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Serologic Evolution of Neurocysticercosis Patients after Antiparasitic Therapy

Hector H. Garcia, Robert H. Gilman, Manuel Catacora,
Manuela Verastegui, Armando E. Gonzalez,
Victor C. W. Tsang, and the Cysticercosis Working
Group in Peru*

Universidad Peruana Cayetano Heredia, Instituto Nacional de Ciencias
Neurologicas, A. B. PRISMA, and Universidad Nacional Mayor de San
Marcos, Lima, Peru; Johns Hopkins University, Baltimore, Maryland;

Centers for Disease Control and Prevention, Atlanta, Georgia

Neurocysticercosis is the main cause of acquired epilepsy in developing countries and is an
emerging disease in the United States. Introduction of the immunoblot assay provided a new tool
for the diagnosisand monitoring of neurocysticercosis. This study analyzed the relationship between
clinical characteristics of cerebral infection (number and type of lesions) plus the baseline response
on immunoblot and the changes observed after therapy. Reaction to all 7 diagnostic bands was
associated with severe infection (more lesions). Seventeen patients (35%) had no active lesions on
computed tomography (CT) 3 months after therapy and were considered cured. Although most
cured patients remained seropositive after 1 year, 3 became seronegative before 9 months. In these
3 cases, the lesions had resolved on CT at 3 months. Persistent seropositivity does not necessarily
indicate active infection. Serologic follow-up will be clinically helpful only in rare cases in which
early antibody disappearance occurs.

Neurocysticercosis (NCC), the infection of the central ner
vous system by the larvae of Taenia solium, is the main cause
of late-onset epilepsy in developing countries [1, 2]. In the
United States, due to increased immigration and improved de
tection through computed tomography (CT) and serology, the
prevalence ofNCC is increasing every year [3], and it is consid
ered an emerging disease. Antiparasitic therapy with albenda
zole or praziquantel leads to resolution of most parasitic cysts,
although complete cure is achieved in only 35%-65% of pa
tients [4]. CT and magnetic resonance imaging are the only
available indicators of therapeutic success [4, 5], but they are
expensive and require sophisticated equipment, which is scarce
in areas with endemic T solium.

The development of an immunoblot assay for T solium anti
bodies [6] provided a reliable test for the diagnosis of NCC.
There are few data on how infection-specific antibodies, identi
fied on immunoblot, relate to the characteristics of cerebral
cysticercosis. In contrast to other serologic tests, immunoblot
is useful in studying selective immune response to individual
antigens [6] and may be useful for monitoring patient immune
responses after treatment. This was not possible with previous
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serologic tests. We used the immunoblot assay to follow a
cohort ofNCC patients for 1 year after albendazole treatment in
order to describe their baseline serologic responses, the changes
after therapy, and the relation of these changes to treatment
efficacy.

Materials and Methods

Fifty-five NCC patients from different clinics in Lima, Peru,
were consecutively included in a randomized, double-blind study
[6a] designed to evaluate two regimens of albendazole therapy.
One "pilot" patient treated openly is also included, for a total of
56 cases. NCC patients were diagnosed on the basis of cerebral
CT scans showing active lesions (live cysts with or without contrast
enhancement or enhancing lesions [1]) and a positive immunoblot.
Cysticerci initially appear on CT as cystic lesions (live cysts,
rounded, hypodense vesicles, sometimes showing a hyperdense
scolex); during their evolution, they become isodense with the
cerebral parenchyma, appearing only after the injection of contrast
material as annular or nodular structures (colloidal or enhancing
lesions). Later they disappear or leave a small calcified scar [7].

Immunoblot tests were done as described [6]. In brief, this assay
uses 7 purified T solium glycoprotein antigens (diagnostic bands
GP50, GP42-39, GP24, GP2I, GPI8, GPI4, and GP13) in an
immunoblot format to detect infection-specific antibodies. Reac
tions to at least 1 band are considered positive.

Stool microscopy was done to detect intestinal T solium carriers,
and patients received a single oral dose of 2 g of niclosamide
before albendazole therapy. Albendazole was given orally, 400 mg
twice daily for 7 or 14 days. Both groups received steroids for 7
days. Serology was done before albendazole treatment and 7 and
14 days, 3, 6, and 9 months, and 1 year after treatment. Most
patients (n = 32) also had serology performed at > 1 year. Serology
was done more frequently during the first month to determine the
effect of therapy on antibody response. It is hypothesized that
therapy damages cysticerci and exposes parasitic antigens, thereby
inducing antibody production [8].
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In 19 cases, results of an immunoblot assay were missing. Since
the preceding and following assayshad identical results, the miss
ing samplewas assumedto have the same number of bands. Three
patients did not have a l-year immunoblotresult but had samples
taken at later dates (positive in all 3 cases). These cases were
considered seropositive at 1 year but were not analyzed for the
number of bands.

Efficacy of therapy was assessed by CT 3 months and 1 year
after therapy.Patientswhose follow-up CT scansshowedno active
lesions(cysts or enhancinglesions)were consideredcured.Patients
were included for analysis if they completed 3 months of follow
up, including CT and immunoblot.

Statistical analysis. X2 and Fisher's exact tests were used to
analyze associations between discrete variables, and Student's t,

the Mann-Whitney, or the Kruskal-Wallis one-way analysis of
variance test was used to comparedifferencesbetween continuous
variables. Friedman's test was used to evaluate changes in the
number of bands over time.

Results

Of the original 56 patients, 5 did not complete the 3 months
of evaluation: I refused to continue, 2 did not return after the
day 30 visit, in 1 the medication was given incorrectly, and in
I the scans were lost. Two other patients had CT evaluations
but not immunoblot tests at 3 months. Forty-nine (88%) were
finally included in the analysis.

The patients' age range was 15-77 years (median, 37.0;
interquartile range [IQR], 23-49.5). The sex distribution was
about equal: 27 men (55%) and 22 women (45%).

Type and number of lesions on CT. Twenty-eight patients
(57%) had only cystic lesions, 9 (18%) had only enhancing
lesions, and 12 (25%) had both types of lesions. The median
number of lesions was 2.0 in patients with only cystic lesions
(range, 1-180; IQR, 1.0-4.75),5.0 in patients with only en
hancing lesions (range, 1-23; IQR, 2.5-16), and 8.0 in patients
with both types of lesions (range, 2-103; IQR, 2.2-18; P <
.01, Kruskal-Wallis). Nine patients (18%) had hydrocephalus
(enlarged cerebral ventricles), and 5 (12%) had cortical atrophy.

Number ofbands on immunoblot. Sera from all 49 patients
reacted to at least 2 bands. Sera from 23 patients (47%) reacted
to all 7 bands. The median number of reactive bands was 6.0
(IQR, 3.5-7.0). Positive reactions to GP42-39 were present
in all cases, to GP24 in 46 cases (94%), and to the other
diagnostic bands in 30-37 cases (61%-78%).

Immunoradiologic correlation. Reaction to all 7 bands was
associated with >3 lesions on CT (19/23 vs. 6/26, P < .0001).
This relationship was seen both in patients with only cystic
lesions (7/10 vs. 3/18, P = .01) and in those with enhancing
lesions (12/15 vs. 1/6, P = .01).

More patients with enhancing lesions reacted to all 7 bands
than did patients with only cysts. Reactions to ~4 bands were
present for all 9 patients with only enhancing lesions and for
19 of the 28 patients with only cystic lesions (P = .06). There
was no significant difference in the median number of reacting

bands between patients with only cystic lesions (6) and those
with enhancing lesions (7). The GP13 band was significantly
more frequent in patients with enhancing lesions (8/9) than in
patients with cysts (14/28, P = .04; patients with both lesions
are excluded from analysis). Neither hydrocephalus nor cortical
atrophy was associated with either the number ofreactive bands
or the reaction to any specific band.

Posttreatment evolution. Immunoblot assays were done for
the 49 study patients 3 months after therapy. Forty-four, 42,
and 41 had immunoblots at 6, 9, and 12 months, respectively.

All 49 patients were examined by CT 3 months after treat
ment. At this examination, 17 patients did not exhibit active
lesions and were considered (radiologically) cured.

Thirty-six patients had a second follow-up CT scan at 1 year.
Six patients (17%) had changed CT status between 3 months
and 1 year after treatment. Four cleared their active lesions
and were considered cured. Two others, who had no active
lesions on their 3-month CT scans, showed 1 active lesion each
on the subsequent scan.

Early posttreatment increase in the number of bands. Of
the 26 patients with ~6 reactive bands at baseline, 23 had
cystic lesions and 3 had only enhancing lesions. In 18 of the
23 patients with cysts, there was an increase in the number of
reactive bands in assays on days 7 and 14, whereas no increase
was seen in the 3 patients with only enhancing lesions (P =
.02). The increase was significant in patients who received 14
days of albendazole therapy (P = .02) but not in those who
received only 7 days (P = .47).

There was no significant association between an early in
crease in the number of bands and cure on CT at 3 months (8/
10 vs. 8/13, P = .20). However, there was a trend between
this increase in bands during the first 2 weeks and cure on CT
by 1 year (6/6 vs. 5/9, P = .13).

Decrease in number of bands at 3 months after treatment.
Most patients whose sera reacted to all 7 bands at baseline had
the same immunoblot result at 3 months (20/23, 87%). At 3
months after therapy, 3 of the 17 cured patients had a decrease
of at least 2 bands (compared with baseline) versus only 1 of
the 32 noncured patients (P = .11, table 1). This patient became
cured at 1 year. None of the patients became seronegative at
3 months.

Seroconversion to negative at 1 year after treatment. Of
the 41 patients who had immunoblot assays done for a full
year after treatment, only 3 (7%) became seronegative. One of
them became seronegative at 6 months and 2 at 9 months.
These 3 patients were considered cured at their 3-month CT
scans; 2 of them underwent CT at 1 year and continued to be
free of lesions. The 3 patients all had baseline immunoblots
reacting to ~3 bands. None of the cured patients whose base
line immunoblots reacted to ~4 bands became seronegative.
At 1 year after therapy, 12 (32%) of 38 patients showed a
decrease of at least 2 bands, including 5 patients who still had
active lesions on both their 3-month and l-year follow-up CT
scans (table 1).
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Discussion

CT diagnosis at 3 months

Table 1. Evolution of serologic characteristics of neurocysticercosis
after drug treatment.

NOTE. Data are no. ofpatients/no CT, computed tomography.
*No active lesions (cysts ornodular enhancing lesions).
t 23 patients with cysts and <7 bands onbaseline immunoblot.
t 38 patients with immunoblot control assays at 1year.
§ 41 patients with immunoblot control assays at 1year or later.

of cerebral CT scan for cerebral cysticercosis has been ques
tioned [14, 15]. In our series, 2 patients who were presumed
cured at 3 months each exhibited 1 active lesion on their 1
year follow-up scan. Whether these lesions were simply missed
by the previous scan, were undetectable and grew after treat
ment, or represent a new infection is not answerable at present.
Reinfection, however, seems unlikely, since the patients lived
in a zone without endemic T solium, and no evidence of intesti
nal tapeworm infection was found in their families.

Serologic evaluation will only rarely help in determining
care after treatment for NCC because persistent positive immu
noblot results do not necessarily indicate active infection. How
ever, rare cases may have early antibody disappearance in rela
tion to cure.
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Immunoblot Cured* Not cured

More bands in first
14 days" 8110 8/13

At least 2 fewer
bands at 3 months 3117 1/32

Atleast 2 fewer
bands at 1 year! 7112 5/26

Became seronegative
at 1year? 3/13 0/28

In this study, most NCC patients remained seropositive for
at least 1 year after successful antiparasitic therapy. However,
in 3 cases, the immunoblots became negative before 1 year.
Seroconversion to negative occurred as early as 6 months after
therapy and predicted patient cure. The study population was
systematically followed, and CT examinations were done irre
spective ofclinical status, so most biases inherent to therapeutic
follow-up studies [9] were avoided.

In community surveys, most seropositive persons are asymp
tomatic, usually reacting to 1-3 bands [10, 11]. Our study
population consisted only of patients with cerebral infections
clearly visible on CT, and sera from almost half of the patients
(23/49, 47%) reacted to all 7 bands. Patients reacting to all 7
bands have more severe disease than those reacting to ~6
bands. In a previous study, patients with more lesions had
higher antibody levels measured by ELISA [12].

As was predicted, patients with cystic lesions had an early
increase in the number of reactive bands, presumably resulting
from antibody formation against newly exposed antigens [8].
This was mainly evident in patients receiving albendazole for
2 weeks. This increase did not correlate with increased cure
rates; the reason for this discordance is not clear. Enhancing
lesions are already degenerating [13], so therapy should have
little effect on the immune response.

Most cured patients whose sera reacted to all 7 bands at
baseline had the same result at 1 year, suggesting that a strong
response persists over time despite cure. Conversely, both a
decrease in the number of bands after therapy and seroconver
sion during the first year were (albeit with small numbers)
predictive of cure on CT.

Persistent seropositivity in cured patients may be due either
to sustained stimulation by lesions missed by CT scan or to
residual circulating antibodies. The reportedly high sensitivity
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Reduction of Wuchereria bancrofti Adult Worm Circulating Antigen after Annual
Treatments of Diethylcarbamazine Combined with Ivermectin in French Polynesia

Luc Nicolas, Catherine Plichart, Lam N. Nguyen,
and Jean-Paul Moulia-Pelat
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Tahiti, French Polynesia

Circulating filarial antigen (CFA), determined with 0g4C3 ELISA, is a marker of Wuchereria bancrofti
adult worm infection. The reduction of CFA over 2 years was determined in 185 microfilaremic and 111
amicrofilaremic but CFA+ adults given an annual dose of either diethylcarbamazine (DEC) or ivermectin
or the two combined. Reduction of CFA level was good with DEC but weak with ivermectin and followed
the same pattern in amicrofilaremic and microfilaremic groups. Combinations and DEC alone had a
similar impact on CFA level. CFA clearance was observed in amicrofilaremic but not in microfilaremic
persons in all DEC-containing treatments. However, the highest clearance rate was observed in persons
treated with DEC at 6 mglkg combined with ivermectin. Continuous reduction of CFA level after
repeated treatments shows that elimination of W. bancrofti infection, monitored by CFA clearance, might
be achieved within a few years with annual treatments of DEC combined with ivermectin.

At least 108 million people are infected by bancroftian
filariasis in Asia, Africa, South America, and the Pacific
Islands [1]. Control relies mainly on chemotherapy with di
ethylcarbamazine (DEC). In French Polynesia, this drug was
distributed between 1950 and 1982, leading to a great reduc
tion in prevalence of filariasis. However, in 1993 a control
program based on semiannual distribution of DEC at 3 mg!
kg was reimplemented due to reemergence of infection. Iver
mectin has also been evaluated for its action against lym
phatic filariasis [2]. Both drugs, when ingested individually,
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kill microfilariae (Mf) within 1-4 h and keep the Mf level
low until 6 months after treatment [3]. However, the best
control was obtained by combining ivermectin and DEC in
a single treatment, which maintained the Mf density of <2%
of the pretreatment value for at least 1 year [4, 5].

Macrofilaricidal effect of either drug has been a subject of
debate due to the lack of diagnostic tools. Indirect evidence
has indicated that ivermectin does not kill adult worms but
inhibits reproduction [2], while DEC is partially macrofilarici
dal [6]. Visual observation of adult worms by ultrasound tech
niques has confirmed these findings [7, 8].

During the last decade, two monoclonal antibodyELISAs have
been developed to detect adult worm circulating filarial antigens
(CFA) in humans [9, 10]. Both assays can be used on blood
collected during the day. They have shown that a large proportion
of amicrofilaremic subjects are CFA+ and therefore suspected of
havingadultworms [11-13]. However,most of the trialsto monitor
the macrofilaricidal effect of drugs have been done in microfilare
mic persons [4, 11], except a single study reporting the effect of
DEC in Mf" CFA+ persons [14]. In the present study,we assessed
the efficacyof annual treatmentsof DEC, ivermectin, or a combina
tion of both drugs on CFA levels in persons harboring only adult
worms or adults and Mf, using the Og4C3 antigen ELISA.
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