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An improved enzyme-linked immunosorbent assay (ELISA) system using partially purified Em18/16 en-
riched fraction (PP-Em18/16) prepared by isoelectric focusing was evaluated for serodiagnosis of alveolar
echinococcosis (AE). The PP-Em18/16-ELISA was compared with Em2plus-ELISA by using sera from AE and
cystic echinococcosis (CE) patients in China, where both AE and CE are endemic; sera from CE patients in
Australia, where only CE exists; and sera from patients with cysticercosis, paragonimiasis, or sparganosis in
Korea, where no indigenous AE or CE exists. We used Em2plus-ELISA as a standard ELISA and found 24.6%
(17 of 69 specimens) cross-reactivity with sera from CE. Furthermore, some of the sera from paragonimiasis,
sparganosis, and cysticercosis patients were also cross-reactive in the Em2plus-ELISA. When we tested for
similar cross-reactivity in the same sera from CE patients by PP-Em18/16-ELISA (23.2%, 16 of 69), it became
evident that the specificity of the PP-Em18/16-ELISA was better than that of the Em2plus-ELISA, since no sera
from patients with the examined parasitic diseases except CE showed cross-reactivity. Some CE patients from
China showed exceptionally high levels of antibody in comparison with those of CE patients from Australia,
where no AE occurs. It is speculated that these patients with strongly positive cases of CE from China may have
been exposed to both species of Echinococcus.

Alveolar echinococcosis (AE), caused by the larval stage of
the fox tapeworm, Echinococcus multilocularis, is globally a
rare helminth zoonosis but with significant endemicity in parts
of China, Japan, Russia, central Asia, and North America. A
focus also occurs in central western Europe (France, Germany,
Switzerland, and Austria) (1, 2, 17). The disease has a chronic
course of increasing hepatic pathology like hepatic cancer.
Radical liver resection is currently the only reliable curative
approach (6, 14). Therefore, immunodiagnosis for early detec-
tion of AE has been a critical requirement for reduction of
mortality (14). Immunodiagnostic tests based on antibody de-
tection exhibit high sensitivity and reasonable specificity and
are useful for confirming a clinical diagnosis and for seroepi-
demiological studies (1–3, 6). The Em2 enzyme-linked immu-
nosorbent assay (Em2-ELISA) using partially purified native
antigen Em2 has been recommended by the World Health
Organization for serodiagnosis of AE (6, 8). The same group

has developed the Em2plus-ELISA system, now commercially
available. It consists of a cocktail of the native Em2 antigen
and a recombinant E. multilocularismolecule (II/3-10) that was
expected to be highly specific to this parasite (5, 18). It was
reported to have high sensitivity and specificity (.95%) (7).
The instructions attached to the commercially available
Em2plus-ELISA kit, however, indicate that the test is not com-
pletely specific for AE and cross-reacts with approximately
25% of sera from patients infected with cystic echinococcosis
(CE), caused by the larval stage of the dog tapeworm, Echi-
nococcus granulosus, since recent study has revealed that the
protein molecule II/3-10 is known to be shared by E. multilocu-
laris and E. granulosus (4).
Recently, Ito and colleagues reported that an antibody re-

sponse against a previously undescribed protein epitope, des-
ignated Em18, which was easily detectable by Western blotting
(immunoblotting), was a good serologic marker either for dif-
ferentiation of AE from other parasitoses, including CE, or for
differentiation of active from inactive cases of AE (9, 11, 12).
Other studies have also confirmed that Em18 is the most spe-
cies-specific epitope as determined by Western blotting for
immunodiagnosis of human AE (19, 20). Based on these ob-
servations, we have tried to establish an improved ELISA
system using partially purified Em18/16 enriched fraction (PP-
Em18/16) in comparison with the commercially available stan-
dard Em2plus-ELISA system.
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MATERIALS AND METHODS

ELISA and Western blotting. Em2plus-ELISA kits (no. 9300) were purchased
from Bordier Affinity Products, Crissier, Switzerland, whereas PP-Em18/16 was
obtained from protoscoleces of E. multilocularis by isoelectric focusing. Proto-
scoleces of E. multilocularis (2.0 ml of packed protoscoleces [approximately 2 3
105]) were washed in 0.15 M phosphate-buffered saline (PBS) (pH 7.4) several
times and kept at 2308C. Frozen protoscoleces, resuspended in 10 ml of PBS
with 2.5 mg of aprotinin (Sigma) per ml, were homogenized in a glass-Teflon
pestle homogenizer on ice and sonicated on ice (10 s [10 mm, peak to peak] on
and 5 s off) for 5 min. The sonicate was left standing on ice for 2 h prior to
centrifugation at 12,000 3 g for 30 min at 48C. The crude antigen, dialyzed
against 5 mM Tris-HCl buffer (pH 7.2) to remove excess salts, was subjected to
isoelectric focusing. PP-Em18/16 was prepared as several pooled fractions of pH
5.2 to 5.5 after the presence of both Em18 and Em16 was checked by Western
blotting (9, 11, 12) The fractions contained Em18 and Em16 as the two major
components (Fig. 1). Maxisorb (Nunc, Roskilde, Denmark) was used for immu-
noplates similar to those used for Em2plus-ELISA. Ten micrograms of PP-
Em18/16 antigen was used to coat each well as previously described (7). All
serum samples were diluted 1/200 with PBS containing 0.05% Tween 20 (0.1 M;
pH 7.4). The specific immunoglobulin G antibody in serum was detected with
anti-human immunoglobulin G-alkaline phosphatase and -peroxidase conju-
gates; the substrates were p-nitrophenyl-phosphate and 4-chloro-1-naphthol, re-
spectively. The absorbances of Em2plus-ELISA and PP-Em18/16-ELISA were
read at 405 nm and 492 nm, respectively. Em2plus-ELISA was carried out ac-
cording to the manual provided by Bordier Affinity Products (7). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot anal-
ysis were carried out in order to show the most species-specific band, Em18, by
using commercially available precast 18% isocratic and 4 to 20% gradient gels
(no. 01-102, -106, -022, and -026, SDS-PAGE Mini; TEFCO, Tokyo, Japan) and
crude antigen and/or PP-Em18/16 as previously described (9, 11, 12) (Fig. 1).
Serum samples were diluted 1/50.
Serum samples. We used a total of 127 unknown serum samples from China

(according to the background information obtained after the blind ELISA car-
ried out in Japan, they consisted of 79 follow-up study samples from 24 AE
patients and 48 follow-up study samples from 34 CE patients from Sichuan
Province or Xingjiang Autonomous Region, China, where AE and CE are highly
endemic); 21 CE patient sera from Australia, where only CE is endemic, with
high titers in ELISA (maximum, 1:1,600) and immunoelectrophoresis (seven
bands including arc 5, the maximum) by standard serologic methods for CE in
Australia (16); and 28 cysticercosis, 2 sparganosis, and 5 paragonimiasis samples
from Korea (where no indigenous CE or AE exists). All serum samples examined
were from patients whose infections had been confirmed surgically, for echino-
coccosis patients, or parasitologically, for patients from China, Korea, or Aus-
tralia. Sera were shipped to Gifu, Japan, either lyophilized or frozen. One normal
serum pool from 10 Japanese volunteers and one commercially available control
for the Em2plus-ELISA kit were used as controls.

RESULTS

Western blots of PP-Em18/16 and crude antigens are shown
in Fig. 1. PP-Em18/16 showed only two major bands. The
major and relatively minor bands detected by AE patients’
pooled serum were against Em18 and Em16, respectively. The
major band detected by a monoclonal antibody was against
Em16. We examined 79 Chinese AE samples (from 24 pa-
tients), 48 Chinese CE samples (from 34 patients), 21 Austra-
lian CE samples, and 35 other parasitosis samples from Korea.
The results are summarized in Table 1. When a cutoff value
(absorbance at 0.6) for the Em2plus-ELISA was determined
with the weakly positive serum supplied with the kit, there
were false-positive reactions for CE (17 of 69 samples; 24.6%),
paragonimiasis (3 of 5 samples; 60%), sparganosis (1 of 2
samples, 50%), and cysticercosis (1 of 28 samples; 3.6%). Four
CE samples from three Chinese patients (4 of 17) showed
exceptionally high values in both Em2plus- and PP-Em18/16-
ELISAs, whereas all other CE samples (13 of 17) showed
values relatively lower than those for AE. As the Em2plus-
ELISA was the only ELISA commercially available, we tried to
evaluate our own improved method compared with its false
positiveness. In order to test for similar false positiveness for
CE, the cutoff value in the PP-Em18/16-ELISA was set at an
absorbance of 1.0. The false-positive reactions disappeared
except for CE patient samples from China that remained un-
changed (16 of 69; 23.2%); false-positive cases of CE from
Australia and of paragonimiasis, sparganosis, and cysticercosis
tested negative (Table 1).

DISCUSSION

These results revealed that the reliability of serodiagnosis of
AE by PP-Em18/16-ELISA was better than that of Em2plus-
ELISA in its specificity (Table 1). The comparison of false-
positive reactions in the Em2plus-ELISA and the PP-Em18/16-
ELISA with sera from patients with other parasitoses,
including paragonimiasis, cysticercosis, and sparganosis, re-
vealed a critical difference between these two serological meth-
ods (Table 1). Although the cutoff for the PP-Em18/16-ELISA
(absorbance at 1.0) was determined on the basis of similar false
positiveness for CE by Em2plus-ELISA, all AE patients before
treatment with albendazole for follow-up study were found
positive by the PP-Em18/16-ELISA (100% of 24 AE patients),

FIG. 1. Western blots of PP-Em18/16 compared with crude antigens. Lanes
a, c, and d, different batches of crude antigens; lanes b, fraction PP-Em18/16. (A)
Result of treatment with monoclonal antibody against Em16. (B) Result of
treatment with AE patients’ pooled serum. Em18 and Em16 are indicated (large
and small arrowheads, respectively).

TABLE 1. Sensitivity and specificity of PP-Em18/16- and Em2plus-
ELISAs for differentiation of AE from CE and other

parasitic diseases

Patient type (n)

Em2plus-ELISA PP-Em18/16-ELISA

No. of
positive
samples

No. of
negative
samples

%a
No. of
positive
samples

No. of
negative
samples

%a

Chinese AE (24)b 21 3 87.5 24 0 100
Chinese AE (79)c 63 16 79.7 72 7 91.1
Chinese CE (34)b 11 23 32.4 12 22 35.3
Chinese CE (48)c 15 33 31.3 16 32 33.3
Australian CE (21) 2 19 9.5 0 21 0.0
Cysticercosis (28)d 1 27 3.6 0 28 0.0
Sparganosis (2)d 0 2 0.0 0 2 0.0
Paragonimiasis (5)d 3 2 60.0 0 5 0.0

a Percent positive.
b Sera from 24 AE and 34 CE patients were obtained prior to chemotherapy

with albendazole.
c The 79 AE and 48 CE samples were follow-up study samples from the 24 AE

and 34 CE patients, respectively.
d From Korea.
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and this ELISA was better than the Em2plus-ELISA in its
sensitivity (87.5% [21 of 24 AE patients). All 79 AE sera,
including 7 which were negative by the cutoff at 1.0 in the
PP-Em18/16-ELISA, were still antibody positive against Em18
as determined by Western blotting (15). As these seven nega-
tive AE sera were expected to be from patients who were cured
or at least greatly improved after long-term treatment with
albendazole (14a), the PP-Em18/16-ELISA may be more use-
ful than Western blotting for monitoring of prognosis. As
Em16 is known to be shared by AE and CE (12), the cutoff
value in the PP-Em18/16-ELISA was made higher than that in
the Em2plus-ELISA. At this stage, at which we cannot purify
Em18 without Em16, the low cutoff value in the Em2plus-
ELISA has higher sensitivity and more reliability for monitor-
ing of AE patients provided that AE has been confirmed by
detection of an antibody response against Em18 by Western
blotting, etc. (10). When we drew the lower cutoff value at 0.8,
the PP-Em18/16-ELISA still had better resolution for differ-
entiation of AE and CE from other parasitoses. All sera were
still negative for paragonimiasis, sparganosis, or cysticercosis,
but 10 more CE sera (25 of 48 versus 15 of 48) and 5 more AE
sera (77 of 79 versus 72 of 79) became positive.
False-positive rates for CE patient sera from China by both

the Em2plus-ELISA and the PP-Em18/16-ELISA were higher
(three times) than those for sera from Australia, where no AE
exists. The four CE samples which showed exceptionally high
absorbances by Em2plus-ELISA as well as by PP-Em18/16-
ELISA were especially interesting, since all CE samples from
Australia showed much lower absorbances and, according to
the manual for Em2plus-ELISA, CE-positive cases used to
show even lower values. These four CE sera from three pa-
tients and six other CE sera from six patients in China were
exceptionally antibody positive against Em18 as determined by
Western blot analysis, similar to all AE sera examined (15).
There are reports of some CE patient sera from Xingjiang
Autonomous Region, where both AE and CE are highly en-
demic (1), and a case of double infection of AE and CE (21)
showing an antibody response against Em18 similar to an AE
response (13), whereas no CE sera from Libya and Uruguay,
where only CE occurs, reacted with Em18 (20). All the Chinese
patients examined in the present study came from Xingjiang
Autonomous Region or Sichuan Province, where AE and CE
are highly endemic. Therefore, we speculate that these 10
samples from nine CE cases in China might be from patients
who have been exposed to E. multilocularis as well as E. granu-
losus (20). It may be possible, but the percentage of suspected
doubly exposed cases is too high (26.5% [9 of 34]). Alterna-
tively, we may speculate that these CE cases, at least other than
the three cases (four samples) showing exceptionally high val-
ues, had some unique false positiveness due to the side effect
of pretreatment with albendazole in cyst breakdown and ex-
posure of cross-reactive antigens. If the latter is the case, Em18
should also be shared between all AE patients and a minority
of CE patients. Further evaluation, especially from clinical
study including imaging and comparative study of antigenicity
of protoscoleces of both species, is required to confirm these
speculations.
The PP-Em18/16-ELISA reported here has advantages over

the commercially available Em2plus-ELISA in its specificity for
differentiation of AE from other parasitoses, including CE,
paragonimiasis, and cysticercosis, although the sensitivity (cut-
off value) appeared to be somewhat lower in the former than
in the latter. The specificity and sensitivity in serodiagnosis for
AE should be improved when we can purify Em18 by affinity
purification using a monoclonal antibody against Em18 or

when we can produce Em18 as a recombinant antigen. It is
anticipated that an Em18-ELISA would be highly specific to
AE.
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