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Abstract: Guillain–Barré syndrome (GBS) is a rare immune-mediated acute polyradiculo-neuropathy
that typically develops after a previous gastrointestinal or respiratory infection. This narrative
overview aims to summarise and discuss current knowledge and previous evidence regarding
triggers and pathophysiology of GBS. A systematic search of the literature was carried out using
suitable search terms. The most common subtypes of GBS are acute inflammatory demyelinating
polyneuropathy (AIDP) and acute motor axonal neuropathy (AMAN). The most common triggers
of GBS, in three quarters of cases, are previous infections. The most common infectious agents that
cause GBS include Campylobacter jejuni (C. jejuni), Mycoplasma pneumoniae, and cytomegalovirus.
C. jejuni is responsible for about a third of GBS cases. GBS due to C. jejuni is usually more severe
than that due to other causes. Clinical presentation of GBS is highly dependent on the structure of
pathogenic lipo-oligosaccharides (LOS) that trigger the innate immune system via Toll-like-receptor
(TLR)-4 signalling. AIDP is due to demyelination, whereas in AMAN, structures of the axolemma
are affected in the nodal or inter-nodal space. In conclusion, GBS is a neuro-immunological disorder
caused by autoantibodies against components of the myelin sheath or axolemma. Molecular mimicry
between surface structures of pathogens and components of myelin or the axon is one scenario that
may explain the pathophysiology of GBS.
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1. Introduction

Guillain–Barré syndrome (GBS) is a rare immune-mediated acute polyradiculo-neuropathy
that typically develops after previous gastrointestinal or respiratory infection, which is
why it is also referred to as post-infectious polyneuropathy [1,2]. It can also be triggered by
vaccinations and occurs in the paediatric and adult population. GBS has a broad clinical
spectrum but most commonly manifests with progressive weakness of the limb, axial, facial,
or respiratory muscles and with or without sensory or autonomic impairment [1,2]. Various
infections agents, vaccinations, and other conditions have been identified as triggers of GBS,
but a comprehensive summary of these causes is not available. This narrative overview
aims to summarise and discuss current knowledge and previous evidence about common
and rare conditions known to be associated with occurrence of GBS.

2. Results
2.1. Clinical Presentation of GBS

Clinical presentations of GBS are highly variable.

2.1.1. GBS Subtypes

Different subtypes of GBS are defined according to clinical presentation and findings
from nerve conduction studies (NCSs) (motor, sensory, axonal, demyelinating lesion).
The most common of these subtypes, particularly in the western hemisphere, is acute
inflammatory demyelinating polyneuropathy (AIDP). The most common subtypes in the
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eastern hemisphere are acute motor axonal neuropathy (AMAN) and acute motor and
sensory axonal neuropathy (AMSAN). Other subtypes include Miller–Fisher syndrome
(MFS) (ophthalmoparesis, ataxia, absent tendon reflexes), flail arm syndrome, flail leg
syndrome, the pharyngo-cervico-brachial (PCB, axonal) subtype, mononeuritis cranialis
(MNC), polyneuritis cranialis (PNC), acute bulbar palsy (ABP), and brainstem Bickerstaff
encephalitis (BBE) [1,2].

2.1.2. Neurological Exam

The clinical presentation of GBS is diverse, depending on the GBS subtype. In most
cases, GBS presents with progressive ascending muscle weakness of the limbs with or
without involvement of sensory or autonomic fibers. Occasionally, axial, facial, or respira-
tory muscles are also affected. Tendon reflexes are usually reduced, but hyperreflexia has
occasionally been reported [3]. Hyperreflexia is explained by immune-mediated damage
and dysfunction of inter-neuronal inhibitory circuits in the anterior horn [3].

2.1.3. Cerebrospinal Fluid Investigations

Cerebrospinal fluid (CSF) investigations may show “dissociation cyto-albuminique”:
a hallmark of GBS. CSF glucose and lactate are usually normal, and oligoclonal bands are
negative. CSF tests can be normal at onset; therefore, normal findings in CSF investigations
do not rule out GBS.

2.1.4. Electrophysiological Studies

Application of NCSs may show increased distal latencies of motor nerves, reduced
nerve conduction velocities (NCVs) of motor or sensory nerves, or reduced amplitudes of
compound muscle action potentials (CMAPs) or sensory nerve action potentials (SNAPs) [4].
When sensory fibers are affected, somatosensory-evoked potentials (SSEPs) can show
delayed cortical responses. NCSs can be normal at onset.

2.1.5. Imaging

T1-weighted MRI with contrast medium of the cervical or lumbar spine can show
thickening and enhancement of nerve roots or the cauda equine [5]. T1-weighted MRI of the
brain can show thickening or enhancement of cranial nerve roots [5]. In case of brainstem
involvement, T1-weighted magnetic resonance imaging (MRI) can show hyperintensity of
the pons and bulb [6].

2.1.6. Ganglioside Antibodies

Ganglioside antibodies are directed against gangliosides (sialic-acid-containing glycol-
ipids) that are predominantly located at the nodes of Ranvier and at nerve terminals [2].
GM1-antibodies are generally elevated in 50–60% of AMAN cases but only in 7–35% of
AIDP cases. GQ1b antibodies are elevated in 100% of MFS and BBE cases (GQ1b antibody
syndrome). Antibodies against GQ2b, GM2, GM3, GM4, anti-titin, or anti-sulfatide are
rarely increased. According to a study of 312 GBS patients from Bangladesh, serum GM1
antibodies were elevated in up to 60% of patients with the AMAN subtype and in up to one
third of patients with the AIDP subtype [7]. Antibodies in Mycoplasma-pneumoniae-related
AIDP are directed against galactocerebroside [2].

2.1.7. Disease Course

The disease course is usually monophasic but can undulate. In up to one third of cases,
respiratory muscles are involved, necessitating mechanical ventilation in up to one quarter
of cases.

2.1.8. Diagnosis

There are no mandatory criteria for diagnosing GBS, but several approaches have been
taken to provide efficient diagnostic criteria. These approaches led to the development of
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the Asbury and Cornblath criteria [8], the Ashford criteria, the Haddon criteria, the Devigli
or Besta criteria, and the Brighton criteria. The Brighton criteria, published in 2011, are the
most widely used. They are based on the assessment of seven items (absence of alternative
causes of weakness, reduced tendon reflexes of weak muscles, monophasic course, bilateral
flaccid weakness, CSF cell count < 50 cells/microL, elevated CSF protein, NCSs consistent
with a subtype). Differential diagnoses that must be ruled out before diagnosis of GBS
include CIDP, which is preceded by an infection in only 10% of cases [9]; nodopathies
(antibodies against contactin-1, contactin-associated protein-1, neurofascin-155, or pan-
neurofascin are present); spinal muscular atrophy; amyotrophic lateral sclerosis; sensori-
motor polyneuropathy; neuroborreliosis; myasthenia; and critical illness neuropathy.

2.2. Epidemiology of GBS

The incidence of GBS is reported as 1–2/100,000/y [10]. It is estimated that about
100,000 new cases are diagnosed worldwide each year. Males are more frequently affected
than females [10]. There is a 20% increase in incidence for every 10 year increase in age [2].
About one third of patients require ventilatory support [2]. Mortality rate is 3–10%. In a
study of 3486 GBS patients, the annual incidence was 1–1.2/100,000/y during the years
2009–2015 [11]. In this study, GBS incidence was higher in males (1.2/100,000) than in
females (0.9/100,000) and increased with age, from 0.4/100,000 in persons 0–17 years old
to 2.1/100,000 in persons ≥ 65 years old [11].

2.3. Triggers of GBS
2.3.1. Infections

Infections are the most common triggers of GBS, preceding GBS in 75% of cases [2].
Bacteria and viruses have been implicated in the pathogenesis of GBS. In a study by
Jacobs et al. from 1998, GBS was accordingly defined as an acute generalised poly-radiculo-
neuropathy that is preceded by a symptomatic infection, such as Campylobacter jejuni
(C. jejuni), Epstein–Barr virus (EBV), cytomegalovirus (CMV), or influenza in about two
thirds of cases [12]. By far, the most common bacterial agents that trigger GBS are C. jejuni
and Mycoplasma pneumoniae [13]. The most common viruses that cause GBS are CMV, Zika,
and dengue [14]. An analysis of the first 1000 patients enrolled in the International GBS
Outcome Study (IGOS), for which 768 biosamples were available, showed that GBS was
caused by C. jejuni in 30%, M. pneumoniae in 10%, CMV in 4%, hepatitis-E in 3%, and EBV in
1% [13]. Six percent of GBS patients had more than one previous infection [13]. Symptoms
of previous infections were reported in 72%, and this proportion did not differ significantly
between those who tested positive or negative for a recent infection [13]. Proportions of
infections were similar across continents [13]. The sensorimotor variant and the AIDP
subtype were the most common subtypes across all infection groups, with proportions that
were significantly higher in patients with CMV and significantly lower in patients with
C. jejuni infection [13]. GBS with a previous C. jejuni infection was more severe and required
a longer time to regain the ability to walk independently [13]. The purely motor variant
and the AMAN subtype were more common in Asian than in American or European
C. jejuni-positive patients [13]. Time to nadir was longer in CMV as compared with GBS
caused by other infections [13]. About half of the patients had cranial nerve involvement
and 25% autonomic involvement [13]. In a study of 150 Chinese patients with GBS, the
disease was preceded by infections with C. jejuni (27%), influenza-A (17%), influenza-B
(16%), hepatitis-A (5%), dengue virus (3%), CMV (3%), EBV (3%), M. pneumoniae (2%), HSV
(2%), VZV (1%), and rubella virus (1%) [15]. Serology for infections with hepatitis E virus,
Haemophilus influenzae, and Zika virus was negative [15].
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Bacteria

Campylobacter jejuni

Characteristics of C. jejuni
C. jejuni is a microaerophilic, oxygen-sensitive, gram-negative, and non-spore-forming

bacterium of the genus Campylobacter and a common cause of gastroenteritis in humans [16].
The genome of this species was fully sequenced in 2005. C. jejuni is unusual for an intestinal
pathogen in its ability to coat (envelop) its surface with a polysaccharide capsule (CPS) [17].
CPSs vary in sugar composition and linkage, particularly those involving heptoses of
unusual configuration and O-methyl phosphoramidate linkages [17]. CPSs are sialylated
lipo-oligosaccharides (LOSs) divided into four groups (1–4) and 23 classes (A to W) [18].
Structural diversity is consistent, with CPS as the major sero-determinant of the Penner
serotyping scheme, of which there are 47 C. jejuni serotypes [17]. Different strains (Penner
serotypes) originating from hosts such as cattle or poultry can be distinguished by LOS
classification and multilocus sequence typing (MLST) [19].

Transmission to humans
Transmission of C. jejuni to humans is usually through food consumption: particularly

consumption of raw or undercooked poultry meat; unpasteurised, contaminated milk; or
water-based environmental sources [20]. After uptake, C. jejuni colonises the distal ileum
and colon [20].

Diseases and complications caused by C. jejuni
C. jejuni can cause various human diseases. The most common human disease caused

by C. jejuni is foodborne enteritis. C. jejuni is the leading bacterial cause of foodborne
gastroenteritis in developed countries [21]. Campylobacter spp. are the leading cause of
bacterium-derived gastroenteritis worldwide, affecting about 100 million individuals annu-
ally [22]. In contrast to other bacterial pathogens of the gastrointestinal tract, Campylobacter
spp. lack many of the classic virulence factors often associated with the ability to cause
disease in humans, including a range of canonical secretory systems and toxins [22]. In Ger-
many, campylobacteriosis has increased the most in the warm season and has now reached
up to 70,000 reported cases per year [23]. The most common species of campylobacteria
that cause intestinal infections are C. jejuni, C. coli, and C. upsaliensis [23]. Enteropathogenic
panels can detect campylobacteria quickly and reliably [23]. Infection with C. jejuni is also
considered the most common cause of GBS [24]. Other complications of C. jejuni infections
are irritable bowel syndrome [25], reactive arthritis, Reiter syndrome (arthritis, urethritis,
iritis), spinal abscesses [26], and Achilles enthesopathy [27].

Pathophysiology

Importance of Lipo-Oligosaccharides
Post-infectious morbidity of human C. jejuni infection is highly dependent on the

structure of the pathogenic LOS, which trigger the innate immune system via Toll-like-
receptor (TLR)-4 signalling [28]. Toll-like receptors (TLRs) recognise distinct pathogen-
associated molecular patterns. They participate in the first line of defence against invading
pathogens and play a significant role in inflammation, immune-cell regulation, survival, and
proliferation. To date, 11 members of the TLR family have been identified, of which TLR1,
TLR2, TLR4, TLR5, TLR6, and TLR11 are located on the cell surface and TLR3, TLR7, TLR8,
and TLR9 are localised to the endosomal/lysosomal compartment. Development of GBS
through C. jejuni is explained by “molecular mimicry” between surface LOS antigens and
ganglioside antigens (ceramides) on the surface of myelin sheaths or the axolemma. LOSs
are an integral part of the C. jejuni cell membrane, with a structure of core oligosaccharides
forming inner and outer core regions and a lipid-A moiety [18]. Outer membrane LOSs
are also involved in processes such as colonisation, survival, inflammation, and immune
evasion [29].
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Clinical and serologic data support a model in which LOSs of specific C. jejuni strains
elicit antibodies that recognise both bacterial molecules and gangliosides. They also elicit
recognition of the latter biomolecules, which are abundantly expressed in the nervous
system, where they are involved in neuro-transmission and cause neurological dysfunc-
tion [16]. LOSs of C. jejuni often produce structures that mimic the oligosaccharide moieties
of GM1a and GD1a [16]. In addition, strains that express GD3, GM2, GM3, and GT1a
mimics have been isolated [16]. Whether the presence of antibodies against Helicobacter
pylori contributes to the pathophysiology of GBS remains unclear, but there is evidence that
Helicobacter pylori antibodies are more common in GBS patients than in controls [30].

The Classical Immune Mechanism
Exposure of C. jejuni LOS antigens towards the cellular and humoral immune system

induces release of C1q, macrophage activation, and production of antibodies in plasma
cells. Due to molecular mimicry, these antibodies not only target LOS on C. jejuni but also
ganglioside moieties on myelin or axons of peripheral nerves after crossing the blood nerve
barrier (molecular mimicry) [31]. However, other cases, of GBS patients infected with strains
of C. jejuni without molecular mimicry of self-antigens, exist [32]. According to the classical
AIDP model, cross-reactive antigens are recognised by components of the immune system,
such as macrophages and CD4+ T-cells, which help B-cells transform into plasma cells and
produce neutralizing antibodies that can react with gangliosides as autoantibodies [32].
Complement activation via the classical, lectin, or alternative pathways then leads to
neuronal demyelination via the membrane attack complex (MAC) (C5b-C9), inflammation
caused by anaphylatoxins (C3a and C5a), and infiltration and invasion of macrophages
that produce cytokines such as tumour necrosis factor-α (TNFα), as well as free radicals,
such as nitric oxide [32]. Macrophages with Fc receptors and complement receptors for C3b
can damage peripheral nerves also through receptor-mediated phagocytosis and induction
of myelin destruction [32]. Infiltration of activated CD4+ T-cells enhances activity of
macrophages through inflammatory cytokines such as interferon-γ (INF-γ) and TNF-α [32].
Alternative complement activation via lectin pathway takes place by mannose-binding
lectin (MBL) [33]. Whether polymorphisms of the MBL gene contribute to susceptibility
and severity of GBS is unknown, but in a study of 300 GBS patients from Bangladesh, MBL2
polymorphisms were related to reduced-serum MBL and associated with the severity of
GBS [33].

Alternative Mechanisms
Another pathophysiological mechanism that explains autoimmune demyelination

of peripheral axons is interaction of the central antigen-presenting cell receptor Siglec-1
with the sialylated LOS motifs found specifically on surfaces of GBS-associated C. jejuni.
This interaction induces T-cell differentiation and autoantibody elicitation [34]. In a mouse
model, autoantibody responses and associated nerve histologic changes were dependent
on IL-4 production by CD4 T-cells [34].

Furthermore, nucleotide oligomerization domain (NOD) proteins, which are cyto-
plasmic receptors, seem to play an important role in host-innate immune responses to
pathogens [35]. NODs recognise self or non-self molecules and have been implicated in
many autoimmune diseases, including GBS [35]. Polymorphisms of NOD1 genes were
suspected to play a role in the pathophysiology of GBS [35]. However, in a study of
303 GBS patients, the polymorphisms in the NOD1 and NOD2 genes conferred no risk to
susceptibility or severity of GBS [35].
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Difference between Axonal and Demyelinating Lesion
Pathophysiology differs between demyelinating and axonal subtypes of GBS [2].

AMAN is primarily an antibody-mediated condition in which IgG and activated comple-
ment proteins are deposited on the nodal and inter-nodal axolemma [2]. Macrophages
contribute to axonal injury by invading the periaxonal space between the axon and myelin.
Antibodies can also interfere with nerve regeneration [2]. In AMAN, axonal involvement
can result in axonal degeneration or rapid resolution of conduction block and abnormal
nodal lengthening [2]. There is no T-cell infiltration in AMAN.

Variable Pathogenicity of C. jejuni Strains
Pathogenicity of C. jejuni is different between its various strains. The risk of GBS

is estimated to be at least six times higher with strain C. jejuni Penner serotype HS:19
than is the average risk [36]. The reason could be that sulphated biomolecules, such as
polysaccharides, can promote immune response [36]. Additionally, proteins involved in
the persistence-mediated pathogenicity and restriction modification system as well as in
certain methylation patterns could differentially effect gene-expression patterns of C. jejuni
HS:19 [36].

In a study of 71 C. jejuni strains belonging to ST-2993, obtained from GBS patients
during the large outbreak of GBS in Peru in 2019 and compared with four chicken C. jejuni
strains via Illumina technology, LOS genes that were related to molecular mimicry with
gangliosides in peripheral nerves were detected [24]. Phylogenetic analysis (reconstruction)
showed a connection between Peruvian and Chinese GBS strains, both having LOS locus
genes related to molecular mimicry with gangliosides in peripheral nerves [24]. In addition,
ST-2993 was detected in Amazon strains recovered many years before the 2019 outbreak,
but with no epidemiological connection to GBS [24]. The close relationship between human
and chicken C. jejuni strains indicated chickens as a probable reservoir [24]. Compara-
tive genomics revealed differences between Chinese and Peruvian strains, including the
presence of a prophage inserted into the genome [24].

Why One Contracts GBS and Another Does Not
The question of why one can contract GBS from infection and another will not is

unresolved. However, some speculations can be made to answer this question.
One explanation could be that coinfections are required to trigger the development of

GBS. Since 6% of the GBS patients in the IGOS study showed co-infections [13], it is con-
ceivable that a certain mixture of pathogens is required to trigger misguided autoimmunity.

A second explanation could be that the immune reaction against associated bacteria
is different in each individual due to genetic differences of the immune system. In a
recent study that examined 422 GBS patients for polymorphisms rs153109 and rs785575 in
interleukin 27 (IL-27), the G-allele of the rs153109 polymorphism was found to be more
common in GBS patients than in controls [37]. Patients with the G allele had a worse
outcome than patients without this allele [37]. GBS patients had higher serum IL-27 levels
than did healthy controls [37]. IL-27 levels were also higher in GBS patients with the
AG/GG genotype, but those with the GG genotype had the highest IL-27 levels [37].
There is also evidence that Fc receptor polymorphisms and haplotypes are associated with
GBS severity but not with susceptibility [38]. However, speculation that inborn errors of
components of the immune system might explain the variable pathogenicity of C. jejuni
has been largely ruled out.

A third explanation could be that the blood nerve barrier is more permeable in some
patients than in others. However, little evidence supports this assumption. Speculations
that an immunoglobulin deficiency could explain the variable pathogenicity of C. jejuni
were excluded.

A fourth explanation could be high variability of surface antigens due to the relatively
large number of hypermutable simple sequence repeat (SSR) tracts in the C. jejuni genome.
This decreases its phenotypic stability through reversible changes in the ON or OFF expres-
sion states they are in: a phenomenon called phase variation [21]. SSRs are major drivers
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of phase variation in C. jejuni [21]. The presence of multiple SSR-mediated phase-variable
genes that encode enzymes that modify surface structures, including capsular polysaccha-
ride (CPS) and LOS, creates extreme cell surface diversity within bacterial populations,
thereby promoting adaptation to selective pressures in host environments [21]. Control of
SSR-mediated phase variation is important for therapeutic approaches.

A fifth explanation could be variable affinity of antibodies to gangliosides [16]. How-
ever, this speculation also remains unsupported so far. A sixth explanation could be the
variable patterns of gangliosides on the surfaces of myelin cells and the axolemma.

Mycoplasma pneumoniae
Several cases have been reported showing that GBS can be preceded by pneumonia due

to Mycoplasma pneumoniae [39]. The clinical presentation of GBS caused by M. pneumoniae
does not vary from that of GBS caused by to C. jejuni. It has been postulated that M.
pneumoniae triggers GBS due to bacterial production of galacto-cerebroside [40]. Treatment
and outcome of M. pneumoniae-associated GBS are similar to treatment and outcome of GBS
triggered by alternative causes.

Haemophilus influenzae
GBS following an infection with Haemophilus influenzae has been rarely reported. In

most of these cases, causality was suspected but confirmed only by exclusion of alterna-
tive causes [41]. In a 24-year-old female with GBS, who required mechanical ventilation
because of respiratory muscle involvement, the culture from the sputum was positive for
Haemophilus influenzae [41]. GBS triggered by Haemophilus influenzae was also reported in a
65-year-old male who developed quadriparesis one week following pneumonia [42]. His
recovery was complicated by depression for several months [42].

Erlichia chaffeenensis
GBS triggered by an infection with Erlichia has been reported only in one patient [43].

A 71-year-old female with fever, chills, general weakness, and dizziness for over three
weeks tested positive for PCR for Erlichiosis, which was why doxycycline treatment was
commenced [43]. Despite this treatment, symptoms worsened, and the patient developed
numbness, areflexia, thrombocytopenia, and elevated liver enzymes [43]. She started to
recover following administration of intravenous immunoglobulins (IVIGs) [43].

Orientia tsutsugamushi
Orientia tsutsugamushi is the causative agent of scrub typhus [44]. Clinical manifesta-

tions generally occur due to vasculitis and inflammation and can have variable degrees of
systemic involvement [44]. Meningoencephalitis and cerebellitis are well-known neuro-
logical manifestations of scrub typhus, but occurrence of GBS is extremely rare [44]. In a
7-year-old male with typical clinical features of GBS, IgM antibodies against scrub typhus
were positive and the OXK titre was high [44]. Single reports of GBS triggered by other
bacteria also exist (Table 1).

Table 1. Infectious agents, vaccinations, and other triggers of GBS reported in the literature.

Trigger Frequency Reference

Bacteria
Campylobacter jejuni +++ [7]
Mycoplamsa pneumoniae ++ [39]
Hemophilus influenza + [45]
Erlichia chaffeenensis + [43]
Orientia tsutsugamushi + [44]
Escherichia coli + [46]
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Table 1. Cont.

Trigger Frequency Reference

Viruses
Cytomegaly +++ [47]
Zika +++ [48]
SARS-CoV-2 +++ [49]
Dengue ++ [50]
Influenza-A (H1N1) + [51]
Epstein Barr + [52]
Hepatitis-E + [53]
Measles + [54]
Enterovirus D68 + [55]
Chikungunya + [56]
Parecho + [57]
Toscana virus + [58]
Japanese encephalitis + [59]

Vaccinations
SARS-CoV-2 +++ [60]
Influenza + [61]
Polio + [62]
Rabies + [63]
Hepatitis-A, -B + [64]

Others
+++: highly prevalent, ++: moderate prevalence, +: rare.

Viruses
Viruses are well-known causes of GBS. Types of viruses that triggered GBS varied

significantly between cohorts investigated and depended strongly on presence or absence
of a virus epidemic.

Cytomegalovirus (CMV)
In a retrospective study of 86 GBS patients from Italy, 6% of patients had a concomitant

infection with CMV [47]. CMV-related GBS is frequently associated with GM2 antibod-
ies [65]. It occurs more commonly in children or adolescents than in adults and is commonly
demyelinating and motor-dominant in nature [65]. Patients with CMV-related GBS can
also present elevated antibodies against moesin: a protein that exists in trace amounts in
the node of Ranvier [66]. These antibodies disappear during recovery from GBS. In a retro-
spective study of 4132 GBS patients, requirement of mechanical ventilation in 281 patients
was associated with coexisting CMV infections (OR 4.83; 94% CI, 1.16–20.1) [67]. In a study
of 30 paediatric GBS patients from Iran, anti-CMV IgG antibodies were detected in 97% of
cases [68].

Zika Virus
During the 2013–2016 outbreak in the Americas and the Pacific, Zika virus infection

also resulted in GBS [48]. In one study, Zika-associated GBS typically developed 1–2 weeks
after acute infection [48]. Zika-associated GBS more commonly manifests as AIDP than as
AMAN or AMSAN. In a study of 35 Zika-associated-GBS patients from French Polynesia,
mean latency between onset of infection and onset of GBS was four weeks [69]. Zika infec-
tion in these patients manifested with conjunctival hyperemia (40%), cutaneous eruption
(80%), fever (49%), arthralgia (63%), and distal edema of the limbs (26%) [69].

SARS-CoV-2
There is an ongoing debate as to whether SARS-CoV-2 can cause GBS, but an in-

creasing number of patients; the temporal relation between onset of infection and onset
of GBS; ruling out of alternative causes; and elevated cytokines, chemokines, and glial
fibrillary acidic protein in the CSF argue in favour of a causal relation [70]. In a study
220 patients with SARS-CoV-2-related GBS, published in 95 articles as per the end of 2020,
male preponderance was observed, age ranged from 8–94 years, and latency between onset
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of COVID-19 and GBS ranged from −10 to 90 days [49]. The GBS subtypes identified were
AIDP (n = 118), AMAN (n = 13), AMSAN (n = 11), MFS (n = 7), PNC (n = 2), PCB (n = 1),
and BFE (n = 0) [49]. SARS-CoV-2 was not detected in the CSF in any of the patients [49].
Therapy for GBS comprised IVIGs (n = 191), plasmapheresis (n = 15), steroids (n = 2), or no
therapy (n = 7) [49]. Mechanical ventilation was needed for 41 patients. The outcome was
assessed as complete recovery in 37 patients and as partial recovery in 119 patients, and
12 patients died [49].

Other Viruses
Dengue is not as common as a trigger of GBS as CMV or Zika. In a study of 5821 pa-

tients with dengue and from India, 3.2% were diagnosed with GBS [71]. Some of these
patients developed sensory predominant GBS and responded favourably to standard treat-
ment [50]. Even more rarely is GBS associated with a number of other viruses, including
Epstein–Barr, measles, influenza-A/H1N1, hepatitis-E, enterovirus D68, alpha-viruses,
chikungunya, parecho, and Toscana (Table 1).

2.3.2. Vaccinations

Although GBS has been causally related to several vaccinations (Table 1), other studies
do not confirm these findings [72]. During the H1N1 influenza vaccination campaign in
1976, an increased risk was estimated, at roughly one additional case of GBS for every
100,000 people who had been vaccinated [73]. However, with use of the influenza p(H1N1)
vaccine, the risk of developing GBS declined to <1/1,000,000 [2]. In a study of 1295 patients
with GBS, of whom 20 had received an influenza vaccination, a slightly elevated risk of GBS
occurrence within one month following an influenza vaccination was calculated [74]. How-
ever, other studies did not find an increased risk of GBS from influenza vaccinations [75].
A few patients developed GBS after rabies [63,76], hepatitis-B [64], or polio vaccinations
(Table 1). However, in a Chinese study of 1056 patients with GBS, no increased risk of GBS
was detected for vaccination against hepatitis-B, influenza, hepatitis-A, varicella, rabies,
polio (live), diphtheria, pertussis (acellular), tetanus, measles, mumps, rubella, Japanese
encephalitis, or meningitis vaccines [72]. More than 400 cases of SARS-CoV-2-vaccination-
related GBS have been reported as per the end of August 2022 [77]. Although some studies
emphasise that overall incidence of GBS has not increased since introduction of SARS-CoV-2
vaccinations, several arguments support a causal relation [77].

2.3.3. Others

Several non-infectious and non-vaccine-related triggers of GBS have been reported. In
a male in his 80s, GBS was triggered by angio-immunoblastic T-cell lymphoma [78]. The
pathophysiological explanation remained elusive, but it was speculated that malignancy
could have triggered the immune dysregulation, that it could have been a paraneoplastic
phenomenon, or that it could have been an autoimmune reaction triggered by a common
exposure [78]. GBS has been also reported as a post-renal-transplant phenomenon [79].
Intravenous administration of gangliosides for trauma, surgery, stroke, or peripheral neu-
ropathy and surgery have also been reported as rare triggers of GBS [80]. The reason why
about one third of GBS patients do not have previous symptomatic infections, vaccinations,
or other triggers could be due to the fact that about 30% of GI/respiratory infections become
asymptomatic, according to the IGOS [13].

2.4. Treatment

IVIGs and plasma exchange (PE) are the mainstay treatments of GBS, especially in the
first four weeks after onset of weakness [81]. According to a review of GBS, oral steroids
or intravenous methylprednisolone alone is not beneficial in GBS. The combination of
intravenous methyl-prednisolone and IVIGs was not superior to IVIGs alone. Similarly, PE
followed by IVIGs is not significantly more effective than PE or IVIGs alone [2,81]. Clinical
trials are currently underway to investigate some potential therapeutic candidates, includ-
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ing complement inhibitors [2]. In case GBS does not respond to established treatments,
paranodopathy should be considered.

2.5. Outcome

Most patients with GBS respond favourably to immunotherapy, but a substantial
proportion are left with disability, and death can occur [2]. According to the IGOS, nadir is
reached within 2 weeks in 96% of patients and after 4 weeks in 99% of patients [2]. Cranial
nerve involvement was reported in 50% of patients, autonomic dysfunction was reported
in 25% of patients, and ventilator support was required in 19% of patients [2]. At nadir, 76%
of patients were unable to walk independently [2]. In addition, 20 percent were unable to
ambulate independently after one year, 5% died in high-income countries, and 17% died in
low-income countries [2]. Other studies reported similar mortality rates. In a study of 3486
GBS patients, half of the GBS patients required admission to an ICU, 8% were intubated, 2%
developed dysautonomia, and 1% died [11]. Predictors of poor outcome include advanced
age, antecedent C jejuni infection, need for mechanical ventilation, and axonal subtype [2].
Prognostic models such as the modified Erasmus Guillain–Barré Syndrome Outcome Score
(mEGOS) found decreased probability of walking independently at 6 months during week 1
after admission in patients who were older and had diarrhoea and a lower Medical Research
Council sum score (MRCSS) [2]. According to the Erasmus Guillain–Barré Syndrome
Respiratory Insufficiency Score (EGRIS), probability of early ventilation is increased among
those with short duration of weakness from onset of symptoms, low MRCSS, and presence
of facial or bulbar weakness [2].

3. Methods

A search of the literature in the databases PubMed, Google Scholar, and Scopus was
conducted using the search terms “Guillain-Barre syndrome”, “acute, inflammatory de-
myelinating polyneuropathy”, “acute, motor, axonal neuropathy”, “acute, motor, sensory,
axonal neuropathy”, “Miller Fisher syndrome”, and “brainstem Bickerstaff encephalitis” in
combination with “infection”, “C jejuni”, “hemophilus influenzae”, “mycoplasma pneu-
moniae”, “cytomegalovirus”, “Epstein-Barr virus”, “measles virus”, “influenza-A virus”,
“hepatitis E”, “enterovirus”, “swine influenza“, Zika”, and “SARS-CoV-2”. In addition,
reference lists were searched for additional articles that matched the search criteria. Only
original articles published between 1966 and September 2022 were included. Reviews,
abstracts, proceedings, and editorials were excluded from the review.

4. Conclusions

GBS is a neuro-immunological disorder caused by an autoimmune reaction against
components of the myelin membrane or the axolemma. This abnormal immune reaction
is most commonly triggered by antecedent gastrointestinal or pulmonary infection; by
vaccination; or by other non-infectious, non-vaccine-related conditions. The most common
triggering infectious agent is bacterium C. jejuni. C. jejuni is highly pathogenic to humans,
most commonly causes enteritis, and more rarely causes GBS. In about one third of GBS
patients, a previous infection with C. jejuni can be identified. C. jejuni is less likely to
cause GBS than CMV and causes a more severe course than other infectious agents. AIDP
is caused by demyelination, whereas AMAN is antibody-mediated, attacking structures
of the axolemma in the nodal or inter-nodal space. Post-infectious morbidity of human
C. jejuni infection is strongly dependent on structure of pathogenic LOSs that trigger the
innate immune system and possibly ganglioside pattern on myelin membranes and axons.
Despite recent progress in clarifying pathophysiology of GBS, further advances are urgently
needed to provide more effective treatments and improve outcome.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Int. J. Mol. Sci. 2022, 23, 14222 11 of 14

Data Availability Statement: All data reported are available from the corresponding author.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Parry, G.J. Guillain-Barre Syndrome: From Diagnosis to Recovery; Demos Medical Publishing: New York, NY, USA, 2007.
2. Shahrizaila, N.; Lehmann, H.C.; Kuwabara, S. Guillain-Barré syndrome. Lancet 2021, 397, 1214–1228. [CrossRef]
3. Versace, V.; Campostrini, S.; Rastelli, E.; Sebastianelli, L.; Nardone, R.; Pucks-Faes, E.; Saltuari, L.; Kofler, M.; Uncini, A.

Understanding hyper-reflexia in acute motor axonal neuropathy (AMAN). Neurophysiol. Clin. Neurophysiol. 2020, 50, 139–144.
[CrossRef] [PubMed]

4. Kakumoto, T.; Kobayashi, S.; Yuuki, H.; Kainaga, M.; Shirota, Y.; Hamada, M.; Maeda, M.H.; Kubota, A.; Kawai, M.; Saito, M.; et al.
Cranial Nerve Involvement and Dysautonomia in Post-COVID-19 Guillain-Barré Syndrome. Intern. Med. 2021, 60, 3477–3480.
[CrossRef] [PubMed]

5. Dukkipati, S.S.; Zhou, D.J.; Powers, A.M.; Piccione, E.A.; Koh, S. Acute Bulbar Palsy-Plus Variant of Guillain-Barré Syndrome in a
3-Year-Old Girl. Child Neurol. Open 2022, 9, 2329048X221115476. [CrossRef]

6. Ahmed, M.; Jawaid, H.; Ali, F.; Saleem, A.; Ejaz, M.S. Paediatric Bickerstaff brainstem encephalitis: A rare case report. J. Pak. Med
Assoc. 2020, 70, 2054–2056. [CrossRef] [PubMed]

7. Islam, B.; Islam, Z.; Endtz, H.P.; Jahan, I.; Jacobs, B.C.; Mohammad, Q.D.; Franssen, H. Electrophysiology of Guillain-Barré
syndrome in Bangladesh: A prospective study of 312 patients. Clin. Neurophysiol. Pract. 2021, 6, 155–163. [CrossRef]

8. Nafissi, S.; Vahabi, Z.; Ghahar, M.S.; Amirzargar, A.A.; Naderi, S. The role of cytomegalovirus, Haemophilus influenzae and
Epstein Barr virus in Guillain Barre syndrome. Acta Med. Iran 2013, 51, 372–376.

9. Rajabally, Y.A.; Peric, S.; Bozovic, I.; Loo, L.K.; Kalac, A.; Palibrk, A.; Basta, I. Antecedent infections and vaccinations in chronic
inflammatory demyelinating polyneuropathy: A European collaborative study. Muscle Nerve 2021, 64, 657–661. [CrossRef]
[PubMed]

10. McGrogan, A.; Madle, G.C.; Seaman, H.E.; De Vries, C.S. The Epidemiology of Guillain-Barré Syndrome Worldwide. Neuroepi-
demiology 2009, 32, 150–163. [CrossRef]

11. Leung, J.; Sejvar, J.J.; Soares, J.; Lanzieri, T.M. Guillain-Barré syndrome and antecedent cytomegalovirus infection, USA 2009–2015.
Neurol. Sci. 2020, 41, 885–891. [CrossRef]

12. Jacobs, B.C.; Rothbarth, P.H.; van der Meché, F.; Herbrink, P.; Schmitz, P.I.; de Klerk, M.A.; van Doorn, P.A. The spectrum of
antecedent infections in Guillain-Barré syndrome. Neurology 1998, 51, 1110–1115. [CrossRef] [PubMed]

13. Leonhard, S.E.; van der Eijk, A.; Andersen, H.; Antonini, G.; Arends, S.; Attarian, S.; Barroso, F.A.; Bateman, K.J.; Batstra, M.R.;
Benedetti, L.; et al. An International Perspective on Preceding Infections in Guillain-Barré Syndrome: The IGOS-1000 Cohort.
Neurology 2022, 99, e1299–e1313. [CrossRef] [PubMed]

14. Langerak, T.; van Rooij, I.; Doornekamp, L.; Chandler, F.; Baptista, M.; Yang, H.; Koopmans, M.P.G.; GeurtsvanKessel, C.H.; Jacobs,
B.C.; Rockx, B.; et al. Guillain-Barré Syndrome in Suriname; Clinical Presentation and Identification of Preceding Infections. Front.
Neurol. 2021, 12, 635753. [CrossRef]

15. Hao, Y.; Wang, W.; Jacobs, B.C.; Qiao, B.; Chen, M.; Liu, D.; Feng, X.; Wang, Y. Antecedent infections in Guillain-Barré syndrome:
A single-center, prospective study. Ann. Clin. Transl. Neurol. 2019, 6, 2510–2517. [CrossRef] [PubMed]

16. Li, T.; Wolfert, M.A.; Wei, N.; Huizinga, R.; Jacobs, B.C.; Boons, G.-J. Chemoenzymatic Synthesis of Campylobacter jejuni
Lipo-oligosaccharide Core Domains to Examine Guillain–Barré Syndrome Serum Antibody Specificities. J. Am. Chem. Soc. 2020,
142, 19611–19621. [CrossRef]

17. Eguerry, P.; Epoly, F.; Eriddle, M.; Maue, A.C.; Echen, Y.-H.; Monteiro, M.A. Campylobacter Polysaccharide Capsules: Virulence
and Vaccines. Front. Cell. Infect. Microbiol. 2012, 2, 7. [CrossRef]

18. Hameed, A.; Woodacre, A.; Machado, L.R.; Marsden, G.L. An Updated Classification System and Review of the Lipooligosaccha-
ride Biosynthesis Gene Locus in Campylobacter jejuni. Front. Microbiol. 2020, 11, 677. [CrossRef]

19. Zang, X.; Lv, H.; Tang, H.; Jiao, X.; Huang, J. Capsular Genotype and Lipooligosaccharide Class Associated Genomic Characteri-
zations of Campylobacter jejuni Isolates from Food Animals in China. Front. Microbiol. 2021, 12, 775090. [CrossRef]

20. Lopes, G.V.; Ramires, T.; Kleinubing, N.R.; Scheik, L.K.; Fiorentini, M.; da Silva, W.P. Virulence factors of foodborne pathogen
Campylobacter jejuni. Microb. Pathog. 2021, 161, 105265. [CrossRef]

21. Yamamoto, S.; Iyoda, S.; Ohnishi, M. Stabilizing Genetically Unstable Simple Sequence Repeats in the Campylobacter jejuni
Genome by Multiplex Genome Editing: A Reliable Approach for Delineating Multiple Phase-Variable Genes. mBio 2021, 12,
e0140121. [CrossRef]

22. Callahan, S.M.; Dolislager, C.G.; Johnson, J.G. The Host Cellular Immune Response to Infection by Campylobacter Spp. and Its
Role in Disease. Infect. Immun. 2021, 89, e0011621. [CrossRef] [PubMed]

23. Institut für Mikroökologie. Der Mikrobiomspezialist. Campylobacter Jejuni, Coli, und Upsaliensis. Available online: https://
www.mikrooek.de/labordiagnostik/fuer-aerzte-und-therapeuten/mikrobiota-diagnostik/enteropathogene/campylobacter/ (ac-
cessed on 16 September 2022).

http://doi.org/10.1016/S0140-6736(21)00517-1
http://doi.org/10.1016/j.neucli.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32595063
http://doi.org/10.2169/internalmedicine.7355-21
http://www.ncbi.nlm.nih.gov/pubmed/34433712
http://doi.org/10.1177/2329048X221115476
http://doi.org/10.5455/JPMA.51328
http://www.ncbi.nlm.nih.gov/pubmed/33341860
http://doi.org/10.1016/j.cnp.2021.03.007
http://doi.org/10.1002/mus.27374
http://www.ncbi.nlm.nih.gov/pubmed/34263956
http://doi.org/10.1159/000184748
http://doi.org/10.1007/s10072-019-04156-z
http://doi.org/10.1212/WNL.51.4.1110
http://www.ncbi.nlm.nih.gov/pubmed/9781538
http://doi.org/10.1212/WNL.0000000000200885
http://www.ncbi.nlm.nih.gov/pubmed/35981895
http://doi.org/10.3389/fneur.2021.635753
http://doi.org/10.1002/acn3.50946
http://www.ncbi.nlm.nih.gov/pubmed/31714025
http://doi.org/10.1021/jacs.0c08583
http://doi.org/10.3389/fcimb.2012.00007
http://doi.org/10.3389/fmicb.2020.00677
http://doi.org/10.3389/fmicb.2021.775090
http://doi.org/10.1016/j.micpath.2021.105265
http://doi.org/10.1128/mBio.01401-21
http://doi.org/10.1128/IAI.00116-21
http://www.ncbi.nlm.nih.gov/pubmed/34031129
https://www.mikrooek.de/labordiagnostik/fuer-aerzte-und-therapeuten/mikrobiota-diagnostik/enteropathogene/campylobacter/
https://www.mikrooek.de/labordiagnostik/fuer-aerzte-und-therapeuten/mikrobiota-diagnostik/enteropathogene/campylobacter/


Int. J. Mol. Sci. 2022, 23, 14222 12 of 14

24. Quino, W.; Caro-Castro, J.; Mestanza, O.; Hurtado, V.; Zamudio, M.L.; Cruz-Gonzales, G.; Gavilan, R.G. Emergence and Molecular
Epidemiology of Campylobacter jejuni ST-2993 Associated with a Large Outbreak of Guillain-Barré Syndrome in Peru. Microbiol.
Spectr. 2022, 10, e0118722. [CrossRef] [PubMed]

25. Peters, S.; Ben Pascoe, B.; Wu, Z.; Bayliss, S.C.; Zeng, X.; Edwinson, A.; Veerabadhran-Gurunathan, S.; Jawahir, S.; Calland, J.K.;
Mourkas, E.; et al. Campylobacter jejuni genotypes are associated with post-infection irritable bowel syndrome in humans.
Commun. Biol. 2021, 4, 1015. [CrossRef] [PubMed]

26. Fujita, M.; Ueno, T.; Horiuchi, M.; Mitsuhashi, T.; Yamamoto, S.; Arai, A.; Tomiyama, M. Campylobacter coli infection causes
spinal epidural abscess with Guillain–Barré syndrome: A case report. BMC Neurol. 2022, 22, 9. [CrossRef]

27. Schönberg-Norio, D.; Mattila, L.; Lauhio, A.; Katila, M.-L.; Kaukoranta, S.-S.; Koskela, M.; Pajarre, S.; Uksila, J.; Eerola, E.; Sarna,
S.; et al. Patient-reported complications associated with Campylobacter jejuni infection. Epidemiol. Infect. 2010, 138, 1004–1011.
[CrossRef]

28. Mousavi, S.; Bereswill, S.; Heimesaat, M.M. Novel Clinical Campylobacter jejuni Infection Models Based on Sensitization of
Mice to Lipooligosaccharide, a Major Bacterial Factor Triggering Innate Immune Responses in Human Campylobacteriosis.
Microorganisms 2020, 8, 482. [CrossRef]

29. Stein, R.A. Campylobacter jejuni and Postinfectious Autoimmune Diseases: A Proof of Concept in Glycobiology. ACS Infect. Dis.
2022, 8, 1981–1991. [CrossRef]

30. Dardiotis, E.; Sokratous, M.; Tsouris, Z.; Siokas, V.; Mentis, A.A.; Aloizou, A.; Michalopoulou, A.; Bogdanos, D.P.; Xiromerisiou,
G.; Deretzi, G.; et al. Association between Helicobacter pylori infection and Guillain-Barré Syndrome: A meta-analysis. Eur. J.
Clin. Investig. 2020, 50, e13218. [CrossRef]

31. Charles, J.L.S.; Brooks, P.T.; Bell, J.A.; Ahmed, H.; Van Allen, M.; Manning, S.D.; Mansfield, L.S. Zoonotic Transmission of
Campylobacter jejuni to Caretakers from Sick Pen Calves Carrying a Mixed Population of Strains With and Without Guillain
Barré Syndrome-Associated Lipooligosaccharide Loci. Front. Microbiol. 2022, 13, 800269. [CrossRef]

32. Meidaninikjeh, S.; Sabouni, N.; Taheri, M.; Borjkhani, M.; Bengar, S.; Zolbanin, N.M.; Khalili, A.; Jafari, R. SARS-CoV-2 and
Guillain–Barré Syndrome: Lessons from Viral Infections. Viral Immunol. 2022, 35, 404–417. [CrossRef]

33. Jahan, I.; Hayat, S.; Khalid, M.M.; Ahammad, R.U.; Asad, A.; Islam, B.; Mohammad, Q.D.; Jacobs, B.C.; Islam, Z. Association of
mannose-binding lectin 2 gene polymorphisms with Guillain-Barré syndrome. Sci. Rep. 2022, 12, 5791. [CrossRef] [PubMed]

34. Malik, A.; Brudvig, J.M.; Gadsden, B.J.; Ethridge, A.D.; Mansfield, L.S. Campylobacter jejuni induces autoimmune peripheral
neuropathy via Sialoadhesin and Interleukin-4 axes. Gut Microbes 2022, 14, 2064706. [CrossRef]

35. Hayat, S.; Asad, A.; Hasan, I.; Jahan, I.; Papri, N.; Howlader, Z.H.; Islam, Z. Nucleotide oligomerization domain polymorphism
confers no risk to Guillain –Barré syndrome. Acta Neurol. Scand. 2022, 146, 177–185. [CrossRef]

36. Heikema, A.P.; Strepis, N.; Horst-Kreft, D.; Huynh, S.; Zomer, A.; Kelly, D.J.; Cooper, K.K.; Parker, C.T. Biomolecule sulphation
and novel methylations related to Guillain-Barré syndrome-associated Campylobacter jejuni serotype HS:19. Microb. Genom.
2021, 7, 000660. [CrossRef] [PubMed]

37. Zhang, H.; Zhao, H.; Yang, G.; Li, Y.; Liu, Y. Gene Polymorphisms of Interleukin-27 Correlate with the Susceptibility, Severity, and
Clinical Outcomes of Elderly People with Guillain-Barré Syndrome. Gerontology 2022, 68, 854–860. [CrossRef] [PubMed]

38. Hayat, S.; Babu, G.; Das, A.; Howlader, Z.H.; Mahmud, I.; Islam, Z. Fc-gamma IIIa-V158F receptor polymorphism contributes to
the severity of Guillain-Barré syndrome. Ann. Clin. Transl. Neurol. 2020, 7, 1040–1049. [CrossRef] [PubMed]

39. Suzuki, M.; Watanabe, G.; Watari, T. Guillain-Barre Syndrome Caused by Mycoplasma pneumoniae Infection in an Elderly Patient
Initially Misdiagnosed As Frailty. Cureus 2022, 14, e22386. [CrossRef]

40. Gaspari, E.; Koehorst, J.J.; Frey, J.; dos Santos, V.A.M.; Suarez-Diez, M. Galactocerebroside biosynthesis pathways of Mycoplasma
species: An antigen triggering Guillain–Barré–Stohl syndrome. Microb. Biotechnol. 2021, 14, 1201–1211. [CrossRef]

41. Condon, E.M.; Tobin, A. Haemophilus Influenzae Associated Guillain Barre Syndrome with Thrombocytopenic Purpura and
Hyperthermia. Anaesth. Intensiv. Care 2008, 36, 722–725. [CrossRef]

42. Tagami, S.; Susuki, K.; Takeda, M.; Koga, M. Fulminant case of Guillain-Barré syndrome with poor recovery and depression
following Haemophilus influenzaeinfection. Psychiatry Clin. Neurosci. 2008, 62, 486. [CrossRef]

43. Malhis, J.R.; Mahmoud, A.; Belote, A.; Ebers, A. Case of ehrlichiosis induced Guillain-Barre Syndrome in a 71 year-old female.
IDCases 2021, 26, e01301. [CrossRef] [PubMed]

44. Raghunathan, V.; Dhaliwal, M.; Singhi, P.; Singhi, S. Scrub Typhus Associated with Guillain–Barré Syndrome (GBS). Indian J.
Pediatr. 2022, 89, 1129–1130. [CrossRef] [PubMed]

45. Spyromitrou-Xioufi, P.; Ntoulios, G.; Ladomenou, F.; Niotakis, G.; Tritou, I.; Vlachaki, G. Miller Fisher Syndrome Triggered by
Infections: A Review of the Literature and a Case Report. J. Child Neurol. 2021, 36, 785–794. [CrossRef] [PubMed]

46. Jo, Y.-S.; Choi, J.-Y.; Chung, H.; Kim, Y.; Na, S.-J. Recurrent Guillain-Barré Syndrome Following Urinary Tract Infection by
Escherichia coli. J. Korean Med. Sci. 2018, 33, e29. [CrossRef]

47. Ginanneschi, F.; Giannini, F.; Sicurelli, F.; Battisti, C.; Capoccitti, G.; Bartalini, S.; Mignarri, A.; Volpi, N.; Cioncoloni, D.; Franci,
L.; et al. Clinical Features and Outcome of the Guillain–Barre Syndrome: A Single-Center 11-Year Experience. Front. Neurol. 2022,
13, 856091. [CrossRef] [PubMed]

48. González-Salazar, C.; Tartaglia, J.S.; Dourado, M.E.T.; França, M.C. Clinical Neurophysiology of Zika Virus–Related Disorders of
the Peripheral Nervous System in Adults. J. Clin. Neurophysiol. 2022, 39, 253–258. [CrossRef] [PubMed]

http://doi.org/10.1128/spectrum.01187-22
http://www.ncbi.nlm.nih.gov/pubmed/35972275
http://doi.org/10.1038/s42003-021-02554-8
http://www.ncbi.nlm.nih.gov/pubmed/34462533
http://doi.org/10.1186/s12883-021-02537-6
http://doi.org/10.1017/S0950268809991099
http://doi.org/10.3390/microorganisms8040482
http://doi.org/10.1021/acsinfecdis.2c00397
http://doi.org/10.1111/eci.13218
http://doi.org/10.3389/fmicb.2022.800269
http://doi.org/10.1089/vim.2021.0187
http://doi.org/10.1038/s41598-022-09621-y
http://www.ncbi.nlm.nih.gov/pubmed/35388043
http://doi.org/10.1080/19490976.2022.2064706
http://doi.org/10.1111/ane.13649
http://doi.org/10.1099/mgen.0.000660
http://www.ncbi.nlm.nih.gov/pubmed/34723785
http://doi.org/10.1159/000519227
http://www.ncbi.nlm.nih.gov/pubmed/34607327
http://doi.org/10.1002/acn3.51072
http://www.ncbi.nlm.nih.gov/pubmed/32484314
http://doi.org/10.7759/cureus.22386
http://doi.org/10.1111/1751-7915.13794
http://doi.org/10.1177/0310057X0803600516
http://doi.org/10.1111/j.1440-1819.2008.01834.x
http://doi.org/10.1016/j.idcr.2021.e01301
http://www.ncbi.nlm.nih.gov/pubmed/34729357
http://doi.org/10.1007/s12098-022-04312-y
http://www.ncbi.nlm.nih.gov/pubmed/35881216
http://doi.org/10.1177/0883073820988428
http://www.ncbi.nlm.nih.gov/pubmed/34448412
http://doi.org/10.3346/jkms.2018.33.e29
http://doi.org/10.3389/fneur.2022.856091
http://www.ncbi.nlm.nih.gov/pubmed/35860488
http://doi.org/10.1097/WNP.0000000000000862
http://www.ncbi.nlm.nih.gov/pubmed/34999639


Int. J. Mol. Sci. 2022, 23, 14222 13 of 14

49. Finsterer, J.; Scorza, F.A. Guillain-Barre syndrome in 220 patients with COVID-19. Egypt. J. Neurol. Psychiatry Neurosurg. 2021, 57,
1–7. [CrossRef]

50. Payus, A.O.; Ibrahim, A.; Lin, C.L.S.; Jan, T.H. Sensory Predominant Guillain-Barré Syndrome Concomitant with Dengue
Infection: A Case Report. Case Rep. Neurol. 2022, 14, 281–285. [CrossRef]

51. Vasconcelos, A.; Abecasis, F.; Monteiro, R.; Camilo, C.; Vieira, M.; de Carvalho, M.; Correia, M. A 3-month-old baby with H1N1
and Guillain-Barre syndrome. BMJ Case Rep. 2012, 2012, bcr1220115462. [CrossRef]

52. Abidoye, O.; Raybon-Rojas, E.; Ogbuagu, H. A Rare Case of Epstein-Barr Virus: Infectious Mononucleosis Complicated by
Guillain-Barré Syndrome. Cureus 2022, 14, e21085. [CrossRef]

53. Tarisawa, M.; Ando, R.; Eguchi, K.; Abe, M.; Matsushima, M.; Yabe, I. A case of Guillain–Barré syndrome following hepatitis E
virus infection. Rinsho Shinkeigaku 2021, 61, 869–873. [CrossRef] [PubMed]

54. Filia, A.; Lauria, G. Guillain−Barré syndrome following measles infection: Case report and review of the literature. Neurol. Sci.
2014, 35, 2017–2018. [CrossRef] [PubMed]

55. Williams, C.J.; Thomas, R.H.; Pickersgill, T.P.; Lyons, M.; Lowe, G.; Stiff, R.E.; Moore, C.; Jones, R.; Howe, R.; Brunt, H.; et al.
Cluster of atypical adult Guillain-Barré syndrome temporally associated with neurological illness due to EV-D68 in children,
South Wales, United Kingdom, October 2015 to January 2016. Eurosurveillance 2016, 21, 30119. [CrossRef] [PubMed]

56. Cavalcanti, T.Y.V.d.L.; Pereira, M.R.; de Paula, S.O.; Franca, R.F.D.O. A Review on Chikungunya Virus Epidemiology, Pathogenesis
and Current Vaccine Development. Viruses 2022, 14, 969. [CrossRef] [PubMed]

57. Pellegrinelli, L.; Gambara, S.; Micheli, R.; Binda, S.; Fazzi, E.; Pariani, E. Human parechovirus type 6 and Guillain-Barré syndrome:
A case report. J. NeuroVirology 2018, 24, 656–659. [CrossRef] [PubMed]

58. Rota, E.; Morelli, N.; Immovilli, P.; De Mitri, P.; Guidetti, D. Guillain-Barré-like axonal polyneuropathy associated with Toscana
virus infection. Medicine 2017, 96, e8081. [CrossRef]

59. Liu, S.; Wang, J.; Yang, J.; Wen, Y. The underlying mechanism of Guillain-Barré syndrome in a young patient suffered from
Japanese encephalitis virus infection: A case report. Virol. J. 2022, 19, 1–5. [CrossRef]

60. Patone, M.; Handunnetthi, L.; Saatci, D.; Pan, J.; Katikireddi, S.V.; Razvi, S.; Hunt, D.; Mei, X.W.; Dixon, S.; Zaccardi, F.; et al.
Publisher Correction: Neurological complications after first dose of COVID-19 vaccines and SARS-CoV-2 infection. Nat. Med.
2021, 27, 2249. [CrossRef]

61. Chang, K.H.; Lyu, R.K.; Lin, W.T.; Huang, Y.T.; Lin, H.S.; Chang, S.H. Gulllain Barre syndrome after trivalent influenza vac-cination
in adults. Front. Neurol. 2019, 10, 768. [CrossRef]

62. Naeem, S.; Shabbir, A.; Khan, A.S.; Ahmad, S.; Mustafa, K.J.; Fahim, A. Guillain–Barre syndrome following oral polio vaccination.
J. NeuroVirol. 2016, 22, 546–549. [CrossRef]

63. Schonberger, L.B.; Bregman, D.J.; Sullivan Bolyai, J.Z.; Keenlyside, R.A.; Ziegler, D.W.; Retailliau, H.F.; Eddins, D.L.; Bryan, J.A.
Guillain Barre syndrome following vaccination in the National Influenza Immunization Program, United States, 1976–1977. Am.
J. Epidemiol. 1979, 110, 105–123. [CrossRef] [PubMed]

64. Khamaisi, M.; Shoenfeld, Y.; Orbach, H. Guillain-Barré syndrome following hepatitis B vaccination. Clin. Exp. Rheumatol. 2004,
22, 767–770. [PubMed]

65. Manaud, A.; Geraudie, A.; Viguier, A.; Mengelle, C.; Fortenfant, F.; Baudou, E.; Cheuret, E. Post-CMV Guillain-Barré Syndrome
with Anti-GM2 Antibodies: Two Cases and a Review of the Literature. Neuropediatrics 2022, 53, 235–238. [CrossRef] [PubMed]

66. Shiga, Y.; Shimoe, Y.; Chigusa, M.; Kusunoki, S.; Mori, M.; Kuriyama, M. Guillain-Barré syndrome following cytomegalovirus
infection with increased level of antibody against moesin—A case report. Rinsho Shinkeigaku 2018, 58, 385–389. [CrossRef]
[PubMed]

67. Kobori, S.; Kubo, T.; Otani, M.; Muramatsu, K.; Fujino, Y.; Adachi, H.; Horiguchi, H.; Fushimi, K.; Matsuda, S. Coexisting
infectious diseases on admission as a risk factor for mechanical ventilation in patients with Guillain–Barré syndrome. J. Epidemiol.
2017, 27, 311–316. [CrossRef]

68. Mamishi, S.; Ashrafi, M.R.; Mohammadi, M.; Zamani, G.; Pourakbari, B.; Mahmoudi, S.; Aziz-Ahari, S. Cytomegalovirus
In-fection and Guillain-Barré Syndrome: The First Case-Control Study in Iran. Iran. J. Child. Neurol. 2021, 15, 35–41. [CrossRef]

69. Watrin, L.; Ghawché, F.; Larre, P.; Neau, J.-P.; Mathis, S.; Fournier, E. Guillain–Barré Syndrome (42 Cases) Occurring During a
Zika Virus Outbreak in French Polynesia. Medicine 2016, 95, e3257. [CrossRef]

70. Gigli, G.L.; Vogrig, A.; Nilo, A.; Fabris, M.; Biasotto, A.; Curcio, F.; Miotti, V.; Tascini, C.; Valente, M. HLA and immunological
features of SARS-CoV-2-induced Guillain-Barré syndrome. Neurol. Sci. 2020, 41, 3391–3394. [CrossRef]

71. Kulkarni, R.; Pujari, S.; Gupta, D. Neurological manifestations of dengue fever. Ann. Indian Acad. Neurol. 2021, 24, 693–702.
[CrossRef]

72. Chen, Y.; Zhang, J.; Chu, X.; Xu, Y.; Ma, F. Vaccines and the risk of Guillain-Barré syndrome. Eur. J. Epidemiol. 2020, 35, 363–370.
[CrossRef]

73. Safranek, T.J.; Lawrence, D.N.; Kuriand, L.T.; Culver, D.H.; Wiederholt, W.C.; Hayner, N.S.; Osterholm, M.T.; O’Brien, P.; Hughes,
J.M. Expert Neurology Group Reassessment of the Association between Guillain-Barré Syndrome and Receipt of Swine Influenza
Vaccine in 1976–1977: Results of a Two-State Study. Am. J. Epidemiol. 1991, 133, 940–951. [CrossRef] [PubMed]

74. Levison, L.S.; Thomsen, R.W.; Andersen, H. Guillain–Barré syndrome following influenza vaccination: A 15-year nationwide
population-based case–control study. Eur. J. Neurol. 2022, 29, 3389–3394. [CrossRef] [PubMed]

http://doi.org/10.1186/s41983-021-00310-7
http://doi.org/10.1159/000524865
http://doi.org/10.1136/bcr.12.2011.5462
http://doi.org/10.7759/cureus.21085
http://doi.org/10.5692/clinicalneurol.cn-001666
http://www.ncbi.nlm.nih.gov/pubmed/34789632
http://doi.org/10.1007/s10072-014-1841-2
http://www.ncbi.nlm.nih.gov/pubmed/24870223
http://doi.org/10.2807/1560-7917.ES.2016.21.4.30119
http://www.ncbi.nlm.nih.gov/pubmed/26848143
http://doi.org/10.3390/v14050969
http://www.ncbi.nlm.nih.gov/pubmed/35632709
http://doi.org/10.1007/s13365-018-0656-y
http://www.ncbi.nlm.nih.gov/pubmed/29995288
http://doi.org/10.1097/MD.0000000000008081
http://doi.org/10.1186/s12985-022-01870-7
http://doi.org/10.1038/s41591-021-01644-8
http://doi.org/10.3389/fneur.2019.00768
http://doi.org/10.1007/s13365-015-0405-4
http://doi.org/10.1093/oxfordjournals.aje.a112795
http://www.ncbi.nlm.nih.gov/pubmed/463869
http://www.ncbi.nlm.nih.gov/pubmed/15638054
http://doi.org/10.1055/s-0042-1742721
http://www.ncbi.nlm.nih.gov/pubmed/35716658
http://doi.org/10.5692/clinicalneurol.cn-001147
http://www.ncbi.nlm.nih.gov/pubmed/29863101
http://doi.org/10.1016/j.je.2016.07.003
http://doi.org/10.22037/ijcn.v15i4.31285
http://doi.org/10.1097/MD.0000000000003257
http://doi.org/10.1007/s10072-020-04787-7
http://doi.org/10.4103/aian.AIAN_157_21
http://doi.org/10.1007/s10654-019-00596-1
http://doi.org/10.1093/oxfordjournals.aje.a115973
http://www.ncbi.nlm.nih.gov/pubmed/1851395
http://doi.org/10.1111/ene.15516
http://www.ncbi.nlm.nih.gov/pubmed/35913431


Int. J. Mol. Sci. 2022, 23, 14222 14 of 14

75. Yen, C.-C.; Wei, K.-C.; Wang, W.-H.; Huang, Y.-T.; Chang, Y.-C. Risk of Guillain-Barré Syndrome Among Older Adults Receiving
Influenza Vaccine in Taiwan. JAMA Netw. Open 2022, 5, e2232571. [CrossRef] [PubMed]

76. Sakai, H.; Harun, F.M.; Yamamoto, N.; Yuki, N. Contamination with gangliosides in brain-derived rabies vaccine may trigger
Guillain–Barré syndrome. J. Neurol. Neurosurg. Psychiatry 2012, 83, 467–469. [CrossRef]

77. Finsterer, J.; Scorza, C.A.; Scorza, F.A. Guillain-Barre syndrome related to SARS-CoV-2 vaccinations. Clinics 2022, 77, 100113.
[CrossRef] [PubMed]

78. Howell, N.A.; Arya, S.; Tai, P.C.; Sadeghian, H.; Sakhdari, A.; Wu, R.; Prica, A. Guillain-Barré syndrome as an early manifestation
of angioimmunoblastic T-cell lymphoma. BMJ Case Rep. 2022, 15, e246176. [CrossRef]

79. Ostman, C.; Chacko, B. Guillain-Barré syndrome post renal transplant: A systematic review. Transpl. Infect. Dis. 2019, 21, e13021.
[CrossRef] [PubMed]

80. Shang, P.; Zhu, M.; Wang, Y.; Zheng, X.; Wu, X.; Zhu, J.; Feng, J.; Zhang, H.-L. Axonal variants of Guillain–Barré syndrome: An
update. J. Neurol. 2021, 268, 2402–2419. [CrossRef]

81. van Doorn, P.A.; Ruts, L.; Jacobs, B.C. Clinical features, pathogenesis, and treatment of Guillain-Barré syndrome. Lancet Neurol.
2008, 7, 939–950. [CrossRef]

http://doi.org/10.1001/jamanetworkopen.2022.32571
http://www.ncbi.nlm.nih.gov/pubmed/36129709
http://doi.org/10.1136/jnnp-2011-301102
http://doi.org/10.1016/j.clinsp.2022.100113
http://www.ncbi.nlm.nih.gov/pubmed/36137343
http://doi.org/10.1136/bcr-2021-246176
http://doi.org/10.1111/tid.13021
http://www.ncbi.nlm.nih.gov/pubmed/30403433
http://doi.org/10.1007/s00415-020-09742-2
http://doi.org/10.1016/S1474-4422(08)70215-1

	Introduction 
	Results 
	Clinical Presentation of GBS 
	GBS Subtypes 
	Neurological Exam 
	Cerebrospinal Fluid Investigations 
	Electrophysiological Studies 
	Imaging 
	Ganglioside Antibodies 
	Disease Course 
	Diagnosis 

	Epidemiology of GBS 
	Triggers of GBS 
	Infections 
	Vaccinations 
	Others 

	Treatment 
	Outcome 

	Methods 
	Conclusions 
	References

