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Abstract Antigenic proteins from Clonorchis sinensis have
been previously purified and evaluated for their antigenicity
to enable the serodiagnosis of clonorchiasis. Though they
were of high specificity, molecularly defined proteins were
reported to be less sensitive as single antigens than crude
antigen. To resolve this issue, 11 clones were selected by
immunoscreening an adult C. sinensis cDNA library using
infected human sera. Mixed antigens were prepared using
recombinant proteins of positive clones and investigated for
antigenicity by immunoblotting against C. sinensis- and
helminth-infected patient sera. A mixed antigen of recom-
binant 28 and 26 kDa glutathion S-transferases (Cs28GST
and Cs26GST) produced 76% sensitivity and 95% speci-
ficity. Furthermore, a triple mix of recombinant Cs26GST
and Cs28GSTwith vitelline precursor protein pushed up the
sensitivity to 87% and maintained specificity at 95%. It is
proposed that multiple antigen mixes should be further

studied to develop rapid serodiagnostic test kits for the
serodiagnosis of human clonorchiasis.

Introduction

Clonorchiasis is a fish-borne trematode infection which is
endemic in China, Korea, and Viet Nam. About 35 million
people are estimated to be infected with Clonorchis sinensis
in this region (Lun et al. 2005). In South Korea,
clonorchiasis is currently the most prevalent parasitic
infection, and an estimated 1.17 million people are believed
to be infected with C. sinensis (Kim et al. 2009). People in
endemic areas become infected by eating raw or under-
cooked freshwater fish containing C. sinensis metacercar-
iae. The adult fluke inhabits the biliary passages and
provokes epithelial hyperplasia, periductal fibrosis, obstruc-
tive jaundice, dyspepsia, and liver cirrhosis in man (Rim
2005). Furthermore, chronic C. sinensis infections can
cause cholangiocarcinoma in man and animals (Bouvard
et al. 2009; Lee et al. 1993; Lim et al. 2006).

Early diagnosis and chemotherapy are crucial to prevent
the disease progressing to a serious level and to facilitate
recovery from chronic pathologic changes in liver. Parasi-
tological microscopic stool examination remains the stan-
dard method for diagnosing clonorchiasis. However, a more
suitable diagnostic method is required for individual
diagnosis and epidemiological surveys because it is difficult
to collect stools due to low patient and subject compliance.
Additionally, stool examinations are less sensitive at
detecting early stage infections, because C. sinensis eggs
appear in human feces 4 weeks after initial infection (Rim
1986).

Several studies reported that the 7-, 8-, 17-, 26-, 28-, 34-,
37-, 43-, 70-, and 100-kDa protein bands of C. sinensis are
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candidate antigenic proteins for the serodiagnosis of
clonorchiasis (Hong et al. 1997; Li et al. 2004). Antigenic
preparations of C. sinensis adult worm extracts have been
reported to be sensitive and specific, but cross-reactions
hinder the use of crude antigens clinically and in the field
(Hong 1988). Accordingly, more sensitive and specific
antigenic proteins are required for the serodiagnosis of
clonorchiasis. The excretory–secretary antigen has been
reported to prove a sensitive and specific ELISA substrate
for the serodiagnosis of human clonorchiasis (Choi et al.
2003), but this antigen has several practical holdbacks,
which are: it is not easy to obtain sufficient amounts,
standardization is required for every preparation, testing is
costly, and animals are required for testing. Recombinant
proteins offer a practical alternative and have been
examined in terms of serodiagnostic antigenicity toward
C. sinensis-infected sera.

In characterization of biological functions of the proteins
molecular biologically defined from parasites, antigenicity
of the proteins was assayed against sera of human infected
with the respective or other parasites. Recombinant anti-
genic proteins such as cysteine proteases and 7-kDa protein
of C. sinensis have been proposed as potential serodiag-
nostic reagents (Song et al. 1990; Na et al. 2002; Nagano et
al. 2004; Zhang et al. 2008). In ELISA and immunoblotting
studies, the recombinant 7 kDa protein showed relatively
high sensitivities (81.2% and 71.9%) but also high cross-
reactivities (35.3% and 47.1%) to paragonimiasis sera
(Zhao et al. 2004). In other studies, recombinant 28 and
26 kDa glutathione S-transferases (Cs28GST and
Cs26GST) showed 30–33% sensitivity and 100% specific-
ity for trematode infected human sera (Kang et al. 2001;
Hong et al. 2002). As an excretory–secretory protein of C.
sinensis, lysophosphatidic acid phosphatase was proposed
to be valuable diagnostic antigen for human clonorchiasis
(Hu et al. 2007). Antigenic proteins, 7-kDa protein, 28-kDa
cysteine protease, 26 and 28 kDa GSTs of C. sinensis, were
produced using wheat germ cell-free protein synthesis
system. In ELISA, these antigenic recombinant proteins,
as a single antigen, revealed moderate to low sensitivities
and high specificities for serodiagnosis of clonorchiasis. To
improve low sensitivity of the molecularly defined single
antigens, cocktail or chimeric antigens were suggested
(Shen et al. 2009).

When used as single antigen for the serodiagnosis of
human clonorchiasis, the defined antigenic proteins were
found to have high specificity but low sensitivity.
However, this low sensitivity of single recombinant
antigens could be improved by employing multivalent
cocktail antigens, which could be prepared by mixing
recombinant antigenic proteins. However, to achieve this,
antigenic proteins of high sensitivity and specificity are a
prerequisite.

This study was undertaken to produce recombinant
proteins of high antigenic specificity and to prepare
multivalent antigenic cocktails by combining these single
recombinant proteins.

Materials and methods

cDNA cloning

A previously described cDNA expression library of adult
C. sinensis was used (Hong et al. 2000). The cDNA library
(6×106 pfu) was mixed with Escherichia coli XL1-Blue
and cultured on LB agar plates. The plates were then
overlaid with nitrocellulose membranes (previously soaked
in 10 mM isopropyl-D-thiogalactoside (IPTG)) and incu-
bated at 37°C for 4 h. Membranes were then incubated for
3 h within a C. sinensis-infected human serum at a dilution
of 1:100 at room temperature. After incubating membranes
with secondary antibody, they were treated with alkaline
phosphatase-conjugated anti-human IgG at a dilution of
1:2,000. Color signals were developed in buffer containing
5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetra-
zolium (BCIP/NBT, Sigma Chemical Co., St. Louis, MO,
USA). Positive clones were purified by secondary and tertiary
screening using the same serum and then in vivo excised to
single-stranded phagemids by employing a helper phage.
They were then converted to double-stranded plasmids
according to the manufacturer’s instructions (λ ZAP cDNA
library, Stratagene, La Jolla, CA, USA).

cDNA sequencing and data base searching

cDNA sequences of the clones were determined using
BigDye™ Terminator Cycle sequencing kit (Applied
Biosystems, Foster City, CA). Putative peptide sequences
of cDNA were analyzed using the DNASIS program
(Hitachi Software Engineering Co., Yokohama, Japan).
DNA and conceptual polypeptide sequences were searched
for homologs in GenBank database using BLAST algo-
rithms (Altschul et al. 1997). Multiple alignments of
peptide sequences were generated using CLUSTAL W
(Thompson et al. 1994) and in part were optimized
manually.

Production of recombinant proteins

Coding regions of the cloned cDNA clones were cut out
by restriction enzyme digestion or PCR amplified using
specific primers and Taq polymerase. Target cDNA
fragments were subcloned in-frame into pRSET or
pGEX-4T, pET-23 expression plasmid vectors, and trans-
formed into E. coli BL21[DE3]pLysS (Novagen, Madison,
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WI). The recombinant proteins were induced by adding
1 mM of IPTG to the culture medium and were later
purified by affinity column chromatography according to
the manufacturer’s instructions. Recombinant protein
production was confirmed by SDS–PAGE and immuno-
blotting with specific antibody reacting with the respective
tag peptide.

Parasites and sera

Metacercariae of C. sinensis were collected from a
naturally infected freshwater fish (Pseudorasbora parva)
caught at Shenyang (Liaoning Province, China). Metacer-
cariae were fed orally to New Zealand White rabbits, and
adult flukes were recovered alive from bile duct 3 months
after infection and washed in cold phosphate-buffered
saline (PBS).

The human sera used in this study were obtained from
patients with clonorchiasis, opisthorchiasis, paragonimiasis,
schistosomiasis, or fascioliasis. Parasite infections were
confirmed by microscopic stool examination. Cysticercosis
sera were obtained from patients diagnosed by CT/MRI
imaging. The sera of uninfected healthy individuals were
included as controls.

Assays of the antigenicities of recombinant proteins

Multivalent cocktail antigens were prepared by combin-
ing equal amounts of single recombinant antigens. To
prepare nitrocellulose membrane stick striped with the C.
sinensis recombinant proteins, the Miniblotter™ (Immu-
netics, Cambridge, MA, USA) was used. First, the
nitrocellulose membrane (NC, Hybond TM-C, Amersham
Pharmacia Biotech, Uppsala, Sweden) was put on a base
plate, and the MiniSlot Unit was assembled. Recombinant
antigens and cocktail antigen mixes were pipetted into the
slots of the unit, and air suction was applied to immobilize
proteins onto the NC membrane. After disassembling
MiniSlot unit, the NC membrane was cut vertically through
the slots using a razor blade and then immunoblotted with
C. sinensis-infected sera.

After blocking for 2 h in PBS containing 0.05% Tween-
20 and 5% skim milk, the NC strips were incubated in
helminth-infected or uninfected human sera at a dilution of
1:100, washed, and incubated in alkaline phosphatase-
conjugated anti-human IgG antibody at 1:2,000. Color was
developed within BCIP/NBT substrate.

Crude extract of adult C. sinensis was included as a
positive control antigen. These extracts were prepared by
homogenizing adult C. sinensis on ice in PBS containing
protease inhibitor and spun at 5,000×g for 10 min. Super-
natants were saved and their protein concentrations
determined.

Results

Antigenic clones

By immunoscreening an adult C. sinensis cDNA library
with C. sinensis-infected sera, 45 positive clones were
purified. Of these positive clones, 10 were selected, which
encoded the full open reading frame of a polypeptide.

Clone CsHA-5 (CsEF-1) cDNA was 1.6 kb and the
deduced polypeptide showed 80–90% homology with
elongation factor-1 of invertebrate animals and was
identical to that of C. sinensis (Kim et al. 2007). Clone
CsHA-8 (CsMRLC) contained a 1.6-kb insert cDNA, and
its deduced polypeptide was found to be homologous (59–
62%) with the myosin regulatory light chain of invertebrate
animals and almost identical to that of C. sinensis (Kwon et
al. 2005).

Clone CsHA-9 (CsVpB1) contained an 838 bp long
cDNA and encoded a polypeptide of 245 amino acids that
was homologous with vitelline precursor protein of inver-
tebrates and C. sinensis.

Clone CsHA-15 (CsMXL) contained an insert cDNA
of 1.8 kb encoding a putative polypeptide homologous
with methylcrotonyl CoA carboxylase of invertebrates.
Clone CsHA-16 (Cs28GST) cDNA was 799 bp long and
encoded a polypeptide of 212 amino acids showing
sequence identity (25–43%) with the 28 kDa glutathione
S-transferase of vertebrates and invertebrates, and which
was identical to that of C. sinensis (Kang et al. 2001).
Clone CsHA-19 (CsRP) cDNA was 844 bp long and
encoded a full open reading frame that shared homology
with the repetitive proteins of invertebrates, including C.
sinensis (Kim et al. 2001). Clone CsHA-24 (CsMCP)
harbored a 1,525-bp long cDNA encoding a polypeptide
that showed a low degree of homology (~27%) with
migratory cell-specific protein. Clone CsHA-25 (Cs26GST)
contained an insert cDNA of length 788 bp encoding a
putative peptide homologous (45–65%) with 26 kDa
glutathione S-transferase of vertebrates and invertebrates,
and which was identical to that of C. sinensis (Hong et al.
2001).

Clone CsHA-26 (CsFtn) contained a 571-bp cDNA
encoding a putative polypeptide homologous (46–59%)
with ferritin of helminth parasites and identical to that
of C. sinensis (Tang et al. 2006). Clone CsHA-32
(CsTLD) cDNAs was 1.2 kb long and encoded a
polypeptide showing high homology with tolloid-like
proteins.

Clone CsHA-33 (CsPGK) cDNAwas 1.5 kb long and its
deduced polypeptide sequence showed high homology (60–
75%) with the phosphoglycerate kinase of vertebrates and
invertebrates and which was also similar to that of C.
sinensis (Hong et al. (2000).
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Recombinant proteins

CsEF-1 cDNA encoded an open reading frame of 461
amino acids with a starting methionine and had a calculated
molecular mass of 50.5 kDa. The BamH1/Kpn1 double-
digested fragment of CsEF-1 cDNA was subcloned into
pRSET expression vector. Recombinant CsEF-1 protein
was produced as a fusion protein with a His-tag peptide
derived from the expression vector and had a molecular
mass approximately 55 kDa. The fusion protein was
purified by Ni-NTA column chromatography and appeared
to be homogeneous in Coomassie-stained SDS–PAGE gel.

CsMRLC cDNA encoded a polypeptide of 204 amino
acid residues of molecular mass 23.6 kDa. CsMRLC
protein was produced using pRSET expression vector as a
recombinant protein of approximately 29 kDa, which
included a His-tag peptide, and was purified to homogeneity
by Ni-NTA affinity chromatography.

The CsTLD cDNA was double-cut with BamH1/Xho1
enzymes and the cDNA fragment obtained was subcloned
into pRSET expression vector. Its encoding protein was
produced as recombinant protein and purified by Ni-NTA
affinity column chromatography. It had a molecular mass of
34 kDa.

The CsVpB1 cDNA encoded a polypeptide of 245
amino acids with an estimated molecular mass of 27.6 kDa.
The coding region of CsVpB1 cDNA was double-cut with
BamHI and KpnI enzymes and subcloned into pREST
expression vector. CsVpB1 recombinant protein was
induced by adding 1 mM IPTG and purified to homogeneity
by Ni-NTA affinity column chromatography.

CsPGK cDNA encoded a polypeptide of 415 amino acids
with a molecular mass of 45.5 kDa. It was double-cut with
EcoRI and XhoI and cloned into pGEX-4T-3 expression
vector. The recombinant CsPGK protein was overexpressed
in E. coli JM 803 by 1 mM IPTG induction and purified to
homogeneity by a single round of reduced-glutathione
agarose affinity chromatography.

28CsGST cDNA encoded a putative polypeptide of 212
amino acids with a predicted molecular mass of 24.7 kDa. The
cDNA was double-cut with EcoRI and XhoI enzymes and
subcloned into pET-23c expression vector. The 26CsGST
cDNA coding a putative peptide of 218 amino acids
(estimated molecular mass 25.1 kDa) was PCR-amplified
using specific forward and reverse primers. The amplified
cDNA fragment was double-digested with NdeI and XhoI
and subcloned into pET-23b expression vector. Recombinant
Cs28GST and Cs26GST proteins were produced in E. coli
BL21[DE3]pLysS and purified to homogeneity by reduced-
glutathione agarose affinity chromatography.

CsFtn cDNA encoded a polypeptide of 168 amino acids
with a molecular mass of 19.4 kDa. The cDNAwas excised
by double digestion with BamHI and KpnI and subcloned

into pREST expression vector. CsFtn recombinant protein
was induced in E. coli BL21[DE3]pLysS strain and purified
to homogeneity by Ni-NTA affinity chromatography.

CsMCP cDNA (1,525 bp) encoded a putative polypep-
tide of 470 amino acids of predicted molecular mass
50.9 kDa, which showed moderate homology with migra-
tory cell protein of vertebrate animals. CsRP cDNA
encoded a putative polypeptide containing a repetitive
oligopeptide (15 repeats of GPDAPVPKSG) The coding
regions of CsMCP and CsRP cDNAs were PCR-amplified
sing forward and reverse promoters specific for each cDNA
clone, double-digested with restriction enzymes, and
subcloned directionally into plasmid expression vector
pRSET. The two recombinant proteins expressed in E. coli
BL21[DE3]pLysS strain were insoluble and, thus, were
purified under denaturing condition. E. coli transformed
and induced for the respective recombinant proteins were
homogenized in 6 M urea and spun at 4°C. Supernatants
were loaded on Ni-NTA affinity columns, and recombinant
proteins were eluted with elution buffer at pH 5.8 and 4.5.
Both CsMCP and CsRP recombinant proteins were of high
purity as revealed by Coomassie blue-stained SDS–PAGE
gels.

Antigenic reactivity of single antigens

In immunoblots, Cs26GST and Cs28GST reacted with 33%
and 30% clonorchiasis sera but did not cross-react with the
sera of paragonimiasis, schistosomasis, or cysticercosis,
suggesting that recombinant Cs26GST and Cs28GST
proteins are specific serodiagnostic antigens for human
clonorchiasis. CsMCP reacted with 15% of clonorchiasis
sera, but not with any other test sera. Recombinant CsRP-1
protein displayed an antigenic reaction with 80% of
clonorchiasis sera but cross-reacted with 21% of para-
gonimiasis and 18% of cysticercosis sera.

Recombinant CsMRLC protein reacted with 35% of
clonorchiasis sera and cross-reacted with 40% of the sera of
other helminth infections. Recombinant CsTLD protein
reacted with 65% of clonorchiasis sera and cross-reacted at
similar levels with the sera of other helminth infections. To
reduce previously reported cross-reactivity (Tang et al.
2005), a smaller amount of CsVpB1 protein was applied to
NC membranes. CsVpB1 protein detected specific antibody
in 15% clonorchiasis sera and did not cross-react with
paragonimiasis, schistosomiasis, or cysticercosis sera.

Recombinant CsPGK protein produced positive reac-
tions with clonorchiasis sera, all helminths-infected sera,
and even with the sera of healthy controls. Recombinant
CsEF and CsMXL proteins did not produce any positive
reaction with any test serum sample and crude C. sinensis
antigen reacted non-specifically with all serum samples
(Table 1).

1298 Parasitol Res (2011) 108:1295–1302



As single antigens, the tested recombinant proteins could
be categorized based on their antigenic reactivities as
follows: (1) antigenic proteins with specificity but low
sensitivity (Cs26GST, Cs28GST, CsMCP), (2) high sensi-
tivity and cross-reactivity (CsRP, CsFtn), (3) moderate
sensitivity and low specificity (CsTLD, CsMRLC), (4) pan
reactive antigen (CsPGK), and (5) of little antigenicity
(CsVpB1, CsEF, CsMXL) (Table 1).

Antigenic reactivities of multiple cocktail antigens

Multiple cocktail antigens were prepared by mixing equal
amounts of the recombinant Cs28GST and Cs26GST
proteins with high antigenic specificity with lower amounts
of the CsVpB1 or CsFtn proteins with less specific
antigenicity. A cocktail of Cs26GST and Cs28GST proteins
in equal amounts had a sensitivity of 75% and a specificity
of 95% toward sera of helminth-infected patients. A triple
cocktail of Cs26GST, Cs28GST, and CsFtn recombinant
proteins showed a sensitivity of 80% but cross-reacted with
the sera of other helminth-infected patients. Another triple
cocktail of Cs26GST, Cs28GST, and CsVpB1 recombinant
proteins had a sensitivity of 80% and a specificity of 95%
(Table 2 and Fig. 1).

To extend the applicability of the C. sinensis cocktail
antigens, human sera of opisthorchiasis and fascioliasis
patients were included in the evaluation and cases of
number of sera used were increased. Sensitivity of the two
cocktail antigens, Cs26GST+Cs28GST cocktail, and
Cs26GST+Cs28GST+CsVpB1cocktail enhanced more

but cross-reacted with two and one sera of opisthorciasis
and pargonimiasis patients (Table 3).

Discussion

Although many antigenic proteins have been reported for
the detection of clonorchiasis, it is still difficult to diagnose
helminth-infected patients using serological tests because of
antigen cross-reactions. However, recently, antigenic pro-
teins with high purity have been produced in recombinant
forms from the cloned cDNAs of C. sinensis. In this study,
Cs28GST and Cs26GST recombinant proteins were found
to have high antigenic specificity for clonorchiasis in
patient serum samples. Furthermore, the former showed
had twice the sensitivity, which is consistent with previous
reports (Hong et al. 2001, 2002; Kang et al. 2001; Shen et
al. 2009). These two GSTs are cytosolic enzymes, which
are distributing in the tegument and subtegument, and
released by turn over of the tegument (Hong et al. 2000).

Ratio of Cs28GST to Cs26GST in the worm is 14:1,
indicating Cs28GST is a major GST isoenzyme in adult C.
sinensis (Kang et al. 2001). Given its abundance, antigen-
presenting cells have a better chance of taking up and
presenting Cs28GST antigen; thus, C. sinensis-infected
individuals may more efficiently produce specific anti-
bodies. It has been reported that the 28 kDa GST of
Schistosoma mansoni is antigenic but cross-reactive to that
of the closely related Schistosoma spp. (Trottein et al.
1992). The Cs28GST and Cs26GST proteins possess key
conserved amino acid residues in their catalytic domains
and conserved secondary structures, rendering their enzy-
matic function and substrate specificity. Furthermore, the
linear sequences of Cs28GST and Cs26GST share low to
moderate homology with those of the helminthes and
vertebrates (Hong et al. 2001; Kang et al. 2001). This low
sequence homology of the CsGSTs with other animals

Table 1 Sero-reactivity of Clonorchis sinensis recombinant proteins
evaluated toward helminth-infected human sera using Minislot™

Antigen Positive rate (%) toward sera of

Cs Pw Sj Cc Control

Lysate 100 100 100 100 100

CsPGK 100 100 100 100 100

Cs26GST 30 0 0 0 0

Cs28GST 65 0 0 0 0

CsMCP 15 0 0 0 0

CsRP 95 50 100 60 70

CsMRLC 65 60 80 60 0

CsTLD 65 80 60 80 20

CsFtn 100 70 100 100 60

CsVpB1 15 0 0 0 0

CsEF 0 0 0 0 0

CsMXL 0 0 0 0 0

Cs, clonorchiasis sinensis (n=20); Pw, paragonimiasis westermani (n=
10); Sj, schistosomiasis japonicum (n=5); Cc, cysticercosis celluloase
(n=5); Cnt, Control human sera (n=5).

Table 2 Sero-reactivity of cocktail antigens of Clonorchis sinensis
toward helminth-infected human sera

Antigen cocktail Positive rate (%) to sera of

Cs Pw Sj Cc Cnt

CsPGK 100 100 100 100 100

Cs26GST+28GST 75 0 0 0 0

Cs26GST+28GST+CsRP 100 80 100 80 0

Cs26GST+28GST+CsFtn 80 80 80 80 80

Cs26GST+28GST+CsVpB1 80 0 0 0 0

Cs Clonorchiasis sinensis (n=20); Pw Paragonimiasis westermani
(n=10); Sj Schistosomiasis japonicum (n=5); Cc Cysticercosis
celluloase (n=5); Cnt control human sera (n=5)
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accounts for their antigenic specificities. In the present
study, the antigenic specificities of Cs28GST and Cs26GST
suggested that they are good candidates for multiple antigen
cocktails.

PGK is an important enzyme that catalyzes the produc-
tion of ATP in the glycolytic pathway and has been
identified to be highly conserved among animals (Lee et
al. 1995a). S. mansoni PGK was proposed as an antigenic
protein (Lee et al. 1995b). CsPGK shows high similarity to
the PGK of S. mansoni and of other animals and revealed
antigenicity toward the sera of rabbits experimentally
infected with C. sinensis (Hong et al. 2000). In the present
study, recombinant CsPGK protein reacted nonspecifically
with almost all sera of other helminth-infected patients and
even with the sera of normal controls. PGK is highly
conserved, and its secondary and tertiary structures show
high homology among invertebrates and vertebrates. Fur-
thermore, the high homology of CsPGK may render to the
production of antigenic epitopes conserved between para-
sites and hosts. Therefore, the nonspecific cross-reactivity
of CsPGK is considered to be derived from those of
conserved antigenic epitopes. This result suggested that
CsPGK could be used as a positive control to develop a
serodiagnostic system for clonorchiasis.

Parasite proteins containing repetitive peptides of vari-
ous lengths and repeat numbers have been reported to be
antigens that are specific and sensitive for the serodiagnosis
of the respective parasitic infections (Marín et al. 1992;

Charest and Matlashewski 1994; Imboden et al. 1995). A
glycin-rich C. sinensis protein (GRCSP) containing a
peptide with a 10 amino acid repeat showed a sensitivity
of 55% and high specificity by ELISA for the sera of
clonorchiasis patients (Yong et al. 1998). Another repetitive
protein of C. sinensis containing 15 repeats of a 10 amino
acid sequence (CsPR) revealed low overall sequence
homology with GRCSP but high sequence homology in
its N- and C-terminal regions. Furthermore, recombinant
CsPR protein showed high sensitivity and moderate
specificity toward the sera of clonorchiasis and other
helminth-infected patients (Kim et al. 2001). In the present
study, in which we employed the MiniSlot™ format, the
CsRP, CsMRLC, CsFtn, and CsTLD recombinant proteins
also showed high sensitivity but unexpectedly exhibited
low specificity. Accordingly, these proteins were considered
less useful for preparing C. sinensis antigen cocktails.

From the serodiagnostic perspective, recombinant anti-
gens of C. sinensis appeared to offer high specificity but
only moderate sensitivity for human clonorchiasis. We
propose that a cocktail prepared with recombinant antigenic
proteins may offer a solution to the problems encountered
by those developing serodiagnostic reagents for clonorch-
iasis. The use of a cocktail of antigens of molecularly
defined proteins has been previously proposed to improve
sensitivity and to retain specificity (Kim et al. 2001). In the
present study, the Cs26GST+Cs28GST cocktail antigen
enhanced the positive rate by 10% as compared to
Cs28GST antigen, indicating that the Cs26 GST antigen
reacted with several sera not detected by Cs28GST and,
thus, supplemented the antigenicity of the cocktail.

Cs28GST protein shows high sequential homology with
an equivalent protein of O. viverrini (Ov28GST), which is
not surprising as O. viverrini is its closest relative in
trematode phylogenetic system. Nevertheless, recombinant
Ov28GST was recently reported not detecting antibodies
from sera of opisthorchiasis viverrini patients (Eursitthichai
et al. 2010), suggesting that recombinant Cs28GST non-
specifically cross-react with other antibodies in the patients’
sera.

Vitelline precursor protein B1 of C. sinensis (CsVpB1)
has been reported to be moderately sensitive and highly

Fig. 1 Immunoblot of multiple cocktail antigens. The cocktail was
prepared by combining the recombinant Cs26GST, Cs28GST,
CsVpB1, and CsFtn proteins and loaded onto an NC membrane using
the Minislot™. Helminth-infected human sera were used at a dilution

of 1:100. Cs sera of Clonorchiasis sinensis patients; Pw Para-
gonimiasis westermani; Sj Schistosomiasis japonicum; Cc Cystycer-
cosis cellulosae; Cnt sera of healthy humans

Table 3 Sero-reactivity of cocktail antigens of Clonorchis sinensis
toward trematode-infected human sera

Antigen cocktail Positive rate (%) to sera of

Cs Ov Pw Sj Fh Control

CsPGK 100 100 100 100 100 100

Cs26GST+28GST 77 22 6 0 0 0

Cs26GST+28GST+CsVpB1 87 22 6 0 0 0

Cs Clonorchiasis sinensis (n=30); Ov Opisthorchiasis vinerrini (n=9);
Pw Paragonimiasis westermani (n=18); Sj Schistosomiasis japonicum
(n=10); Fh Fascioliasis hepatica (n=10); Cnt Control human sera
(n=17)
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cross-reactive (Tang et al. 2006). When we applied less
CsVpB1 protein to the MiniSlot™ in present study, even
though sensitivity plummeted, the cross-reactivity issue was
resolved. The Cs26GST+Cs28GST cocktail antigen sup-
plemented with CsVpB1 antigen showed enhanced sensi-
tivity over the Cs26GST+Cs28GST cocktail without
damaging specificity, whereas supplementation with CsFtn
antigen cause a serious reduction in specificity. Accordingly,
we propose that the multiple antigen cocktail Cs26GST+
Cs28GST+CsVpB1 be considered an useful serodiagnostic
reagent for human clonorchiasis.
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