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Abstract: Neurocysticercosis (NCC) causes significant neurological morbidity around the 
world, and is the most common preventable factor for epilepsy in adults. It is endemic in 
most developing countries, and also diagnosed with some frequency in industrialized coun
tries because of travel and migration. The clinical manifestations of NCC are extremely 
variable and may include almost any neurological symptom, depending on the number of 
lesions, location, size and evolutive stage of the infecting parasitic larvae and the immune 
response of the host. Thus, the diagnosis of NCC relies mostly on neuroimaging and 
immunological tests. Despite being a disease with a known etiology, the lack of specificity 
of clinical manifestations and auxiliary examinations makes its diagnosis difficult. In an 
attempt for developing a standard diagnosis approach, a chart of diagnostic criteria for NCC 
was initially published in 1996, and revised in 2001 and 2017. This chart of diagnostic 
criteria systematized the diagnosis of NCC and became widely used worldwide. This manu
script describes the structure of the chart, the principles behind the changes for each revision, 
as well as the context of its use and potential for improvement. 
Keywords: cysticercosis, neurocysticercosis, Taenia solium, diagnosis, epilepsy, 
epidemiology

Introduction
Considered a major public health problem in most of the world, cysticercosis (infection 
with the larval stage of the pork tapeworm Taenia solium) is the most common 
helminthic infection of the nervous system in humans. T. solium is endemic in most 
developing countries and cysticercosis cases are also seen in developed countries due to 
immigration and travel.1 The life cycle of Taenia solium life involves an intermediate 
host harboring the parasitic larvae in its tissues, and a definitive host carrying the adult 
tapeworm in its intestines. Pigs are the most common intermediate host and humans as 
the sole definitive host.2,3 The adult parasite lives in the human small intestine attached to 
the mucose by its head or scolex, and sheds gravid proglottids containing numerous eggs, 
which are released through the feces; when the intermediate host ingests these eggs, they 
hatch in the pig’s intestine releasing the embryos or oncospheres that actively cross the 
intestinal wall to reach a blood vessel and are disseminated by the blood stream to most 
tissues, where they develop into encysted cysticerci.4,5 The life cycle is completed when 
undercooked pork meat is eaten by a human, and the cysticercus evaginates and attaches 
to the intestinal wall to develop into an adult tapeworm.6

Neurological symptoms due to neurocysticercosis, infection in the central nervous 
system, are the most common clinical presentation. This is likely due to more clinical 
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expression of cysts in the CNS, in comparison to infection in 
other organs where the cyst goes undetected.7–9 It should be 
noted that even in the CNS, a large proportion of infections 
will go asymptomatic or oligosymptomatic and thus left 
undiagnosed. The pre-patent period between infection and 
symptoms in NCC was estimated between 3 and 5 years by 
Dixon et al in 1961.10 The clinical manifestations of neuro
cysticercosis are extremely variable and depend on the num
ber, location, size, and evolutive stage of the infecting parasitic 
larvae, as well as the immune/inflammatory response of the 
host (1). Of particular importance, parasite location inside the 
brain parenchyma (intraparenchymal NCC) is less aggressive 
and is associated with headaches, seizures and epilepsy, while 
infections locating in the ventricles or subarachnoid spaces 
(extraparenchymal NCC) are associated with intracranial 
hypertension and constitute a major driver of mortality and 
morbidity.11–19 Parenchymal NCC accounts for one-third of 
all epilepsy cases on endemic regions, therefore representing 
the most important cause of acquired epilepsy worldwide.20 

Evolution of parenchymal cysts in the CNS goes from 
a viable, quiescent state that involves little or no inflammation, 
followed by an immune response of the host with local inflam
mation, cyst degeneration and then complete resolution or 
calcification. As mentioned, involution of the cyst is related 
to inflammation and this effect can cause an exacerbation of 
neurological symptoms.21 Extraparenchymal neurocysticerco
sis may cause mass effect and hydrocephalus due to blockage 
(ventricular cysts) or direct compression of the structures 
related to CSF transit.22–25

Diagnostic Difficulties
Even though neurocysticercosis has a recognized etiologic 
agent, a definitive histological diagnosis is rarely obtained 
due to the invasiveness of surgery and poor accessibility of 
the central nervous system.26 Symptoms and signs are 
extremely variable and do not configure the diagnosis, 
although both late-onset epilepsy and intracranial hyper
tension in Taenia solium endemic geographic regions are 
highly suggestive. Adding to the complexity of the diag
nosis, the clinical presentation of NCC may vary accord
ing to geographic region, with a single brain enhancing 
lesion being much more frequent in the Indian subconti
nent, associated with a more benign prognosis. Clinical 
examination, hematological and biochemical laboratories 
are rarely contributory. As a result, the diagnosis of NCC 
relies on neuroimaging and immunodiagnostic tests. None 
of these is absolute and their results are seldom 
pathognomonic.

Neuroimaging
Neuroimaging in NCC provides data regarding number, 
size, localization, perilesional inflammation, and stage of 
lesions, as well as information on collateral alterations 
such as hydrocephalus or other signs.27–30 Introduced in 
the 1970s, CT was a major advance in the diagnosis of 
NCC, allowing the visualization of intracranial structures 
including NCC lesions, and was followed by the advent of 
MRI. MRI provides much better image definition as well 
as the capacity to assess the view in different spatial planes 
(classically axial, sagittal, and coronal) and solves issues 
related to the gross hyper density of bone structures on CT 
due to the strong signal of calcium, that difficult the 
diagnosis of small lesions that are close to the skull or in 
the posterior fossa.27,28 However, the same strong signal 
for calcium on CT allows a much higher sensitivity to 
observe brain calcifications (Figure 1).

Immunodiagnosis
Antibody detection using the enzyme-linked immunoelec
trotransfer blot assay (EITB, Western blot) using lentil 
lectin purified parasite glycoprotein antigen (LLGP) is 
the tool of choice for serological diagnosis of 
cysticercosis.31 Antibodies can be detected on EITB as 
soon as 5 weeks after infection.32 The LLGP-EITB has 
a sensitivity of 98% in patients with more than one brain 
cyst, and a specificity of 100%,33,34 although its sensitivity 
drops in cases with a single cyst. As much as it is known, 
the sensitivity of EITB is not affected by HIV infection or 
immunosuppressive therapies. Antigen detection using 
a monoclonal antibody-based ELISA can confirm the pre
sence of living parasites (it gives negative results in calci
fied disease). Its sensitivity is lower and it is frequently 
negative in patients with one or a few living parasites. It 
may be useful for therapeutic decisions and to monitor the 
effect of antiparasitic treatment.35

Charts of Diagnostic Criteria for 
Cysticercosis and 
Neurocysticercosis
While clinical descriptions of NCC can be found in the 
medical literature since the end of the XIX century, the 
poor diagnostic accuracy of early imaging and serological 
exams before the availability of CT scan and the LLGP- 
EITB hampered the development of a standard diagnostic 
approach. The challenge is even bigger if we consider the 
enormous clinical, immunological and neuroimaging 
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variability arising from varying numbers, size, localiza
tions, and type of lesions in the central nervous system.

In 1996, a group of experts associated clinical mani
festations, imaging, immunologic test and epidemiologic 
criteria and conceived the first set of diagnostic criteria for 
human cysticercosis with the purpose of standardizing the 
diagnostic approach.36 This chart classified potential diag
nostic criteria in four categories: absolute, major, minor, 
and epidemiologic.

Absolute criteria included histology (histologic demon
stration of the parasite from biopsy of a subcutaneous 
nodule or brain lesion), direct visualization of an ocular 
parasite by funduscopic examination, or cystic lesions 
showing the scolex on CT or MRI. Major criteria included 
lesions suggestive of neurocysticercosis on neuroimaging 
studies, positive immunologic tests for the detection of 
anticysticercal antibodies, or plain X-ray films showing 
multiple “cigar-shaped” calcifications in thigh and calf 
muscles. Minor criteria were the presence of subcutaneous 
nodules on clinical examination, punctuate calcifications 
on plain X-ray films, suggestive clinical manifestations, or 
the disappearance of intracranial lesions after a trial with 
anticysticercal drugs, and finally Epidemiologic criteria 
included living in a cysticercosis-endemic area, frequent 
travel to cysticercosis-endemic areas, or a household con
tact with T. solium taeniasis.

These criteria configured three degrees of diagnostic cer
tainty: definitive, probable and possible. A definitive diagnosis 
requires the presence of one absolute criterion, two major 
criteria or one major criterion plus two minor and one 

epidemiological. A probable diagnosis required one major 
plus two minor criteria, or one major plus one minor plus 
one epidemiologic, or three minor plus one epidemiologic 
criteria, whereas a possible diagnosis could be established 
with one major criterion, two minor criteria or one minor 
plus one epidemiologic criteria.

The major objective of this initial chart of diagnostic 
criteria for cysticercosis was to avoid the overdiagnosis of 
neurocysticercosis in endemic regions, minimizing diag
noses based on clinical manifestations only.

Another concept brought up in the initial 1996 version 
was that neurocysticercosis is a frequent finding in ende
mic regions; in these settings asymptomatic NCC can 
coexist with other neurologic conditions without being 
the cause of disease. Therefore, finding an image compa
tible with NCC does not exempt clinicians from the need 
of ruling out other conditions considered in the differential 
diagnosis.37–41 Also, it brought up the idea that neurocys
ticercosis should be considered in the differential diagnosis 
of neurological conditions in non-endemic areas due to 
increased migration and travel.

2001 Revision. Five years after the initial publication, 
a larger group of experts convened to reorganize the chart of 
criteria and propose a new, updated version. After 4 years of 
experience using the first chart of diagnostic criteria, these 
were optimized prioritizing signs related to neurologic 
compromise.42 There were no changes in the previously 
defined absolute criteria, but there were several modifications 
in the major criteria category. It now included only lesions 
highly suggestive of neurocysticercosis on neuroimaging 

Figure 1 Parenchymal and extraparenchymal neurocysticercosis. (A) (left): Viable cyst showing its scolex (MRI, FLAIR protocol), (B) (center): calcified cysts (non- 
contrasted CT scan), and (C) (right): basal subarachnoid cysticercosis (MRI, BFFE protocol).
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studies (leaving other compatible lesions aside as a minor 
criterion), restricted the major immunodiagnosis criterion to 
cases with a positive EITB only, resolution of intracranial 
cystic lesions after therapy with albendazole or praziquantel 
(previously a minor criterion), and spontaneous resolution of 
small single enhancing lesions. Minor criteria were other 
lesions compatible with neurocysticercosis on neuroimaging, 
suggestive clinical manifestations, a positive CSF ELISA for 
detection of anticysticercal antibodies or cysticercal antigen, 
or evidence for cysticercosis outside the CNS (replacing the 
previous criterion of presence of subcutaneous nodules on 
clinical examination or plain X-ray films showing multiple 
“cigar-shaped” calcifications in thigh and calf muscles). The 
epidemiologic criteria remained without changes. In the 2001 
version, a definitive diagnosis required one absolute criter
ion, or two major criteria plus one minor and one epidemio
logic criterion; a probable diagnosis was defined by one 
major plus two minor criteria, or one major plus one minor 
plus one epidemiologic criteria, or three minor criteria plus 
one epidemiologic criterion. The lack of reliability of 
a “possible” degree of certainty led to its exclusion from 
this version.

This paper was widely cited, with a mean of 49 cita
tions per year from 2002 to 2020. When evaluated by an 
external group, the sensitivity and specificity of this ver
sion were determined to be of 93.6% and 81.1%, respec
tively. Its sensitivity for intraventricular NCC is estimated 
in 72.7%.43

2017 Revision. More than 15 years after the first revi
sion, in 2017 a new version of the diagnosis criteria chart 
was presented.44 The concepts behind this new version 
were to provide simpler and more operational definitions, 
and focus on the demonstration of CNS lesions by neuroi
maging as the more important diagnostic driver. Thus, 
criteria were allocated into two groups: those involving 
imaging, versus those who have clinical manifestations, 
immunodiagnostic assay confirmation, or epidemiologic 
context. Independent of this, absolute criteria remained 
based on direct visualization of the parasite or the histolo
gical demonstration (Table 1).

Neuroimaging criteria are now specified and divided in 
major (cystic lesions without a scolex, enhancing lesions, 
multilobulated subarachnoid lesions, or typical brain cal
cifications), confirmative (cyst resolution after antiparasitic 
treatment, spontaneous resolution of a single enhancing 
lesion, or migration of a ventricular cyst), or minor 
(obstructive hydrocephalus or leptomeningeal enhance
ment). Clinical, immunological or epidemiological criteria 

were left unchanged except for the unification of well- 
defined immunodiagnostic tests in a single major criterion. 
A definitive diagnosis requires one absolute criterion, two 
major neuroimaging criteria plus any clinical/exposure 
criteria, one major and one confirmative neuroimaging 
criteria plus any clinical/exposure criteria, or one major 
neuroimaging criterion plus two clinical/exposure criteria 
with the exclusion of other pathologies producing similar 
neuroimaging findings (note that at least one major neu
roimaging criterion is always required). A probable diag
nosis is established with one major neuroimaging criterion 
plus any two clinical/exposure criteria; or one minor neu
roimaging criterion plus at least one major clinical/expo
sure criterion. This latter version is more intuitive and 
easier to apply in different scenarios and environments, 
but also urges the need of having clinicians trained in NCC 
diagnosis, particularly in the differential neuroimaging 
diagnosis.

Limitations and Potential for 
Improvement
Even the more characteristic neuroimaging findings could 
be mimicked by other conditions, and in many cases, 
images are not conclusive. The best performing immuno
diagnostic tests are poorly available worldwide, and each 
technique has its own drawbacks. Antibody detection is 
more sensitive for diagnosis, but cannot distinguish active 
infections, while antigen detection is limited by the small 
amounts of circulating antigen produced by the parasites, 
reducing its sensitivity. Simpler, more reproducible tests 
based on synthetic antigens or molecular diagnosis are 
needed to homogenize immunodiagnosis across countries.

Beyond the limited availability of diagnostic tools, 
other factors contribute to the challenge of making 
a proper and early diagnosis of neurocysticercosis. In 
endemic regions, patients may have limited access to 
medical care, and do not always have access to sophisti
cated diagnostic methods. In addition, the extreme varia
bility in presenting symptoms and the long pre-patent 
period can confuse attending clinicians that are not famil
iar with NCC.

Other authors have criticized the Del Brutto diagnos
tic criteria. Garg et al45,46 noted a series of difficulties 
when applying the 2001 criteria in the context of the 
Indian subcontinent, where the vast majority of NCC 
cases present with a single enhancing lesion. Many 
other infectious (tuberculoma, mycosis, other parasites) 
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Table 1 Diagnostic Criteria for Human Neurocysticercosis

2017 2001 1996

Absolute Criteria Absolute Criteria Absolute Criteria

Histological demonstration of the parasite from 

biopsy of a brain or spinal cord lesion

Similar Included subcutaneous nodules, did not 

include spinal cord

Direct visualization of subretinal cysticercus Similar SImilar

Conclusive demonstration of a scolex within a cystic 

lesion on neuroimaging studies

Similar Similar

Neuroimaging Criteria

Major Neuroimaging Criteria Other Criteria Other Criteria

● Cystic lesions without a discernible scolex
● Enhancing lesions
● Multilobulated cystic lesions in the subarachnoid 

spaces
● Typical parenchymal brain calcifications

Lesions highly suggestive of 
Neurocysticercosis on neuroimaging 

studies (major)

Similar (major)

Confirmatory Neuroimaging Criteria

Resolution of cystic lesions after cysticidal drug 

therapy

Similar (major) Similar (minor)

Spontaneous resolution of single small enhanced 

lesions

Similar (major) Not included

Migration of ventricular cysts documented on 

sequential neuroimaging studies

Not included Not included

Minor Neuroimaging Criteria

Obstructive hydrocephalus (symmetric or 
asymmetric) or abnormal enhancement of basal 

leptomeninges

Lesions compatible with 
Neurocysticercosis on neuroimaging 

studies (minor)

Not included

Clinical/Exposure Criteria

Major Clinical/Exposure Criteria

Detection of specific anti cysticercal antibodies or 

cysticercal antigens by well-standardized 
immunodiagnostic tests

● Positive serum EITB for the detection of 

anti cysticercal antibodies (major) 
● Positive CSF ELISA for detection of anti 

cysticercal antibodies or cysticercal antigen 

(minor)

Positive immunologic tests for the detection 

of anti cysticercal antibodies (major)

Cysticercosis outside the central nervous system Similar (minor) ● Plain X-ray films showing multiple “cigar- 

shaped” calcifications in thigh and calf 
muscles (major) 

● Presence of subcutaneous nodules 

(without histological confirmation) (minor) 
● Evidence of punctuate soft-tissue or 

intracranial calcification on plain X-ray films 

(minor)

Evidence of a household contact with T. solium 
infection

Similar (epidemiologic) Similar (epidemiologic)

(Continued)
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and neoplastic etiologies can produce similar findings on 
neuroimaging, and the performance of EITB in this type 
of NCC is lower. They also recommended to earmark 
some situations where NCC is less likely such as middle 
or old age, pre-existing HIV, tuberculosis or malignancy, 
or evidently abnormal neurological examination. Others 
find the chart difficult to apply and argue that it will be 
poorly sensitive for extraparenchymal NCC.41 In addi
tion, Gabriel et al suggest to add serum antigen detection 
as a major criterion in resource poor countries, where 
neuroimaging is not available.47 While the idea of multi
ple charts to adapt to individual scenarios does not align 
with the purpose of having a unified set of diagnostic 
criteria, the other arguments have been discussed48 or 
approached in the 2017 revision.

Impact
In the past 25 years, the introduction of standard diagnos
tic criteria for cysticercosis have contributed to homoge
nize case definition, allowing sound comparisons of case 
series and published literature. The 2001 version is the 
most quoted paper on NCC, with 975 citations, and is used 
by most medical textbooks. In endemic countries, where 
clinicians are more familiar with the disease, and in devel
oped countries, where cases present due to travel and 
migration, the availability of a structured diagnosis allows 
better case confirmation and systematization.

Disclosure
H.G. contributed to the 2001 and the 2017 versions of the 
diagnostic criteria for neurocysticercosis revised in this 

manuscript. The authors report no other conflicts of inter
est in this work.
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