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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.



Angiostrongylus cantonesis
(Rat lung worm; พยาธิปอดหนู)

Most common CNS parasitic infection



Angiostrongylus cantonesis

• Left male (body length 13–20 mm)

• Right, female (body length 16–26 mm)



Humans are infected by eating larvae in
undercooked intermediate hosts (e.g. 
snails, slugs, crabs, or prawns)

หอย กุง้เตน้ ตบัตะกวดดบิ ปนู ำ้จดื กบ

หอยโขง่ หอยปัง หอยขม หอยจุบ๊

หอยเชอรร์ ี่ หอยทำกIncubation period 
1-3 weeks

3 Main manifestations
Eosinophilic meningitis (95%)
Encephalitis
Ocular angiostrongyliasis

Angiostrongylus cantonesis



Angiostrongylus cantonesis

• Ocular angiostrongyliasis
• Clinical

• Visual loss

• Found parasite at retina or vitreous

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
• Non-specific

• Serology
• ELISA/Western blot in blood

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

• Sensitivity 93.5%, specificity 91.5%, PPV 79%, NPV 97.5%

• PCR
• high specificity; rarely use

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. 

Angiostrongylus cantonesis



Angiostrongylus cantonesis

MRI features

Brain and Behavior. 2019;9:e01361.

https://doi.org/10.1002/brb3.1361



Brain and Behavior. 2019;9:e01361.

https://doi.org/10.1002/brb3.1361

Angiostrongylus cantonesis



Angiostrongylus cantonesis

Roukaya Al Hammoud. Angiostrongylus cantonensis Meningitis and Myelitis, Texas, USA. Emerging Infectious Diseases . June 2017

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

2000



• Meningitis
• Specific treatment  combination

• Albendazole 15 mg/kg/day divided in bid dose x 2 weeks

• 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

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

Angiostrongylus cantonesis



• Ocular angiostrongyliasis
• Focal laser photocoagulation 

• 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.

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

Angiostrongylus cantonesis



Angiostrongyliasis

• Angiostrongylus cantonesis

• Angiostrongylus malaysiensis

Kaenkaew et al. Parasites & Vectors (2024) 17:56

https://doi.org/10.1186/s13071-024-06140-9



Gnathostoma spinigerum
(พยาธิตวัจีด๊)

Size is larger than Angiostrongylus spp.



Definitive host

Intermediate host

Intermediate host

Copepo
d

Paratenic host

Accidental host

ปลำสม้ฟัก ปลำย่ำง

กอ้ย

ไก่ เป็ด กบ นก หนู งู

Rare cause
- Skin
- Prenatal

Gnathostoma spinigerum



• 4 main clinical presentations
• Radiculomyelitis, myelitis, myeloencephalitis (55%)

• Sharp radicular pain and a spinal syndrome (paraplegia, monoplegia, quadriplegia, bladder 
dysfunction, sensory disturbances), can progress to cerebral involvement (myeloencephalitis)

• Entry : Intervertebral foramina along the spinal nerves and vessels 

• Meningitis, meningoencephalitis (30%)
• Severe headache, stiffness of the neck, cranial nerve palsies, disturbance of consciousness, 

focal neurologic signs 

• Entry : Neural foramina of the skull base along the cranial nerves and vessels 

• Intracerebral hemorrhage (ICH) (8%)
• Headache, sudden-onset focal neurologic signs 

• Entry : Intervertebral or neural foramina

• Subarachnoid hemorrhage (SAH) (7%)
• Thunderclap headache, meningeal signs

• Entry : Intervertebral or neural foramina

Gnathostoma spinigerum

Juri Katchanov, et al. Neurognathostomiasis, a Neglected Parasitosis of the Central Nervous System. Emerging Infectious Diseases: 2011



• Clinical clues for diagnosis
• Intermittent migratory swelling

• Itching & Pain ; migratory area

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

• Creeping eruption (rare)

• Found parasite in other organs
• Eye - Unilateral eyelid swelling

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

Gnathostoma spinigerum



• CBC
• Eosinophilia of patients >30%

• 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

Gnathostoma spinigerum



Gnathostoma spinigerum

Juri Katchanov, et al. Neurognathostomiasis, a Neglected Parasitosis of the Central Nervous System. Emerging Infectious Diseases: 2011



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

• Non-traumatic ICH

• Non-traumatic SDH

• Non-traumatic SAH

• MRI spinal cord
• Edema

Gnathostoma spinigerum

Sorakai Wongpaiboonwatana. Neurognathostomiasis Presented with Multiple Episodes of 

Intracerebral Hemorrhage: A Case Report. JINFECT DIS ANTIMICROB AGENTS 2020 



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

Gnathostoma spinigerum



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

Gnathostoma spinigerum



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

Gnathostoma spinigerum



• Specific treatment 
• Albendazole 400 mg/day x 21 days OR Ivermectin 200 mcg/kg single dose

• Reported cure rates at 6 months after treatment with albendazole are >90% and after 
treatment with ivermectin range from 76–95.2%

• Symptomatic treatment
• Pain control – Headache, Root pain

• Steroid – usually recommend in case of using Antiparasitic agents
• Prednisolone 60 mg per day for seven days

• Prognosis
• Generally self limited with fully recovery

• Poor prognosis – severe bleeding and alteration of consciousness

• unfavorable outcome, e.g., death or severe persistent disability, was reported in 78 
patients (32%) [1].

Gnathostoma spinigerum

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

[1] Juri Katchanov, et al. Neurognathostomiasis, a Neglected Parasitosis of the Central Nervous System. Emerging Infectious Diseases: 2011



Filariasis
(พยาธิโรคเท้าช้าง)



Filariasis

Mansonia ยงุลำยเสอื หรอืยงุเสอื



Filariasis

• In Thailand
• Wuchereia bancrofti – CNS complication

• Blugia malayi



• CNS manifestation – Encephalitis
• RARE

• High load of infection

• 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



• CBC – Eosinophilia

• Thick blood smear with Giemsa

• PCR

Filariasis

Nuchprayoon S, et al. Endemic Bancroftian Filariasis in Thailand: Detection by Og4C3Antigen Capture 

ELISA and the Polymerase Chain Reaction. J Med AssocThai 2001; 84: 1300-1307



Filariasis

Vimal K Paliwal, et al. Acute disseminated encephalomyelitis 

following filarial infection. J Neurol Neurosurg Psychiatry: 2012.



• Diethylcarbamazine citrate (DEC)  - for 4 weeks

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

2018

Wuchereia bancrofti

Filariasis



Paragonimiasis
(Lung fluke)
(พยาธิใบไม้ในปอด)



Human infection with
P. westermani occurs by eating 
inadequately cooked pickled crab or crayfish
that harbor metacercariae of the parasite

P. siamensis

Paragonimiasis



• Cerebral paragonimiasis
• General 

• 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) – parietal > occipital > frontal > temporal lobes

• Spinal paragonimiasis - Relative RARE

• General symptoms
• acute syndrome with cough, abdominal pain, discomfort, and low-grade fever

• Incubation 2 to 15 days after infection

Paragonimiasis



• Imaging
• Abscess (ring)

• Calcification

• Bleeding

Paragonimiasis



• Imaging – Soap bubble!

Paragonimiasis



Paragonimiasis

Kim JG, et al. (2022) Cerebral paragonimiasis: Clinicoradiological features and serodiagnosis using recombinant yolk ferritin. 

PLOS Neglected Tropical Diseases 16(3): e0010240. https://doi.org/10.1371/journal.pntd.0010240



• Imaging

Paragonimiasis



• Imaging

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

2018.

Paragonimiasis



• 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

Paragonimiasis



• 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

Paragonimiasis



Neurocysticercosis
(Pork tapeworm)

(พยาธิตืดหม)ู



Cysticercosis 

(MSK Neuro)

ผกัดบิ

Taeniasis

หมูดบิ/หมูสำคู

Neurocysticercosis



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

Neurocysticercosis



• 1) Parenchymatous form
• Any area - commonly found at the gray-white matter junction

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

• Evolutive 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%)

Vesicular cyst with 
scolex

Colloidal Calcification

Neurocysticercosis



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

Neurocysticercosis



• 1) Parenchymatous form
• 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
Encephalitis

Neurocysticercosis



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

Neurocysticercosis



• 2) Meningeal form
• Only leptomeningeal

• Commonly found at brainstem

• 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

• Cranial nerve palsy – Basal arachnoiditis/Fibrosis

• Stroke syndrome 
• related to thrombosis of superficial cortical vessels owing to chronic meningitis, or fusiform aneurysms 

produced by weakening of wall of the vessels, or due to occlusion of small perforating vessels

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

Neurocysticercosis



• 2) Meningeal form
• “Cysticercus racemosus”

• Grape-like appearance

• Basal cistern, ventricle, subarachnoid

Subarachnoid neurocysticercosis

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

Neurocysticercosis



• 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

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

ataxia, sometimes drop attack

• Cyst floating in CSF and transient obstruction 
of CSF pathway 

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

Neurocysticercosis



• 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

Neurocysticercosis

Joseph Kus. Isolated Spinal Cord Neurocysticercosis. Radiology Case: 2022



• 5) Mixed form

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

Neurocysticercosis



Classification – location & stage of disease

Active form

• Parenchymal cyst(s)

• Arachnoiditis

• Vasculitis

• Hydrocephalus
• Inflammation

• Intraventricular cyst

• Compressive symptoms
• Brain or Spinal cord

Inactive form

• Parenchymal calcification

• Hydrocephalus secondary to 
meningeal fibrosis
• CSF profile - normal

Neurocysticercosis



Imaging criteria

Joseph Kus. Isolated Spinal Cord Neurocysticercosis. Radiology Case. 2022



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

Neurocysticercosis



• CBC
• Eosinophilia of patients (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%)

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

Neurocysticercosis



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

• ELISA - sensitivity of 40.0% and a specificity of 100%

• Plain film  

• Calcification of cyst intramuscular (most common at thigh)

Neurocysticercosis

Weerayut Nunrungroj. Neurocysticercosis : Clinical Manifestations and Assessments. Siriraj Medical Journal, 54(7), 394–402.



• 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 
• Praziquantel 100 mg/kg/day x 4 wks divided in 3 times (Textbook of clinical neurology TH)

Multiple parenchymal cyst – choose combination therapy 
• 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
Indication
• Developed high ICP during antiparasitic treatment
• Encephalitis form – priming with steroid + delayed antiparasitic drug

• Repeat CT brain + closed monitoring
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 diagnosis

Neurocysticercosis



• 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

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

Neurocysticercosis



Textbook of Clinical Neurology. Thai Neurological Society. 2014

Neurocysticercosis
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