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An antigen-capture enzyme-linked immunosorbent assay (AC-ELISA) method was developed for the effi-
cient detection of the UL24 antigen of the duck enteritis virus (DEV) using polyclonal antibodies. Ducks
and rabbits were immunized, respectively, with expressed UL24 recombinant protein. The IgG antibodies
against UL24 from ducks and rabbits were purified and used as the capture antibodies. The specificity
of the optimized AC-ELISA was evaluated by use of DEV, duck hepatitis virus (DHV), duck hepatitis B
virus (DHBV), gosling plague virus (GPV), Riemerella anatipestifer (R.A.), Escherichia coli (E. coli), Pasteurella
multocida (P.M.) and Salmonella Enteritidis (S.E.). Only DEV specimens yielded a specific and strong signal.
Antigen-capture ELISA The limit qf the §ensitivity of this method for the detectign of DEV was 46 ng/]QO wl. Compared with PCR
Prokaryotic expression and virus isolation, the rate of agreement for the detection of experimentally infected sera was 100%. A
uL24 comparative test used on clinical specimens between the neutralization test and the AC-ELISA showed
that the proportions of true positives and true negatives by the AC-ELISA were 0.90 and 0.67 respectively.
These results indicated that the AC-ELISA approach is rapid, sensitive, and reliable for specific detection
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of DEV antigen.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Duck viral enteritis (DVE), or duck plague (DP), is an acute,
contagious herpesvirus infection of ducks, geese, and swans of all
ages and species. The disease has been responsible for significant
economic losses in domestic and wild waterfowl as a result of mor-
tality, and decreased egg production (Saif et al., 2003). The disease
is caused by duck enteritis virus (DEV), and is characterized by
vascular damage, tissue hemorrhages, eruptions on the digestive
mucosa, lesions of lymphoid organs, and degenerative changes in
parenchymatous organs (Barr et al., 1992; Shawky et al., 2000). The
disease is difficult to monitor and control because the virus estab-
lishes an asymptomatic carrier state in waterfowl that is detectable
only during periods of intermittent virus shedding (Burgess et al.,
1979). The diagnostic procedures that are currently used to iden-
tify DEV antigen include virus isolation and identification (Burgess
and Yuill, 1981; Hwang et al., 1975), the reverse passive hemag-
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glutination test (Deng et al., 1984), histopathology (Shawky et al.,
2000; Xuefeng et al., 2008a), immunofluorescence (Proctor, 1975),
immunoperoxidase staining (Malmarugan and Sulochana, 2002),
immunohistochemistry (Islam et al., 1993; Xuefeng et al., 2008b),
electron microscopy (Yuan et al., 2005), and the polymerase chain
reaction (PCR) (Hansen et al., 1999, 2000; Pritchard et al., 1999).

It is very important to select appropriate methods for the detec-
tion of DEV antigen. The methods mentioned above are both time
consuming and labor intensive; moreover, samples for virus iso-
lation are easily contaminated, and the equipment or personnel
required for PCR may not be available. The antigen-capture ELISA
(AC-ELISA) technique, with characterized sensitivity and specificity,
has been applied to the detection of viruses, e.g. avian influenza
virus (He etal.,2007; Velumani et al., 2008), bovine leukaemia virus
(Juliarena et al., 2007), and the nucleocapsid antigen of SARS-CoV
(Cheetal.,2004). The genomic organization of DEV remains unclear,
however, and there are very few reports of the prokaryotic expres-
sion of DEV genes, or on use of the AC-ELISA method for the efficient
detection of DEV antigen.

Generally, antibodies against expressed protein produced dur-
ing an immune reaction are more specific than those against puri-
fied virus, owing to the complex construction of the purified virus,
which may incorporate various host cell proteins. Moreover, the use
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of polyclonal antibodies to detect antigens by ELISA is more sensi-
tive than use of a monoclonal antibody (El-Mekki et al., 1987). For-
tunately, the DEV UL24 gene had been newly isolated and identified,
and the protein had been expressed in a prokaryotic expression sys-
tem in our laboratory. The DEV UL24 protein, a conserved protein,
may play animportantrole in the life cycle of the virus, as with other
herperviruses described previously (Blakeney et al., 2005; Pearson
and Coen, 2002), but there is no information about its properties or
function. Thus, it is necessary to perform research on the immuno-
genicity of UL24 and to establish a more rapid ELISA method for
detection of the DEV UL24 antigen with a protein antibody directed
against UL24. The development and evaluation of a sensitive and
specific AC-ELISA to detect the DEV UL24 antigen, using both rab-
bit and duck anti-DEV UL24 IgG antibodies prepared by prokaryotic
expression of the UL24 protein, are described in this paper.

2. Materials and methods
2.1. Viruses and bacteria

The viruses and bacteria used in this study are listed in Table 1,
and were obtained from the Key Laboratory of Animal Disease
and Human Health of Sichuan Province. Duck embryo fibroblasts
(DEFs) were propagated in Dulbecco’s minimal essential medium
(DMEM) (Gibco-BRL, Grand Island, NY, USA) supplemented with
10% fetal bovine serum (FBS) (Gibco-BRL, Grand Island, NY, USA)
at 37°C, and then infected by DEV. The virus was grown in DMEM
medium supplemented with 2-3% FBS, and was collected at 48 h
post-incubation.

2.2. Cloning, expression, and purification of recombinant DEV
UL24 protein

The coding region for the UL24 gene of DEV was amplified by
PCR from the stable infected cells described above. The forward
primer carried a restriction site for EcoRIl: 5-GAATTCATACCTA-
CCAAAGGTAAGCGC-3, and the reverse primer carried a restric-
tion site for Xhol: 5-CTCGAGCTAGTGTTTAGTTGGTCTGAA-3'. The
sequence encoding the UL24 gene was ligated into the EcoRI and
Xhol sites of a His-tagged prokaryotic expression vector, pET-32a(+)
(Novagen, Germany) in frame, and the insert was sequenced to
confirm the accuracy of the UL24 gene sequence and proper in-
frame ligation. This construct was introduced into Escherichia coli
BL21 (DE3) cells, and protein expression was induced with 0.4 mM
isopropyl-3-D-thiogalactopyranoside (IPTG) at 37 °C for 4 h. Total E.
coli protein was extracted by use of 50 mM Tris-HCI (pH 7.5) con-
taining 1 mM EDTA, 100 mM NaCl and thawing, and was purified by
Ni2* affinity chromatography (Bio-Rad, CA, USA) according to the
manufacturer’s instructions.

2.3. Preparation and purification of antibodies

Rabbits (n=4) and ducks (n=4) were immunized with puri-
fied recombinant DEV UL24 protein mixed with an equal volume

Table 1
The reference pathogens used for the AC-ELISA.

Species Strain/serotype Host

Field isolate, CHv
Field isolate, CHv-1 (type 1)
Field isolate, MY

Duck enteritis virus (DEV)
Duck hepatitis virus (DHV)
Duck hepatitis B virus (DHBV)

Peking duck
Cherry Valley duck
Cherry Valley duck

Gosling plague virus (GPV) Field isolate, CH China gosling
Escherichia coli (E. coli) Field isolate, GH Peking duck
Riemerella anatipestifer (R.A.) Field isolate, HY (type 1) Peking duck
Pasteurella multocida (P.M.) Field isolate, SC Peking duck
Salmonella Enteritidis (S.E.) Field isolate, MY1 Peking duck

of complete Freund’s adjuvant (Sigma, Missouri, USA) for the first
injection, and with incomplete Freund’s adjuvant for the follow-
ing three booster injections. Each injection comprised 1.0 mg (per
rabbit) and 0.8 mg (per duck) of recombinant DEV UL24 protein.
Sera were collected 12 days after the final intravenous injection of
0.2 mg and 0.15 mg of recombinant DEV UL24 protein. The IgG poly-
clonal antibodies were purified using caprylic acid and ammonium
sulfate precipitation and High-Q anion-exchange chromatography
(Bio-Rad, CA, USA) (Cheng et al., 2002; McGuire et al., 1996).

2.4. Immunoblotting

The DEV UL24 expression protein was subjected to 12%
SDS-PAGE. The separated proteins were electrotransferred and
immobilized on to a polyvinylidene difluoride (PVDF) membrane.
The membrane was blocked with 5% bovine serum albumin (BSA)
in PBS containing 0.05% Tween 20 (PBST) at 37 °C for 1 h. The mem-
brane was incubated subsequently with rabbit anti-DEV, rinsed
in PBST, and incubated with HRP-conjugated goat anti-rabbit IgG
(Zhongshan, Beijing, China). The membrane was developed by incu-
bation with 3,3’-diaminobenzidine (DAB) and hydrogen peroxide,
as described previously (Kano et al., 2008).

2.5. Development of the AC-ELISA

A 96-well microtiter plate (Nunc, Denmark) was coated with
100 wl of a 1:40 (5.0 pg/l) dilution of purified rabbit IgG anti-DEV
UL24 in sodium bicarbonate buffer (pH 9.6), and incubated at 4°C
overnight. The plate was blocked by incubation with 100 .l of block-
ing solution (1% BSA in PBS) for 60 min at room temperature, and
washed twice with PBS containing 0.05% Tween-20 (PBST) using a
Bio-Tek model Elx 50 (Bio-Tek, Vermont, USA). Subsequently, 100 .1
of the DEV sample was added, and incubation was performed at
37 °C for 60 min. The samples were washed, and then incubated at
37°C for 60 min with 100 pl of a 1:20 (9.0 pg/pl) dilution of puri-
fied duck IgG anti-DEV UL24. The plate was washed, and incubated
for 45 min at 37 °C with 100 w1 of anti-duck horseradish peroxidase
(KPL, Gaithersburg, USA) diluted 1:2000 in PBS, washed again, and
detected with 100 pl of 3,3',5,5'-tetramethylbenzidine (TMB) for
45 min at room temperature. The reaction was stopped by the addi-
tion of 35 pl of 2 mol/l H,SO4. The optical density (OD) was read at
450 nm, using a Bio-Rad model 860 plate reader (Bio-Rad, CA, USA).

2.6. Determination of cutoff value for the AC-ELISA

Thirty-two serum samples from ducks uninfected with DEV
were used as negative sera in the AC-ELISA to evaluate the cutoff
value, which was calculated using the formula: mean of the nega-
tive serum values plus three standard deviations (SDs) (Deshpande,
1996).

2.7. Analytical specificity and sensitivity of the AC-ELISA

Duck hepatitis virus (DHV), duck hepatitis B virus (DHBV),
gosling plague virus (GPV), and DEV were propagated accord-
ing to methods described in the literature (Chen et al., 2009; Qi
et al,, 2009; Xinfeng et al., 2008; Yang et al., 2008). Debris was
removed from the harvested virus supernatant by centrifugation
at 10,000 x g for 20 min. The supernatants, containing the viruses,
were subjected to the AC-ELISA. Ducks were infected, respectively,
by the pathogens Riemerella anatipestifer (R.A.), Escherichia coli (E.
coli), Pasteurella multocida (P.M.) and Salmonella Enteritidis (S.E.)
(Anchun et al., 2005; Cao et al., 2008; Ling et al., 2007; Samuel et
al,, 1997). Sera were collected 14 days after infection, and then also
subjected to the AC-ELISA and the results determined according to
the cutoff value.
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Twofold serial dilutions of purified DEV (Ren-yong et al., 2007)
in PBS were determined as described by Bradford (1976) using a
protein assay kit supplied by Bio-Rad Laboratories (Bio-Rad, AC,
USA), and used as the antigens in the AC-ELISA. The diluent and
mock (non-inoculated) cells were used as blank controls. The limits
of detection were determined for the AC-ELISA according to the
cutoff value.

2.8. Analytical reproducibility and repeatability of the AC-ELISA

Assessment of the precision of an assay includes measurement
of repeatability and reproducibility (Jacobson, 1998). The repeata-
bility was calculated by the coefficient of variation (CV) for each
set of the samples that were run on the same day, whereas repro-
ducibility was calculated from the average of the within-assay
precision of a given sample analyzed in three runs at different times.
For the precision assays, as described above, the acceptance criteria
were less than 10% and less than 20%, respectively.

2.9. Analytical inhibition of the AC-ELISA

A mixture of 100 pl (5.0 pg/wl) dilutions of duck-anti DEV-UL24
IgG in PBS and an equal volume of DEV was incubated for 60 min
at 37 °C. Normal duck serum was used as the negative control, and
was also mixed with an equal volume of DEV. These mixtures were
retested in the AC-ELISA by adding 100 .l of each mixture, and the
assay was performed according to the description above. A mix-
ture of negative duck serum and an equal amount of PBS was used
as the blank control and was also tested. The percentage of inhibi-
tion of antibody binding was calculated by the following equation
(Che et al., 2004): % inhibition = (A450nm of normal serum — A4s0nm
of positive serum)/(A450nm Of normal serum — A4s0 nm of blank con-
trol) x 100%. If the % inhibition was greater than 50%, test specimens
were considered to be confirmed as positive for DEV.

2.10. Comparison of AC-ELISA with virus isolation, PCR and
neutralization test

(i) Peking ducks from a DEV-free farm, which were 28 days old
and not vaccinated against DEV, were divided into two groups.
One group was used as uninfected controls, and the other group
was inoculated subcutaneously with approximately 0.5 ml per
duck (1000 median duck lethal doses) of the DEV-CHv strain.
Serum samples were collected at each of seven sampling
times (Oh, 4h, 8h, 12h, 24h, 72h, and 120h post-infection
(h.p.i.)) from three randomly selected ducks, and were exam-
ined by AC-ELISA, virus isolation (Burgess and Yuill, 1981;
Hwang et al.,, 1975), and PCR. The PCR used gene-specific
primers: Fwd (5-GGACAGCGTACCACAGATAA-3’) and Rev (5'-
ACAAATCCCAAGCGTAG-3'), and was initiated by denaturation
at 95 °Cfor 5 min, followed by 35 cycles 0f 94 °C for 1 min, 51.8 °C
for 1min, 72°C for 2min, and further elongation at 72°C for
10 min (Cheng et al., 2004).

(ii) Specimens were collected from ducklings from different areas
of Sichuan province (n = 135) that were suspected clinically to be
infected with DEV, and were examined using the AC-ELISA. The
neutralization test was used as the gold standard of diagnosis in
order to calculate the sensitivity and specificity of the AC-ELISA
(Altman and Bland, 1994).

3. Results
3.1. Prokaryotic expression of the DEV UL24 protein

The UL24 protein of DEV was expressed for use as an anti-
gen for antibody development. A region of DEV of approximately

bp M 1

1000
750

500 UL24

250

Fig. 1. Amplification of the UL24 gene. The UL24 fragment, with a size of 500 bp
(lane 1), was amplified from DEV-CHv by PCR.

500bp was amplified by PCR, yielding a product of the expected
size (Fig. 1). The product was then cloned in pET32a(+) and was
expressed inE. coli as a His-tagged recombinant UL24 fusion protein
of approximately 38 kDa. The protein was purified by chromatog-
raphy and verified by Western blotting (Fig. 2).

3.2. Cutoff value of the AC-ELISA

To establish the cutoff value of the AC-ELISA, serum specimens
from ducks uninfected with DEV were analyzed. The mean of the
ODys50nm Values for these specimens, as detected by the AC-ELISA,
was 0.1829, with a standard deviation of 0.0309. The cutoff value of
the AC-ELISA was calculated from the 32 normal serum specimens
according to a Gaussian population distribution (Deshpande, 1996).
For a 99% confidence interval, the cutoff was defined as follows:
mean of the negative serum ODgys5¢,m Values plus three standard
deviations=0.1829+3 x 0.0309 =0.2756.

3.3. Sensitivity and specificity of the AC-ELISA

The sensitivity of the AC-ELISA was determined by using dilu-
tions of purified DEV. A minimum detection limit of 46 ng/100 .l
(OD450nm =0.286) was obtained according to the cutoff value
(0.2756), but the control cells did not yield positive results (Fig. 3).

On the basis of the cutoff value, DEV, DHV, DHBV, GPV, RA., E.
coli, PM., S.E., cells (control), and PBS (control) were tested using
the AC-ELISA; however, except for DEV, the tested pathogens did
not yield positive results (Fig. 4). The ODy450nm Values of the cells
(control) and PBS (control) were both lower than the cutoff value.
This indicated that no false-positive results were obtained with the
AC-ELISA caused by the detection of other pathogens.

3.4. Reproducibility and repeatability of the AC-ELISA

Five replicates of 10 specimens that were analyzed for repeata-
bility showed a mean coefficient of variation (CV) of 3.02%, and

M1 2

T0KD

60KD
H0KD ==

40KD o e UL24

Fig. 2. Expression of the recombinant protein. The UL24 protein was expressed and
purified (lane 1), and recognized by western blotting (lane 2) with rabbit anti-DEV
serum and HRP-conjugated goat anti-rabbit IgG, respectively. Lane M, molecular size
makers.



R. Jia et al. / Journal of Virological Methods 161 (2009) 38-43 41

Table 2
Results of reproducibility and repeatability assay of AC-ELISA.

Ref. samples

A B C D E F G H I ]
CV (%)
Repeatability 0.78 4.26 1.24 0.94 5.61 3.28 6.10 0.86 2.87 4.21
Reproducibility 5.51 3.42 6.01 8.79 7.54 4.76 6.61 9.27 743 533
ODy50mm Table 3
4.0 Results of inhibition assay for AC-ELISA.
2.7 | No. OD450 nm %Inhibition®
2.50 1 Negative serum? Positive serum®
2.25
1 1.873 0.237 87
2,007 2 1.259 0.187 85
1.75 | 3 1.531 0.248 83
L5or 2 DEV 100 l (0.182 g/100 pl) was mixed with 100 wl of normal duck serum in
L25 | each test.
1.00 b DEV 100 1 (0.182 .g/100 pl) was mixed with 100 .l (5.0 pg/l) of purified duck
0.75 | anti-DEV UL24 IgG in each test.
o.50 | ¢ Test specimens were considered to be confirmed as positive for duck anti-DEV
’ UL24 IgG if the percentage of inhibition was greater than 50%.
0.25
0. 00 " dilution

O O O
L .
3

Fig. 3. Sensitivity of the AC-ELISA. Different concentrations of purified DEV (from a
1:1 dilution to a 1:1280 dilution; the concentrations of DEV were 14,720 ng, 7360 ng,
2944 ng, 1472 ng, 736 ng, 368 ng, 184 ng, 92 ng, 46 ng, 23 ng, and 12 ng per well,
respectively). At least 46 ng of DEV protein per well could be detected in the AC-
ELISA.

individual CVs varied from 0.78% to 6.10%. When each replicate
was run on different days the assay showed a mean CV of 6.47%,
and individual CVs varied from 3.42% to 9.27%. Table 2 shows the
repeatability and reproducibility of the assay under the experimen-
tal conditions used and demonstrates the low variability.

3.5. Inhibition of the AC-ELISA

The inhibition assay was repeated three times using the AC-
ELISA with anti-DEV UL24 IgG. It was observed that the OD4s5¢9 nm
values in these reactions were reduced by more than 50% after

ODusonm
300 BDEY  mDHV
% BDHEY  BGPV
50
25
00
15
50
25
00
()
50
25
00

BRA B Ecoli

LP.M ®S5E

@BPBS BDEF

DEV DHvV DHBY GPV RA  Ecoli PM SE pBs DEF
samples

O e On o BN RGPS PG M Wi

Fig.4. Specificity of the AC-ELISA. Different pathogens, PBS, and duck embryo fibrob-
lasts were tested using the AC-ELISA. Numbers represent the mean absorbance from
triplicate wells. All OD4sonm values except that of DEV were lower than the cutoff
value.

blocking with anti-DEV UL24 IgG (Table 3). This result indicates
that the assay was highly specific for DEV-UL24 IgG.

3.6. Detection of DEV in experimental specimens

To validate the AC-ELISA, 28-day-old Peking ducks were chal-
lenged with the CHv strain of DEV. The experimental sera were
collected and tested using the AC-ELISA. The DEV UL24 antigen
appeared in the serum at 8 h.p.i. (Fig. 5), and the result was fur-
ther confirmed at 4 h.p.i. by PCR and at 72 h.i.p. by virus isolation,
respectively. This implied that the analytical sensitivity of the AC-
ELISA was greater than that of virus isolation, and approached that
of the PCR (10 fg DNA) (Cheng et al., 2004).

3.7. Detection of DEV in clinical specimens

Using the collected specimens, the sensitivity of the AC-ELISA
was compared with that of the neutralization test. The results
showed that there were 120 true positives and 15 true negatives.
The proportions of these two groups that were correctly diagnosed
by the AC-ELISA were 108/120=0.90 and 10/15 =0.67, respectively
(Table 4). This result indicates that the AC-ELISA was specific and
sensitive for the DEV UL24 antigen.

120h  7h b 1% & 4 o hpi

T

virus isolation

243 2,063 1692 0.826 0311 0.173 0.148 ODysonm
+ + + + + - — AC-ELISA

PCR

Fig. 5. Experimental infection of duck sera with DEV-CHv detected by AC-ELISA,
virus isolation, and PCR. Positive sera were consistently detected by the AC-ELISA,
and the positive and negative results were recorded according to the established
cutoff value.
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Table 4
Relation between the results of AC-ELISA and neutralization test.

AC-ELISA Neutralization test

Positives (+) Negatives (—) Total
Positives (+) 108 5 113
Negatives (—) 12 10 22
Total 120 15 135

4. Discussion

To improve their ability to detect DEV, as well as for disease con-
trol purposes, laboratories need more rapid and less cumbersome
methods for the direct identification of the viral antigen in clini-
cal specimens. Current methods for the detection of antigen, such
as immunohistochemistry, viral isolation, and immuno-electron
microscopy, are unable to detect antigen quickly enough. How-
ever, of the numerous techniques developed for the rapid diagnosis
of viral infections in recent years, the AC-ELISA provides a plat-
form that is capable of mass screening of clinical specimens. It also
offers well-documented advantages over more traditional meth-
ods of antigen detection. The use of monoclonal antibodies may
not only improve the sensitivity and specificity of an ELISA, but
may also allow distinction between virus serotypes and different
antigens, as well as between subclasses of IgG antibody (Clavijo
et al., 1998). In some studies of captured antigens, not only sin-
gle strains of monoclonal antibody (Stephanie et al., 2008; Van den
Berg et al., 2004; Velumani et al., 2008), but also multiple strains
of monoclonal antibodies (Katarzyna et al., 2002), have been used
to enhance the sensitivity of the test. Although the components of
polyclonal antibodies are complex, and the specificity is inferior to
that of tests that use monoclonal antibody, some researchers are
still inclined to choose polyclonal antibodies for the detection of
antigens by ELISA, because of the higher sensitivity (El-Mekki et
al., 1987). The antigenicity and immunogenicity of DEV from dif-
ferent regions are almost identical, and the diversity of different
strains of DEV can be ignored (Jansen, 1968; Shawky and Sandhu,
1997). Therefore a polyclonal antibody is superior to a monoclonal
antibody for the detection of DEV antigen. In this study, in order
to enhance the specificity and sensitivity of the AC-ELISA, rabbit
polyclonal antibodies with high affinity and specificity for DEV,
prepared by use of the DEV UL24 protein, were used for anti-
gen capture. The results showed that the limit of sensitivity of
the AC-ELISA for detection of the DEV antigen was approximately
46 ng/100 pwl.

The assessment of the specificity of the AC-ELISA revealed that
the polyclonal antibody against the DEV UL24 expression protein
showed no cross-reaction with other viruses or strains from ducks.
Furthermore, a blocking assay was used to demonstrate the speci-
ficity of the AC-ELISA. It was shown that serum samples positive for
antibodies against DEV UL24 reduced the OD45¢,m, values obtained
using purified DEV significantly. The high sensitivity and specificity
of the assay are likely to be due to the fact that the DEV UL24
expression protein contained a single component. Complete DEV
virions probably integrate with the two exposed epitope-binding
sites of the polyclonal anti-DEV UL24 IgG in serum, and then the
combination combines with the enzyme-tagged antibody.

Ducks were infected artificially with virulent DEV in this exper-
iment. The infected ducks were detected successfully using the
AC-ELISA, and the result was confirmed further by PCR and virus iso-
lation. No false-positive signals were obtained, which confirmed the
potential clinical use of the AC-ELISA. Clinical specimens showed
that a proportion of the true positives (108) and the true negatives
(10) were identified correctly by the test. These results suggest that
the AC-ELISA method could be used to make a clinical diagnosis of

duckviral enteritis, with confidence in the specificity and sensitivity
of the assay.
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