
Thanakit Pongpitakmetha, M.D.

Advisor: Abhinbhen Saraya Wasontiwong, M.D., M.Sc. 
Division of Neurology, Department of Medicine

Faculty of Medicine, Chulalongkorn University

Parasitic & Protozoa infection in CNS

Topic Review – Neurology Resident

14 Feb 2022 - Academic Year 2021



Scope of talk

• Introduction to Neuroparasitology

• Nematode (Roundworm)
• Angiostrongyliasis
• Gnathostomiasis
• Filariasis

• Trematode (Flatworm – Fluke)
• Schistosomiasis
• Paragonimiasis

• Cestode (Flatworm – Tapeworm)
• Neurocysticercosis

• Protozoa
• Cerebral Toxoplasmosis
• Cerebral Malaria
• Cerebral Amebiasis

• Entamoeba histolytica

• Primary Amebic meningoencephalitis
• Naegleria fowleri Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)

Textbook of Clinical Neurology. Thai Neurological Society. 2014

Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases, Ninth Edition

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Parasitic diseases of the central nervous system: lessons for clinicians and policy makers. EXPERT REVIEW OF NEUROTHERAPEUTICS, 2016.

Centers for Disease Control and Prevention



Scope of talk

• Introduction to Neuroparasitology

• Nematode (Roundworm)
• Angiostrongyliasis
• Gnathostomiasis
• Filariasis

• Trematode (Flatworm – Fluke)
• Schistosomiasis
• Paragonimiasis

• Cestode (Flatworm – Tapeworm)
• Neurocysticercosis

• Protozoa
• Cerebral Toxoplasmosis
• Cerebral Malaria
• Cerebral Amebiasis

• Entamoeba histolytica

• Primary Amebic meningoencephalitis
• Naegleria fowleri Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)

Textbook of Clinical Neurology. Thai Neurological Society. 2014

Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases, Ninth Edition

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Parasitic diseases of the central nervous system: lessons for clinicians and policy makers. EXPERT REVIEW OF NEUROTHERAPEUTICS, 2016.

Centers for Disease Control and Prevention



Introduction to Neuro-Parasitology

• Parasite 
• an organism that lives on or in another organism 

from a different species, taking its nourishment 
from the host. 

• DO NOT always harm the host, and a typical 
vertebrate is the host of many species of 
parasites.

• Focusing on
• Endoparasite (infect inside the body) 

& CNS infection

• Public health issue

• Endemic area!! – mainly in Thailand



Basic Classification

Helminths

(multicellular)

Protozoa

(unicellular)

Paragonimiasis

Angiostrongyliasis

Gnathostomiasis



Life cycle & Host

• Life cycle
• 1) Complete life cycle in ONE host

• 2) Need TWO different hosts

• Host
• Definitive host (primary host / final host)

• the one which harbors the adult parasite and where the parasite reproduces sexually. 

• Intermediate host (secondary host)
• the host which harbors the larval stage or the asexual forms of the parasite.

• Paratenic host (transfer host / transported host)
• a potential or substitute intermediate host that serves until the appropriate definitive host 

is reached, and in which no development of the parasite occurs

• ** it may or may not be necessary to the completion of the parasite's life cycle.

• Accidental host
• one that accidentally harbors an organism that is NOT ordinarily parasitic in the species.



Life cycle & Host

• Examples

Definitive host

Intermediate host

Intermediate host

Copepod

Paratenic host

Accidental host

Incubation period



Clinical Manifestation

• Acute/Subacute/Chronic

• Systemic manifestation
• Fever

• Eosinophilia
• Absolute E > 500 cells

• Count > 7% of total leukocytes

• CNS manifestation
• Seizure

• Headache

• Focal neurological deficit –
space occupying lesion

• Encephalitis

• Eosinophilic meningitis
• Absolute E > 10 cells/ul

• Count > 10% total CSF leukocyte

• Extra-CNS manifestation



Clinical Manifestation

• Eosinophilic meningitis
• In practice – HARD TO Dx!

• Hard to see in fresh smear >> 
Request special stain i.e. 
Wright’s stain

• Easy cell lysis >> 
Urgent direct examination

• D/Dx beyond parasitic infection!
• Infectious agents

• Tuberculous meningitis

• Granulomatous meningitis

• Neurosyphilis

• Idiopathic eosinophilic meningitis

• Local allergic reaction to foreign 
material

• Tumors: Hodgkin lymphoma

• Drugs
Overview of cerebrospinal fluid cytology.

Handbook of Clinical Neurology, Vol. 145 (3rd series). Neuropathology

G.G. Kovacs and I. Alafuzoff, Editors

http://dx.doi.org/10.1016/B978-0-12-802395-2.00035-3

Coconut color
Angiostrongylus cantonensis

Eosinophils

http://dx.doi.org/10.1016/B978-0-12-802395-2.00035-3


Mechanisms of CNS invasion

• First line defense
• Skin, mucosa, GI, RS

• Normal protection in CNS
• Blood-brain barrier

• Blood-nerve barrier

• Vulnerable points
• Blood vessels in the leptomeninges

• Others 

• the choroid plexus

• the brain circumventricular organs 
(CVOs)

• peripheral nerve root ganglia

• CNS invasion routes
• Bloodstream 

• free-living or extracellular parasites, by 
embolization of eggs, or within red or 
white blood cells when adapted to 
intracellular life.

• Target the areas lacking a BBB 

• Olfactory nerve pathway from nasal 
cavity



Mechanisms of CNS invasion

Vascular route of neuroinvasion

Emboli Infected RBC

Infected Monocyte
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Angiostrongylus cantonesis

(Rat lung worm; พยาธิปอดหนู)
Most common CNS parasitic infection!!



OverviewAngiostrongyliasis

Humans are infected by 

eating larvae in

undercooked intermediate 

hosts (e.g. snails, slugs, 

crabs, or prawns)

หอยต่างๆ 
กุ้งเต้น ตับตะกวดดิบ ปนู ้าจืด กบ หอยโข่ง หอยปัง หอยขม หอย

จุ๊บ หอยเชอร์รี่ หอยทากIncubation period 

1-3 weeks

3 Main manifestations

Eosinophilic meningitis (95%)

Encephalitis

Ocular angiostrongyliasis



• Eosinophilic meningitis
• Acute-subacute

Angiostrongyliasis Clinical manifestation

Non-specific

Localized
50% Normal neurological exam!!

Misdiagnosis – Migraine, Tension

Hearing loss, spine, GI tract - RARE

H&E stain for CSF

A Case Report on Eosinophilic Meningitis Caused by Angiostrongylus cantonensis. Int J Med Sci. 2011

Some patients developed encephalitis esp. elderly >> coma & high mortality!



Angiostrongyliasis

• Ocular angiostrongyliasis
• Clinical

• Visual loss

• Found parasite at retina or vitreous

• +/- meningitis

Clinical manifestation

Sinawat S, et al. Ocular angiostrongyliasis in Thailand: a retrospective analysis over two decades. Clinical ophthalmology. 2019



• CBC – Eosinophilia *** 

• LP – confirmed eosinophilic meningitis
• Rarely found parasite in specimen

• CT/MRI brain
• Done before LP in case of AOC
• Non-specific

• Serology
• ELISA/Western blot in blood

• Detect Specific Ab to 29kDa or 31kDa of Ag to 
parasite

• Only Available in KKU, MU

• Sensitivity 50-60%

• PCR
• high specificity; rarely use

Angiostrongyliasis Investigation

Something floating in

Coconut juice

(Light reflection from eosinophil granule)

Angiostrongylus cantonensis

high protein

normal/low glucose ratio

Tangwanicharoen T, et al. CSF fluid analysis in Eosinophilic Meningoencephalitis. SEA J Trop Med Public Health. 2001. 



• CT/MRI – non-specific
• Tract-like lesion

• White matter involvement

• Nodular enhancement

• Myelitis

Angiostrongyliasis Investigation

Kanpittaya J, et al. MR Findings of Eosinophilic Meningoencephalitis Attributed to Angiostrongylus cantonensis. AJNR. 2000
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Angiostrongyliasis Investigation

Kanpittaya J, et al. MR Findings of Eosinophilic Meningoencephalitis Attributed to Angiostrongylus cantonensis. AJNR. 2000



• Meningitis
• Specific treatment – Might combination both!

• Albendazole 15 mg/kg/day divided in bid dose x 2 weeks
• Minimize damage from parasite

• NOT use albendazole alone!

• Prednisolone 60 mg/day x 2 weeks
• Main therapy** (more important than albendazole)

• Reduce inflammation

• Decrease headache + pain medication

• Decrease frequency of LP for releasing pressure

• Supportive
• Large volume LP releasing pressure 20-40 ml in case of high ICP

• Prognosis
• Usually, Self-limited with good recovery within 4-6 weeks

• Encephalitis - High risk of mortality!!

Angiostrongyliasis Treatment

Ansdell V, et al. Guidelines for the diagnosis and treatment of neuroangiostrongyliasis: updated recommendations. Parasitology. 2021



• Ocular angiostrongyliasis
• Focal laser 

• eradicate subretinal angiostrongyliasis

• Laser treatment prior to surgical removal 
• eliminate intracameral and intravitreal angiostrongyliasis. 

• IVMP
• may be beneficial in cases of acute optic neuritis. 

• Anti-helminthic in case of meningitis

• The visual prognosis mainly depends on 
• ocular pathology

• parasitic migration pathway.

Angiostrongyliasis Treatment

Sinawat S, et al. Ocular angiostrongyliasis in Thailand: a retrospective analysis over two decades. Clinical ophthalmology. 2019



Gnathostoma spinigerum

(พยาธิตวัจีด๊)
Size is larger than Angiostrongylus spp.

3rd stage larvae



OverviewGnathostomiasis

Definitive host

Intermediate host

Intermediate host

Copepod

Paratenic host

Accidental host

กินอาหารที่มี AL3
ปลาส้มฟกั ปลาย่าง 
ก้อย
ไก่ เป็ด กบ นก หนู งู 

Rare cause
- Skin
- Prenatal



OverviewGnathostomiasis

CDC



• LARGER than Angiostrongylus spp. >> Migration!!

• 5 main features
• Nerve root or Radicular pain*

• Electrical/shock-like pain at one limb

• Occurs 1-5 days

• Myelopathy*
• Paraplegia/Quadriplegia

• Rare – Brown-Séquard or Cauda equina syndrome

• Intracerebral hemorrhage (ICH)
• Acute progressive headache + focal neurological deficit +/- SDH

• Subarachnoid hemorrhage (SAH)
• Sudden headache + meningism + AOC >> Coma, Seizure

• Others – radiculomyelitis, radiculomyeloencephalitis

Gnathostomiasis Clinical manifestation



• Clinical clues for diagnosis
• Eating suspected food

• Skin sign
• Intermittent migratory swelling**

• Itching & Pain (Hallmark); migratory area

• Average 1-2 wk (range 2-3 d to 1 mo)

• Creeping eruption (rare)

• Found parasite in other organs
• Size around 2-12.5 x 0.4-1.25 mm

• Eye

• Opening route – mouth, genitalia, KUB, ear, GI

Gnathostomiasis Clinical manifestation



• CBC
• Eosinophilia *** (50% of cases)

• LP – confirmed eosinophilic meningitis
• Pressure – normal, high

• SAH – bloody CSF or Xanthochrome

• WBC < 500 + Eosinophils

• Slightly elevation of protein

• Normal sugar

• Serology
• ELISA/Western blot in blood

• Detect Specific Ab to 21kDa or 24kDa of Ag to parasite

Gnathostomiasis Investigation



• CT/MRI brain
• Hemorrhagic tract lesion – migration of larvae

• Non-traumatic ICH

• Non-traumatic SDH

• Non-traumatic SAH

• MRI spinal cord
• Edema

Gnathostomiasis Investigation



Gnathostomiasis Investigation

Sithinamsuwan P, Chairangsaris P. Gnathostomiasis — Neuroimaging of Larval Migration. NEJM. 2005



Gnathostomiasis Investigation

Sawanyawisuth K, et al. MR Imaging Findings in Cerebrospinal Gnathostomiasis. AJNR. 2004



Gnathostomiasis Investigation

Sawanyawisuth K, et al. MR Imaging Findings in Cerebrospinal Gnathostomiasis. AJNR. 2004



• Still controversial
• Role Surgical treatment > Medical treatment (lack large studies supported)

• Specific treatment 
• CNS – Limited data, Depends on site (case by case)

• NOT recommended in vulnerable area (thin) – brain, ocular 
>> prevent further migration before dying

• Skin only >> Creeping out of skin

• Regimen – Albendazole 400 mg/day x 21 days OR Ivermectin 200 mcg/kg

• Symptomatic treatment
• Pain control – Headache, Root pain

• PM&R esp. spinal cord involvement

• Steroid – usually recommend in case of using Antiparasitic agents
• Might developed migration

• Prognosis
• Generally self limited with fully recovery

• Poor prognosis – severe bleeding + AOC

Gnathostomiasis Treatment



Filariasis

(พยาธิโรคเท้าช้าง)



• In Thailand
• Wuchereia bancrofti – CNS complication

• Blugia malayi

OverviewFilariasis



OverviewFilariasis



• Lymphatic filariasis
• Lymphedema = Elephantiasis

• Increased risk of bacterial infection

• Other swelling areas
• arms, breasts, genitalia

• Tropical pulmonary eosinophilia syndrome 
• shortness of breath, and wheezing

• CNS manifestation – Encephalitis
• RARE

• High load of infection

• Co-infection with malaria – Mosquito as vector

• Pathogenesis – complex
• Mechanical disruption as they migrate through or disrupt tissues or vascular lesion or vascular 

block of cerebral vessels, or via immune response to infection

• Degeneration is often followed by granulomas, which can cause fibrosis or mass 
effects on other tissues or induce disordered inflammatory responses resulting in 
meningitis, encephalitis, or localized inflammatory responses

Filariasis Clinical manifestation



• CBC – Eosinophilia

• Thick blood smear with Giemsa**

Filariasis Investigation



Filariasis Investigation



• Diethylcarbamazine citrate (DEC)**

Filariasis Treatment

A Trial of a Triple-Drug Treatment for Lymphatic Filariasis. N Engl J Med 2018

Wuchereia bancrofti
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Schisostomiasis / Bilharziasis
(Blood fluke / Snail fever)

(พยาธิใบไม้ในเลือด)



• S. mansoni
• Distributed throughout Africa: There is risk of infection in freshwater in southern and sub-Saharan Africa–

including the great lakes and rivers as well as smaller bodies of water. Transmission also occurs in the Nile River 
valley in Sudan and Egypt.

• South America: Including Brazil, Suriname, and Venezuela.
• Caribbean (risk is very low): Dominican Republic, Guadeloupe, Martinique, and Saint Lucia.
• Also found in SEA

• S. haematobium
• Distributed throughout Africa: There is risk of infection in freshwater in southern and sub-Saharan Africa–

including the great lakes and rivers as well as smaller bodies of water. Transmission also occurs in the Nile River 
valley in Egypt and the Mahgreb region of North Africa.

• Found in areas of the Middle East.
• A recent focus of ongoing transmission has been identified in Corsica.
• Also found in SEA

• S. japonicum
• Found in Indonesia and parts of China and Southeast Asia.

• S. mekongi
• Found in Cambodia and Laos.

• S. intercalatum
• Found in parts of Central and West Africa.

OverviewSchistosomiasis



OverviewSchistosomiasis

Incubation period

months to years

Toward the Elimination of Schistosomiasis. NEJM. 2009



• Schistosomal infection of the CNS (neuroschistosomiasis)
• RARE complication

Two forms

• Cerebral schistosomiasis
• S. japonicum – smaller egg 

• Myelopathy schistosomiasis – lumbrosacral
• S. mansoni, S. haematobium – larger egg

• CNS symptoms
• Headache

• Vary depending on the location of the lesion in the brain 
• motor deficits, visual abnormalities, seizures, altered mental status, vertigo, sensory 

impairment, speech disturbances, cognitive impairment, vomiting, and ataxia

• Systemic schistosomiasis are typically ABSENT

Clinical manifestationSchistosomiasis



• Mechanism – mainly via ectopic deposition of eggs
• Retrograde flow from the iliac veins and inferior vena cava through the 

valveless Batson venous plexus into the spinal cord.

Clinical manifestationSchistosomiasis



• Mechanism – mainly via ectopic deposition of eggs
• The eggs are immunogenic >> host response leads to granulomatous

inflammation, with local edema, congestion, and varying degrees of fibrosis.

• Pathology - S. mansoni, S. japonicum schistosomiasis 
• Various hepatic complications from inflammation and granulomatous reactions, and 

occasional embolic egg granulomas in brain or spinal cord. 

• Pathology - S. haematobium schistosomiasis 
• hematuria, scarring, calcification, squamous cell carcinoma, and occasional embolic egg 

granulomas in brain or spinal cord

Clinical manifestationSchistosomiasis



• Cerebral schistosomiasis
• S. japonicum – smaller egg

• Bleeding - segmental damage of small leptomeningeal or parenchymal blood 
vessels induced by the parasites
• ICH

• SAH

• Headache

• Seizure

• Focal neurological defcit

Clinical manifestationSchistosomiasis



• Myelopathy schistosomiasis – lumbrosacral
• S. mansoni, S. haematobium – larger egg
Transverse myelitis

• granulomatous lesions with inflammatory necrosis of the 
spinal cord. 

• Progress in an acute to subacute 
(peak 15 days)

• Sites 
• spinal cord, nerve roots, or, most commonly, both.
• The lower spinal cord (T11 through L1) possibly 

because of increased anastomoses between the Batson 
venous plexus with the portal venous system at this 
location.

• Clinical presentation
• Low back pain (79-100%) – most common, initial
• Pain in the lower limbs, which can be symmetric or 

asymmetric. 
• Lower spinal cord or cauda equina or conus medullaris 

involvement is common, 
• weakness of the lower limbs, lower limb sensory disturbance, 

sphincter dysfunction, sexual dysfunction, and abnormal 
reflexes.

• In some patients, acute paraplegia may result from 
occlusion of the anterior spinal artery by the parasites.

Clinical manifestationSchistosomiasis



• Common presentation
• Most people have no symptoms when they are first infected

• Within days – rash, skin reaction 
• A local cutaneous hypersensitivity reaction following skin penetration by cercariae may 

occur and appears as small, itchy maculopapular lesions. 

OR

• Egg deposition

• Within 1-2 months of infection – fever, chills, cough, and muscle aches

• Many infections – asymptomatic

Clinical manifestationSchistosomiasis



• Acute schistosomiasis (Katayama fever) 
• a systemic hypersensitivity reaction that may occur weeks after the initial 

infection, especially by S. mansoni and S. japonicum. 

• fever, cough, abdominal pain, diarrhea, hepatosplenomegaly, eosinophilia.

• Chronic schistosomiasis
• Abdominal pain, enlarged liver

• Blood in the stool or blood in the urine, and problems passing urine. 

• Increased risk of liver fibrosis or bladder cancer.

• CNS
• Seizures, paralysis, or spinal cord inflammation.

• Spinal cord mass

• Slowly expanding intracranial mass (pseudotumor)

• a solitary mass or multiple mass lesions – parenchymal brain granulomas

Clinical manifestationSchistosomiasis

Toward the Elimination of Schistosomiasis. NEJM. 2009



• CSF
• WBC – mild mononuclear pleocytosis

• Protein increased

• Direct examination - confirm eggs in …
• Stool

• S. mansoni, S. japonicum

• Urine
• S. haematobium

InvestigationSchistosomiasis



• CT/MRI brain - Cerebral neuroschistosomiasis
• Solitary or multiple subcortical mass lesions surrounded 

by hypodense or T2-hyperintense edema, with 
heterogeneous contrast enhancement and irregular 
borders. 

• The arborized pattern (suggestive, non-specific)
• A linear enhancement pattern surrounded by multiple 

enhancing nodules

InvestigationSchistosomiasis



• MRI spine
• enlargement of the lower spinal cord or the conus medullaris on T1-weighted 

images, signal hyperintensity on T2-weighted images

• heterogeneous nerve root patterns of contrast enhancement

InvestigationSchistosomiasis



Systemic + Cerebral CNS

• Medical
• Praziquantel (PZQ) >> kills adult female worm [Not good for larvae]

• 40 mg/kg per day for 3 days S. mansoni, S. haematobium (larger egg – spinal)

• 60 mg/kg per day for 6 days S. japonicum (small egg – cerebral)

• Re-examined stool/urine 1 month after treatment to assess the efficacy of medical treatment.

• !! Releasing of eggs after PZQ

• Steroid – Acute phase sequalae 
• Early treatment (10–15 days post exposure) better than delay

• IVMP (15–20 mg/kg; maximum dose 1 g) over 5–7 days followed by oral prednisone for 2–6 
weeks

• Because the levels of praziquantel are decreased in the setting of steroid administration and 
immature worms are not susceptible to praziquantel a second course should be given after 6-
12 weeks to eradicate surviving parasites

• Surgery in refractory cases

TreatmentSchistosomiasis



Systemic + CNS involvement

• Medical
• Praziquantel (PZQ) >> kills adult female worm [Not good for larvae]

• 40 mg/kg per day for 3 days S. mansoni, S. haematobium (larger egg – spinal)

• 60 mg/kg per day for 6 days S. japonicum (small egg – cerebral)

• Re-examined stool/urine 1 month after treatment to assess the efficacy of medical treatment.

• !! Releasing of eggs after PZQ

• Steroid – Acute phase sequalae 
• Early treatment (10–15 days post exposure) better than delay

• IVMP (15–20 mg/kg; maximum dose 1 g) over 5–7 days followed by oral prednisone for 2–6 
weeks

• Because the levels of praziquantel are decreased in the setting of steroid administration and 
immature worms are not susceptible to praziquantel a second course should be given after 6-
12 weeks to eradicate surviving parasites

• Spinal form – dose varies in studies

• Surgery in refractory cases

TreatmentSchistosomiasis



Paragonimiasis
(Lung fluke)

(พยาธิใบไม้ในปอด)



OverviewParagonimiasis

Human infection with

P. westermani occurs by eating 

inadequately cooked or 

pickled crab (ปูน ำ้จดื ปูไข่ดง ) or 

crayfish (กุ ้เครยฟิ์ช)

that harbor metacercariae of the parasite

P. siamensis



• Cerebral paragonimiasis
• General 

• RARE (1%)

• 45% (30–60%) of all extrapulmonary paragonimiasis

• Usually accompanied by pleuropulmonary infection
• Chronic cough, rusty-colored sputum (¼ hemoptysis), pleuritic chest pain

• Neurovascular invasion hypothesis

• larvae migrate through perivascular loose connective tissues around the 

jugular vein or carotid artery and enter the posterior circulation via the skull 

base foramina

• Pathology

• Early granulomatous lesion and later mass formation with 

calcification and liquefaction, surrounded by the fibrous capsule

• Adult worms may disintegrate early, and only irregularly shaped 

eggs are often observed in sections of the brain abscess cavity

• Site – Cerebral cortex (common)

• Spinal paragonimiasis
• Relative RARE

• General symptoms
• an acute syndrome with cough, abdominal pain, discomfort, and 

low-grade fever

• Incubation 2 to 15 days after infection

Clinical manifestationParagonimiasis



• Cerebral paragonimiasis

Clinical manifestationParagonimiasis

Radiopeadia.org



• Imaging
• Abscess (ring)

• Calcification

• Bleeding

InvestigationParagonimiasis



• Imaging – Soap bubble!

InvestigationParagonimiasis



• Imaging

InvestigationParagonimiasis



• Imaging

InvestigationParagonimiasis



• Imaging

InvestigationParagonimiasis

Cerebral Paragonimiasis With Hemorrhagic Stroke in a Developed Country. J Stroke CVD. 2018.



• Direct examination of eggs in …
• Sputum

• Stool (coughed-up eggs are swallowed). 

• Tissue biopsy – looking for eggs

• Serology
• Specific and sensitive antibody tests based on P. westermani antigens

InvestigationParagonimiasis



• Praziquantel
• P. westermani 25 mg/kg three times daily for 2–3 days

• high ELISA titer and/or multiple pulmonary lesions >> second dose is considered

TreatmentParagonimiasis
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Neurocysticercosis
(Pork tapeworm)

(พยาธิตืดหม)ู



OverviewNeurocysticercosis

Cysticercosis 

(MSK Neuro)

ผักดิบ

Taeniasis

หมูดิบ/หมูสาคู



OverviewNeurocysticercosis



Common clinical presentation – depends on location

• Seizure

• Eosinophilic meningitis (less frequent than nematode)

• Increased intracranial pressure 

5 main forms in CNS presentation

• 1) Parenchymatous form

• 2) Meningeal form

• 3) Ventricular form

• 4) Spinal form

• 5) Mixed form

Clinical manifestationNeurocysticercosis



• 1) Parenchymatous form
• Any area; GW > WM

• Inflammation & edema >> Gliosis >> Calcification (years)

• Evolutive (involutive) stages
• Vesicular stage – a viable noninflamed cyst; could seen scolex 

• Colloidal stage – increased density of its fluid contents, local inflammation with edema, and contrast 
enhancement

• Granular/nodular stage – parasite is nonviable, a small inflammatory nodule; disappeared

• Nodular calcified stage – reappeared as a calcified scar (30-40%)

Clinical manifestationNeurocysticercosis

Vesicular cyst with scolex Colloidal Calcification



• 1) Parenchymatous form
• Any area; GW > WM

• Inflammation & edema >> Gliosis >> Calcification (years)
• Active reaction varies

• Presentation
• Epilepsy/seizure – in both active & chronic form; focal or generalized

• Headache – brain edema & increased ICP; +/- papilledema

• Compressive symptoms – hemiparesis, ataxia, Parinaud’s syndrome

• Alteration of consciousness – encephalitic form

• Cognitive decline

Clinical manifestationNeurocysticercosis

Encephalitis



• 2) Meningeal form
• Only leptomeningeal

• Commonly found at brainstem

• Yellowish & thickening >> fibrosis

• Sometimes obstruction of CSF >> hydrocephalus

• Inflammation of vertebrobasilar system >> Ischemic stroke

• Clinical presentation
• Meningitis

• CSF profile

• Mononuclear + Eosinophil

• Protein slightly elevation – high 100

• Sugar normal or low

• Headache +/- stiff neck

• Cranial nerve palsy – Basal arachnoiditis/Fibrosis

• Stroke syndrome

Clinical manifestationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• 2) Meningeal form
• “Cysticercus racemosus”

• Grape-like appearance

• Basal cistern, ventricle, subarachnoid

Clinical manifestationNeurocysticercosis

Subarachnoid neurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• 2) Meningeal form
• “Cysticercus racemosus”

• Grape-like appearance

• Basal cistern, ventricle, subarachnoid

Clinical manifestationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• 2) Meningeal form
• Vasculitis

Clinical manifestationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• 3) Ventricular form
• Cyst in ventricle or attached with 

ependymal layer of ventricle
• Sometimes pendulums

• Clinical presentation
• Obstructive hydrocephalus

• Mimics NPH – chronic progressive 
dementia, gait, bladder

• Papilledema

• Could found in active or inactive form

• Cause – cyst obstruction cyst pathway or 
ependymitis

• Brun’s syndrome
• Episodic and recurrent headache, vertigo, 

ataxia, sometimes drop attack

• Cyst floating in CSF and transient 
obstruction of CSF pathway 

Clinical manifestationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• 4) Spinal form
• Rare

• Cyst or racemose form intramedullary vs 
extramedullary

• Compressive

• Arachnoiditis

• Clinical presentation – depends on location

• Brown-Sequard syndrome

• Paraparesis/Quadriparesis

• Radicular pain

• Cauda equina syndrome

Clinical manifestationNeurocysticercosis



• 5) Mixed form

Clinical manifestationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



Clinical manifestationNeurocysticercosis

Standard diagnostic criteria for neurocysticercosis were first 

developed in 1996 and last updated in 2017



• Tissue biopsy/diagnosis

• Cysticercosis in other organs
• Skin/muscle

• Subretinal cysticercus

InvestigationNeurocysticercosis



• CBC
• Eosinophilia (0-37%)

• CSF – depend on stage (active vs inactive); cyst intraventricular
• Increased ICP

• Pleocytosis usually < 100 cell (sometimes > 1000)
• Monocyte predominate

• Eosinophils (50%)

• Protein elevation < 100 mg/dl (rare > 300)

• Normal sugar (low sugar ratio 25%)

• ** DDx TB/Cryptococcal meningitis

• Stool
• Usually normal in cysticercosis condition; Found in taeniasis

InvestigationNeurocysticercosis



• Serology
• EITB (Enzyme immunotransfer blot) – serum or CSF

• ELISA

• Plain film
• Calcification of cyst intramuscular (most common at thigh)

InvestigationNeurocysticercosis



InvestigationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010

• CT/MRI



InvestigationNeurocysticercosis

Kimura-Hayama ET, et al. Neurocysticercosis: Radiologic-Pathologic Correlation. RSNA. 2010



• Combination of management
• Antiparasitic drugs (often with steroids) if viable or degenerating cysts are present.

• may temporarily worsen neurologic symptoms – inflammation around a damaged cyst. 
• Contraindication – uncontrolled elevated ICP

Single parenchymal cyst – choose ONE antiparasitic
• Albendazole 15 mg/kg/day x 7-15 days divided in 2-3 times (Continuum 2021)
• Praziquantel 100 mg/kg/day x 4 wks divided in 3 times (Textbook of clinical neurology TH)

Multiple parenchymal cyst – choose combination therapy (Continuum 2021)
• Albendazole 15 mg/kg/day x 7-15 days divided in 2-3 times

• Longer duration (extended to 1 month) if large or several number of cysts

PLUS 
• Praziquantel at 50 mg/kg/d for 10 days

• Steroid
• Decreasing brain edema and reducing pressure esp. high burden and high reaction
Indication
• Developed high ICP during antiparasitic Rx
• Encephalitis form – priming with steroid + delayed antiparasitic drug

• Repeat CT brain + closed monitoring

TreatmentNeurocysticercosis

Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)

Textbook of Clinical Neurology. Thai Neurological Society. 2014

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Follow-up imaging in parenchymal form
Repeat CT brain after 3 months of 
complete treatment >> 
see stage change + confirm Dx



• Combination of management
• Anti-seizure drug

• Active form – consider during initial treatment of antiparasitic >> could cessation later

• Calcification – Rx as epilepsy patient

• Elevated intracranial pressure, if present

• Surgery
• Large parenchymal cyst >> removal

• Ventricle and spinal cyst refractory to treatment >> removal

• Ventricular shunt in case of hydrocephalus

• Prognosis
• Active parenchymal form – usually good response to treatment

• Observe seizure in long term due to calcification

• High load of cyst >> poor prognosis

• Hydrocephalus response to surgery

TreatmentNeurocysticercosis

Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)

Textbook of Clinical Neurology. Thai Neurological Society. 2014

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962



TreatmentNeurocysticercosis

Textbook of Clinical Neurology. Thai Neurological Society. 2014



Scope of talk

• Introduction to Neuroparasitology

• Nematode (Roundworm)
• Angiostrongyliasis
• Gnathostomiasis
• Filariasis

• Trematode (Flatworm – Fluke)
• Schistosomiasis
• Paragonimiasis

• Cestode (Flatworm – Tapeworm)
• Neurocysticercosis

• Protozoa
• Cerebral Toxoplasmosis
• Cerebral Malaria
• Cerebral Amebiasis

• Entamoeba histolytica

• Primary Amebic meningoencephalitis
• Naegleria fowleri Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)

Textbook of Clinical Neurology. Thai Neurological Society. 2014

Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases, Ninth Edition

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Parasitic diseases of the central nervous system: lessons for clinicians and policy makers. EXPERT REVIEW OF NEUROTHERAPEUTICS, 2016.
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Cerebral toxoplasmosis
(Toxoplasma gondii)

Most common CNS OI in HIV CD4 < 100

Most common parasitic infection of the human CNS

1/3 are asymptomatic worldwide

Oocyst in feline feces

Tachyzoites

Cyst in tissue



OverviewCerebral toxoplasmosis

Several entry routes

• Eating undercooked meat of animals harboring 

tissue cysts (6)

• Consuming food or water contaminated with cat 

feces or by contaminated environmental 

samples (such as fecal-contaminated soil or 

changing the litter box of a pet cat) (7)

• Blood transfusion or organ transplantation (8)

• Transplacentally from mother to fetus (9)

Tissue cysts

• Brain, Eye

• Heart, Skeletal Muscle

• Lung, Marrow, Liver

• Rare – spinal cord, skin

Diagnosis of congenital infections can be achieved 

by detecting T. gondii DNA in amniotic fluid using 

molecular methods such as PCR



OverviewCerebral toxoplasmosis

Epidemiology of and Diagnostic Strategies for Toxoplasmosis. Clinical Microbiology Reviews. 2012



• Immunocompetent
• Asymptomatic; latent brain infection

• Very rarely develop an acute diffuse encephalitis 
due to overwhelming primary infection >> 
undiagnosed immunodeficiency.

• Immunocompromised esp. HIV CD4 < 100
• Reactivation!! >> symptomatic infection

• Clinical manifestation
• Subacute onset

• Depend on the topography and number of lesions

• Main symptoms 
• Fever & Headache (increased ICP)

• Seizures, focal deficits, confusion/alteration of 
consciousness, lethargy

• Visual alterations related to retinal toxoplasmosis

• Less frequent symptoms
• Persistent cognitive impairment and movement 

disorders

Clinical manifestationCerebral toxoplasmosis



• Therapeutic diagnosis!
• Within 14 days of specific treatment, a good clinical and neuroimaging response is 

expected.

• Biopsy (gold standard)
• In case of uncertain diagnosis

• CSF (** Careful LP **)
• Mild pleocytosis with mononuclear

• Mild protein elevation

• tachyzoite from spun CSF (Giemsa stain) – hard to found

• CSF PCR for toxoplasma gondii
• High specificity (96-100%) but low sensitivity (50-60%)

InvestigationCerebral toxoplasmosis



• Serology = Serum Anti-toxoplasma Ab (IgM/IgG)
• Acutely rising serum IgG antibodies OR a positive IgM – favor acute infection

• Limitation
• IgM serology is less specific as it may cross-react with other protozoa and 

may be positive in patients with autoimmune disease.

• In low-income countries, the majority has specific antibodies (IgG) [high-income 10-
50%]

• Negative serology BUT clinical suspected >> NOT rule out toxoplasmosis

• Negative serology >> NOT exclude latent infection and risk of reactivation in IRIS

InvestigationCerebral toxoplasmosis

Epidemiology of and Diagnostic Strategies for Toxoplasmosis. Clinical Microbiology Reviews. 2012

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Textbook of Clinical Neurology. Thai Neurological Society. 2014



• Imaging – CT/MRI
• In AIDs patients 

• DDx CNS lymphoma, PML, TB, 
Cryptococcosis, bacterial abscess

• PET & SPECT – lymphoma

• unifocal or multifocal
• Common sites – basal ganglia, 

cortical, or subcortical white matter
• CT

• hypodense ring-enhancing lesions 
with significant perilesional edema

• MRI
• T1-hypointense

• T2-hyperintense lesions with ring 
enhancement

• May have small hemorrhagic foci

InvestigationCerebral toxoplasmosis



• Imaging – CT/MRI
Specific sign

• Eccentric target sign
• a ring-shaped zone of peripheral 

enhancement with a small 
eccentric nodule along the wall

• <30% of cases

InvestigationCerebral toxoplasmosis

• Concentric target sign
• concentric alternating 

zones of hypointensity
and hyperintensity seen 
on T2-weighted MRI

Radiopedia Radiopedia

• Target sign (TB)
• central nidus of 

calcification or central 
enhancement 
surrounded by a ring of 
enhancement



• Acute phase – at least 6 weeks
• Steroid in brain edema

• Dexamethasone 4 mg IV q 6 h (or oral) then tapering

Pyrimethamine-based treatment
• Pyrimethamine 100-200 mg single dose then 50-100 mg/day
• Sulfadiazine 1-2 g q 6 h

• Alternative drug (if sulfa allergy) – any one of the followings
• Clindamycin 300-450 mg po q 6 h OR 600-1200 mg IV q 6 h

• Atovaquone 750 mg 4 times/day

• Azithromycin 1200-1500 mg/day oral

• Clarithromycin 1 g bid oral

• Folinic acid 10 mg/day

Trimethoprim-sulfamethoxazole regimen
• TMP 10 mg/kg/day + SMZ 50 mg/kg/day

TreatmentCerebral toxoplasmosis

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Textbook of Clinical Neurology. Thai Neurological Society. 2014

Any of both main regimens

Generally good response clinical and 

radiologic improvement in 80% to 90%

• lower pill burden and less-frequent dosing

• the availability of IV formulations 

(important for patients who are critically ill)

• the availability of multiple generic formulations with 

the consequent impact on cost

• increased accessibility in poor regions.

• prevents Pneumocystis jirovecii pneumonia, other 

bacterial infections, and malaria

• simplifies the early initiation of combination 

antiretroviral therapy



• Secondary prophylaxis
Main regimen
• Pyrimethamine 25-50 mg/day
• Sulfadiazine 0.5-1 g 4 times per day
• Folinic acid 10-25 mg/day

Alternative regimen 1
• Pyrimethamine 25-50 mg/day OD dose
• Clindamycin 600 mg po q 8 h
• Folinic acid 10-25 mg/day

Alternative regimen 2
• Atovaquone 750 mg po q 6-12 h
• +/- Pyrimethamine 25-50 mg/day OD dose
• +/- Folinic acid 10-25 mg/day

TreatmentCerebral toxoplasmosis

CONTINUUM (MINNEAP MINN) 2021;27(4, NEUROINFECTIOUS DISEASE):943–962

Textbook of Clinical Neurology. Thai Neurological Society. 2014



TreatmentCerebral toxoplasmosis

HIV positive + CD4 < 100 + Ab to Toxoplasma +ve



TreatmentCerebral toxoplasmosis



Cerebral malaria
ONLY Plasmodium falciparum affects the CNS!!

The most common non-traumatic encephalopathy!



OverviewCerebral Malaria

Anophelesยุงก้นปล่อง



• Clinical presentation
• Systemic – cyclical fever and malaise
• Asymptomatic parasitemia, endemic regions

• Severe malaria (one or mole of the following)
• Impaired consciousness
• Prostration 

• inability to perform a previously-acquired motor function, such as standing, sitting or, in very 
young children

• Multiple seizures
• Circulatory collapse or shock
• Low systolic blood pressure
• Acute kidney injury
• Clinical jaundice plus evidence of other vital organs dysfunction
• Abnormal bleeding

Clinical manifestationCerebral Malaria



• Cerebral malaria

• In children (6 mo – 5 y old)

• Initial non-specific – fever, cough, vomiting

• Febrile encephalopathy >> Coma

• Seizure (> 70%)

• In adult (esp. nonimmune traveler)

• Progression to coma is gradual

• Seizure (15-20%)

• Multiorgan system failure

• Systemic

• Severe anemia

• ARDS

Clinical manifestationCerebral Malaria

Maude, R.J., Barkhof, F., Hassan, M.U. et al. Magnetic resonance imaging of the brain in adults with severe falciparum malaria. Malar J 13, 177 (2014).



• Cerebral malaria
• Prognosis

• Untreated >> death!

• Appropriate care

• Short-term mortality 15-30%

• Long term neurologic sequelae (30%)

• Epilepsy, cognitive & behavior disorders, or neurological deficits

• Adult fewer neurologic complications BUT can rarely develop postmalaria neurologic 
syndrome (PMNS)

• PMNS

• Myriad neuropsychiatric manifestation (mild-severe) 3 forms

• a mild form characterized by isolated cerebellar ataxia or postural tremor; 

• a diffuse, relatively mild encephalopathic form, associated with acute confusion or seizures

• a severe encephalopathy typified by motor aphasia, generalized myoclonus, postural tremor, and 
cerebellar ataxia.

• One form of ADEM

• Rare BUT Self-limiting

Clinical manifestationCerebral Malaria

Yadava SK, Laleker A, Fazili T. Post-malaria neurological syndrome: a rare neurological complication of malaria. Infection. 2019;47(2):183-193. doi:10.1007/s15010-019-01267-9



• Cerebral malaria

• Pathogenesis – not completely understood

• The obstruction of blood vessels caused by intravascular sequestration of 

infected red blood cells leading to

• cytokine release

• blood-brain barrier disruption

• brain edema

• metabolic alterations

Clinical manifestationCerebral Malaria

Idro R, et al. Cerebral Malaria: Mechanisms of Brain Injury and Strategies for Improved Neurocognitive Outcome. 2010



• Thin blood smear*
• Ring-form trophozoites

• Double chromatin dots

• Double infection

• Gametocyte
• Banana shape 

• Endemic area
• ! Co-existence in case of 

asymptomatic parasitemia

InvestigationCerebral Malaria

Malaria. Lancet. 2018



• Fundoscopy exam
• Malaria retinopathy

• Retinal whitening, retinal 
hemorrhages, papilledema, and 
vascular changes

• Sensitivity 95% Specificity 90% 
esp. children in coma

• CSF profile
• Usually, normal

• Exclude other causes

• Could perform in clinically 
stable patient despite evidence 
of brain edema

InvestigationCerebral Malaria



• Imaging – limited data & non-specific
• Cerebral edema

• Abnormal T2 and DWI in cortical, deep grey (esp. thalamus), white matter

• Hemorrhage!

• Brainstem & cerebellum involvement
• Poor prognosis

InvestigationCerebral Malaria

Rasalkar DD, Paunipagar BK, Sanghvi D, Sonawane BD, Loniker P. Magnetic 

resonance imaging in cerebral malaria: a report of four cases. Br J Radiol. 

2011;84(1000):380-385. doi:10.1259/bjr/85759874



• Regimen for cerebral malaria/severe malaria

• Artesunate IV
2.4 mg/kg IV bolus then

2.4 mg/kg at 12 h, 24 h then
2.4 mg/kg OD

TreatmentCerebral Malaria

Thai Malaria Guideline 2564



TreatmentCerebral Malaria

Thai Malaria Guideline 2564

Malaria. Lancet. 2018

Drug-resistant Malaria – ACT (artemisinin-based combination) failure



TreatmentCerebral Malaria

Thai Malaria Guideline 2564

• Drug-resistant Malaria – ACT (artemisinin-based combination) failure
• Please following guideline



Cerebral amebiasis
(Entamoeba histolytica infection)

Anchovy paste



OverviewCerebral amebiasis

Amebiasis. NEJM. 2003



• Clinical Manifestation
• Intestinal infection

• Amebic colitis
• a several week history of cramping abdominal pain, weight loss, and watery or less commonly 

bloody diarrhea.

• Extraintestinal
• Liver abscess

• fever, cough, and a constant, dull, aching abdominal pain

• Brain abscess = Cerebral amebiasis
• Rare and commonly concomitant with liver abscess

• Cerebral amebiasis
• Many patients do not have a prior history of amebic dysentery and few have 

intestinal amebiasis at the time of diagnosis of brain abscess
• Presentation

• commonly meningeal signs, facial nerve (VII) palsy, motor paralysis, and seizure. 

Clinical manifestationCerebral amebiasis



• Biopsy (gold standard)

• CSF
• Abnormal CSF profile without specific feature

• PCR in CSF or brain tissue

• Indirect evidence from Stool
• Stool direct exam

• Stool Ag detection

• Stool PCR for E. histolytica

InvestigationCerebral amebiasis

Maldonado-Barrera CA, Campos-Esparza Mdel R, Muñoz-Fernández L, et al. 

Clinical case of cerebral amebiasis caused by E. histolytica. Parasitol Res. 

2012;110(3):1291-1296. doi:10.1007/s00436-011-2617-8



• Imaging
• Non-specific; Could mimics bacterial abscess

InvestigationCerebral amebiasis

Celik H, Karaosmanoglu DA, Gultekin S, Tokgoz N, Tali TE. Cerebral Amebiasis: 

MRI, DWI, Perfusion and MRS Features. Rivista di Neuroradiologia. 

2005;18(5-6):559-563. doi:10.1177/197140090501800506

Varghese V, Kansal A, Bhardwaj S, Sharma A. Cerebral Amebiasis: An Uncommon 

Cerebral Abscess. Ann Indian Acad Neurol. 2021;24(3):445-447. 

doi:10.4103/aian.AIAN_583_20



TreatmentCerebral amebiasis

Amebiasis. NEJM. 2003

Limited data in CNS



Primary Amebic 
Meningoencephalitis (PAM)

(Naegleria fowleri; 
brain eating amoeba)



OverviewPAM

Invasion of olfactory bulb via nasal mucosawarm freshwater (e.g. 

lakes, rivers, hot springs), 

soil, poorly maintained 

swimming pool

heat-loving (thermophilic) organism

Trends in Parasitology. 2019.

Incubation period

1-9 days (median 5 days)



• Acute and fulminant course!
• Clinical – mimics bacterial meningitis & hard to diagnosis

• The brain damage leads to brain haemorrhage and death occurs within 3–7 days in 
undiagnosed cases and maltreated cases.

• High mortality rate

• Stage 1
• Severe frontal headache

• Fever

• Nausea

• Vomiting

• Stage 2
• Stiff neck

• Seizures

• Altered mental status

• Hallucinations

• Coma

Clinical manifestationPAM

WiwanitkitV. Review of clinical presentations in Thai patients with primary amoebic 

meningoencephalitis. MedGenMed. 2004;6(1):2. Published 2004 Mar 8.



• CSF profile
• PMN pleomorphic 

• hypoglycorhachia pattern 

• mobile amoebic organism

• Special C/S for amoeba

• Direct visulaization
• Fresh smear, Giemsa-Wright or a modified 

trichrome stain

• Antigen detection
• immunohistochemistry [IHC], indirect 

immunofluorescence [IIF]

• PCR

InvestigationPAM

Pugh JJ, Levy RA. Naegleria fowleri: Diagnosis, Pathophysiology of Brain Inflammation, and 

Antimicrobial Treatments. ACS Chem Neurosci. 2016;7(9):1178-1179. 

doi:10.1021/acschemneuro.6b00232



• Imaging
• nonspecific

• may be normal early in the disease, with evidence of brain edema and 
basilar meningeal enhancement subsequently

• Sometimes – hydrocephalus, cerebral infarction

InvestigationPAM

Amebic Meningoencephalitis: Spectrum of Imaging Findings. AJNR. 2006



• an acute and fulminating infection resulting in death within a short 
period of time only a few patients have survived
• One of these survivors, a Californian girl, was aggressively treated with 

intravenous and intrathecal amphotericin B, intravenous and intrathecal 
miconazole, and oral rifampin (Seidel et al., 1982)

• Lack of evidence…

• Potential treatment
• Amphotericin B 

• Survival rate still 5%

• Azithromycin

• Rifampicin

TreatmentPAM

Jahangeer M, Mahmood Z, Munir N, et al. Naegleria fowleri: Sources of infection, pathophysiology, diagnosis, and 

management; a review. Clin Exp Pharmacol Physiol. 2020;47(2):199-212. doi:10.1111/1440-1681.13192



Scope of talk

• Introduction to Neuroparasitology

• Nematode (Roundworm)
• Angiostrongyliasis
• Gnathostomiasis
• Filariasis

• Trematode (Flatworm – Fluke)
• Schistosomiasis
• Paragonimiasis

• Cestode (Flatworm – Tapeworm)
• Neurocysticercosis

• Protozoa
• Cerebral Toxoplasmosis
• Cerebral Malaria
• Cerebral Amebiasis

• Entamoeba histolytica

• Primary Amebic meningoencephalitis
• Naegleria fowleri Neuroparasitology and Tropical Neurology Edited by Hector H. Garcia, Herbert B. Tanowitz, Oscar H. Del Brutto Volume 114,Pages 2-414 (2013)
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Summary of clinical manifestation



Summary of mechanism of CNS invasion



Summary of treatment



Take Home Massage

• Parasitic infection needs high clinical suspected
• Combination – Host + Risk factors

• Understanding life cycle/mode of transmission

• Diagnosis is a challenging! >> appropriate test is needed

• Appropriate treatment 
• Some are self-limited

• Antiparasitic agent (specific dose & duration) 

• Might consider role of steroid

• Surgery?
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