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Abstract Infecting ducks with duck hepatitis B virus

(DHBV) is widely accepted as a relevant model for

studying aspects of human HBV infection. However, effi-

cient and sensitive diagnostic methods for the various

infection models are limited. In order to provide a more

simple and convenient method for serologic diagnosis, we

improved the production of recombinant DHBV viral

capsid protein (core protein) and then used it to develop an

indirect enzyme-linked immunosorbent assay (ELISA) for

detecting anti-DHBc antibodies (DHBcAg ELISA) in

DHBV-infected ducks. Given the positive/negative cut-off

value, the maximum dilution of duck sera in which anti-

DHBc antibodies could be detected was 1:12,800. In

addition, the DHBcAg ELISA displayed no cross reactivity

with duck antisera against duck circovirus (DuCV), duck

plague virus (DPV), duck hepatitis virus (DHV), duck

swollen head septicemia virus (DSHSV), avian influenza

virus (AIV), Riemerella anatipestifer, Salmonella anatum,

or Escherichia coli. Furthermore, the coefficients of vari-

ation (CVs) of inter-assay and intra-assay experiments

were both below than 10 %. When compared to PCR for

accuracy on clinical samples from cases of suspected

DHBV infection, the DHBcAg showed 95.45 % coinci-

dence with PCR. In conclusion, recombinant DHBc was

readily produced and used to establish a simple DHBcAg

ELISA that provided a highly specific and sensitive method

for analysis of clinical samples.

Introduction

Duck hepatitis B virus (DHBV), discovered in 1980 [14], is

a member of the genus Avihepadnavirus, family Hepa-

dnaviridae, and is the causal agent of duck hepatitis B. The

viral envelope of DHBV contains the viral surface antigen

(DHBsAg). The icosahedral nucleocapsid within this

envelope is composed of the viral core antigen (DHBcAg),

which surrounds the DNA genome and viral polymerase.

DHBV infection does not cause severe clinical disease in

infected ducks or a drop in productivity, but as an animal

infection model, it has been widely used for comparative

studies of human hepatitis B virus (HBV) infection.

In recent years, a variety of methods have been devel-

oped for diagnosing DHBV infection. Most of these

methods have focused on detecting viral DNA through

routine PCR [24], real-time PCR [21], or Southern blot

assays [4, 6], or detecting viral proteins via western blot
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and immunohistochemistry [23]. In addition, some diag-

nostic methods that quantify the immune response acti-

vated by DHBV infection have also been developed. These

approaches include neutralizing antibody tests (NTs) [9]

and various ELISAs. NTs have been regarded as the gold

standard in virus diagnosis due to their specificity, but this

method has a lower sensitivity than other analytical tools,

and the results often take several days to acquire [12].

Alternatively, ELISA has been considered the predominant

serologic assay in diagnostic research, due to its flexibility

and the large number of samples accommodated by this

method.

ELISAs for detecting the presence of anti-DHBs and

anti-DHBc antibodies have already been developed [11,

17]. Even though anti-DHBs antibodies are present at high

levels in the sera of ducks with resolved DHBV infection,

the levels of these antibodies in the sera of congenitally and

experimentally infected ducks with persistent DHBV

infection are low [16, 17]. This makes the use of DHBsAg

ELISA for DHBV infection detection less sensitive in these

circumstances. Although anti-DHBc antibodies can be

detected readily in congenitally or experimentally DHBV-

infected ducks using the available DHBcAg ELISA

methods [10, 11], a major factor contributing to the limi-

tation of the current protocols is the lack of simple and

efficient purification methods for the recombinant DHBc

(rDHBc). Therefore, the goal of conducting this study was

to simplify the current DHBcAg ELISA protocols.

Materials and methods

Strains, viruses and serum samples

E. coli DH5a and Rosetta (DE3) pLys, expression vector

pET-32a(?), and DHBV (CHv strains) were kept in our

laboratory. A confirmed DHBV-positive serum sample,

used in the development and evaluation of the DHBcAg

ELISA, was obtained from artificially infected ducks.

Clinical samples from cases of suspected DHBV infection

were collected from different farms (Sichuan, China).

Primer design, amplification and cloning of the DHBV

PreC/C gene

Based on the DHBV genome sequence (GenBank no.

EU429325), primers P1 and P2 were designed to amplify

the entire PreC/C gene, which encodes the core protein of

DHBV. The sequence of P1 was 50-CCATGGCTAT

GGATATCAATGCTTCTAGA-30, which introduced a

restriction enzyme NcoI site (underlined). The sequence of

P2 was 50-GAGCTCTTTCCTAGGCGAGGGAGA-30,
which introduced a site for SacI (underlined) restriction

digestion. The viral DNA extracted from DHBV-positive

serum was used as the DNA template. The PCR amplifi-

cation was performed in a 20-ll mixture containing 2 U LA

Taq, 2 ll 109 LA PCR Buffer, 2 ll MgCl2 (25 mM), 3 ll

dNTP (2.5 mM each), 2 ll DNA template, and 1 ll each of

primers P1 and P2 (10 lM). The amplification procedure

consisted of denaturation at 95 �C for 5 min followed by 35

cycles of denaturation at 95 �C for 40 s, annealing for 30 s

at 60 �C, and extension at 72 �C for 50 s, and then a final

extension at 72 �C for 5 min. The PCR product was

resolved by electrophoresis in a 1 % (W/V) agarose gel and

then purified and ligated into pMD18-T to generate the

recombinant plasmid pMD18-T/PreC/C [3]. Insertion was

confirmed by digestion with restriction enzymes NcoI and

SacI.

Construction of the expression plasmid

pMD18-T/PreC/C was digested with NcoI and SacI and

then subjected to electrophoresis in a 1.2 % agarose gel.

The DNA fragments of PreC/C gene were purified and

ligated into the previously NcoI and SacI-digested

expression vector pET-32a(?) to generate the recombinant

expression vector pET-32a(?)/PreC/C. pET-32a(?)/PreC/

C were then introduced by transformation into component

DH5a cells for propagation as described above. After pET-

32a(?)/PreC/C was identified by sequencing, it was then

introduced into competent E. coli Rosetta (DE3) pLys cells

for expression of rDHBc.

Expression and purification of rDHBc

A positive colony of Rosetta (DE3) pLys cells containing

pET-32a(?)/PreC/C was collected and inoculated into 5

ml of LB culture medium with 100 lg/ml ampicillin

(Amp-LB) for propagation overnight at 37 �C. The cul-

tures were used to inoculate 500 ml of Amp-LB, and

expression was induced by addition of IPTG to a final

concentration of 1 mM and incubation at 37 �C for 4 h

until the optical density value of the cultures at 600 nm

(OD600) reached approximately 0.8. Following the incu-

bation, cells were collected and lysed. The cell lysate was

then subjected to 12 % SDS-PAGE and analyzed by

Coomassie brilliant blue R-250 staining [8]. To increase

the yield of rDHBc, the induction conditions for protein

expression in E .coli were optimized by testing various

temperatures (25, 34 and 37 �C), concentrations of IPTG

(0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 mM), and durations of

induction (0, 1, 2, 3, 4, 5, 6 and 7 h). The expression level

achieved under different conditions was assessed by 12 %

SDS-PAGE.

Meanwhile, the solubility of the rDHBc was assessed in

parallel with the temperature optimization experiments.
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Briefly, the lysate of the induced cells was centrifuged at

12,0009g, 4 �C, for 20 min. The clear supernatant (soluble

fraction) was collected, and the precipitate (insoluble

fraction) containing inclusion bodies was suspended in

PBS. Both the soluble and insoluble fractions were then

analyzed by SDS-PAGE. Based on the result of the solu-

bility analysis, the fractions containing rDHBc were puri-

fied using Ni2?-agarose. In brief, the fractions were

dissolved in binding buffer (20 mM Tris-HCl pH 7.9, 5

mM imidazole, 0.5 M NaCl, 8 M urea) and loaded into a

Ni2?-agarose column. Then, the rDHBc that bound to the

Ni2?-agarose was eluted using elution buffer (20 mM Tris-

HCl, pH 7.9, 300 mM imidazole, 0.5 M NaCl, 8 M urea).

The concentration of the purified protein was measured by

the Bradford method [2], and its purity was analyzed by

SDS-PAGE.

Development and optimization of the DHBcAg ELISA

A checkerboard titration was performed to determine the

optimal working concentrations of coating antigen and

sera. Ninety-six-well ELISA plates (Corning, USA) were

coated for 12 h at 4 �C with 100 ll of purified rDHBc,

that had been diluted 1:10, 1:20, 1:40, 1:80, 1:160, 1:320

and 1:640 with coating buffer (15 lM Na2CO3, 35 lM

NaHCO3, pH 9.6). The wells were then washed three

times with 200 ll of PBS containing 0.05 % Tween-20

(PBST) and blocked with 1 % BSA (BSA in PBS) at

37 �C for 2 h. DHBV-positive or negative serum at a

dilution of 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 or 1:640

was then added to the respective wells, and the plate was

incubated for 2 h at 37 �C. Following this incubation, the

wells were washed three times with 200 ll of PBST,

incubated with 100 ll of 1:2000-diluted peroxidase-

labeled goat anti-duck IgG antibody (KPL, USA) for 1.5

h at 37 �C, washed again, and then colorized by addition

of 100 ll of TMB (KPL, USA) at 37 �C for 10 min. The

reaction was stopped by adding 100 ll of 2 M H2SO4,

and the absorbance of each well was measured at 450 nm

(OD450). The dilutions that gave the maximum difference

in absorbance at 450 nm between positive and negative

serum (P/N) were selected for testing the experimental

serum samples [26].

Determining the cutoff value of DHBcAg ELISA

Using the optimal conditions, 27 DHBV-negative serum

samples from non-immune ducks were used to assess the

cutoff value of the DHBcAg ELISA. Each sample was

tested in triplicate, and the OD450 value plus three times the

standard deviation (SD) was used as the cutoff [7]. All

experimental samples were considered positive if the

OD450 value was higher than this cutoff value.

Diagnostic sensitivity of the DHBcAg ELISA

Flat-bottom 96-well plates were coated with optimal con-

centrations of purified rDHBc as described above. DHBV-

positive serum samples with twofold serial dilutions from

1:200 to 1:102,400 were subsequently added to each well

and incubated with the antigen. PBS and confirmed

DHBV-negative and DHBV-positive serum samples were

used as blank, negative and positive controls, respectively.

The sensitivity of the DHBcAg ELISA was defined as the

highest dilution of the positive serum that produced an

OD450 value higher than the cutoff value.

Specificity of the DHBcAg ELISA

Confirmed antisera against duck circovirus (DuCV), duck

plague virus (DPV), duck hepatitis virus (DHV), duck

swollen head septicemia virus (DSHSV), avian influenza

virus (AIV), Riemerella anatipestifer, Salmonella anatum

and Escherichia coli (stored in our laboratory) were used to

evaluate the antigenic cross-reactivity of rDHBc in the

DHBcAg ELISA. The OD450 value obtained from each

sample was measured and compared to the cutoff value

[25]. All samples were tested in triplicate, and antisera of

DHBV and PBS served as positive and blank controls,

respectively.

Repeatability and reproducibility of the DHBcAg

ELISA

Four positive serum samples were used to evaluate the

repeatability and reproducibility of the DHBcAg ELISA.

Each sample was tested in a single experiment to analyze

intra-assay variability (repeatability) or in three indepen-

dent experiments at different times to analyze inter-assay

variability (reproducibility). Each sample was tested in

triplicate, and the mean OD450, standard deviation (SD),

and coefficient of variation (CV) were calculated for each

sample.

Comparison of DHBcAg ELISA and PCR for detection

of DHBV

To validate the DHBcAg ELISA as a clinical diagnostic

tool, 75 clinical samples from cases of suspected of DHBV

infection were tested using our DHBcAg ELISA and rou-

tine PCR. PCR detection was performed using a pair of

specific primers (P3, 50-TAGTCACGCTGTCTGCTCTT

TT-30; P4, 50-CATTTCCAGTCATACCATTCTC-30). The

amplification was initiated by denaturation at 95 �C for 5

min, followed by 34 consecutive cycles of denaturation at

94 �C for 35 s, annealing for 30 s at 46 �C, and extension at

72 �C for 40 s, and then a final extension at 72 �C for 5
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min. Confirmed DHBV-positive and negative sera served

as controls, and the results obtained from DHBcAg ELISA

and routine PCR were compared to evaluate their detection

coincidence.

Results

Amplification and cloning of the DHBV PreC/C gene

Given that current ELISA protocols are limited by the lack

of methods for obtaining adequate amounts of rDHBc, we

first sought to develop a novel means of expressing and

purifying this protein. We began by amplifying the PreC/C

gene and cloning it into the pMD18-T vector. Agarose gel

electrophoresis revealed that the PCR product of PreC/C

gene amplification corresponded to the predicted length of

789 bp. Furthermore, the lengths of DNA fragments

obtained by digestion of pMD18-T/PreC/C with NcoI and

SacI all coincided with the expected lengths (data not

shown). These results indicated that the PreC/C gene was

successfully amplified and cloned.

Construction of the expression plasmids

The recombinant expression plasmid pET-32a(?)/PreC/C

was next generated by ligating the PreC/C gene (789 bp)

into the pET-32a(?) vector (5,900 bp). Proper ligation was

confirmed by digestion with the restriction enzymes NcoI

and SacI. The size of the released fragment corresponded

with the expected size of the cloned insert. Sequencing

analysis also confirmed that the PreC/C gene was suc-

cessfully inserted into pET-32a(?), and the PreC/C gene

was in frame, without any sequence errors (data not

shown).

Expression and purification of the DHBV core protein

We first induced rDHBc expression by treatment of

transformed E. coli cells with 1 mM IPTG at 37 �C for 4 h.

A distinct band of approximately 50 kDa (core protein &
30 kDa, His-tags = 20 kDa, His-tagged core protein & 50

kDa), corresponding to the expected size of the rDHBc was

observed (Fig. 1a). In addition, rDHBc was not present in

the negative control culture to which no IPTG was added.

These results confirmed that rDHBc was expressed in

E. coli Rosetta (DE3) pLys. The protein expression con-

ditions were also optimized to obtain the maximum amount

of rDHBc. The expression level of rDHBc was highest at

37 �C (Fig. 1a), with IPTG concentrations between 0.2

mM and 1.4 mM (Fig. 1b), and incubation for 5 h (Fig. 1c).

Thus, for the rest of our study we generated rDHBc at

37 �C in the presence of 0.8 mM IPTG for 5 h.

Next, the distribution of rDHBc was examined in the

soluble and insoluble fractions. Most of the recombinant

DHBc predominantly was present in the insoluble fraction

(precipitate) in the form of inclusion bodies (Fig. 1a). The

insoluble fractions were then dissolved and loaded into a

Ni2?-agarose column, which should bind the 69His-tag of

the rDHBc construct. Following incubation, the bound

protein was eluted and analyzed by SDS-PAGE. A single

band corresponding to the molecular weight of rDHBc (50

kDa) was observed (Fig. 1d). The concentration of rDHBc

was 2.15 mg/ml, and the final yield of the purified

rDHBcAg was approximately 16 mg/liter.

Development of the DHBcAg ELISA

After optimizing the conditions and obtaining sufficient

rDHBc, we next sought to develop a more efficient ELISA.

To this end, the optimal working dilutions of antigen and

serum samples were tested using checkerboard titrations

with known positive and negative sera at twofold serial

dilutions. The OD450 values of the positive and negative

sera gave a maximum difference (P/N = 4.65) when the

dilutions of antigen and serum were 1:320 (6.7 lg each

well) and 1:160, respectively (Table 1). The optimal dilu-

tion for the goat anti-duck HRP antibodies was 1:2000.

Determination of the cutoff value

We next determined the cutoff value for a positive result

for the DHBcAg ELISA by analyzing 27 DHBV-negative

serum samples. The mean OD450 value of these negative

samples was 0.272, with a standard deviation (SD) of 0.04.

The cutoff value of the DHBcAg ELISA was then calcu-

lated by taking the mean OD450 value plus three times the

SD as follows: cutoff value = 0.272 ? 3 9 0.04 = 0.392.

Diagnostic sensitivity of the DHBcAg ELISA

After establishing the cutoff value, we next determined the

sensitivity of our DHBcAg ELISA using serial dilutions of

DHBV-positive serum. The maximum dilution of serum

that still had an OD450 value above the cutoff value of

0.392 was 1:12,800 (Fig. 2a). In a parallel experiment,

positive and negative DHBV samples were used as controls

(data not shown).

Specificity of the DHBcAg ELISA

Given the high sensitivity of our ELISA using rDHBc, we

next wanted to determine the specificity of this assay. To

this end, the cross-reactivity of the DBHcAg ELISA was

evaluated by testing serum samples known to have anti-

bodies against DuCV, DPV, DHV, DSHSV, AIV, R.
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anatipestifer, S. anatum and E. coli. The OD450 values of

all antisera tested were below the cutoff value (Fig. 2b).

These results indicate that the DHBcAg ELISA specifically

detected DHBV and that rDHBc did not cross-react with

antisera against other common duck pathogens.

Repeatability and reproducibility of the DHBcAg

ELISA

Having confirmed the sensitivity and specificity of the

DHBcAg ELISA, we next performed multiple parallel and

sequential assays to test the intra-assay variability

(repeatability) and inter-assay variability (reproducibility).

First, three replicates with four separate specimens were

conducted in the same assay to test repeatability. The

OD450 values had CVs between 3.07 % and 6.34 % with a

mean value of 4.99 % (Table 2, left). Next, each replicate

was evaluated at different times to evaluate the reproduc-

ibility of the DHBcAg ELISA. This inter-assay analysis

Fig. 1 SDS-PAGE analysis of rDHBc expression and purification

(a) E. coli Rosetta/pET-32a(?)/PreC/C was incubated with (?) or

without (-) IPTG at different temperatures (25, 34, and 37 �C) and

the supernatant (Sup), precipitate (Pre), and total protein of the cell

lysate were analyzed. The arrow indicates the His-tagged core

protein. (b) E. coli Rosetta/pET-32a(?)/PreC/C was incubated with

different concentrations of IPTG (0.2-1.4 mM) at 37 �C for 6 h, and

the total protein of each group of induced cells was analyzed.

(c) E. coli Rosetta/pET-32a(?)/PreC/C was incubated with 0.8 mM

IPTG for 0, 1, 2, 3, 4, 5, 6 and 7 h at 37 �C, and the total protein of

each group of induced cells was analyzed. (d) Lane 1, total protein

from induced cells; lane 2, purified rDHBc

Table 1 Checkerboard titration analysis to determine optimal dilu-

tions of antigen and serum

Dilution of antigen Dilution of serum sample

1:20 1:40 1:80 1:160 1:320 1:640

1:20 2.42 3.12 3.40 4.16 4.09 3.64

1:40 2.50 2.74 3.00 3.35 3.45 2.82

1:80 2.20 2.95 3.39 3.62 3.82 3.63

1:160 2.88 3.01 3.54 4.09 3.80 4.18

1:320 2.80 4.01 4.01 4.65 3.42 4.46

1:640 3.59 3.62 3.69 4.43 4.68 4.53
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gave a mean CV of 6.15 %, and individual CVs varied

from 4.49 % to 8.27 % (Table 2, right). The coefficients of

variation for both the intra- and inter-assay comparisons

were lower than 10 %, indicating that the DHBcAg ELISA

is highly reproducible and stable.

Comparison of DHBcAg ELISA and PCR for DHBV

detection

Finally, we wanted to evaluate the reliability of our

DHBcAg ELISA protocol in a clinical diagnostic setting.

To accomplish this, anti-DHBc antibody levels in 75

clinical serum samples were measured using our DHBcAg

ELISA and compared to PCR analysis (Table 3). Serum

from 42 samples tested positive for DHBV by DHBcAg

ELISA (42/75), and 44 samples tested positive for DHBV

(44/75) by PCR. The detection rate was 58.67 % for PCR,

and 56 % for ELISA. Furthermore, all 42 samples that

tested positive by DHBcAg ELISA were also positive

when evaluated by PCR. Thus, the DHBcAg ELISA

showed a 95.45 % (42/44) congruence with the PCR

assay. These results, suggest that our DHBcAg ELISA is

an efficient and reliable diagnostic tool for detecting

DHBV.

Discussion

Infection of ducks with DHBV is widely used to model

human HBV infection. As a result, many methods have

been developed to detect virus levels or measure the

immune response following DHBV infection. Currently,

DHBsAg and DHBcAg ELISAs are the most common

methods for evaluating the host humoral response to

DHBV infection. These assays were developed for

detecting anti-DHBsAg and anti-DHBcAg antibodies,

respectively. Considering that the DHBsAg ELISA has

many limitations with regard to clinical implementation,

DHBcAg ELISA may be more feasible for clinical appli-

cation. However, the method used for acquiring antigen in

Fig. 2 Sensitivity and specificity analysis of the DHBcAg ELISA.

(a) Twofold serial dilutions from 1:200 to 1:102,400 of DHBV-

positive serum were tested by DHBcAg ELISA, and the highest

dilution that could be detected using the cutoff value (0.392) was

found to be 1:12,800. (b) DHBV-positive serum, PBS and antisera

against other duck pathogens were measured using the DHBV

DHBcAg ELISA, and the OD450nm values with all antisera except the

one against DHBV were lower than the cutoff value (0.392)

Table 2 Repeatability and reproducibility of the DHBcAg ELISA

Sample no. Intra-assay comparison (OD values at 450 nm) Inter-assay comparison (OD values at 450 nm)

1 2 3 Mean SD CV (%) 1 2 3 Mean SD CV (%)

1 1.25 1.32 1.21 1.26 0.056 4.42 1.38 1.46 1.29 1.38 0.085 6.18

2 1.19 1.22 1.08 1.16 0.074 6.34 1.15 1.02 1.20 1.12 0.093 8.27

3 1.42 1.31 1.48 1.40 0.086 6.14 1.42 1.37 1.27 1.35 0.076 5.64

4 1.28 1.36 1.31 1.32 0.040 3.07 1.18 1.25 1.29 1.24 0.056 4.49

5 ND* ND ND ND ND ND

ND* = not detected

Table 3 Comparison of the DHBcAg ELISA with PCR assay for

detection of DHBV

DHBcAg ELISA Routine PCR

Positive (?) Negative (-) Total

Positive (?) 42 0 42

Negative (-) 2 31 33

Total 44 31 75
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earlier DHBcAg ELISA procedures was a cumbersome

process, and the protocols of the DHBcAg ELISA could be

simplified by using another HRP-labeled antibody. There-

fore, we developed a high-efficiency method for purifying

the rDHBc, based on His-tag-targeted affinity chromatog-

raphy. This method takes less time and has a higher yield

than the method used previously to purify rDHBc. More-

over, goat anti-duck HRP antibodies were used in our study

to replace the rabbit anti-duck and goat anti-rabbit anti-

bodies that were used in the previous DHBcAg ELISA

[16]. These changes make our newly developed DHBcAg

ELISA have fewer operational steps and require less time

for the entire assay.

The core protein, which is the principal protein com-

ponent of the DHBV capsid, was successfully expressed in

E. coli using a prokaryotic expression vector pET-32a(?)

containing a T7lac promoter [5, 22]. For maximum

recovery of rDHBc, expression was optimized by testing

different induction conditions. Generally, high-level

expression of recombinant protein in E. coli often results in

the formation of insoluble aggregates called inclusion

bodies [18, 20]. As expected, the rDHBc was also con-

tained within inclusion bodies. Hence, a strong denaturant,

8 M urea, was required to solubilize the rDHBc [15]. In

addition, a 69His tag was introduced to both the N-ter-

minal and C-terminal ends of rDHBc. This strategy

enhanced the affinity of our rDHBc for Ni2?-agarose col-

umns and increased the efficiency of protein purification.

Together, these steps produced an amount of rDHBc that

was 50 % of the total E. coli proteins. Moreover, compared

with sucrose gradient centrifugation [9], our method of

rDHBc purification was simpler and provided a higher

yield of purified rDHBc.

To determine if the rDHBc produced under these con-

ditions could be used for serologic diagnosis, an indirect

ELISA was developed and evaluated for anti-DHBc anti-

bodiy detection. We first determined the optimal working

concentrations of both the coating antigen and sample sera,

because these parameters greatly influence background

readings and can prevent accurate analysis [13]. Using a

checkerboard titration approach, we determined that the

least nonspecific binding was observed when rDHBc was

coated at 6.7 lg per well and the serum sample was diluted

to 1:160. Because anti-DHBc antibody levels can vary

between infected ducks, false-negative or false-positive

results are possible. To overcome this problem, 27 DHBV-

negative serum samples were used to establish a positive

cutoff value using the classical method ‘‘mean ? 3 9 SD’’

[19]. In addition, this ELISA exhibited high sensitivity

with antisera against DHBV detected at dilutions as low as

1:12,800.

Alonso et al. [1] reported that proteins from E. coli

might be incorporated into the coating antigen when a

fusion protein expressed by E. coli is used to coat the wells

of an ELISA plate. As a result, we specially chose duck

antisera positive for E. coli in the specificity analysis. Even

with these samples, however, no cross-reactivity was

observed. Moreover, the specificity analysis revealed that

the DHBcAg ELISA did not cross-react with anti-sera of

DuCV, DPV, DHV, DSHSV, AIV, R. anatipestifer or S.

anatum [7]. In addition, The CVs for inter-assay and intra-

assay variability were both lower than 10 %, suggesting

that our DHBcAg ELISA exhibits both high repeatability

and reproducibility. Together, these data indicate that the

DHBcAg ELISA used for DHBV detection is specific and

stable.

Before application of a new assay, it is critical that the

performance is evaluated against the current standard using

various different clinical samples. In the present study, 75

clinical serum samples of unknown DHBV status were

evaluated using our DHBcAg ELISA, and the results were

compared with those obtained using a PCR assay. Using

our DHBcAg ELISA, 42 samples (56 %) were identified as

positive for DHBV, while 44 samples (58.7 %) were

identified as positive by PCR. The small variation was most

likely due to the ability of PCR to detect DHBV in the

early phase of DHBV infection. During this phase, viral

DNA is present in sera, but anti-DHBc antibodies have not

been produced. Despite this difference, the number of

positive samples detected by DHBcAg ELISA was

95.45 % congruent with routine PCR.

In conclusion, this study describes a novel strategy for

easily and efficiently purifying rDHBc and provides a

highly sensitive and specific DHBcAg ELISA protocol.

Moreover, the operational steps of the DHBcAg ELISA

have been simplified, making it a useful supplement for

clinical implementation for diagnosis of DHBV infection

and monitoring host immune responses.
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