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Article Info Abstract

Article history: Diagnosis of bovine viral diarrhea (BVD) relies on the detection of antibodies against its
viral causing agent, bovine viral diarrhea virus (BVDV). Here, we designed a novel competitive
ELISA (cELISA) using the most immunogenic part of BVDV nonstructural protein 3 (NSs), as a
single ELISA recombinant antigen, along with a monoclonal antibody to detect antibodies
against BVDV in sera of infected animals. Hence, 197 serum samples were tested by this cELISA

and the results were compared to the results obtained from virus neutralization test (VNT) as
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Keywords: the gold standard method for diagnosis of BVD. McNemar's test indicated that there was no

significant difference between the results of this newly designed cELISA and VNT. Meanwhile,
Bovine viral diarrhea kappa coefficients showed that there was a high correlation between these two assays. The
Competitive ELISA relative sensitivity and specificity of cELISA with respect to VNT were 93.90% and 100%,

respectively, suggesting that this newly designed cELISA could be a useful diagnostic tool for
detection of BVDV infection. Moreover, as NSs is highly conserved among Pestiviruses and the
developed ELISA is a competitive one, it could potentially be applied to detect BVDV infection in
other domestic and wildlife species.
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Introduction

Bovine viral diarrhea virus (BVDV) is one of the major
pathogens of cattle that belongs to the Pestivirus genus
within the Flaviviridae family. Infection with this virus can
result in a variety of economically important reproductive
disorders including abortions, fetal resorption or
congenital malformation of the fetus, and diseases like
mucosal disease in persistently infected (PI) animals.! The
BVDV infection can considerably affect cattle industries
and starting eradication or control programs by several
European countries is proof of this claim.23

The viral genome encodes a large polyprotein leading
to the production of at least 12 individual structural and
nonstructural proteins by post-translational cleavages.*
Among these proteins, nonstructural protein 3 (NS3) has a
crucial role in the replication of the viral RNA genome

*Correspondence:
Masoud Reza Seyfi Abad Shapouri. DVM, PhD

which is attributed to its serine protease and RNA helicase
activities.>¢ This 80.00 kDa nonstructural protein is highly
conserved among Pestiviruses and is also known to be one
of the most immunogenic proteins of the virus.”
Consistently, it was shown that NSs could induce a strong
humoral immune response in cattle exposed to the virus
or modified live vaccines.? Although these antibodies do
not neutralize infectivity, they can be readily used in
serological assays to identify BVDV infection.? This makes
NSs an excellent candidate antigen for the development of
antibody ELISA assays to detect antibodies against viral
infection in sera of infected animals.10

As ELISA is among the most commonly used methods
for detection of BVDV antibodies in sera of infected cattle
and several ELISA assays have recently been developed
to detect BVDV infections using recombinant NSs
protein.”11-13 Although it has been shown that developed
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ELISAs using eukaryotically expressed NS3 have higher
sensitivity and specificity,12 prokaryotic expression of NS3
is still considered because of the simplicity and less costly
process of prokaryotic expression systems with respect to
eukaryotic ones. However, because of the nature of the
protein and its relatively high molecular weight (~ 75.00
kDa), there are also some complications in the expression
of the whole NSz molecule. As a result, we tried to develop
a novel competitive ELISA (cELISA) with a recombinant
part of the NSz molecule, as a single ELISA detector
antigen. This part of the NS3 molecule is a 122 amino-acid
region (~13.50 kDa) from residue 335 to 456 and has
been previously expressed and determined as the most
immunogenic part of the NS3; molecule.l* Moreover, a
previously produced monoclonal antibody against this
part of the NSs3 molecule was used as a competitor
antibody in this newly developed cELISA. Finally, the
results of the cELISA were compared to the results of the
virus neutralization test (VNT) and a commercial ELISA kit
for corresponding serum samples.

Materials and Methods

Bovine serum samples. A total number of 197
bovine serum samples were collected out of which 123
sera were previously tested by VNT and a commercial
ELISA kit (IDEXX Laboratories, Lenexa, USA). Newly
collected serum samples (n = 74) in this study were also
examined by VNT. All serum samples were first
inactivated at 56.00 °C for 30 min.

Virus neutralization test. All serum samples were
duplicately examined for the presence of virus-
neutralizing antibodies against BVDV according to the
standard microtitration procedure described in the OIE
manual.’s Briefly, 50.00 pL of 1:5 dilution of each serum
sample was added into two wells of a 96-wells cell culture
microplate. Then, 50.00 pL (150 TCIDso) of BVDV-1
(cytopathic NADL strain) was added into each well and the
plate was incubated at 37.00 °C for 1 hr in a humidified CO2
incubator. Finally, 1.50 x 10 BT cells were added to each
well and the microplate was incubated at 37.00 °C for five
days. The plate was observed daily for the presence of
virus cytopathic effects. Four wells were allocated to each
of the cell and virus controls and the results were
documented comparing to these control.

Preparation of ELISA antigen. A purified
recombinant fragment (from amino acid 335 to 456) of
whole NSs protein was used as ELISA single antigen for the
development of the present cELISA assay. This protein was
a 122 amino-acid peptide (~13.50 kDa) and has been
previously shown to be the most immunogenic part of the
NSs molecule. As this fragment was the fourth consecutive
fragment (from the beginning of the molecule), it was
called F4.14 Coding region DNA of this fragment (from
nucleotide 1003 to 1368 of NS3 coding DNA, accession

number NC_001461) was previously cloned into pMAL-
c2X prokaryotic expression vector. This recombinant
vector was expressed (fused with a maltose-binding
protein (MBP) at N terminal) in BL21 strain of Escherichia
coli (E. coli) followed by purification of the protein with
amylose-resin column chromatography.

Monoclonal antibody (MAbs). A panel of six
monoclonal antibodies (9N, 13N, 15N, 80N, 172N, and
186N) which had been previously produced against whole
recombinant NS3 molecule in our laboratory (data are not
shown) were assessed by an indirect ELISA to find the
most reactive monoclonal antibody against the purified
recombinant F4 fragment of the NS3 molecule.

Competitive ELISA. The optimum concentration of the
recombinant F4 fragment as the ELISA antigen, dilution of
the monoclonal antibody and conjugated anti-antibody
were determined using the checkerboard titration
method. The purified recombinant MBP-F4 fusion protein
was applied at different concentrations from 690 to 115 ng
per well into 96-well polystyrene microtiter plates as
ELISA antigen and incubated for 16 hr at 4.00 °C. All
subsequent incubations were at room temperature and
the plates were washed four times with PBST (phosphate-
buffered saline containing 0.05% Tween 20: all from
Merck, Darmstadt, Germany) after each step. Blocking of
unreacted sites was carried out for 3 hr using PBST
containing 1.00% bovine serum albumin (Merck). After
washing the plate, a 1:5 dilution of previously examined
positive and negative bovine serum samples in PBST
containing prepared 10.00% chicken serum were added to
the wells and the plate was incubated for 45 min.
Afterward, different dilutions (1:50, 1:100, 1:200, 1:300,
1:400, 1:600, 1:800, 1:1,600) of the determined most
reactive monoclonal antibody were added to the wells and
the plate was incubated for 30 min. After further washing,
a 1:5,000 dilution of anti-mouse IgG-peroxidase conjugate
(Sigma, St. Louis, USA) in PBST was added to the wells and
incubated for 30 min. The ELISA plate was washed again
with PBST and tetramethylbenzidine substrate (Sigma, St.
Louis, USA) solution was added to the wells for 10 min
incubation. The reactions were then stopped by the
addition of 0.10 M HCI (Merck) and finally optical density
(OD) values were measured at 450 nm with a plate reader
(Pishtaz Teb Co., Tehran, Iran).

Evaluation of serum samples by cELISA. All serum
samples were duplicately examined by the newly
developed cELISA using the purified recombinant F4
fragment of NS3 molecule as ELISA detector antigen and
monoclonal antibody 172N as the competitor antibody.

Statistical analyses. The statistical analyses were
performed using SPSS Statistics software (version 16.0;
IBM, Chicago, USA). The OD values of serum sample were
used to calculate a sample/negative (S/N) index for each
of the tested samples as S/N index = (mean OD value of
sample / mean OD value of the negative sample) x 100.
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Thereafter, the results of the newly developed cELISA
were compared to the results obtained from VNT as the
gold standard method!¢ for the corresponding serum
samples to determine the cut-off value of cELISA using
receiver operating characteristic curve (ROC) analytical
method. The cut-off value was determined as the highest
sensitivity, specificity and correlation could be achieved
between the results of cELISA compared to the results of
VNT. Meanwhile, qualitative analyses of the results of
cELISA with those obtained from VNT and the
commercial ELISA kit were performed using McNemar’s
statistical test. Besides, kappa coefficients (k) were
calculated to assess the degree of agreement between
cELISA and two other methods. Thereafter, the relative
sensitivity and specificity of cELISA comparing to VNT
and the commercial ELISA kit were calculated and
analyzed statistically.

Results

Virus neutralization test. Eighty-two (41.62%) out of
197 serum samples could inhibit replication of 150 TCIDso
of BVDV-1 (cytopathic NADL strain) in cell culture.

Monoclonal antibody (MAbs). Among examined
monoclonal antibodies, 172N was the most reactive
monoclonal antibody against the purified recombinant
F4 fragment of NS3 molecule. Thus, 100 mL of the
supernatant of the corresponding hybridoma was
harvested as the monoclonal antibody source for the
development and examination of the cELISA.

Competitive ELISA. After using the checkerboard
titration method, the optimum concentration of the
recombinant F4 fragment as ELISA antigen and dilution of
the monoclonal antibody as competitor ELISA antibody
were determined as 115 ng per well and 1:300,
respectively. Meanwhile, the optimum dilution of anti-
mouse IgG peroxidase-conjugated was 1:5,000 dilution of
this molecule in PBST.

Evaluation of serum samples by cELISA. After
examination of all serum samples by the cELISA the S/N
index was calculated for each sample. Predictably, as
there was no antibody molecule against BVDV in sera of
uninfected animals, negative serum samples had the
highest OD values and in contrast, positive samples
showed the lowest OD values. This is clearly shown in
Figure 1 where the mean S/N indexes of VNT positive
and negative samples are compared to each other. On
the other hand, the ROC method showed that the
maximum correlation between the results of cELISA
and VNT was achieved when the cut-off value of the S/N
index was equal to 41.88%. As a result, serum samples
with an S/N index higher than 41.88% were considered
as negative serum samples and those with an S/N index
less than 41.88% were considered as positive sera
containing antibodies against BVDV.
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Fig. 1. Distribution of all VNT positive and negative serum
samples based on their S/N index percentages. The horizontal
dashed line represents the cut-off value of S/N index (= 41.88%)
and divides 197 tested samples into two groups of negative (S/N
index > 41.88%) and positive (S/N index < 41.88%) serum
samples, while the vertical dashed line divides the examined
serum samples into two groups based on their VNT results.

Out of all 197 serum samples, 120 sera were negative
in cELISA. However, 5 of these negative samples were
found to be positive in VNT. Meanwhile, all positive serum
samples in cELISA were also positive in VNT. The detailed
statistical results of the cELISA, VN, and the commercial
ELISA kit are presented in Table 1.

Table 1. Statistics obtained from the cELISA in comparison
with the results of VNT and the commercial ELISA kit.

Item Competitive ELISA ELISA kit

VN Positive Negative Total Positive Negative Total
Positive 77 5 82 39 9 48
Negative 0 115 115 6 69 75
Total 77 120 197 45 78 123
Discussion

Bovine viral diarrhea is one of the most important viral
diseases of cattle which can considerably affect the yield of
herds since, despite its name, it is a reproductive disease.
This has necessitated many countries to begin prevention
programs or to try to eradicate the disease.z® The first step
of prevention programs is the diagnosis of the disease
which determines the presence or absence of the virus
infection in herds followed by detection of PI animals.
Diagnosis of this disease can be done using different assays
among which serological assays are the most common
methods. One of these methods is antibody ELISAs which
detect antibodies against BVDV infection. As NS is a highly
conserved and immunogenic protein of BVDV different
ELISAs have been developed using this antigen as ELISA
detector antigen. Although it has been shown that the
prokaryotically expressed recombinant NSz, as an ELISA
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detector antigen, has some advantages over the extract of
the propagated virus in the cell culture, there are also
some complications on using this recombinant protein.
NSs is relatively a large protein consisting of 683 amino
acids and achieving a high amount of this protein may not
be easy. Besides, a major problem is that generally
recombinant NSs is insoluble and aggregates as inclusion
bodies in recombinant bacterial cells. Thus, the purification
process of the recombinant NSs needs special steps to have
a good yield (e.g, treatment with urea).!1-1317 Therefore,
determining the most immunogenic part of the NS3
molecule could introduce a proper substitute instead of
the whole NS3 protein. This was attempted in a previous
study in which it was determined that the most
immunogenic domain of NSz protein was a 122 amino-acid
region (about 13.50 kDa), from residue 335 to 456,
designated as the fourth fragment (F4) in that study.
Developed ELISA with this recombinant fragment of NSs3
molecule (F4-ELISA) did not show enough sensitivity and
specificity compared to another ELISA with whole NS3
molecule as ELISA antigen and statistical analyses showed
a medium correlation between results of F4-ELISA and
virus neutralization test (x = 0.63, p < 0.001) with relative
sensitivity and specificity of 78.05% and 84.91%,
respectively.l* Consequently, the present study was
conducted to develop a more sensitive and specific ELISA
using this immunogenic domain of NS3 molecule as a
single ELISA antigen along with a monoclonal antibody in
anovel cELISA. After delineating proper concentration and
dilution of the antigen and antibody, all serum samples
(197) were examined by this new cELISA. The results of
this cELISA were compared to the results of VNT, as the
gold standard method for identification of BVDV
infection,'® and a commercial ELISA kit. McNemar’s test
indicated that there was no significant difference between
the results of cELISA and VNT (p > 0.05). Meanwhile, x
showed that there was a high correlation between the
results of cELISA and VNT (x = 0.947; p < 0.001). The
relative sensitivity and specificity of cELISA with respect to
VNT were 93.90% and 100%, respectively. Also, positive
and negative predictive values (PPV, NPV) were 1.00 and
95.83, respectively. No significant difference was observed
between the results of the commercial ELISA kit (for those
123 tested serum samples) and VNT (p > 0.05), and k
showed a lower correlation between the results of these
two assays (k = 0.74; p < 0.001) with respect to the
previous comparison (k = 0.947; p < 0.001). The relative
sensitivity and specificity of the commercial ELISA kit with
respect to VNT were 81.00% and 92.00%, respectively,
indicating lower sensitivity and specificity compared to
the present cELISA. However, there were five
discrepancies between the results of cELISA and VNT.
These serum samples were negative in cELISA and they
were found to be positive in VNT. This was probably
because of 1) different epitope recognition of the

monoclonal antibody with respect to antibody molecules
in sera of those infected animals which means that there
was not any competition between these two to bind to the
antigen or, 2) unspecific inhibition of viral replication due
to presence of inhibitor materials in those false-negative
serum samples in cELISA.

The results of the present study were in agreement
with previous studies. Lecomte et al cloned the DNA
coding region of the 80.00 kDa antigen of BVDV/Osloss
virus strain and successfully used the purified
recombinant protein for ELISA detection of BVDV specific
antibodies in a competitive ELISA using MAbs. It was
shown that this competitive ELISA was more specific than
a direct assay.!! In another study performed by Reddy et
al, a 917-bp segment of NSz (BVDV-NADL vaccine strain)
was cloned into a pGex-2T plasmid vector contained the
glutathione-S-transferase (GST) gene followed by the
expression in E. coli. The recombinant protein was then
used in ELISA to detect BVDV infection by testing 54
independent bovine serum samples. Statistical analysis
showed a high degree of correlation between the reactivity
of the recombinant protein and natural antigens in ELISA
and also between the results of the ELISA and VNT.13
Chimeno and Tobaga, using eukaryotically, expressed
most immunogenic proteins (Eo, E2, and NS3) of BVDV
(NADL strain) to design ELISAs for the detection of specific
antibodies in cattle sera. The results showed that designed
ELISAs were highly sensitive and specific in comparison
with VNT.7 Bhatia et al. developed a competitive inhibition
ELISA (CI-ELISA) for detection of antibodies against BVDV
using the prokaryotically, and expressed helicase domain
of NSs protein, two-thirds of NSz protein from C-terminus
(45.00 kDa) and a monoclonal antibody, and compared
their results with results obtained from two commercial
ELISA kits. 914 field serum samples of cattle (810) and
buffaloes (104) were tested by this CI-ELISA and the
results showed a relative specificity of 95.75% and 97.38%
and sensitivity of 96.00% and 94.43% in comparison with
the Ingenesa kit and Institut Pourquier kit, respectively.
This study proved that the use of the helicase domain of
NSs was equally good as the whole NSs3 protein (80.00
kDa) used in commercial kits for the detection of BVDV
antibodies in cattle and buffaloes. However, the results of
this CI-ELISA were not directly compared to VNT as the
gold standard method for diagnosis of BVD.18

The results of the present study showed that this newly
designed cELISA had high sensitivity and specificity for the
detection of antibodies against BVDV. On the other hand,
as NSs was highly conserved among Pestiviruses and the
developed ELISA was a competitive one, and it could
potentially be applied to detect BVDV infection not only in
cattle but also in other domestic and wildlife species.
However, it has yet to be examined. Design and
development of such new ELISA assays which are more
sensitive and specific can provide valuable diagnostic tools
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to detect BVDV infections followed by prevention, control
and even eradication of the disease.
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