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Evaluation of an enzyme immunoassay for clinical diagnosis of
neurocysticercosis in symptomatic patients

Avaliagao de um teste imunoenzimatico para o diagndstico clinico de neurocisticercose em

pacientes sintomadticos

Reynaldo Mendes de Carvalho Junior’, Dorcas Lamounier Costa?, Savyo Carvalho Soares® and Carlos Henrique Nery Costa>*

ABSTRACT

Introduction: Neurocysticercosis is an infection of the human central nervous system caused
by the metacestode larvae of Taenia solium. Neurocysticercosis is the most common parasitic
disease in developing countries. Epilepsy is the most common clinical manifestation. Difficulties
in confirming the diagnosis motivated the evaluation of the enzyme-linked immunosorbent
assay on cerebral spinal fluid (CSF). Methods: Twenty-two patients with NCC and 44 control
patients were studied. CSF was analyzed using a commercial ELISA kit developed for NCC.
Sensitivity and specificity were measured and a multivariate logistic regression was performed.
Results: Sensitivity and specificity of ELISA were 31.8% and 100%, respectively, with accuracy
of 77.3%. Only the size of the lesions proved to be important for performance of the test.
Conclusions: The results showed that ELISA contributes to the diagnosis of neurocysticercosis

if the result is negative or if the patient has a lesion of 2 cm or more.
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RESUMO

Introdugao: Neurocisticercose ¢ a infecgio do sistema nervoso central causada pela larva
metacestodea da Taenia solium. Neurocisticercose ¢ a parasitose mais comum nos pafses em
desenvolvimento. Epilepsia é a sua manifestacio clinica mais comum. A dificuldade para
confirmar o diagndstico motivou a avaliagio do ensaio imunoenzimatico ligado a enzima
no liquido cérebro-espinhal. Métodos: Vinte e dois pacientes com NCC e 44 pacientes
controles foram estudados. Liquido cérebro-espinhal foi analisado por um kit ELISA comercial
desenvolvido para NCC. A sensibilidade e especificidade foram medidas e uma analise
multivariada de regressao logistica foirealizada. Resultados: A sensibilidade e a especificidade
de ELISA foram, respectivamente, 31,8% e 100%, com acurécia de 77,3%. Apenas o tamanho
das lesdes mostrou-se importante para o desempenho do teste. Conclusdes: Este estudo
concluiu que ELISA contribui para o diagndstico de NCC, caso o teste seja negativo ou caso

o paciente seja portador de lesao cuja dimensao seja igual ou maior que dois centimetros.
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INTRODUCTION

Neurocysticercosis is an infection of the central
nervous system (CNS) by the metacestode larvae of
Taenia solium. Involvement of the CNS is confirmed
in 60% to 90% of patients with cysticercosis', which
is the most common parasitic disease in developing
countries and constitutes a serious public health
problem?. In fact, it is estimated that approximately 20
million people are infected with T solium cysticercosis
and of these, 50.000 die of NCC each year*.

Taeniasis and cysticercosis are diseases caused by
the same parasite at different biological stages: Tuenia
solium is the adult worm and metacestode larvae is
the larval form. While taeniasis only develops in
the small intestine, the embryo is able to invade
various tissues throughout the blood system and
in particularly the brain parenchyma. Implantation
of the encapsulated embryo inside the skull causes
clinical manifestations. These are related to factors,
including: its location in the nervous tissue itself,
within the ventricles or the subarachnoid cistern;
and the size and number of lesions and their stage
of development, which reflect its biological activity
or inactivity. In addition to these factors that are
intrinsic to the parasite and the number of infections
suffered by the host, the strength of the host’s
immune defense is also important and sometimes
leads to diagnostic difficulties™**.

Imaging tests, such as computed tomography
(CT) and nuclear magnetic resonance (MRI),
have revolutionized the diagnosis of the disease.
However, besides clinical polymorphism, several of
the factors listed above form different image patterns
with CT and MRI, which leads to difficulties in
differential diagnosis. Imaging limitations reinforce
the importance of clinical and epidemiological
studies for the diagnosis of neurocysticercosis,
resulting in the need to detect anti-cysticercosis
antibodies as part of the diagnostic tools™'’.

Low cost and simplicity have made the enzyme-
linked immunosorbent assay (ELISA) the most widely
used standard in research and clinical applications.
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This study evaluated the accuracy of a commercial ELISA assay
performed on CSF for the diagnosis of neurocysticercosis, by
assessing its sensitivity and specificity in patients with a confirmed
diagnosis of neurocysticercosis and in patients with benign viral
meningitis.

METHODS

A sample of patients with a definitive diagnosis of
neurocysticercosis was studied and compared with a control group
that consisted of patients without neurocysticercosis and with clinical
picture and CSF exam compatible with benign viral meningitis.

After approval of the research project by the Ethics in Research
Committee of the Federal University of Piaui and Getulio Vargas
Hospital, the study began and data was collected from April 2008 to
July 2009. This study respected and safely preserved all ethical aspects
of the patients who agreed to collaborate with the study as well as all
people directly and indirectly involved in the work. All patients or
guardians signed an informed consent form. All individuals in the
study lived in Teresina or in other cities in the States of Piaui and
Maranhao. They sought medical care in Teresina and were referred
to the researcher. The first group consisted of 22 patients diagnosed
with neurocysticercosis, selected according to the diagnostic criteria
proposed by Del Brutto®. A definitive diagnosis of neurocysticercosis
was made by imaging in 16 patients and by pathological evidence in
6 others. The second group consisted of 44 patients with benign viral
meningitis (group MVB) and without clinical manifestations and
imaging compatible with neurocysticercosis. Antigen from the extract
of cysticerci of Taenia solium removed from the carcasses of pigs was
used and, after maceration, the antigenic proteins were separated using
high power ultrasound resulting in products with the commercial name
Enzitest® Cysticercosis IgG test for anti-metacestode larvae of Taenia
solium (RNA Laboratories Ltda, Cascavel, Parand). The immunoassay
ELISA was applied to undiluted lumbar CSF only. The test was repeated
in cases where the ELISA result was positive

RESULTS

Sociodemographic profile of the sample studied

The neurocysticercosis group consisted of 14 men and 8 women,
aged from 12 to 58 years-old, with a mean of 28 years-old. All of these
patients presented live cysts. One patient came from a rural area in
the State of Maranhio, while 21 lived in the State of Piaui: six on
the outskirts and two in urban areas (UA) of Teresina, the capital of
Piaui; 10 from a rural area; and three from other cities in the interior
of Piaui. Additional tests included: 12 patients had a CT; four had an
MRI; and six had a CT and an MRI. According to several studies, the
vital stages of metacestode larvae of Taenia solium in the cranial cavity
were estimated according to the appearance on imaging exams®''2,
Although all patients in the neurocysticercosis group presented active
lesions, the pattern of larval imaging was heterogeneous in 13 (59.1%)
patients, 8 of which displayed vesicular and calcified forms; two
showed colloidal and granular phases; one presented both vesicular
and granular aspects; one presented vesicular and colloidal forms;
and one presented vesicular, granular and calcified forms. Of the other
9 (40.9%) patients with neurocysticercosis, 7 showed the vesicular
larval phase, one displayed colloidal and one presented the granular
form. The predominantlocation of the larvae was the brain parenchyma

in 16 (72.8%) patients, the cerebral ventricles in three (13.6%) and
in more than one compartment in three (13.6%) patients. Regarding
the dimensions of the lesion, out of 75 active lesions in 22 patients, six
measured 3 cm or more, most were 6 cm at the greatest diameter. Three
occupied the brain parenchyma and three occupied the ventricular
cavity and of these six, only one was not removed surgically.

In the control group, all patients showed signs of meningeal
irritation, with headache and neck stiffness. The sample included
29 men and 15 women, from 2 to 45 years of age, with a mean of
16 years-old. Forty-two patients presented a normal CT exam, but
for two, CT scan showed mild prominence of the lateral ventricles,
which was interpreted as anatomical variation. Of the 44 subjects,
21 lived in Teresina, Piaui, 14 were from neighboring cities in Piaui
and 9 from neighboring towns in Maranhao. The sample consisted
of 30 students, six farmers, four children under four years of age and
individuals from four other professions. Thirty-two patients had
finished elementary school, five had finished high school, one had
finished college and two claimed to be illiterate.

Table 1 shows the sensitivity and specificity of ELISA, which
were 31.8%, with a 95% confidence interval (CI) of 14.7-54.90
and 100% (95%CI 90.0-100.0), respectively, while the positive and
negative predictive values were 100% (95%CI 56.1-100.0) and 74.6%
(95%CI 61.3-84.6), respectively. The accuracy of the test was 77.3%.

Seven patients, between 15 and 49 years-old, tested positive for
ELISA. Five of these patients had epilepsy, which was associated

TABLE 1 - Performance ofa commercial enzyme-linked immunoassay (Enzitest®
Cysticercosis IgG) on the cerebrospinal fluid of patients with neurocysticercosis
and of patients with benign viral meningitis.

Neurocysticercosis
present absent
Elisa in CSF n % n %
Reactive 7 31.8 0 0.0
Nonreactive 15 68.2 44 100.0
Total of patients 22 100.0 44  100.0

with hydrocephalus in two. However, hydrocephalus was present in
three of the seven patients. The neurological examination was normal
in two (28.6%) patients, while four showed signs of intracranial
hypertension and two presented cerebellar ataxia. Of the 15
patients whose CSF was negative, 12 (80%) had epilepsy as a main
manifestation and normal neurological examination, while three
presented hydrocephalus and intracranial hypertension syndrome.

Of the seven patients with reactive ELISA, five presented two
or more cysts, but all with cysts in the vesicular stage. Only one
patient had a cyst in the vesicular and colloidal phase. Of the seven,
only one presented an inactive lesion, with 108 calcified nodules in
a CT of the cranium. Cysts in the vesicular phase were detected in
11 of the 15 patients with nonreactive ELISA. Of these, only one
patient had more than S vesicles, four presented from 2 to S, while
six patients presented only one vesicle. Furthermore, 10 patients
presented calcified nodules, four presented cysts in the granular
phase and only one patient showed a cyst in the colloidal phase.

Six of the seven patients with reactive ELISA presented cysts
greater than or equal to 2cm. Four patients presented cysts in the
brain parenchyma and two presented cysts only in the ventricular
cavities. Only one presented cysts in the three intracranial
compartments. In the subgroup with a reactive ELISA, the mean
number of lesions was six. The ratio of the number and size of
lesions with the performance of ELISA is shown in Table 2.
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TABLE 2 - Size and number of intracranial lesions of patients with neurocysticercosis according
to the result of a commercial enzyme-linked immunoassay (Enzitest® Cysticercosis IgG).

that half of the patients in the neurocysticercosis
group lived in rural areas. However, the outskirts

ELISA result

of Brazil's poorest large cities lack basic sanitation

reactive

nonreactive

and most residents in the outskirts of Teresina have

total number of

total number of

a low educational level and perform daily tasks
similar to those of individuals who live in rural areas,

lesions per patient lesions per patient
Size of the largest lesion (cm) n % (any size) n o (any size) as seen in other areas where neurocysticercosis
feci 14,15 ; :

= T - T e TSt trarllsrn;ss}llon occurs'®®. Olbslirva;lon c'>f the hf?
5 1 143 2 0 0.0 0 'cyc eo t' e Paramte revea's that the existence .o

infected pigs in an urban setting may be the essential
3 4 §7.1 1to113 1 6.7 1 . s . .

link to maintaining the endemicity of the disease,
>3 1 143 16 0 0.0 0 . . . .

because pigs are carriers of T. solium, which spreads
Total 7 100.0 = 15 100.0 -

In univariate analysis, the ELISA test was associated with the
presence of vesicles (p = 0.03), epilepsy (p < 0.001) and size of
lesions identified in CT and MRI (p < 0.001). In multivariate
analysis with logistic regression, only the size of the lesions
proved to be important for the performance of the test. Analysis
revealed that the reactivity of the test was positively correlated
with larger lesions. Finally, the performance of the ELISA test was
assessed by analysis of receiver operating characteristic (ROC)
curve, which showed that the sensitivity and specificity of the
ELISA were higher when the lesions measured between 2 and
3cm. The area under the curve for this model was 0.92 (Figure 1).
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FIGURE 1 - Graph of the area under ROC curve showing the prediction
model of a commercial enzyme-linked immunoassay (Enzitest®
cysticercosis IgG) in patients with neurocysticercosis through the
variable according to the size of the lesion.

DISCUSSION

In this study, there was a predominance of males in the group
of patients with neurocysticercosis, which is consistent with the
literature. This fact is certainly associated with profession and
schooling, because in rural areas, field work is usually carried out by
people with little or no education. Therefore, most of these people
have a poor social and economic backgrounds. On the other hand,
with the exception of two women, most worked at home or were
students and none were illiterate or field workers. Having more
opportunity to study and less contact with crops, women are less
exposed to neurocysticercosis. Likewise, the results also showed

neurocysticercosis in the domestic environment
and its surroundings*. Thus, only when the urban area is inhabited by
people with a reasonable educational level, with a clean drinking water
supply and proper conditions of sanitation, will the conditions for the
prevention and eradication of neurocysticercosis become available.

In this study the predominant location of cysts was the brain
parenchyma, which is in agreement with the literature's. In the
nonreactive ELISA subgroup, the lesions were more restricted to
the parenchyma, while the positive subgroup showed the greatest
diversity of lesion sites, especially ventricular lesions. Nevertheless,
no statistical correlation occurred between lesion location and
the sensitivity or specificity of the serological tests. The clinical
presentations were varied, but followed the pattern described in
the literature''”. Epilepsy was the predominant clinical entity,
affecting 77.3% of patients with neurocysticercosis and was clearly
associated with the presence of lesions in the brain parenchyma,
the most frequent site of cysticercotic lesions. Although present in
both groups of patients with positive and negative ELISA, positive
correlation occurred between epilepsy and performance of the ELISA
test in the univariate analysis (p < 0.001). However, the multivariate
analysis confirmed the independence of all these associations.

All patients with neurocysticercosis presented active lesions
and most of those with negative ELISA also had calcified lesions.
Several studies have shown that the performance of the ELISA
method for diagnosis of neurocysticercosis is better in the stages
of cysticercus degeneration'®?°. These results are different from
the present study, where six of the 15 patients with negative ELISA
presented cysts in degeneration, while only one of the seven patients
with positive ELISA presented cysts in degeneration. Therefore,
detectable antibodies by ELISA were present only with vesicular
lesions and not with cysts that were in degeneration and inactive.
Individuals with a greater number and size of lesions tested positive
for ELISA of the CSE. One study showed that the presence of a
single parenchymal lesion is related to low sensitivity, even with
the Western blot method, which is the gold standard for serological
diagnosis of neurocysticercosis'®, suggesting some immune tolerance
to the parasite and the absence of antibody production when only
one cysts is present' "',

Multivariate analysis in the present study showed that the only
factor associated with the accuracy of the ELISA method was the size
of the cyst, particularly in lesions 2 to 3cm in diameter, since out of the
seven positive ELISA patients, five presented cysts equal to or greater
than 3cm and among these, three underwent neurosurgery, an event
indicative of greater severity. The data support the idea that cysticerci
that are diagnosed when they are larger are usually in the vesicular
stage and thus have escaped the degeneration process, as a result of
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a particular host immune response. Therefore the data support the
hypothesis that the larger the cyst, the older they are and that older
cysts maintain a longer immune response leading to the production
ofantibodies, which explains why larger cysts induce the production
of more antibodies, as detected by ELISA from the CSE.

A multifaceted presentation of cysticercosis in the CNS implies that
multiple variables are related to both the host and the parasite, leading
to a series of combinations with each other, which should be taken into
accountwhen looking for statistical correlation between the performance
of ELISA and each of these variables. Likewise, the discrepancy shows
that the variables are mutually independent; i.e., the effects related to
one do not add up to those relating to the other. The variable related to
the number and structure of antibodies in the evolution of the disease
should also be considered as very unstable, by considering the proposal
of Schantz'¢, that bodies infected with cysticerci produce antibodies with
different structure according to the biological phase of the cyst.

Reviewing the literature, it appears that the ELISA method has
shown different sensitivity and specificity scores'’?®. This study
determined a sensitivity of 31.8% and specificity of 100% for the ELISA
method in CSF in relation to diagnosing neurocysticercosis, which
implies low sensitivity of ELISA for diagnosing neurocysticercosis,
with a 68.3% rate of false negative. However, the results indicate a
positive predictive value of 100%, emphasizing the efficiency of the
test at ensuring that a positive result provides the professional with the
certainty to treat the individual as a patient with neurocysticercosis.

From the above data, it can be concluded that a positive ELISA
test is useful for the diagnosis of neurocysticercosis. However, a
negative test result does not indicate absence of neurocysticercosis.
ELISA isindicated to confirm the diagnosis of symptomatic patients
whose imaging reveals lesions that are two centimeters or more. For
patients with lesions that are smaller than two centimeters and whose
lesions are in the vesicular stage, other diagnostic tools should be used.
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