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Background: Bovine viral diarrhea (BVD) is an economically important disease of cattle distributed worldwide. Diagnosis of BVD relies 
on laboratory-based detection of its viral causing agent or virus specific antibodies and the most common laboratory method for this 
purpose is Enzyme-Linked Immunosorbent Assay (ELISA).
Objectives: The current study was aimed to develop a simple indirect ELISA to detect antibodies against Bovine Viral Diarrhea Virus (BVDV) 
in the sera of infected cattle.
Materials and Methods: A new simple indirect ELISA method was developed to detect BVDV infection by prokaryotically (Escherichia coli, 
BL21 strain) expressed recombinant whole nonstructural protein 3 (NS3) of BVDV (NADL strain). Four hundred bovine serum samples were 
evaluated by the newly developed NS3-ELISA and virus neutralization test (VNT) as the gold standard method to diagnose BVD. Among 
these samples, 289 sera had been previously tested by a commercial ELISA kit.
Results: Statistical analyses showed a very high correlation between the results of the developed NS3-ELISA and VNT (kappa coefficient = 
0.935, P < 0.001), with the relative sensitivity and specificity of 94% and 98.8%, respectively. There was also a high correlation between the 
results of NS3-ELISA and the commercial ELISA kit (kappa coefficient = 0.802, P < 0.001) with the relative sensitivity and specificity of 90.72% 
and 91.15%, respectively.
Conclusions: The newly developed simple indirect ELISA showed high sensitivity and specificity with respect to VNT. Developing such a 
simple, sensitive, and specific ELISA which is much less expensive than the available commercial ELISA kits can improve the detection of 
BVDV infections, help to eliminate the disease from herds, and decrease economic losses caused by this disease.
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1. Background
Bovine Viral Diarrhea (BVD) is one of the most impor-

tant cattle diseases characterized by diarrhea, abortion, 
stillbirth, return to estrus, and milk drop. Economic im-
pact of BVD has led a number of countries in Europe to 
start eradication or control programs (1, 2). BVD is caused 
by Bovine Viral Diarrhea Virus (BVDV), which belongs to Pes-
tivirus genus, Flaviviridae family. Diagnosis of BVD relies 
on laboratory-based detection of its viral causing agent 
or virus specific antibodies. Although virus neutraliza-
tion test (VNT) is the gold standard method to detect the 
virus specific antibodies (3), Enzyme-Linked Immunosor-
bent Assay (ELISA) is a popular laboratory method for this 
purpose (4). 

The most immunogenic proteins of BVDV (NADL strain) 
are Erns, E2, and nonstructural protein 3 (NS3) (5). NS3 
molecule is an 80 kDa protein which is highly conserved 
among Pestiviruses. This protein, containing a serine 
protease domain at N-terminal and a domain with RNA 
helicase activity at C-terminal (6-8), is essential for pesti-
virus RNA replication (9). NS3 is strongly recognized by 
polyclonal convalescent sera (10). Animals vaccinated 
with modified live vaccines also have a strong antibody 
response to this protein (11). Antibodies to NS3 do not 
neutralize the virus infectivity; however, these antibodies 
can be readily detected by other serological tests. There-
fore, NS3 is an important antigen in BVDV serology (4) 
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and is suggested as a proper candidate antigen to detect 
antibodies against the virus. The current study used a 
prokaryotically expressed (Escherichia coli, BL strain) NS3 
fusion protein as an ELISA antigen to develop a simple in-
direct ELISA for the detection of antibodies against BVDV 
in the sera of infected cattle. 

2. Objectives 
The current study aimed to develop a simple indirect 

ELISA to detect antibodies against BVDV in the sera of in-
fected cattle.

3. Materials and Methods

3.1. Preparation of ELISA Antigen
Full-length cDNA coding region of the whole NS3 mol-

ecule (nucleotide 5423 to 7471, 2049 base pair, 683 resi-
dues) was cloned into pMAL-c2X expression vector at the 
XbaI/PstI sites. The recombinant maltose binding protein 
(MBP)-NS3 fusion protein was expressed in E. coli (BL21 
strain) followed by purification of the protein with an 
amylose-resin column chromatography as previously de-
scribed (12).

3.2. Bovine Serum Samples
Four hundred bovine serum samples were randomly 

collected from slaughtered cattle of both sexes and dif-
ferent ages at the abattoir. All serum samples were heat 
inactivated at 56°C for 30 minutes. Among these samples, 
289 sera had been previously examined by a commercial 
ELISA kit (IDEXX, USA) to detect the anti-BVDV antibodies. 

3.3. Virus Neutralization Test
All bovine sera were duplicately tested for the presence 

of virus neutralizing antibodies against BVDV according 
to the standard microtitration procedure described in 
the OIE (World Organization for Animal Health) manual 
(13). Briefly, 50 μL of 1:5 dilution of each serum sample was 
added into two wells of a 96-wells cell culture microplate; 
thereafter, 50 μL (400 TCID50) of BVDV-1 (cytopathic NADL 
strain) was added into each well and the plate was incu-
bated at 37°C for one hour in a humidified CO2 incubator. 
Finally, 1.5 × 104 BT cells were added to each well and the 
micro plate was incubated at 37°C for five days. The plate 
was observed daily for the presence of virus cytopathic ef-
fects. Four wells were allocated to each of the cell and vi-
rus controls and the results were documented compared 
to these control. 

3.4. Indirect ELISA Procedure 
The optimum concentration of ELISA antigen, serum 

dilution, and conjugated anti-antibody dilution were 
determined using checkerboard titration method. The 
amylose-resin purified recombinant MBP-NS3 fusion 

protein, at 300 ng/well, was applied into the 96-well 
polystyrene microtiter plates (Karizmehr Co., Iran) as 
ELISA antigen and incubated for 16 hours at 4°C. All the 
subsequent incubations were at room temperature and 
the plates were washed four times with PBST (PBS con-
taining 0.05% Tween 20) after each step. Blocking of the 
unreacted sites was carried out for three hours using 
PBS containing 0.2% Tween 20. After washing the plate, a 
1/400 dilution of the bovine serum samples, in PBST con-
taining 10% chicken serum, were added to the wells and 
incubated for 30 minutes. 

The serum diluent buffer also contained 5% of soluble 
proteins of IPTG (Isopropyl β-D-1-thiogalactopyranoside) 
induced E. coli cells containing pMAL-c2X plasmid and 
purified MBP at a final concentration of 1.2 mg/L. After a 
washing step, a 1/1300 dilution of rabbit anti-bovine IgG-
HRP (Sigma, USA) in PBST containing 1% rabbit serum was 
added to the wells and incubated for one hour. The ELISA 
plate was washed again with PBST and tetramethylben-
zidine substrate solution was added to the wells and in-
cubated for 10 minutes. The reactions were then stopped 
by addition of 0.1 M HCl and finally, optical density (OD) 
values were measured at 450 nm with a plate reader 
(Pishtazteb Co., Iran).

3.5. Statistical Analyses 
Receiver Operating Characteristic Curve (ROC) was used 

to determine the cut-off value of the MBP-NS3-ELISA, con-
sidering the maximum correlation between the results 
of VNT and MBP-NS3-ELISA. Thereafter, relative sensitivity 
and specificity of MBP-NS3-ELISA compared to VNT and 
the commercial ELISA kit were calculated and analyzed 
statistically.

4. Results

4.1. Preparation of ELISA Antigen
Recombinant MBP-NS3 protein was purified by amylose-

resin column chromatography as shown in the Figure 1. 
This recombinant protein was expressed as a fusion pro-
tein of about 117 kDa with MBP (42.5 kDa) at the N-termi-
nal part.

Figure 1. Purification of the Recombinant MBP-NS3 Protein

Lane 1, a protein weight marker containing two purified recombinant 
proteins of 97 and 50 kDa produced in the laboratory. Lanes 2 to 6, the 
purified consecutive fractions of whole MBP-NS3 molecule (~ 117 kDa).
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4.2. Virus Neutralization Test
Each bovine serum sample was tested in duplicate. The 

results of VNT for all sera were summarized in Table 1.

4.3. ELISA and Statistical Analyses
Considering the maximum correlation between the 

results of MBP-NS3-ELISA and VNT as the gold standard 
method for serodiagnosis of BVDV infection, the calcu-
lated cut-off value by ROC was 0.303. While 150 serum 
samples were positive with VNT, and 144 serum samples 
were positive by MBP-NS3-ELISA. On the other hand, 250 
serum samples negative for VNT, whereas 256 of all sam-
ples were negative for MBP-NS3-ELISA. A visual compari-
son of the results of these two methods is shown in Fig-
ure 2. McNemar’s test indicated no significant difference 
between the results of the two methods (P > 0.05). Kappa 
coefficient showed a very high correlation between these 
two methods (Kappa coefficient = 0.935, P < 0.001). The 
relative sensitivity and specificity of MBP-NS3-ELISA with

 

Table 1.  The Results of VNT

Result No. (%)

Negative 250 (62.5)

Positive 150 (37.5)

Total 400 (100)

Figure 2. The Comparison of MBP-NS3-ELISA and Virus Neutralization 
Test Results
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The horizontal dashed line represents the cut-off value (0.303) and divides 
the tested samples into two groups based on the OD values of MBP-NS3-
ELISA. The vertical dashed line divides the tested samples into two groups 
based on the results of VNT.

respect to VNT were 94% and 98.8%, respectively and the 
accuracy of the developed MBP-NS3-ELISA was 97%. Quan-
titative comparison of the VNT and MBP-NS3-ELISA results 
is summarized in Table 2.
 The results of 289 serum samples previously tested with 
commercial ELISA kit were compared to the results of MBP-
NS3-ELISA. While 97 serum samples were positive with 
commercial ELISA kit, 105 serum samples were positive 
by MBP-NS3-ELISA. On the other hand, 192 serum samples 
were negative with commercial ELISA kit, whereas 184 of 
all samples were negative for MBP-NS3-ELISA. A visual com-
parison of the results of these two methods is shown in Fig-
ure 3. McNemar’s test indicated no significant difference 
between the results of the two methods (P > 0.05). Kappa 
coefficient showed a high correlation between these two 
methods (Kappa coefficient = 0.802, P < 0.001). The relative 
sensitivity and specificity of MBP-NS3-ELISA with respect to 
commercial ELISA kit were 90.72% and 91.15%, respectively; 
the accuracy of the developed MBP-NS3-ELISA was 91%. 
Quantitative comparison of the commercial ELISA kit and 
MBP-NS3-ELISA results is summarized in Table 3.

Table 2.  The Comparison of MBP-NS3-ELISA and Virus Neutraliza-
tion Test Results

Variables Values
+ − Total

VNT NS3-ELISA
+ 141 3 144
− 9 247 256

Total 150 250 400

Figure 3. The Comparison of MBP-NS3-ELISA and Commercial ELISA Kit 
Results
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The horizontal dashed line represents the cut-off value (0.303) and divides 
the tested samples into two groups based on the OD values of MBP-NS3-
ELISA. The vertical dashed line divides the tested samples into two groups 
based on the results of the commercial ELISA kit.
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Table 3.  The Comparison of MBP-NS3-ELISA and Commercial 
ELISA Kit Results

Variables Values

+ − Total

Kit NS3-ELISA

+ 88 17 105

− 9 175 184

Total 97 192 289

5. Discussion
The first step to control eradicate BVD is to eliminate 

persistently infected (PI) animals and determine the 
prevalence of antibodies against the viral causal agent in 
order to monitor the virus circulation. The first genera-
tions of diagnostic ELISA kits utilized the extracts of vi-
rus infected cell cultures as ELISA detector antigens (14, 
15). Several ELISAs have been recently developed to detect 
BVDV infections using recombinant NS3 protein (16-19). 
Eukaryotic or prokaryotic recombinant NS3 is used for 
this purpose and this protein has shown high sensitivity 
and specificity to detect BVDV infection in comparison 
with whole virus antigen (16, 20). Thus, production of a 
recombinant form of NS3 in large amounts is economi-
cally very important and can be very useful to manufac-
ture BVDV antibody ELISA kits. Although it is shown that 
eukaryotic expression of NS3 increases sensitivity and 
specificity of ELISA kits (18), prokaryotic expression of NS3 
is still considered, since it is simple and less expensive 
than eukaryotic expression of the protein. 

So far, several ELISAs are developed using prokaryotical-
ly expressed NS3 to detect anti-BVDV antibodies. Reddy et 
al. (17) cloned a 917-bp segment of NS3 (p80) into pGex-2T 
plasmid vector containing the glutathione-S-transferase 
(GST) gene and the recombinant protein was expressed 
in E. coli and used as an ELISA antigen to detect anti-BVDV 
antibodies. A 1152-bp cDNA fragment of NS3 (2/3rd of NS3 
gene from C-terminal) was cloned into pGEMT Easy Vec-
tor and expressed in E. coli by Bhatia et al. (21) and used 
as a detector ELISA antigen in their developed competi-
tive inhibition ELISA (CI-ELISA) using a monoclonal anti-
body. Lecomte et al. (16) used a recombinant 80 kDa an-
tigen of the BVDV/Osloss virus strain as a fusion protein 
with β-galactosidase to detect BVDV specific antibodies by 
ELISA. They also developed a competitive ELISA which was 
more specific than the direct assay. 

Vanderheijden et al. (18) inserted a 2183-nucleotide 
fragment containing encoding sequence of p80 (Osloss 
strain) into the pARHS3 plasmid and analyzed the ex-
pressed protein by a competitive ELISA. Although the pro-
karyotic expression of recombinant NS3 is a simple and 
inexpensive method, compared to the eukaryotic expres-
sion, researchers tried to develop competitive ELISAs by 
monoclonal antibodies and/or eukaryotically expressed 
recombinant NS3 molecule to increase sensitivity and 

specificity of the assay. In fact, one of the major problems 
of prokaryotic expression of NS3 molecule, particularly 
whole NS3 molecule, is that it is a large insoluble protein 
which aggregates as inclusion bodies in the bacterial 
host cells. Thus, researchers had to use high concentra-
tion of urea to solubilize the recombinant NS3 protein 
(inclusion bodies) and then renature it by gradient dialy-
sis of the solution and it is obviously a time-consuming 
and expensive process. This problem was solved by an-
other plasmid vector, pMAL-c2X, to clone and express the 
recombinant NS3 molecule used in this study. This vector 
encodes a maltose binding protein at the N-terminal part 
of the molecule which is a soluble protein and can even 
solubilize the recombinant protein expressed with it as a 
fusion protein (22, 23). 

MBP tag makes it possible to purify the recombinant 
protein by amylose-resin. In addition, with the enhanced 
solubility of the expressed recombinant NS3, there was 
no need to treat the recombinant protein with urea for 
the purification. The current study developed an indi-
rect ELISA using the recombinant MBP-NS3 molecule as 
an ELISA detector antigen. The protein was expressed in 
E. coli in a simple and inexpensive manner and it was suf-
ficiently soluble to be purified without any treatment. 
MBP-NS3 based ELISA showed a high degree of sensitiv-
ity and specificity in comparison with the results of VNT; 
kappa coefficients indicated a very high correlation be-
tween MBP-NS3-ELISA with VNT (kappa = 0.935, P < 0.001) 
and the commercial ELISA kit (kappa = 0.802, P < 0.001), 
although there were some differences. 

Nine out of 150 positive samples by VNT were negative 
by MBP-NS3-ELISA. This could be due to 1) a recent infec-
tion which results in the production of IgM; therefore, 
the OD values of such serum samples may decrease sig-
nificantly causing the samples to be determined as nega-
tive by MBP-NS3-ELISA, 2) presence of non-specific inhibi-
tor factors in the tested serum samples that prevented 
virus propagation in the cell culture, and 3) vaccination 
of animals with an inactive vaccine that induces the pro-
duction of neutralizing antibodies but not antibodies 
against BVDV NS3 protein. On the other hand, 3 VNT nega-
tive samples were positive by MBP-NS3-ELISA. This could 
also be due to the strain of the employed virus in VNT and/
or the amount (TCID50) of the employed virus in VNT. In 
this study, maximum recommended TCID50 of the virus 
(400 TCID50) was utilized in VNT. So, it was more strin-
gent and this could decrease the sensitivity and increase 
the specificity of the assay. The differences between the 
results of MBP-NS3-ELISA and the commercial ELISA kit 
probably resulted from the type of employed ELISA detec-
tor antigen(s) or standardization of the procedures. 

Meanwhile, the developed ELISA is a simple ELISA which 
has no need to monoclonal antibodies to increase sen-
sitivity or specificity of the assay. Statistical analyses 
showed that this developed ELISA is highly sensitive and 
specific in comparison with the viral neutralization test, 
which is the reference test for the serological diagnosis 
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of BVDV. Developing such a simple, sensitive, and specific 
ELISA which is much less expensive than the available 
commercial ELISA kits can improve the detection of BVDV 
infections, help to eliminate the disease from herds, and 
decrease the economic losses caused by this disease. The 
current study developed a new simple indirect ELISA with 
a prokaryotically expressed recombinant whole NS3 mol-
ecule as ELISA antigen to detect anti-BVDV antibodies in 
sera of the infected cattle. The developed ELISA showed 
high sensitivity and specificity with respect to VNT. 
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