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Abstract

In alveolar echinococcosis (AE), caused by Echinococcus multilocularis (E.m.), increased levels of total and
parasite-specific IgE are frequently found. These may not only have diagnostic but are also supposed to have
prognostic value in the follow-up of AE patients. However, there is no commercial test available for quantification
of E. m.-specific IgE (sIgE). The only commercial test available is based on E. granulosus (g.) hydatid antigen, which
is not optimal for detection of E. m.-specific IgE. Therefore, a new ImmunoCAP with covalently bound crude antigen
of E. m. was developed in cooperation with Pharmacia Research Forum for the analysis of E. m. sIgE. The E. m.
ImmunoCAP was evaluated in 53 AE patients with different clinical disease progression and 20 healthy controls. Our
data showed a higher sensitivity for sIgE determination with E. m. ImmunoCAP compared to the E. g. InmunoCAP
(73.6% vs 61.5%) and a positive correlation between total IgE and sIgE. Furthermore, there was a significant
correlation between sIgE in both tests. In conclusion, the new E. m.-specific ImmunoCAP test proved to be a valuable
tool for determination of sIgE. It may provide the basis for the development of further E. multilocularis-specific IgE
immunotests which are essential for evaluation of sIgE during clinical course of AE. © 2001 Elsevier Science B.V. All
rights reserved.
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1. Introduction multilocularis, is a life-threatening disease in hu-
mans. It mainly affects the liver and has charac-

Alveolar echinococcosis (AE), caused by the teristics of a malignant tumor, including
larval stage of the fox tapeworm FEchinococcus infiltrative growth and metastasis formation (Am-

mann and Eckert, 1996).
As a characteristic feature of helminth infec-
tions, high levels of immunoglobulin E (IgE) are
k i frequently found in serum of AE patients (Vuit-
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ated with increased susceptibility to infection,
while Thl cell activation leads to protective im-
munity against E. multilocularis (Gottstein and
Hemphill, 1997; Jenne et al., 1997). In contrast to
total IgE, specific IgE (sIgE) represents the part of
IgE directly involved in immune response against
the parasite. Earlier studies have shown that in-
creased levels of sIgE are associated with a pro-
gressive state of disease (Vuitton et al., 1988;
Dreweck et al., 1997). Measurement of sIgE in
AE may also be useful for monitoring of disease
progression during follow-up of patients
(Gottstein et al., 1984). Despite the importance of
sIgE in AE there is no test for detection of E.
multilocularis-specific IgE commercially available.
The only diagnostic test for determination of sIgE
(Pharmacia® ImmunoCAP p2) is composed of E.
granulosus hydatid antigen which shows a certain
degree of cross-reactivity with E. multilocularis
but is not species-specific (Gottstein et al., 1985).

Based on the commercial immunotest, a new
diagnostic test for quantitative determination of
sIgE and sIgG which employs crude antigen of E.
multilocularis was developed in this study. The
test was evaluated in 53 AE patients and 20
healthy controls and compared to the Pharmacia®
ImmunoCAP p2.

2. Materials and methods
2.1. Patients and controls

The study population consisted of 53 patients
(29 female and 24 male) with a median age of 57
years (range 25-83 years), all chronically infected
with E. multilocularis and supervised in our out-
patient clinic. Study population included (a) pa-
tients cured after radical surgery (group A, n = 3),
(b) patients with stationary or regressive course of
AE (group B, n=42), i.e. a stable course under
chemotherapy with benzimidazoles (n =30, me-
dian duration of treatment 33.5 months, range
2-186 months), after completion of therapy (n =
5) or without treatment (n=7), and (c) patients
with a progressive form of disease (group C),
characterized by lesions increasing in size, several

compliations or metastasis formation (n=7) and
patients with relapse after liver transplantation
(n=1, classification into group A/B/C followed
Dreweck et al., 1997). In group B, 30 patients
received chemotherapy during the study; twenty
healthy blood donors (10 female and 10 male,
median age 57 years, range 35-66 years) with
normal liver function tests and without clinical
signs of echinococcosis served as controls. Serum
samples were stored at — 70°C until use.

2.2. Serological tests

Total and antigen-specific IgE (sIgE) were mea-
sured with the UniCAP 100 system (Pharmacia &
Upjohn Diagnostics AB, Uppsala, Sweden), ac-
cording to the manufacturer’s instructions. For
slgE  determination, the ImmunoCAP p2
(EgCAPIgE) that uses hydatid fluid antigen of E.
granulosus was employed. Compared to the WHO
reference IgE standard (Pharmacia & Upjohn,
product information UniCAP), concentrations are
expressed semiquantitatively in six classes: 0, neg-
ative test; 1, 0.35-0.69 kU/I; 2, 0.7-3.49 kU/I; 3,
3.5-17.4 kU/L; 4, 17.5-49.9 kU/1; 5, 50-99.9 kU/
; 6, =100 kU/L

2.3. Development of the new ImmunoCAP
‘EmCAP’ for detection of sIgE (EmCAPIgE) and
slgG (EmCAPIgG) in serum

Crude E. m. antigen was kindly provided by T.
Romig (University of Hohenheim, Germany).
Briefly (Bilger, 1999), metacestode tissue, pas-
saged in Meriones unguiculatus by intraperitoneal
transplantation, was cut into pieces of 0.5 cm? in
size and pressed through a metal sieve (pore size
250 pm). The tissue was homogenized in a glass
homogenizer on ice for 5 min after addition of 1%
(v/v) proteinase inhibitor solution 1 (100 mM
benzamidine, 100 mM eg-aminocapronacid, 100
mM EDTA) and 2 (100 mM phenylmethylsul-
fonylfluoride). The tissue suspension was soni-
cated with pulsed ultrasound of 60 W for 5 min in
an ice bath (Branson, Germany). The extract was
clarified by centrifugation (20 000 x g, 4°C) for 20
min and stored in aliquots at — 70°C. The extract
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was covalently bound to ImmunoCAP solid
phase by Pharmacia Research Forum. Results
of sIgE detection were reported in kU/l (stan-
dard curve 0.35-120 kU/l). For semiquanti-
tative interpretation, values were classified into
the above defined ImmunoCAP classes. Concen-
trations of sIgG were determined quantitatively
within a range of 2-200 mg/l. Cut off value of
slgG determination (9.2 mg/l) was determined by
ROC analysis. The area under the ROC curve
was 0.972 with a standard error of 0.017 and a
95% confidence interval of 0.903—0.996 at the cut
off value of 9.2 mg/l sensitivity and specificity
were 94.3% and 95%, respectively. Intra- and
interassay variance for the E. m. ImmunoCAP,
determined in three test runs each, were 0.001 and
0.024 for sIgE and 0.063 and 0.09 for slgG,
respectively.

2.4. Statistical analysis

Correlations between test results were deter-
mined by the Spearman rank correlation coeffi-
cient and differences of P < 0.05 were regarded as
significant. 95% confidence intervals of sensitivi-
ties and specificities were calculated as suggested
by Diamond (1989).

3. Results

3.1. Evaluation of the new quantitative EmCAP
test

In the EmCAP test, 73.6% of patients (39/53)
but none of the controls tested positive for sIgE in
serum. The amount of specific antibodies in serum
varied considerably (Fig. 1/II) and a median sIgE
level of 1.39 kU/I was detected. Concentrations of
sIgE correlated significantly with the amount of
total IgE in serum (r=0.90, P <0.0001). The
group which tested negative in the EmCAPIgE
test (14/53) contained patients of different clinical
disease state like patients with inactive lesions
(group A, 1/3, ie. 33.3%), patients with stable
disease under chemotherapy (group B, 12/42, i.e.
28.6%) but also progresssive cases (group C, 1/8,
ie. 12.5%).

In the new ImmunoCAP test not only sIgE but
also sIgG can be determined. Here, 94.3% (50/53)
of patients tested positive (Fig. 1/11I). Several of
cured patients (group A, 2/3) and only some of
group B patients (3/42, 7.1%) showed negative
sIgG levels, sIgG was detectable in all progressive
patients. Of those three patients who tested nega-
tive in the EmCAPIgG one also had sIgE levels
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Fig. 1. Distribution of total and specific IgE and specific IgG in serum of AE patients. Concentrations of total IgE (Fig. 1/I), E.
multilocularis-specific IgE (sIgE, Fig. 1/11) and E. multilocularis-specific 1gG (slgG, Fig. 1/III), determined by the newly developed
ImmunoCAP assay, in 53 AE patients are shown. The median is marked.
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below the detection limit. No statistical correl-
ation between slgG and sIgE (p =0.36) was
found.

3.2. Comparison of the new EmCAPIZE with the
commercial EgCAPIgE

In the EgCAPIgE, positive results were ob-
tained in 61.5% of patients (32/52) and none of
the controls. Comparable to the EmCAPIgE, sig-
nificant correlation between the EgCAPIgE class
and total IgE in serum was found (r =0.77, P <
0.0001). In order to determine congruency be-
tween the commercial and the new ImmunoCAP
test, association between EgCAPIgE and Em-
CAPIgE was investigated. Thereby, significant
positive correlation (r = 0.84, P < 0.0001) between
both tests was found.

4. Discussion

Increased levels of IgE in serum are a character-
istic feature of helminth infections (King et al.,
1993). In AE, IgE levels are frequently enhanced
and a correlation between IgE level and diseases
progression has been assumed (Vuitton et al.,
1988; Ammann and Eckert, 1996; Dreweck et al.,
1997; Wellinghausen et al., 1999). Measurement
of IgE may thus be valuable as prognostic marker
in the follow-up of patients.

In contrast to total IgE, parasite-specific IgE
(sIgE) more closely reflects immunologically rele-
vant immunoglobulin in AE. Thus it might be a
candidate for evaluation of disease progression.
According to earlier studies, sIgE is detectable in
50-99% of AE patients by RAST or ELISA using
E. multilocularis antigen isolated from infected
rats (Ito et al., 1977), mice (Loscher, 1983), or
bovis (Gottstein et al., 1984). Levels of sIgE seem
to be related to disease state and to decrease after
successful therapy of AE (Loscher, 1983;
Gottstein et al., 1984; Dreweck et al., 1997). How-
ever, above mentioned studies were done by dif-
ferent non-commercial immunoassays and
comparability is therefore limited. Since the only
commercially available immunotest for determina-
tion of sIgE is composed of E. granulosus hydatid

antigen, we applied this assay principle for pro-
duction of a new immunotest that uses crude E.
multilocularis antigen. The ‘ImmunoCAP’ system
represents an established method for quantifica-
tion of specific IgE antibodies and bears several
advantages like quantitative interpretation, low
detection limit, simple handing, automatization of
the analytical process and flexibility in the number
of samples. Intra- and inter-assay variances of less
than 0.07 and 0.1, respectively, confirmed a satis-
factory test validity in our study. In the newly
developed EmCAPIEE, a sensitivity of 74% was
achieved which was even higher than that of the
EgCAPIgE (62%). Patients who tested negative in
the EmCAPIZE included patients of all clinical
groups but percentage of negative patients was
lowest in the group of progressive patients. Fur-
thermore, significant correlation between sIgE in
the EgCAPIgE and the EmCAPIgE test have
been found. Despite a positive correlation be-
tween IgE and sIgE in both tests, calculation of a
specific sIgE/IgE ratio did not prove valuable
(data not shown). Apart from the above men-
tioned characteristics the InmunoCAP system has
the advantage that not only IgE and sIgE but also
slgG can be determined in the same assay during
one analytical step. Quantitative determination of
sIlgG might have prognostic value since correla-
tion of sIgG with the clinical course of AE has
been suggested earlier (Knobloch et al., 1985). In
the present study, sIgG could be detected in 87%
and there was a tendency to higher frequency of
positive patients in the progressive compared to
the cured patients.

Despite the advantages of the new im-
munoassay, all E. multilocularis crude antigens
have a certain level of unspecificity (Romig et al.,
1999) and, therefore, the assay may be further
improved by using purified or recombinant anti-
gens (Gottstein et al., 1991; Helbig et al., 1993; Ito
et al., 1999) for coating of the ImmunoCAPs.
Thereby, charge variability of the antigen prepa-
ration would be minimized and supply of antigen
material in sufficient quantities, which is a limit-
ing factor of crude antigen, would be ensured.
Furthermore, the specificity of the test has to be
evaluated in a larger study with adequate control
populations, like patients with CE and other par-
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asitic diseases. Unfortunately, there was only
available a limited antigen test charge of the new
assay and, therefore, adequate controls to deter-
mine specificity could not be considered in the
present study. Nevertheless, this study confirms
that the established ImmunoCAP system provides
a valuable tool for the production of new E.
multilocularis-specific immunotests. Such new
tests are essential for evaluation of the clinical
significance of sIgE in the follow-up of AE pa-
tients and the immunological role of sIgE and
sIgG in basic research studies.
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