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Summary. Cerebrospinal fluid (CSF) and serum IgG and 
IgM antibodies to seven gangliosides were determined in 
patients with neuroborreliosis (NB) (n = 20), Guillain- 
Barr6 syndrome (GBS) (n = 13), and chronic inflamma- 
tory demyelinating polyradiculoneuropathy (CIDP) (n = 
10). The incidence of elevated antibodies was highest in 
NB and lowest in CIDP. Correlation between CSF and 
serum antibodies was only observed for IgG antibodies 
to GM1, G D l b  and G T l b  in GBS. The strong IgM anti- 
body reactivity to gangliosides in the CSF of NB patients 
may be involved in the variety of neurological disorders 
attributed to Borrelia burgdorferi infection. Since one 
CIDP and three GBS patients had serologic evidence of 
prior or concurrent  borrelia infection, this infection may 
belong to the infections that can trigger GBS or CIDP. 
The lack of specific ganglioside antibody patterns in 
these four patients suggests that ganglioside antibodies 
are not the link between Borrelia burgdorferi infection 
and the demyelination of peripheral nerves in GBS and 
CIDP. 
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mann 1973; Ackermann 1976; Kristoferitsch et al. 1983; 
Pfister et al. 1984; Pachner et al. 1985; Schmidt and Ac- 
kermann 1985), encephalopathy (Halperin et al. 1989, 
Pachner et al. 1989), motor  neuron disease (Halperin et 
al. 1990), and Guillian-Barr6 syndrome (GBS) (Bouma 
et al. 1989; Mancardi et al. 1989; L6pez de Munain et al. 
1990). Some neurological complications of borreliosis 
have been attributed to autoimmune mechanisms trig- 
gered by the infection (Sign and Tatum 1988; Pachner et 
al. 1989). Since the putative autoimmune etiology of 
GBS includes serum antibodies to gangliosides (Ilyas et 
al. 1988, 1991, 1992a, b; Gregson et al. 1991; Van den 
Berg et al. 1992), we have studied the incidence of ele- 
vated antibodies to several gangliosides in the cerebro- 
spinal fluid (CSF) and serum of patients with typical neu- 
roborreliosis (NB) (meningopolyradiculomyelitis Garin- 
Bujadoux-Bannwarth),  as well as patients with GBS or 
chronic inflammatory demyelinating polyradiculoneuro- 
pathy (CIDP). Specifically, we sought to identify auto- 
immune phenomena in NB and tested the hypothesis 
that ganglioside antibodies are responsible for the partial 
clinical overlap between NB, GBS und CIDP. 

Introduction 

Infection with the spirochete, Borrelia burgdorferi, has 
been associated with a variety of neurological disorders 
including the classical meningopolyradiculomyelitis of 
Garin-Bujadoux and Bannwarth (H6rstrup and Acker- 
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Material and Methods 

We studied CSF and serum samples of patients with NB (n = 20), 
GBS (n = 13), and CIDP (n = 10), who were diagnosed and treat- 
ed at the University Department of Neurology, Tiibingen, Ger- 
many. The diagnosis of NB was established as previously described 
(Weller et al. 1991b). The NB patients included in this study repre- 
sent the typical type of acute neuroborreliosis Garin-Bujadoux- 
Bannwarth: all patients had cervicobrachial or thoracolumbar 
polyradiculoneuritie syndromes of acute onset, 6 had a peripheral 
facial nerve palsy. In addition to this classical clinical presentation, 
detection of specific CSF and serum antibodies to Borrelia burg- 
dorferi, performed at the Max yon Pettenkofer Institute, Munich, 
Germany (Wilske et al. 1986), was required to be included in this 
study. GBS and CIDP patients fulfilled standard diagnostic criteria 



(Asbury et al. 1978; Barohn et al. 1989). The CSF and blood sam- 
ples were obtained prior to antimicrobial or antiinflammatory 
pharmacotherapy. The time interval between the onset of symp- 
toms and the lumbar punctures in the NB patients varied between 
4 and 19 days. 

Total CSF and serum IgM and IgG and the presence of oligo- 
clonal bands on isoelectric focusing gels were determined as previ- 
ously described (Weller et al. 1991a, b). Antibodies to gangliosides 
GM1, GM2, GM3, AGM1,  G D l a ,  G D l b ,  and G T l b  (Sigma, St. 
Louis, MO, USA) in CSF and serum were determined by enzyme- 
linked immunoadsorbent assay (ELISA) according to modified 
standard procedures (Marcus et al. 1989; Weller et al. in press, 
Stevens et al. in press). Correlation of the ELISA findings with 
ganglioside antigen recognition on thin layer chromatography of 
purified ganglioside antigens (Sigma, St. Louis, MO, USA) served 
as a control for assay specificity. 

Serum samples were diluted 1 : 50 in phosphate-buffered saline 
(PBS) for the ELISA assay. Initially, we used a standardized CSF 
dilution of 1 : 5 in PBS. This approach was later discontinued since 
there was an obvious effect of the total amount of immunoglobulin 
in the CSF on the optical density (OD) readings, possibly indicat- 
ing an increased non-specific binding in samples with increased 
IgG or IgM. This made a comparison between different patients 
and different disorders very difficult. Although a standardized 
CSF dilution compares the actual in vivo biochemistry better than 
any normalized dilution and reflects the real amount of putatively 
damaging antibodies in the subarachnoid space, it does not contri- 
bute to a differentiation of plasma exudation versus intrathecal im- 
munoglobulin synthesis. Since blood-brain barrier dysfunction is a 
hallmark of GBS, CIDP, and NB, we then decided to adjust the 
CSF to an IgG concentration of 5 mg/1 in PBS to estimate the rela- 
tive amount of ganglioside reactive antibodies in the CSF. A simi- 
lar adjustment was not necessary for the serum samples since serum 
IgG and IgM did not differ between the three disorders and con- 
trols. This approach will help to identify differences between CSF 
and serum antibodies and may indicate intrathecal immunoglobu- 
lin synthesis. 

An alternative and possibly even superior approach not pur- 
sued in this study would have been a normalization according to 
the ratios of CSF versus serum albumin as an indicator of blood 
brain barrier dysfunction. In the case of NB, GBS, and CIDP, the 
approaches of normalizing CSF IgG or CSF/serum albumin ratios 
yield very similar results since the contribution of intrathecal IgG 
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synthesis to total CSF IgG according to Reiber and Felgenhauer 
(1987) has been estimated to be only 16% in NB, 0% in GBS, and 
4% in CIDP (Weller et al. 1991b). The results provided below and 
in the tables are those obtained after normalization of CSF IgG to 
5 mg/1. 

The samples were incubated in triplicate for 24 hours at 4~ in 
micro-ELISA plates (M129A Dynatech, Denkendorf, Germany) 
precoated with purified ganglioside antigen (150 ng/well) dissolved 
in pure methanol and evaporated at room temperature. Protein 
binding sites in the plastic wells were blocked by 0.1% bovine 
serum albumin in PBS prior to the incubation of CSF or serum 
samples. IgG and IgM ganglioside antibodies bound to the ELISA 
plate were labeled using anti-human IgG (Sigma A-5403) and anti- 
human IgM (Sigma A-3914) alkaline phosphatase (AP) conjugate 
diluted 1 : 1000 in PBS. AP activity was measured colorimetrically 
by conversion of p-nitrophenyl phosphate in an automated ELISA 
reader (Flow, Meckenheim, Germany). Differentiation of mono- 
clonal and polyclonal IgM antibodies was performed as previously 
outlined (Weller et al. in press). 

Seven internal controls were included in each run. These were 
either serum samples from healthy volunteers or CSF samples 
from patients with suspected but eventually disproven neurological 
disease. We calculated normalized OD readings defined as ratios 
of patient OD over the mean OD of the seven internal controls. 
Elevated OD readings were defined as OD readings above the 
confidence interval for P < 0.03. The data obtained from the NB, 
GBS, and CIDP patients were compared with a control group of 
patients (n = 24) with other non-inflammatory neurological dis- 
eases including normal pressure hydrocephalus (n = 6), senile de- 
mentia (n = 5), or with suspected but eventually disproven neuro- 
logical disease (n = 13). Ganglioside antibodies in these 24 patients 
did not differ from the above-mentioned seven internal controls. 
Statistical analysis included A N O V A  and multiple linear correla- 
tion analysis. 

Results 

T h e  n o r m a l i z e d  O D  r e a d i n g s  fo r  C S F  g a n g l i o s i d e  ant i -  
b o d i e s  in t h e  t h r e e  d i s o r d e r s  and  in t h e  c o n t r o l  g r o u p  a re  
p r e s e n t e d  in T a b l e  1. T h e  i n c i d e n c e  o f  e l e v a t e d  C S F  a n d  
s e r u m  a n t i b o d i e s  is g i v e n  in T a b l e  2. A l l  e l e v a t e d  I g M  

Table 1. Mean CSF IgG and IgM nor- 
malized OD readings and standard error of 
the mean (SEM) to seven gangliosides in 
NB, CBS, CIDP and in controls 

NB GBS CIDP Controls 
(n = 20) (n = 13) (n = 10) (n = 24) 

GM1 IgG 1.10 _+ 0.04 1.46 _+ 0.20 a 0.98 -4- 0.07 1.00 • 0.15 
GM1 IgM 1.25 _+ 0.07 ~'c 1.13 + 0.04 a,d 1.03 + 0~04 1.06 _+ 0.15 

GM2 IgG 1.04 _+ 0.04 1.03 + 0.04 1.02 _-4- 0.08 1.04 _+ 0.11 

GM2 IgM 1.39 • 0.04 a'c 1.14 + 0.05 a 1.04 + 0.03 1.00 _+ 0.14 

GM3 IgG 1.21 + 0.04 a 1.34 _+ 0.07 a 1.21 + 0.08 1.00 + 0.11 

GM3 IgM 1.56 + 0.07 a' c 1.32 + 0.09 a 1.09 + 0.06 1.00 _+ 0.11 

AGM1 IgG 1.17 _+ 0.05" 1.30 • 0.21 a 1.10 _+ 0.06 0.99 4- 0.14 

AGM1 IgM 1.21 _+ 0.05 a'c 1.00 _+ 0.01 1.05 + 0.03 0.99 _ 0.06 

G D l a  IgG 1.19 _+ 0.04 a 1.00 + 0.03 1.05 + 0.08 1.01 _+ 0.12 

G D l a  IgM 1.35 + 0.06 ~-c 1.02 + 0.03 0.94 + 0.04 0.98 + 0.08 

G D l b  IgG 1.12 + 0.03 1.00 + 0.05 1.06 + 0.07 1.00 __+ 0.12 

G D l b  IgM 1.24 _+ 0.05 ~'c 1.10 _+ 0.02 a 1.03 _+ 0.03 1.00 __ 0.06 
G T l b  IgG 1.07 + 0.04 1.14 __, 0.04 a 1.18 + 0.07 a 1.00 _+ 0.13 

G T l b  IgM 1.29 + 0.05 a-c 1.10 • 0.04 1.13 -t- 0.04 a 1.00 • 0.10 

a Indicates a significant difference between any of the three disorders and controls, 
b between NB and GBS, 
c between NB and CIDP, and 
d between GBS and CIDP 
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Table 2. Incidence of elevated IgG and IgM ganglioside antibodies 
in CSF and serum of NB (n =20), GBS (n = 13), and CIDP 
(n = 10) patients 

NB GBS CIDP 

CSF Serum CSF Serum CSF Serum 

GM1 IgG 4 3 5 2 2 1 
GM1 IgM 5 2 3 0 0 2 
GM2 IgG 7 3 0 0 1 1 
GM2 IgM 5 1 4 0 0 1 
GM3 IgG 11 4 8 0 3 3 
GM3 IgM 16 2 7 1 2 1 
AGM1 IgG 4 1 3 2 1 1 
AGM1 IgM 14 2 0 0 0 1 
GDla IgG 14 3 0 1 t 1 
GDla IgM 14 1 2 0 0 1 
GDlb IgG 7 2 1 2 1 3 
GDlb IgM 6 2 0 1 0 1 
GT1 b IgG 2 2 2 1 3 1 
GTlb IgM 8 3 2 0 2 1 

Table 3. Clinical and laboratory data in four patients seropositive 
for Borrelia burgdorferi infection. All patients had pathological 
specific serum IgG titres, one (Patient 2) had an increased IgM 
titre, on admission. There were no specific antibody titres and no 
oligoclonal immunoglobulin bands detectable in the CSF 

Age Clinical CSF CSF CSF Serum Serum IgG 
gender diag- cells IgG Alb. IgG Alb. Index 

nosis per mg/1 mg/1 g/1 g/1 
mm 3 

54 m GBS 2 95 619 10.2 40.3 0.61 
36 m GBS 4 75 343 14.1 39.5 0.61 
62 m GBS 7 535 2030 16.9 48.1 0.77 
75 m CIDP 27 246 1020 15.5 38.5 0.59 

OD readings were of polyclonal origin. When NB, GBS, 
and CIDP patients were pooled (n = 43), CSF IgG and 
IgM antibodies to GM3 (22/43, 51%, and 26/43, 60%) 
were elevated most often. Elevated IgG to G D l a  and 
elevated IgM to GM3, AGM1, and G D l a  were very com- 
mon in NB (Table 2). Of the total of 14 ganglioside anti- 
body OD readings, 7 IgG and 7 IgM readings, 10 were 
elevated in NB, 8 in GBS, and 2 in CIDP. The three dis- 
orders could not be distinguished by the elevation of dif- 
ferent CSF IgG antibodies (Table 1). NB patients had 
higher CSF IgM readings than CIDP patients to all gan- 
gliosides. Compared to GBS, IgM OD readings in NB 
were only higher to G D l a  and G T l b .  IgM antibodies in 
GBS and CIDP differed only for GM1. 

A comparison of serum ganglioside antibodies among 
NB, GBS, and CIDP patients did not yield remarkable 
findings. A N O V A  revealed lower IgG anti-GM3 in GBS 
than in either NB or CIDP. CIDP patients had higher 
IgG anti-AGM1 than NB patients, and NB patients had 
higher IgM anti-GD 1 b than GBS patients. A correlation 
analysis of CSF and serum antibodies revealed positive 
correlation for IgG antibodies to GM1 (r = 0.90, P = 

0.0024), G D l b  ( r - -0 .81,  P = 0 . 0 1 5 ) ,  and G T l b  ( r =  
0.77, P = 0.023) in GBS. There was no such correla- 
tion in NB or CIDP. One CIDP and three GBS pa- 
tients had serologic evidence of Borrelia burgdorferi in- 
fection (Table 3). None of them had specific intra- 
thecal antibody formation. No specific pattern of CSF or 
serum ganglioside antibodies was observed in these pa- 
tients. 

Discussion 

Serum ganglioside antibodies have been described in a 
plethora of neurological and non-neurological disorders 
in the recent years (Sadiq et al. 1990; Adams et al. 1991; 
Weller et al. in press). Very little is known about the oc- 
currence and a pathogenetic significance of these anti- 
bodies in the CSF. 

The present work compares the CSF and serum gan- 
glioside antibody pa t te rn  of NB, GBS, and CIDP pa- 
tients. The detection of serum ganglioside antibodies in 
NB patients confirms the suggestion that antibodies in- 
duced by infection with Borrelia burgdorferi may cross- 
react with nervous system antigens (Sigal and Tatum 
1988). Prior reports (Ryberg et al. 1984; Vedeler  et al. 
1988) had failed to detect antibodies to total brain lipid 
antigen or brain or nerve root  homogenate in NB al- 
though such reactivity was found in GBS. The antibody 
reactivity in NB is predominantly of CSF and IgM origin 
(Tables 1, 2) and corresponds to the strong intrathecal 
IgM response in NB previously characterized (Maida et 
al. 1986; Weller et al. 1991b). 

It is possible that a remote or recent Borrelia burg- 
dorferi infection was an etiology or a predisposing factor 
in four of twentythree patients with GBS or CIDP in this 
study. We suggest that this infection be included among 
the putative etiologies of GBS and CIDP. We would re- 
commend to give these patients an appropriate course of 
antimicrobial treatment early in the course of their dis- 
ease, despite the fact that there are currently no clinical 
data available to support this strategy. 

Antibodies to peripheral nerve antigens are thought 
to mediate peripheral demyelination in GBS and CIDP 
(Koski et al. 1985; Ilyas et al. 1988). We tested and have 
to reject the hypothesis that two putative clinical mani- 
festations of Borrelia burgdorferi infection, GBS and 
CIDP, are related to the formation of ganglioside anti- 
bodies. Similarly, the association between GBS after in- 
fection with Campylobacter je]uni and serum antibodies 
to GM1 has remained controversial (Yuki et al. 1990; 
Van der Mech6 et al. 1991; Walsh et al. 1991) In the 
present study, polyclonal IgG and IgM antibodies to 
gangliosides were as frequent in NB patients suffering 
from typical meningopolyradiculomyelitis as they were 
in those seropositive patients suffering from GBS or 
CIDP. Further,  the seropositive CIDP and GBS patients 
did not differ from seronegative CIDP or GBS patients 
in their CSF or serum IgG or IgM antibody reactivity to 
gangliosides. There was no correlation between CSF and 
serum antibodies except for IgG antibodies to GM1, 
G D l b  and G T l b  in GBS. The latter finding may be ac- 
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counted  for  by b lood-bra in  barr ier  dysfunct ion in GBS.  
The  lack of  correla t ion be tween  CSF and serum anti- 
body  elevat ion in mos t  instances provides  evidence 
against CSF antibodies being solely derived f rom exuda-  
t ion across a dis turbed b lood  brain barrier.  The  probable  
intrathecal  ganglioside ant ibody synthesis corresponds  
to the high incidence of  oligoclonal immunoglobul in  de- 
tect ion on CSF isoelectric focusing gels in NB (Weller  et 
al. 1991b). However ,  since conventional  isoelectric focus- 
ing methods  are suitable for oligoclonal I gG  but  not  IgM 
detect ion (Sharief  et al. 1989), the ganglioside an t ibody 
reactivity which is p redominan t ly  of  IgM type would not  
necessarily have to be associated with the detect ion of  
oligoclonal bands.  

In  summary ,  we have detected ant ibody reactivity 
with multiple gangliosides in the CSF of  NB patients 
which may  represent  cross-reactive antibodies induced 
by spirochetal  antigens and which m a y  contr ibute  to the 
widespread nervous  system pa tho logy  associated with 
NB.  Our  results suggest that  the clinical overlap of  NB,  
GBS,  and C I D P ,  per ipheral  nerve demyel inat ion,  is not  
caused by ganglioside antibodies.  
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