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Abstract.

Serum samples from sequential patients who underwent cerebral computed

axial tomography (CT) scan in a Peruvian radiologic clinic were tested by the highly
sensitive and specific enzyme-linked immunoclectrotransfer blot (EITB) test 1o detect an-
tibodics 10 Taenia solium. The results of the EITB test were compared with those obtained
by CT scan for the diagnosis of neurocysticercosis. Of the 383 paticnts sampled, 32 (8%)
were seropositive. The results of CT and EITB were frequently discrepant. When compared
with the EITB assay, the CT scan was 44% sensitive and 95% specific. The sensitivity of
CT increased to 63% if less specific images (single calcifications, granulomas, or hydro-
cephalus) were included. The CT scan for diagnosis of cysticercosis can best be used in
conjunction with a reliable serologic test such as the EITB.

Taenia solium cysticercosis is an important
parasitic disease affecting the human central ner-
vous system (CNS)."? Cysticercosis is common
in those developing countrics where free-rang-
ing pigs are raised.’ The life cycle of this cestode
requires an intermediate host, normally the pig,
for the cystic form of the parasite and a defini-
tive host, humans, for the adult tapeworm.*
However, humans infected by Taenia eggs serve
as the intermediate host and develop the cystic
form. Besides the CNS, cysts may also be found
in the subcutaneous tissue, muscle, and cye,**
and more rarely in other parts of the body.’

Many factors affect the clinical presentation
of cysticercosis, including the number, size, lo-

* The other members of the Cysticercosis Working
Group in Peru are P. Torres, C. Gallo, C. Carcamo, M.
Verastegui, T. Montenegro, M. Alvarez (Universidad
Peruana Cayctano Heredia); C. Evans (Cambridge
University, UK): A. E. Gonzales (Universidad Nacion-
al Mayor de San Marcos); M. Castro, A. Guerron (A
B PRISMA); M. Martinez, M. Porras, M. Alvarado, E.
Orritlo, L. Palomino, G. Alban, L. Calagua, S. Esca-
lante, L. Trelles, O. Aliaga, N. Rios-Saavedra, M, Ve-
larde, J. M. Cuba, H. Estrada, M. Soto, L. Portilla (In-
stituto Nacional de Ciencias Neurologicas); A.
Terashima, J. Cabrera, P. Campos (Hospital Cayetano
Heredia); D. Morote (Hospital Edgardo Rebagliati); U.
Rocca (Hospital Guillermo Almenara).

cation, and form of the cysts and the immune
response of the host. The interaction of these
variables results in a wide spectrum of neuro-
logic symptoms.-**7

Cerebral computed axial tomography (CT)
has been the method of choice for the diagnosis
of neurocysticercosis.** However, CT images
are not pathognomonic for this disease and ap-
parently positive tests findings can be caused by
a variety of other conditions."" The CT scun has
been claimed to have a sensitivity and specificity
of about 95%,"'" but controlled studies are not
available. Approximately 25% of cysticercosis
cases occur in the racemose form, in which the
cysts are located at the base of the brain. Such
basul cysts appear on CT only as hydrocephalus
or deformation of the basal cisterns.*"* Cysti-
cerci also present as granulomas or nodular
forms, which often are indistinguishable from
other granuiomatous conditions such as tuber-
culosis,® """

Evaluation of the sensitivity and specificity of
the CT scan for the diagnosis of cysticercosis
requires a standard for comparison. Until re-
cently, the only standards available for testing
the accuracy of CT were the results oblained by
postmortem examination or neurosurgical explo-
ration.” The recently developed enzyme-linked
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immunoclectrotransfer blot (EITB, Western
Blot) assay' " provides a precise method of di-
agnosing 7. solium infection. In this study, we
uscd the EITB assay as a standard to determine
the sensitivity and specificity of cerebral CT in
patients admitted to a radiologic center for di-
agnosis of ncurologic symptoms.

MATERIALS AND METHODS

The study was conducted in a private radiol-
ogy center in Lima, Peru. After informed con-
sent was obtained, blood samples were collected
for EITB from patients admitted during normal
working hours for cerebral CT examination dur-
ing two separate periods (September 16-October
12, 1988 and February 6-May 2, 1989). Sam-
pling was often not possible during clinic off
hours and cpisodes of labor unrest. Normal
working hours for the clinic are between 9:00
AM and 1:00 pM, and from 4:00 pm 1o 8:00 M.
Occasionally, patients are admitted outside of
normal working hours on an emergency basis.
These emergency paiients are not sampled. In
addition, on a few occasions, our study nurse
was unablc to visit the clinic; theretore, no sam-
ple was taken during these rare occasions. The
study was approved by the cthical review boards
of both the Universidad Peruana Cayctano He-
redia and the Johns Hopkins University,

Axial computed tomography scans

All scans were performed on an Exel 2002
scanner (Elscint, Haifa, Isracl) with a 140-480-
mm scan circle and a 5.3-5.8 sec scan time. Two
image series were made using 10-mm slices. Pa-
tients were examined before and after contrast
injection (iodamide metylglucamate, Uromi-
ron®, | ml/kg; Schering G.A., Berlin, Germany).
The scans were read by a neuroradiologist (GH)
who did not know the results of the EITB assay.
The CT scans of patients who were diagnosed
as having cysticercosis but had a negative EITB
result were read blindly by a second neurora-
diologist.

Axial computed tomography scan diagnosis of
cysticercosis

Radiologic criteria for the diagnosis of neu-
rocysticercosis by CT are not uniform.' '™ " We
used the following criteria, modified from a pre-.

vious study:™ 1) one or more cystic images and-
for 2) two or more compatible calcifications.
Calcifications were considered compatible if
they were not located in zones of physiological
calcifications,” were annular or rounded, and
were less than 10 mm in diameter.

Other diagnosis

The neuroradiologist’s reports were classified
as follows: 1) normal CT scan, 2) cysticercosis,
3) vascular disease, and 4) neoplasia. We also
noted the presence of 1) cystic images, 2) ab-
normal calcifications, 3) granulomatous images,
4) hydrocephalus, and 5) cortical or subcortical
atrophy.

Enzyme-linked immunoelectrotransfer blot assay

The EITB assay for T. solium-specific anti-
bodies was performed as previously described.™
Briefly, seven lentil-lectin purified 7. solium gly-
coprotein antigens are used in an immunoblot
format to detect infection-specific antibodies in
serum or cercbrospinal fluid (CSF) samples. The
assay was performed in the Accutran system
(Schlcicher & Schuell, Keene, NH). Antibody
reactions against these glycoproteins in serum
and/or CSF were visualized with the H,0,/dia-
minobenzidine (DAB) substrate system.? An an-
tibody reaction to one or more glycoprotein
bands was designated a positive result. Equivoc-
able assays were repeated. Assays were per-
formed at the Laboratory of Parasitology of the
Universidad Peruana Cayetano Heredia, and du-
plicate specimens were sent to the Centers for
Disease Control and Prevention (CDC, Atlanta,
GA) for quality control.

RESULTS
Sample characteristics

Three hundred eighty-three (63%) of 606 pa-
tients classified underwent cerebral CT had a
blood sample taken for the EITB. Comparison
of the sampled patients with those not sampled
showed that the two groups were similar in age,
sex ratio, and the proportion of patients diag-
nosed as having cysticercosis or neoplasia (Ta-
ble 1). However, the sampled group had signif-
icantly (P < 0.001) more normal CT scans,
probably because the majority of these patients
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TasLE 1
Comparison of sampled and unsampled patients undergoing cerebral computed tomography (CT) scan exami-
nation
Sampled (n = 383) Unsampled (n = 223) P
Age, years (mean ® SD) 40 = 22 39 = 28 NS
No. (%) males 223 (58) 122 (55) NS
CT diagnosis, no. (%)t »
Normal CT scan o 114 (30) 31 (14) <0.001
Trauma 32(8) 41(18) <0.001
Vascular disease 86 (22) 74 (33) <0.01
Neoplasia 359 17(8) NS
Cysticercosis 30(8) 12(5) NS
Others . 110 (29) 74 (33) NS
CT characteristics, no. (%)
Hydrocephalus 30(8) 28 (13) NS
Atrophy 72(19) 47 (21) NS
Calcifications 38 (10) 13(6)- NS

* P was determined by the chi-square test. The difference in mean age was tested by student’s f-test. NS = not significant.

t Some patients hed more than ane pathology in the same CT scan.

came during working hours. In contrast, patients
with acute trauma or vascular accidents often
were not sampled because they came to the clin-
ic at irregular hours when sampling did not oc-
cur (Table 1).

Results of EITB assay

Of the 383 patients sampled, 32 (8%) had
EITB assay results positive for antibodies to T.
solium. No differences in age or sex distribution
were found in EITB-positive versus EITB-ncg-
ative patients (Table 2).

Results of the EITB and CT

Thirty patients were diagnosed as having cys-
ticercosis by EITB and 32 by CT scan. The re-
sults obtained in the CT scan and the EITB assay
were frequently discrepant. More than 50% of
the cases diagnosed as cysticercosis by the ra-
diologist were EITB- negative (Table 2). Com-
pared with the EITB, the CT scan was only 44%
sensitive, detecting 14 of 32 EITB-positive pa-
tients. However, CT and EITB diagnosis of cys-
ticercosis were significantly associated when the
whole study population is examined. No patient
with CT-diagnosed ncoplasia had positive EITB

TABLE 2

Characteristics of enzyme-linked immunoelectrotransfer blot (EITB)-positive and EIT8-ncgative patients and
comparison of results with computed tomography (CT) scan diagnosis

EnB+ EITh -
(n=32) (n =351 P
Age, years (mean = SD) 45 * 20 40 * 22 NS
Age, years (range) 9-82 0-85
No. (%) males 20 (63) 202 (58) NS
CT diagnosis, no. (%)t
Normal CT scan 5(16) 109 (31) NS
Trauma 2(6) 30 NS
Vascular disease 5(16) 81(23) NS
Neoplasia 0(0) 35(10) NS
Cysticercosis 14 (44) 16 (5) <0.001
Otherst 8 (25) 102 (29) NS

* P was determined by cither Fisher's exact test or chi-square test. The difference in meon age was tested by Student’s f-test. NS = not significant.

t Some patients had more than one pathology in the same CT scan,
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results, and patients with normal scans tended to
have a lower percent of EITB seropositivity (Ta-
ble 2). The overall specificity for CT, derived
from dividing all CT-negative patients (335) by
all EITB-ncgative paticnts (351), was high
(95%). ‘

The 18 patients with positive EITB but neg-
ative CT scan results had the following tomo-
graphic characteristics: five appeared normal,
four had atrophy, three had a single calcification,
two had hydrocephalus, two had subdural he-
matomas, one had a surgical sequel for trauma,
and one had a granuloma,

There were 16 patients whose results were
EITB negative but CT scan positive. In the ini-
tial CT report, six of them were diagnosed with
inactive cysticercosis (only calcifications), and
the remaining 10 had at least one cystic image
(active cysticercosis), in five cases coexisting
with calcifications. Fourteen of those 16 scans
were reread by another neuroradiologist (EJC),
also blinded to the EITB. Five were reported as
not having cysticercosis (three as normal) and
eight as having inactive cysticercosis. Only one
of the 10 patients diagnosed as having active
cysticercosis by the first reader was considered
active by the second (Table 3).

Subsequent to this study, eight of these 16
patients had at least one additional sample ex-
amined by EITB, including six with CSF sam-
ples. All samples were negative.

DISCUSSION

In this study, we used the highly sensitive and
specific EITB assay for the detection of antibod-
ies to 7. solium infection to assess the accuracy
of the CT scan for the diagnosis of cysticercosis.
Eight percent of the patients scanned had a pos-
itive EITB test result, providing further evidence
that cysticercosis is endemic in Peru.’™®

When measured by the EITB test, the sensi-
tivity of the CT scan was only 44%. If less spe-
cific images such as hydrocephalus, granulomas,
and single calcifications were considered, the
overall sensitivity was 63%. Because the EITB
can only determine whether a patient is infected
with 7. solium but not whether the infection is
located in the CNS, the EITB will underestimate
the sensitivity of the CT scan. Thus, discordance
between a negative CT and a positive serodi-
agnosis is not necessarily due to misdiagnosis
but may represent the presence of an adult worm
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TabLE 3

Reproducibility of neuroradiologic diagnosis in a
group of 14 computed tomography-positive enzyme-
linked immunoelecirotransfer blot (EITB)-negative
patients

Active Inactive No
-7 24 a2 i
Neuroradiologist | 10 4 -
Neuroradiologist 2 1 8 5
¢ Reports on 14 pati who were diug I as having cysti i

by the first radivlogist and who had o negative EITB result. Scans of tw
patients were it recovered from the archives,

or extracerebral cysts. Another possibility is that
some patients have the racemose form of the dis-
case, in which cysts are located at the base of
the brain. Basally located cysts often do not
show up on a CT scan except as hydrocephalus.'
Magnetic resonance Imaging (MRI) may detect
these lesions as well as small intraparenchymal
lesions missed on a CT scan;* » however, MRI
scanners are rarely available in endemic areas.

Certainly in patients with multiple calcifica-
tions, which are end-stage lesions, the active dis-
case that caused the calcifications cannot be
known. Morcover, EITB-negative patients with
calcified scars or hydrocephalus may have had
active cysticercosis in the past but their immu-
nity may have waned. It is still not known how
long antibody persists in patients whose cysts
have resolved. Regrettably, the patients in this
study were referrals to a private radiology center
for CT examinations only. Results of the EITB
and CT were reported (o their respective primary
physicians, who provided appropriate treatment.
Within the constraints of the present study,
therefore, we were not able to provide direct
treatment or follow-up for these patients.

The specificity of CT is high (95%) when all
patients are included. When positive CT results
were compared with EITB assay results, the
specificity of CT was much poorer. More than
50% of the patients diagnosed as having cysti-
cercosis by CT were EITB negative. There are
several possible reasons for this. First, although
the specificity of the EITB test has not been
questioned, its sensitivity may vary with specific
lesions.' ™ A recent report states that single in-
traparenchymal lesions are oflen associated with
a negative EITB test result.” Unfortunately, the
population of this study was sclf-selected, and
thus true sensitivity cannot be calculated. Sec-
ond, different readers may have a wide variance
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in CT interpretation,”” especially for small le-
sions. Finally, overdiagnosis probably occurs
because of multiple other causes, including fun-
gal infections, chronic abscesses, tuberculosis,
and cystic ncoplasms, for images seen on scans
reported as cysticercosis.

In an endemic zone, cercbral CT was not read
as cysticercosis in more than one-third of the
EITB-positive neurologic patients. The diagno-
sis of this disease will be markedly improved if
CT is used in conjunction with an accurate im-
munologic assay such as the EITB.
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