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Abstract Objective: The Guillain-
Barré syndrome (GBS) is an acute
inflammatory polyneuropathy related
to autoimmunity. However, no con-
clusive etiological concept has yet
been found. We examined the varia-
tion in autoantibodies to lipids in se-
rum of GBS patients in response to
the course of the disease but investi-
gated titer modifications during
treatment with p-globulin. Design
and setting: Prospective clinical
study in a 14-bed general ICU. Pa-
tients: Nine patients with GBS and
nine controls were included in the
study. Measurements and results:
Four blood samples were obtained
before and after treatment. Serum
samples, diluted 1:60, were tested by
enzyme-linked immunosorbent assay
for IgM, IgA, and IgG antibodies to
phosphatidylcholine, phosphatidyl-
inositol, cardiolipin, phosphatidic
acid, phosphatidylserine, phos-
phatidylglycerol, phosphatidyletha-
nolamine, sphingomyelin, and gan-
gliosides. Anti-phospholipid antibod-

ies of the IgM, IgA, and IgG families
were detected in all GBS patients but
in none of the controls. Phosphati-
dylinositol, cardiolipin, phosphati-
dylcholine, and phosphatidic acid
were the main antigens. All patients
developed anti-phosphatidylinositol
antibodies of the IgM family and
anti-cardiolipin antibodies of the IgA
and IgG families. A decrease in the
level of anti-phospholipid autoanti-
bodies was observed after 1 day of
treatment with y-globulin. Two days
after ending p-globulin administra-
tion the IgG antibodies increased
again. Conclusions: Our findings
suggest that in GBS there is an ex-
tensive immune reaction, which is
altered after y-globulin treatment.
Anti-cardiolipin and anti-phosphati-
dylinositol antibodies could be useful
markers for the response to treatment.

Keywords Guillain-Barré
syndrome - Demyelination -
Antiphospholipid antibodies -
Autoantibodies - y-Globulin

Introduction

Guillain-Barré syndrome (GBS) is a clinical entity char-
acterized by progressive areflexic weakness of more than
one limb with greatest progression in less than 4 weeks
[1]. There are many variants of GBS with more or less
regional involvement of the peripheral nervous system,
including paraparesis alone, ophthalmoplegia, pure sen-
sory GBS, pharyngeal-cervical-brachial paralysis, and
others. Although most patients have a good recovery,

overall mortality is about 5-10%, and more than one-half
retain some damage to their peripheral nervous system [1,
2, 3, 4].

Two forms of the syndrome’s pathology have been
described, the demyelinating and the axonal. The demy-
elinating form, the more common one, is characterized by
demyelination and inflammatory infiltrates of the pe-
ripheral nerves and roots. In the axonal form the nerves
show wallerian degeneration with absence of inflamma-
tion. Discrimination between axonal and demyelinating



Table 1 Demographic data of

patients with GBS (AIDP acute No. Age (years) Sex Form Intubation Symptom duration® Outcome
inflammatory demyelinating 1 65 F AIDP No 7 Alive
polyneuropathy) 2 37 M AIDP Yes 12 Alive

3 63 F AIDP Yes 6 Alive

4 76 F AIDP Yes 5 Alive

5 75 M AIDP No 8 Alive

6 60 F AIDP No 10 Alive

7 30 F AIDP Yes 15 Dead

8 65 M AIDP No 4 Alive

9 48 M AIDP Yes 7 Alive

# Days from initiation of symptoms until the first sampling day

forms relies mainly on electrophysiological methods.

There is a close association between GBS and a pre-
ceding infection, suggesting the immune basis of the
syndrome. The most common infections are due to
Cambylobacter jejuni, cytomegalovirus, and Epstein-Barr
virus [5, 6, 7, 8, 9, 10]. Approximately 15-50% of pa-
tients with GBS develop anti-gangliosidic antibodies [11,
12, 13, 14, 15]. These antibodies are targeted against a
wide range of glycolipids including GM1, GM1b, Gal-
NAc-GM1b, GDla, GalNAc-GDla, GD1b, 9-o-acetyl-
GMI1b, GD3;, GT1b, GQ1b LMI, galactocerebroside, and
sulfated glucuronyl paragloboside. The anti-GQ1b IgG
antibodies have been found to be associated with Miller-
Fisher syndrome, a variant of GBS. Lipopolysaccharides
of C. jejuni share structural similarity with epitopes in
gangliosides, and therefore a cross-reaction of the anti-
bodies against micro-organisms could recognize gangli-
osides of the nerves. This aspect of molecular mimicry
has extensively been investigated [6, 7, 8, 9, 10]. It is not
established, however, whether apart from gangliosides
other lipid antigens are also recognized as targets for
antibodies in GBS.

Autoimmune diseases such as graft-vs.-host disease,
systemic lupus erythematosus, scleroderma, and sicca
syndrome are sometimes associated with GBS [16]. Some
of these are also characterized by the presence of anti-
phospholipid antibodies. This relationship between the
above autoimmune diseases and GBS raises the question
of whether anti-phospholipid antibodies are encountered
in patients with the syndrome. To address this question
we investigated whether anti-phospholipid antibodies are
present in serum samples of GBS patients without known
autoimmunity disorders. Furthermore, we examined the
fluctuation in auto-antibodies to lipids in serum samples
of GBS patients in response to the course of the disease
and also the sequential modifications of titers during
treatment with p-globulin.

Materials and methods
Patients and protocol

The study included nine patients with the acute inflammatory de-
myelinating polyneuropathy type of GBS and nine postoperative
patients without neurological disease, matched in terms of in age,
sex and race with patients. Clinical and electrophysiological criteria
of GBS diagnosis were used [17]. The clinical criteria were: pro-
gressive motor weakness of more than one limb and areflexia. All
of our patients fulfilled the electrophysiological criteria of diag-
nosis for acute GBS demyelinating polyneuropathy: They had
motor nerve conduction velocities in at least three nerves (mostly
median, ulnar, and peroneal) less than 70% of the lower normal
limit, temporal dispersion of M wave and conduction block, mostly
in the ulnar nerve across the elbow, absent F waves, impersistence
and prolongation of these (70 ms and 85 ms, distal median). None
of our patients had spontaneous activity on the 3 weekly electro-
myographic examinations in the clinically weak limbs; therefore an
acute deterioration of a preexisting illness or an axonal form of
GBS was excluded.

Patients’ demographic data are shown in Table 1. Patients re-
ceived yp-globulin (IgG, Flebogamma 5%, Grifols, Can Guasch,
Barcelona, Spain) at a total dose of 2 g/kg administered on two
consecutive days after diagnosis (for review see [18]). Serum
samples were obtained before the infusion of y-globulin and on the
1st, 2nd, Sth, and 8th days. To investigate whether y-globulin in-
fusion affected the titers of the anti-phospholipid antibodies addi-
tional serum samples were obtained 1 h after the infusion on the 1st
and 2nd days. The variation in anti-phospholipid antibodies over
time was followed for 9 consecutive days in serum samples from
two patients.

The presence of anti-phospholipid antibodies of IgG, IgA, and
IgM families in the administered y-globulin (Flebogamma) was
also explored as a control. The dilution was made up to 1:300,
assuming that this corresponds to the final dilution of serum sam-
ples. Value equal to the absorbance of p-globulin was subtracted
from the corresponding value of absorbance of serum. Antibodies
against C. jejuni, Mycoplasma pneumoniae, cytomegalovirus, and
Epstein-Barr and other viruses were investigated.

The protocol was approved by the Ethics Committee of the
University Hospital of loannina, Greece, and the patients or the
next of kin gave an informed consent to the study.

Detection of anti-phospholipid autoantibodies

The presence of anti-lipid antibodies was investigated by enzyme-
linked immunosorbent assay in serum samples diluted 1:60, dilu-
tion in which none of the control group showed any positive anti-
body reaction. Phospholipids were coated on the microtiter plates at
a concentration of 5 pg/well. We investigated autoantibodies of the
IgM, IgA, and IgG families against phosphatidylcholine (PC),



Table 2 Number of patients who developed of IgM, IgA, and IgG
anti-phospholipid antibodies on the four sampling days on the four
sampling days (n=9) (PC phosphatidylcholine, PI phosphatidyl-
inositol, PS phosphatidylserine, PE phosphatidylethanolamine, PA
phosphatidic acid, PG phosphatidylglycerol; Sph sphingomyelin,
Gang gangliosides, CL cardiolipin, Total total number of patients
who developed the respective anti-phospholipid antibodies at least
once during the course of GBS, ND nondetectable)

IgM Ist 2nd 5th 8th Total
PC 0 0 0 0 0
PI 6 5 5 5 9
PS ND ND ND ND ND
PE 2 2 2 2 2
PA 2 2 3 3 3
PG ND ND ND ND ND
Sph ND ND ND ND ND
Gang ND ND ND ND ND
CL 3 2 2 3 4

IgA
PC 0 0 0 0 0
PI 3 3 5 3 6
PS ND 1 3 2 3
PE 1 1 3 2 2
PA 3 3 5 3 6
PG ND ND 2 ND 2
Sph 1 ND 2 ND 2
Gang ND ND 2 2 2
CL 7 6 5 6 9

IgG
pPC 1 3 1 1 4
PI 5 5 3 6 9
PS 2 2 6 3 6
PE 1 1 3 3 3
PA 1 3 6 3 7
PG 1 1 ND 2 2
Sph 1 3 ND 3 3
Gang 1 ND 2 3 4
CL 8 6 6 4 9

phosphatidylinositol (PI), phosphatidylglycerol (PG), phosphati-
dylserine (PS), phosphatidylethanolamine (PE), phosphatidic acid
(PA), sphingomyelin, cardiolipin (CL), and gangliosides (contain-
ing monosialoganglioside, GM1, ganglioside GT1B, and galacto-
cerebroside). This was by peroxidase/o-phenylene diamine/H,O,
reaction [19]. Absorbance was measured at 496 nm in an automated
microplate reader.

Dose response curve

To identify whether a specific antigen-antibody reaction occurs IgG
antibody binding was measured as a function of increasing PI
concentrations to determine the linear part of the curve. PI was
selected because anti-PI antibodies were detected in all patients
with GBS.

Statistical analysis

Data are presented as mean xstandard deviation. The four con-
secutive serum levels in the study group were compared by
Friedman’s test, which is the nonparametric equivalent of one-way
repeated-measures design. Correlations between values were ana-
lyzed by linear regression. The level of significance was defined as
a p value of less than 0.05.

12 - IgM

.
O

pd

< 038

o

O

)

D 04

0 T T T T T T T k

PC PI PS PE PA PG Sph Gang CL

Fig. 1 IgM anti-phospholipid antibodies in serum samples from
each patient obtained in different dates. Antibodies were measured
by enzyme-linked immunosorbent assay in triplicate samples.
Columns Mean absorbance +standard deviation; different columns
serum samples obtained on the 1st, 2nd, 5th, and 8th days. PC
Phosphatidylcholine; PI phosphatidylinositol; PS phosphatidylse-
rine; PE phosphatidylethanolamine; PA phosphatidic acid; PG
phosphatidylglycerol; Sph sphingomyelin; Gang gangliosides; CL
cardiolipin

Results

Patient data

Antibodies against C. jejuni and cytomegalovirus were
negative; in one patient antibodies against Epstein-Barr
virus and in another one antibodies against M. pneumo-
niae were detected. In serum samples (diluted 1:60) from
patients with GBS we detected anti-phospholipid au-
toantibodies (Table 2, Figs. 1, 2, 3) but in none of the
controls. The mean absorbance values and standard de-
viations representing the antibodies concentrations are
shown in Table 3. There was no significant difference in
the presence or the titers of antibodies between intubated
and nonintubated patients, men and women, or survivors
and nonsurvivors.

IgM autoantibodies

We detected anti-PI, anti-PE, anti-PA, and anti-CL anti-
bodies of the IgM family. The highest response was ob-
served for anti-PI antibodies (Fig. 1). Furthermore, we
found that all nine of the patients developed IgM anti-PI
antibodies during the course of the disease: four (44.5%)
anti-CL, three (33.3%) anti-PA, and two (22.2%) anti-PE
antibodies (Table 2). Seven patients developed IgM an-
tibodies, at least against one phospholipid tested, in the
first or second sample and two patients in the third or
fourth sample. Five patients had detectable IgM anti-
bodies levels against PI at all four sampling times.
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Fig. 2 IgA anti-phospholipid antibodies in serum samples from
each patient obtained in different dates. Antibodies were measured
by enzyme-linked immunosorbent assay in triplicate samples.
Columns Mean absorbance +standard deviation; different columns
serum samples obtained on the Ist, 2nd, 5th, and 8th days. PC
Phosphatidylcholine; PI phosphatidylinositol; PS phosphatidylse-
rine; PE phosphatidylethanolamine; PA phosphatidic acid; PG
phosphatidylglycerol; Sph sphingomyelin; Gang gangliosides; CL
cardiolipin

IgA autoantibodies

We detected anti-phospholipid antibodies against all the
examined phospholipids. The highest response was ob-
served for anti-PI antibodies. The levels of anti-PI anti-
bodies of the first sample of the patients were signifi-
cantly higher than those of the second, third, and fourth
ones (p<0.01; Fig. 2). All nine patients developed IgA
anti-CL antibodies during the course of the disease; six
(67%) IgA anti-PI and anti-PA antibodies, two (22%)
anti-PE, anti-PG, anti-sphingomyelin, and anti-ganglio-
side antibodies, three (33%) anti-PS antibodies, and two
(22%) anti-PC antibodies (Table 2). Eight of the nine
patients developed IgA antibodies, at least against one
phospholipid, in the first or second sample, and one pa-
tient in the fourth sample. Five patients had detectable
IgA antibodies levels against CL at all four sampling
times.

IgG autoantibodies

We detected anti-phospholipid antibodies to all tested
phospholipids. The concentrations of all anti-phospho-
lipid antibodies in the first samples were significantly
higher than those in the second (p<0.01; Fig. 3). All pa-
tients nine (100%) developed IgG anti-PI and anti-CL
antibodies during the course of the disease; seven (78%)
IgG anti-PA, six (78%) IgG anti-PS, four (44%) anti-PC,
and anti-ganglioside, three (33%) anti-PE and anti-
sphingomyelin antibodies, and two (22%) anti-PG (Ta-
ble 2). Five patients developed IgG antibodies against PI
in the first sample and four in the third or fourth sample.
Eight patients developed IgG antibodies against CL in the

IgG
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Fig. 3 IgG anti-phospholipid antibodies in serum samples from
each patient obtained in different dates. Antibodies were measured
by enzyme-linked immunosorbent assay in triplicate samples.
Columns Mean absorbance +standard deviation; different columns
serum samples obtained on the 1st, 2nd, 5th, and 8th days. PC
Phosphatidylcholine; PI phosphatidylinositol; PS phosphatidylse-
rine; PE phosphatidylethanolamine; PA phosphatidic acid; PG
phosphatidylglycerol; Sph sphingomyelin; Gang gangliosides; CL
cardiolipin
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Fig. 4 Kinetics of IgG anti-phosphatidylinositol (PI) antibodies in
response to PI concentration. Serum samples from GBS patients
were diluted 1:60. Results represent mean values of three experi-
ments

first sample and one in the third sample. Three patients
had detectable IgG antibodies levels against PI and four
against CL at all four sampling times.

Dose response curve

The binding response of serum samples from GBS pa-
tients increased proportionally with PI concentrations
(R?=0.97; Fig. 4), confirming the specificity of the anti-
bodies to PL



Table 3 Mean absorbance

values of IgM, IgA, and IgG fst 2nd Sth 8th
anti-phospholipid antibodies on  IgA
the four sampling days (n=9) PC 0.05+0.01 0 0 0
(PC phosphatidylcholine, P/ PI 1.02+0.3 0.468+0.02 0.124+0.02 0.149+0.02
phosphatidylinositol, PS phos- PS 0 0.081+0.02 0.17+0.02 0.0660.007
phatidylserine, PE phosphati- PE 0.084+0.065 0.095+0.02 0.128+0.0 0.073+0.02
dylethanolamine, PA phospha- PA 0.181+0.042 0.107+0.02 0.134+0.07 0.13+0.019
tidic acid, PG phosphatidyl- PG 0 0 0 0.091+0.021
glycerol; Sph sphingomyelin, Sph 0.069 0.01x0.00 0.01x0.00 0.1110.019
Gang gangliosides, CL cardio- Gang 0.009+0.02 0.01+0.00 0.11x0.00 0.144+0.02
lipin, Total total number of CL 0.135+0.098 0.175+0.142 0.256+0.154 0.195+0.054
patients who developed the IgG
respective anti-phospholipid PC 0.09+0.01 0 0 0
antibodies at least once during PI 0.391+0.15 0.248+0.02 0.209+0.02 0.317+0.019
the course of GBS) PS 0.173+0.02 0.1+0.014 0.147+0.042 0.164+0.02
PE 0.320.02 0.151+0.02 0.29+0.019 0.228+0.018
PA 0.741+0.18 0.266+0.011 0.173x0.103 0.377+0.02
PG 0.18+0.022 0.112+0.021 0.01+0.017 0.077+0.018
Sph 0.385+0.019 0.153+0.065 0.01+0.00 0.152+0.02
Gang 0.172+0.02 0.01x0.00 0.058+0.02 0.052+0.02
CL 0.479+0.1 0.231+0.152 0.408+0.086 0.331+0.024
IegM
PC 0 0 0 0
PI 0.385+0.1 0.184+0.1 0.267+0.08 0.235+0.011
PS 0 0 0 0
PE 0.06+0.01 0.05+0.009 0.063+0.02 0.09+0.012
PA 0.3+0.02 0.207+0.021 0.127+0.018 0.113+0.02
PG 0 0 0 0
Sph 0 0 0 0
Gang 0 0 0 0
CL 0.17x0.021 0.165+0.028 0.111+0.019 0.091+0.21

Variation over time

The variation in IgG, IgA, and IgM anti-phospholipid
antibodies against PI during the course of the disease is
shown for two representative cases in Fig. 5. The levels of
all classes of anti-phospholipid antibodies were signifi-
cantly lower 1 day after the administration of y-globulin
than before administration (first day). The mean reduction
in IgG anti-PI antibodies was 42+28% (p<0.01) while that
of IgM and IgA anti-PI antibodies was 52+23% (p<0.01)
and 54+32% (p<0.01) respectively. The levels of IgM and
IgA anti-PI antibodies remained low for all the following
study period. However, the levels of IgG increased again
to the initial levels 2 days after the discontinuation of y-
globulin and then started to decrease again on the 9th day
(Fig. 5).

The initial effect of y-globulin in the level of antibodies to
phosphatidyl-choline, phosphatidyl-inositol, phosphatidic
acid and cardiolipin

The levels of IgG antibodies against PC, PI, PA, and CL
increased significantly 1 h after both doses of yp-globulin
(data not shown). This increase ranged from 20% to 38%
(p<0.05) compared to the levels before administration. In

contrast, no significant change was observed in the levels
of IgA or IgM anti-phospholipid antibodies.

Anti-phospholipid antibodies in y-globulin

The presence anti-phospholipid antibodies of IgG, IgA,
and IgM families were examined in a 1:300 p-globulin
dilution as a control. IgG anti-phospholipid antibodies
were detected only against PC, PI, and CL. No IgA or
IgM anti-phospholipid antibodies were detected in the y-
globulin solution. The relevant values were subtracted
from the serum samples.

Discussion

In our study we detected a wide range of anti-phospho-
lipid antibodies in patients with idiopathic GBS. All nine
GBS patients developed anti-phospholipid antibodies di-
rected against at least one lipid during the course of the
disease, whereas none of the controls demonstrated any
anti-phospholipid activity under our experimental condi-
tions. More striking is the fact that the IgG and IgM anti-
PI antibodies as well as IgA and IgG anti-CL antibodies
were detected in all patients at least in one sampling time.
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Fig. 5 Daily variation in anti-phosphatidylinositol (PI) anti-phos-
pholipid antibodies of the IgA, IgM, and IgG families in two rep-
resentative cases. D Sampling day

The linear relationship between absorbance (IgG
binding) and the coated PI confirms the specificity of the
antibodies detected towards this phospholipid. If this re-
lationship did not exist, the reaction could be due to other
nonspecific interactions generated even in the absence of
anti-PI antibodies. It should be noted that the concentra-
tion indicated represents the actual quantity of lipid
coating; it has been shown that under the conditions used
more than 95% of the lipid deposited remained attached
to the plate until the end of the test [20].

Many investigators [21, 22, 23] consider that anti-
phospholipid autoantibodies are targeted only against
anionic phospholipids (PA, PS, PG, PI, and especially
CL) but not to zwitterionic ones (PC, PE). Our results
confirm those of a previous study [24] which found that
these antibodies are directed against all the phospholipids,
including PE and PC.

The association of GBS and certain autoimmune dis-
eases, including systemic lupus erythematosus, is well
recognized [25]. High levels of anti-phospholipid anti-
bodies were expressed in a patient with lupuslike syn-
drome who also developed secondary GBS [26]. It is
thought that whenever polyneuropathy occurs in the
context of autoimmune diseases, mainly in systemic lupus

erythematosus, where anti-phospholipid activity already
exists, these antibodies can cross-react with phospholipids
and mediate damage in neural structures containing the
particular phospholipids [27]. It has been reported that
15% of patients with inflammatory demyelinating
polyradiculoneurophathy also suffer from autoimmune
diseases. Many studies have evaluated the clinical rele-
vance of the anti-phospholipid antibodies but with con-
flicting results [28, 29, 30].

In our study polyneuropathy should be considered as
primary since none of the patients suffered from any kind
of autoimmune disease, nor did any clinical or laboratory
findings indicate anti-phospholipid syndrome. Soon after
(1 h) the administration of p-globulin IgG antibodies to
PC, PI, PA, and CL were significantly increased. This
increase could be related to the antiphospholipid activity
in the infused y-globulin in which significant levels of
IgG anti-phospholipid antibodies were detected. This
finding is supported by those of other investigators who
found high levels of anti-phospholipids antibodies in
several commercial preparations of intravenous y-globu-
lin [25]. An increase in anti-phospholipid antibodies has
been reported after plasma-exchange treatment [31].
However, the authors did not give any explanation for this
phenomenon.

Interestingly, 1 day after the administration of y-
globulin the levels of anti-phospholipid antibodies were
significantly reduced. A possible interpretation is that p-
globulin blocked anti-phospholipid antibodies and thus
reduced or abolished their activity. Indeed, y-globulin
preparations exert activity against anti-phospholipid au-
toantibodies [18, 25]. The increase in IgG anti-phospho-
lipid antibodies 2 days after discontinuation of p-globulin
may indicate inefficient blocking of anti-phospholipid
antibodies by p-globulin. In this case a second infusion of
p-globulin should be justified, as some investigators have
suggested (for review see [18]). The most extensively
studied antibodies in GBS are those directed against a
number of different glycolipids. A large number of data
demonstrate anti-ganglioside antibodies in the acute phase
of GBS. In particular, anti-GQ1b antibodies are consis-
tently associated with the Miller-Fisher syndrome, a
variant of GBS [5]. However, other GBS variants show no
significant relationship between anti-ganglioside anti-
bodies and the clinical or electrophysiological findings. In
addition, the electrophysiological phenomenon of con-
duction blockage which has been attributed to these an-
tibodies has been debated (for review see [24]). In our
study we detected anti-ganglioside antibodies, mainly in
the IgG fraction, in 44.0% of patients. Our data are
compatible with those of other researchers [14].

It is not well understood whether these anti-phospho-
lipid antibodies play a role in the pathogenesis of the
polyneuropathy or represent a part of a more extensive
immunoreaction that takes place in the GBS. However,
immunopathology in autopsies suggests that antibody-



mediated injury is a predominant disorder in the demy-
elinating form of GBS [32]. The immune attack is di-
rected against components of Schwann cell membrane
and is accompanied by the characteristic feature of ve-
sicular demyelination [33, 34]. Therefore it is crucial to
investigate how anti-phospholipid antibodies are related
to specific antigens in Schwann cell membrane.

What is the prospective benefit of the anti-phospho-
lipid antibodies evaluation in the GBS even in the case of
their being an epiphenomenon? First, we could possibly
use anti-phospholipid antibodies as an early additional
marker of diagnostic significance given the fact that both
electromyographic techniques and cerebrospinal fluid
biochemical findings lag for days or even weeks in the

early diagnosis of the syndrome. Secondly, alteration in
anti-phospholipid antibodies titer could be of some
prognostic significance for GBS, as it may reflect the
response to treatment and indicate the need for a second
dose. Of note is that in our cases there was no relationship
between the presence of anti-phospholipid antibodies and
outcome, nor to the severity of the disease, probably due
to the limited number of patients and variety of GBS.
Therefore further research, with a larger number of pa-
tients with different GBS variants is required.

Our findings suggest that in GBS there is a more ex-
tensive immune reaction, beyond the well known anti-
ganglioside production, which has been related to the
demyelination of the peripheral nerves.
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