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1. Introduction

  BHV-1 is the member of the genus varicellovirus in the 
subfamily Alphaherpesvirinae, which belongs to the family 
Herpesviridae. The virus has been associated with a variety 
of clinical disease manifestations including infectious 
bovine rhinotracheitis, vulvovaginitis, balanoposthitis, 
abortions, conjunctivitis and generalized systemic 
infections[1,2]. The greatest economic impact comes from 
losses resulting from IBR abortions, which occur chiefly 
during the last half of gestation, often without evidence 
of other clinical signs. BHV-1 establishes latency in the 
sensory neurons of trigeminal ganglia[3]. The main sources 
of infection are nasal exudates and cough droplets, genital 
secretions, semen and foetal fluids[4-6]. Diagnosis of BHV-1 
infections is mainly carried out by virus isolation, PCR and 
serology[7-9]. Serum neutralization (SN) test is often used, but 
it lacks sensitivity, is time consuming and laborious. In this 
study, we describe the development of a sandwich enzyme-
linked immunosorbent (ELISA) which is simple, rapid and 
reliable test for detecting BHV-1 infections. 

2. Materials and methods 

2.1. Virus and cell culture

   The reference BHV-1 was isolated from an aborted foetus 
(7 months) received from a cattle diary farm. Large scale 
isolation of virus was carried out on Madin Darby Bovine 
Kidney (MDBK) cell line[10,11]. The confluent monolayers 
were infected with 1 000 50% tissue culture infective doses 
(TCID50). When the cytopathic effect was observed in 90% 
monolayer, about 48 hours later, the cultures were frozen 
at -70 曟 and thawed at 37 曟 three times, clarified of cell 
debris at 1 000 伊 g for 10 min and supernatant stored at -70 曟. 
The pellet was subjected to sonication at 20K amplitude (10 
cycles).

2.2. Concentration and purification of virus

  The supernatant was clarified by cooling centrifuge at 
10 000 伊 g for 30 min. To each 100 mL of the clarified 
supernatant, 7 g polyethylene glycol 6000 (PEG 6000) and 
2.3 g NaCl were added and stored at 4 曟 overnight[12]. 
It was then centrifuged at 10 000 伊 g for 30 min, the 
supernatant was discarded, and the precipitate which 
contains the virus was suspended in 1/100th volume of TNE 
Buffer (0.01 M Tris, 0.001 M EDTA and 0.1 M NaCl, pH 7.4) 
and layered on a 20% - 60% continuous sucrose gradient in 
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TNE buffer. This was centrifuged at 150 000 伊 g for 3 hours 
at 4 曟 using a Sorvall SW-641 rotor. 1 mL fractions were 
pooled and assessed for virus concentration by Protein assay 
(Lowry method)[13] and evaluation of cytopathic effect (CPE) 
in MDBK cell line in a 96-well plate. The fractions richest in 
virus were used for hyperimmunization.

2.3. Production of rabbit and guinea pig hyperimmune sera

  Two healthy adult New Zealand white rabbits were 
inoculated intramuscularly with 100 毺g of antigen 
emulsified in complete Freund’s adjuvant (CFA; Sigma), 
followed by three booster doses at weekly intervals with 
Incomplete Freund’s adjuvant (IFA), injection of purified 
virus without antigen a week later, followed by blood 
collection one week after last booster[14,15]. Similarly, 
hyperimmunization was carried out in guinea pigs 
subcutaneously. Sera were adsorbed overnight at 4 曟 on an 
MDBK cell monolayer to remove non-specific antibodies and 
clarified by centrifug[16]. The titres of rabbit and guinea pig 
hyperimmune sera were determined by antibody ELISA and 
were found to be 1: 256 000 and 320 000, respectively. Serum 
was purified for the extraction of IgG of high purity using a 
commercially available IgG Purification Kit (GeNei, KT16A).

2.4. ELISA procedure

  The dilutions were selected arbitrarily. 96-well microtiter 
plate  (Nunc, Denmark) were coated with 100 毺L of 1:1 000 
dilution of hyperimmune rabbit (capture) antiserum in 
coating buffer (0.1 M Carbonate–Bicarbonate Buffer, pH 
9.6), and incubated at 4 曟 overnight. Wells were washed 3 
times with PBS-T (0.15% Tween-20) and blocked with 100毺L 
of 2% BSA (Calbiochem, USA) in PBST for 1 hour at 37 曟. Wells 
were washed 3 times with PBS-T and 50毺L of the purified 
antigen (diluted 1:10 in PBS-T) was added to each well 
followed by incubation at 37 曟 for 1 hour. After washing 
the wells with 3 times PBS-T, 100 毺L of 1:1 000 dilution 
of hyperimmune guineapig (detector) antiserum diluted in 
PBS-T- BSA was added to each well and the plates incubated 
at 37 曟 for 1 hour. After washing the wells 3 times with 
PBS-T, 100 毺L of 1:1 000 dilution of Horseradish peroxidase 
(HRP) –conjugated rabbit anti-guinea pig immunoglobulin 
(Dako, Denmark) diluted in PBS-T- BSA was added to each 
well and the plates incubated at 37 曟 for 1 hour. Wells were 
washed 3 times with PBS-T, and then 100 毺L of substrate 
(40 mg o-phenylenediamine) diluted in substrate buffer 
(40 毺L of 30% H2O2 in 100 mL of 0.1 M Phosphate-Citrate 
buffer, pH 5.0) was added to each well and incubated in the 
dark for 15 min at room temperature. Reaction was stopped 
by the addition of 50 毺L of stop solution (1M H2SO4 ) to each 
well. The absorbance was measured at 490 nm (A490).

2.5. Determination of optimum dilution of antisera

  This was determined by Checkerboard titrations. 8伊8 
wells ELISA test was performed in order to determine the 
optimum dilution of rabbit antiserum as capture and guinea 
pig antiserum as detector. Serial dilutions of hyperimmune 
rabbit capture antiserum prepared in PBS (1:1000 to 1:128 000) 
of which 100 毺L were added horizontally across the plate 
to each well so that each row received a single dilution, 
followed by incubation at 4 曟 overnight. Wells were washed 

3 times with PBS-T, blocked with 100 毺L of PBS-T-BSA for 1 
hour at 37 曟, washed again and 50 毺L of the purified antigen 
(diluted 1:10 in PBS-T) added to each well and incubated at 
37 曟 for 1 hour. Wells were washed 3 times with PBS-T, and 
100 毺L of serial diluted hyperimmune guineapig capture 
antiserum prepared in PBS (1:1 000 to 1:128 000) were added 
vertically down the columns to each well so that each 
column received a single dilution, followed by incubation 
at 37 曟  for 1 hour. The plates were then processed as 
described earlier. 

2.6. Determination of optimum dilution of peroxidase 
conjugate

  Serial dilutions of the peroxidase conjugate (HRP-
conjugated rabbit anti-guinea pig immunoglobulin) were 
prepared in PBS-T-BSA (1:500 to 1:6 000). Pre-determined 
optimum dilutions of capture and detector antisera were 
used in the ELISA test. The plates were then processed as 
described earlier. 

2.7. Lowest detective concentration of antigen

  It was carried out using serial dilutions of the purified virus 
(1:10 to 1:5120).  Optimum dilutions of capture and detector 
antisera, and conjugate as determined above were used in 
the ELISA test.

3. Results

  Optimum antisera dilutions were determined by 
checkerboard titrations and the results interpreted 
graphically (Figure 1) At dilutions of 1:1 000, 1:2 000, 1:4 000 
of rabbit capture antisera, the A490 values were high (greater 
than 1.5) with 1:1 000, 1:2 000, 1:4 000 dilutions of guinea 
pig detector antisera. At higher dilutions (1:8 000, 1:16 000, 
1:32 000, 1:64 000 and 1:128 000) of both rabbit and guinea 
pig antisera, the A490 values sharply decreased below 1.5. At 
dilutions of 1:128 000 for both the antisera, the A490 values 
were less than 0.1. Therefore, dilutions of 1:4 000 were 
chosen as the optimum working dilutions for both antisera to 
be used in the preliminary ELISA.
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Figure 1. Graph showing optimum dilutions of rabbit and guinea pi 
antisera  measured at  antisera A490.  
Botthe hyperimmune sera were diluted from 1:1 000 to 1:128 000. 

  As far as the optimum dilution of peroxidase conjugate, a 
graph was plotted between the absorbance at 490 nm (A490) 
and conjugate dilution (Figure 2). At conjugate dilutions 
of 1:500, 1:1 000, 1:2 000, 1:3 000, there is a plateau curve 
with A490 values above 1.5 which is in agreement to ELISA 
requirements. As the dilutions increase (1:4 000, 1:5 000, 
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and 1:6 000), no plateau curve is obtained, so that the 
absorbances decrease just from the beginning of the curve. 
The absorbance values also decrease below 1.0 at higher 
dilutions. Therefore, conjugate dilutions of 1:2 000 were 
selected for the preliminary ELISA test. 
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Figure 2. Graph showing optimum dilutions of conjugate. 
Conjugate was diluted from 1:1 000 to 1:6 000.

  For determining the cut-off point, the comparison was 
made with PCR. Out of total 95 samples tested, 58 PCR 
negative specimens were used as the negative standard. 
Cut-off point = arithmetic mean of the  OD% of PCR negative 
samples run in duplicates + three standard deviations, 
was found to be 0.11 with a standard deviation of  0.011. 
Therefore, the cut-off value for a positive reaction was fixed 
as 0.143 ≈ 0.15. The mean positive/negative ratio (P/N ratio) 
of negative samples was 1.30. A specimen with an A490 of 
>0.15 and a P/N ratio of >1.30 indicated a positive reaction. 
  The sensitivity and specificity was calculated with respect 
to PCR (Table 1). 

  Out of 37 PCR positive specimens, 3 were found to be 
negative in ELISA. 4 specimens were positive in the ELISA 
out of 58 PCR negative specimens. Therefore, the sensitivity 
and specificity of the ELISA was 91.90% and 93.10%, 
respectively. 
  The lowest antigen detection concentration, as determined 
by serial dilutions of the purified antigen, was found at 
1:2560 dilution keeping A490 value of 0.15 as cut-off, the 
value being (0.024 毺g/mL).

4. Discussion

  The aim of this study is to develop a sandwich ELISA for the 
detection of BHV-1. In any new ELISA system, the optimal 

test conditions can be determined by variation of a number 
of parameters. Rabbit and guinea pig antisera raised against 
density gradient purified BHV-1 were used as capture and 
detector antisera, respectively, since the reverse could cause 
a non-specific binding of conjugate. Antisera were purified 
for the extraction of IgG of high purity[17,18] as in some cases 
non-specific reactions due to the IgM fraction necessitate 
the use of the IgG fractions of the sera[19]. 
  The working dilution of peroxidase conjugate (HRP–
conjugated rabbit anti-guinea pig immunoglobulin) was 
fixed at 1:2000 as higher dilutions could decrease the 
sensitivity. This selected dilution is in agreement with 
previous studies where working conjugate dilution was 
1:5 000, 1:1 000 and 1:3 000[20-22].
  With respect to the cut-off value, sensitivity and 
specificity, these were determined in comparison to the 
PCR (adopted as the “golden standard”). Three standard 
deviations was adopted as the ‘rule of thumb’ to distinguish 
negative from positive samples with the cut-off value 
fixed at 0.15 (A490) and a P/N ratio of 1.30. A criterion for the 
specimen to be positive in ELISA was established from these 
data concluding that a specimen with an A490 of >0.15 and 
a P/N ratio of >1.30 indicated a positive reaction. This data 
favourably compares with previous studies[23-25]. Of the 95 
specimens tested, 3 were negative in ELISA out of 37 PCR 
positive whereas 4 specimens were positive in ELISA out of 
58 PCR negative. These results gave an overall  sensitivity 
and specificity of 91.90% and 93.10%, respectively[26,27]. The 
sensitivity and specificity can be improved by using more 
purified viral antigen and collection of specimens during 
the early coarse of the disease in field situations. This ELISA 
test can be further evaluated with more specimens from field 
cases during variable intervals of the coarse of disease to 
determine the detection efficacy of the test. The background 
values were also low (mean OD of 58 negative specimens = 
0.068) when the ELISA test was performed as per the given 
procedure.
  The results indicate that this ELISA is a sensitive, specific 
and a good tool for the detection of BHV-1. However, it is 
probable that the detection of low levels of viral antigen can 
be improved by the evaluation of various critical parameters 
of ELISA and their optimization. The test is less expensive 
and time consuming and, therefore, economically suitable 
and can have extensive application prospectus for IBR 
diagnosis.
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Table 1 
Comparison of the results obtained with sandwich ELISA and PCR for 
BHV-1 detection.

ELISA PCR
Positive Negative Total

Positive 34 4 38
Negative   3 54 57

Total 37 58 95
Out of 95 specimens tested by PCR and ELISA, 3 of the 37 PCR 
positive specimens were found negative in the ELISA. 4 out of 58 
specimens, which were negative in PCR, were shown to be positive in 
ELISA.
Sensitivity (34/34+3) 伊 100 = 91.90%
Specificity (54/4+54) 伊 100 = 93.10%
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