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Background and Purpose  Antiganglioside antibodies are known to play a pathogenic role 
in Guillain-Barré syndrome (GBS). Either an immunoglobulin (Ig)G- or IgM-type anti-GM2 
antibody is detected in rare cases in GBS patients. However, the specific pathogenic role of these 
antibodies in GBS has not been reported previously. This study aimed to define and character-
ize the clinical spectrum of GBS with anti-GM2 positivity.
Methods  We reviewed the database of the Dong-A University Neuroimmunology Team, 
which has collected sera of GBS and its variants from more than 40 general and university-
based hospitals in Korea. Detailed information about the involved patients was often obtained 
and then corrected by the charge doctor applying additional questionnaires.
Results  Four patients with acute monophasic peripheral neuropathy or cranial neuropathy 
with isolated IgM-type anti-GM2-antibody positivity were recruited. In addition, IgG-type 
anti-GM2 antibody was solely detected in the sera of another four patients. The IgM-positive 
group comprised heterogeneous syndromes: two cases of acute motor axonal neuropathy, one 
of acute inflammatory demyelinating polyneuropathy, and one of isolated facial diplegia. In 
contrast, all of the cases enrolled in the IgG-positive group manifested with dizziness with or 
without oculomotor palsy due to cranial neuropathy syndrome.
Conclusions  This study has identified that anti-GM2 antibody can be found in various sub-
types of GBS and its variants in rare cases. Compared to the clinical heterogeneity of the IgM-
positive group, the IgG-positive group can be characterized by cranial-dominant GBS variants 
presenting mainly with oculomotor and vestibular dysfunctions.
Key Words    Guillain-Barré syndrome, ganglioside, antibodies, GM2, Korea.

Clinical Heterogeneity of Anti-GM2-Ganglioside-Antibody 
Syndrome

INTRODUCTION

Guillain-Barré syndrome (GBS) is now known to cover a spectrum of postinfectious dys-
immunogenic peripheral neuropathies.1 Recent advances in techniques for investigating 
the immunological mechanisms of GBS have revealed that various antiganglioside anti-
bodies play pathogenic roles and influence its phenotypes.2,3 Various recent trials have clas-
sified and categorized this disease group based on immunological profiles (i.e., antiganglio-
side antibodies)4 or electrophysiological characteristics.5 There is emerging evidence that 
GBS is characterized by geographical variations in the incidence of each subtype.3,6

A syndrome of cranial mono- or polyneuropathies is one of the clinical variants of GBS 
in additional to either Miller-Fisher syndrome (MFS) or classical limb-dominant GBS.7-9 
Identifying the antiganglioside antibodies in the sera of patients can act as a specific bio-
marker for categorizing each syndrome of GBS. This has led to several syndromes being de-
fined based on the positivity to certain antibody types, such as anti-GM1, anti-GQ1, or even 
anti-GT1a syndrome.4,8 Neither immunoglobulin (Ig)M- nor IgG-type anti-GM2-ganglio-
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side-antibody syndrome has been clinically characterized, 
which can be attributed to IgG- or IgM-type anti-GM2 an-
tibodies being detected far less frequently in GBS than oth-
er types of antiganglioside antibodies. Additionally, a previous 
study found that GM2 could not be stained using an immuno-
histological technique.10 This situation has prompted many 
researchers to suspect that this syndrome plays a pathogenic 
role in human GBS. 

Anti-GM2 antibodies—and especially the IgM type—have 
often been reported in the serum in acute and chronic dys-
immune peripheral neuropathies as well as in motor neuron 
disease.11 The anti-GM2 reactivity in some of these patients 
was associated with a concomitant reactivity with GM1, while 
no reactivity with other gangliosides was detected in other 
patients, suggesting that GM2 is a target for autoantibodies 
in these patients.11

Rupp et al.12 recently identified GM2 in the canine sciatic 
nerve using both mass spectrometry and a thin-layer chro-
matography overlay technique. They additional used immu-
nohistological methods to localize GM2 predominantly in 
the abaxonal Schwann cell membrane. 

There is evidence from both in vivo and in vitro studies for 
the involvement of anti-GM2 antibodies in the development 
of acute immune-mediated peripheral neuropathies, such as 
GBS.10,13,14 However, no previous study has analyzed the im-
munological–phenotypical correlation for anti-GM2 antibod-
ies in GBS. 

This study aimed to identify the incidence of GBS as de-
fined clinically and electrophysiologically based on IgM- or 
IgG-type anti-GM2-antibody positivity. In addition, we at-
tempted to characterize the clinical phenotypes and define the 
syndrome based on its unique characteristics relative to other 
antibody syndromes.

METHODS

Patients and clinical data
The Dong-A University Neuroimmunology Team (DAUNIT) 
has applied an antiganglioside antibodies assay to the sera of 
cases with a presumptive diagnosis of acute immune-mediat-
ed cranial or peripheral neuropathy. The Korean Inflammato-
ry Neuropathy Consortium (KINC), which was established in 
2012 as a nationwide society for inflammatory neuropathies, 
has systematically collected clinical and laboratory informa-
tion on GBS from university-based hospitals in Korea. The 
collaboration between the DAUNIT and KINC means that 
the clinical and specific laboratory data of each case are col-
lected from the on-site investigators at the respective institu-
tions in the KINC.7 The records of each case were anony-
mized and de-identified prior to being analyzed.

This study reviewed 2109 consecutive cases after combin-
ing the DAUNIT and KINC databases obtained from 2007 
to February 2017. The DAUNIT collected sera related to im-
mune-mediated neuropathies and other acute cranial neu-
ropathies from more than 40 general and university-based 
hospitals in Korea over a period of more than 10 years. De-
tailed information on the involved patients was often obtained 
and then corrected by the referring neurologists applying 
additional questionnaires. GBS was defined based on con-
ventional clinical criteria15 with supporting results of anti-
ganglioside-antibody positivity.16 Additionally, compatible 
specific variants of GBS such as MFS, the pharyngeal-cervical-
brachial variant, and Bickerstaff brainstem encephalitis were 
defined based on a recently proposed classification system.4 
The enrolled cases were analyzed and compared based on 
both clinical and objective findings such as laboratory and 
electrophysiological features. 

Anti-ganglioside-antibody tests
All serum samples were obtained from patients within 2 
weeks of symptom onset and collected by the DAUNIT for 
anti-ganglioside-antibody tests. An enzyme-linked immuno-
sorbent assay was used to detect IgG- and IgM-type antibod-
ies against the gangliosides GM1, GM2, GD1a, GD1b, GD3, 
GT1a, GT1b, and GQ1b according to previously described 
methods with some modifications.16,17 The presence of dif-
ferent types of antiganglioside antibodies was analyzed by 
researchers who were blinded to the clinical information of 
the patients.

Standard protocol approvals, registrations, and 
patient consents
This study was approved by the Ethics Committee of Dong-A 
University Hospital (IRB No. 10-10-7). All of the enrolled pa-
tients gave written informed consent prior to study inclusion.

RESULTS

The data set from antiganglioside antibody assays performed 
from 2007 to February 2017 by the DAUNIT was reviewed. 
As mentioned above, the systematic and prospective enroll-
ment of both clinical and laboratory data started in 2012, 
and hence it is necessary to address the presence of hetero-
geneity and possible contamination by diseases other than 
GBS in our cohort, such as idiopathic oculomotor palsy, fa-
cial diplegia, or bulbar palsy. 

We reviewed the laboratory results of the 2019 included 
patients, which revealed 458 cases that were positive for any 
of the antiganglioside antibodies studied (22.7%). Ten of these 
patients were positive for either isolated IgM- or IgG-type an-
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ti-GM2 antibody (2.2%), while they were negative for anti-
bodies other than anti-GM2 antibodies. Two of these 10 pa-
tients were excluded after repetitive history-taking: both 
patients showed clinical progress over a 1-month period and 
were finally diagnosed as chronic idiopathic peripheral neu-
ropathy. The eight enrolled patients shared the following com-
mon features of GBS: monophasic course and recovery, taking 
<4 weeks to clinical nadir, and absence of etiologies of other 
peripheral neuropathies. 

Finally, four patients were identified as classical limb-domi-
nant peripheral polyneuropathy or cranial neuropathy with 
isolated IgM-type anti-GM2-antibody positivity. Another four 
patients had acute neuropathies, with only IgG-type anti-
GM2 antibody in their sera. Therefore, finally 8 patients with 
GBS were identified as an anti-GM2-ganglioside-antibody 
syndrome with isolated positivity of either the IgM or IgG type 
from among the 2019 analyzed cases (0.4%). 

The demographic and clinical features of the enrolled pa-
tients are summarized in Table 1. The mean age at onset was 
41 years (range, 17–65 years), and the subjects comprised five 
men and three women. Both the IgM- and IgG-type anti-
GM2-antibody groups had positive histories for various pre-
ceding infections: upper respiratory infection (two out of four, 
50%), diarrhea (one out of four, 25%), and no infection his-
tory (one out of four, 25%). The latency of the first symptoms 
after infection, pattern of involvement, and disease course 
varied between the patients. One patient in the IgM group and 
two in the IgG group were treated with a 5-day course of in-
travenous Ig. 

Table 2 lists the electrophysiological and laboratory find-
ings of the eight patients with GBS and its variants with ei-
ther IgM- or IgG-type anti-GM2-antibody positivity. The en-
rolled patients were unfortunately not fully evaluated for 
possible infections. Two of the four patients with IgM and one 
of the four patients with IgG underwent serum tests for My-
coplasma pneumoniae infection. Only one patient in each of 
the IgM and IgG groups was identified as having recent My-
coplasma pneumoniae infections. Only three patients under-
went serological testing for cytomegalovirus (CMV) infection, 
and the findings for all of them were negative. 

Albuminocytological dissociation was present in three of 
the four patients (75%) in the IgM group but only one of the 
four patients (25%) in the IgG group. Various abnormalities 
were identified in conventional nerve conduction studies in 
both groups.

The clearest overall difference between the two groups was 
in the pattern of regional involvement of peripheral nerves. 
The IgM-positive group comprised heterogeneous syndromes: 
one of acute motor axonal neuropathy or acute motor con-
duction-block neuropathy (AMCBNP), one of AMCBNP or Ta
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acute motor sensory axonal neuropathy, one of acute inflam-
matory demyelinating polyneuropathy (AIDP), and one of 
isolated facial diplegia. Thus, one patient manifested with fa-
cial diplegia while the other three patients manifested with 
limb peripheral neuropathy. 

In contrast, all of the enrolled cases in the IgG-positive 
group manifested with dizziness, and three of them (75%) 
experienced ataxia. It appeared that more than one cranial 
nerve was involved in all of the patients with IgG-type anti-
GM2-positive GBS: two patients had oculomotor nerve in-
volvement (50%), one patient had abducens nerve involve-
ment (25%), and one patient had probable involvement of the 
vestibular nerve (25%). All of the patients in both groups (with 
the exception of a single patient with residual acral paresthe-
sia) showed full recovery after their monophasic illness.

DISCUSSION

This study found that patients with isolated anti-GM2-posi-
tive GBS were extremely rare in a cohort with acute immune-
mediated or idiopathic peripheral neuropathies (8 of 2019 
patients, 0.4%). Furthermore, the clinical manifestations were 
not consistent and difficult to categorize uniformly based on 
existing criteria.4 Two patients who were initially enrolled in 
this study were finally excluded because their clinical course 
was more compatible with chronic immune-mediated periph-
eral neuropathy than GBS. Our study therefore suggests that 
the anti-GM2 antibody is not specific to GBS. This issue needs 
to be elucidated by assessing the clinical–immunological cor-
relation in larger numbers of patients with this rare syndrome. 

Four of our patients with IgM anti-GM2 antibodies and 
four with IgG anti-GM2 antibodies showed a distinctive fea-
ture that differentiated the two groups, although the number 
of patients was too small to definitively define the clinical char-
acteristics of a particular GBS variant. The IgM-type anti-
GM2-positive GBS patients showed heterogeneous manifes-
tations, whereas all four GBS patients in the IgG-type anti-
GM2-positive group showed clinical features involving the 
cranial nerve. Three of the four IgM-type anti-GM2-antibody-
positive GBS patients were categorized as motor-dominant 
or sensorimotor polyneuropathy, while all four patients with 
the IgG type had cranial involvement, with three showing ei-
ther painful or painless ophthalmoplegia. One patient mani-
fested with the so-called nystagmus-and-ataxia pattern.18 
These findings are especially interesting in that most of the 
patients would have been misdiagnosed as another kind of 
cranial neuropathy or acute vestibulopathy. 

The aforementioned weak clinical–immunological correla-
tion means that whether or not anti-GM2 antibody also has 
a pathogenic role in the development of GBS, such as the “mo-Ta
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lecular mimicry” mechanism, cannot be concluded from the 
results of this study. These results can be explained by specu-
lating that minor differences in the specificities of antibod-
ies to the same antigenic target produce marked differences 
in clinical presentations and the regional involvement.

The exact amount and relative distribution of GM2 in the 
human peripheral nervous system is unknown. One study 
identified that GM2 can be found in all of the cranial nerves 
and both dorsal and ventral roots of the spinal nerves, albeit 
at a much lower concentration than other major gangliosides 
such as GD1a, GD1b, LM1, and GT1b.19 

Various patterns of peripheral neuropathies associated 
with anti-GM2 antibody have been described previously, 
such as sixth-cranial-nerve palsy,20 facial diplegia,21 and chron-
ic sensory ataxic demyelinating polyneuropathy.22 However, 
these syndromes usually show positivity for other types of 
antiganglioside antibodies in addition to the anti-GM2 anti-
body. 

Apart from GBS, anti-GM2 antibodies in conjunction with 
anti-GalNAc-GD1a antibodies have also been linked to chron-
ic demyelinating polyneuropathy with severe sensory ataxia 
in adults.22 A particularly interesting observation is that other 
ganglioside antibodies implicated in neuropathies tend to be 
the IgG type; however, all reported associations of anti-GM2 
antibodies with GBS variants—including the cases mentioned 
here—are the IgM type.

Moreover, anti-GM2 antibodies have previously been shown 
to have specific relationships with CMV infection.23,24 One 
study suggested that CMV patients with anti-GM2-antibody-
positive GBS show severe sensory defects and cranial nerve 
involvement.23 Another study identified that CMV infec-
tion was the antecedent infection in 13% of cases and was 
clinically associated with severe sensorimotor impairment in 
GBS.25 In other words, the clinical phenotype of anti-GM2-
antibody-positive GBS after CMV infection appears to be rath-
er heterogeneous. 

Ang et al.26 induced anti-GM2-antibody-recognizing epi-
topes in fibroblasts infected with CMV, revealing that viruses 
can induce the molecular mimicry of gangliosides and lend-
ing further credence to the molecular mimicry theory. They 
detected only IgM-type anti-GM2 antibody, but other stud-
ies have also detected IgG-type anti-GM2 antibody.14,23

Cavanna et al.11 showed that anti-GM2 antibody can in-
duce complement-dependent cytolysis. We therefore applied 
a cytotoxicity assay to neuroblastoma cells in sera from seven 
patients with demyelinating dysimmune neuropathies and 
high titers of IgM-type anti-GM2 antibody. However, anti-
GM2 antibody can be detected from infectious agents other 
than CMV. One study found that 1 of 30 patients with GBS-/
Fisher-syndrome-related mycoplasma infection showed IgM-

type anti-GM2-antibody positivity.27 In addition, anti-GM2 
antibodies and positive herpes simplex virus serology were 
reported in an adult patient with multiple cranial neuropa-
thies, including external ophthalmoplegia.28

Another issue to consider is that GM2 cannot be detected 
in human peripheral nerves by the standard immunohisto-
chemical techniques using IgM-type anti-GM2 antiserum.10 
This raises some doubts about the pathophysiological sig-
nificance of IgM-type anti-GM2 antibody in AIDP associat-
ed with CMV infection. It has even been reported that neu-
rologically healthy humans occasionally also exhibit low anti-
GM2 antibody titers.13 Nevertheless, some animal studies 
have pathologically identified that anti-GM2 antibody and 
its complement drive segmental demyelination in acute canine 
polyradiculoneuritis.12

The present study adds significantly to the scarce informa-
tion in the literature about the electrophysiological character-
istics of GBS, which includes one study suggesting that GBS 
after CMV infection is the demyelinating type.29

Some limitations of the present study should be considered. 
One issue is associated with sharing of epitopes by GM2 and 
other types of gangliosides, which was not tested in our cas-
es. Lopate et al.22 reported that the antibody binding site—the 
terminal GalNAc(14)Gal(2-3)NeuAc trisaccharide moiety—
might be shared by GM2 and GalNAc-GD1a gangliosides, as 
well as GalNAc-GD1b (which was not tested). We therefore 
cannot exclude the possibility of cross-reaction between vari-
ous types of each antiganglioside antibody, though we did se-
lect cases with isolated anti-GM2-antibody positivity. More-
over, even though the DAUNIT database includes chronic 
immune-mediated peripheral neuropathies, we did not eval-
uate chronic cases of anti-GM2 antibody in this study. Final-
ly, only one of the patients enrolled in this study was evaluated 
for recent CMV infections, and serological tests for myco-
plasma infections were seldom performed in our cohort. All of 
these limitations should be considered when interpreting the 
present results.

We have identified that IgM- and IgG-type anti-GM2 anti-
bodies can be found in various subtypes of GBS and its vari-
ants. IgG-positive patients can be characterized by cranial-
dominant GBS variants presenting mainly with oculomotor 
and vestibular dysfunctions, while IgM-positive patients can 
manifest with heterogeneous syndromes.

Conflicts of Interest
The authors have no financial conflicts of interest.

Acknowledgements
This work was supported by grants from the National Research Founda-
tion of Korea funded by the Korean Government (MSIP No. NRF-2015 
R1A5A7037674 and MSIT No. 2016R1A5A2007009). The funders had no 



406  J Clin Neurol 2018;14(3):401-406

Clinical Heterogeneity of GBS with Anti-GM2JCN
role in the study design, data collection and analysis, decision to publish, 
or preparation of the manuscript.

REFERENCES
1. Willison HJ, Jacobs BC, van Doorn PA. Guillain-Barré syndrome. 

Lancet 2016;388:717-727.
2. Yuki N, Hartung HP. Guillain-Barré syndrome. N Engl J Med 2012; 

366:2294-2304.
3. Bae JS, Yuki N, Kuwabara S, Kim JK, Vucic S, Lin CS, et al. Guillain-

Barré syndrome in Asia. J Neurol Neurosurg Psychiatry 2014;85:907-
913.

4. Wakerley BR, Uncini A, Yuki N; GBS Classification Group; GBS Clas-
sification Group. Guillain-Barré and Miller Fisher syndromes--new 
diagnostic classification. Nat Rev Neurol 2014;10:537-544.

5. Uncini A, Kuwabara S. Electrodiagnostic criteria for Guillain-Barrè 
syndrome: a critical revision and the need for an update. Clin Neuro-
physiol 2012;123:1487-1495.

6. Kuwabara S, Yuki N. Axonal Guillain-Barré syndrome: concepts and 
controversies. Lancet Neurol 2013;12:1180-1188.

7. Kim JK, Oh SY, Sohn EH, Hong YH, Jun SM, Bae JS. When is facial 
diplegia regarded as a variant of Guillain-Barré syndrome? J Peripher 
Nerv Syst 2015;20:32-36.

8. Kim JK, Kim BJ, Shin HY, Shin KJ, Nam TS, Oh J, et al. Acute bulbar 
palsy as a variant of Guillain-Barré syndrome. Neurology 2016;86:742-
747.

9. Wakerley BR, Yuki N. Polyneuritis cranialis: oculopharyngeal sub-
type of Guillain-Barré syndrome. J Neurol 2015;262:2001-2012.

10. O’Hanlon GM, Veitch J, Gallardo E, Illa I, Chancellor AM, Willison 
HJ. Peripheral neuropathy associated with anti-GM2 ganglioside an-
tibodies: clinical and immunopathological studies. Autoimmunity 
2000;32:133-144.

11. Cavanna B, Jiang H, Allaria S, Carpo M, Scarlato G, Nobile-Orazio E. 
Anti-GM(2) IgM antibody-induced complement-mediated cytotoxic-
ity in patients with dysimmune neuropathies. J Neuroimmunol 2001; 
114:226-231.

12. Rupp A, Galban-Horcajo F, Bianchi E, Dondi M, Penderis J, Cappell 
J, et al. Anti-GM2 ganglioside antibodies are a biomarker for acute 
canine polyradiculoneuritis. J Peripher Nerv Syst 2013;18:75-88.

13. Khalili-Shirazi A, Gregson N, Gray I, Rees J, Winer J, Hughes R. An-
tiganglioside antibodies in Guillain-Barré syndrome after a recent cy-
tomegalovirus infection. J Neurol Neurosurg Psychiatry 1999;66:376-
379.

14. Yuki N, Tagawa Y. Acute cytomegalovirus infection and IgM anti-
GM2 antibody. J Neurol Sci 1998;154:14-17.

15. Asbury AK, Cornblath DR. Assessment of current diagnostic criteria 
for Guillain-Barré syndrome. Ann Neurol 1990;27 Suppl:S21-S24.

16. Kim JK, Bae JS, Kim DS, Kusunoki S, Kim JE, Kim JS, et al. Preva-

lence of anti-ganglioside antibodies and their clinical correlates with 
Guillain-Barré syndrome in Korea: a nationwide multicenter study. J 
Clin Neurol 2014;10:94-100.

17. Kusunoki S, Chiba A, Kon K, Ando S, Arisawa K, Tate A, et al. N-
acetylgalactosaminyl GD1a is a target molecule for serum antibody in 
Guillain-Barré syndrome. Ann Neurol 1994;35:570-576.

18. Jeong SH, Nam J, Kwon MJ, Kim JK, Kim JS. Nystagmus and ataxia 
associated with antiganglioside antibodies. J Neuroophthalmol 2011; 
31:326-330.

19. Chiba A, Kusunoki S, Obata H, Machinami R, Kanazawa I. Ganglio-
side composition of the human cranial nerves, with special reference 
to pathophysiology of Miller Fisher syndrome. Brain Res 1997;745:32-
36.

20. Smyth KA, Fritzler MJ, Kirton A. Acquired infantile abducens palsy 
associated with anti-GM2 antibodies. Pediatr Neurol 2011;44:459-462.

21. Susuki K, Koga M, Hirata K, Isogai E, Yuki N. A Guillain-Barré syn-
drome variant with prominent facial diplegia. J Neurol 2009;256:1899-
1905.

22. Lopate G, Choksi R, Pestronk A. Severe sensory ataxia and demyelin-
ating polyneuropathy with IgM anti-GM2 and GalNAc-GD1A anti-
bodies. Muscle Nerve 2002;25:828-836.

23. Irie S, Saito T, Nakamura K, Kanazawa N, Ogino M, Nukazawa T, et al. 
Association of anti-GM2 antibodies in Guillain-Barré syndrome with 
acute cytomegalovirus infection. J Neuroimmunol 1996;68:19-26.

24. Jacob A, McKeon A, Nakashima I, Sato DK, Elsone L, Fujihara K, et al. 
Current concept of neuromyelitis optica (NMO) and NMO spectrum 
disorders. J Neurol Neurosurg Psychiatry 2013;84:922-930.

25. Jacobs BC, Rothbarth PH, van der Meché FG, Herbrink P, Schmitz 
PI, de Klerk MA, et al. The spectrum of antecedent infections in Guil-
lain-Barré syndrome: a case-control study. Neurology 1998;51:1110-
1115.

26. Ang CW, Jacobs BC, Brandenburg AH, Laman JD, van der Meché FG, 
Osterhaus AD, et al. Cross-reactive antibodies against GM2 and CMV-
infected fibroblasts in Guillain-Barré syndrome. Neurology 2000;54: 
1453-1458.

27. Kuwahara M, Samukawa M, Ikeda T, Morikawa M, Ueno R, Hamada 
Y, et al. Characterization of the neurological diseases associated with 
Mycoplasma pneumoniae infection and anti-glycolipid antibodies. J 
Neurol 2017;264:467-475.

28. Santos García D, Llaneza M, Macias M, de la Fuente-Fernández R. 
Multiple cranial neuropathy associated with herpes simplex virus in-
fection and anti-GM2 immunoglobulin M antibodies. J Clin Neuro-
muscul Dis 2009;10:199-201.

29. Visser LH, van der Meché FG, Meulstee J, Rothbarth PP, Jacobs BC, 
Schmitz PI, et al. Cytomegalovirus infection and Guillain-Barré syn-
drome: the clinical, electrophysiologic, and prognostic features. Dutch 
Guillain-Barré Study Group. Neurology 1996;47:668-673.


