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A b s t r a c t: Campylobacter jejuni (C. jejuni) infection frequently triggers auto-
immune-mediated neuropathies, especially the Guillain-Barre syndrome (GBS). The 
molecular mimicry between the core oligosaccharides of bacterial lipopolysaccharides 
(LPSs) and the human gangliosides presumably results in the production of anti-neural 
cross-reactive antibodies which are likely to be a contributory factor in the induction 
and pathogenesis of GBS. The aim of our study was to determine the presence of cross-
reactive epitopes in C. jejuni LPSs isolated from enteritis patients and to determine their 
antigen reactivity. For that purpose we collected stool specimens from 21 patients with 
enteritis and without neurological symptoms. Seven different serotypes of C. jejuni (0 : 27; 
0 : 6/0 : 7; 0 : 38; 0 : 3; 0 : 1/0 : 44; 0 : 19; 0 : 37) were detected using the Penner sys-
tem. Unexpectedly, one serotype from this group was detected as 0 : 19, a serotype 
rarely isolated from enteritis patient and in close association with GBS. Binding studies 
using cholera toxin–B subunit and peanut agglutinin, showed the presence of ganglio-
side-like epitopes in C. jejuni strains 0 : 37, 0 : 19 and 0 : 27. Reactivity with sera from 
patient with GBS, with confirmed previous exposure to C. jejuni and with high a titre of 
anti-ganglioside antibodies, showed that the same three LPSs from C. jejuni serotypes 0 
: 37, 0 : 19 and 0 : 27 bear cross-reactive epitopes in their LPSs structures. Our results 
confirm the results from previous studies that LPSs from certain C. jejuni serotypes bear 
cross-reactive ganglioside-like epitopes which might be involved in the induction of 
GBS after C. jejuni infection.  
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Introduction 
 

Campylobacter jejuni (C. jejuni) is one of the main causes of bacterial 
diarrhoea and gastroenteritis in humans [1]. Infection with C. jejuni is frequen-
tly associated with the development of the Guillain-Barre syndrome (GBS), an 
autoimmune demyelinating polyneuropathy of the peripheral nervous system. 
Recent studies have shown that one-fourth to one-third of GBS patients had an 
antecedent C. jejuni infection [2], and that only specific C. jejuni serotypes are 
associated with the development of GBS [3]. Serotyping of C. jejuni strains by 
the heat-stable antigenic Penner system distinguishes more than 70 serotypes on 
the basis of the saccharide structure of the bacterial lipopolysaccharides (LPSs) 
[4]. Biochemical and serological analysis showed that some C. jejuni serotypes 
bear LPS structures that mimic human gangliosides [5, 6]. Gangliosides are 
components of the neuronal cell surface and myelin sheath, and they are con-
sidered one of the possible target antigens for an autoimmune attack, since se-
rum antibodies against gangliosides are present in the acute phase of GBS sub-
sequent to C. jejuni infection [7, 8]. The molecular mimicry between the core 
oligosaccharides of bacterial LPS and the carbohydrate moiety of the human 
gangliosides presumably results in the induction of cross-reactive antibodies 
which are likely to be a contributory factor in the induction and pathogenesis of 
GBS [9, 10, 11]. Detection of cross-reactive ganglioside-like epitopes present in 
C. jejuni LPSs is usually done using molecular markers such as cholera toxin–B 
subunit (CT-B) as GM1 ligand and peanut agglutinin (PNA) as marker for 
Galβ1-3GalNAc structures. A number of studies have shown that the C. jejuni 
serotype 0 : 19 is epidemiologically most commonly associated with GBS, and 
that this serotype is rarely isolated from gastroenteritis patients [12, 13]. Studies 
have also reported a presence of epitope mimicry between serotype 0 : 19 LPS 
and GM1 ganglioside [12, 31, 33]. Other C. jejuni serotypes identified in associ-
ation with GBS include 0 : 2, 0 : 2/44, 0 : 4/59, 0 : 15, 0 : 18, 0 : 21, 0 : 24, 0 : 30, 
0 : 37 and 0 : 53 [14, 15, 16]. Previous studies have shown that the acute-phase 
sera of most patients with C. jejuni associated GBS contain a high titre of 
antibodies to various gangliosides, predominantly to GM1 in approximately 
30%, and also antibodies against asialoGM1, GD1b, GT1a, GM3, GD1a and 
GT1b [17, 18].  

The aim of our study was to determine whether cross-reactive epitopes 
are present in C. jejuni serotypes isolated from enteritis patients and to determi-
nate their antigenic reactivity.  
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Material and Methods 
 

Stool samples from 21 patients with uncomplicated enteritis and no 
neurological symptoms were obtained in the period June 2008 – April 2009 
from the Infectious Diseases Clinic, Skopje, Macedonia. Isolation, growth and 
bacterial identification of C. jejuni was done at the Microbiology and Parasito-
logy Institute, Medical Faculty, UKIM Skopje, according to standard procedu-
res. C. jejuni serotype 0 : 19 (ATCC 700297) obtained from the American Type 
Culture Collection (Rockville, MD, USA) was used as a positive control since 
its origin is from a GBS patient. The C. jejuni isolates were serotyped by the 
heat-stable (HS) serotyping Penner and Hennessy scheme [4, 19] using a com-
mercial antisera set (Campylobacter Antisera Seiken Set, Denka Seiken Co., Ja-
pan). This analysis was performed in duplicate and the results were concordant 
in all patients. 

LPSs were extracted from all C. jejuni isolates using the hot mini phe-
nol-water technique described by Prendergast [20]. Bacterial cells were scraped 
into saline, washed in phosphate-buffered saline (PBS), centrifuged, dissolved 
in water, and an equal volume of 90% phenol was added. Residual phenol was 
removed by extraction and the combined aqueous layers containing most of the 
LPS were dialyzed. Characterization of the carbohydrate moiety present in gan-
gliosides GM1 and asialoGM1 (1-μg aliquots; Sigma Chemical Co.,) and in 
LPS extracts (5-μl aliquots) was done using thin-layer chromatography (TLC) 
on precoated silica gel 60 glass plates (Merck, Germany). Solvent systems con-
sisting of chloroform–methanol–0.22% CaCl2 × 2H2O (50 : 45 : 10 [vol/vol/vol]), 
and n-propanol–water–25% NH4OH (60: 30: 10 [vol/vol/vol]) were used as de-
velopers for gangliosides and LPSs, respectively. Separated gangliosides and 
LPSs were visualized by spraying plates with resorcinol-HCl reagent.  

The presence of ganglioside-like structures in isolated LPSs was detec-
ted by binding of CT-B and PNA on Western blot [21]. For that purpose GM1 
and asialoGM1 gangliosides (1-μg aliquots) and LPSs extracts of all C. jejuni 
serotypes (5-μl aliquots) were separated on SDS-PAGE and transferred to a 
nitrocellulose membrane (pore size 0.45 µm; at 200 mA, Tris-glycine buffer, 4 
hours). Subsequently, LPSs and gangliosides were incubated with CT-B peroxi-
dase conjugate diluted in 1 : 1000 and PNA-peroxidase conjugate diluted in 1 : 50 
in gelatin-PBS, for one hour.  

The cross-reactivity between isolated LPSs, GM1 and asialoGM1 gan-
gliosides was also studied using sera from GBS patient. Sera from the patient 
(L.G) with confirmed GBS and a high titre of anti-GM1 antibodies was gene-
rously given by Professor Slobodan Apostolski, from the Neurology Institute, 
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Clinical Centre Belgrade, Serbia, were the clinical differentiation stadium was 
done according to clinical, electrophysiological and laboratory criteria. In our 
previous work, infection with C. jejuni in this patient was confirmed by the 
presence of a high level of anti-glycoprotein and anti-ganglioside antibodies to a 
mixture of bacterial acid glycine extracted glycoproteins and LPS [22]. 

Antigen-reactivity of the isolated LPSs from all C. jejuni serotypes was 
detected by Western blotting [23]. Membranes containing isolated LPSs and 
gangliosides were overlaid with human serum (GBS patient serum and human 
control serum at 1: 100 dilutions) in 0.3% gelatine/PBS pH 7.4. Lanes were 
overlaid with peroxidase-conjugated anti-human IgG or IgM diluted 1: 500 in 
gel/PBS, incubated and washed as above. Visualization of the blot membrane 
was done using peroxidase substrate DAB (3,3´-diaminobenzidine tetrahydro-
chloride), and 20 ml 30% H2O2.  

In this paper we present our data on ligand and antibody binding bet-
ween gangliosides and LPSs of 7 different C. jejuni serotypes isolated from 21 
patients with enteritis and no neurological symptoms, where cholera toxin–B 
subunit (CT-B) was used as GM1 ligand, peanut agglutinin (PNA) as marker for 
Galβ1-3GalNAc structures and antigen reactivity was tested with sera with a 
high titre of anti-ganglioside antibodies. 
 
 

Results 
 

Serotyping  
Results from Penner serotyping of the strains are listed in Table 1. 

Among the 21 C. jejuni patient isolates, seven different serotypes were detected 
(0 : 27; 0 : 6/0 : 7; 0 : 38; 0 : 3; 0 : 1/0 : 44; 0 : 19; 0 : 37) and one was not 
detectable. Most frequent was serotype 0: 3 present in 6 patients accounting for 
28.5 % (enteritis patients 04, 07, 08, 12, 15 and 17), serotype 0 : 6/0 : 7 was pre-
sent in 4 patients or 19.05 % (enteritis patients 02, 06, 14 and 16), serotypes 0 : 38 
and 0 : 1/0 : 44 were present in 3 patients or 14.28 %, respectively (enteritis 
patients 03, 10 and 13 and enteritis patients 05, 09 and 19) and serotype 0 : 27 
was present in two patients or 9.52% (enteritis patients 01 and 20). Serotypes 0 : 19 
and 0 : 37 were present in one patient (enteritis patient 11 and enteritis patient 
21, respectively) and one serotype was not detectable (N.D) (enteritis patient 
18, accounting for 4.76%). One of each of the C. jejuni serotypes isolated was 
used for molecular and antigenic characterization.  
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Table 1 
 

C. jejuni serotypes used in this study 
 

Bacterial 
species 

Penner 
serotype 

Strain 
designation 

Source  

 
0 : 27 

IC 6754  
IC 9067 

Enteritis patients No 
01; 20 

 
0 : 6/0 : 7 

 

IC 6487 
IC 9089 
IC 6769 
IC 6875 

Enteritis patients No 
02; 06; 14; 16 

 
0 : 38 

 

IC 8007 
IC 8532 
IC 9051 

Enteritis patients No 
03; 10; 13 

 
 

0 : 3 
 

IC 9045 
IC 6768 
IC 6755 
IC 4182 
IC 4457 
IC 5382 

Enteritis patients No 
04; 07; 08; 12; 15; 17 

 
0 : 1/0 : 44  

 

IC 4943 
IC 6807 
IC 4921 

Enteritis patients No 
05; 09; 19 

0 : 19  IC 6041 Enteritis patient No 11 
N.D.  IC 8751 Enteritis patient No 18 
0 : 37  IC 7668 Enteritis patient No 21 

 
 
 
 
 
 
 
 
 
 

C. jejuni 

0 : 19  ATCC 700297 GBS patient 
 
 

Thin-layer chromatography of gangliosides and LPSs  

After visualization with a resorcinol-HCL reagent, spots of gangliosides 
GM1 and asialoGM1 and of all serotypes of isolated C. jejuni LPSs were pre-
sent. This confirmed that the isolation of LPS was successful, indicating the 
presence of a carbohydrate moiety in their structure (figure 1). The position of 
the spots was according to the migration of the gangliosides and LPSs dissolved 
in used developers.  
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Figure 1 – TLC of gangliosides and LPSs with resorcinol-HCL; Lanes: A – GM1;  
B – asialoGМ1; Lanes 1 to 8 LPSs serotype 0 : 19 (ATCC 700297) (1); 0 : 37 (2);  

0 : 27 (3); 0 : 38 (4); 0 : 19 (5); 0 : 1/0 : 44 (6); 0 : 3 (7), 0 : 6/0 : 7 (8) 
 
Binding of cholera toxin-B subunit, peanut agglutinin and patient sera 
to gangliosides and isolated LPSs 

LPSs from all C. jejuni serotypes were tested with CT-B subunit and 
PNA ligand in order to detect the presence of ganglioside-like epitopes in those 
LPSs. Serotypes 0 : 19 (ATCC 700297), 0 : 27 and 0 : 19 showed a positive rea-
ction with CT-B indicating the presence of a GM1-like epitope in their LPSs 
structures. Serotype 0 : 37 had a positive reaction with PNA ligand showing the 
presence of Galβ1-3GalNAc epitope in this LPS. The other serotypes did not 
react with CT-B or PNA (Figure 2).  

 

 
1 2 3 4 5 6 7 8 

Figure 2 – Binding of cholera toxin-B subunit and peanut agglutinin to isolated C. 
jejuni LPSs by western blot; Lines 1 to 8 LPSs serotype: 0 : 19 (ATCC 700297) (1);  
0 : 37 (2); 0 : 27 (3); 0 : 38 (4); 0 : 19 (5); 0 : 1/0 : 44 (6); 0 : 3 (7), 0 : 6/0 : 7 (8). 

Positive reaction shown in line 1 (binding of serotype 0: 19 (ATCC 700297) with CT-B 
subunit), line 2 (serotype 0 : 37 with PNA), line 3 (serotype 0 : 27 with CT-B subunit) 

and line 5 (serotype 0 : 19 with CT-B subunit) 

  A      B     1     2      3      4      5      6     7     8   
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In general, sera patients showed an IgG positive reaction with gangliosi-
des GM1 and asialoGM1, and with LPSs serotypes 0 : 19 (ATCC 700297), 0 : 27, 
0 : 19 and 0 : 37. The IgM response with all antigens was very weak or absent 
(Figure. 3). In details, GBS patient sera (L.G) gave a very strong IgG reaction 
only with GM1, and the asialoGM1 reaction was weak. Patient sera showed a 
strong IgG reaction towards LPS serotypes 0 : 37 and 0 : 19 (ATCC 700297) 
and had a positive reaction with 0: 27 and 0: 19 serotypes (Figure 3). This 
patient IgM response was weak to serotypes 0 : 37 and 0 : 19 (ATCC 700297), 
and absent with other antigens. No reaction between patient sera and serotypes 
0 : 6/0 : 7, 0 : 38, 0 : 1/0 : 44 and 0 : 3 LPS was observed. Sera from healthy 
individuals used as a control did not react either with gangliosides or with iso-
lated LPSs (data not showed).  

 

 
  

Figure 3 – Reactivity of GBS patient sera (L.G) to gangliosides and isolated C. jejuni 
LPSs by western blot; line 1 to 6 IgG reaction to GM1 (1), asialoGM1 (2),  

serotypes 0 : 27 (3), 0 : 19 (4), 0 : 37 (5) and 0 : 19 (ATCC 700297) (6); line 7 and 8 
IgM response to serotypes 0 : 37 (7) and 0 : 19 (ATCC43446) (8). 

 
 

Discussion 
 

The association of GBS with the preceding infection has led to a search 
for candidate bacterial antigens which may participate in the autoimmune res-
ponses in the host. Gangliosides have been extensively studied as possible host 
antigens for autoimmune diseases since antibodies against gangliosides, espe-
cially against GM1, are found during the acute phase of GBS when preceded by 
C. jejuni infection. Molecular mimicry between LPS of certain C. jejuni sero-

      1            2            3          4          5          6               7           8  
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types associated with GBS and human gangliosides has been confirmed in seve-
ral studies [24, 25]. Still, little information is available concerning the expres-
sion of ganglioside mimicry in isolates from uncomplicated C. jejuni enteritis 
[26]. Important step in elucidating the pathogenesis of the disease is determi-
ning the structure of the immunogenic epitopes in ganglioside-mimicking C. 
jejuni LPS. To detect whether ganglioside-like epitopes are limited to a few C. 
jejuni serotypes, our collection of C. jejuni serostrains was screened for the 
ganglioside-like epitope in their LPSs structures. Serological analysis using 
antiganglioside antibodies and ligands binding has proved a useful approach for 
analysis of mimicry in C. jejuni LPS [27, 28]. Therefore we have investigated 
ligant cross-reactivity and antibody binding between gangliosides and LPSs of 
different C. jejuni serotypes using cholera toxin–B subunit as a GM1 ligand and 
peanut agglutinin as a marker for Galβ1-3GalNAc structures, while immune 
reactivity was tested with sera with high titers of anti-ganglioside antibodies. 
Detection and characterization of cross-reactive ganglioside-like epitopes present 
in isolated LPS from C. jejuni strain was done using TLC, confirming that isola-
tion of LPS structures was successful and detecting the presence of the carbohy-
drate moiety in isolated LPSs. The conformation of glycolipids and glycoproteins 
is hard to preserve, and TLC is an appropriate technique for this purpose.  

Our result showed that isolates from our C. jejuni collection belonged 
to 7 different serotypes. The most frequent was serotype 0 : 3, present in 6 out 
of 21 patients (28.5%). Structural and epidemiological studies showed that this 
serotype does not contain ganglioside-like epitopes, has not been associated 
with GBS and is often used as a negative ganglioside-like serotype control [29, 
34]. These finding were expected in our results, since isolates came from 
patients with enteritis and with no neurological symptoms. The other serotypes 
detected in our C. jejuni collection were serotypes 0 : 6/0 : 7, 0 : 1/0 : 44, 0 : 38, 
0 : 37 and 0 : 27 (Table 1). From this group of serotypes previous studies repor-
ted the association between serotype 0 : 37 and GBS [3, 30, 32]. In our results 
this serotype showed the presence of Galβ1-3GalNAc structure in its LPS 
(positive reaction with PNA ligand), and also reacted with sera patients with 
GBS (Fig. 3, Table 2). Reactivity to ligands (CT-B) and to patient sera was 
present in serotype 0 : 27, indicating that this serotype was also bearing ganglio-
side-like epitopes. In our study, the detection of serotype 0 : 19 was unexpected, 
in only one patient, since this serotype is epidemiologically most associated 
with GBS. A number of studies show, and our results confirmed, that this sero-
type bears ganglioside-like epitopes (CT-B positive binding) and a showed 
positive reaction with patient sera with GB. This result is in agreement with 
previously reported epitope mimicry between serotype 0 : 19 LPS and GM1 
ganglioside [12, 31, 33]. Studies have shown that this serotype is very rarely 
isolated from an uncomplicated enteritis patient. Unfortunately, we do not have 
any information or follow-up for this patient, to see whether some neurological 
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symptoms will develop. Still, this serotype 0 : 19 and serotypes 0 : 37 and 0 : 27 
will be the prime focus in our future investigation into C. jejuni serotypes in 
association with GBS. Serotype 0 : 19 (ATCC 700297) used as positive control 
showed a reaction to CT-B and reacted to sera patentx.  

The results of our study are summarized in Table 2. Ligand and/or anti-
body recognition of epitopes showed that gangliosides GM1 and asialoGM1, 
and LPS of C. jejuni serotypes 0 : 37, 0 : 19 and 0 : 27 shared common epitopes. 
The serological findings of our study showed that ganglioside-like epitopes are 
present in C. jejuni serotypes isolated from enteritis patients and are not limited 
only to strains associated with GBS. Whether this mimicry can trigger the 
production of anti-ganglioside antibodies and can have a potential role in the 
pathogenesis of neurological diseases, probably involves other bacterial and/or 
host attributes.  

Still, future immunisation studies using serotypes with ganglioside-like 
epitopes will confirm whether these epitopes can function as cross-reactive anti-
gens in vivo, and their potential role in the development of neurological symp-
toms will be determined.  

 
Table 2  
 
Reactivity of gangliosides GM1 and asialo GM1 and isolated LPSs C. jejuni serotypes 
 0 : 37, 0 : 6/0 : 7, 0 : 19, 0 : 38, 0 : 3, 0 : 1/0 : 44, 0 : 27 and 0 : 19 (ATCC 700297) 

with ligands and with GBS patient sera 

 Gangliosides C. jejuni LPSs 

 GM1 asialo 
GM1 

0 : 37 0 : 6/0 : 7 0 : 19 0 : 38 0 : 3 0 : 1/0 : 44 0 : 27 0 : 19 
ATCC 

700297) 

CT-B +++ + (–) (–) ++ (-) (-) (-) ++ ++ 

PNA  + ++ ++ (–) (–) (–) (–) (–) (–) (–) 

Patient 
sera 
(L.G) 

  

IgG +++ + ++ (–) ++ (–) (–) (–) ++ ++ 

IgM (–) (–) + (–) (–) (–) (–) (–) (–) + 

Reaction grade: +++ very strong reaction; ++ strong reaction; + weak reaction; +– barely visible 
reaction – no reaction  

 
 
 



122 Grozdanova A, et al. 

Contributions, Sec. Biol. Med. Sci. XXXII/1 (2011), 113–125 

R E F E R E N C E S  
 
1.  Penner JL. The genus Campylobacter: a decade of progress. Clin. Micro-

biol. Rev. 1988; 1: 157–172. 
2.  Yuki N, Susuki K, Koga M, Nishimoto Y, Odaka M, Hirata K, Taguchi K, 

Miyatake T, Furukawa K, Kobata T and Yamada M. Carbohydrate mimicry between 
human ganglioside GM1 and Campylobacter jejuni lipooligosaccharide causes Guillain-
Barré syndrome. Proc. Natl. Acad. Sci. USA. 2004; 101: 11404–11409. 

3.  Ang CW, Laman JD, Willison HJ, Wagner ER, Endtz HP, De Klerk MA, 
Tio-Gillen AP, Van den Braak N, Jacobs BC, Van Doorn PA. Structure of Campylobac-
ter jejuni lipopolysaccharides determines antiganglioside specificity and clinical featu-
res of Guillain-Barre and Miller Fisher patients, Infect. Immun. 2002; 70: 1202–1208. 

4.  Penner JL, Hennessy JN, and Congi RV, Serotyping of Campylobacter 
jejuni and Campylobacter coli on the basis of thermostabile antigens. Eur. J. Clin. 
Microbiol. 1983; 2: 78–83.  

5.  Ang CW, Jacobs BC, and Laman JD. The Guillain-Barré syndrome: a true 
case of molecular mimicry. Trends Immunol. 2004; 25: 61–66. 

6.  Preston MA, and Penner JL. Structural and antigenic properties of lipopoly-
saccharide from serotype reference strains of Campylobacter jejuni. Infect. Immun. 
1987; 55: 1806–1812. 

7.  Latov N, Koski C, Walicke PA. Guillain-Barre syndorome and parentral 
gangliosides. Lancet. 1991; 338: 378–383 

8.  Wirguin I, Briani C, Suturkova-Milosevic L, Fisher T, Della-Latta P, Chalif 
P, and Latov N. Induction of anti-GM1 ganglioside antibodies by Campylobacter jejuni 
lipopolysaccharides. J. Neuroimmunol. 1997 ; 78: 138–142. 

9.  Ariga T and Yu RK. Anti-glycolipid antibodies in Guillain-Barré syndrome 
and related diseases: review of clinical features and antibody specificities. J. Neurosci. 
Res. 2005; 80: 1–17. 

10. Moran AP, Annuk H, and Prendergast MM. Antibodies induced by gang-
lioside-mimicking Campylobacter jejuni lipopolysaccharides recognize epitopes at the 
nodes of Ranvier. J. Neuroimmunol. 2005; 165: 179–185. 

11. Sheikh KA, Nachamkin I, Ho TW, Willison HJ, Veitch J, Ung H, Nichol-
son M, Li CY, Wu HS, Shen BO, Cornblath DR, Asbury AK, McKhann GM, and Grif-
fin JW. Campylobacter jejuni lipopolysaccharides in Guillain-Barre´ syndrome: mole-
cular mimicry and host susceptibility. Neurology. 1998; 51: 371–378. 

12. Kuroki S, Saida T, Nukina M, Haruta T, Yoshiota M, Kobayashi Y, and 
H. Nakanishi. Campylobacter jejuni strains from patients with Guillain-Barré syndrome 
belong mostly to Penner serogroup 19 and contain -N-acetylglucosamine residues. Ann. 
Neurol. 1993. 33: 243–247. 

13. Aspinall GO, McDonald AG, Pang H, Kurjanczyk LA, Penner JL. Lipopo-
lysachharides of Campylobacter jejuni Serotype 0 : 19: Structures of core oligosaccha-
ride regions from the serostrain and two bacterial isolates from patients with Guillain-
Barre syndrome, Biochemistry. 1994. 33: 241–249 



 Cross-reactive epitopes present… 123 

Prilozi, Odd. biol. med. nauki, XXXII/1 (2011), 113–125 

14. Aspinall GO, McDonald AG, Raju TS, Pang H, Moran AP, and Penner JL. 
Chemical structures of the core regions of Campylobacter jejuni serotypes 0 : 1, 0 : 4, 0 : 23, 
and 0 : 36 lipopolysaccharides. Eur. J. Biochem. 1993; 213: 1017–1027.  

15. Godschalk PC, Gilbert M, Jacobs BC, Kramers T, Tio-Gillen AP, Ang 
CW, Van den Braak N, Li J, Verbrugh HA, Van Belkum A, and Endtz HP. Co-infection 
with two different Campylobacter jejuni strains in a patient with Guillain-Barre syn-
drome. Microbes Infect. 2006; 8: 248– 253. 

16. Prendergast MM, Lastovica AJ, and Moran AP. Lipopolysaccharides from 
Campylobacter jejuni 0 : 41 strains associated with Guillain-Barré syndrome exhibit 
mimicry of GM1 ganglioside. Infect. Immun. 1998; 66: 3649– 3655. 

17. Van der Meché FGA, Schmitz PIM, Dutch Guillain-Barré Study Group. A 
randomized trial comparing intravenous immune globulin and plasma exchange in 
Guillain-Barré syndrome. N Engl J Med. 1992; 326: 1123–29. 

18. Neisser A, Bernheimer H, Berger T, Moran AP, and Schwerer B. Serum 
antibodies against gangliosides and Campylobacter jejuni lipopolysaccharides in Miller 
Fisher syndrome. Infect. Immun. 1997; 65: 4038–4042. 

19. Moran AP, and Kosunen TU. Serological analysis of the heat-stable anti-
gens involved in serotyping Campylobacter jejuni and Campylobacter coli. APMIS. 
1989; 97: 253–260 

20. Prendergast MM, Kosunen TU, and Moran AP. Development of an immu-
noassay for rapid detection of ganglioside GM1 mimicry in Campylobacter jejuni 
strains. J. Clin. Microbiol. 2001; 39: 1494–1500. 

21. Taguchi K, Ren J, Utsunomiya I, Aoyagi H, Fujita N, Ariga T, Miyatake 
T, and Yoshino H. Neurophysiological and immunohistochemical studies on Guillain-
Barré syndrome with IgG anti-GalNAc-GD1a antibodies-effects on neuromuscular 
transmission. J. Neurol. 2004; Sci. 225: 91–98. 

22. Basta I, Suturkova L, Vujic A, Aleksic S, Poceva A, Paskoska A, Mile-
nikova K, Trikic R, Apostolski S. Antibodies to ganglioside GM1 and Campylobacter 
jejuni in patients with Guillain-Barre syndrome. Srp. Arh. Celok. Lek. 2005; 133 (3–4): 
123–8.  

23. Lee G, Jeong Y, Wirguin I, Hays AP, Willison HJ, and Latov N. Induction 
of human IgM and IgG anti-GM1 antibodies in transgenic mice in response to lipopo-
lysaccharides from Campylobacter jejuni. J. Neuroimmunol. 2004; 146: 63–75. 

24. Schwerer B. Antibodies against gangliosides: a link between preceding 
infection and immunopathogenesis of Guillain-Barre´ syndrome. Microbes Infect. 2002; 
4: 373–384 

25. Moran AP, Predergast MM, and Appelmelk BJ. Molecular mimicry of 
host structures by bacterial lipopolysaccharides and its contribution to disease. FEMS 
Immunol. Med. Microbiol. 1996; 16: 105–115.  

26. Yuki N, and Odaka M. Ganglioside mimicry as a cause of Guillain-Barre´ 
syndrome. Curr. Opin. Neurol. 2005; 18: 557–561. 

27. Shu XM, Cai FC, and Zhang XP. Carbohydrate mimicry of Campylo-
bacter jejuni lipooligosaccharide is critical for the induction of anti-GM1 antibody and 
neuropathy. Muscle Nerve. 2006; 33: 225–231.  



124 Grozdanova A, et al. 

Contributions, Sec. Biol. Med. Sci. XXXII/1 (2011), 113–125 

28. Wirguin I, Suturkova-Milosevic L, Briani C, and N. Latov. Keyhole 
limpet hemocyanin contains Gal(1–3)–GalNAc determinants that are cross-reactive 
with the T antigen. Cancer Immunol. Immunother. 1995; 40: 307–310. 

29. Ang CW, De Klerk MA, Endtz HP, Jacobs BC, Laman JD, Van der 
Meche´ FGA, and Van Doorn PA. Guillain-Barré syndrome- and Miller-Fisher syndro-
me-associated Campylobacter jejuni lipopolysaccharides induce anti-GM1 and anti-
GQ1b antibodies in Rabbits. Infect. Immun. 2001; 69: 2462–2469. 

30. Godschalk PC, Heikema AP, Gilbert M, Komagamine T, Ang CW, 
Glerum J, Brochu D, Li J, Yuki N, Jacobs BC, van Belkum A, and Endtz HP. The 
crucial role of Campylobacter jejuni genes in anti-ganglioside antibody induction in the 
Guillain-Barré syndrome. J. Clin. Investig. 2004; 114: 1659–1665. 

31. Prendergast MM and Moran AP. Lipopolysaccharides in the development 
of the Guillain-Barré syndrome- and Miller Fisher syndrome-forms of acute inflame-
matory peripheral neuropathies. J. Endotoxin Res. 2000; 6: 341–359. 

32. Hadden RD, Karch H, Hartung HP, Zielasek J, Weissbrich B, Schubert J, 
Weishaupt A, Cornblath DR, Swan AV, Hughes RA, Toyka KV, et al. Preceding infec-
tions, immune factors, and outcome in Guillain-Barre syndrome. Neurology. 2001; 56: 
758–765.  

33. Kaida K, Morita D, Kanzaki M, Kamakura K, Motoyoshi K, Hirakawa M, 
and Kusunoki S. Ganglioside complexes as new target antigens in Guillain-Barré syn-
drome. Ann. Neurol. 2004; 56: 567–571.  

34. Yuki N, Tagawa Y, Irie F, Hirabayashi Y, and Handa S. Close association 
of Guillain-Barré syndrome with antibodies to minor monosialoganglioside GM1b and 
GM1. J. Neuroimmunol. 1997; 74: 30–34. 

 
 

Ре з име  
 

ВКРСТЕНО РЕАКТИВНИ ЕПИТОПИ ПРИСУТНИ ВО СОЕВИ  
НА CAMPYLOBACTER JEJUNI ИЗОЛИРАНИ ОД ПАЦИЕНТИ  

СО ЕНТЕРИТИС 
 
Грозданова А.1, Поцева-Пановска А.1, Брезовска К.1, Трајковска-Докиќ Е.2, 

Димовски А.1, Апостолски С.3, Шутуркова Љ.1 
 
 

1 Инсtиtуt за фармацевtска хемија, Фармацевtски факулtеt,  
Универзиtеt „Св. Кирил и Меtодиј“, Скоpје, Р. Македонија 

2 Инсtиtуt за микробиолоgија и pаразиtолоgија, Медицински факулtеt, 
„Универзиtеt Св. Кирил и Меtодиј“, Скоpје, Р. Македонија 

3 Инсtиtуt за невролоgија, Клинички ценtар, Белgрад, Србија 
 
 
Инфекцијата со Campylobacter jejuni (C. jejuni) често индуцира автоимуно 

посредувани невропатии, особено Guillain-Barré синдромот (GBS). Молекуларната 
мимикрија меѓу срцевините олигосахариди од бактериските липолисахариди (LPSs) 
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и хуманите ганглиозиди, се претпоставува дека резултира со создавање на анти-
неврални вкрстено реактивни антитела, кои најверојатно учествуваат во развојот 
и патогенезата на GBS. Целта на нашето испитување беше да се открие присуст-
вото на вкрстено реактивните епитопи во C. jejuni соевите изолирани од пациенти 
со ентеритис и да се определи нивната антигенска реактивност. За таа цел беа 
собрани примероци на фецес од 21 пациент со ентерит, без невролошки симп-
томи. Седум различни серотипови на C. jejuni беа определени користејќи го 
Penner-от систем на серотипизација (0 : 37; 0 : 6/0 : 7; 0 : 38; 0 : 19; 0 : 1/0 : 44; 0 : 3; 
0 : 27;) и еден изолат не можеше да се детектира. Неочекувано, еден од серотипо-
вите во оваа група е детектиран како 0 : 19, серотип ретко изолиран кај пациенти 
со ентерит и во честа асоцијација со GBS. Студии со врзување на колера токсин Б 
субединица и лектин од кикирика, покажаа дека серотиповите на C. jejuni 0 : 37, 
0 : 19 и 0 : 27 имаат LPS кои содржат епитопи слични на ганглиозид. Реактивноста 
со серум од пациент со GBS, со потврдена претходна инфекција со C. jejuni и со 
висок титар на антиганглиозидни антитела, покажа дека истите три изолирани 
LPSs од C. jejuni серотиповите 0 : 37, 0 : 19 и 0 : 27 содржат вкрстено реактивни 
епитопи во своите LPS структури. Нашите резултати ги потврдија резултатите од 
претходните студии дека LPSs од некои од C. jejuni серотипови имаат епитопи 
слични на ганглиозид, кои може да дејствуваат како вкрстено реактивни антигени 
и најверојатно имаат придонес во појавата на GBS по инфекција со C. jejuni.  
 
Клучни зборови: Campylobacter jejuni, Guillain-Barre syndrome, липолисахариди, 
ганглиозиди. 
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