
INTRODUCTION

Clonorchis sinensis, the Chinese liver fluke, is a
human parasitic helminth of the biliary tree, and is
widely distributed in Korea, China, East Russia,
Taiwan and Vietnam (Rim, 1986). The 6th nationwide
survey on parasitic infections in Korea reported that
the egg positive rate of C. sinensis was 1.4% over the
country (Ministry of Health and Welfare, 1997). This
egg positive rate represented the status of
clonorchiasis among the general population, but the
rate is considerably higher in endemic areas.
Therefore about one million cases of clonorchiasis are
estimated now in Korea.

Although stool examination is the standard

diagnostic method for clonorchiasis, it is becoming
difficult due to lack of compliance. In order to control
clonorchiasis in endemic areas, effective mass
screening is necessary; accordingly, serodiagnosis is
now rapidly replacing the stool examination.
Moreover, though the skin test is easy and rapid, it is
not specific, and therefore, ELISA has been widely
adopted (Lee et al., 1981; Hong, 1988; Chen et al.,
1988; Yong et al., 2001).

Diagnosis by conventional ELISA, using the crude
antigen (CA) of C. sinensis, is known to be sensitive
and specific, but cross-reactions are known to occur
(Hong, 1988; Sirisinha et al., 1990). In this context,
more sensitive and specific sero-diagnosis tests are
required for clonorchiasis.

The excretory-secretory antigen (ESA) of C. sinensis
has been suggested to be a more sensitive and
specific antigen than CA for diagnosis of active
clonorchiasis (Kim, 1994, 1998). The present study
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was undertaken to evaluate the diagnostic value of
ELISA using the ESA versus conventional ELISA,
which uses the CA of C. sinensis.

MATERIALS AND METHODS

Preparation of antigens
Metacercariae of C. sinensis were collected from

freshwater fish, Pseudorasbora parva, which were
obtained from an endemic area in China. They were
then fed orally to rabbits and the adult flukes were
recovered from the livers 12 weeks later. The
recovered flukes were chopped and homogenized in
ice, centrifuged at 15,000 rpm for 1 hour at 4°C and
the supernatant obtained (CA) was stored at -20°C
until required. The protein concentration of the CA
was determined to be 3.69 mg/ml.

One hundred active moving worms which were
recovered from rabbits were placed in 10 ml of
phosphate buffered saline (PBS) at 37°C for 15 hours.
This PBS supernatant after centrifugation at 15,000
rpm at 4°C was used as ESA at a protein
concentration of 0.67 mg/ml.

Collection of sera
A total of 509 samples of human clonorchiasis sera

were obtained at an endemic locality in Heilongjiang,
China. All infected subjects had a life-long history of
consuming raw freshwater fish and were egg
positive by stool examination. Healthy control serum
samples were obtained from 163 healthy students at
the Seoul National University. Sera were separated
and stored at -70°C. Sera obtained from patients with
other trematode infections were also used for
comparison purposed; Opisthorchis viverrini (47
cases), Schistosoma japonicum (14 cases), Paragonimus
westermani (20 cases), and Fasciola hepatica (3 cases).
The sera of S. japonicum infection were obtained from
Jiangxi, China and O. viverrini from Tailand, all
subjects passed eggs in feces. The sera of P.
westermani and F. hepatica infection were obtained
from patients who were confirmed either
parasitologically or pathologically.

ELISA
ELISA was performed in polystyrene EIA

microtitration 96-well flat-bottomed plates (Nunc

Immunoplate I). Carbonate-bicarbonate buffer (pH
9.6) and phosphate buffered saline (pH 7.2)
containing Tween 20 (PBST) were used for the
coating procedures. For plate coating, 0.1 ml of
antigen solution, protein concentration of which was
2 µg/ml, was added to each well. The plates were
then sealed and incubated at 4°C overnight. Blocking
solution (1% bovine saline serum albumin in PBS, 0.5
% NaN3) was added after washing three times with
PBST and incubating overnight. Subsequently,
diluted (1:25) of test sera were added to the wells,
and the plates were then incubated at 37°C for one
hour and washed with PBST. After shaking dry, 0.1
ml of diluted (1:50,000) horseradish peroxidase-
labeled sheep IgG against human immunoglobulins
(US Biochemical Cooperation) was added and
incubated again for one hour at 37°C. The plates
were then washed 3 times with PBST, and freshly
prepared substrate solution (tetramethylbenzidine
and 0.1% H2O2) was then added to each well.
Following incubation at 37°C for half an hour, the
optical density was read at 450 nm using a Titertek
Multiskan (Flow Laboratories). Samples with an
absorbance of < 0.25 were deemed negative and
those ≥ 0.25 as positive.

RESULTS

Absorbances by ELISA using CA and ESA
Fig. 1 and Table 1 show the distribution and the

mean absorbances of the normal controls, and of the
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Table 1. Comparison of mean absorbances with crude
antigen and excretory-secretory (ES) antigen of Clonorchis
sinensis

Infected serum
No.

Absorbances (Mean ± S.D.)

of Crude antigen ES antigen

Control 163 0.066 ± 0.058 0.074 ± 0.039a)

C. sinensis 509 0.353 ± 0.115 0.404 ± 0.129b)

O. viverrini 47 0.261 ± 0.135 0.212 ± 0.125c)

S. japonicum 14 0.093 ± 0.124 0.079 ± 0.078d)

P. westermani 20 0.188 ± 0.071 0.144 ± 0.057e)

F. hepatica 3 0.123 ± 0.059 0.104 ± 0.057f)

The differences were statistically analyzed by Student t-test
using SPSS 10.0 for Windows program. 
a)p = 0.135 (p > 0.05), b)p = 0.001 (p < 0.01),
c)p = 0.075 (p > 0.05), d)p = 0.707 (p > 0.05),
e)p = 0.038 (p < 0.05), f)p = 0.711 (p > 0.05).



infected individuals. Mean ELISA absorbance for the
CA of the serum samples of the controls was very
low and individual absorbances showed little
variation. Absorbances of the sera of clonorchiasis for
CA much increased to mean level of 0.353 ± 0.058
(Table 1). Mean absorbances of the sera of other
trematodiases for CA remained a little higher than
0.1.

The absorbances of serum samples of the controls
for ESA were in quite similar level with those for CA.
Mean absorbances of serum samples of clonorchiasis
for ESA increased to 0.404 ± 0.129 and those of other
trematodiases also increased a little (Table 1).

Sensitivity and specificity: Using the negativity/
positivity criterion described above, the sensitivity of
ESA-ELISA was 92.5%, which was higher than that
of CA-ELISA, 88.2% (Table 2, P < 0.05, x2=5.52). Sera
of the controls and those with F. hepatica infection
showed no cross-reactions either as CA or ESA, but
the sera of those infected with O. viverrini , S.
japonicum, and P. westermani cross-reacted with both
CA and ESA (Table 3). The results of our study show
that ESA was more specific than CA as 93.1% versus
87.8%.

DISCUSSION

Clonorchis sinensis ESA proved to be a better
serodiagnostic antigen than CA for ELISA. The
diagnostic sensitivity of ELISA with ESA was 92.5%
while that of ELISA with CA was 88.2%, when 509
human sera of clonorchiasis were screened in the
present study, which was statistically significant. The
diagnostic specificity of ELISA with ESA was
increased to 93.1% from 87.8% by using CA.
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Fig. 1. Distribution of absorbances of various tested sera
with crude antigen (�) and excretory-secretory antigen (▲)
of Clonorchis sinensis. Ct, Control; Cs, Clonorchis sinensis; Ov,
Opisthorchis viverrini; Pw, Paragonimus westermani; Sj,
Schistosoma japonicum; Fh, Fasciola hepatica.

Table 2. Comparison of sensitivity between crude antigen
and excretory-secretory antigen of Clonorchis sinensis

No. of No of Sensitivity
sera positive (%)

Crude antigen 509 449 88.2
Excretory-secretory antigen 509 471 92.5a)

Pearson’s chi-square test was applied using SPSS 10.0 for
Windows.
a)p = 0.019 (p < 0.05).

Table 3. Comparision of specificity between crude antigen and excretory-secretory (ES) antigen of Clonorchis sinensis

No. of Crude antigen ES antigen

samples No. negative Specificity (%) No. negative Specificity (%)

Control 163 163 100 163 100
O. viverrini 47 23 48.9 30 163.8a)

S. japonicum 14 13 92.9 14 100b)

P. westermani 20 15 75.0 20 100c)

F. hepatica 3 3 100 3 100

Total 247 217 87.8 230 193.1d)

Pearson’s chi-square test was applied using SPSS 10.0 for Windows.
a)p = 0.140 (p > 0.05), b)p = 0.309 (p > 0.05), c)p = 0.017 (p < 0.05), d)p = 0.037 (p < 0.05).



Especially cross-reactivity of ESA with serum
specimens of opisthorchiasis, schistosomiasis and
paragonimiasis was reduced compared to that of CA. 

C. sinensis ESA was found to include proteins of 7-
8, 12.5, and 30 kDa (Kim, 1998), and the 7 or 8 kDa
protein predominated (Chung et al., 2002). ESA has
been suggested to be a valuable candidate diagnostic
antigen of active clonorchiasis in rabbits and humans
(Kim, 1994 & 1998). The protein bands in C. sinensis
ESA were also found to form 7-8, 17 and 26-28 kDa
bands, while in CA bands at 35, 43, 55, and 70 kDa
were additionally observed (Hong et al., 1997, 1999).

The 7-8 kDa band was found to be a mixture of
two proteins of 7 and 8 kDa. These were found to be
concentrated mainly in the tegument and the seminal
receptacle by immunohistochemistry (Chung et al.,
2002). The protein band possibly resulted from the
partition of a larger complexed protein. Moreover the
purification of the 7 and 8 kDa band would further
improve diagnostic efficacy.

The other major components in C. sinensis ESA
were at 12.5 and 17 kDa. The 17 kDa band has been
previously identified as a cysteine proteinase (Chung
et al., 2000). This band is not strongly antigenic but
its polyclonal antibody was found to cross-react with
a similarly sized band in other trematode species.
Therefore, if this band were excluded from the ESA,
its specificity should be improved. The characteristics
of the band at 12.5 kDa are unknown (Kim, 1998).

The third component of C. sinensis ESA was bands
at 26 and 28 kDa. These represent a single protein
type, which was previously identified as the enzyme,
glutathione S-transferase. The 28 kDa protein was
found to be composed of 212 amino acids (Kang et
al., 2001). Moreover, these two bands were found to
be antigenic and showed low level of cross-reactivity
and are therefore, regarded as a potential diagnostic
antigen (Choi et al., 2003). The protein band recorded
at 30 kDa (Kim, 1998) may possibly be same with the
28 kDa band (Kang et al., 2001), mainly due to
different system of size estimation.

The C. sinensis ESA of the present study was
observed to increase the diagnostic sensitivity and
specificity by ELISA. This increased sensitivity may
be due to the higher levels the 7-8 and 26-28 kDa
bands in ESA. On the other hand, CA contains
several other protein bands and thus the major

antigenic proteins are both much diluted and
represent only a smaller part of the soluble protein
present. Of the several additional proteins in the
crude antigen of C. sinensis, those at 35 and 70 kDa
have been found to be cross-reactive with the sera of
other helminthiases (Hong et al., 1999). Conversely
ESA contains higher levels of the 7-8, 17, and 26-28
kDa proteins and little 35 or 70 kDa protein, which
explains the observed increase in diagnostic
specificity.

It is quite reasonable to speculate that most of the
present subjects of clonorchiasis were cases of rather
chronic than acute infection because they lived in a
infection status of natural equilibrium. In acute
infection, serological reaction is known to be first
induced to the glycoprotein which is rich in the ESA.
This phenomenon may influence the difference in the
sensitivity between ESA and CA if the subjected
cases were in acute stage of infection. In the present
study, however, the influence by the infection stage is
negligible because most of the subjects were in the
stage of chronic infection.

ESA has also been reported to be a good antigen
for the serodiagnosis of paragonimiasis. The ESA of
Paragonimus westermani eggs was also found to be a
better test substrate than CA (Cho et al., 2000). The
proteins in the ESA of P. ohirai were also found to be
allergenic and thus useful for serodiagnosis (Ikeda,
2002).

ELISA is now routinely used in Korea for the
diagnosis of several helminthiases, which include
clonorchiasis. The ELISA diagnosis may be improved
if ESA were applied instead of CA. However, the
difficulty of obtaining sufficient ESA presents a
practical limitation. Further study on the
proteinaceous antigenic components in ESA may
enable the future production of recombinant antigen
proteins.
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