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We developed an enzyme-linked immunosorbent assay (ELISA) using eukaryotically expressed E protein as the antigen (termed
E-ELISA) to detect antibodies to tembusu virus (TMUV) in ducks. The E-ELISA did not react with antisera to other known
pathogens, indicating the E protein is specific for recognizing anti-TMUV antibodies. Compared to the serum neutralization
test, the specificity and sensitivity of the E-ELISA was 93.2 and 97.8%, respectively. Therefore, this E-ELISA is a sensitive and
rapid method for detecting antibodies against TMUV in ducks.

Duck tembusu virus (DTMUV), a member of the Flavivirus
genus in the family Flaviviridae, consists of single-stranded,

positive-sense viral RNA that encodes three structural proteins
and seven nonstructural proteins (10, 11). Since 2010, a novel
DTMUV has caused a substantial drop in egg production in in-
fected birds in southeast China (12, 20). Surveillance showed that
this virus has continuously caused outbreaks and has spread to
northeast China. The transporting of virus-infected birds may be
one mechanism by which this virus has been introduced into new
and unaffected regions. The considerable morbidity caused by
DTMUV demands a rapid and simple identification test, so that
appropriate curing or stamp-out procedures can be implemented
to prevent the expansion of this disease to other unaffected regions
in China and other countries.

The assay of choice for the detection of flavivirus infection is
enzyme-linked immunosorbent assay (ELISA) (5, 8, 14). ELISA-
based antibody detection tests using recombinant antigens offer
higher levels of reproducibility, are easy to standardize, and are
less labor-intensive than the use of chemically inactivated viral
antigens. More importantly, the production of the noninfectious
recombinant antigen used in the assay does not require the culti-
vation of infectious viruses, reducing the biohazardous conditions
(1, 2, 13, 22, 23). Several ELISAs have been developed by using
recombinant PrM and E proteins as the antigens for detecting
antibodies against flavivirus (4, 6, 7, 21). Recent studies reported
that the E protein of West Nile virus induces a strong immune
response and provides protection against West Nile virus infec-
tion (3, 17), suggesting that the E protein without prM could be
used as an antigen to detect antibodies against the virus. An ELISA
that uses a recombinant protein as the coating antigen for the
detection of antibodies against DTMUV has never been investi-
gated. In this study, we developed an E protein ELISA (E-ELISA)
by using Spodoptera fugiperda (Sf9) insect cell-expressed recom-
binant E protein as the coating antigen to detect antibodies against
tembusu virus in ducks.

Specific-pathogen-free (SPF) duck embryonated eggs free of
DTMUV were used for virus propagation (11). The E-encoding
gene was reverse transcribed to cDNA as described previously
(11). The cDNA clone was amplified by PCR with concurrent
introduction of a C-terminal His6 tag at the reverse primers. Clon-
ing sites BamHI and XhoI were introduced into the forward
primer 5=-CGCGGATCCTTCAGCTGTCTGGGGATGCAG-3=
and the reverse primer 5=-ATCTCGAGCTA gtg atg gtg atg gtg atg

GGCATTGACATTTACTGCC-3= (the cloning site is underlined
and the His6 codons are in lowercase letters), respectively. The
amplified PCR product was sequenced, resulting in the expected
size of 1,503 bp. After sequence verification, the BamHI- and
XhoI-digested insert was cloned into a pFastBac1 vector (Nova-
gen, Madison, WI). Isolated recombinant bacmid DNA and
pFastBac DNA (as a control) were used to transfect Sf9 cells ac-
cording to the manufacturer’s instructions.

The E fusion proteins in cell debris and supernatant were pu-
rified by using a nickel-nitrilotriacetic acid (Ni-NTA) kit (Qiagen,
Valencia, CA) and then were analyzed by SDS-PAGE and Western
blotting. Nitrocellulose (NC) membranes were probed with
DTMUV-positive sera (diluted 1:100) and phosphatase-labeled
goat anti-duck IgG (L and H) conjugates (1:500 dilution) (KPL,
MD) (12). SDS-PAGE showed the E fusion protein to have an
approximate molecular mass of 65 kDa (Fig. 1A), which was 5 kDa
higher than expected (54-kDa E protein plus 6-kDa His tag), sug-
gesting that the E fusion protein is glycosylated. We found that
there are two potential N-linked glycosylated sites: 154NYS156 and

314NPT316. The amount of expressed E protein in the supernatants
was lower than that in the pellets (data now shown). Western
blotting showed that DTMUV-positive sera reacted specifically
against a purified 65-kDa E fusion protein (Fig. 1B). No other
proteins were detected from the pFastBac E-transformed Sf9 cells
(data not shown).

DTMUV-positive sera were prepared as follows. Thirty SPF
ducks were immunized with purified inactivated DTMUV TA
strain in complete Freund’s adjuvant and boosted twice in incom-
plete Freund’s adjuvant at 2-week intervals. (Approval for this
research was obtained from the Harbin Veterinary Research Insti-
tute Animal Center.) Sera were collected 2 weeks after the final
boost; 30 DTMUV-positive and -negative sera (collected from
uninfected SPF ducks as a control) were used to evaluate the E-
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ELISA and to compare it to serum neutralization (SN) tests. Sera
against H5N1 influenza virus (AIV), Newcastle disease virus
(NDV), duck plague virus (DPV), duck hepatitis type 1 virus
(DHV-1), duck reovirus (DRV), egg drop syndrome virus 76
(EDS-76), and Japanese encephalitis virus (JEV) all were collected
at the Harbin Veterinary Research Institute. In addition, 469 clin-
ical serum samples were collected from adult meat-type and egg-
laying breeder ducks suffering from egg drop disease at various
commercial farms between 2010 and 2012.

As the gold standard method, the SN test was carried out in the
96-well format using DEF cells as described previously, with mi-
nor modifications (18). Briefly, 100 �l of heat-inactivated sera
diluted in Dulbecco’s modified Eagle medium (DMEM; initial
dilution, 1:10; 2-fold dilution to 1,280) was incubated with 100
50% tissue culture infectious doses (TCID50) of the TA strain for 1
h at 37°C. The virus-serum mixture (100 �l) was then transferred
onto a monolayer of DEF cells in a 96-well plate (triplicate wells).
DTMUV-positive and -negative sera, phosphate-buffered saline
(PBS), and uninfected DEF cells served as controls. The cytopathic
effects (CPE) were observed daily for 5 days. Neutralization titers
of sera were calculated by the Reed-Muench method (15). SN
titers of �1.5 (1:40) were considered negative, and titers of 1.5 or
greater were considered positive. The 30 DTMUV-positive ani-
mals showed a neutralizing antibody titer of 1:640, but the 30
DTMUV-negative sera and the sera against the other duck patho-
gens showed no cross-reaction to DTMUV (�1.5).

To standardize the E-ELISA, the DTMUV-positive or -nega-
tive sera and conjugate dilution (from 40� to 1,600�) were used
to optimize the detection system. To determine the optimal con-
centrations, a checkerboard titration was carried out with differ-
ent amounts of E protein (ranging from 500 to 0.5 ng per well). By
using the DTMUV-positive or -negative sera, we found the opti-
mal dilution of the test sera to be 1:100. The optimum E protein
concentration was found to be 5 �g/ml. The optimal dilution of
1:400 for the conjugate was determined previously (13). Thus, our
standardized E-ELISA procedure is 100 �l of 5 �g/ml purified E

protein coated onto the wells of an ELISA plate (BIOFIL; Canada
JET Biochemicals Inc.). After washing, 1:100 diluted DTMUV-
positive and -negative sera are added. An aliquot (100 �l/well) of
the 1:400 diluted conjugate is added after washing. Reactions are
stopped by adding 3 M NaOH, and the plate is read on a micro-
plate reader (Bio-Rad, Japan) at 405 nm.

Using this standardized procedure, a good positive/negative
(P/N) ratio was obtained by dividing the positive and negative
optical density (OD) values (�2.1). DTMUV-negative and -pos-
itive sera (n � 30) were examined in both the E-ELISA and SN
tests. The average OD of the DTMUV-negative sera in the
E-ELISA were �0.2 � 0.017 (means � standard deviations [SD]).
The 1:100-diluted serum specimens with OD of �0.25 or �0.25
were interpreted as negative or positive, respectively. Based on this
criterion, 30 uninfected SPF duck sera all were negative and 30
DTMUV-positive sera all were positive in the E-ELISA.

The detection threshold of the E-ELISA compared to that of
the SN test was determined by using serial dilutions of the
DTMUV-positive sera. The sensitivities were a dilution of 1:320
sera tested at �0.25 absorbance units for the E-ELISA and a dilu-
tion of 1:640 sera for SN titers of �1.5 (1:40). The negative-con-
trol sera showed no detectable E- or virus-specific antibodies in
the E-ELISA or the SN test at any dilution. Antisera specific for
other known duck pathogens and JEV yielded �0.25 OD values,
indicating that no cross-reaction was detected by antisera specific
for other known duck pathogens or JEV in the E-ELISA.

The sensitivity and specificity of the E-ELISA were also com-
pared to those of the SN test by using the 469 clinical farm serum
samples (Table 1). The SN test determined that 366 and 103 sam-
ples were DTMUV-positive and -negative, respectively. The E-
ELISA result showed that 365 and 104 serum samples were E-an-
tibody positive and negative, respectively. Together, 358 serum
samples were positive and 96 serum samples were judged to be
negative by both methods (Table 1). Using the SN test as a refer-
ence, the specificity and sensitivity of the E-ELISA were calculated
to be 93.2 and 97.8%, respectively. The concordance between the
two methods was 96.8%.

Dot blotting assays were also compared to the SN test by using
454 clinical serum samples (that were in agreement for both the
SN test and the E-ELISA). Briefly, 5 �g/ml E fusion protein was
spotted onto NC membrane. The membranes were probed with
454 (1:100) clinical sera as described for Western blotting. The
sensitivities and specificities for the SN test and dot blotting assays
were then analyzed. The specificity and sensitivity were found to
be 84.3 and 91.6%, respectively. The results of the SN test and the
dot blotting assays were in agreement for 409 samples (Table 2).
However, 30 dot blotting serum-negative samples were positive in
the SN test, and 15 SN serum-negative samples were positive in the
dot blotting assay. The results indicate that the dot blotting assay is
less sensitive and less specific than the E-ELISA.

TABLE 1 Comparison between SN tests and our E-ELISA for detection
of DTMUV-related antibodies

Test result SN positive SN negative Total

E-ELISA positive 358 7 365
E-ELISA negative 8 96 104

Total 366 103 469

FIG 1 (A) Identification of E protein from transformed cells by SDS-PAGE.
Lane 1, Sf9 expressing pFastBac-E; lane 2, Sf9 expressing pFastBac; lane 3,
molecular mass marker. (B) Purified His-E protein analyzed by SDS-PAGE
and detected by Western blotting with duck anti-tembusu virus sera. Lane 1,
molecular mass marker; lane 2, purified His-E protein; lane 3, protein from
pFastBac-transformed Sf9 cells.
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Sf9-expressed E protein of �5 kDa larger than the expected size
and the presence of two potential N-linked glycosylated sites sug-
gested that DTMUV E protein is glycosylated. A previous report
demonstrated that baculovirus-derived antigen was more sensi-
tive than the bacterial recombinant antigen for detecting virus-
specific antibodies in polyclonal sera (1). In this study, the 5 ng/
well of recombinant E protein chosen for the E-ELISA allowed the
specific and sensitive detection of E antibodies to DTMUV in
ducks. The results of the E-ELISA were highly correlated (96.9%)
with those of the SN tests. Regarding sensitivity, specificity, and
this correlation, this recombinant E protein alone seems to be a
suitable antigen to detect specific antibodies to tembusu virus in
ducks in an E-ELISA.

Until now, only a limited number of flaviviruses have been re-
ported in ducks (21), and serological evidence of other flavivirus in-
fections in birds in China has not been reported. The E-ELISA
showed no cross-reactivity against other known duck pathogens;
however, cross-reactions due to unknown flaviviruses cannot be
completely ruled out, because the status of other flaviviruses in ducks
in China is not known. Because the sensitivity of ELISAs for cross-
reactive antibodies is insufficient to permit the use of a single ELISA to
screen for antibodies to different flaviviruses (16, 19), the most reli-
able approach is to continue to use homologous antigens in ELISAs.

Using SN tests as the gold standard, dot blots are less sensitive
and less specific than the E-ELISA. SN tests and blocking ELISAs
have the advantage that they can be used for multiple species, but
they require the propagation and purification of large quantities of
flavivirus for use as antigens (9). Moreover, live antigens have the
potential danger of spreading to farms when employed for diag-
nosis. While species-specific secondary antibodies are needed in
E-ELISAs, our E-ELISA reduces labor and reagent costs without
the risk of pathogenic contamination. Regarding sensitivity and
specificity, this E-ELISA seems to be quick and suitable for screen-
ing large serum sets for E antibodies against DTMUV.
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Dot blotting positive 328 15 343
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Yin et al.

2402 jcm.asm.org Journal of Clinical Microbiology

http://dx.doi.org/10.1371/journal.pone.0053026
http://dx.doi.org/10.1371/journal.pone.0053026
http://dx.doi.org/10.1371/journal.pone.0018106
http://dx.doi.org/10.1371/journal.pone.0018106
http://jcm.asm.org

	Detection of Specific Antibodies against Tembusu Virus in Ducks by Use of an E Protein-Based Enzyme-Linked Immunosorbent Assay
	ACKNOWLEDGMENTS
	REFERENCES


