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Background

Neurocysticercosis is an infection of the central nervous
system by the larvae of the pork tapeworm, Taenia solium.
It is a major cause of neurological disease and even the most
common cause of epilepsy in the developing world.1 Neuro-
cysticercosis is rare inWestern Europe, however, its incidence
has increased over the past 30 years as a result of immigration
from endemic areas.2 Clinical presentation is variable and
prognosis is often favorable.1

We describe three cases of children diagnosedwith neuro-
cysticercosis in our hospital in the past 5 years. These cases
illustrate the variety in clinical symptoms, which, in combi-
nation with the relative rarity of the disease in the developed
world, may lead to diagnostic delay and unnecessary diag-
nostic procedures and treatment.

Case Reports

Case 1
A 13-year-old girl from Nepal who had been living in the
Netherlands for 11 years presented with two generalized
epileptic seizures. Neurological examination showed mild
gait ataxia and a minor intention tremor of the left arm.
Brain magnetic resonance imaging (MRI) revealed a calcifica-
tion in the left parietal lobe and a partially enhancing annular
lesion, with significant perilesional edema in the right parie-
tal area (►Fig. 1). Blood investigation showed an erythrocyte
sedimentation rate of 67 mm/h and a C-reactive protein level
of 67.0 mg/L. Serological testing (LDBio immunoassay [LDBIO
Diagnostics, Lyon, France]3 and in the case of nonconclusive
results an additional test: the Qualidcode of Immunetics
[Immunetics Inc., Boston, Massachusetts, United States])
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Abstract Background Neurocysticercosis is a helminthic disease that affects the central
nervous system by the larvae of the Taenia solium, the pork tapeworm. Because of
the growing number of immigrants from endemic areas, its incidence is increasing in
Western Europe.
Cases We describe three children, aged between 2 and 13 years, two of whom have a
definite and one a probable diagnosis of neurocysticercosis based on the “Del Brutto
criteria.” They presented with different symptoms and signs: symptomatic epilepsy,
asymmetric cerebral palsy, and headache. Serological evaluation was negative in two of
the three cases. All cases showed comparable abnormalities on magnetic resonance
imaging of the brain: solitary or multiple, cystic lesions, with surrounding edema. In one
of them, the “scolex” (part of the larvae) could be visualized. One case was treated with
albendazole, the other two cases did not receive medication.
Conclusion A prompt diagnosis of neurocysticercosis by recognition of its typical
brain lesions is important to prevent unnecessary diagnostic tests and treatment.
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revealed anticysticercal antibodies in serum. Serological tests
and an in-house developed polymerase chain reaction (PCR)
for the detection of Taenia solium DNA (a CO1 and NADH1
PCR) were negative in cerebrospinal fluid (CSF). On the basis
of the “del Brutto criteria” for neurocysticercosis, our patient
fulfilled two major criteria (evidence of lesions highly sug-
gestive of neurocysticercosis on neuroimaging and positive
serum immunoblot for the detection of anticysticercal anti-
bodies) plus one epidemiologic criterion (individuals coming
from or living in an area where cysticercosis is endemic)
consistent with a definitive diagnosis of neurocysticercosis.4

The patient was treated with albendazole (15 mg/kg/d:
300 mg twice daily for 7 days) in combination with dexa-
methasone (1 mg three times a day) and oxcarbazepine. After
admission, she remained seizure free. Oxcarbazepine was
discontinued after 16 months. A follow-up MRI, 3 months
later, showed clear reduction of the abnormalities.

Case 2
A 2-year-old girl, born in Cambodia and adopted at 6 months
of age, presented with a motor developmental delay and a
preference for the left side. No medical history was available.
Physical examination showed plagiocephaly on the left side.
She did not walk independently until the age of 24 months. A
mild asymmetric cerebral palsy (Gross Motor Function Clas-
sification Scale class I5 was found on neurological examina-
tion, consisting of hypertonia and hyperreflexia of the right
arm and leg. Brain MRI revealed a large fluid cavity in the left

frontal lobe and a smaller fluid cavity in the right frontal lobe.
Both fluid cavities contained multiple well-definable, annu-
lar-enhancing lesions, suggestive of neurocysticercosis. Rou-
tine blood investigations were unremarkable. No information
from family members was available, as she had been adopted.
According to the “del Brutto criteria” for neurocysticercosis
she had one major criterion (evidence of lesions highly
suggestive of neurocysticercosis on neuroimaging), one mi-
nor criterion (presence of clinicalmanifestations suggestive of
neurocysticercosis [that is, focal neurological signs]) and one
epidemiological criterion (individuals coming from or living
in an area where cysticercosis is endemic) compatible with a
probable diagnosis of neurocysticercosis.4 Her stable neuro-
logical development since she had been adopted was the
reason to refrain from treatment. A follow-up MRI after
2 years showed no changes.

Case 3
A 7-year-old vegetarian boy of Indian ancestry, born in the
Netherlands, with a travel history in India, reported severe
headaches regularly accompanied by nausea and vomiting since
2 weeks. Physical examination was unremarkable. Brain MRI
showed two confluent small cysts in the right occipital lobe of
which at least one showed a possible scolex (►Fig. 2), which is
one of the absolute criteria for a definitive diagnosis of neuro-
cysticercosis according to the “del Brutto criteria.”4 Blood inves-
tigations (including cysticercosis serology) were unremarkable.
Lumbar puncture showed an increased opening pressure of

Fig. 1 Case 1. (a) Computed tomographic (CT) scan of the brain at presentation showing a lesion in the right parietal area. (b) T2-weighted
magnetic resonance imaging (MRI) scan at presentation showing edema in the right parietal lobe. (c) T1-weighted MRI scan with gadolinium at
presentation showing a partially enhancing annular lesion with perilesional edema. (d) CT scan of the brain showing a calcified lesion in the left
parietal lobe. (e, f) T2-weighted MRI scan and T1-weighted MRI scan with gadolinium at follow-up show reduction of the edema and the lesion in
the right parietal lobe.
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38 cmH2O. CSF analysis revealed a leukocyte count of 9/uL, with
an increased proportion of eosinophilic granulocytes. No sero-
logical testing or PCR was performed in CSF. A follow-up MRI,
1 month later, showed a clear reduction of the lesion. On
susceptibility weighted MRI calcification of the lesion was
evident, indicating progression to the granular-calcified stage
of the disease. Because of quick spontaneous regression of
symptoms and MRI lesions no treatment was started.

Discussion

Neurocysticercosis is endemic in the third world countries,
but it is still a rare disease in the developed world.1 In the
past 5 years, we have seen three cases, one of whom had a
probable diagnosis, in our center in Amsterdam, The
Netherlands. Fabiani and Bruschi recently reviewed all
case studies of neurocysticercosis in Europe published
since 1970.6 Only three Dutch case reports, describing 16
patients, with neurocysticercosis have been published in
the past 44 years.6 Of the 176 cases in total published from
Europe, the majority were imported cases. Rosenfeld et al
described 47 children with neurocysticercosis in Chicago,
of whom 96% were Hispanic.7 These studies show that the
majority of cases of neurocysticercosis in the developed
world are imported from endemic areas. This holds true for
our patients as well; patients 1 and 2 were born in Nepal
and Cambodia, respectively, and patient 3 frequently
travelled to India. Epidemiologic information is therefore
an important clue to the diagnosis.

In children of all ages, seizures, headache, and vomiting are
the most common presenting symptoms.8 This is consistent
with our patients, presenting with symptomatic epilepsy
(patient 1) and headache with vomiting (patient 3). Our
second patient, however, presented differently with cerebral
palsy. In the literature, neurocysticercosis is renowned for its
pleomorphic clinical presentation, depending on the stage,
number, location, and size of the parasites, as well on the age
and immune response of the host.1Neurocysticercosis should
be considered as a diagnosis in a wide variety of neurological
symptoms, independent of age.

By eating undercooked pork meat, Taenia solium cysts
can develop into adult parasites in the human digestive tract,
which is called cysticercosis. Neurocysticercosis can develop
when a person is infected with eggs from the Taenia solium
by fecal–oral transmission from a person with cysticercosis,
that become encysted in the central nervous system.1 So,
under poor hygienic circumstances, also vegetarian patients,
such as our third patient, can develop neurocysticercosis.
The cysts will evolve through four stages. First, in the
vesicular stage, the cysts contain a living larva, which may
be visible on MRI as the “scolex.” Degeneration of the cyst is
initiated by an immunological reaction of the host, and the
colloidal stage is entered, in which the vesicular fluid
becomes turbid and the larvae show signs of hyaline degen-
eration. The third phase is the “granulonodular” phase as the
membrane of the cyst thickens, and the cysticercus is no
longer viable. Finally, calcification of the lesion will take
place.1,9

Fig. 2 Case 3. (a) T2-weighted magnetic resonance imaging (MRI) at presentation showing two confluent small cysts in the right occipital lobe,
of which at least one showed a possible scolex. (b) T1-weighted MRI with gadolinium at presentation showing enhancement of the lesion.
(c) T2-weighted MRI 3 months later showing clear reduction of the lesion. (d) Susceptibility weighted MRI at follow-up showing calcification of the
lesion. (e) T1-weighted MRI with gadolinium at follow-up showing clear reduction of the lesion.
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In 2001, Del Brutto et al proposed diagnostic criteria for
neurocysticercosis, with different degrees of diagnostic cer-
tainty.4Absolute criteria are based on direct demonstration of
the parasite by biopsy, identification of the scolex on MRI or
funduscopic examination demonstrating subretinal para-
sites. In clinical practice, the diagnosis is often made by a
combination of clinical and epidemiological information to-
gether with MRI and serological testing of serum and CSF.4 In
our patients, we used (at least) the following MRI sequences:
sagittal and/or transversal fluid-attenuated inversion recov-
ery (FLAIR), axonal T1-weighted series with and without
gadolinium, axonal T2-weighted imaging, and diffusion-
weighted imaging. Lucato et al concluded that FLAIR images
detect a significantly higher number of scolices than other
sequences. For demonstrating the lesions, a T1-weighted
sequence with gadolinium is recommended.10 T2-weighted
sequence is relevant to demonstrate perilesional edema.8 To
detect calcifications, computed tomography has been de-
scribed to be more sensitive than MRI.8However, in our third
patient, the susceptibility weighted MRI clearly showed the
calcified lesion, and this sequence together with the fast
imaging employing steady-state acquisition image may be
of value in diagnosing neurocysticercosis.

Pediatric neurocysticercosis differs from that in adults.
Children most often present with a single parenchymal cyst,
whereas extraparenchymal disease is rare.11 Indeed, our
three patients had parenchymal disease. However, two out
of the three patients showedmore than one lesion (patients 1
and 2). In addition, CSF abnormalities (elevated cell count and
protein level) are infrequently found in children.8,11 In case 3,
we found a mild pleocytosis with normal protein level and
glucose concentration. However, the increased proportion of
eosinophilic granulocytes was a clue to the diagnosis. Sero-
logical testing in serum or CSF, using enzyme-linked immu-
noelectrotransfer blot, can be performed to confirm
suspected diagnosis and has high sensitivity (98%) and spec-
ificity (100%) in subjects with two or more lesions.1,2 How-
ever, in subjects with a single parenchymal lesion sensitivity
is low, with a false-negative result in up to 50% of cases.
Therefore, especially in children, negative serology and nor-
mal CSF findings do not exclude neurocysticercosis.

Neurocysticercosis is treated using a combination of anti-
parasitic medication; albendazole and/or praziquantel, ste-
roids, and antiepileptic drugs. However, exact indications for
treatment in the individual patient are not precisely defined.
In 2013, a guideline for the treatment of parenchymal neuro-
cysticercosis was published by the American Academy of
Neurology suggesting to consider albendazole plus steroids
in adults and children both to decrease the number of active
lesions on brain imaging studies and to reduce long-term
seizure frequency. This guideline is based on reviewing the
existing randomized controlled trials.9 However, the studies
reviewed were heterogeneous with regard to number of
lesions and treatment regimen.12 Recently, the results of a
large RCT comparing different treatment regimens in neuro-
cysticercosis were published favoring the use of albendazole
in combination with praziquantel over treatment with one

antiparasitic drug alone.13 Despite these recent efforts, treat-
ment of neurocysticercosis remains controversial.12,14 We
feel that the indication for and type of treatment should be
considered in every patient individually.

Neurocysticercosis is a rare infectious disease in developed
countries. Because of increased migration from endemic
areas, it should be included in the differential diagnosis of a
variety of neurological symptoms in children. Clinical man-
ifestations combined with an epidemiological history and
characteristicMRI abnormalities lead to the diagnosis inmost
cases. A just and timely diagnosis can prevent children from
unnecessary diagnostic testing and treatment.
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