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A prospective study of acute idiopathic neuropathy.
III. Immunological studies
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SUMMARY The immune responses of 100 patients who presented with an acute idiopathic neuro-

pathy were compared with those of age and sex matched controls. Blood lymphocytes and their
subsets were counted with a fluorescent activated cell sorter. CD8 + (putative suppressor) lympho-
cytes were significantly reduced in the first week of the disease but total lymphocytes, total T and
CD4 + (putative helper) cells were not altered. This reduction depended on the nature of the
preceding infection. Serum complement C3 and C4 concentrations remained normal and immune
complexes were rarely detected with a Clq binding assay. Complement-fixing antibodies to human
peripheral nerve antigens were discovered in the serum of 7% of patients but only 1% of controls.
Complement-fixing antibodies to galactocerebroside were not discovered in any sera. Enzyme-
linked immunoassays detected increased antibody responses to galactocerebroside but none at all to
human P2 myelin protein in the patient sera. Forty u1 of serum from five patients injected into the
sciatic nerves of rats did not induce significantly more demyelination than the serum from control
patients. It is concluded that auto-immune responses can only be detected by these techniques in a

small minority of patients with acute idiopathic neuropathy.

The close histological resemblance between experi-
mental allergic neuritis (EAN) and the Guillain-Barre
syndrome (GBS) suggests a common auto-immune
pathogenesis. The major antigen responsible for
inducing EAN is a basic myelin protein, P2, MW
15000 D, which is located predominantly in the
myelin of the peripheral rather than central nervous
system.1-3 EAN can be transferred with lymph node
cells"4 or a CD4+ T cell line.5 Cell-mediated
immune mechanisms are important in pathogenesis
because the development of EAN is inhibited by
procedures which deplete T cells6 but antibodies to P2
can readily be detected in the blood of rats and
rabbits with EAN.34 Of other myelin components
which might induce an auto-immune response the
most studied is galactocerebroside; rabbits immu-
nised with this glycolipid develop a demyelinating
neuropathy, lacking the perivascular lymphocyte
infiltration of EAN and GBS, probably owing to
complement-fixing antibodies directed against
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galactocerebroside on the Schwann cell surface or in
the myelin membrane.7 The serum of animals with
EAN contains factors which induce demyelination in
tissue culture or in vivo when injected into rat sciatic
nerve.8 9

Previous investigations of autoimmune responses
in GBS have not established the presence of immune
responses similar to those in EAN.'0 ' We have
taken advantage of a case-controlled prospective
study of 100 patients with acute idiopathic
neuropathy who were thought on presentation to
have GBS to seek evidence of auto-immune responses
to nerve antigens. We have also reexamined the
disputed question whether blood lymphocyte
subpopulations are perturbed1 2 13 and investigated
the possible involvement of immune complexes and
complement.

Methods

Patients Patients with acute idiopathic neuropathy were
recruited in a prospective study in South-East England
during 1983 and 1984. Diagnostic criteria at entry to the
study fulfilled those promulgated by an ad hoc committee of
the NINCDS"4 for Guillain-Barre syndrome: progressive
weakness of two or more limbs due to peripheral neuro-
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pathy, reduced or absent tendon reflexes, and absence of
toxic or other recognised cause. Three of these patients
subsequently pursued a course more in keeping with a
chronic progressive or relapsing neuropathy. Clinical details
have been described in a preceding publication.15 There
were 63 males and 37 females aged between 2 and 79 years.
Venous blood samples were collected between 1 and 59 days
after the onset of symptoms. Further samples were collected
about 3 weeks later. Each patient was matched with a hospi-
tal control of the same sex and within 10 years of the same
age. Hospital controls were patients admitted to hospital for
minor general surgery, (76) cervical spondylotic radi-
culopathy, (8) or lumbar disc disease. (16)
Lymphocyte subpopulations The total venous blood
lymphocyte concentration was deduced from the total white
cell count measured with a Coulter counter and the
percentage of lymphocytes in a blood film. Blood mono-
nuclear cells were separated on a ficoll-triosil gradient and
stored in liquid nitrogen. The lymphocyte subpopulations of
coded aliquots were estimated with an Ortho flow cytometer
and the Becton-Dickinson monoclonal antibodies, Leu 4
(pan T cell marker), Leu 3 (CD4 + lymphocytes), and
Leu 2 (CD8 + lymphocytes). The coefficient of variation in
replicate assays was 3-9-63%.
Immunoglobuiins, complement and immune complexes
Serum was separated within 6 hours of collection and stored
at -70°C. Immunoglobulins were measured by tur-
bidometry with antisera to IgG, IgA and IgM. The normal
ranges (mean, + 2 SD) of 95 healthy blood donors were for
IgG 9 0-18-5 g/l, for IgA 0-8-46 g/l and for IgM 04-3 0 g/l.
Concentrations of complement components C3 and C4 were
measured in the serum by radial immunodiffusion and
expressed as a percentage of normal human pooled serum.
Total haemolytic activity was assayed by adding serum to an
agarose plate containing a standard quantity of sheep red
cells sensitised with rabbit anti-sheep red cell antibody.
Circulating soluble immune complexes were sought with a
radioiodinated Clq binding assay.16 Samples were frozen
and thawed only once.
Complement-fixing antibodies Serum stored at - 20°C was
tested in a microcomplement fixation assay with three min-
imum haemolytic doses of guinea-pig complement against
homogenates of human and rabbit sciatic nerve, human
optic nerve and galactocerebroside as previously
described. 7
Enzyme-linked immunoassay The enzyme-linked immuno-
absorbent assay (ELISA) against galactocerebroside was
carried out as previously described. 7 For the ELISA
against P2, a "sandwich" technique was used. The wells of
microtitre plates were incubated with affinity purified rabbit
anti-bovine-P2 antibody, washed, incubated with 100 ng
human P2, and then washed with 0-5% gelatin to reduce
non-specific binding. The wells were incubated with test
human sera in serial dilutions from 1:30-1:810 for 2 hours at
4°C. Binding was identified with Dako antihuman y and u
chain serum conjugated with peroxidase and developed with
o-phenylene diamine. The intensity of the colour developed
was measured at 490 nm with a Titertek multiscan micro-
elisareader.
Histochemical detection of antibodies to nerve antigens
Antibodies to nerve antigens were sought by an indirect
immunoperoxidase test with fixed cryostat cut sections of rat

sciatic nerve. Sections were fixed with formalin-alcohol for
screening for anti-myelin antibodies and acetone for anti-
axonal antibodies. Positive results were identified with
peroxidase conjugated rabbit antiserum to human IgM, G
and A (Dako) diluted 1:20.
Intraneural injections ofserum Sera were selected from five
severely affected patients in the first week of GBS. Patient
serum (40 p1) was injected into one and the same amount of
control serum into the other sciatic nerve with a 30 gauge
needle and micromanipulator.'8 Sera were coded before
injection and five nerves were injected with each serum. Six
days later the rates were perfused with 2 5% glutaraldehyde
and the demyelinated fibres in transverse lt toluidine blue
stained sections were counted at x 500 magnification with
the aid of a graticule.
Statistical methods Differences between two proportions
were tested for significance by Fisher's exact test or x2 tests
where appropriate. Differences between pairs of means were
tested with Student's t test and Dunnett's test was used to
compare several means with a single control group.

Results

Blood lymphocytes and subpopulations Total blood
lymphocyte and lymphocyte subset counts were
normal in most patients with GBS (fig 1). However,
nine of 71 patients and two of 34 hospital controls had
lymphocyte counts less than two standard deviations
below the mean of the healthy blood donors. Similarly
T lymphocytes (fig lb) were reduced more than two
standard deviations below the healthy blood donor
values in 10 patients and only four hospital controls,
CD4+ lymphocytes (fig lc) in 11 patients and four
hospital controls and CD8 + lymphocytes (fig ld) in
two patients and one control. None of these propor-
tions is significantly different. The frequency of
increased counts of concentrations of lymphocytes
and their subsets was similar in the GBS patients and
hospital controls. When the lymphocyte counts were
analysed related to the interval after onset of neuro-
pathy the only significant feature was that the CD8 +
lymphocyte numbers were lower in those GBS
patients who were studied in the first week of the
disease than in the healthy blood donors (Dunnett's
test p < 0 01 fig ld).
The lymphocyte results were compared in the sub-

groups of patients in which recent cytomegalovirus
(CMV) or campylobacter infection had been
identified serologically."9 Cytomegalovirus infection
was associated with a reduction in blood CD4 + lym-
phocytes while the number of CD8 + cells was not
significantly different from that in healthy controls
(table 1). In contrast the mean CD8 + lymphocyte
count was lower in patients developing GBS following
campylobacter infection and in GBS patients without
evidence of infection with either campylobacter or
CMV than in healthy controls (table 1). The patients
who were still so disabled that they were incapable of
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Fig 1 Blood lymphocyte and subset numbers among GBS patients, hospital controls and healthy blood donors. (a) Total

lymphocyte counts, (b) CD3 positive cells, (c) CD4 positive cells, (d) CD8 positive cells according to time ofsampling
(early < 7 days after onset of neuropathy, late-8 days or greater).
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Table 1 Numbers of lymphocyte subsets in the blood ofpatients with GBS subdivided according to the serological evidence of
recent infection (means SE)

GBS patients

Positive campylobacter Positive CMV Healthy blood
serology serology Remainder donors

Number of patients 11 8 50 27

CD8+ /g.l 266 (51) 310 (27) 265 (23)* 345 (29)
CD4+ /jsl 661 (121) 362 (85)t 561 (36) 570 (30)
CD3+ /j1 898 (121) 737 (70) 881 (55) 983 (48)
Total lymphocytes/gl 1549 (233) 1252 (160) 1399 (97) 1470 (72)

*p< 01I Dunnett's test.
tp < 001 Dunnett's test.

manual work after one year had slightly lower CD8 +
lymphocyte counts in the acute stage (mean, SD 213
138/.tl) than those who made a good recovery (290,
160/jsl) (p = 0 05, Student's t test).

Immunoglobulin and complement and immune
complexes Serum IgG concentrations were
increased above the normal range in 17/100 GBS
patients but also in 15/100 hospital controls and the
mean concentrations, SD were not significantly
different, being 14 50, 6 00 g/l in the patients and
14 83, 5-83 g/l in the controls. Serum IgA concen-
trations were increased above the normal range in
23/100 patients compared with 13/100 controls (p =
01) and the mean concentration (3-64, 1 54 g/l) was
slightly but not significantly greater than in controls
(3 39, 175 g/l). Serum IgM concentrations were
increased above normal in 21 patients compared with
11 controls (p = 0 08) and the mean concentration
(2 28, 1 23 g/l) was slightly greater than in controls
(1-88, 090 g/1).
The mean serum C3 (142, SD 35) and C4 (154, SD

41) concentrations ofGBS patients and matched hos-
pital controls (132, SD 36 and 141, SD 48) were higher
than those of healthy controls (99, SD 27 and 96, SD
25 respectively). No individual GBS patient had low
C3 or C4 concentrations suggestive of complement
consumption. No correlation was discovered between
outcome or recent campylobacter or cytomegalovirus
infection and the concentrations of C3 or C4. Con-
centrations of C3 tended to fall with increasing time
(r = -0 19 p < 0 05) from onset of the neuropathy
whereas the C4 concentrations did not alter
significantly. Seven of 76 GBS patients and four of 62
hospital controls had diminished serum total hae-
molytic complement activity which was severely
diminished in one of each group. Only three patients
had serum Clq binding levels exceeding the mean of
the hospital controls by more than two standard devi-
ations suggesting the presence of immune complexes.
These three were all among the 11 who had serological
evidence of recent CMV infection.

Autoantibodies to nerve Complement fixing anti-
bodies to nerve antigens were detected in 7-11% of
patients with GBS, significantly more frequently than
in controls (table 2). The highest titre at which a pos-
itive result was obtained was 1:512. The enzyme linked
immunoassay for antibodies to galactocerebroside
gave higher results in the serum from GBS patients
than control subjects (fig 2). Thirty four per cent of
patients compared with 17% of control sera had
ELISA antibody exceeding 0 5 absorbance units (p <
0-05). No association existed between the presence of
complement fixing antibodies to nerve antigens or
antibodies to galactocerebroside detected by ELISA
and outcome at 3 or 12 months, peak disability,
duration of neuropathy or serological evidence of
infection with campylobacter or cytomegalovirus.

Table 2 Numbers of subjects with increased complement
fixing antibody titres to nerve antigens

Controls GBS

Human sciatic nerve 1 7
Human optic nerve 2 11 *
Rabbit sciatic nerve 0 7*
Galactocerebroside 0 0

*p < 0-05

u5

as 25-
:E
u 20-

2 15-

10-

5

0

* Patients (100)
O Controls (100)

0.10 0.20 0.30 0.40 050 0.60 0.70 080 090 1.00
ELISA values

Fig 2 Antibodies to galactocerebroside detected by ELISA
in GBS patients and controls.
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Sera from 10 patients with severe GBS within the

first 5 days of the illness and from 10 with severe GBS
in the second month of the illness were tested for
antibodies to P2 with the ELISA but none gave read-
ings higher than the sera from the matched controls.
With the indirect immunoperoxidase test for anti-
bodies to nerve antigens, more sera from GBS patients
than controls reacted with myelin (7/58 compared
with 1/58, p = 0 06) and axons (9/58 compared with
2/58, p = 0 05) at titres of > 1:20.

Intraneural injection of serum into rat sciatic nerves
There was no qualitative or quantitative difference in
the morphological appearances of the nerves injected
with GBS as compared with control serum. In the
nerves injected with GBS serum between 0 and 129
(median 15) nerve fibres were demyelinated. In those
injected with control serum between 0 and 130
(median 24).

Discussion

This study confirms our previous finding of reduced
numbers of CD8 + lymphocytes in the peripheral
blood of some patients with GBS'2 and extends the
previous report by showing that the reduction was
more marked during the first week of the disease and
depended on the nature of the preceding infection.
The CD8 + lymphocytes were reduced in the blood of
those patients who had serological evidence of recent
campylobacter infection. By contrast the CD8 + lym-
phocytes were slightly increased and the CD4+ cells
reduced in the blood of patients with recent CMV
infection, which are the usual changes observed in
acute CMV infection not complicated by GBS.20 The
conclusion that the concentrations of lympho-
cyte subset populations in the blood depend on the
preceding infection offers an explanation of the
discrepant observations concerning lymphocyte
subpopulations in smaller series of GBS
patients. 12 13 21 In those patients who have decreased
blood CD8 + cells, the decrease might be caused by
increased lysis possibly by cytotoxic antibodies
against antigens shared by Schwann cells or myelin
and CD8 + cells, or sequestration of CD8 + cells in
the inflammatory lesions in nerves or roots or in lym-
phoid organs, or modulation of CD8 antigen expres-
sion on the cell surface.
The functional significance of the reduction in

blood CD8 + cells is uncertain; it might contribute to
a reduction in the normal level of T cell suppression
and so release auto-immune mechanisms. Clinical
observation makes this unlikely since GBS, and
progressive multiple sclerosis in which the same phe-
nomenon is observed, are not frequently accompanied
by the wide range of auto-immune phenomena which

might be expected from this hypothesis. A specific loss
of T suppressor cells regulating only anti-myelin
responses would be unlikely to alter total CD8 +
numbers significantly. The data suggested a
relationship between CD8 + cell numbers and out-
come in that the CD8 + cell numbers in the acute
stage were lower in patients who were left disabled
than in those who went on to recover fully.
Our finding of normal or increased serum C3 and

C4 concentrations agrees with the one previous
report." We were surprised not to identify immune
complexes by the Clq binding assay in the serum of
patients with GBS since immune complexes have been
identified by a test for inhibition of K cell killing,23 by
Raji cell assay24 and by Clq binding.25 The three
patients in whose serum immune complexes were
identified had serological evidence of recent CMV
infection.
We only identified complement fixing antibodies to

nerve antigens in a small proportion of sera from GBS
patients. These results are similar to those which we
reported in a retrospective series of 17 patients with
GBS'7 and contrast with our own finding of the high
incidence of complement-fixing antibodies to myelin
present in high titre in the serum of patients with IgM
kappa monoclonal gammopathy of undetermined
significance and demyelinating neuropathy.26 Ryberg
and colleagues27 reported a somewhat higher propor-
tion of GBS sera reacting with nerve homogenate in
a complement fixation test 7/18 in the first 3 weeks,
4/11 in weeks 4-8 and 0/8 after 8 weeks. While this
study was in progress Koski and colleagues28 29
reported that complement-fixing antibodies to myelin
can be detected in low titre in the serum of patients
with GBS in the first week of the disease but that the
titre diminishes rapidly during the next 3 weeks. Their
technique detects the binding ofClq and is reported to
overcome the problem of anti-complementary activity
which prevents the reliable detection of low titres of
antibody with our conventional complement fixation
test and might account for the difference between our
results.

As in our previous smaller study'7 complement
fixing antibodies to galactocerebroside were absent
but the GBS sera reacted more strongly with galac-
tocerebroside than hospital control sera in the ELISA
test. These results do not favour a role for anti-
galactocerebroside antibody in GBS since the serum
of rabbits with demyelinating neuropathy after immu-
nisation with galactocerebroside has high com-
plement fixing antibody titres to that antigen.7

In our previous study'7 we could only identify anti-
bodies to bovine P2 in one of 17 sera from patients
with GBS by an assay in which radioactively labelled
P2 is precipitated by any antibody present in the test
serum, a test which is positive during actively induced
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EAN in Lewis rats. Zweiman et al30 were only able to
identify antibodies to P2 by an ELISA technique in
one of 19 GBS patients. In the present study we
modified the ELISA by fixing the P2 to the test using
polyclonal anti P2 antiserum to present P2 to the test
sera in the hope of presenting a greater variety of P2
epitopes than are accessible with P2 bound directly to
ELISA plates. We still failed to identify any positive
sera despite selecting sera from severely affected
patients in acute and convalescent stages. In a further
attempt to detect an immune response we repeated the
plaque forming cell assay of Luijten and colleagues.3'
Those authors cultured lymphocytes from the blood
of patients with GBS in the presence of human P2 and
showed that some of these lymphocytes in the pres-
ence of complement would lyse sheep red cells coated
with P2 so as to form a "plaque". In tests on five GBS
patients and five controls we found that as many
plaques were formed by the control as the patient
lymphocytes and that the same result could be
obtained with a control antigen, calf thymus histone,
as with P2.
The detection of antibodies to nerve antigens by the

indirect immunoperoxidase test is made more difficult
because myelin possesses Fc receptors which cause
false positive reactions. Using the conservative crite-
rion of a positive reaction at a 1/40 serum dilution we
found that sera from a small number of GBS patients
contained antibodies against myelin or axons. It was
notable that all of the six sera which had serological
evidence of recent CMV infection and were tested for
antiaxonal antibodies gave positive results. The
responsible antigen has not been identified.
Our failure to identify a significant demyelinating

effect following injection of serum from patient with
acute severe GBS into rat sciatic nerve has to be con-
sidered in the context of a conflicting literature.32 -34
Although the injection of large amounts of fresh GBS
serum into rat sciatic nerve does cause more demy-
elination that control serum, this effect has to be inter-
preted when superimposed on the artefact of injecting
large amounts of protein rich fluid into a small
protein-poor endoneurial space. The effect is lost if the
serum is frozen and then thawed33 which would
explain why we failed to identify any significant effect,
and which militates against the effect being due to a
conventional antibody.
Although our investigation has failed to identify a

specific auto-immune response we consider that the
antibodies which we have demonstrated in a small
proportion of patients may be the footprints of a more
important auto-immune reaction. We are interested in
the recent report that Geczy et at35 have identified
cell-mediated immunity to P2 in GBS with a sensitive
in vitro test. P2 has a structure which is highly con-
formationally dependent so that negative results may

have been caused by loss of the appropriate epitope,
which would be more likely to be important in
detecting antibody than cell-mediated immunity since
antibody recognition depends on tertiary and T cell
recognition mainly on secondary structure.36 It is also
possible that other antigens, including P0 which we
have recently shown to be capable of inducing
EAN,37 are important and the responsible antigen(s)
vary from patient to patient.

JBW was a Williams research fellow of the University
of London. We thank the Multiple Sclerosis Society of
Great Britain and Medical Research Council for
financial support and Mrs Sheila Button for typing
the manuscript.
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