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Abstract

Neurocysticercosis (NC) presents two broad clinical entities: extraparenchymal (EP-NC) and parenchymal (P-NC).
Using ELISA methodology, we demonstrate autoantibodies to tubulin and the Major oligodendrocyte glycoprotein
(MOG) in the CSF of most, but not all, EP-NC samples. Levels of these autoantibodies were considerably reduced or
absent in the P-NC samples. There was a striking correlation between levels of anti-tubulin and anti-MOG, and the
significant correlation between the levels of autoantibodies and cellularity in the CSF, suggests that stimulation of
the autoantibody response may be a function of cerebral inflammation. A hypothetical model to describe the
pathogenesis of EP-NC is presented.
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Anti-brain autoantibodies have been observed in a wide range of neuropathologies, including autoimmune and
infectious diseases, and tumors (Di Pauli and Berger, 2018; Abou-Donia et al., 2019; Kobeissy and Moshourab, 2015;
Pollak et al., 2016; Svarcová et al., 2008; El Rahman et al., 2018). Their precise role in pathogenesis has yet to be
defined, but they have promise as potential “biomarkers” (Di Pauli and Berger, 2018; Abou-Donia et al., 2019;
Kobeissy and Moshourab, 2015; Pollak et al., 2016), and they may suggest novel disease control strategies. More
specifically, autoantibodies to tubulin (Abou-Donia et al., 2019; Kobeissy and Moshourab, 2015; Pollak et al., 2016;
Svarcová et al., 2008¸ El Rahman et al., 2018) and the myelin oligodendrocyte glycoprotein (MOG) (Di Pauli and
Berger, 2018; Kobeissy and Moshourab, 2015; Wynford-Thomas et al., 2019) have frequently been observed in
inflammatory brain disease.

Previous studies have suggested that parasites may also trigger activation of both cellular and serological anti-brain
autoimmune mechanism (Rojas et al., 2018). Neurocysticercosis (NC), infection of the human Central Nervous
System (CNS) by the larval phase of Taenia solium, is a neglected zoonotic parasite disease (FAO-WHO, 2014). NC is
usually a poverty-related disease of high public health importance that is still a cause of unacceptable morbidity and
mortality, not only in endemic lower-income Latin America countries, Africa, and Asia, but also increasingly in
high-income countries due to migration (Symeonidou et al., 2018; O'Neal and Flecker, 2015). As the most common
parasite of the CNS worldwide (Carpio et al., 2018), and a major cause of seizures in endemic countries (Tellez-
Zenteno and Hernandez-Ronquillo, 2017), NC is not a single entity; it is a “spectral” disease covering a wide range of
clinical symptoms, ranging from benign to frankly life threatening, depending on the number, localization and
physiological state (vesicular, colloidal and/or calcified) of the parasite and the corresponding host inflammatory
response. Therefore, and in view of the importance of neuroinflammation in the pathogenesis of the disease, it is
surprising that the possible occurrence of anti-brain autoantibodies in NC has not been unexplored until recently
(Parkhouse et al., 2020). In this study the presence of autoantibodies in cerebrospinal fluid (CSF) from
extraparenchymal (EP-NC), but not parenchymal (P-NC), patients was reported. Surprisingly, all 9 of the protein
targets of the autoantibodies were ubuiquitous intracellular proteins. Thus, the objective of the present study was to
screen for the presence of autoantibodies to a neural cell surface protein, the major oligodendrocyte glycoprotein
(MOG) in the CSF of confirmed EP-NC patients. At the same time we also screened for anti-tubulin autoantibodies
as these have frequently been observed in a variety of cerebral neuropathies. Importantly, we also detected both anti-
tubulin and anti-MOG autoantibodies, in cases of EP-NC, but not P-NC. Possible reasons and consequences
underlying these findings are discussed.

Section snippets

Study cases, imaging examination and samples

CSF samples were collected by lumbar puncture from two different Latin American countries. First, from January
2015 to February 2016, at five general hospitals in Cuenca, Ecuador, from 19 NCC patients (4 with EP-NC, 9 with
mixed EP/P-NC and 6 with P-NC) and from 15 control neurological patients diagnosed as NC negative (Carpio et al.,
2017; Parkhouse et al., 2018). Specifically, CSF samples were obtained from the following neurological patients:
hydrocephalus (5), cerebral tumors (3), optical…

Heterogeneity in the anti-tubulin and anti-major oligodendrocyte (MOG) autoantibody
response in neurocysticercosis (NC)

In the Ecuadorian samples of CSF patients anti-tubulin autoantibody was present in some, but not all EP-NC CSF
samples, and was negative in the P-NC samples (Fig. 1). Thus ignoring the actual cut-off value of 0.068 and imposing



an arbitrary cut off of 0.1 in the anti-tubulin ELISA, 6 of the EP-NC samples were clearly positive, whereas the
remaining 7 were negative or only marginally positive (Fig. 1). Difference in the levels of anti-tubulin autoantibody
between EP-NC and P-NC was at the limit…

Discussion

Neurocysticercosis (NC) presents a spectrum of clinical symptoms, with two broad clinical entities based on (1) The
CNS location of the parasite [extraparenchymal (EP-NC) or parenchymal (P-NC)], (2) The degenerating states of the
metacestode (vesicular, colloidal and/or calcified) and (3) The intensity of the host's inflammatory response (Carpio et
al., 2016, Carpio et al., 2018; Fleury et al., 2010, Fleury et al., 2011). Indeed, EP-NC and P-NC are radiological,
clinically, and immunologically…

Conclusions

The observation of autoantibodies to tubulin and MOG in EP-NC but not P-NC, patients is consistent with our
understanding of the immunological potential of these two distinct anatomical areas of the brain, and highlights the
need for further studies explaining the relationships between autoimmunity, neuro-inflammation and NC. In
addition to the evident importance of the early inflammatory response, the identification of autoantibodies to the
neuronal surface protein MOG (and perhaps other…
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