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Abstract 
Introduction: Guillain-Barré syndrome (GBS) is an autoimmune disorder affecting the peripheral nervous system, usually triggered by an 

acute infection. GBS patients are known to have antecedent bacterial infections associated with auto-antibodies to various gangliosides. This 

investigation aimed to evaluate GBS patients for serological evidence of Mycoplasma pneumoniae infection and anti GM1 ganglioside 

antibodies. 

Methodology: This cross-sectional study included 57 pediatric GBS patients, 42 neurological controls (i.e., non-GBS Acute Flaccid Paralysis 

cases) and 35 non-neurological controls. Enzyme linked immune sorbent assay (ELISA) was performed on the sera of the subjects to detect 

IgM and IgG antibodies against Mycoplasma (M.) pneumoniae and GM1 gangliosides.  

Results: The results showed that 15.79% and 21.05% GBS patients were positive for IgG and IgM antibodies against M. pneumoniae as 

compared to 2.38% (P < 0.05) and 14.2% in non-GBS-AFP and 5.7% and 14.2% in non-neurological controls respectively. Additionally, 

43.85% and 38.54% GBS patients were positive for IgG and IgM antibodies against GM1 gangliosides as compared to 38.09% and 28.57% 

in non-GBS-AFP and 14.2% and 2.84% in non-neurological controls respectively (P < 0.05).  

Conclusions: Significant difference in levels of IgG antibodies against M. pneumoniae was observed between GBS patients and neurological 

controls, suggesting M. pneumoniae to be an important antecedent to GBS. Significant difference in levels of anti GM1 ganglioside 

antibodies (IgG & IgM) was seen between GBS patients and non-neurological controls, highlighting its possible role in the pathogenesis of 

GBS. 
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Introduction 

Guillain-Barré syndrome (GBS, with the 

incidence of 1 or 2 people per 100,000, is one of the 

leading causes of non-trauma-induced paralysis in the 

world [1]. In its most common form, it is an acute, 

demyelinating paralytic disease of the peripheral 

nervous system. The segmental demyelination of 

peripheral nerves is thought to be immune mediated 

and both humoral and cell-mediated immune 

mechanisms have been implicated. About two thirds 

of the patients report preceding illnesses (usually 

respiratory or gastro-intestinal infections) within 12 

weeks before the onset of the neurologic illness [2]. 

In most cases, the precise infection is not clear from 

the medical history and has often resolved by the 

time neuropathic symptoms develop. 

Many authors believe that the mechanism of 

disease involves an abnormal T-cell response 

precipitated by an infection. Some of the pathogenic 

triggers of GBS include Epstein-Barr virus, 

cytomegalovirus, the enteroviruses-hepatitis A and B, 

varicella, Mycoplasma pneumoniae, and 

Campylobacter jejuni, which is perhaps the most 

common, being reported in 17% to 66% of GBS 

patients. These pathogens are believed to activate 

CD4+ helper-inducer T cells, which are particularly 

important mediators of disease. Prior infection with 

M. pneumoniae is reported to be found in up to 5% of 

GBS patients. GBS after M. pneumoniae infections is 

reported to be more in younger patients than other 

GBS patients, but their clinical patterns do not have 

unique features as in the case of C. jejuni infections 

[3-7]. 

A flurry of literature suggests the presence of 

various anti-ganglioside antibodies in the sera of 

patients with GBS. A possible role of these  
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autoantibodies has been postulated in the 

pathogenesis of the syndrome. GM1 ganglioside is 

the most abundant of the four major gangliosides 

present in the brain tissues, although more than 100 

different gangliosides have been identified so far on 

the basis of difference in number and position of 

sialic acid residues. The frequency of anti-GM1 

antibodies in GBS patients varies from 2% or less to 

30% in various studies [8-17]. 

In the present study, we evaluated serum IgG and 

IgM antibodies against GM1 gangliosides and 

Mycoplasma pneumoniae by enzyme linked immune 

sorbent assay (ELISA) in pediatric patients of GBS 

and in neurological and non-neurological controls. 

This is the first study in a pediatric age group from 

India, which aims to investigate the role of M. 

pneumoniae as a precedent and anti-GM1 ganglioside 

antibodies in the pathogenesis of GBS. 

 

Methodology 
The study was conducted from September 2003 

to October 2006 in a tertiary care medical centre in 

Delhi, North India. Approval of the Institutional 

Ethics Committee was received prior to beginning the 

study and written informed consent was obtained 

from the parent or legal guardian of each participant.  

The study cohort consisted of 57 cases, which 

included children who met the diagnosis of Guillain-

Barré syndrome according to the criteria of Asbury 

and Cornblath [18]. Two groups of controls were 

studied. The neurological control group consisted of 

43 patients with neurological diseases (acute flaccid 

paralysis other than Guillain-Barré syndrome), who 

were admitted serially after the Guillain-Barré 

syndrome cases. Diagnoses of these patients included 

transverse myelitis, traumatic neuritis, post-

diphtheric polyneuropathy, cranio-vertebral junction  

 

 

 

 

anomaly, and unexplained neuropathy. The second 

hospital control group consisted of patients admitted 

during the same time as the patients with Guillain-

Barré syndrome, who had presenting symptoms of 

other diseases, and were not presenting and/or having 

past history of any neurological illness. 

A detailed history of neurological illness, 

preceding respiratory illness within 12 weeks before 

the onset of the neurologic illness, fever, and 

intramuscular injections was obtained. Clinical 

details regarding the onset, progression, and 

involvement of respiratory muscles and autonomic 

symptoms were recorded. Involvement of respiratory 

muscles was assessed by careful serial evaluations as 

well as by monitoring of vitals and blood gases. 

Autonomic dysfunction was established if patients 

had urinary incontinence or retention, blood pressure 

lability, hypertension, or electrocardiogram evidence 

of loss of variation in the time elapsing between two 

consecutive R waves in the electrocardiogram (RR 

interval variation) with respiration or persistent 

arrhythmia. The patients were considered to have 

bulbar palsy if they had dysarthria and/or dysphagia 

during the course of the illness. Bulbar palsy was 

confirmed on examination when poor elevations of 

the soft palate uvula, diminished soft palate reflex, 

and/or inability to swallow secretions safely were 

observed. 

At admission, pretreatment serum samples on 

day one were obtained from patients and controls. 

The serum samples were kept frozen at –70ºC until 

serologic assays were done. 

 

ELISA for antibodies against M. pneumoniae  

The presence of serum IgG and IgM antibodies 

specific for M. pneumoniae was determined by 

ELISA using a commercial kit (Virion-Serion,  

Investigation GBS patients 

(n = 57) 

Neurological 

controls  

(n = 42) 

*P value Non neurological 

controls 

( n = 35) 

**P value 

IgG ELISA for   M. 

pneumoniae 

9 (15.79%) 1 (2.38%) 0.040 2 (5.7%) 0.474 

IgM ELISA for M. 

pneumoniae 

12 (21.05%) 6 (14.2%) 0.440 5 (14.2%) 0.582 

IgG  ELISA for GM1 

gangliosides 

25 (43.85%) 16 (38.09%) 0.680 5 (14.2%) 0.005 

IgM ELISA for GM1 

gangliosides 

22 (38.54%) 12 (28.57%) 0.392 1 (2.84 %) < 0.001 

Table 1. ELISA results of GBS patients and controls 

 

*P value for comparison of variables between GBS patients and neurological controls 

**P value for comparison of variables between GBS patients and non-neurological controls 
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Wurzburg, Germany) following the manufacturer’s 

instructions. The specimen was considered positive 

for antecedent M. pneumoniae infection if an 

elevated IgM and/or IgG titer of > 20 U/ml against 

M. pneumoniae antigens was seen. 

 

ELISA for antibodies against GM1 gangliosides 

The presence of serum IgG and IgM antibodies 

specific for GM1 gangliosides were determined by 

ELISA using a commercial kit (Buhlmann 

Laboratories, Schönenbuch, Switzerland) following 

manufacturer’s instructions. Positive values were 

defined as elevated IgG and/or IgM antibodies > 800 

U/ml against GM1 ganglioside antigens.  

 

Statistical analysis 

The SPSS version 10 (SPPS, Inc, Chicago, Illinois) 

was used for data analysis. Frequencies and means 

were calculated by descriptive analysis. All the 

reported P values were two-sided, and a P value < 0.05 

was considered significant. The Chi-squared test or 

Fisher’s exact test was used for comparing categorical 

variables (Tables 1 & 2). Chi-squared test was 

performed for variables with a frequency of five or 

more (e.g., for IgM ELISA for M. pneumoniae, IgG 

ELISA for GM1 gangliosides, and IgM ELISA for 

GM1 gangliosides between GBS and neurological 

controls; for IgM ELISA for M. pneumoniae and IgG  

ELISA  for GM1 gangliosides between GBS and non-

neurological controls; and for male sex between M. 

pneumoniae positive and negative groups, etc.). 

Fisher's exact test was performed for variables with a 

frequency of less than five (e.g., for IgG ELISA for M. 

pneumoniae between GBS and neurological controls; 

for IgG ELISA for M. pneumoniae and IgM ELISA  for 

GM1 gangliosides between GBS and non-neurological 

controls; and for bulbar weakness between M. 

pneumoniae positive and negative groups, etc.).  The 

Mann-Whitney test was used for comparing continuous 

variable, e.g., age in Table 2.   

 

 

 

 

 

 

 

 

 

 

 

 

Results 
A total of 54 patients with a clinical diagnosis of 

Guillain-Barré syndrome, 43 neurological controls, 

and 42 hospital controls were studied. The mean age 

of the patients was 5.8 years (SD ± 3.4); of the 

neurological controls 6.2 (SD ± 3.2) years; and of the 

hospital controls 5.4 (SD ± 3.2) years. There was no 

significant difference in age among the three groups. 

 

ELISA for antibodies against M. pneumoniae  

GBS Patients: Out of 57 GBS patients, nine 

(15.79%) and 12 (21.05%) were found to be positive 

for IgG and IgM antibodies against Mycoplasma 

pneumoniae respectively. 

Neurological Controls: Out of 42 neurological 

controls, one (2.38%) and six (14.20%) were found to 

be positive for IgG and IgM antibodies against M. 

pneumoniae respectively.  

Non-neurological Controls: Out of 35 non-

neurological controls, two (5.7%) and five (14.20%) 

were found to be positive for IgG and IgM antibodies 

against Mycoplasma pneumoniae respectively. 

 

ELISA for antibodies against GM1 gangliosides  

GBS Patients: Out of 57 GBS patients, 25 (43.85%) 

and 22 (38.54%) patients were positive for IgG and 

IgM antibodies against GM1 ganglioside respectively. 

Neurological Controls:  Out of 42 neurological 

controls, 16 (38.09%) and 12 (28.57%) patients were 

positive for IgG and IgM antibodies against GM1 

ganglioside respectively. 

Non-neurological Controls:  Out of 35 non-

neurological controls, five (14.20%) and one (2.84%) 

patients were positive for IgG and IgM antibodies 

against GM1 ganglioside respectively. 

Statistical analysis:  Statistically significant 

difference in levels of IgG antibodies against M. 

pneumoniae was observed between GBS patients and 

neurological controls (P = 0.040).  

Characteristics  Positive for         M. 

pneumoniae group  

(n = 12) 

Negative for         M. 

pneumoniae group  

(n = 45) 

P-value 

Mean age in years (± SD) 5.3 (± 2.9) 5.9 (± 3.6) 0.591 

Male 11 (91.6%) 30 (66.7%) 0.083 

Preceding upper respiratory 

infection 

3 (25%) 8 (17.8%) 0.421 

Quadriparesis 8 (66.7%) 30 (71.4%) 0.642 

Bulbar weakness 4 (33.3%) 12 (26.7%) 0.450 

Table 2.   Clinico-epidemiological profile of Guillain-Barré syndrome patients with recent M. 

pneumoniae infection 
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A statistically significant difference was 

observed in levels of anti GM1 ganglioside IgG 

antibodies between GBS patients and non-

neurological controls (P = 0.005) and also in levels of 

anti GM1 ganglioside IgM antibodies between GBS 

patients and non-neurological controls (P < 0.001). 

No significant difference was observed among 

other parameters between GBS patients and controls. 

 

Clinical profile of GBS patients with recent M. 

pneumoniae infections  

The clinico-epidemiological profile of GBS 

patients with recent M. pneumoniae infection is 

depicted in Table 2. There was no significant 

difference in age between the M. pneumoniae 

infection positive (5.3± 2.9 years) and the M. 

pneumoniae infection negative (5.9 ± 3.6 years) 

groups. No statistical difference was observed 

between the M. pneumoniae positive and the M. 

pneumoniae negative groups with respect to age, sex, 

preceding upper respiratory infection, quadriparesis, 

bulbar weakness and other clinical features. 

 

Discussion 
The pathogenesis of Guillain-Barré syndrome, 

which is one of the leading causes of non trauma-

induced paralysis, remains ill defined [19].
 
 In our 

study, the presence of antibodies (both IgG and IgM) 

against M. pneumoniae and GM1 Ganglioside was 

investigated in 57 GBS patients, 42 neurological 

controls, and 35 non-neurological controls. The male 

preponderance of GBS patients was observed in the 

study as generally recognized [9,19].  

We have earlier reported a clinical association of 

childhood transverse myelitis patients with GM1 

antibodies. We have also earlier reported a co-

relation of GBS with C. jejuni in the same study 

population; antecedent C.jejuni infection was found 

in 27.7% of GBS patients as compared with 2.3% in 

neurological controls and 2.3% in non-neurological 

controls [20,21]  

In the present study, we found that 12 out of 57 

GBS patients (21.05%) had recent M. pneumoniae 

infection (IgM antibodies positive) as compared to 

14.2% each in the neurological and non-neurological 

controls. This difference was not statistically 

significant. Among these 12 M. pneumoniae IgM 

antibodies positive GBS patients, nine (15.79%) were 

also positive for IgG antibodies against M. 

pneumoniae as compared to one (2.38%) and two 

(5.7%) in the neurological and non-neurological 

controls respectively. A statistically significant 

difference was observed in this criterion among GBS 

patients and neurological controls. In published 

literature, M. pneumoniae infection is seen in 1-25% 

of GBS patients. Jacobs et al. and Hughes et al. have 

reported M. pneumoniae sero-positivity in 5% and 

2% of GBS patients as compared to 1% and 0.5 % in 

controls respectively [4,18]. From the Indian sub-

continent, one study in adult GBS patients has shown 

50% of patients to be positive for antibodies against 

M. pneumoniae, as compared to 25% of household 

controls and 15% of hospital controls when tested by 

the gelatin particle agglutination (GPA) test [5]. 

Other previous studies in adult GBS patients have 

also reflected a high frequency of antecedent M. 

pneumoniae infection in GBS patients from India 

[22-24]. Some of the other studies suggest that recent 

M. pneumoniae infection was identified occasionally 

in GBS patients, but not significantly more often than 

in controls [25]. The wide range of variation in M. 

pneumoniae infection association with GBS (1-25%) 

may be attributed to differences in the study 

populations, the number of included patients, and the 

methods used for detection of antibodies against M. 

pneumoniae.  

In the present study, we also tested antibodies 

against GM1 gangliosides. A significant difference 

was seen between GBS patients and non-neurological 

controls for both IgG and IgM classes of antibodies 

against GM1 gangliosides. No significant difference 

was found among GBS patients and neurological 

controls. There are very few reports regarding the 

presence of anti-GM1 antibodies following M. 

pneumoniae infections in GBS patients. In a study by 

Hao et al., one out of two GBS patients with M. 

pneumoniae infection showed elevated levels of anti- 

GM1 antibodies.  However, the increased 

concentration of the antibodies did not reach the 

statistical significance in comparison with that of the 

controls [15]. There have been reports suggesting that 

sera from patients with peripheral neuropathies, 

including GBS subsequent to M. pneumoniae 

infections, had auto-antibodies to various glycolipids 

such as sialosyl lactosaminyl paragloboside, GM1, 

GD1b and asialo-GM1, etc. [17,24-27].  

M. pneumoniae, as a pathogenic micro-organism, 

elicits both innate and acquired immunities. The cell 

membrane of M. pneumoniae contains lipoproteins 

that are potent inducers of cytokines equivalent to 

bacterial lipopolysaccharides and its cytoplasm 

contains potent immunogenic substances, such as 

glycolipids and glycoproteins. This pathogen has the 

ability to stimulate antibodies against carbohydrate 
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antigens that are shared by human cells; thus 

autoimmunity is elicited through their molecular 

mimicry of various human cell components, 

specifically of brain tissue. It has been reported that 

M. pneumoniae carries both the ganglioside GM1 and 

galactocerebroside epitopes. The immunologic patho-

mechanism has been suggested to involve anti-

galactocerebroside antibodies and anti-ganglioside 

antibodies, while antibodies to GM1 are considered 

to be more pathogenic than that to galactocerebroside 

[17,24-29]. 

For the management of GBS patients, plasma 

exchange therapy and/or intravenous infusion with a 

human immunoglobulin preparation are used. Despite 

the frequent use of these treatments, many patients 

still have diminished power and sensation one year 

after onset, often with disturbing effects. More 

effective management and prevention strategies 

based on full knowledge of the syndrome’s molecular 

pathogenesis are therefore required. Timely diagnosis 

and correct treatment of important antecedent 

infections can be one of such interventions, which 

can reduce the occurrence of post infectious GBS 

[29]. 

 
Conclusion  

The findings of this study have provided evidence 

toward the existing hypothesis of M. pneumoniae 

infections as an antecedent to GBS and its possible role 

in the determination of the specificity of the resulting 

cross-reactive anti-glycolipid antibodies presumably 

due to molecular mimicry. However, further studies are 

needed to clarify this association as well as to look for 

antibodies against other glycolipids such as sialosyl 

lactosaminyl paragloboside, galactocerebroside, GD1a, 

GD1b, GD3 and asialo-GM1, etc., for full 

understanding of the patho-genesis of this very 

important neurological disease. 
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