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Guillain-Barré syndrome (GBS) was first described in 1916 (Guillain G, 1916) and is approaching its 100th anniversary. Our
knowledge of the syndrome has hugely expanded since that time. Once originally considered to be only demyelinating in pathology
we now recognise both axonal and demyelinating subtypes. Numerous triggering or antecedent events including infections are
recognised and GBS is considered an immunological response to these. GBS is now considered to be a clinical syndrome of an
acute inflammatory neuropathy encompassing a number of subtypes with evidence of different immunological mechanisms. Some
of these are clearly understood while others remain to be fully elucidated. Complement fixing antibodies against peripheral nerve
gangliosides alone and in combination are increasingly recognised as an important mechanism of nerve damage. New antibodies
against other nerve antigens such as neurofascin have been recently described. Research databases have been set up to look at
factors associated with prognosis and the influence of intravenous immunoglobulin (IvIg) pharmacokinetics in therapy. Exciting
new studies are in progress to examine a possible role for complement inhibition in the treatment of the syndrome.

1. Introduction

Our understanding of the Guillain-Barré syndrome has
improved greatly over the last decadewith amuch clearer idea
of the clinical subtypes of the syndrome and the pathogenesis
of some of the rarer variants. 2016 will mark the centenary
of the original description by Guillain, Barré and Strohl
[1]. They described a rapidly progressive motor disorder
associatedwith absent reflexes and a raisedCSF protein in the
absence of the expected cerebrospinal fluid (CSF) pleocytosis
that characterised poliomyelitis. It became clear, over the
ensuing years, that the syndrome varied in severity so that
in its severest form it could lead to respiratory paralysis and
death [2]. Acute inflammatory demyelinating polyradicu-
loneuropathy (AIDP) is the most frequent subtype in the
Western world with a primarily demyelinating pathology and
various degrees of secondary axonal damage. Acute motor
axonal neuropathy (AMAN) [3] is the next most frequent
and appears to be a primary axonal disorder affecting just
motor nerves. Axonal variants involving both sensory and
motor nerves are much rarer Acute Motor and Sensory
Axonal Neuropathy (AMSAN) [3]. Miller Fisher syndrome
is generally considered to be allied to GBS although it has a
uniquely tight association with anti-GQ1b antibodies.

2. Clinical Features

GBShas an incidence of about 1/100,000 across several studies
[4, 5] in a number of countries. It increases in incidence with
age and there is a small predominance of males [5].

Sensory symptoms in the legs usually mark the onset of
the disease followed by rapidly progressive distal weakness
that soon spreads proximally. Lumbar pain is common and
may represent inflammation in the nerve roots and may
coincide with the breakdown in the nerve CSF barrier that
allows protein to leak into the CSF. The weakness of GBS is
typically “pyramidal in distribution” with ankle dorsiflexion
and knee and hip flexion often severely affected and likewise
the weakness in the arms is usually more severe in shoulder
abduction and elbow extension.While sensory symptoms are
common sensory signs are usually minor and may be limited
to loss of vibration and proprioception. The significance
of reduced or absent reflexes with no objective large fibre
sensory loss and yet complete paralysis leads to a frequent
misdiagnosis of hysteria.

Respiratory involvement may be sudden and unexpected
but usually the vital capacity falls steadily and intubation
and ventilation are required at level of approximately 1 litre
[6]. A small number of patients develop unusual signs such
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as papilloedema [7] thought to be secondary to cerebral
oedema and hyponatraemia [8]. Mild autonomic disturbance
is seen in three quarters of patients but a few develop
severe bradyarrhythmias which are recognised as a cause
of infrequent death from the syndrome. Mortality in most
population studies is between 5 and 10 percent [9]. The
disease is monophasic with weakness reaching its most
severity in 4 weeks followed by a plateau phase and then
recovery. 60% of patients are able to walk unaided by 12 [10]
months and the rest are left with various degrees of residual
symptoms.

Three quarters of patients give a history of a preceding
illness usually respiratory or gastrointestinal which may be
so mild as to be completely asymptomatic. The neuropathy
typically begins 7–10 days after any triggering infection.
Numerous other antecedent events are described including
surgery and immunisation. Most recent epidemiological
surveys show the risk of immunisation triggering GBS to be
very low [11]. It is estimated that the risk of contracting GBS
from current influenza vaccines is significantly lower than the
risk of getting GBS from influenza itself. Serological studies
have shown that Campylobacter jejuni, Epstein Bar virus, and
Cytomegalovirus are themost frequent antecedent infections.
Patients sometimes continue to secrete C. jejuni in their stool
for up to 3 months following the onset of GBS [12]. Persistent
infection with CMV or EBV is very rare. A number of reports
associate GBS with mycoplasma pneumonia, influenza, and
varicella [13].

3. Pathology

Autopsy studies in GBS are rare because few patients die.
Early studies reported oedema of the peripheral nerves with
sparse inflammatory infiltrate [2]. Classic studies by Asbury
and colleagues emphasised the importance of perivascular
lymphocytes which resembled the findings in the animal
model experimental allergic neuritis [14]. They postulated an
immunological basis for the demyelination involving these
lymphocytes and strongly influenced thinking about the
cause of GBS. Electron microscopic studies of nerve biopsy
have demonstrated macrophage associate demyelination.
Macrophages appeared to invade the Schwann cell basement
membrane and phagocytose myelin debris [14, 15].

Pathological studies in AMAN show a relative paucity of
inflammatory infiltrate with axonal destruction but this time
macrophages were situated between axons and the myelin
especially in the region of the node of Ranvier [16].

The pathological studies suggest that the macrophage is
the instrument of nerve damage but may well be targeted
to either the myelin or axon by antibodies. In AMSAN
pathological changes are similar but involve both motor and
ventral nerve roots [17].

4. Immunology

The recognition that there was an association between GBS
and a variety of triggering infections strongly suggested that
theremust be an immunological cause for the syndrome.This
was supported by the nature of the pathological changes with

macrophage targeted, demyelination in at least AIP which
could be used to support an antibody mediated disorder.The
efficacy of plasma exchange in shortening the time taken
to recover also argued for a serum factor mediating the
disease. In the 1960’s Melnick [18] was one of the first to
publish data suggesting complement fixing antibodies in the
acute phase of GBS. These studies were difficult to replicate
but sensitive C1 esterase assays supported complement con-
sumption and a role for complement in the disorder [19]. In
rabbits immunisation with galactocerebroside can produce a
demyelinating neuropathy, suggesting that antibodies against
myelin antigens are capable of causing neuropathy [20]. The
pathology of the human disease resembled the experimental
model experimental allergic neuritis produced by immunis-
ing susceptible species with peripheral nerve in adjuvant.
EAN can be elicited using individual proteins from myelin
such as P0 andP2 andT cell lines reactingwith P2 can transfer
the disease [21, 22].

This stimulated numerous studies attempting to find
antibodies to P2, P0, and other protein antigens in GBS but
thesewere largely negative [23]. Antibodies recognising lipids
were identified in the 1980’s and increasingly recognised
in certain subgroups of GBS [24]. The identification of
antibodies against one of these gangliosides, GQ1b in 95%
of patients with Miller Fisher Syndrome [25, 26], supported
a role for such antibodies in the pathogenesis of this syn-
drome thought to be very closely related to GBS. Similar
antibodies were also found in GBS with ophthalmoplegia
and in Bickerstaff ’s encephalitis [27, 28]. In vitro studies of
mouse hemidiaphragm preparations showed that antiGq1b
monoclonals immunostained the neuromuscular junction
where they fixed complement and bound in identical ways to
patient serum [29]. Antiganglioside antibodies were found to
be associatedwithAMAN [30] andwere implicated in animal
models of the disease in rabbits [31]. Furthermore, patients
immunised with gangliosides [32] were known to develop
neuropathies in certain circumstances adding to the body
of evidence supporting a pathology for GBS which involved
complement fixing antibodies against human gangliosides.

Although the evidence in support of antiganglioside
antibodies as a cause of MFS and AMAN was strong the
most common formofGBSonWestern countries (AIDP)was
only rarely associated with ganglioside antibodies using con-
ventional techniques [33]. The frequency of antiganglioside
antibodies increases if antibodies against complexes of more
than one ganglioside are considered although there are as yet
few published studies [34, 35]. These are eagerly awaited.

Antibodies against gangliosides are usually found to be of
the IgG1 or IgG3 subtype that conventionally require T cell
help in their production. T cells infiltrate the pathological
lesion in GBS nerve and so it seems likely that they play a
part in mediating antibody production. Several studies have
identified raised concentrations of activated T cells in the
peripheral blood among patients with GBS [36] as well as
changes in regulatory T cells [37] and raised levels of T cell
derived cytokines [38]. The early studies looking at T cell
reactivity against protein antigens such as the P2 Protein
which were implicated in EAN proved to be negative. Υ𝛿 T
cells that are capable of recognising nonprotein antigens such
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as gangliosides have been isolated fromGBSnerve butmay be
isolated from patients with vasculitis [39]. It is possible that
such T cells may play a role but strong evidence is lacking.Υ𝛿
T cells are restricted by CD1 which is upregulated in nerve
from patients with GBS [40] but no clear CD1 polymorphism
is linked to GBS [41].

The clinical features of GBS are very variable and attempts
have been made to correlate this with the distribution of
gangliosides in different nerves [42]. There is more GQ1b in
the ocular nerves which might explain the ophthalmoplegia
in Miller Fisher syndrome. Similarly ventral nerve roots
containmore GM1 than dorsal roots.The actual densities and
accessibilities of the gangliosides in different tissues may be
more important and there are studies suggesting that access
to gangliosides by antibodies may differ [43].

C. jejuni is the best studied triggering agent for GBS
and has been shown to have ganglioside like structures
in the lipopolysaccharide coat of the bacterium [44–46].
Similar examples of molecular mimicry are seen with other
organisms that rigger GBS such as Haemophilus [47] and
Cytomegalovirus [48]. It therefore seems plausible to hypoth-
esise that infection with one of these agents leads to anti-
body production which cross-reacts with gangliosides and
other glycolipids leading to myelin destruction. This could
occur by complement activation or by antibodies targeting
macrophages via the fc receptor and leading to both conduc-
tion failure and demyelination.

For such specific antibodies to mediate disease they
would need to pass through the blood nerve barrier. Studies
in EAN suggest that activated T cells may open up the
barrier to allow the antineural antibodies to mediate nerve
damage [49, 50]. It is of course possible that breakdown in the
blood nerve barrier is a nonspecific event that allows antigen
specific antibodies to penetrate and mediate disease. Matrix
metalloproteinases have been implicated inmediating barrier
breakdown [51]. There may be specific factors about the
triggering infection that increase the likelihood of immune
sensitivity to a specific agent. Certain serotypes of C. jejuni
appear more likely to produce these autoreactive antibodies
perhaps by containing more neuritogenic epitopes [52, 53].
The risk ofGBS afterC. jejuni enteritis is estimated to be about
1 in 1000. This risk must be influenced by immunological
genetic factors. Studies of HLA associations with GBS are
generally weak [54, 55]. Only a very small number of familial
cases of GBS have been described [56, 57].

Although antiganglioside antibodies are the most com-
monly reported antibody in GBS there are other reports of
antibodies that might be pathogenic in a small number of
patients. Antibodies against a protein in the node of Ranvier
“neurofascin” have received recent attention with serum of
4% of patients with AIDP being positive in one recent study
[58].

5. Neurophysiology

Neurophysiology is extremely useful in the diagnosis and
definition of the subtype of GBS. Assessment early in
the course of the syndrome frequently shows small action
potentials, prolonged distal motor latency, delayed F waves,

and conduction block [59]. Occasionally the first study is nor-
mal and a repeat study is required to document a peripheral
nerve disorder. Axonal forms of the disease are characterised
by reduced motor and/or sensory action potentials with
denervation potentials once the acute stage of the disease is
over. Neurophysiological studies carried out as part of the
European IvIg and steroid trial found 69% of the studies
to be consistent with AIDP with only 3% suggesting axonal
pathology on studies carried out within 3 weeks of onset.
Twenty-three percent of studies were equivocal at this early
stage andmay have gone on to be predominantly axonal [60].

6. Management

Supportive aspects of management have been the major
factor in improving mortality in GBS with the advent of
good ITU care andmodernmethods of ventilation. Infection,
emboli, and autonomic instability are the major causes of
death. Passive movement of limbs and active physiotherapy
once the initial acute stage is over appear to be beneficial
although it has never been subject to a controlled clinical trial.

Active immune modulation with IvIg [61] or plasma
exchange [62] is the mainstay of treatment with IvIg being
preferred in most circumstances due to ease of availability
and greater safety in patients with unstable blood pressure
and pulse. IvIg is usually given at a dose of 0.4 gm/kg for 5
days although the optimum dose has never been established.
Recent studies suggest that metabolism of IvIg is faster in
patients with a worse prognosis and there are studies in place
to see whether a higher dose of IvIg would benefit some
patients [63].

Patients that either fail to improve or exhibit a deteriora-
tion are often given a further course of IvIg although trials
have yet to justify such an approach.The combination of IvIg
with either steroids or plasma exchange seems to confer little
benefit [64].

Better treatments of GBS are clearly needed to reduce
the proportion of patients that are left disabled. Complement
inhibitors such as eculizumab have been shown to be effective
in animal models of Miller Fisher syndrome [65] and to
be safe in man [66] but have yet to be the subject of a
controlled trial. Since much of the damage to nerves occurs
early in the course of the disease it may be more effective to
look at chemicals capable of improving nerve regrowth and
regeneration. Such neuroprotective drugs would clearly be of
value in a number of diseases with a common end point of
axonal damage.
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Disease in Childhood, vol. 76, no. 6, pp. 526–528, 1997.

[13] F. Cresswell, J. Eadie, N. Longley, and D. Macallan, “Severe
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sensory axonal guillain-barré syndrome,” Annals of Neurology,
vol. 39, no. 1, pp. 17–28, 1996.

[18] S. C. Melnick, “Thirty-eight cases of the Guillain-Barré syn-
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miller fisher syndrome and their association with preceding
Campylobacter jejuni infection,” Journal of Neuroimmunology,
vol. 62, no. 1, pp. 53–57, 1995.

[56] G. A. MacGregor, “Familial Guillain-Barré syndrome,” The
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The Lancet, vol. 286, no. 7422, pp. 1106–1107, 1965.

[58] J. K. Ng, J. Malotka, N. Kawakami et al., “Neurofascin as a target
for autoantibodies in peripheral neuropathies,” Neurology, vol.
79, pp. 2241–2248, 2012.

[59] D. R. Cornblath, “Electrophysiology in Guillain-Barré syn-
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[61] R. A. Hughes, J. C. Raphaël, A. V. Swan, and P. A. van Doorn,
“Intravenous immunoglobulin for Guillain-Barré syndrome,”
Cochrane Database of Systematic Reviews, no. 1, Article ID
CD002063, 2006.
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