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Abstract 

Background Post malaria neurologic syndrome (PMNS) is a rare complication of malaria, usually caused by Plas-

modium falciparum. The clinical picture is highly variable and ranges from qualitative disturbances of consciousness 

and psychosis to damage to the peripheral nerves, usually occurring three to eight weeks after treated malaria.

Case presentation We report the case of a 54-year-old male who presented with recurrent clinical symptoms three 

and a half weeks after severe falciparum malaria. After ruling out recurrent malaria, autoimmune encephalitis was sus-

pected. Corticosteroid therapy led to a rapid improvement of the clinical symptoms. The extended examinations 

(including cranial MRI and FDG-PET/CT) revealed no pathological findings. Routine serologic autoimmune diagnostics 

remained negative. However, anti-septin complex antibodies were detected in the serum in a cell-based and a tissue-

based immunofluorescence assay. Twelve months after discontinuation of corticosteroid therapy, the patient was free 

of immunosuppressants and completely asymptomatic.

Conclusion To our knowledge, this is the first case of septin complex autoimmunity with encephalitis associated 

with PMNS. All physicians treating malaria patients should therefore be aware of this rare condition and consider 

extended autoimmune diagnostics if routine panels remain unremarkable.
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Background

Malaria is a life-threatening tropical disease and remains 

one of the most important global health problems [1]. 

According to the World Health Organization (WHO), 

249 million people contracted malaria in 2022 and an 

estimated 608,000 died from it, 76% of whom were chil-

dren under the age of five [2]. Malaria can affect any 

organ system, with involvement of the central nervous 

system (CNS) being the most feared [3]. Cerebral malaria 

has a mortality rate of 15–20%, and even long-term sur-

vivors often suffer from neurocognitive sequelae [4]. �e 

diagnostic patterns range from diffuse encephalopathy 

with subsequent seizures to coma. Other organ dysfunc-

tions such as kidney and liver failure usually occur in 

adults, while isolated cerebral malaria is more common 

in children. In endemic areas, almost half of children 

admitted to hospitals present with neurological symp-

toms [5]. �e aetiopathogenesis of cerebral malaria is not 

fully understood [6]. It is a multifactorial process trig-

gered by sequestration and adhesion of red blood cells, 

an immunologic response and loss of blood–brain barrier 

integrity [4].

Post malaria neurologic syndrome (PMNS) was first 

described in 1996 in patients suffering from acute confu-

sion, psychosis or seizures within two days to two months 

after recovery from cerebral malaria [7]. �e exact inci-

dence is unknown due to misdiagnosis and underreport-

ing, and there is no general definition of PMNS. In the 

largest prospective study conducted to date in Vietnam, 

the risk of developing PMNS was reported to be 1.2 

per 1000 malaria cases [7]. Almost all cases occur after 

a severe infection with Plasmodium falciparum, much 

less frequently after an infection with Plasmodium vivax. 

According to the literature, PMNS can be divided into 

four categories: (1) delayed cerebellar ataxia (DCA), 

(2) acute inflammatory demyelinating polyneuropathy 

(AIDP)-like syndrome, namely Guillain-Barré syndrome, 

(3) acute disseminated encephalomyelitis (ADEM)-like 

syndrome, and (4) “classic” PMNS [8], with the last form 

appearing to be the most common. �e most important 

autoantibody found to date with clinical significance in 

PMNS was directed against neurexin-3α. �e evidence 

for this comes primarily from a small case series from 

Spain and the USA and a single case from Portugal [9, 

10]. Corticosteroids have been used in several situations, 

but there have also been reports of self-limiting disease.

Case presentation

We report on the case of a 54-year-old German male 

who was on a business trip to Chad for two weeks. In the 

second week of his stay abroad, symptoms began with 

nausea, vomiting and diarrhoea and led to an immediate 

return to his home country. After his arrival in Germany, 

the neurocognitive symptoms (misbehaviour, headaches) 

worsened. �e patient was admitted to our infectious 

diseases ward one week after the onset of symptoms. 

We saw an awake, cognitively impaired patient (Glas-

gow coma scale [GCS] 13) with stable vital signs and no 

liver or renal dysfunction. Severe thrombocytopenia (32 

Gpt/L) was conspicuous. �e patient’s condition deterio-

rated rapidly and somnolence (GCS 8) developed within 

24  h, requiring intensive cardio-circulatory monitoring. 

Plasmodium falciparum was detected in blood smears 

with a parasite density of 14%. Antiprotozoal therapy 

with artesunate (2.4 mg per kg body weight IV) was ini-

tiated. After 24 h, the parasite density had decreased to 

less than 1% and oral follow-up therapy with artemether/

lumefantrine was completed. In the further course of the 

disease, no more malaria parasites could be detected. 

Due to the severe cerebral form of falciparum malaria, a 

cranial MRI examination was performed, which revealed 

unremarkable findings. �e electroencephalographic 

examination showed no abnormalities, and electroneu-

rography revealed a discrete peripheral polyneuropathy. 

�e patient was discharged as cured on day eight.

Twenty-five days after discharge, the patient developed 

new episodes of fever with word-finding difficulties and 

was readmitted. We saw a cardiocirculatory and respira-

tory stable patient with an encephalopathic clinical pic-

ture and motoric aphasia. A recurrence of falciparum 

malaria could be excluded. Cranial CT imaging showed 

no abnormalities, and subsequent lumbar puncture 

revealed a pleocytosis of 50 cells (Gpt/L) with lympho-

cytic predominance. Consistent with the inflammatory 

changes in the cerebral spinal fluid (CSF), protein was 

elevated to 1712  mg/L (normal range 180–430  mg/L), 

while lactate and glucose were normal. Multiplex PCR 

diagnostics for Escherichia coli K1, Haemophilus influ-

enzae, Listeria monocytogenes, Neisseria meningitidis, 

Streptococcus agalactiae, Streptococcus pneumoniae, 

cytomegalovirus (CMV), enterovirus, herpes simplex 

virus 1 and 2 (HSV-1/2), human herpesvirus 6 (HHV-

6), human parechovirus (HPeV), varicella zoster virus 

(VZV), West Nile virus, tick-borne encephalitis virus, 

Cryptococcus neoformans, and Cryptococcus gattii was 

negative. Bacterial cultures of the CSF remained sterile. 

Within 24 h, the patient’s condition deteriorated rapidly 

and he developed apraxia and a somnolent state. Cra-

nial MRI scans showed no abnormalities. Suspecting 

a neurologic autoimmune syndrome secondary to cer-

ebral malaria, we initiated immunotherapy with methyl-

prednisolone (250 mg IV once daily) for three days. �e 
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symptoms resolved rapidly within 24  h. However, after 

discontinuation of methylprednisolone, the symptoms 

recurred within 24 h. We therefore repeated the admin-

istration of methylprednisolone 250  mg IV as a single 

dose and continued the therapy with prednisolone (1 mg 

per kg body weight once daily). �e symptoms again 

resolved within 24 h. Further MRI scans and FDG-PET/

CT revealed no pathologic correlate. Prednisolone was 

tapered over two months (Fig. 1).

A detailed summary of the autoantibodies measured 

in serum and/or CSF is given in Table  1. Autoantibod-

ies against the septin complex (septin-3/5/6/7/11) in 

serum samples were detected with a tissue-based assay 

(rat hippocampus, titre 1: 100) and with a recombinant 

cell-based assay (titre 1:1000) (Figs. 2 and 3). One month 

after termination of prednisolone therapy, the patient 

was clinically completely unremarkable and had no neu-

rological deficits. We carried out a CSF puncture check 

and renewed autoimmune diagnostics. A regression of 

the CSF cell count to 9 (Gpt/L) was documented. �e 

anti-septin-complex antibodies were now negative, as a 

subsequent cell-based test demonstrated (Fig. 4). Twelve 

months after discontinuation of prednisolone therapy, 

the patient was free of immunosuppressants and com-

pletely asymptomatic.

Discussion and conclusions

We report a case of PMNS which presented as autoan-

tibody-associated autoimmune encephalitis and clearly 

responded to immunotherapy with corticosteroids. 

To our knowledge, this is the first case of autoimmune 

encephalitis after severe cerebral malaria in which anti-

septin complex antibodies were positive. Due to the 

absence of MRI findings, we consider this case to be a 

“classic” PMNS. In particular, the foudroyant course 

shows that PMNS is an acute auto-inflammatory process 

that requires consistent immunosuppressive therapy. 

�is is underlined by the prompt relapse that occurred 

after discontinuation of methylprednisolone therapy. 

�erefore, early initiation of anti-inflammatory therapy is 

crucial in these patients and should not be delayed due 

to the uncertainty of an autoimmune diagnosis. Sahuguet 

et al. [11] published a clinically similar case of PMNS, in 

which specific antibodies against the voltage-gated potas-

sium channel (VGKC) were detected, possibly triggering 

autoimmune encephalitis leading to PMNS. Antibodies 

against VGKC were not found in our patient. Compre-

hensive serological analyses by British neuroscientists 

suggest that these antibodies should no longer be clas-

sified as neuronal surface antibodies if only VGKC is 

positive and LGI1 and CASPR2 are negative [12]. Con-

sequently, they have no pathogenic potential and do 

not in themselves support the use of immunotherapies. 

Autoantibodies against neurexin-3α, for which the patho-

physiological significance is much clearer, were also not 

detected in our patient.

Septins are a family of GTP-binding proteins. �ey are 

ubiquitously expressed including neuronal tissue and 

play a crucial role in the organization of the cytoskel-

eton and in cell division as well as in the organization of 

endo- and exocytosis at synaptic terminals [13]. Anti-

bodies against septin-3 have been described in patients 

with cerebral ataxia suffering from various malignancies 

and may represent a new target for paraneoplastic neu-

rological syndromes [14]. Anti-septin-5 antibodies are 

associated with autoimmune encephalitis and cerebral 

ataxia [15–17]. Septin genes are not expressed in pro-

tozoa [18]. Direct antigen presentation by Plasmodium 

falciparum, which could have triggered autoimmunity, is 

therefore unlikely. No septin complex antibodies could be 

detected in the CSF of our patient, which does not rule 

out the possibility of peripheral antibody formation and 

Fig. 1 Clinical timeline
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subsequent migration through a disrupted blood–brain 

barrier. Whether septin complex antibodies were already 

present in the serum at the time of infection or whether 

they developed secondary to inflammation could unfor-

tunately not be determined. In principle, molecular 

mimicry with the formation of cross-reactive antibod-

ies seems plausible, comparable to other autoimmune 

syndromes. However, whether infections with protozoa 

per se can trigger molecular mimicry remains unclear. 

Furthermore, the pathogenic effect of septin complex 

Table 1 Autoimmune diagnostic work-up

CBA Cell-based assay, CSF Cerebrospinal fluid, FIA Fluorescence immune assay, IFA Immunofluorescence assay, n/a Not applicable, LB Line blot

Autoantibodies Method Result Reference Unit

Anti-nuclear antibodies (ANA) IFA 1:160  < 1:80 n/a

ANA pattern IFA AC-25 n/a

Extractable nuclear antigen screening FIA 0.1  < 1 ratio

Proteinase 3 FIA  < 0.2  < 2 IU/ml

Myeloperoxidase FIA  < 0.2  < 3.5 IU/ml

Hu LB/IFA Negative negative n/a

Ri LB/IFA Negative negative n/a

Yo LB/IFA Negative Negative n/a

ANNA-3 LB/IFA Negative Negative n/a

Tr/DNER LB/IFA Negative Negative n/a

GAD65 LB/IFA Negative Negative n/a

Amphiphysin LB/IFA Negative Negative n/a

Ma2/Ta LB/IFA Negative Negative n/a

Sox1 LB/IFA Negative Negative n/a

Zic4 LB/IFA Negative Negative n/a

Recoverin LB/IFA Negative Negative n/a

Titin LB/IFA Negative Negative n/a

Myelin IFA 1:100  < 1:100 n/a

Aquaporin IFA Negative  < 10 n/a

MOG IFA Negative  < 10 n/a

Glutamate receptor type NMDA in serum CBA/IFA Negative  < 10 n/a

Glutamate receptor type NMDA in CSF CBA/IFA Negative  < 1 n/a

Glutamate receptor type AMPA1 and 2 CBA/IFA Negative  < 10 n/a

GABA-b-Receptor CBA/IFA Negative  < 10 n/a

LGI1 CBA/IFA Negative  < 10 n/a

CASPR2 CBA/IFA Negative  < 10 n/a

IgLON5 CBA/IFA Negative  < 10 n/a

DPPX CBA/IFA Negative  < 10 n/a

mGluR5 IFA Negative  < 10 n/a

Glycin receptor IFA Negative  < 10 n/a

ITPR1 IFA Negative  < 10 n/a

Neurochondrin IFA Negative  < 10 n/a

Contactin 1 IFA Negative  < 10 n/a

Neurofascin 155 IFA Negative  < 10 n/a

Neurofascin 185 IFA Negative  < 10 n/a

Neurexin-3α CBA Negative  < 100 n/a

Septin complex (septin-3/5/6/7/11) antibodies in serum CBA/IFA 1:1000  < 1:10 n/a

Septin complex antibodies in CSF CBA/IFA Negative Negative n/a
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antibodies is still unclear, while binding to living cells 

and in-vitro effects on neuronal cultures have already 

been demonstrated for septin-5-IgG and septin-7-IgG 

antibodies [17]. Since no septin complex antibodies were 

detected in the CSF of our patient, reasonable doubts 

remain about their pathogenic role. However, we could 

not identify any other competing biomarker for autoim-

mune encephalitis.

�e diagnosis of autoimmune encephalitis is based 

on a comprehensive evaluation of the clinical picture, 

CSF and radiological findings, and electroencephalo-

gram (EEG) results [19]. Autoantibody status and clini-

cal response are not considered in the early diagnostic 

phase. All the diagnostic criteria mentioned above were 

fully met in the present case. As this is the first descrip-

tion of PMNS in which anti-septin complex antibodies 

have been detected, extrapolation of data from other 

cases of “classic” autoimmune encephalitis may be 

somewhat premature. However, the presence of autoan-

tibodies in the CSF is not a mandatory requirement for 

the diagnosis of autoimmune encephalitis [19]. So far, 

this question has been discussed mainly in the context 

of NMDA receptor-positive autoimmune encephalitis.

In summary, we conclude that secondary autoim-

mune encephalitis after severe falciparum malaria 

may be mediated by anti-septin complex antibodies, 

which was previously unknown. All physicians treating 

malaria patients should, therefore, be aware of this rare 

condition and consider extended autoimmune diagnos-

tics if routine panels remain unremarkable.

Fig. 2 Immunofluorescence staining on central nervous tissue (rat 

hippocampus) with anti-septin positive patient serum (granular 

fluorescence of the hippocampus, inner molecular layer darker)

Fig. 3 Immunofluorescence staining on a cell-based assay with septin complex transfected cells applying a) patient serum (diluted 1:100) followed 

by Alexa Fluor 488-conjugated AffinePure Goat Anti-Human IgG (Jackson Immuno Research, Baltimore Pike, USA), b) a polyclonal rabbit anti-SEPT3 

(1:1000, Sigma-Aldrich, St.Louis, Missouri, USA) followed by Cy3-conjugated goat anti-rabbit IgG (1:200, Dianova, Hamburg, Germany) and c) 

merged, with additional staining of the cell nuclei
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Abbreviations

ADEM  Acute disseminated encephalomyelitis

AIDP  Acute inflammatory demyelinating polyneuropathy

ANA  Anti-nuclear antibodies

CBA  Cell-based assay

CMV  Human cytomegalovirus

CNS  Central nervous system

CSF  Cerebrospinal fluid

CT  Computed tomography

DCA  Delayed cerebellar ataxia

EEG  Electroencephalogram

FDG-PET/CT  18Fluoro-deoxyglucose positron emission tomography/com-

puted tomography

GCS  Glasgow coma scale

Gpt/L  Giga-parts per litre

GTP  Guanosine triphosphate

HHV  Human herpes virus

HPeV  Human parechovirus

HSV  Herpes simplex virus

IFA  Immunofluorescence assay

IgG  Immunoglobulin G

IV  Intravenous

kg  Kilogram

mg  Milligram

MRI  Magnetic resonance imaging

n/a  Not applicable

PCR  Polymerase-chain reaction

PMNS  Post-malaria neurologic syndrome

VGKC  Voltage-gated potassium channel

VZV  Varicella zoster virus

WHO  World Health Organization

Acknowledgements

We thank the patient for consenting to the submission of this contribution to 

Malaria Journal. We would like to thank Kathrin Borowski and Bianca Teegen 

for preparing the histological sections and providing the stains.

Author contributions

S.K. and C.L. were responsible for patient care and follow-up. F.A.A., J.W., M.C. 

and H.P. performed advanced autoimmune diagnostics including anti-septin 

antibody testing. S.K. and C.L. wrote the paper. All authors read and approved 

the final version of the manuscript.

Fig. 4 Negative results of the control examination (three months after the first examination) of the patient serum with a cell-based assay 

with septin complex transfected cells, a with and b without additional staining of the cell nuclei, c negative control with and d negative control 

without additional staining of the cell nuclei



Page 7 of 7Kalbitz et al. Malaria Journal          (2024) 23:369  

Funding

Open Access funding enabled and organized by Projekt DEAL. Open Access 

funding enabled and organized by Projekt DEAL.

Availability of data and materials

No datasets were generated or analysed during the current study.

Declarations

Competing interests

The authors declare no competing interests.

Received: 10 June 2024   Accepted: 2 December 2024

References

 1. Shahbodaghi SD, Rathjen NA. Malaria: prevention, diagnosis, and treat-

ment. Am Fam Phys. 2022;106:270–8.

 2. WHO. World Malaria Report. Geneva, World Health Organization, 2023. 

https:// www. who. int/ teams/ global- malar ia- progr amme/ repor ts/ world- 

malar ia- report- 2023 Accessed 8 May 2024

 3. Mishra SK, Newton CRJC. Diagnosis and management of the neurological 

complications of falciparum malaria. Nat Rev Neurol. 2009;5:189–98.

 4. Luzolo AL, Ngoyi DM. Cerebral malaria. Brain Res Bull. 2019;145:53–8.

 5. Idro R, Karamagi C, Tumwine J. Immediate outcome and prognostic 

factors for cerebral malaria among children admitted to Mulago Hospital 

Uganda. Ann Trop Paediatr. 2004;24:17–24.

 6. Song X, Wei W, Cheng W, Zhu H, Wang W, Dong H, et al. Cerebral malaria 

induced by plasmodium falciparum: clinical features, pathogenesis, 

diagnosis, and treatment. Front Cell Infect Microbiol. 2022;12: 939532.

 7. Nguyen TH, Day NP, Ly VC, Waller D, Mai NT, Bethell DB, et al. Post-malaria 

neurological syndrome. Lancet. 1996;348:917–21.

 8. Castaldo N, Tascini C, Della Siega P, Peghin M, Pecori D. Clinical presenta-

tion and immunological features of Post-Malaria Neurologic Syndrome: a 

case report and review of literature. Malar J. 2020;19:419.

 9. Gresa-Arribas N, Planaguma J, Petit-Pedrol M, Kawachi I, Katada S, Glaser 

CA, et al. Human neurexin-3alpha antibodies associate with encephalitis 

and alter synapse development. Neurology. 2016;86:2235–42.

 10. Costa A, Silva-Pinto A, Alves J, Neves N, Martínez-Hernández E, Abreu 

P, et al. Post-malaria neurologic syndrome associated with neurexin-3α 

antibodies. Neurol Neuroimmunol Neuroinflamm. 2017;4: e392.

 11. Sahuguet J, Poulet A, Ali HB, Parola P, Kaphan E. Postmalaria neuro-

logic syndrome−autoimmune encephalitis with anti–voltage-gated 

potassium-channel antibodies. Ann Intern Med. 2017;167:70–1.

 12. Lang B, Makuch M, Moloney T, Dettmann I, Mindorf S, Probst A, et al. 

Intracellular and non-neuronal targets of voltage-gated potassium chan-

nel complex antibodies. J Neurol Neurosurg Psychiatry. 2017;88:353–61.

 13. Weirich CS, Erzberger JP, Barral Y. The septin family of GTPases: architec-

ture and dynamics. Nat Rev Mol Cell Biol. 2008;9:478–89.

 14. Miske R, Scharf M, Borowski K, Rieckhoff N, Teegen B, Denno Y, et al. 

Septin-3 autoimmunity in patients with paraneoplastic cerebellar ataxia. J 

Neuroinflammation. 2023;20:88.

 15. Honorat JA, Lopez-Chiriboga AS, Kryzer TJ, Fryer JP, Devine M, Flores A, 

et al. Autoimmune septin-5 cerebellar ataxia. Neurol Neuroimmunol 

Neuroinflamm. 2018;5: e474.

 16. Wischmann J, Borowski K, Havla J, Thaler FS, Winkler T, Jung T, et al. Case 

report: anti septin-5-encephalitis as a treatable cause of cerebellar ataxia 

and psychiatric symptoms. Front Neurol. 2023;14:1220295.

 17. Hinson SR, Honorat JA, Grund EM, Clarkson BG, Miske R, Scharf M, et al. 

Septin-5 and -7-IgGs: neurologic, serologic, and pathophysiologic charac-

teristics. Ann Neurol. 2022;92:1090–101.

 18. Kinoshita M. The septins. Genome Biol. 2003;4:236.

 19. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical 

approach to diagnosis of autoimmune encephalitis. Lancet Neurol. 

2016;15:391–404.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


