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Background: Identification of combined T-cell and B-cell reactive Eg95 antigens for the potential 
development of a multi-epitope vaccine against Echinococcus granulosus (EG), the causative agent of cystic 
echinococcosis (CE). 
Methods: This study involved the recombinant expression of Eg95 along with associated immune rabbit 
antiserum preparation. Bioinformatics technology was used to facilitate the analysis of Eg95 molecules. 
PCR was subsequently used to amplify genetic sequences of the epitopes encoding the T-cell and B-cell 
reactive peptide fragments. SDS-PAGE was used to assess the expression levels of three proteins. Eg95 
serum and patient antiserum, which were assessed using Western blot in order to identify suitable antigenic 
epitope peptides. ELISA detection assay facilitated comparison of the immune reactivity of the short peptide 
epitopes. The assay results could be used to determine an EG epitope-based vaccine candidate list from 
suitably reactive Eg95 epitopes.
Results: Eg95 molecules have 3 T-B table. The phage display systems were successfully built using the 
M13KE carrier. Expression of the three fusion protein peptides were detected. Western blot showed Eg95 
antiserum against EG facilitated identification of the three T-cell and B-cell reactive epitopes. After the 
reaction intensities analyzed by the ELISA, both of the short peptide epitopes Eg95-2 and Eg95-3 showed 
strong signal strength and associated antigenicity when combined with patient serum and rabbit anti-rEg95 
serum. 
Conclusions: This study used bioinformatics methods to construct successfully a T-cell and B-cell epitope 
phage display system for the Eg95 antigen from EG. The two epitopes of Eg95-2 and Eg95-3 demonstrated 
strong antigenicity with potential applications for peptide vaccine development.
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Introduction

Cystic echinococcosis (CE), also known as hydatid disease, 
is a zoonotic parasitic disease caused by larvae of Echinococcus 
granulosus (EG), which infects both human and animals 
globally (1,2). EG is a serious threat to the production of 
livestock and has a severe effect on health of human. At 
present, there is no effective treatments for echinococcosis. 
Inducing massive efforts to carry out research in the 
area of immunology associated with EG infection with 
the hope of the development of future vaccine in recent 
years (3,4). Currently, all the proteins that have shown 
potential with respect to vaccine development, the Eg95 
antigen is the most effective (5). Lightowlers first published 
research pertaining to the use of the Eg95 antigen in a host 
recombinant antigen vaccine in 1993 (6,7). The potential 
vaccine, against the larval membrane protein, conferred 
95% protection to immunized sheep against the parasite. 
The reduction rate of Echinococcus was 96%, the cyst mean 
was 5.8. These results demonstrated that the Eg95 antigen 
has potential as a vaccine candidate molecule in preventing 
the infection of Echinococcosis (8).

There are some specialized chemical moieties which 
have multifarious functions existing at the surface of 
antigenic molecules. The groups, known as epitopes, can 
dictate antigen specificity and induce humoral and cellular 
immune responses (9). Depending on the identification of 
the antigenic epitope, cells can be divided into T-cell or 
B-cell reactive epitopes. In order to research the potential 
of Eg95 as a potential vaccine further, we studied the ability 
of this epitope both in humoral and cellular immunity by 
studying the combined T-cell and B-cell reactive epitopes 
of Eg95. Using bioinformatics technology, not only did 
we research the potential for improving vaccine candidate 
efficiency, but also we greatly reduced the consumption of 
excess resources that required for the elucidation of new 
potential vaccine targets (10). It is hoped that this study 
has facilitated elucidation of an optional peptide vaccine 
that will help to enhance the cross protection of vaccine. 
One of the key determinants in generating an effective 
peptide vaccine involves the screening and identification 
methods. This study developed a phage display system that 
integrated the DNA sequence of external epitope proteins 
or peptides to the gene structure of phage coat protein. It 
meant that the eligible epitope would accompany phage 
proteins during reassembly, exposing the external proteins 
or peptides to the phage surface. As one of the most widely 
used of these systems, the phage display system which 

this study used is the filamentous phage display system  
(11-13). When the coding sequences of the antigen epitope 
are inserted into the gene of phage, the peptides maintain 
rendered their natural conformation. This means that gene 
can be expressed, with the corresponding antigen receptor 
specificity tested for future potential antigen epitope.

Based on the bioinformatics technology analysis, this 
study obtained Eg95 protein epitope sequences and further 
analyze T-cell and B-cell epitope for an antigenic element 
associated with the EG infection process. An advanced 
filamentous phage display system was used to predict 
effective T-cell and B-cell reactive epitopes that could be 
used for identification and screening of potential vaccine 
peptides. Although further studies are required for further 
development of a suitable Echinococcosis epitope peptide 
vaccine, this study aimed to provide some valuable tools 
and information for the potential development of the 
echinococcosis vaccine.

Methods

Plasmid, strains, serum and reagents

E. coli DH5α strains were stored in our laboratory; ER2738 
E. coli strains, M13KE phage carrier, PCR kit, RT-PCR 
kit, restriction enzyme KpnI, restriction enzyme EcoR52I 
bought from Invitrogen companies in the United States; 
PMD18-T carrier bought from Dalian Takara Company; 
Plastic recycling kits, plasmid extraction kit bought from 
Beijing Tiangen Biological Technology Company; the Ex-
Taq DNA polymerase, T4 DNA ligase bought from Dalian 
Baoxin Biological Company, Ampicillin, X-ray Gal, IPTG, 
PEG8000 bought from Shanghai Sangon Company; the 
serum samples of patients who had been diagnosed with CE 
were provided by the First Affiliated Hospital of Xinjiang 
Medical University; rEg95 serum primary antibody was 
prepared by the research group in the previous study 
which obtained from the polyclonal serum by immunizing 
New Zealand rabbits.  The study was approved by 
the ethics committee of Xinjiang Medical University 
(ZACUS-201302255011). 

The cloning of Eg95 gene and the construction of 
prokaryotic expression system of Eg95

The template that recombinant prokaryotic expression 
vector of pET32a/Eg95 was stored in our laboratory, primer 
was compounded at Invitrogen Company in Shanghai. 
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Sequences showed in the Table 1. Then amplify the genes by 
PCR, the system was 50 μL: DNA template 2 μL, 10× buffer 
solution 5 μL, primer F and R 1 μL,10 mM dNTP 5 μL,  
25 mM MgCl2 4 μL, Taq polymerase 0.4 μL, add up to  
50 μL of ddH2O. The parameters for PCR were set as 
follows: 94 ℃ for 5 min; 94 ℃ for 10 s, 52 ℃ for 10 s, 
72 ℃ for 10 s, ×30 cycles; 72 ℃ for 5 min. The product 
was detected by 2% agarose gel electrophoresis to detect 
amplification products. Validations were repeated more 
than three times.

Using DNA Fragment Purification Kit (BioDev-Tech) 
purified amplification fragment and inserted the fragment 
into plasmid vector pMDl8-T by using T-A cloning kit 
according to the manufacturer’s instructions and delegate 
the company sequencing and compared with those of 
sequence Eg95 genes in GenBank. Recombinant plasmid 
pMDl8-T-Eg95 and expression vector pet-32a (Novagen) 
double enzyme, agarose gel electrophoresis separation, cut 
the plastic recycling. T h e  purified gene fragments and 
linearization pET-32 had a connection and then amplified 
in E .  c o l i  DH5α, after amplification, extracting plasmid 
sequence again.

The expression, purification of rEg95 and the antiserum 
preparation

The recombinant plasmid which contained the purpose 
gene of E. coil DH5α. had been inoculated in LB containing 
tendency for 0.1 L IPTG, induced protein expression. The 
purpose protein expressions were detected by 10% SDS-
PAGE BioRad gel image analysis system. Use the Ni-
NTA affinity chromatography purification to purify the 
recombinant proteins. The purified rEg95 was used to 
immunize rabbits with conventional intradermal multipoint 
for 4 times, and the serum was isolated. The antiserum titer 

was determined by the double-diffusion immunoassay.

Predicting T-cell and B-cell epitope of Eg95 molecule 

Alternative sequence Eg95 genes by comparing BLAST 
database, further choose the Eg95 gene sequence (GenBank 
serial number: HM345607) as the study sequence. Log 
in UCL-CS bioinformatics website (http://bioinf.cs.ucl.
ac.uk/psipred/), select PSIPRED V3.3 to predict Eg95 
secondary structure, and logon TMHMM Sever 2.0 
TMHMM (http://www.cbs.dtu.dk/services/) to analyze 
the amino acid sequence of Eg95 protein across the 
membrane. Respectively using BCEpred (http://www.

imtech.res.in/raghava/bcepred/) and LEPS (http://leps.
cs.ntou.edu.tw/index.php), by selecting the antigenic 
index, beta corner, flexibility, hydrophilic, polar and surface 
accessibility parameters prediction project, comprehensive 
prediction Eg95 antigen B cell epitope. Using SYFPEITHI 
(h t tp: / /www. sy fpe i th i.de/b in/MHCServer.dl l /
EpitopePrediction.htm), choose the HLA in MHC 
types-A0201 and HLA-Db, respectively to the person of 
Eg95 antigen of T cell epitope and mouse T cell epitope 
prediction. According to 3Dligandsite server site, predicting 
tertiary structure of Eg95, and then use RasMol Version of 
Eg95 antigen software tertiary structure model for display 
and analysis. Synthesizing find contains both Eg95 antigen 
B cell epitope also contains Eg95 antigen high scores of 
T cell epitope and amino acid sequence of T cell epitope 
region in mice, and find the paragraphs T-joint B cell 
epitope corresponding gene sequences.

The design and synthesis of primers

According to the cDNA sequence of Eg95 (GenBank serial 
number: HM345607), by the results of epitope prediction. 

Table 1 Primers for amplifying segments of different T-B epitope sequences

Protein Position Primer Base sequence (5'-3')

Eg95 11–29 Eg95-1F CATGCCCGGGTACCTTTCTATTCTCACTCTgcgacttcagtttt

Eg95-1R CATGTTTCGGCCGAGCCGCCctgttgtccctgtc

51–79 Eg95-2F CATGCCCGGGTACCTTTCTATTCTCACTCTtgggaagtccaacac

Eg95-2R CATGTTTCGGCCGAGCCGCCtcttttgcagacta

100–110 Eg95-3F CATGCCCGGGTACCTTTCTATTCTCACTCTtacaaaatgactg

Eg95-3R CATGTTTCGGCCGAGCCGCCtttcgctttcactg

The underline indicates KpnI and EcoR52I enzyme locus, the italicized part as the leader peptide, inside the box is divided into flexible 
peptide.

http://www.imtech.res.in/raghava/bcepred/
http://www.imtech.res.in/raghava/bcepred/
http://leps.cs.ntou.edu.tw/index.php
http://leps.cs.ntou.edu.tw/index.php
http://www.syfpeithi.de/bin/MHCServer.dll/EpitopePrediction.htm
http://www.syfpeithi.de/bin/MHCServer.dll/EpitopePrediction.htm
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We choose one of three pieces, according to NEB M13KE 
carrier enzyme site provided by the company, using 
DNAman software design contains three proteins peptide 
precursor and flexible peptide coding sequence and enzyme 
digestion site specific primers (Invitrogen), synthesized by 
Invitrogen named Eg95-1, Eg95-2 and Eg95-3. Separately 
adding leader peptide and flexible peptide, KpnI and flexible 
EcoR52I enzyme loci. Primer sequences are showed in  
Table 1.

The cloning and identification of T cell and B cell epitope 
fragment 

Each epitope fragments were obtained by PCR method. 
First Extract the pMDl8-T-Eg95 by a small plasmid 
DNA extraction kit, then solubled in TE buffer after its 
concentration were determined by spectrophotometry 
method. According to characteristics of NEB phage display 
system provided by the company, designed containing 
M13 phage PⅢ protein precursor peptide and flexible 
peptide coding sequence and enzyme sites primers  
(Table 1), synthesized by the Shanghai Invitrogen company. 
PCR volume 50 μL, in addition to the different primers the 
remaining reagent and gene amplification were consistent. 
The parameters for PCR were set as follows: 94 ℃ for  
5 min; 52 ℃ for 30 s, 94 ℃ for 30 s, and 72 ℃ for 30 s, ×30 
cycles; 72℃ for 10 min. Using agarose gel electrophoresis 
tested the amplification products, amplification products 
expected size of 110–190 bp. Contains T-A cloning kit 
(TaKaRa) was used to construct the epitopes of restructuring 
pMDl8-T, then entrusted company sequencing. All 
validations were repeated more than three times.

The building and identification of M13KE displaying 
peptide system 

The phage display system kit provided by NEB company. 
Extracted the right sequence of epitope peptide sequence 
restructuring pMDl8-T, and the E. coil ER2738 (NEB) 
amplification of phage M13KE (NEB) DNA by Insert 
small alkali denaturation method, respectively with EcorI 
and 52 KpnI double enzyme, using agarose electrophoresis 
separation enzyme and cut the clip and rubber cutting 
recovery (13). After cutting enzyme epitope pieces and 
phage carrier with the appropriate mixed ratio, and T4 
ligase (TaKaRa) 16 ℃ after connection for the night, 
conversed into the state of bacteria E. coil ER2738. Making 
E. coil ER2738, IPITG/X-gal cool to about 50 ℃, then 

dumped to LB which contained tetracycline 37 ℃ cultivate 
6 h. After small plaque and develop as a template, using 
the kit provided by primers (Table 1) after the preliminary 
appraisal on the PCR sequencing again.

The cultivation and collecting of the recombinant phage 

According to the instructions of kit, a small-scale culture 
system was established using recombinant phage with 
correct insertion sequence and tetracycline LB liquid. 
Making 300 mL of the logarithmic growth E .  coi l 
ER2738 fresh culture inoculate in LB liquid medium 
of 30 mL tetracycline, 37 ℃for 2 h, adding 15 mL 
recombinant phage cultures, 28 ℃ for 4 h. Making the 
recombinant phage cultures centrifuge for 10 min, under  
4 ℃ 10,000 r/min, taking supernatant with centrifugal again, 
then adding 1/6 volume PEG8000/NaCl to the supernatant 
setting for the night at 4 ℃. The next day making  
12,000 r/min, the centrifugal 15 min, then adding 1/30 
cultures supernatant of TBS to the precipitation, then 
10,000 r/min 15 min to remove the insoluble impurities 
centrifugal, repeat twice, finally take precipitate to TBS 
saving at 20 ℃. According to the reference of the methods 
of determination of the purified recombinant phage 
concentration, the computation formula is as follows: 
volume of phage (virions)/mL = (A269 A310) ×6×1,016/ 
phage bases.

Western blot

Western blot analysis methods were used for detections 
of the recombinant antigen epitope. Use 12%SDS-PAGE 
separation gel, containing different restructuring PIIIprotein 
(rPIII) phage on sample quantity are 3×1014, then stained 
by Coomassie brilliant blue to observe the rPIII expression. 
After SDS-PAGE making 23V electricity transfer 45 min 
to PVDF membrane, use TTBS which contained 5% 
calf serum closed for the night at 4 ℃. The purification 
of Eg95, which were prepared from the recombinant 
protein immune rabbit polyclonal serum and CE diagnosed 
serum samples respectively, were diluted with 1:200 as the 
primary antibodies. The latter dilution with 1:1,000 were 
used as the second antibodies (the primary antibodies of 
rabbit polyclonal serum correspondingly add goat anti-
rabbit antibody; the primary antibodies of the CE diagnosed 
patients serum and healthy serum correspondingly add anti-
human that secondary antibodies),both incubate 37 ℃ for 
2 h, fully wash then use DAB method to colour. The wild-

http://dict.youdao.com/w/centrifuge/
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type phage display system without inserted fragments was 
set as the control.

ELISA

The polystyrene board with three epitopes were packaged 
overnight, after been closed and washed, respectively 
added the rEg95 rabbit antiserum, CE patients’ serum and 
normal serum. Then the polystyrene board were washed 
three times and added the fresh diluted enzyme label 
antibody 0.1 mL each hole, incubate 37 ℃ for 1 h, added 
the coloring solution and the terminated liquid in turn. 
The absorbance values of 450 nm were detected by the 
micro plate spectrophotometer (blank: the same volume 
of BSA package; negative control: package without primary 
antibodies, the diluent instead of the antiserum; positive 
control: the rEg95 envelope antigen with the same volume).

Results

T-B combined epitope of Eg95 antigen 

Comprehensive analysis and contrast of Eg95 antigen 
protein the secondary structure, the membrane structure 
and the B cell epitope, ultimately determine three B 
combined epitopes are 11–29 aa, 51–79 aa and 100–110 aa. 
Using Eg95 genes as the templates to build T-B combined 
epitope (Table 2).

The result of the epitopes peptide segments amplificated by 
PCR

The pET32a/Eg95 recombinant plasmid was used as 
the template for PCR amplificated three T-B combined 
epitopes (Figure 1). The expression of the three recombinant 
PMD18-T/Eg95-1, PMD18-T/Eg95-2 and PMD18-T/
Eg95-3 were identified by the established PCR system. 
The amplification products were detected by 2% agarose 
gel electrophoresis, the expected size of each combined 
epitopes was displayed in Figure 1. 

The result of the recombinant phage by PCR

The fuzzy blue plaque from the infected strains were formed 
under the induction of IPTG. Each clone was Picked to 
make a small amount of liquid culture, then detected by 
PCR. The size of wild phage P III proteins gene is 110 bp, 
amplificational products should be P III proteins gene size 
add each T-B combined fragment size, Results displayed the 

Table 2 T-B combined epitopes of Eg95

T-B union epitope Position Sequence

Eg95-1

Amino acid sequence 11–29 ATSVLAQEYKGVGKGQGQQ 

Bace sequence 31–87 gcgacttcagttttggctca ggaatacaaa ggagtgggca agggacagggacaacag

Eg95-2

Amino acid sequence 51–79 WEVQHLSDLKGTDISLRAVNPSDPLVCKR

Bace sequence 151–237 tgggaagtccaacacttgtctgacctcaaaggaacagatatttctctaagagcggtgaatccctctgacccg
ttagtctgcaaaaga

Eg95-3

Amino acid sequence 100–110 YKMTVEAVKAK

Bace sequence 298–330 Tacaaaatgactgtggaagcagtgaaagcgaaa

The box indicates B table, italic is T epitope, the underline for rat T table. 

250 bp→
150 bp→
50 bp→

M               1                 2                 3

Figure 1 The amplicons of the nucleotide sequences from Eg95 
T-B epitopes. M: 50 bp DNA Marker (TaKaRa); 1: amplicons 
fragments of Eg95-1; 2: amplicons fragments of Eg95-3; 3: 
amplicons fragments of Eg95-2.

http://dict.youdao.com/w/epitope/
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same as the expected. The size of Eg95-1, Eg95-2, Eg95-3 
were 192, 168 and 222 bp respectively (Figure 2).

The result of the recombinant phage by SDS-PAGE

M13KE phage PIII actual size is 42.5 kDa, while the 
band on SDS-PAGE gel position was shown between 60 
to 65 kDa. Compared with the wild-type phage, after the 
insertion of fragments, the molecular sizes of all the three 
proteins were a little higher, but fewer difference showed 
between each other, on this PAGE, the result was not 
obvious (Figure 3).

Western blot results

The experiment results (Figure 4) showed that the 
constructed Eg95 three epitopes can be rEg95 rabbit 
antiserum, Echinococciasis patients serum recognized and had 
immune reaction, but according to the result can be found 
that Eg95-1 had a weaker reaction, Eg95-2 and Eg95-3 had 
much higher immune reaction than the Eg95-1. It could 
be inferred that the antigenicity of Eg95-2 and Eg95-3 are 
stronger than Eg95-1. In our study, the Eg95-2 and Eg95-3 
may be antigen epitope.

The ELISA results

The test results showed the differences. the antigen-
antibody reaction intensity was evaluated by the absorbance 
value size, the results were showed in Table 3.

Discussion

CE is a disease caused by infection with the stage larvae of 
the parasitic hydatid worm EG. This parasite infects body 
organs such as the liver and the lungs, causing potentially 
serious damage to human health (14). In order to ameliorate 
potential problems caused by the zoonotic parasite, 
development of an appropriate vaccine to prevent the on set 
of infection is vital (15-17).

Antigen epitope vaccine shave a vital role in disease 
prevention. Antigens are immunogenic molecules 
potentially composed of hundreds of thousands of amino 
acids. Antigen epitopes, however, contain only a portion 
of the amino acids present in the antigen itself (18). 

250 bp→

100 bp→

M            1               2         3            4

Figure 2 Identification of the recombinant phage three genes 
containing different epitopes by PCR. M: DL2000 DNA Marker 
(TaKaRa); 1: the wild-type phage amplicon; 2 to 4: the amplicons 
of recombinant PIII genes containing the Eg95/1-3 epitopes, 
respectively. 

66.4 kD→

44.3 kD→

M                1          2              3            4

Figure 3 SDS-PAGE spectrum of the purified recombinant phage. 
M: Marker; 1 to 3: Eg95/1, Eg95/2, Eg95/3 respectively; 4: the 
wild-type M13KE phage.

M          1           2          3           4

A

B

C

D

66.4 kD→

66.4 kD→

66.4 kD→

66.4 kD→

44.3 kD→

44.3 kD→

44.3 kD→

44.3 kD→

Figure 4 Western blot results of the recombinant PIIIs containing 
different epitopes. M: Marker; A1 to A3: rPIIIs inserted with 
epitopes Eg95-1, Eg95-2, Eg95-3 using rEg95 antiserum as the 
first antibody, respectively; B1 to B3, C1 to C3 and D1 to D3: 
rPIIIs inserted with epitopes Eg95-1, Eg95-2, Eg95-3 using sera 
from three Eg patients, respectively. A4, B4, C4 and D4: the blank 
controls.
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Generating an effective antigen epitope vaccine requires 
epitopes that trigger both T-cell and B-cell immune 
responses (19,20). Through the bioinformatics analyses, 
this study elucidated three combined T-cell and B-cell 
reactive epitope nucleotide sequences that were reactive 
against a larval EG membrane protein. This was facilitated 
by building a phage display library using the M13KE phage 
carrier. The application of phage display technology realizes 
the expression of short peptides on the phage surface, 
such as the designate epitopes. Potential B-cell and T-cell 
reactive epitopes could be tested for antigen reactivity with 
subsequent identification. ELISA and Western blot were 
used to test the synthesis of the antigen epitopes by the 
phage display library.

In the early 1990’s, Smith pioneered phage display 
technology, a successful molecular biotechnology 
application, allowed the presentation of exogenous peptides 
on phage surfaces. This technology has been widely applied 
to scientific research, giving rise to rapid developments 
in peptide manipulations. The phage display technology 
realizes rapid genetic manipulations with relatively quick 
phenotypic responses. Through the phage display system, 
this study chose the M13KE phage as the carrier for the 
larval membrane peptide epitopes of the Eg95 antigen. 
Three separate epitopes were presented by the phage carrier 
system, which were named as M13KE/Eg95-1, M13KE/
Eg95-2 and M13KE/Eg95-3 respectively. After been 
purified by the PEG/NaCl purification, the expressions of 
the three T-cell and B-cell reactive epitope peptides were 
confirmed by SDS-PAGE.

Western blot analysis was subsequently used to assess 
antisera raised against the three epitope peptides. The 
three T-cell and B-cell reactive epitopes displayed different 
degrees of reactivity. The Eg95-1, Eg95-2 and Eg95-3 
epitopes were all deemed to have potential suitability as 
vaccine candidates, the reactivities of which were confirmed 
by a series of experiments on the rabbit anti rEg95 serum 
and CE patient serum.

Further analyses were performed to test the potential 
efficacy of all three short epitopes. The peptide epitopes 
were tested for resistance against rEg95 rabbit serum. In 
addition, serum samples which extracted from patients 
infected with CE were used to test the potential reactivity 
of all the three epitopes. ELISA test results were performed 
to directly observe the reactivity of the short peptide 
sequences. When antiserum was used in resistance tests to 
assess the efficacy of the epitopes, the three different T-cell 
and B-cell epitope peptides resulted in different reaction 
intensities. Absorbance values attained from the analysis 
demonstrated no cross-reaction between healthy people 
and CE infected patients, each of the short peptides had 
adequate specificity. Although the reactivity of the epitope 
peptide Eg95-1 was weaker in the serum tested, both the 
Eg95-2 and Eg95-3 exhibited strong reactivity with each of 
the serum samples analyzed.

The results of the western blot experiments during this 
study showed that all the three T-cell and B-cell reactive 
epitope peptides displayed antigenicity. Degree test of 
immune reactivity associated with each epitope shown that 
Eg95-1 had a weaker antigenicity. However, both Eg95-
2 and Eg95-3 displayed good antigenicity through the test 
when rabbit anti rEg95 was used and the increased reaction 
strength were observed. Further could It’s inferred that 
these two epitope peptides could become to the future 
vaccine candidates in the prevention of CE.
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Table 3 The result of ELISA of each epitope

Stage rEg95 antiserum Patient antiserum B Patient antiserum C Patient antiserum D Normal human serum

Eg95-1 + + + + −

Eg95-2 +++ +++ +++ +++ −

Eg95-3 +++ ++ ++ ++ −

“+++” to “+” said reaction intensity from strong to weak. “−” said reaction intensity is zero.
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