptoms and the first symptoms of GBS, which

developed into flaccid areflexic quadriplegia with glove and stocking hypoesthesia. The

second peculiarity was that three of the cases had cranial nerve involvement, suggesting

that there may be a high incidence of cranial involvement in SARS-CoV-2-associated

GBS. Other peculiarities occurred. Case 2 presented with a cerebellar hemorrhage

before symptoms of COVID-19 and had a cardiac attack with elevated cardiac enzymes

following onset of GBS symptoms. Case 5 was also unusual in that the onset began

with bilateral facial palsy, which preceded the sensory and motor manifestations of

GBS (descending course). Neurophysiological studies showed evidence of sensorimotor

demyelinating polyradiculoneuropathy, suggesting acute inflammatory polyneuropathy

(AIDP) in all patients. Three patients received plasmapheresis. All of them had either

full recovery or partial recovery. Possible pathophysiological links between GBS and

COVID-19 are discussed.

Keywords: COVID-19, SARS-CoV-2, neurological association, Guillain-Barré syndrome, acute inflammatory

demyelinating polyradiculoneuropathy, axonal Guillain-Barré syndrome, peripheral neuropathy, polymerase-

chain-reaction

INTRODUCTION

The first cases of COVID-19 reported from Wuhan, China occurred in December 2019, and
on March 11, 2020, the World Health Organization (WHO) declared the novel coronavirus
(COVID-19) outbreak a global pandemic. COVID-19 can produce a wide spectrum of central and
peripheral nervous system disorders. The latter can include anosmia, ageusia, visual impairment,
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Guillain–Barré syndrome (GBS) (1–3), and skeletal muscle
injury (3). GBS has been recorded after infection with Middle
East respiratory syndrome (MERS) virus (4), and recently, a
few case reports/series have noted that GBS can be associated
with SARS-CoV-2 infection. GBS is an acute immune-mediated
polyradiculo-neuropathy that may be triggered by various
bacterial and viral infections. Approximately 70% of patients
report a recent preceding upper or lower respiratory tract
infection or gastrointestinal illness (5). Patients with GBS
classically present with progressive symmetrical weakness and
numbness of lower limbs that progresses to the upper limbs
and is associated with hyporeflexia or areflexia. In severe
cases, it can involve respiratory muscles and warrant use of
mechanical ventilation (6). Disease progression can be rapid, and
most patients with GBS reach their maximum disability within
2 weeks.

The first reported case of GBS associated with COVID-
19 infection was of a woman who had just returned from
Wuhan on January 19, 2020 (2). A recent review of published
cases included 61 patients diagnosed with GBS and laboratory-
confirmed preceding/concomitant SARS-CoV-2 (7). Most of the
articles included were from high- and upper-middle-income
countries according to the World Bank classification. Only one
article was reported from Morocco, a lower-middle-income
country in Africa.

Here, for the first time in Egypt, we discuss five cases of GBS
associated with COVID-19 infection, admitted to the Neurology,
Psychiatry, and Neurosurgery Hospital, Assiut University/Egypt
during the period from July 1 to November 20, 2020. Clinical and
laboratory data are presented in Table 1 and neurophysiological
data are shown in Table 2.

Case 1
A 34-year-old male came to the emergency room with a
history of cough, expectoration, and fever of 10 days duration
followed by numbness of feet and then hands. On admission,
polymerase chain reaction (PCR) of nasopharyngeal swab was
negative, CT chest showed ground-glass opacities (GGO), and
laboratory investigations (↑D-dimer, leukocytosis, anemia, and
lymphopenia) suggested probable COVID-19 infection. During
admission, he developed weakness of both distal and proximal
lower and then upper limbs that progressed rapidly until he
became bedridden 1 week later. Two days after this, he developed
dysphagia and a nasal tone of speech. The details of the
clinical examination, Erasmus GBS Respiratory Insufficiency
Score (EGRIS), the medical Research Council (MRC) sum score,
the positive laboratory data, and the result of CT chest at the day
of admission are illustrated inTable 1. The patient was connected
to mechanical ventilation.

Neurophysiological study showed evidence of mixed
demyelinating and axonal variant of GBS (AIDP); detailed
measures are in Table 2.

Due to unavailability of intravenous immunoglobulin (IVIG)
at that time, the patient received five sessions of plasma exchange
(200–250ml plasma/kg body weight) with no improvement
either in motor or in respiratory functions. One month later, the
patient received a course of IVIG (0.4 g/kg body weight daily

for 5 days). Two weeks later, the patient was weaned from the
ventilator and discharged home with motor power grade 1 in
proximal and distal muscles of both upper and lower limbs. MRC
sum score was 12. Follow-up 2months after discharge, the patient
MRC sum score had increased to 34.

Case 2
A 65-year-old male came to the emergency room with a
history of left hemiataxia of 10 days duration; CT brain showed
left cerebellar hemorrhage. He received medical treatment and
discharged to his home with mild improvement but required
mild support to walk. One week later, the patient developed
fever, malaise, and cough for 2 days and readmitted again to the
hospital and positive PCR was recorded, and then he developed
numbness and weakness of all four limbs and within 2 days
became bedridden. Details of clinical examinations, EGRIS,MRC
sum score, and laboratory findings on admission are shown in
Table 1. On the third day of admission, the patient had a cardiac
attack with elevated liver enzymes for which he received medical
treatment and improved.

Blood picture was normal except for the presence of
lymphopenia and neutropenia. ABG showed low PaO2 and
PaCo2. CT chest showed GGO.

A neurophysiological study showed evidence of a mixed
axonal and demyelinating variant of GBS (AIDP); detailed
measures are in Table 2.

The patient received five sessions of plasmapheresis (one
session every other day) and showed marked improvement in
motor power such that he could walk with mild support on
discharge. MRC sum score was 48.

Case 3
A 49-year-old female had a history of fever and repeated vomiting
for 3 days followed by numbness of hands and feet at the time
she admitted to the hospital and positive PCR of nasopharyngeal
swabs and bilateral GGO of CT chest were recorded; 1 day later,
the patient developed rapid progressive symmetrical weakness
of both lower and upper limbs, proximal more than distal, and
within 2 days, she became bedridden (rapidly evolving). On
examination, the patient was fully conscious, with intact cranial
nerves. Motor examination showed hypotonia of both upper and
lower limbs, reduced muscle strength (MRC grades were 3 for
proximal and 4a for distal muscles of both upper limbs; 0 for
proximal and 1 for distal muscles of both lower limbs), with
four limbs. Sensory examination revealed a glove and stocking
hypoesthesia. Three days after admission, the patient developed
deviation of the angle of the mouth to the right side and was
unable to close her left eye, dysphagia, hoarseness of voice, and
an impaired cough reflex. On examination, there was a left lower
motor neuron facial palsy and true bulbar palsy with reduced gag
reflex. The EGRIS was 5 and the MRC sum score was 24. Details
of laboratory findings are in Table 1. ABG showed low PaCO2.
Otherwise, PT, PC, INR, liver, and renal functions were normal.
All electrolytes were normal (Na+, K+, and Ca2+).

A neurophysiological study provided evidence of a mixed
axonal and demyelinating variant of GBS. Detailed data are given
in Table 2.
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TABLE 1 | Clinical and laboratory data.

Case Age

and sex

COVID-19 related

symptoms

Clinical symptoms and

signs of GBS

MRC at admission and

time evolved

EGRIS Laboratory findings PCR CT Chest Co-morbidities Treatment and Outcome

1 34

Male

10 days of fever,

cough, expectoration

Flaccid areflexic

quadriplegiay, stock and

glove, hypothesia, bulbar

palsy, respiratory failure →

mechanical ventilator.

MRC sum score: 0. The

symptoms evolved over

a week.

6 ↑D-dimer Leukocytosis,

Anemia, Lymphopenia

–ve Bilateral GGO None Five sessions plasmapheresis → no

improvement. 1 month later → 5

days IVIG

2 weeks later → weaned from ventilator

MRC sum score on discharge: 12

Two months after discharge MRC sum

score improved to be 34

2 65

Male

5 days of fever,

malaise, cough

Flaccid areflexic

quadriplegia, stock &

glove hypothesia.

MRC sum score: 12. The

symptoms evolved over

2 days.

14 Neutropenia, Lymphopenia,

↓ PaCo2 & PaO2

+ve Bilateral GGO IHD, Cerebellar

hemorrhage

5 sessions of plasmapheresis

→ improvement

MRC sum score on discharge: 48

3 49

Female

3 days of fever and

repeated vomiting

Flaccid areflexic

quadriplegia, stock & glove

hypothesia, Lt LMNL facial

palsy,

bilateral bulbar palsy, MRC

sum score: 24

The symptoms evolved over

2 days.

5 ↑D-dimer,

Thrombocytosis, Lymphopenia

↓ PaCO2

+ve Bilateral GGO None 1 session of plasmapheresis →

hypersensitivity reaction. 4 weeks later →

5 days IVIG. 1 week later → started to

improve with MRC sum score on

discharge: 36. Three weeks after

discharge → she can walk with moderate

support, MRC sum score 50

4 45

Male

14 days of fever,

cough, diarrhea

Flaccid areflexic

quadriparesis, stock &

glove hypothesia.

MRC sum score: 40. The

symptoms evolved over

1 day.

4 Anemia, Thrombocytosis,

Neutrophilia, Lymphopenia

+ve Bilateral GGO DM Steroids for 2 weeks →

marked improvement

MRC sum score on discharge: 60 but he

still complains from paresethesia of fingers

and toes

5 55

Female

14 days of fever,

cough, expectoration

Bilateral LMN facial palsy,

followed by flaccid areflexic

quadriplegia with weakness

proximal more than distal,

as well as stock and

glove hypothesia.

MRC sum score: 34. The

symptoms evolved over

10 days.

4 Leukocytosis, Neutrophilia,

Lymphopenia.

Unavailable

High IgG and IgM

Bilateral GGO None Received 5 days of IVIG, and showed

improvement on discharge that the patient

walk with moderate support (MRC = 48).

Two months later patient walk without

support with the MRC sum score was 60

EGRIS, Erasmus GBS Respiratory Insufficiency Score RF, respiratory failure; LMNL, lower motor neuron lesion; MRC, Medical Research Council; Lap, laboratory results; PaCo2, partial pressure of carbon dioxide; PaO2, partial pressure

of oxygen; PCR, Polymerase chain reaction from nasopharyngeal swap; -ve, negative; +ve, positive; CT, computerized tomography; GGO, Ground-glass Opacity; AIDP, acute inflammatory demyelinating polyneuropathy; IHD, Ischemic

heart disease; DM, Diabetes mellitus; IVIG, Intravenous immunoglobulin. ↑, increase; ↓, decrease.
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TABLE 2 | Neurophysiological data.

Case 1 Case 2 Case 3 Case 4 Case 5

Rt Lt Rt Lt Rt Lt Rt Lt Rt Lt

Median nerve

Motor DL (ms) 5.40 5.25 3.24 3.12 8.3 7.55 4.9 5.1 4.2 4.3

CMAP amplitude (mV) 9.45 10.3 11.05 9.57 1.76 1.67 17.8 18.7 1.45 1.01

MCV (m/s) 50.0 49.9 59.8 63.7 43.1 51.8 46.7 45.5 55.6 56.5

Sensory DL (ms) NR NR 2.46 2.52 NR NR NR NR 3.54 3.64

Sensory amplitude (µV) NR NR 32.2 28.2 NR NR NR NR 17.8 18.4

SCV (m/S) NR NR 56.9 55.6 NR NR NR NR 39.4 40.5

F-wave (ms) 33.4 34.15 26.6 27.3 35.1 39.5 33.9 34.6 38.4 39.7

Ulnar nerve

Motor DL (ms) 3.6 3.3 2.07 3.12 8.12 7.55 4.8 5.1 4.6 4.3

CMAP amplitude (mV) 1.4 1.6 7.59 9.57 1.54 1.67 19.5 18.7 1.54 1.01

MCV (m/s) 34.4 44 53.3 63.7 50.8 51.1 43.2 45.5 55.7 56.5

Sensory DL (ms) 3.34 3.42 2.52 3 NR NR NR NR 3.74 3.46

Sensory amplitude (uV) 0.8 1 28.2 31 NR NR NR NR 17.6 18.4

SCV (m/S) 38.6 40.9 55.6 52 NR NR NR NR 38.7 40.5

F-wave (ms) 30.44 31.25 27.3 27.6 40 39 36.4 37 31.4 32.7

Tibial nerve

Motor DL (ms) 6.7 6.9 6.15 8 9.75 7.15 5.3 5.6 NR NR

CMAP amplitude (mV) 0.45 0.82 4.71 0.47 1.04 1.52 6.24 5.36 NR NR

MCV (m/s) 40.4 39.5 43.1 73.4 51 31.7 33.2 31.5 NR NR

F-wave (ms) 37.6 36.7 33.5 34.4 NR 34 38.5 38.5 NR NR

Peroneal nerve

Motor DL (ms) 7.2 7.6 3.05 4.3 6.4 5.75 4.5 4.7 10.5 11.9

CMAP amplitude (mV) 2.51 2.49 0.79 0.77 6.6 6.58 2.23 2.19 0.56 0.45

MCV (m/s) 45.7 44.6 48.2 48.5 39.1 39.8 30.4 38.3 38.1 39.3

F-wave (ms) NR NR 41.4 35.7 NR NR 41.75 40.85 NR NR

DL, distal latency; MCV, motor conduction velocity; SCV, sensory conduction velocity; NR, no response.

Ten days after admission, the patient received the first session
of plasmapheresis, during which she showed a hypersensitivity
reaction with respiratory failure. She was admitted to the ICU
with an oxygenmask and 40% ventilation. Nasopharyngeal swabs
were repeated three times on a weekly basis (firstly at admission)
and were positive for COVID-19; the fourth swab was negative.
Four weeks later, the patient received 5 days of IVIG, and
after 1 week, the motor power of both upper and lower limbs
was improved. The MRC sum score was 36. Three weeks after
discharge, she could walk with moderate support and had an
MRC sum score of 50.

Case 4
A 45-year-old male, known to be diabetic, came to the emergency
room complaining of malaise, fatigability, nausea, and vomiting
associated with diffuse abdominal pain. A diagnosis of diabetic
ketoacidosis was made, and he was admitted for management.
Two days later, the patient developed fever, cough, and diarrhea.
Chest CT showed bilateral GGO, and he tested positive for
COVID-19 following a RT-PCR from a nasopharyngeal swab.
The patient was transferred to the isolation hospital for COVID-
19 patients (Abo Teg isolation hospital) where he stayed for 5

days and then was discharged home. One week after discharge,
the patient complained of paresthesia of the feet and hands, and
within a day, he developed bilateral symmetrical weakness of
both lower and upper limbs, particularly in proximal muscles.
Data of the clinical examination, EGRIS, MRC sum score,
laboratory data, and CT chest on admission are given in Table 1.

A neurophysiological study showed evidence of a
demyelinating variant of GBS. Detailed data are given in
Table 2.

The patient received steroids for 2 weeks and showed marked
improvement. The patient was discharged 2 weeks later with a
motor power of 5 proximally and distally of both upper and lower
limbs. TheMRC sum score was 60, but the patient still complains
of paresthesia.

Case 5
A 55-year-old female came to the emergency room with a
2-week history of low-grade fever, cough, and expectoration
followed by progressive bilateral facial weakness. Because of
the unavailability of PCR of nasopharyngeal swab, CT chest
showed bilateral GGO and laboratory investigations were done,
revealing leukocytosis, neutrophilia, and lymphopenia (probable
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COVID-19). On examination, the patient was fully conscious and
was unable to close both her eyes, with reduced blinking, inability
to whistle, protrude the lips, or expose the teeth. One week later,
after the onset of facial weakness, she developed numbness of
both hands and feet, associated with progressive symmetrical
weakness of both lower and upper limbs, affecting proximal more
than distal muscles and was bedridden by the end of the week.
Clinical details, EGRIS, MRC sum score, and CT chest are given
in Table 1.

Titers of antibodies (IgG and IgM) against the SARS-CoV-2
were elevated 3 weeks after the onset of COVID-19. Table 1 gives
details of laboratory investigations.

Neurophysiological investigation revealed a mixed axonal and
demyelinating variant of GBS. Detailed data are given in Table 2.

The patient received 5 days of IVIG, after which she started to
walk with moderate support after 1 week. Two weeks later, she
walked with mild support, and on discharge, the MRC sum score
was 48. Two months later, she was walking without support with
an MRC sum score of 60.

DISCUSSION

We recruited five cases of GBS-associated COVID-19 over the
period from July 1 to November 20, 2020. Three were males and
two were female with a mean age of 49.6 ± 11.52 years ranging
from 34 to 65. Three of them were younger than 50 years old. In
a recent systematic review, Hasan et al. (7) found that of 61 GBS
cases associated with COVID-19, two-thirds (68.9%) were male
and had a median age of 57 (49–70) years (7). So far, only three
children < 18 years have been diagnosed with GBS following a
coronavirus infection (8–10).

All our patients had symptoms including fever, malaise,
headache, respiratory tract symptoms, and GIT symptoms. None
had lost smell or taste. PCR of nasopharyngeal swabs was
confirmed positive in three patients and IgM and IgG for corona
virus were high in one patient. We did not test for SARS-CoV-2
in CSF since no cerebrospinal fluid samples have tested positive
for COVID-19 in any reported cases summarized in systematic
reviews of COVID-19 and GBS (11, 12). All patients had
decreased lymphocytic count and CT chest with characteristic
bilateral (GGO).

In the present study the peculiarities of our cases included the
short latent period between the onset of COVID-19 and onset of
GBS symptoms (7.2 ± 4.6 days with a range from 3 to 14 days),
which is shorter than that reported in the systematic review of
Hasan et al. (7). They reported that the median interval between
SARS-CoV-2 symptoms and onset of GBS was 14 days with a
range of 2 to 33 days (7). The slightly shorter duration in our
cases could be explained by an asymptomatic incubation period,
denial of early symptoms of COVID-19, or a hyper-inflammatory
response as previously suggested by Zhao et al. (2). A similar
result was reported by Kajumba et al. (12) in their review of 51
cases of GBS associated with COVID-19: that is, there was only
a short time interval between the onset of the COVID-19 and
GBS symptoms in comparison to the classic type of GBS. In our
study, there was not only a rapid onset of symptoms but also rapid

progression (4.4 ± 3.5 days) compared with classic GBS patients
who typically reach maximum disability within 2 weeks (13).

The first reported case of GBS linked to COVID-19 was a
woman who had returned fromWuhan (the presumed epicenter
of the pandemic). She presented with weakness of both lower
and both upper limbs and distal hypoesthesia, but had no
signs or symptoms of COVID-19 until the eighth day when
she developed dry cough and low-grade fever; a PCR was
positive for SARS-CoV-2 (2). GBS in this first case followed the
pattern of a para-infectious profile similar to GBS associated
with Zika virus (14), rather than the classic post-infectious
profile of most COVID-19 cases. The time elapsed between
the onset of COVID-19 manifestations and GBS symptoms
provides clues to the pathogenesis of GBS in SARS-CoV-2. We
assume a post-infectious mechanism in the present study likely
mediated by immune-mediated damage to peripheral nerve (15,
16). This could be the result of the viral spike protein binding
to the receptor of the angiotensin-converting enzyme 2 (17).
Alternatively, it could involve T-cell activation and release of
inflammatory mediators by macrophages. A recent systematic
review found that none of the patients had positive PCR for
SARS-CoV-2 in the CSF (18). The absence of evidence for active
infection when patients have clinical symptoms of GBS makes
an immune-mediated mechanism the most likely cause of GBS
associated with SARS-CoV-2.

In the present study, all five patients fulfilled level 2 of the
Brighton criteria (6) manifesting with bilateral, flaccid weakness
and areflexia in all four limbs. They had a monophasic course,
with neurophysiological evidence of AIDP. However, there were
some peculiarities in the clinical presentation as three of five
cases had cranial nerve affections, suggesting a potential for more
cranial nerve involvement of SARS-CoV-2-associated GBS as
compared with GBS associated with other infection.

There were other peculiarities in the presentation of cases
2 and 5. Case 2 presented with a cerebellar hemorrhage
before symptoms of COVID-19 and had a cardiac attack with
elevated cardiac enzymes following onset of GBS symptoms. The
association of hemorrhagic strokes with COVID-19 could be
related to fluctuations in blood pressure caused by the affinity
of SARS-CoV-2 for ACE2 receptors, which are expressed in
endothelial and arterial smooth muscle cells in the brain, which,
in turn, leads to damage to intracranial blood vessels and wall
rupture (19). The same mechanism is probably responsible for
myocardial injury, arrhythmia, and acute coronary syndrome
that can be associated with SARS-CoV-2 (20).

Case 5 was also unusual in that the onset was associated
with bilateral facial palsy that preceded the sensory and motor
manifestations of GBS. This is a rare form of GBS as the
classic form started usually with the ascending form of acute
progressive tetraplegia and simultaneous bilateral facial palsy
(21). However, Caamaño and Beato (22) and Chan et al. (23)
recorded a case report of facial diplegia associated with COVID-
19 but without limb weakness. These different varieties of GBS-
associated COVID-19 may be related to the pattern of invasion
of the virus to the peripheral nerves.

An important limitation of this case was the elevated IgG and
IgM 3 weeks after the onset of symptoms with the possibility
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to be related to either IVIG or SARS-CoV-2. However, IVIG
has no direct effect on B cell proliferation and immunoglobulin
production (24) and did not affect the detection or titers of IgG
and IgM. On the other hand, the proportion of IgM-positive
sera from the COVID-19 patients was maximal at 83% before 10
days and decreased to 0% after 100 days, while IgG-positive sera
tended to plateau between days 11 and 65 at 78–100% and fall to
44% after 100 days (25). So, the elevated IgG and IgM in case 5
might be related to SARS-CoV-2.

Cases 1 and 4 had an uncommon response to treatment.
Case 1 failed to respond to plasma exchange but later had a
good response from IVIG, whereas IVIG and plasma exchange
are usually of similar efficacy in classic GBS (26). In case
4, there was a marked improvement of motor powers after
steroid therapy. Although corticosteroids would be expected
to be beneficial in reducing inflammation, eight randomized
controlled trials on the efficacy of corticosteroids for GBS showed
no significant benefit and found that patients treated with oral
corticosteroids have poor outcome (27). The positive effect in
our cases could be due to the fact that corticosteroids were
beneficial in reducing inflammation or were immunomodulatory
in patients with COVID-19.

According to neurophysiological subtyping (28), all of our
patients had neurophysiological evidence of AIDP. This is the
most frequently reported variant of GBS in association with
COVID-19 (18).

In the majority of previously published case reports, the
outcomes were not clearly described. Here, we were able to
present details of the clinical outcome of all five patients (see
Table 1). All of them had either full recovery or partial recovery.

Although the GBS subtype diagnosis has currently no impact
on treatment, we believe that it is important for understanding
the underlying pathophysiology. Both IVIG and plasmapheresis
are effective treatments for GBS with favorable outcome and a
good adverse effect profile. IVIG is considered the first choice
treatment because it is relatively easy to administer, is widely
available, and has fewer side effects (29). One of our patients
received corticosteroids with improvement in motor power
within a month.

Early recognition and treatment with IVIG or plasma
exchange/plasmapheresis (PLEX), along with supportive care,
remains the mainstay of therapy (30–32).

Because we did not test the CSF for SARS-CoV-2 in
our cases, there is no proof that COVID caused GBS.

Nevertheless, the association between GBS and COVID needs
further investigations.

In contrast to the presence of peculiarities of our cases, in
a recent epidemiological and cohort study recorded by Keddie
et al. (33), they compared COVID-19 (definite or probable)-
and non-COVID-19-associated GBS patients and found no
significant differences in the pattern of weakness, time to nadir,
neurophysiology, or outcome. Two other systematic reviews by
Abu-Rumeileh et al. (11) and Sansone et al. (34) showed that the
clinical picture of COVID-19-associated GBS seems to resemble
that of classic GBS or Zika virus-associated GBS.

Future epidemiological studies are required to
evaluate the incidence rate of GBS in COVID-19.
Moreover, studies combining treatment interventions with
neurophysiological data are needed to investigate the underlying
pathophysiological mechanisms.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Faculty of Medicine, Assiut University Hospital,
Assiut, Egypt. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

EK: study conception, design of the work, statistical analysis,
recruited the cases, critical revision of the manuscript, and
prepared final version. KM, AS, and MS: recruited the cases,
performed neurophysiological study, drafting the manuscript.
AK: revised the manuscript and performed analysis. All authors
gave final approval of the version to be published.

FUNDING

This study was supported by Deutsche Forschungsgemeinschaft
and Open Access Fund of University of Tübingen. AK
was supported by Deutsche Forschungsgemeinschaft
(DFG: 407249047).

REFERENCES

1. Virani A, Rabold E, Hanson T, Haag A, Elrufay R, Cheema T, et al. Guillain-

Barré syndrome associated with SARS-CoV-2 infection. IDCases. (2020)

20:e00771. doi: 10.1016/j.idcr.2020.e00771

2. Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome associated

with SARS-CoV-2 infection: causality or coincidence? Lancet Neurol. (2020)

19:383–4. doi: 10.1016/S1474-4422(20)30109-5

3. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations

of hospitalized patients with coronavirus disease 2019 in Wuhan, China.

JAMA Neurol. (2020) 77:683–90. doi: 10.1001/jamaneurol.2020.1127

4. Kim K, Tandi T, Choi JW, Moon J, KimM. Middle East respiratory syndrome

coronavirus (MERS-CoV) outbreak in South Korea, 2015: epidemiology,

characteristics and public health implications. J Hospital Infect. (2017) 95:207–

13. doi: 10.1016/j.jhin.2016.10.008

5. Nobuhiro Y, Hartung H. Guillain-Barré syndrome. N Engl J Med. (2012)

366:2294–304. doi: 10.1056/NEJMra1114525

6. Fokke C, van den Berg B, Drenthen J, Walgaard C, van Doorn PA, Jacobs

BC. Diagnosis of Guillain-Barré syndrome and validation of Brighton criteria.

Brain. (2014) 137:33–43. doi: 10.1093/brain/awt285

7. Hasan I, Saif-Ur-Rahman K, Hayat S, Papri N, Jahan I, Azam R, et al. Guillain-

Barré syndrome associated with SARS-CoV-2 infection: a systematic review

Frontiers in Neurology | www.frontiersin.org 6 June 2021 | Volume 12 | Article 678136

https://doi.org/10.1016/j.idcr.2020.e00771
https://doi.org/10.1016/S1474-4422(20)30109-5
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1016/j.jhin.2016.10.008
https://doi.org/10.1056/NEJMra1114525
https://doi.org/10.1093/brain/awt285
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Khedr et al. GBS Associated With COVID-19

and individual participant data meta-analysis. J Peripher Nerv Syst. (2020)

25:335–43. doi: 10.1111/jns.12419

8. Frank CHM, Almeida TVR, Marques EA, de Sousa Monteiro Q,

Feitoza PVS, Borba MGS, et al. Guillain–Barré syndrome associated

with SARS-CoV-2 infection in a pediatric patient. J Trop Pediatr.

(2020). doi: 10.1093/tropej/fmaa044. [Epub ahead of print].

9. KhalifaM, Zakaria F, Ragab Y, Saad A, Bamaga A, Emad Y, et al. Guillain-Barre

syndrome associated with SARS-CoV-2 detection and a COVID-19 infection

in a child. J Pediatr Infect Dis Soc. (2020) 9:510–3. doi: 10.1093/jpids/piaa086

10. Paybast S, Gorji R, Mavandadi S. Guillain-Barré syndrome as a neurological

complication of novel COVID-19 infection: a case report and review of the

literature.Neurologist. (2020) 25:101–3. doi: 10.1097/NRL.0000000000000291

11. 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. J Neurol. (2020)

268:1–38. doi: 10.1007/s00415-020-10124-x

12. Kajumba MM, Kolls BJ, Koltai DC, Kaddumukasa M, Kaddumukasa

M, Laskowitz DT. COVID-19-Associated Guillain-Barre syndrome:

atypical para-infectious profile, symptom overlap, and increased risk

of severe neurological complications. SN Compr Clin Med. (2020)

1–13. doi: 10.1007/s42399-020-00646-w. [Epub ahead of print].

13. Doets AY, Verboon C, Van Den Berg B, Harbo T, Cornblath DR, Willison HJ,

et al. Regional variation of Guillain-Barré syndrome. Brain. (2018) 141:2866–

77. doi: 10.1093/brain/awy232

14. Parra B, Lizarazo J, Jiménez-Arango JA, Zea-Vera AF, González-Manrique G,

Vargas J, et al. Guillain–Barré syndrome associated with Zika virus infection in

Colombia. N Engl J Med. (2016) 375:1513–23. doi: 10.1056/NEJMoa1605564

15. Willison HJ, Jacobs BC, van Doorn PA. Guillain-barre syndrome. Lancet.

(2016) 388:717–27. doi: 10.1016/S0140-6736(16)00339-1

16. Ahmad I, Rathore FA. Guillain Barr e syndrome in COVID-19: a scoping

review.medRxiv. (2020). doi: 10.1101/2020.06.13.20130062

17. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19

virus targeting the CNS: tissue distribution, host–virus interaction, and

proposed neurotropic mechanisms. ACS Chem Neurosci. (2020) 11:995–

8. doi: 10.1021/acschemneuro.0c00122

18. Sriwastava S, Kataria S, Tandon M, Patel J, Patel R, Jowkar A, et al.

Guillain Barré Syndrome and its variants as a manifestation of COVID-

19: a systemic review of case report and case series. J Neurol Sci. (2020)

420:117263. doi: 10.1016/j.jns.2020.117263

19. Carod-Artal FJ. Neurological complications of coronavirus and COVID-19.

Revista de Neurol. (2020) 70:311–22. doi: 10.33588/rn.7009.2020179

20. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen

S, et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is

blocked by a clinically proven protease inhibitor. Cell. (2020) 181:271–80.

e8. doi: 10.1016/j.cell.2020.02.052

21. Agosti E, Giorgianni A, D’Amore F, Vinacci G, Balbi S, Locatelli D.

Is Guillain-Barrè syndrome triggered by SARS-CoV-2? Case report and

literature review. Neurol Sci. (2021) 42:607–12. doi: 10.1007/s10072-020-0

4553-9

22. Caamaño DSJ, Beato RA. Facial diplegia, a possible atypical variant of

Guillain-Barré Syndrome as a rare neurological complication of SARS-CoV-2.

J Clin Neurosci. (2020) 77:230–2. doi: 10.1016/j.jocn.2020.05.016

23. Chan JL, Ebadi H, Sarna JR. Guillain-Barré syndrome with facial diplegia

related to SARS-CoV-2 infection. Can J Neurol Sci. (2020) 47:852–

4. doi: 10.1017/cjn.2020.106

24. Heidt S, Roelen DL, Eijsink C, Eikmans M, Claas FH, Mulder A.

Intravenous immunoglobulin preparations have no direct effect on B cell

proliferation and immunoglobulin production. Clin Exp Immunol. (2009)

158:99–105. doi: 10.1111/j.1365-2249.2009.03996.x

25. Shah J, Liu S, Potula H-H, Bhargava P, Cruz I, Force D, et al. IgG and

IgM antibody formation to spike and nucleocapsid proteins in COVID-

19 characterized by multiplex immunoblot assays. BMC Infect Dis. (2021)

21:1–8. doi: 10.1186/s12879-021-06031-9

26. Verboon C, van Doorn PA, Jacobs BC. Treatment dilemmas in

Guillain-Barré syndrome. J Neurol Neurosurg Psychiatry. (2017)

88:346–52. doi: 10.1136/jnnp-2016-314862

27. Leonhard SE, Mandarakas MR, Gondim FA, Bateman K,

Ferreira ML, Cornblath DR, et al. Diagnosis and management

of Guillain–Barré syndrome in ten steps. Nat Rev Neurol. (2019)

15:671–83. doi: 10.1038/s41582-019-0250-9

28. Uncini A, Kuwabara S. Electrodiagnostic criteria for Guillain–Barré

syndrome: a critical revision and the need for an update. Clin Neurophysiol.

(2012) 123:1487–95. doi: 10.1016/j.clinph.2012.01.025

29. Raphael JC, Chevret S, Hughes RA, Annane D. Plasma exchange

for Guillain-Barré syndrome. Cochrane Database of Syst Rev. (2012)

2:CD001798. doi: 10.1002/14651858.CD001798.pub2

30. Caress JB, Castoro RJ, Simmons Z, Scelsa SN, Lewis RA, Ahlawat A,

et al. COVID-19–associated Guillain-Barré syndrome: the early pandemic

experience.Muscle Nerve. (2020) 62:485–91. doi: 10.1002/mus.27024

31. Pike-Lee T, Li Y, Wolfe G. Neuromuscular complications in COVID-

19: a review of the literature. RRNMF Neuromuscul J. (2020) 1:13–

21. doi: 10.17161/rrnmf.v1i3.13816

32. Van Den Berg B,Walgaard C, Drenthen J, Fokke C, Jacobs BC, Van Doorn PA.

Guillain–Barré syndrome: pathogenesis, diagnosis, treatment and prognosis.

Nat Rev Neurol. (2014) 10:469–82. doi: 10.1038/nrneurol.2014.121

33. Keddie S, Pakpoor J, Mousele C, Pipis M, Machado PM, Foster

M, et al. Epidemiological and cohort study finds no association

between COVID-19 and Guillain-Barré syndrome. Brain. (2021)

144:682–93. doi: 10.1093/brain/awaa433

34. Sansone P, Giaccari LG, Aurilio C, Coppolino F, Esposito V, Fiore M, et al.

Post-infectious Guillain–Barré syndrome related to SARS-COV-2 infection: a

systematic review. Life. (2021) 11:167. doi: 10.3390/life11020167

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Khedr, Shoyb, Mohamed, Karim and Saber. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 7 June 2021 | Volume 12 | Article 678136

https://doi.org/10.1111/jns.12419
https://doi.org/10.1093/tropej/fmaa044
https://doi.org/10.1093/jpids/piaa086
https://doi.org/10.1097/NRL.0000000000000291
https://doi.org/10.1007/s00415-020-10124-x
https://doi.org/10.1007/s42399-020-00646-w
https://doi.org/10.1093/brain/awy232
https://doi.org/10.1056/NEJMoa1605564
https://doi.org/10.1016/S0140-6736(16)00339-1
https://doi.org/10.1101/2020.06.13.20130062
https://doi.org/10.1021/acschemneuro.0c00122
https://doi.org/10.1016/j.jns.2020.117263
https://doi.org/10.33588/rn.7009.2020179
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1007/s10072-020-04553-9
https://doi.org/10.1016/j.jocn.2020.05.016
https://doi.org/10.1017/cjn.2020.106
https://doi.org/10.1111/j.1365-2249.2009.03996.x
https://doi.org/10.1186/s12879-021-06031-9
https://doi.org/10.1136/jnnp-2016-314862
https://doi.org/10.1038/s41582-019-0250-9
https://doi.org/10.1016/j.clinph.2012.01.025
https://doi.org/10.1002/14651858.CD001798.pub2
https://doi.org/10.1002/mus.27024
https://doi.org/10.17161/rrnmf.v1i3.13816
https://doi.org/10.1038/nrneurol.2014.121
https://doi.org/10.1093/brain/awaa433
https://doi.org/10.3390/life11020167
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
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