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Internal validation report 

ID Screen® BHV-2 Indirect 
Indirect ELISA for the detection of antibodies against BHV-2 antibodies in bovine serum or plasma 

Introduction 
Bovine herpesvirus 2 (BHV-2 or BoHV-2) is a virus of 
the family Herpesviridae(1) which causes two diseases 
in cattle, bovine herpes mammilitis (BHM) and 
pseudo-lumpy skin disease (PLSD). If disease occurs, 
it appears clinically in two different forms. No 
differences in pathogenicity of virus strains from PLSD 
and BHM outbreaks have been found(2). 

Pseudo-lumpy skin disease was originally discovered 
in South Africa(3) where a similar but more serious 
disease caused by a poxvirus, Lumpy Skin Disease, is 
also prevalent. Symptoms of PLSD include fever and 
skin nodules on the face, back, and perineum. The 
disease heals within a few weeks. BHM is 
characterized by lesions restricted to the teats and 
udder.  

Diagnosis of both disease forms were recorded in 
Africa(4), before the infection was diagnosed in Europe. 
In Europe, it has appeared almost exclusively as BHM. 
Later, the disease spread between herds, with both 
acutely and latently infected animals(5). 

Ways of transmission within or between herds are still 
not clarified. Additional to respiratory transmission, it is 
very likely that insects or milking machines can act as 
mechanical vectors. 
The ID Screen® BHV-2 Indirect ELISA, which 
specifically detects antibodies against BHV-2, may be 
used to meet this objectives. 

This report outlines validation data obtained for this 
test. 

Test Principle 

Wells are coated with BHV-2 purified virus. 

Samples to be tested and the controls are added to 
the microwells and incubated 45min. Anti-BHV-2 
antibodies, if present, form an antigen-antibody 
complex. 

An anti-ruminant peroxidase (HRP) conjugate is 
added to the microwells. It fixes to the anti-antibodies, 
forming an antigen-antibody-conjugate-HRP complex. 

After washing in order to eliminate the excess 
conjugate, the substrate solution (TMB) is added. 

The resulting coloration depends on the quantity of 
specific antibodies present in the specimen to be 
tested. In the presence of antibodies, a blue solution 
appears which becomes yellow after addition of the 
stop solution. In the absence of antibodies, no 
coloration appears. 

The microplate is read at 450 nm. 

 

Test interpretation: 

For each sample, the S/P percentage (S/P%) is 
calculated:  

S
P� % =

ODsample − ODNC 

ODPC − ODNC 
× 100 

 

 

 
 
 

NC = Negative control; PC = Positive Control 
 
 
 

• High sensitivity and specifcity   
• Excellent correlation with the serum neutralisation technique (SNT) 

• Straightforward, with results in 90 minutes 

Result Status 
S/P % ≤ 90% NEGATIVE 

90% < S/P % < 110% DOUBTFUL 
S/P % ≥ 110% POSITIVE 

https://en.wikipedia.org/wiki/South_Africa
https://en.wikipedia.org/wiki/Poxvirus
https://en.wikipedia.org/wiki/Lumpy_skin_disease
https://en.wikipedia.org/wiki/Perineum
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Analytical sensitivity 

As no international standard exists for BHV-2 serodiagnosis, analytical sensitivity is tested using an internal standard 
(pool of positive bovine sera) developed by IDvet. Using this internal standard, IDvet is able to guarantee that the 
kit’s analytical sensitivity remains constant between batches. 

The BHV-2 positive freeze-dried serum (product code: MRI-BHV2 batch 001) was serially diluted and tested 5 times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Titration of the IDvet freeze-dried bovine serum standard. 
 
 
 
 
 
 

Sensitivity - External Studies 

 “Possible use of a commercial BoHV-2 ELISA in routine diagnostics of bovine herpesvirus” (6) 
 
IDvet would like to thank the AGES, Department of Animal Health, Institute for Veterinary Disease Control, Robert 
Koch-Gasse 17, 2340 Moedling, Austria (NRL of Austria for BoHV-1) for the authorization to use this data. This poster 
was presented in German, and was translated into English. A reprint of the poster is available from IDvet upon 
request. 
 
Summary: Infections with the bovine herpesvirus type 1 (BoHV-1) - the contagious agent of infectious bovine 
rhinotracheitis (IBR), infectious pustular vulvovaginitis (IPV) and infectious balanoposthitis (IBP) – are among the 
economically most important notifiable cattle diseases in the world. In BoHV-1 free countries, clinical cases only 
occur sporadically, usually due to animal movement. Routine monitoring of bovine herds is currently performed by 
ELISA using bulk milk and pooled blood samples by ELISA. Positive results must be confirmed by testing individual 
serum samples. Cross-reactions with BoHV-2 (Bovine herpesvirus type 2) can be clarified by using the time-
consuming and expensive serum neutralization test (SNT), as no ELISA technique for BoHV-2 is available.  
 
Study: The aim of the study was to evaluate the possibility to use a newly developed ELISA for the detection of 
BoHV-2 (IDvet, France), and to study the correlation of ELISA with SNT results. The kits were performed following 
the manufacturer's instructions. 
424 bovine serum samples previously used for IBR diagnosis were included in the study. The BoHV-1 antibody status 
was determined by three ELISA systems and the SNT.

Results (Figure 1): 

 The ID Screen® ELISA detected the IDvet freeze-dried serum pure. 
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Results: 
424 sera were tested in parallel with the ID Screen® ELISA and the serum neutralization test (SNT). 
Out of the 424 serum samples tested, 199 were positive for BoHV-2 using the SNT. Among them, 183 were confirmed 
positive by ELISA, 12 were doubtful and 4 negative.  
A total of 224 serum samples were negative with both techniques, meaning that no detectable BoHV-2 antibodies 
were present in these samples. One SNT-negative sample was classified as doubtful by ELISA.  
 

 
  ID Screen® BHV-2 indirect 

ELISA 
 

  Positive Doubtful Negative TOTAL 

SNT 
Positive 183 12 4 199 

Negative 0 1 224 225 

 TOTAL 183 13 228 424 

 
Table 1 Correlation between the SNT and the ID Screen® BHV-2 Indirect ELISA. 

(Data were kindly provided by IVET Moedling, AGES Ltd.) 
 
 

Figure 2 represents the correlation between the SNT titer, expressed in log10 and the ELISA S/P percentage, for 
samples found positive in SNT (n=199). The S/P value of negative SNT samples (n=225) was ranging from 0 to 32 
for 224 samples. One SNT negative sample was just above the cut-off, with a S/P value of 93 

 

 
 

Figure 2: Comparison of results obtained by SNT and the ID Screen® ELISA 
(Data were kindly provided by IVET Moedling, AGES Ltd.) 

 

 

 



 

 
Note: The κ value may be interpreted as follows (Altman. 1991):  
 

Value of κ  Strength of agreement 
< 0.20  Poor 
0.21 - 0.40 Fair 
0.41 - 0.60 Moderate 
0.61 - 0.80 Good 
0.81 - 1.00 Very good 

References: 
- Altman DG (1991). Practical statistics for medical research. London: Chapman and Hall. 
- Cohen J (1960). A coefficient of agreement for nominal scales. Educational and Psychological Measurement 20:37-46. 
- Fleiss JL, Levin B, Paik MC (2003). Statistical methods for rates and proportions. 3rd ed. Hoboken: John Wiley & Sons. 
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Conclusion  
Preliminary results show high agreement between tests. The BoHV-2 ELISA used in this study is a time- and cost -
saving alternative to SNT. This ELISA is a reliable diagnostic tool, and therefore can be used in further studies i.e. 
for clarification of cross reactions in BoHV-1 ELISAs. 
 
 

  

Results (Table 1 and Figure 2): 

 407 / 424 samples tested gave identical results with both test (420/424 when considering doubtful samples 

as positive), giving a measured percentage of correlation of 99.0%. 

 The inter-rater agreement statistic (Kappa correlation coefficient; see note below) between the SNT and the 

ID Screen® ELISA, considering doubtful results as positive, was κ = 0.976 (CI95% 0.956 - 0.997).                

This kappa value indicates a “very good” correlation between the two techniques tested.  

 A high correlation between the SNT titer and the ELISA S/P% was obtained. 
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Correlation with SNT 

Sensitivity and specificity were evaluated by testing 201 sera from various regions in France by the serum 
neutralisation test (SNT) and with the ID Screen® BHV-2 Indirect ELISA. To determine the cut-off value, and to 
calculate the relative sensitivity and specificity with respect to SNT, a two-graph receiver operating characteristics 
(TG-ROC) analysis was performed with the use of all VNT positive and SNT negative sera (see Table 1). 

88 samples were found positive, and 113 samples were found negative by SNT. 

Cut-off value 
for ELISA 
positivity 

Number of samples 
found positive 

(S/P > cut-off value) 

Measured  
Sensitivity (%) 

Se confidence 
interval (95%) 

Number of samples 
found negative 

(S/P < cut-off value) 

Measured  
Specificity (%) 

Sp confidence 
interval (95%) 

10 88 100.0 95.8 – 100.0 48 42.5 33.8 – 51.7 

35 87 98.9 93.8 – 99.8 95 84.1 76.2 – 89.7 

65 87 98.9 93.8 – 99.8 108 95.6 90.0 – 98.1 

80 86 97.7 92.1 – 99.4 109 96.5 91.2 – 98.6 

90 85 96.6 90.5 – 98.8 111 98.2 93.8 – 99.1 

100 84 95.5 88.9 – 98.2 112 99.1 95.2 – 99.9 

110 81 92.0 84.5 – 96.1 113 100.0 96.7 – 100.0 

120 80 90.1 83.1 – 95.3 113 100.0 96.7 – 100.0 

150 62 70.4 60.2 – 79.0 113 100.0 96.7 – 100.0 
 

Table 2: Relative sensitivity and specificity of the ID Screen® BHV-2 Indirect ELISA with respect to SNT. for different cut-off 
values. 

The optimal cut-off values were set as follows with respect to the sample S/P% value: 

- less than or equal to 90% are considered negative; 

- greater than 90% and less than 110% are considered doubtful; 

- greater than or equal to 110% are considered positive. 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
This cut-off thereby optimizes sensitivity and specificity. 

 
 

Results (Table 2): 

With respect to SNT as a gold standard: 

 the relative sensitivity was ranged from 92.0% (CI95% [90,5 – 98,8]) to 96.6% [84.5 – 96.1] 

 the relative specificity ranged from 98.2% [93.8 – 99.1] to 100.0% [96.7 – 100.0]. 

 

Considering doubtful results as positive, the sensitivity is 96.6% and the specificity 98.2%. 
 
Considering doubtful results as negative, the sensitivity is 92.0% and the specificity 100.0%. 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4268875/table/Tab1/
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Repeatability 

Intra-plate repeatability was evaluated by measuring the coefficient of variation (CV%) for 36 repetitions of the positive 
control. and 60 repetitions of a weak positive sample.  

Results are considered conform if the CV% is less than 15%. OD results are shown Table 3 below. 

0.571 0.568 0.608 0.667 0.661 1.686 1.678 0.687 0.684 0.685 0.656 0.671 

0.560 0.613 0.534 0.529 0.684 1.624 1.627 0.644 0.635 0.694 0.627 0.639 

0.480 0.479 0.543 0.566 0.624 1.448 1.626 0.609 0.570 0.585 0.608 0.633 

1.629 1.551 1.735 1.583 1.697 1.147 1.360 1.350 1.549 1.485 1.598 1.693 

1.602 1.464 1.755 1.721 1.699 1.548 1.573 1.651 1.533 1.677 1.610 1.450 

0.660 0.560 0.591 0.539 0.674 1.457 1.512 0.609 0.569 0.655 0.621 0.665 

0.610 0.559 0.571 0.549 0.596 1.411 1.547 0.601 0.543 0.601 0.589 0.621 

0.546 0.494 0.564 0.526 0.641 1.411 1.619 0.589 0.564 0.607 0.603 0.589 

 
Table 3: Repatability study for the ID Screen® ELISA (results expressed as OD values). 

 
 
 
 
 
 

Reproducibility 

A positive serum was diluted in a negative serum pool in order to generate a weak positive sample. 

This threshold dilution was tested in 10 independent runs by different operators and on different days. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: S/P% values for a positive serum diluted in a negative serum pool and tested in 10 independent runs. 

 
 

 

Figure 2: S/P values for a positive serum diluted in a negative 
       serum pool and tested in 10 independent runs. 

 

 Average OD Standard 
deviation Minimum Maximum CV% 

Weak positive sample 0.600 0.0529 0.479 0.694 3% 

Positive control 1.553 0.1436 1.411 1.755 9% 

Results (Figure 3): 

 S/P% values were between 85% and 95%, with a standard deviation (SD) of 3.3 and a coefficient of variation 
(CV %) = 4%. 

 These results illustrate the high reproducibility of the ID Screen® test. 

 

Results (Table 3): 

 The CV% obtained was 3% for the weak positive sample, and 9.0% for the strong positive sample, 
demonstrating excellent test repeatability. 
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Robustness 

1) The ID Screen® test robustness was evaluated by 3 operators in 3 independent runs. 

 

 
 

2) The ID Screen® test robustness was evaluated by testing the maximum and minimum conditions of time and 
temperature of incubation as defined in the instructions for use: 

− Sample incubation: 45 minutes ± 4 minutes at 21°C (± 5°C); 

− Conjugate incubation: 30 minutes ± 3 minutes at 21°C (± 5°C); 

− Substrate incubation: 15 minutes ± 2 minutes at 21°C (± 5°C). 

 

For each condition. the test is validated if: 

 the mean value of the Positive Control O.D. (ODPC) is greater than 0.350. 

ODPC > 0.350 

 the ratio of the mean values of the Positive and Negative Controls (ODPC  and ODNC) is greater than 3.  

ODPC / ODNC > 3 

Optical densities at 450nm obtained in each condition for both negative and positive controls are detailed in the 
table 4 below. 
 

Sample/Conjugate/Substrate 
Time Incubation 45min / 30min / 15min 41 min / 27min / 

13min 
49 min / 33min/ 

17min 
Temperature of incubation 16°C 21°C 26°C 16°C 26°C 

Negative control  0.100 0.063 0.100 0.075 0.193 
Negative control  0.116 0.056 0.113 0.077 0.262 
Positive control 0.909 1.391 1.390 0.663 1.609 
Positive control 0.880 1.302 2.079 0.688 1.677 

Validation criteria 1 
ODPC > 0.350 

√ √ √ √ √ 

Validation criteria 2 
ODPC / ODNC > 3 

√ √ √ √ √ 

 
Table 4: Robustness study for the ID Screen® ELISA (results expressed as OD values at 450nm). 

 

 

Results (Table 4): 

 For each time and temperature condition, the test validation criteria for both the positive and negative controls 
were obtained. 

Results: 

 For each run: 

• Validation criteria described in the insert for both positive and negative controls was obtained. 

• S/P% for the negative control, positive control and threshold samples were equivalent, regardless of the 
test conditions. 
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Results (Figure 4): 

 The plates, the conjugate and the positive control showed a residual activity of 86% and 88%, respectively, 
after 2 months at 37°C, indicating high component stability. 

3 dilutions of a positive sample and 2 negative samples were tested. S/P% values obtained for these samples 
are detailed in Table 5 below. 

Sample/Conjugate/Substrate 
Incubation Time 45min / 30min / 15min 49 min / 33min/ 17min 

Temperature of incubation 22°C 26°C 
Positive sample undiluted 147 139 
Positive sample diluted 1:2 113 110 
Positive sample diluted 1:4 70 73 

Negative sample 1 9 13 
Negative sample 2 8 16 

 
Table 5: Robustness study for the ID Screen® ELISA (results expressed as S/P% values). 

 

Stability 

The shelf-life of the products is evaluated by the technique of accelerated ageing. The stability of the plates, the 
positive control and the conjugate was tested by evaluating the residual activity of individual components after storage 
at 37°C ± 2°C, with respect to storage at 5°C ± 3°C. The measured residual activity at 37°C ± 2°C should be greater 
than 75% after two months. Results are shown in Figure 4 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Percentage of residual activity of the plates, positive control and conjugate after stability testing at 37°C. 
 
 
 
 
 
 
 

Results (Table 5): 

 For each time and temperature condition, the S/P% obtained for each condition were similar, and analytical 
sensitivity was constant, demonstrating the excellent robustness of the ID Screen® ELISA. 
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Conclusion 

 The ID Screen® BHV-2 Indirect ELISA kit demonstrates high sensitivity and high specificity. 

 The kit demonstrates excellent agreement with the serum neutralisation assay (SNT), used as a gold standard. 

 The ID Screen® BHV-2 Indirect ELISA is the first ELISA to detect anti-BHV-2 antibodies. It is a reliable tool 
which saves time with respect to SNT (results are obtained in 90 minutes. whereas several days are necessary 
for SNT). The assay is easy-to-use and adapted to high throughput testing. 

 

 

Related product 

 Freeze-dried BHV-2 positive serum (product code: MRI-BHV2): freeze-dried pool of bovine sera containing 
bovine serum containing anti-BHV-2 antibodies. This serum does not contain anti-BHV-1 antibodies (tested 
negative in ID Screen® IBR Indirect ELISA. in ID Screen® IBR gB Competition ELISA) and does not contain 
anti-BHV-4 antibodies (tested negative in ID Screen® BHV-4 Indirect ELISA). 
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