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Abstract. The prevalence of neurocysticercosis has been well documented in rural communitiesin Latin America
using the enzyme-linked inmmunoelectrotransfer blot (EITB) assay. We studied the prevalence of neurocysticercosis
in an urban, upper-middle class population in Cuenca, Ecuador. Family members of 34 index cases with parenchymal
neurocysticercosis on a computed tomography (CT) scan and family members of 14 patients who had normal CT
scans after a trauma or migraine were enrolled in the study. Serum was obtained from 226 individuals, 173 (72%)
from the case families and 67 (28%) from the control families. Twelve percent of the case family members and 4%
of the control family members were seropositive by the EITB assay. This was a statistically significant difference (P
< 0.05) when age and education were held constant by logistic regression. Seropositivity was not related to age. No
neurologic symptom proved predictive of serostatus and the only demographic variable that correlated with seropos-
itivity was increased crowding. Positive serology in index cases did correlate with CT findings as follows: 86% of
patients with active lesions, 67% with transitional lesions, and only 41% of patients with inactive lesions were positive
by the EITB assay. Eighteen percent of family members with a positive EITB test result had parenchymal lesions on
a subsequent CT scan. This study demonstrates a high rate of seropositivity of cysticercosis among urban, middie to
upper-middle class individuals in a region endemic for Taenia solium. Household contacts of patients with neuro-

cysticercosis had a three-fold higher risk of positive serology for cysticercosis, in comparison with controls.

Neurocysticercosis is considered the most common para-
sitic disease of the central nervous system, with the highest
prevalence in developing countries of Latin America, Africa,
and Asia. In countries where it is endemic, neurocysticer-
cosis may affect 2—4% of the population.! In many Latin
American countries, such as Ecuador, it is the mgjor cause
of late-onset epilepsy, accounting for more than 50% of such
cases.? However, neurocysticercosis is not just found in re-
mote areas or developing countries. Due to immigration
from areas where cysticercosis is endemic, this parasitic in-
fection is increasingly prevalent in the United States.®

Humans acquire cysticercosis by ingesting eggs of Taenia
solium, the pork tapeworm, in food or water contaminated
by human feces of a tapeworm carrier. In humans, the T.
solium larvae commonly migrate and develop into cysticerci
in the central nervous system (CNS) (neurocysticercosis),
but they may also be found in subcutaneous tissue, muscle,
the eye, and in other parts of the body.* The infection of the
brain parenchyma by the larvae causes inflammation and
creates cysts that can grow and cause mononuclear infil-
trates, reactive astrogliosis, and cerebral edema, with possi-
ble displacement of neural structures.® The signs and symp-
toms depend on the localization of the cysts and whether
they are alive, dying, or dead and calcified. Epilepsy and
intracranial hypertension are the most common sequelae.*

Much of the research on T. solium cysticercosis has fo-
cused on determining prevalence rates, assessing the accu-
racy of diagnostic methods, and comparing therapeutic reg-
imens.>7 These investigations have established that neuro-
cysticercosis has public health significance because of its
medical and economic impact on both humans and livestock.
Operational research is needed to define interventionsto lim-
it these parasites. In particular, identifying the seropreva-
lence of cysticercosis within household contacts may profile
individuals at higher risk. Risk factors for neurocysticercosis
demonstrated in studies from Mexico and Peru are 1) porcine
husbandry, 2) an age of 20 years or older, 3) recollection of
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passing tapeworm proglottids (taeniasis), and 4) a family
member with taeniasis.®'* There are no data on the family
members of patients with neurocysticercosis who are likely
to be at higher risk of cysticercosis or taeniasis and may be
an appropriate target population for preventive strategies.
The purpose of this case-control study was to determine
the rate of seropositivity among family members of patients
diagnosed with neurocysticercosis by computed tomography
(CT) compared with family members of controls who had a
negative CT scan. We used the enzyme-linked immunoel ec-
trotransfer blot (EITB) assay to study the seroprevalence of
cysticercosis among family members of index cases of neu-
rocysticercosis and among controls in the city of Cuenca,
Ecuador. We also surveyed participants about the occurrence
of neurologic symptoms and past parasitic infections in an
attempt to predict those at greatest risk for cysticercosis.

MATERIALS AND METHODS

Sample population. The case group consisted of family
members of patients identified from three hospitals in Cuen-
ca, Ecuador. Cuenca is the third largest city in Ecuador with
a population of approximately 200,000. It is located in the
southern highlands of the Andes Mountains at an elevation
of 2,534 meters. Cuenca has one of the highest standards of
living in Ecuador and has a well-developed urban structure,
three universities, six hospitals, and a medical school.

We selected patients from persons who had presented to
the public Vicente Corral Moscoso Hospital, the Hospital del
Seguro Social, or to the private Santa Inez Clinic and were
diagnosed with parenchymal neurocysticercosis by CT be-
tween 1993 and 1996. A diagnosis of neurocysticercosis was
made if one or more rounded, hypodense areas of variable
size were present without contrast enhancement.® Individuals
with other severe medical illness (tuberculosis, stroke, can-
cer) were excluded. Only patients residing in the city of
Cuenca were included. Controls were family members of
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TaBLE 1
Distribution by age and sex of the studied sample, Cuenca, Ecuador, 1996

All participants Cases Controls

Age (years) Men Women Total Men Women Total Men Women Total
6-10 12 15 27 7 13 20 5 2 7
11-20 30 50 80 23 41 64 7 9 16
21-30 15 29 44 13 17 30 2 12 14
31-40 19 28 47 15 22 37 4 6 10
41-50 15 18 33 12 16 28 3 2 5
51-60 8 11 19 5 6 11 3 5 8
61-70 7 7 14 4 5 9 3 2 5
=71 2 8 10 2 6 8 0 2 2
Tota 108 166 274 81 126 207 27 40 67

patients who had presented with trauma or migraine head-
aches to the three hospitals in the same period and had nor-
mal CT scan findings. The controls were matched for geo-
graphic and demographic characteristics. A total of 37 index
cases diagnosed by CT with neurocysticercosis and 14 index
controls who had undergone CT and had no evidence of
neurocysticercosis were used to identify case and control
family members who were eligible to participate in this
study.

Data collection. ldentified cases and controls and their
families were contacted and informed consent was obtained
under a protocol approved by the institutional review board
of Stanford University. Home visits were made by the re-
search team to survey family members and to draw blood
for serologic analysis for anti-cysticercus antibodies. Unre-
lated individuals sleeping in the house were included as fam-
ily members. A questionnaire provided information on
household characteristics: ownership status, number of
rooms, and number of bedrooms. Individual family members
were queried about occupation, education, history of taeni-
asis or other parasitic infection, and neurologic symptoms
including headache, dizziness, paralysis, and convulsions.

Laboratory studies. Venous blood samples were taken
from all consenting members of case and control families
six years of age or older. Serum was separated daily by cen-
trifugation at the Hospital del Seguro Social in Cuenca, and
stored in aliquots at —5°C. Serawas tested by an EITB assay
(Immunetics, Inc., Cambridge, MA). Based on previous
studies in Mexico, an EITB result was considered positive
if there was a reaction of the serum sample with one or more
of seven T. solium-specific glycoproteins.> Prior studies have
demonstrated this test to be highly sensitive (98%) and spe-
cific (100%).2? Results were expressed as either positive or
negative. A positive EITB test result was expected with 1)
intestinal taeniasis, 2) active neurocysticercosis, or 3) active
cysticercosis outside the CNS. Results were provided to the
participants free of charge along with recommendations and
information concerning further follow-up including imaging
by CT and therapeutic interventions when indicated. To val-
idate the results of the serology in Ecuador, the immunoblot
strips were sent to the Centers for Disease Control and Pre-
vention (Atlanta, GA) for a second interpretation. Discrepant
interpretations were read by a third physician to provide a
definitive classification in less than 1% of the cases.

Computed tomography diagnosis of cysticercosis. All
scans were performed on a GE CT Max (General Electric,

Fairfield, CT). Neurocysticercosis was classified by type of
lesion under the criteria proposed by Carpio and others.’
Lesions seen on CT were classified as follows: 1) active
cysticercosis: one or more rounded and hypodense areas of
variable size seen without enhancement with contrast medig;
2) transitional: one or more cystic areas, isodense with sur-
rounding cerebral parenchyma, appearing only with admin-
istration of contrast media as nodular or annular forms; and
3) inactive cysticercosis: rounded, hypodense lesions, seen
without contrast media, that had one or more areas of cal-
cification.

Statistical analysis. Data entry and analysis was done us-
ing the SPSS (Chicago, IL) statistical package. Crude odds
ratios were calculated to estimate the relative risk. Distri-
bution of independent variables among case and control
groups was analyzed by the chi-square test and t-test. Dif-
ferences were considered statistically significant at P < 0.05
(two-sided). Logistic regression was used to determine risk
factors while holding confounding variables constant.

RESULTS

Sample characteristics. A total of 277 individuals in 51
households were enrolled in this study, of which three were
index cases who had died by the study period, leaving atotal
of 274 participants. The number of persons per household
ranged from three to 15 (mean = SD = 7.2 = 3). The dis-
tribution by age and sex is shown in Table 1. It was similar
to the age and sex distribution of the province of Azuay, of
which Cuenca is the capital. All of the households in this
study had piped water, indoor plumbing, electricity and a
mean = SD of 7.7 = 3 rooms per house. More than three-
fourths (76.5%) of the families owned their own home. Of
the 274 participants, 207 (75.5%) were in the case families
and 67 (24.5%) were in the control families. The two groups
were similar in age and sex ratio (Table 1). The control fam-
ilies had significantly fewer household members per bed-
room, 1.9 versus 1.5. The case and control groups were sim-
ilar for other socioeconomic markers including home own-
ership and level of education (Table 2).

Serology. Serum was obtained from 272 individuals, 226
of whom were family members, corresponding to 173 mem-
bers of case families and 67 members of control families.
Of the 226 samples tested by EITB for cysticercosis anti-
bodies, 22 (9.7%) were positive (Table 3). The results of the
immunoblot assay for each subgroup indicated that 11.6%
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TABLE 2
Demographic markers in case and control families

TABLE 4

Correlation of enzyme-linked immunoel ectrotransfer blot (EITB) as-
say results with computed tomography (CT) scan results among

Case Control neurocysticercosis index cases and controls
families families
% home owners 785 70.1 EITB result
% completed high school* 175 205 CT scan result Negative Positive Total % positive
Mean no. of persons per bedroom 1.9t 15 -
X s - = Active 1 6 7 85.7
* Among individuals 25 years of age or older. i
+ Statistically significant difference by t-test for equality of means (P < 0.05). rr:;‘c”;'\tg’nd 1é % 13 221
Negative 14 0 14 0

(20 of 173) of the household contacts of patients with neu-
rocysticercosis and 3.8% (2 of 53) of the control family
members were seropositive. The relative risk for patients in
case families was 3.0 (95% confidence interval = 0.74—
12.7). This represented a statistically significant difference
between the two groups at P < 0.05 when age and education
were held constant by logistic regression. There was no re-
lationship between seropositivity and gender. Age had a bi-
modal distribution with peaks at 11-21 and 31-40 years of
age. There were no seropositive individuals 61-70 years of
age and only 0.4% of those 51-60 years of age tested pos-
itive by EITB.

The remaining 46 serum specimens were collected from
the index cases (n = 32) or controls (n = 14) used in iden-
tification of households selected for the study. All index con-
trols had negative serology. Only 32 of the 37 initial index
cases diagnosed with neurocysticercosis had a blood sample
taken for EITB because three patients had died and two were
unavailable for the blood draw. For these index cases, we
correlated the results of the initial CT scan with the results
from the EITB serologic assay. Only 15 of the 28 index
cases for which we had EITB results were seropositive.
When index case CT scans were categorized by type of le-
sion, six (85.7%) of seven patients with an active lesion were
seropositive, two (66.7%) of the three patients with a tran-
sitional lesion on CT scan were seropositive, and only seven
(41.1%) of the 17 patients with inactive lesions were sero-
positive by the EITB assay (Table 4).

Clinical correlations of seropositivity. Among our study
population, 180 individuals (66%) reported in the screening
questionnaire that they had provided stool for analysis for
ova or parasites. Two of them (1.1%) tested positive for T.
solium. The outcome of the questionnaire for clinical neu-
rologic signs and symptoms in persons seropositive for an-
tibodies for T. solium by EITB and is shown in Table 5.
Logistic regression showed that convulsions were signifi-
cantly associated with EITB positivity for cysticercosis.
Only one of 22 seropositive individuals actually reported
seizures versus three of 202 seronegative family members.
Headaches and dizziness were common in both groups.

Seventeen of the 22 individuals who were found to be
seropositive by EITB subsequently obtained follow-up CT
scans. Of these, three (18%) showed neurocysticercosis.

Each had calcifications and one also had an active cyst. The
individual with the active cyst had a history of intestinal
taeniasis. However, none of these three family members with
positive CT scans reported having convulsions. Only two
reported headaches, and one reported dizziness. The remain-
ing 14 individuals had normal CT results.

DISCUSSION

This study verified an increased seropositivity for anti-
bodies to T. solium in family members of patients diagnosed
with neurocysticercosis by CT. Family members of neuro-
cysticercosis patients were three times more likely to be pos-
itive by EITB for cysticercosis than the general population.
Increased seropositivity among family members of individ-
uals with neurocysticercosis has been shown before in pre-
vious investigations in rural communities of Peru, Mexico,
and Guatemala.*8' However, the earlier studies have fo-
cused on the prevalence of cysticercosis in rura areas and
communities with lower socio-economic status.®'! These
studies reported a seroprevalence of human cysticercosis of
8% in Peru,* 10.8% in Mexico, & and from 10% to 17% in
Guatemala.** Our study demonstrates a high background rate
of seropositivity for cysticercosis, 3.8%, among an urban,
middle to upper-middle class population, suggesting that so-
cioeconomic status does not seem to mitigate against sero-
positivity in aregion that is hyperendemic for T. solium tae-
niasis and cysticercosis. Unlike previous data from Mexico,®
showing a peak in subjects 46-55 years of age, and Guate-
mala,* where there was a female predominance, there was
no clear association between age or sex and seropositivity.
All household contacts in this sample were equally suscep-
tible to infection.

Previous studies have reported a poor correlation between
Western blot and cerebral CT diagnosis of neurocysticercos-
is.® There are several reasons for this. First, in prior studies,
the EITB test was used as the standard to which the cerebral
CT scan has been compared for sensitivity and specificity in
the diagnosis of neurocysticercosis. In these studies, inter-
pretation of CT scans was reported as being variant between
radiologists. In our study, we found that interpretation of

TaBLE 3
Enzyme-linked immunoel ectrotransfer blot assay results

Case Control Crude 95% confidence
families families odds ratio interval
Seropositive 11.6% (20/173) 3.8% (2/53) 3.06 0.74-12.7

Seronegative 88.4% (153/173)

96.2% (51/53)
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TABLE 5
Comparison of neurologic symptoms among family members

Seronegative Seropositive

individuals individuals % seropositive
Reported symptoms (n = 202) (n=22 with a symptom
None 99 (49.0%) 11 (50.0%) 10.0% (11/110)
Headache 69 (34.2%) 5 (22.7%) 6.7% (5/74)
Dizziness 19 (9.4%) 5 (22.7%) 20.8% (5/24)
Convulsions* 3 (1.5%) 1 (4.5%) 25.0% (1/4)
Othert 12 (5.9%) 0 (0%) 0%

* Significant difference (P < 0.001).

T Patients reported specific complaints such as tingling of extremities or other focal neurologic symptoms.

EITB strips was also discrepant between readers. Thus, the
subjective reading of both tests can affect the overal cor-
relation between the two. Second, it is not known how long
detectable antibody titers persist in patients whose cysts have
resolved.”* Garcia and others followed serology in 41 pa-
tients who were positive for neurocysticercosis by EITB.
They found that only three (7%) successfully treated indi-
viduals reverted to a negative serology within one year,®
suggesting that antibody titer persists despite treatment. This
implies that serologic status was not indicative of the stage
of the neurocysticercosis infection, assuming that a parallel
can be drawn between the natural course of the disease and
the effect of therapy on the immune response.

In our study, only 54% of the index cases diagnosed with
neurocysticercosis by CT were seropositive by EITB. How-
ever, we found that the CT scan did predict serostatus when
CT findings were classified by type of lesion. Our datareveal
that six (86%) of seven patients with active lesions on CT
were seropositive. Fifty-nine percent of patients with inac-
tive lesions became seronegative. Persisting antibody in the
remaining 41% may represent continued parasitic infestation
or recent death of the parasites. The seropositive individuals
may have had gastrointestinal involvement of T. solium or
cysticercus infections outside the CNS. This diminution in
the rate of seropositivity among index cases with transitional
and calcified lesions suggests that antibody titer will even-
tually disappear as the parasite dies and calcifies and is no
longer stimulating an immune response. Longitudinal obser-
vation of serology during the course of treatment would also
help to delineate whether the serology can represent a mark-
er for active infection or therapeutic response. One limitation
of this study is that we were unable to analyze stool for
taeniasis. Simultaneous analysis of stool samples would de-
tect coincident intestinal taeniasis and should be considered
in future studies.

Prophylactic therapy of family members of neurocysticer-
cosis patients has been proposed as a means of controlling
the spread of T. solium eggs and subsequent cysticerci in-
fection.*61” While we did not have stool analysis for taeniasis
among household members, two-thirds (180 individuals) re-
ported in the questionnaire to have had a stool test for par-
asites. Of those, two (1.1%) were positive for T. solium. This
suggests a low rate of carriage of T. solium in these house-
holds. We did not collect samples from household help who
did not sleep in the home. Many families had maids or cooks
who could have introduced T. solium eggs into the house-
hold. Interestingly, the seropositive family member with an
active cyst and multiple calcifications on a follow-up CT

scan had a history of intestinal taeniasis, suggesting an au-
toinfection.

A three-fold increased rate of seropositivity of the family
members of our index cases corresponded to previous results
in Mexico, Peru, and Guatemala.8'* The only predictive so-
ciologic factor was increased crowding among affected fam-
ilies. Of the neurologic symptoms in Table 5, only the in-
cidence of seizures showed a statistically significant differ-
ence. While this represented a three-fold higher rate of con-
vulsions in seropositive individuals, the low frequency
makes it a poor clinical indicator for public health screening
purposes. However, the fact that greater than one of five (5
of 24) family members reporting a history of dizziness were
seropositive for cysticercosis leads us to conclude that a his-
tory of dizziness in a high risk population should lower the
threshold for performing serologic testing to rule out the
presence of neurocysticercosis. Our follow-up of the 17 in-
dividuas who were found to be seropositive by EITB
showed 18% with evidence of neurocysticercosison CT. The
three individuals that were positive by CT had only nonspe-
cific neurologic symptoms. None reported a history of con-
vulsions, making it a poor clinical indicator of infection. Due
to the finding that one fifth of seropositive family members
had neurocyticercosis by CT scan, we recommend a more
detailed follow-up, including CT scans, of family members
of neurocysticercosis patients, to evaluate this at-risk popu-
lation for CNS disease. This would help to direct anti-cys-
ticercal therapy. Since we did not have CT scan results from
seronegative individuals, we cannot compare the rate of pos-
itive CT scans in these individuals with that of the seropos-
itive group. Further investigation should focus on CT eval-
uation of both seronegative and seropositive family members
to document reduced risk of CNS involvement in this group.
This would validate the use of serology as a first-line screen-
ing test.
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