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Diagnosis of cystic echinococcosis (CE) is based on the identification of the cyst(s) by imaging, using immunodiagnostic tests
mainly as complementary tools in clinical settings. Among the antigens used for immunodiagnosis, previous studies described a
good performance of the recombinant antigen B8/1 (rAgB) in an enzyme-linked immunosorbent assay (ELISA) format; however,
in remote parts of areas where the disease is endemic, the implementation of an ELISA is difficult, so a more simple, rapid, and
reliable method such as the immunochromatographic test (ICT) is required. In this study, using a set of 50 serum samples from
patients with surgically confirmed CE, we compared the performance of an ICT and that of an ELISA using the rAgB. The overall

sensitivities of ICT and ELISA were not statistically different (78% versus 72%; P = 0.36). The overall agreement between both
tests was moderate (k = 0.41; P < 0.01). Concordance between ICT and ELISA was substantial or almost perfect for patients
with liver involvement (k = 0.65; P < 0.001) and patients with more than one hydatid cyst (k = 0.82; P < 0.001), respectively.
Moreover, specificity analysis using a total of 88 serum samples from healthy individuals (n = 20) and patients (n = 68) with
other parasitic infections revealed that ICT had a specificity of 89.8%. ICT and ELISA had similar performance for the detection
of specific antibodies to E. granulosus, and ICT had a high specificity, opening the possibility of using ICT as a screening tool in

rural settings.

ystic echinococcosis (CE) is a zoonotic disease caused by the
larval stage of the dog tapeworm Echinococcus granulosus. This
zoonosis has a worldwide distribution, being considered a public
health problem in areas dedicated to the raising of livestock where
CEis endemic (1). In these areas, risk factors such as access of dogs
to contaminated viscera and close contact between infected dogs
and humans facilitate and maintain the transmission of the dis-
ease (2, 3). Humans are infected by the accidental ingestion of the
tapeworm eggs, which can develop to the larval stage (hydatid
cyst) in any internal organ after several years. The organs more
frequently involved are the liver and the lungs, representing
~70% and ~20% of cases, respectively (4). Diagnosis of CE is
based on the identification of the hydatid cyst(s) by imaging meth-
ods (e.g., abdominal ultrasound, chest X ray, or computed tomog-
raphy) (5). Immunodiagnostic tools are of use in clinical settings
as a complementary diagnostic tool and have quite variable per-
formance, which depends on the antigen or technique used and is
affected by certain disease characteristics, such as cyst location and
presence of cyst rupture or aggregated bacterial infection (6-9).
Among the antigens used for immunodiagnostic, hydatid cyst
fluid (HCF) has been the one most widely used. Antibody-detect-
ing assays using HCF report sensitivities between 75% and 95%
with poor specificity and frequent cross-reactions (5, 9—11). More
recently, synthetic peptides or recombinant antigens from the se-
quences of two major components of HCF (antigen B and antigen
5) have been obtained (9, 11-13). These new antigens have a better
performance than their predecessors and are more reproducible
across populations, improving test reliability and allowing a better
test standardization (6, 9, 11, 13). Recombinant antigen B8/
1(rAgB) seems to have a good diagnostic performance in an ELISA
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format with sensitivity between 94.6% and 95.8, and specificity
between 93.9% and 100% (13, 14).

Immunochromatographic testing (ICT) has demonstrated
good performance in comparison with the ELISA format for the
diagnosis of alveolar echinococcosis (15, 16). ICT is a simple,
rapid, and reliable method which, unlike standard ELISA meth-
ods, does not require equipment and trained personal, both of
which are difficult to find in remote areas (15). This study mainly
attempted to compare an ICT using rAgB and an ELISA format
using the same antigen in terms of sensitivity for the diagnosis
of CE.

MATERIALS AND METHODS

Serum samples. A total of 50 serum samples from patients with either
lung (n = 25) or liver (n = 25) CE that had been surgically confirmed were
used to evaluate the performance of both techniques (i.e., ICT and
ELISA). These serum samples were collected in previous studies by our
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FIG 1 Examples of ICTs with negative results and different intensities of positive bands. (A) Negative result; (B) positive faint-intensity result; (C) positive
weak-intensity result; (D) positive medium-intensity (equal to control) result; (E) positive strong-intensity result.

group after informed written consent, including permission for future use
of remnant samples, had been obtained. To assess specificity of ICT, a total
of 88 serum samples from healthy individuals (# = 20) and patients with
other parasitic infections (n = 68) were used. Other parasitic infections
consisted of alveolar echinococcosis (E) caused by Echinococcus multilocu-
laris (n = 19), clonorchiasis by Clonorchis sinensis (n = 6), cysticercosis by
Taenia solium (n = 10), fascioliasis by Fasciola hepatica (n = 6), para-
gonimiasis by Paragonimus miyazakii (n = 4) and Paragonimus wester-
mani (n = 5), schistosomiasis by Schistosoma haematobium (n = 9), spar-
ganosis by Spirometra erinacei (n = 5) and taeniasis by Taenia saginata
(n=4). Allinfections were confirmed parasitologically, and moreover, all
alveolar echinococcosis (AE) and cysticercosis cases were confirmed to be
seropositive with each specific antigen.

Preparation of recombinant AgB8/1. The recombinant 8-kDa sub-
unit of AgB8/1 (rAgB) was expressed in a bacterial system as described
previously (17) with some modifications. Briefly, a DNA fragment encod-
ing the AgB8/1 was amplified by PCR with the primers 5'-GGGAATTCG
ATGATGGTTACTCGACG-3" and 5'-TTGGATCCTTACTTTGAATCA
TCATCTTT-3'. The PCR products were digested with EcoRI and BamHI
and cloned into the bacterial expression vector pTWIN-1 (New England
BioLabs, Beverly, MA, USA) to produce a fusion protein with a chitin-
binding domain and mini-inteins. The cloned plasmid was transfected
into Escherichia coli ER2566, and expression of the recombinant protein
was induced by addition of 0.5 mM isopropyl-B-p-thiogalactoside
(IPTG) to the culture. The expressed rAgB was purified using a chitin
column (New England BioLabs) according to the manufacturer’s instruc-
tion. The purified rAgB did not have the fusion partner, because rAgB was
released by intein activity of the fusion partner itself during purifications.

Immunochromatographic test. The ICT kit for CE (ADAMU-CE
test; ICST Co. Ltd., Saitama, Japan) was performed according to the man-
ufacturer’s instructions. In this kit, the purified rAgB (1 mg/ml) and anti-
goat IgG antibody (1 mg/ml) were sprayed on a nitrocellulose membrane
each in a 1-mm-width line as the test and control lines, respectively.

For assay, 10 pl of patient serum sample was mixed with 20 pl of a
serum dilution buffer containing 0.1 mg/ml alkaline phosphatase-conju-
gated goat anti-human IgG and IgE (Dako, Tokyo, Japan). After mixing,
20 pl of mixed serum sample was applied to the sample area; within 30 s,
200 wl of the substrate solution was loaded, and the result was evaluated
after 20 min.

Results of ICT were independently read and classified according to
band intensity by two observers; a third observer provided an additional
read in the event of discordance of the other reads. A sample was consid-
ered positive if two color bands (corresponding to rAgB and anti-goat IgG
antibody) appeared in the result window, whereas it was considered neg-
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ative if only one band (corresponding to anti-goat IgG antibody) ap-
peared in the result window (Fig. 1); in cases where there was no appear-
ance of a colored anti-goat IgG antibody line, the assay was considered
invalid even if a colored rAgB line appeared, and the test had to be re-
peated. In addition, according to the intensity of the band corresponding
to rAgB, ICT results were classified into 4 categories: faint, weak, medium
(equal to the control), and strong (Fig. 1 and 2).

Enzyme-linked immunosorbent assay. ELISA was carried out in flat-
bottom 96-well microplates (Nunc, Maxisorp, Roskilde, Denmark) as
previously described (18). The microplates were coated with 100 ng/ml of
rAgB diluted in phosphate-buffered saline (PBS) and incubated at 4°C
overnight. Excess antigen was removed by washing with PBS. Blocking
was performed with blocking buffer (1% casein in 20 mM Tris-HCI [pH
7.6] containing 150 mM NaCl), and the plates were incubated at 37°C for
1 h. The plates were washed twice with PBS containing 0.05% Tween 20
(PBST); 100 .l of diluted sera (1/100 dilution in blocking buffer) was
added, and plates were incubated at 37°C for 1.5 h. After five washes with
PBST, 100 pl of protein G-peroxidase conjugate (1/4,000 dilution in
blocking buffer; Invitrogen, Camarillo, CA, USA) was added to each well,
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FIG 2 ICT results by organ and presence of cyst complication according to
band intensity and ELISA result. 1, faint; 2, weak; 3, medium (equal to the
control); 4, strong. Circles represent liver involvement, and squares represent
lung involvement. Filled symbols represent the presence of cyst complication.
Discordant pairs are framed and shaded.
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TABLE 1 Sensitivity of ELISA and ICT according to cyst characteristic”

Rapid Serodiagnosis of CE

ICT ELISA
SLR OR MLR OR SLR OR MLR OR

CE characteristic No. positive (%) (95% CI) (95% CI) No. positive (%) (95% CI) (95% CI)
Involved organ

Lung (n = 25) 19 (76.0) 1 (ref) 1 (ref) 17 (68.0) 1 (ref) 1 (ref)

Liver (n = 25) 20 (80.0) 1.26 (0.32-4.83) 1.26 (0.32-4.83) 19 (76.0) 1.49 (0.43-5.17) 1.56 (0.43-5.66)
No. of cysts

Single (n = 33) 26 (78.8) 1 (ref) 1 (ref) 22 (66.7) 1 (ref) 1 (ref)

Multiple (n = 17) 13 (76.5) 0.87 (0.21-3.53)  0.82(0.20-3.43) 14 (82.4) 2.33(0.55-9.87)  2.08 (0.47-9.17)
Presence of complication

Uncomplicated (n = 24) 18 (75.0) 1 (ref) 1 (ref) 15 (62.5) 1 (ref) 1 (ref)

Complicated (n = 26) 21 (80.8) 1.40 (0.36-5.36) 1.45 (0.37-5.70) 21 (80.8) 2.52 (0.70-9.04) 2.28 (0.61-8.45)

“ SLR, single logistic regression; MLR, multiple logistic regression (adjusting each variable by the other listed variables); OR, odds ratio; CI, confidence interval; ref, reference.

and the plates were incubated at 37°C for 1.5 h. Plates were washed six
times with PBST and once with PBS and incubated with 100 .l of sub-
strate solution (0.4 mM 2,2-azino-di[3-ethyl-benzthiazoline-6-sulfonate]
in 0.2 M citric acid buffer [pH 4.7]) at 25°C for 30 min. The color reaction
was stopped by application of 1% SDS. The optical density at 405 nm
(OD,y5) was determined using an ELISA plate reader (Immuno Mini
NJ2300; Nalge Nunc International, Tokyo, Japan). The cutoff point was
set as the mean OD plus 3 standard deviations (SD) for 28 negative-
control samples (from healthy individuals).

Statistical analysis. The overall sensitivities of ICT and ELISA were
compared using a McNemar test; additionally, the association between a
positive result in either the ELISA or the ICT and the characteristics of the
disease (e.g., number of cysts, organ involved, and presence of cyst com-
plication) was evaluated by single (SLR) and multiple (MLR) logistic re-
gression analyses. Agreement between ICT result and ELISA was calcu-
lated and analyzed using the kappa test. We considered differences with a
confidence interval of 95% or higher statistically significant (P = 0.05).

RESULTS

The overall sensitivities of ICT and ELISA were not statistically
different (78% versus 72%; P = 0.36), with minor variations in
terms of the organ involved, the number of cysts, and the presence
of cyst complications (“complicated cyst” refers to any cyst that
could be either broken or infected). SLR and MLR showed no
association between cysts’ characteristics and a positive result in
either test (Table 1).

The concordance between the results of both tests was evalu-
ated by the kappa test (Table 2). Overall agreement between both
tests was moderate (k = 0.41; P < 0.01). However, a substantial
and an almost perfect agreement between ICT and ELISA were
found for patients with liver involvement (k = 0.65; P < 0.001)
and for patients with more than one hydatid cyst (k = 0.82; P <
0.001) (Fig. 2).

Most of the disagreement occurred in patients with uncompli-
cated lung cysts. Thus, we explored the characteristics of the dis-
ease according to the intensity of the ICT reaction. Interestingly,
all uncomplicated lung cysts which were positive by ICT had been
read as faint, with no weak, moderate, or strong reactions in this
group (Table 3).

The specificity of ICT was evaluated using sera from healthy
individuals and other parasitic infections. All samples were nega-
tive by ICT except nine (47.4%) sera from AE patients. Specifici-
ties of ICT with and without AE sera were 89.8% and 100.0%,
respectively.
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DISCUSSION

We present here the results of an exploratory study comparing the
sensitivity of a rapid test (ICT) using the recombinant antigen
B8/1 (rAgB) with a standard ELISA using the same antigen, in
paired serum samples from patients with lung or liver CE. The
sensitivities of both tests were similar, with values in the range
reported by previous studies using other antigens and techniques
(6-8).

The sensitivity of standard ELISA using rAgB in our study is
lower than the sensitivity reported by Mohammadzadeh et al.
(94.6%); (13) but very similar to that reported by Li et al. (77.6%)
(18). The performance of immunodiagnostic tools is affected by
some disease characteristics, including cyst location, presence of
cyst complication, and number of cystic lesions (6—8). The higher
sensitivity of ELISA in the series reported by Mohammadzadeh et
al. (13) could be associated with higher proportions of individuals
with large cysts, surgical cases, multiple cysts, or complicated
lesions; unfortunately, no information is provided on the char-
acteristics of the cases evaluated. On the other hand, the ELISA
sensitivity among liver cases found in our series (80%) is al-
most the same that reported by Li et al., who used a series of
liver CE cases.

The overall agreement observed between ICT and ELISA was
moderate (k = 0.41; P < 0.001). This value of kappa is lower than

TABLE 2 Agreement between ELISA and ICT according to CE
characteristic

No. (%) of:
Concordant Discordant
CE characteristic pairs pairs Kappa (P)
Organ
Liver 22 (88.0) 3(12.0) 0.65 (<0.001)
Lung 17 (68.0) 8(32.0) 0.21 (0.14)
No. of cysts
Single 23 (69.7) 10 (30.3) 0.25 (0.07)
Multiple 16 (94.1) 1(5.9) 0.82 (<0.001)
Presence of complication
Uncomplicated 17 (70.8) 7 (29.2) 0.33 (0.04)
Complicated 22 (84.6) 4(15.4) 0.50 (<0.05)
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TABLE 3 Results of ICT using the RAgB8/1with sera from CE patients

No. (%) of results that were:

CE organ
involved CE type No. of cysts Negative Faint Weak Medium Strong
Lung Uncomplicated Single (n =9) 2(22.2) 7 (77.8) 0 0 0
Multiple (n = 3) 1(33.3) 2 (66.7) 0 0 0
Complicated Single (n = 7) 2(28.6) 2 (28.6) 2 (28.6) 1(14.2) 0
Multiple (n = 6) 1(16.6) 1(16.6) 0 1 (16.6) 3 (50.0)
Liver Uncomplicated Single (n =9) 2(22.2) 2(22.2) 1(11.1) 1(11.1) 3(33.3)
Multiple (n = 3) 1(33.3) 0 1(33.3) 1(33.3)
Complicated Single (n = 8) 1(12.5) 2 (25.0) 0 3(37.5) 2 (25.0)
Multiple (n = 5) 1(20.0) 1(20.0) 3 (60.0) 0 0
those found by previous studies that transferred a recombinant REFERENCES

antigen (rEm18) of another Echinococcus species, Echinococcus
multilocularis, from an ELISA to an ICT format (15, 16). Agree-
ment could have been affected by the type of antibody detected by
each test: the ELISA evaluated only a specific IgG response,
whereas ICT evaluated both IgG and IgE responses. There are
differences in Ig subtype responses: the IgG response in CE is
stronger than the IgE response, although there is a higher produc-
tion of anti-IgE among liver CE patients (19, 20). In our case, the
discrepancies between tests are mainly attributable to a sizable
proportion of subjects with a faint reaction in the ICT (7/11
[63%]), which is mainly observed in subjects with lung CE (5/7
[71%]). In addition, most faint reactions occurred in lung infec-
tion cases, suggesting that these were not false-positive results,
which would have been similarly frequent or even more frequent
in patients with liver disease, which tends to have a stronger re-
sponse. The concentrations of rAgB used in the elaboration of
each test (much higher in the ICT) could also have contributed to
the observed differences in case detection.

Nine (47.4%) of 19 AE patients’ sera showed a positive result
by ICT, and this result was concordant with the previous reports
showing that 40 to 85% of AE patient sera reacted with rAgB by
ELISA (17, 18); however, since these previous studies were per-
formed in arctic/subarctic areas where AE and CE are coendemic,
this cross-reaction will not be an issue if we use the ICT in Peru,
which is located in a subtropical area where infection by E. multi-
locularis has not been reported. In addition, in our study, sera
from healthy subjects and patients with other parasitic infections
except AE showed a negative result in the ICT, which indicated
that this ICT was a highly specific test.

ICT using rAgB is a rapid and simple test that demonstrated
a good sensitivity for the detection of specific antibodies to E.
granulosus. Further analysis of the stability of ICT and a large-
scale evaluation might be necessary to evaluate its utility in
mass screening programs in areas of endemicity as a primary
screening tool.
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