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Background and aims: The COVID-19 pandemic has turned the world topsy turvy since its emergence and
has claimed innumerable lives worldwide. Neurological manifestations of the disease have raised several
eyebrows around the world among which Guillain-Barr�e syndrome (GBS) deserve special mention.
Although majority of the cases of the coronavirus disease 2019 (COVID-19) present with respiratory
symptoms, extrapulmonary manifestations are being increasingly reported. We conducted this study to
analyze detailed clinical presentations and outcome in a series of eight cases (n ¼ 8) with COVID-19
associated GBS.
Methods: An observational prospective study was conducted among patients with post-infectious/para-
infectious GBS. 8 patients were subclassified into acute inflammatory demyelinating polyneuropathy
(AIDP), acute motor axonal neuropathy (AMAN) and acute motor and sensory axonal neuropathy
(AMSAN) as per electrodiagnostic criteria and were followed up from admission to 6 months post
discharge, to obtain a comprehensive clinical profile and outcome in these patients.
Results: The diagnosis of GBS was confirmed as per Asbury criteria, supported by electrodiagnostic
features in nerve conduction velocity test. Among the series of 8 patients, 3 were diagnosed as AIDP, 3
had AMAN and the remaining 2 patients had AMSAN. 3 patients of GBS were afebrile and were diagnosed
as COVID-19 after a positive assay on routine screening. Cerebro-spinal fluid analysis for SARS-Cov-2 RT-
PCR and serum anti-ganglioside antibodies were negative in all the patients.
Conclusion: GBS in patients with COVID-19 should be differentiated from critical illness neuropathy and
myopathy. Early diagnosis is important as it is associated with poor outcome and prolonged invasive
ventilation.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has wreaked
havoc globally and has claimed over 4 million lives as of August 31,
2021; the deaths attributed to its growing range of complications
[1]. It was declared a pandemic on March 11, 2020. Apart from the
characteristic respiratory illness, COVID-19 has been associated
with several extrapulmonary manifestations and complications [2].
In this current pandemic, neurological complications have emerged
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as a substantial source of morbidity and mortality among patients.
Multiple studies have narrated the neurotropic and neuroinvasive
potential of this virus. The neurological manifestations vary from
non-specific symptoms like headache, dizziness, alteredmentation,
and ataxia to severe syndromes, like acute cerebrovascular acci-
dents, meningoencephalitis, epilepsy and CNS neuro-
immunological disorders [3,4].

Guillain-Barr�e syndrome (GBS) is an acute-onset, immune
mediated polyradiculoneuropathy that may affect sensory, motor
and autonomic nerves. The common variants of GBS are: acute
inflammatory demyelinating polyradiculoneuropathy (AIDP) which
predominantly a demyelinating disorder; acute motor axonal
neuropathy (AMAN) which mainly affects axons of motor nerves;
and acutemotor and sensory axonal neuropathy (AMSAN), which is
an axonal disorder involving both sensory and motor nerves [5].
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Other uncommon variants include: Miller Fisher Syndrome (MFS),
Bickerstaff brainstem encephalitis (BBE), paraparetic GBS, bilateral
facial palsy with paresthesia (BFP), polyneuritis cranialis and acute
dysautonomia [6].

GBS presents with a wide gamut of neurological manifestations,
the most dangerous being rapidly progressive acute flaccid paral-
ysis. Respiratory failure being a common complication of COVID-19,
often creates a diagnostic dilemma in co-existent GBS. Therefore, it
is critically important for the clinicians to diagnose and treat GBS
early in patients with COVID-19 [7].

Infection and re-infection by Campylobacter jejuni, human herpes
virus, CMV and EBV account for about 20e30% of the cases. Other
viruses like HIV, Zika, H1N1 and Hepatitis-E are also implicated as
the causative agents, besides recent immunizations [5,6]. Since the
outbreak of the pandemic, the incidence of GBS has increased.
There have been many reports describing the association between
SARS-CoV-2 infection and GBS.

We planned this study to document the clinical characteristics,
responses to treatment and outcome in a series of 8 patients with
COVID-19 associated Guillain-Barr�e syndrome (GBS).
2. Materials and methods

Out of 136 patients, admitted with GBS from July 2020 to June
2021, 8 patients with para-infectious/post-infectious COVID-19
associated GBS were selected after adequate ethical clearance. Pa-
tients with pre-existing neurological illness, neurological mani-
festations following other infections or vaccination were excluded
from our study. Detailed neurological history was obtained and
examination was done as per the prefixed proforma. Patients were
investigated with cerebrospinal fluid analysis (CSF), nerve con-
duction studies (NCS) and other specialized investigations as per
clinical context. The diagnosis of GBS was confirmed as per Asbury
criteria [8], supported by electrodiagnostic features in nerve con-
duction velocity test (Fig. 1). The variants of GBS (acute inflam-
matory demyelinating polyneuropathy, acute motor axonal
neuropathy, acute motor and sensory axonal neuropathy) were
Fig. 1. Diagnostic criteria fo
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described on the basis of electrodiagnostic findings. A multi-
disciplinary approach was taken and the patients were managed
accordingly in consultation with department of Critical Care Med-
icine and Physical Medicine and Rehabilitation department. They
were followed-up for 6 months to assess outcome. As cases are
heterogeneous and sample size is also small for statistical analysis,
disease groups with special emphasis on a few individual cases are
being discussed.
3. Results

In this series, the mean age of distribution was 47.62 years, with
only 1 female patient (12.5%). Among the variants of GBS, 3 cases
(37.5%) were diagnosed as AIDP, 3 cases (37.5%) were diagnosed as
AMAN and the remaining 2 patients (25%) had AMSAN. 3 patients
of GBS were afebrile and were diagnosed with COVID-19 after a
positive SARS-Cov-2 reverse transcription-polymerase chain reac-
tion (RT-PCR) assay on routine screening. CSF analysis was done in 7
patients and SARS-Cov-2 RT-PCR in CSF was negative in all of them.
Ganglioside antibodies were negative in all 8 patients. The mean
Erasmus GBS respiratory insufficiency score (EGRIS) on admission
was 3.75 and the mean modified Erasmus GBS Outcome Score
(mEGOS) on admission was 6.5. All patients were initiated on
intravenous immunoglobulin (IVIG) 400 mg/kg/day for 5 days
(Table 1).

AIDP: 2 patients of AIDP (Case 1, 3) had a latency period of 7
days and 5 days from onset of weakness and fever were also
diagnosed positive for SARS-Cov-2, while 1 patient (Case 2) had
history of antecedent infection. 2 patients had bifacial palsy, of
which 1 (Case 2) had severe bulbar involvement; dysautonomia
was recorded in 1 patient (Case 2) and he required invasive me-
chanical ventilation, but succumbed within hours of admission
despite our best efforts.

AMAN: 2 patients were afebrile and was diagnosed with COVID-
19 on routine screening after admission, while 1 patient (Case 2)
had history of antecedent COVID-19 infection. The later also had a
facial palsy with dysautonomia. 1 patient (Case 1) had a descending
r GBS (Asbury criteria).



Table 1
Comparison of clinical profile among the variants of Covid-19 associated GBS.

Variant Case Age
(years)

Latency of weakness from onset of
fever (days)

Progression of
weakness

Cranial nerve
involvement

Bulbar
dysfunction

Dysautonomia EGRIS CSF findings

AIDP 1 39, Male 7 Ascending Nil Nil Present 3 Albumino-cytological
dissociation

2 44, Male 14 Ascending Bilateral facial palsy Present Absent 6 Not obtained
3 40, Male 5 Ascending Bilateral facial palsy Nil Absent 5 Albumino-cytological

dissociation
AMSAN 1 54, Male Afebrile Ascending Nil Nil Present 5 Normal

2 36,
Female

12 Ascending Nil Nil Absent 2 Albumino-cytological
dissociation

AMAN 1 42, Male Afebrile Descending Nil Nil Present 4 Albumino-cytological
dissociation

2 75, Male 18 Ascending Unilateral facial
palsy

Nil Present 2 Albumino-cytological
dissociation

3 51, Male Afebrile Ascending Nil Nil Absent 3 Albumino-cytological
dissociation

AIDP: Acute inflammatory demyelinating polyradiculoneuropathy, AMSAN: Acute motor and sensory axonal neuropathy, AMAN: Acute motor axonal neuropathy, EGRIS:
Erasmus GBS Respiratory Insufficiency Score, CSF: Cerebrospinal fluid.
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type of paresis starting from his proximal upper limbs and pro-
gressing downwards with subsequent autonomic dysfunction. 2
patients (Case 1,3) with EGRIS 4 and 3 respectively, required inva-
sive mechanical ventilation.

AMSAN: 1 patient (Case 1) was afebrile and had severe dysau-
tonomia, without albumino-cytological dissociation in CSF anal-
ysis; however, he required invasive mechanical ventilation and
succumbed to multiple organ dysfunction syndrome (MODS) as a
consequence of sepsis.
4. Discussion

GBS is a rare disease of the peripheral nervous system with an
annual incidence of 1.11 per 100,000 [9]. Since the outbreak of the
COVID-19 pandemic, the incidence of GBS has increased signifi-
cantly [10]. There have been many reports describing the associa-
tion between SARS-CoV-2 infection and GBS. GBS and SARS-CoV-2
have been linked in COVID-19 individuals, according to studies.

A number of mechanisms have been proposed to explain the
pathogenesis post-COVID-19 GBS, which include systemic inflam-
mation and immune dysregulation [11]. The most accepted mech-
anism is the formation of antibodies against surface glycoproteins
of the pathogen which may damage peripheral nerves due to a
similar native protein structure (molecular mimicry). Following
infection, SARS-COV-2 attaches to the cell surfaces via the viral
spike (S) protein, which then binds to the angiotensin-converting
enzyme-2(ACE2) receptor in the capillary endothelium and gan-
gliosides containing sialic acid residue (including the GalNAc res-
idue of GM1). Due to the structural resemblance of the spike
glycoproteins or epitopes of SARS-Cov-2 with gangliosides, anti-
bodies generated against the virus may bind the gangliosides found
on peripheral neurons via T cell-B cell interactions. These autoan-
tibodies bind to nodes of Ranvier and induce local complement
mediated damage leading to formation of membrane attack com-
plex (MAC), resulting in subsequent Wallerian degeneration [12].
Other proposed theories include hyperinflammation as a conse-
quence of cytokine storm in patients with COVID-19 [13].

Antiganglioside autoantibodies of the IgG type are found in 50%
of GBS patients, and their presence confirms the diagnosis. Anti-
ganglioside antibodies are more strongly linked to the AMAN
subtype than the AIDP subtype. In GBS and its variants, autoanti-
bodies may target ganglioside complexes, with GD1a/GD1b being
one of the most common, especially when cranial nerves are
affected. Anti-ganglioside antibody testing could also help re-
searchers better understand other, more common neurological
3

symptoms associated with SARS-CoV-2 [14]. However, anti-GM1
antibodies were negative in all our cases.

In AMAN and AMSAN, myelin sheath is relatively intact as the
macrophages tend to invade the space between the Schwann cell
and axon, leaving the myelin sheath intact. The AMSAN variant has
a relatively slower recovery with higher prevalence of dysautono-
mia, when compared to AMAN [15,16]. Attachment of SARS-CoV-2
virus to cell surfaces, mediated by the spike (S) protein, which binds
to gangliosides containing sialic acid residues has been hypothe-
sized as a probable mechanism [17]. Alternatively, T-cell activation
followed by release of inflammatory mediators by macrophages
maybe another plausible mechanism, supported by a multisystem
inflammatory syndrome leading to para-infectious GBS [18].

For analysis, the patients in our study were divided into three
groups: AIDP, AMSAN, and AMAN for sub-analysis of specific vari-
ables. The incidence of GBS was 0.42% in a large Italian study of
1200 patients admittedwith SARS-CoV-2, substantially higher than
the normal population [18]. GBS has been identified as a rapidly
increasing neurological complication in COVID-19 patients in
recentliterature. AIDP and AMAN was the most common GBS var-
iants associated with COVID-19 in our study, which slightly differs
from the literature in general [19]. In most of the previous studies,
AIDP was found to be the commonest variant among all the sub-
types of GBS associated with COVID-19. Among the three variants,
both AIDP and AMAN were found in 37.5% of GBS cases. The mean
age of distribution in our series was 47.62 years, with only one
female patient affected.

In recent articles, a wide variation in the latency interval has
been documented between the onset of GBS symptoms and the
onset of COVID-19 [18,20]. Caress et al. found an average of 11 days
between the onset of COVID symptoms and the appearance of GBS
in a previous investigation [21]. The mean time between COVID-19
infection and GBS manifestation among different subtypes in this
review was 11e13 days. GBS had also been reported in SARS-COV-2
RT PCR positive people who had no prior symptoms suggestive of
Covid-19 [22,23]. Zhao et al. also reported a case where there was
no latent period as the diagnosis of GBS-like neurological mani-
festation preceded the diagnosis of Covid-19, which was detected
post-hospitalization [24]. This latent period between the emer-
gence of COVID-19 signs and GBS symptoms provides valuable in-
formation regarding the pathogenesis of GBS in COVID-19 infection.

In our series, 2 AIDP patients tested positive for SARS-Cov-2
after a latency period of 7 days and 5 days from onset of weak-
ness and fever, respectively, while 1 patient had a history of ante-
cedent infection. Also, 2 patients were afebrile at the time of



Table 2
Comparison of treatment and outcome among the patients with Covid-19 associated GBS.

Variant Case Treatment received Invasive ventilation mEGOS (day 7 of admission) Outcome mRC Sum score on discharge

AIDP 1 IvIG No 6 Discharged 36
2 IvIG No 4 Discharged 52
3 IvIG Yes 8 Succumbed N/A

AMSAN 1 IvIG Yes 7 Succumbed N/A
2 IvIG No 6 Discharged 28

AMAN 1 IvIG Yes 8 Discharged 20
2 IvIG No 6 Discharged 42
3 IvIG Yes 7 Discharged 32

AIDP: Acute inflammatory demyelinating polyradiculoneuropathy, AMSAN: Acute motor and sensory axonal neuropathy, AMAN: Acute motor axonal neuropathy, IvIG:
intravenous immunoglobulin, mEGOS: modified Erasmus GBS outcome score, mRC: Medical Research Council.
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admission and were diagnosed with COVID-19 on routine
screening, whereas 1 patient had history of antecedent COVID-19
infection.

Surprisingly, none of our patients had a positive PCR for SARS-
CoV-2 in their CSF, suggestive of an immune-mediated mecha-
nism in the pathogenesis of GBS in Covid-19. It is unclear whether
this immune-mediated process is caused by molecular mimicry in
the peripheral immune system or by the release of antigens in the
peripheral immune system, thus commencing an autoimmune
process [25,26]. Elevated CSF protein is a well-known crucial
biomarker that can be used to determine the severity and extent of
the disease in addition to the clinical examination [27].

Albumino-cytological dissociationwas noted in 6 patients (75%),
of which 2 had AIDP (33%), 1 had AMSAN (17%), and all 3 had AMAN
(50%). The mean CSF albumin in our study was 106.58 mg/dl.

The EGRIS is a clinical model to predict the probability of res-
piratory insufficiency within the first week of admission in GBS. In
this study, the EGRIS corroborated to an extent with requirement of
invasive ventilation in the patients, although a patient with rela-
tively high score (EGRIS-6) did not require mechanical ventilation,
compared to a patient with as low as 5% probability of respiratory
insufficiency (EGRIS-2).

The modified Erasmus GBS Outcome Score (mEGOS) is a critical
prognostic indicator that aids in prediction of long-term outcomes
of patients based on their clinical presentation on day 7 of admis-
sion. As a result, the higher the score, the more likely the patient
will be unable to walk independently at 6 months following
admission. Multiple cohort studies in GBS patients have demon-
strated that this score has a significant predictive value [28]. In this
study, the lowest mEGOS was 4 (Case 2, AIDP) while higher mEGOS
was noted in AMAN, AMSAN subtypes. The outcome of ability to
walk unaided at 4 weeks, 3 months and 6 months corroborated
with mEGOS, suggesting that axonal variants of GBS have a rela-
tively poor recovery compared to the demyelinating variant
(Table 2).

Moreover, critical illness neuropathy and myopathy may mimic
GBS in patients with prolonged stay in a critical care unit, thus
differentiation between these entities may be difficult at times.
Recent reports of GBS after vaccination against COVID-19 have
surfaced up in literature [29,30]. However, evidence is limited to
anecdotal reports or sparse case scenarios.

5. Conclusion

This study is first of its kind from Eastern India. The limitations
include a small sample size, which may not be representative of a
broader perspective. All patients were initiated on IVIG and none
was initiated on plasmapheresis, hence no comparison could be
drawn regarding outcome between two standard therapeutic op-
tions. It was not possible to determine whether 2 patients suc-
cumbed to COVID-19 and its complications or GBS per se. The
4

patients were followed from admission to 6 months post discharge,
thus providing a comprehensive outlook on the clinical profile and
outcome of these patients. However, a multicentric study with a
larger sample size is required to establish the relationship of
COVID-19 and GBS, explore the pathophysiology and a long-term
follow-up is required to obtain data regarding outcome in these
patients.
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