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EPILEPSY

How parasitic larvae affect 
the brain
The release of the neurotransmitter glutamate by the parasitic tape-
worm Taenia solium appears to be implicated in the pathophysiology of 
a widespread, but neglected, form of adult-onset epilepsy.

ZIN-JUAN KLAFT AND CHRIS DULLA

Infections caused by the tapeworm Taenia solium 
are a major source of illness, especially in low- 
and middle-income countries (Torgerson et al., 

2015). When the larvae of this parasite establish 
cysts in the brain, a condition that is known as 
neurocysticercosis, the consequences can include 
seizures and epilepsy. Indeed, neurocysticer-
cosis is among the leading causes of adult-onset 
epilepsy worldwide (Ta and Blond, 2022; Nash 
et al., 2013), and a significant fraction (22–29%) 
of all epilepsy patients in sub-Saharan countries 
have neurocysticercosis (Owolabi et  al., 2020; 
Ndimubanzi et al., 2010).

Seizures and epilepsy are thought to occur 
when the cysts burst and release their contents 
into the brain, and previous research has focused 
on the role of the brain’s neuroinflammatory 
response in the development of these conditions 
(Robinson et  al., 2012). Interestingly Taenia 
solium larvae are thought to actively suppress 
the local immune response to their own pres-
ence, allowing them to reside in the brain for 
months or even years. However, besides the 

work on neuroinflammation, there has been little 
research into the effects of the larvae (and their 
secretions) on neuronal activity. Now, in eLife , 
Joseph Raimondo (University of Cape Town) and 
colleagues – including Anja de Lange and Hayley 
Tomes as joint first authors – report the results of 
experiments that explore the impact of larvae on 
the brain (de Lange et al., 2023). These results 
are directly relevant to understanding the patho-
genesis of acute seizures (ictogenesis) and – since 
seizures beget seizures – also chronic epilepsy.

The key finding of the new work is that the 
larvae and their secretions contain a neurotrans-
mitter called glutamate, with the level of gluta-
mate being high enough to directly activate 
surrounding neurons. To show this, de Lange et 
al. first homogenized Taenia solium larvae and 
collected their excretion/secretion products. 
They then exposed neurons to these products, 
and showed that this exposure activated the 
neurons to fire action potentials. Moreover, if 
glutamate receptors in the neurons were blocked 
before exposure to the larval products, the 
neurons were not activated.

The researchers – who are based in Cape 
Town and at institutions in Australia, France, 
Germany, the UK and Zambia – then used fluo-
rescent calcium imaging to study how local acti-
vation of neurons by the glutamate from the 
larvae affects local brain circuits. Rises in intra-
cellular calcium are a proxy for neuronal activity, 
so imaging calcium allows the neuronal activity 
across brain circuits to be visualized. These 
imaging experiments confirmed that glutamate 
from the larvae caused local neuronal activation 
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that led to the subsequent activation of synap-
tically connected neurons across distal brain 
circuits. The researchers also investigated other 
products excreted or secreted by the larvae that 
could potentially affect the firing of neurons (such 
as substance P, acetylcholine and potassium), but 
none of these had the same widespread impact 
as glutamate. The results were consistent, there-
fore, with glutamate from the larvae having a 
potential role in the generation and/or propaga-
tion of seizures.

Next, de Lange et al. showed that the larval 
products showed similar excitatory effects in in 
vitro brain tissue from both animal models and 
from resected human brain tissue. They also 
demonstrated that the glutamate can excite the 
surrounding brain tissue, which has been shown 
to drive later epilepsy in other studies (Zeidler 
et  al., 2018). Moreover, it has previously been 
shown that glutamate released by brain tumors 
can induce epileptic activity (Buckingham et al., 
2011; Sontheimer, 2008), and researchers are 
exploring ways to target glutamate release in 
order to prevent such seizures (Ghoochani et al., 
2016).

Similar strategies may be beneficial when 
tackling neurocysticercosis to reduce seizures, or 
possibly even prevent the development of chronic 
epilepsy. This is critically important because 
millions of neurocysticercosis patients suffer from 
seizures and epilepsy. However, the latest study 
does not demonstrate that larval products cause 
seizures or epilepsy, as it was carried out at the 
level of single cells and small circuits with small 
volumes (just picoliters) of larval products, so for 

now we only know how neurocysticercosis leads 
to neuronal hyperexcitability. Future studies will 
be needed to understand the effects of larval 
products, and the larvae themselves, on larger 
circuits in vivo, and to explore if/how this patho-
logical excitation leads to long-term changes in 
the brain that cause it to generate spontaneous 
recurring seizures. Non-glutamatergic mecha-
nisms, including neuroimmunological processes, 
may also still be relevant to these changes.

This study moves the field closer to under-
standing epilepsy in human neurocysticercosis by 
providing exciting experimental evidence, and 
by also providing naturalistic, disease-relevant 
models that will enable the study of novel treat-
ment approaches. It is also important because 
neurocysticercosis – a condition that dispro-
portionately affects people in low-income and 
under-resourced countries – has not received 
sufficient attention in the past. The current find-
ings from Cape Town may just have kickstarted 
much-needed research in neurocysticercosis by 
finding out what Taenia solium larvae do to the 
neuronal networks that surround them. Exciting!
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Figure 1. Neurocysticercosis and epilepsy. Taenia Solium is a parasite that can infect the brain and cause 
neurocysticercosis, which is a prevalent but poorly understood cause of acquired epilepsy. de Lange et al. have 
shown that Taenia Solium contains significant amounts of a neurotransmitter called glutamate, which can activate 
neurons and circuits of neurons. Future studies are required to establish a link between Taenia Solium, glutamate 
and epilepsy, but this study is an important first step in this direction.

https://doi.org/10.7554/eLife.91149
https://orcid.org/0000-0002-8208-7263
https://orcid.org/0000-0002-6560-6535


 ﻿﻿﻿﻿﻿﻿Insight

Klaft and Dulla. eLife 2023;12:e91149. DOI: https://​doi.​org/​10.​7554/​eLife.​91149 � 3 of 3

Epilepsy | How parasitic larvae affect the brain

Competing interests: The authors declare that no 
competing interests exist.

Published 23 August 2023

References
Buckingham SC, Campbell SL, Haas BR, Montana V, 
Robel S, Ogunrinu T, Sontheimer H. 2011. Glutamate 
release by primary brain tumors induces epileptic 
activity. Nature Medicine 17:1269–1274. DOI: https://​
doi.org/10.1038/nm.2453, PMID: 21909104
de Lange A, Tomes H, Selfe J, Prodjinotho UF, 
Verhoog MB, Mahanty S, Smith K, Horsnell W, 
Sikasunge C, Prazeres da Costa C, Raimondo JV. 2023. 
Cestode larvae excite host neuronal circuits via 
glutamatergic signaling. eLife 12:RP88174. DOI: 
https://doi.org/10.7554/eLife.88174
Ghoochani A, Hatipoglu Majernik G, Sehm T, Wach S, 
Buchfelder M, Taubert H, Eyupoglu IY, Savaskan N. 
2016. Cabazitaxel operates anti-metastatic and 
cytotoxic via apoptosis induction and stalls brain 
tumor angiogenesis. Oncotarget 7:38306–38318. DOI: 
https://doi.org/10.18632/oncotarget.9439, PMID: 
27203678
Nash TE, Mahanty S, Garcia HH. 2013. 
Neurocysticercosis-more than a neglected disease. 
PLOS Neglected Tropical Diseases 7:e1964. DOI: 
https://doi.org/10.1371/journal.pntd.0001964, PMID: 
23638190
Ndimubanzi PC, Carabin H, Budke CM, Nguyen H, 
Qian Y-J, Rainwater E, Dickey M, Reynolds S, 
Stoner JA. 2010. A systematic review of the frequency 
of neurocyticercosis with A focus on people with 
epilepsy. PLOS Neglected Tropical Diseases 4:e870. 
DOI: https://doi.org/10.1371/journal.pntd.0000870, 
PMID: 21072231
Owolabi LF, Adamu B, Jibo AM, Owolabi SD, 
Imam AI, Alhaji ID. 2020. Neurocysticercosis in people 

with epilepsy in Sub-Saharan Africa: A systematic 
review and meta-analysis of the prevalence and 
strength of association. Seizure 76:1–11. DOI: https://​
doi.org/10.1016/j.seizure.2020.01.005, PMID: 
31935478
Robinson P, Garza A, Weinstock J, Serpa JA, 
Goodman JC, Eckols KT, Firozgary B, Tweardy DJ. 
2012. Substance P causes seizures in 
neurocysticercosis. PLOS Pathogens 8:e1002489. DOI: 
https://doi.org/10.1371/journal.ppat.1002489, PMID: 
22346746
Sontheimer H. 2008. A role for glutamate in growth 
and invasion of primary brain tumors. Journal of 
Neurochemistry 105:287–295. DOI: https://doi.org/10.​
1111/j.1471-4159.2008.05301.x, PMID: 18284616
Ta R, Blond BN. 2022. The prevalence of and 
contributors to neurocysticercosis in endemic regions. 
Journal of the Neurological Sciences 441:120393. 
DOI: https://doi.org/10.1016/j.jns.2022.120393, PMID: 
36054944
Torgerson PR, Devleesschauwer B, Praet N, 
Speybroeck N, Willingham AL, Kasuga F, Rokni MB, 
Zhou X-N, Fèvre EM, Sripa B, Gargouri N, Fürst T, 
Budke CM, Carabin H, Kirk MD, Angulo FJ, 
Havelaar A, de Silva N. 2015. World Health 
Organization Estimates of the Global and Regional 
Disease Burden of 11 Foodborne Parasitic Diseases, 
2010: A Data Synthesis. PLOS Medicine 12:e1001920. 
DOI: https://doi.org/10.1371/journal.pmed.1001920, 
PMID: 26633705
Zeidler Z, Brandt-Fontaine M, Leintz C, 
Krook-Magnuson C, Netoff T, Krook-Magnuson E. 
2018. Targeting the mouse ventral hippocampus in the 
intrahippocampal kainic acid model of temporal lobe 
epilepsy. eNeuro 5:ENEURO.0158-18.2018. DOI: 
https://doi.org/10.1523/ENEURO.0158-18.2018, 
PMID: 30131968

https://doi.org/10.7554/eLife.91149
https://doi.org/10.1038/nm.2453
https://doi.org/10.1038/nm.2453
http://www.ncbi.nlm.nih.gov/pubmed/21909104
https://doi.org/10.7554/eLife.88174
https://doi.org/10.18632/oncotarget.9439
http://www.ncbi.nlm.nih.gov/pubmed/27203678
https://doi.org/10.1371/journal.pntd.0001964
http://www.ncbi.nlm.nih.gov/pubmed/23638190
https://doi.org/10.1371/journal.pntd.0000870
http://www.ncbi.nlm.nih.gov/pubmed/21072231
https://doi.org/10.1016/j.seizure.2020.01.005
https://doi.org/10.1016/j.seizure.2020.01.005
http://www.ncbi.nlm.nih.gov/pubmed/31935478
https://doi.org/10.1371/journal.ppat.1002489
http://www.ncbi.nlm.nih.gov/pubmed/22346746
https://doi.org/10.1111/j.1471-4159.2008.05301.x
https://doi.org/10.1111/j.1471-4159.2008.05301.x
http://www.ncbi.nlm.nih.gov/pubmed/18284616
https://doi.org/10.1016/j.jns.2022.120393
http://www.ncbi.nlm.nih.gov/pubmed/36054944
https://doi.org/10.1371/journal.pmed.1001920
http://www.ncbi.nlm.nih.gov/pubmed/26633705
https://doi.org/10.1523/ENEURO.0158-18.2018
http://www.ncbi.nlm.nih.gov/pubmed/30131968

	How parasitic larvae affect the brain
	References


