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Internal validation report 

ID Screen® Besnoitia Milk Indirect 
Indirect biwell ELISA for the detection of antibodies directed against Besnoitia besnoiti in bovine milk 

(individual or bulk samples) 

Introduction 
Besnoitiosis is a disease caused by the protozoan 
parasite Besnoitia besnoiti in cattle and transmitted by 
biting flies or ticks. After a two-week period of fever 
with oedema appearance, infected animals can move 
on to the chronic phase of variable severity, that is 
characterised by scleroderma (thickening of the skin) 
and depilation. Bradyzoite cysts then form in many 
tissues, skin and ocular conjunctiva included. 
Seriously affected bulls can become permanently 
sterile and infected animals will remain cysts carrriers. 

Besnoitia besnoiti infections have a strong economic 
impact due to the losses retaled to mortality, the 
potential sterility of bulls and the costs of  treatment or 
even of culling of the infected animals, which are the 
main source of contamination of their congeners. 
When animals present symptoms within a few days of 
infection, early treatment with sulphonamides may 
result in rapid improvement; whereas later treatment 
during the oedemic or chronic phases of the disease 
proves to be hardly efficient. 

Serology reveals the presence of antibodies which are 
indicative of the response to B. besnoiti infection, from 
3 to 4 weeks after the beginning of the febrile phase. 
This method allows the detection of infected cattle, 
and particularly those that are asymptomatic and act 
as natural reservoirs of the parasite, in order to cull 
them and thus limit disease transmission. 

The ID Screen® Besnoitia Milk Indirect ELISA is an 
efficient tool which may be used to detect specific 
antibodies directed against B. besnoiti in bovine milk. 

Test principle 
Only even-numbered strips are coated with Besnoitia 
besnoiti-purified antigens. Odd-numbered strips are 
left uncoated.  

Samples to be tested and controls are added to the 
even and odd-numbered strips. Anti-Besnoitia besnoiti 
antibodies, if present in sample, form an antigen-
antibody complex. 

An anti-ruminant peroxidase (HRP) conjugate  is 
added to the wells. It binds to the anti-Besnoitia 
besnoiti antibodies, forming an antigen-antibody-
conjugate-HRP complex. 

After washing in order to eliminate the excess of 
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 coloration 
appears, then becomes yellow after addition of the 
stop solution. In the absence of antibodies, no 
coloration appears. 

The microplate is read at 450nm.  

Interpretation of results 
For each sample, the S/P% is caluclated:  
S/P % = [net ODsample / net ODCP] x 100. 
With net OD = ODeven well- ODodd well. 

Milk samples are classified as follows: 

• A tool facilitating the detection of Besnoitiosis in individual milk samples 

• Bulk milk sample application allows for serological screenings and longitudinal follow-ups in order 
to identify and thus act earlier in herds at risk 

Result for  
Individual milk sample 

Result for  
Bulk milk sample Status 

S/P % ≤ 25% S/P ≤ 20% NEGATIVE 
25 % < S/P % < 30 % - DOUBTFUL 

S/P % ≥ 30% S/P % > 20% POSITIVE 
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Current state and needs for bovine Besnoitiosis diagnosis 

Bovine Besnoitiosis is an emerging vectorial disease in France and Europe [1-9]. It is present in some French 
departments and, during the last decade, it seems to have been spreading over the entire French territory. 

This development may be explained mainly by uncontrolled purchases and by situations at high risk of contamination 
via movements of animals of unknown infectious status (transhumance, collective herds). 

In these areas, large differences in prevalence are observed between geographical zones and between herds. These 
differences are attributed to the transmission mode of the B. besnoiti parasite (via stomoxes and tabanids) and 
complicate the assessment of the epidemiological situation, which must be determined by herd. 

In view of the often high annual incidence in infected herds (often greater than or equal to 20%) and because of the 
increased clinical precocity of bovine Besnoitiosis in outbreak areas, a rapid process of confirmation of the clinical 
cases must be initiated. 

It is also necessary to evaluate the overall seroprevalence of infected herds (or batches) on all cattle over 6 months 
of age in the herds concerned. For the eradication of the disease, potential sanitizing strategies in infected herds 
relies on the diagnostic techniques implemented and on seroprevalence assessment. 
The panel of techniques for the diagnosis of bovine Besnoitiosis is now better developed and more efficient. Among 
the existing methods, serological tests by ELISA (in association with a Western Blot confirmatory test if necessary) 
are often performed with serum samples. Their use can now be extended to milk samples. 

In areas where large prophylaxis are carried out on milk samples, bovine Besnoitiosis diagnosis is further complicated 
since serum samples are not available. In these large dairy areas, a simplified access to sample could facilitate the 
diagnosis of bovine Besnoitiosis. 

The ID Screen® Besnoitia Milk Indirect ELISA kit is a tool for the detection of antibodies directed against B. besnoiti 
in bovine milk (in individual or bulk milk samples). It is complementing the ID Screen® Besnoitia Indirect 2.0 ELISA 
kit which is dedicated to the analysis of bovine serum samples. 

This report summarizes the validation data obtained for the ID Screen® Besnoitia Milk Indirect ELISA kit by 
comparing its performances with the ones of the ID Screen® Besnoitia Indirect 2.0 ELISA kit (presented in the next 
chapter). 

 
 
 

Reminder of the ID Screen® Besnoitia Indirect 2.0 kit performances on serum 
samples 

Excellent sensitivity and specificity 

Sensitivity and specificity data obtained in internal and external* studies for the ID Screen® Besnoitia Indirect 2.0 
are shown in Table 1. 
 

 
 

Sensitivity (%) Specificity (%) 

 Measure (sample 
size) CI95% Measure (sample 

size) CI95% 

Supplier study 98.1 (n = 107) 95.6 – 100.0 100.0 (n = 814) 99.5 – 100.0 

External study* 98.5 (n = 194) 96.8 – 100.0 99.7 (n = 326) 99.1 – 100.0 
 

 
Table 1: Sensitivity and specificity data (both internal and external) for the ID Screen® Besnoitia Indirect 2.0 ELISA kit. 
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*Jean-Pierre ALZIEU, Xavier DESCLAUX, Marie RAMEIL. Performance measurement of the IDvet ID Screen® Besnoitia 
indirect 2.0 ELISA kit for serological diagnosis of bovine Besnoitiosis. French Departmental Veterinary Laboratory of Ariège; 
(LVD09). 

 

Excellent correlation with Western-Blot technique 

The performances of the ID Screen® Besnoitia Indirect 2.0 ELISA were compared with the ones of the Western Blot 

method, by the French Departmental Veterinary Laboratory of Ariège (LVD09), on the following sera:  

• 452 sera of the national bovine serum bank from the French national federation of the Animal 
Health Protection Group (FNGDSB, Fédération Nationale de Groupement de Défense Sanitaire, 
Bovins), the National Veterinary School of Toulouse (ENVT, Ecole Nationale Vétérinaire de 
Toulouse) and the LVD09 ; 

• 68 sera routinely analysed by the LVD09. 

 
 
Table 2: Comparison of the results obtained with the ID Screen® Besnotia Indirect 2.0 ELISA kit and the Western Blot method. 

 
 
 
 
 
 
 
 
 
 

 

 

 

(1) 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 Excellent 

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. 
 

  Western Blot    

  Positive Negative Total   

ID Screen®  
Besnoitia Indirect 2.0 

Positive 192 1 193   

Negative 3 324 327  Kappa = 0.98 

 Total 195 325 520  CI95%: 0.968- 1.000 

Results (Table 2): 

 516 / 520 sera tested gave the same results with both methods.  
 Correlation between the two assays was 99.2%. 
 The inter-rater agreement statistic (Kappa correlation coefficient see note (1) below)) was : κ = 0.98 (CI95% = 

0.97 ; 1.00). This kappa value indicates “excellent” correlation between the two techniques (refer to the κ 

value interpretation criteria below). 

Results (Table 1): 

 Measured specificity: between 99.7% and 100%. 

 Measured sensitivity: between 98.1% and 98.5%. 

http://www.id-vet.com/pdfs/pdfs/BSNTB/doc456
http://www.id-vet.com/pdfs/pdfs/BSNTB/doc456
http://www.id-vet.com/pdfs/pdfs/BSNTB/doc456
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Recommendations for serological testing of milk samples 

Sampling, storage and samples transportation 

For an antibody detection in milk: 

• Bulk milk samples: collect from the refrigerated tank. 

• Individual samples: collect each quarter individually and mix equally, or use milk from the milking 
system.  

Sampling system: 

For serology, milk samples may be placed in vials (such as urinalysis bottle; to be preferred for individual analyses). 
Failing this and if a limited number of samples are harvested, the milk sample may be collected directly in clean 
containers. The quantity to be taken is generally between 10 and 30 ml, with about 0.3 ml being required for analysis. 

Storage, conservation and shipment: 

As soon as possible after harvesting, the collected milk samples must be stored in coolers with ice packs and placed 
in the refrigerator (e.g. at 5°C (± 3°C)) to avoid clotting. If refrigerator storage should exceed 24 hours prior shipment 
for analysis, samples must be frozen. 

Note: to ensure microbiological preservation of the milk stored in the refrigerator, it is possible to add, for each 30 ml of milk, 0.05 
ml of an aqueous solution of Bronopol at 120 g/l (i.e. final concentration: 0.02%). 

 
 
Samples preparation 

It is commonly accepted that serological tests can be conducted on both skimmed milk and whole milk samples. 
Sampling methods may vary geographically, from one region to another. In some areas, whole milk is mixed and 
used as a sample. 

Whole milk samples with different Besnoitia besnoiti statuses were collected. 

After centrifugation at 2,000 g for 15 minutes or after overnight incubation at 5°C (± 3°C), the skimmed milk samples 
to be tested can be collected in the liquid phase below the cream layer (please refer to Figure 1). 

 

 
Figure 1: Skimmed milk samples preparation by centrifugation 
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Impact of the presence of cream on the performances of the ID Screen® Besnoitia Milk 
Indirect ELISA  

7 milk samples, harvested in herds with different besnoitiosis statuses, were tested with the ID Screen® Besnoitia 
Milk Indirect ELISA: 

• without prior treatment (whole milk); 

• after centrifugation and sampling under the cream layer (skimmed milk). 

Each sample was tested in triplicate. Results are shown in Figure 2.  

 
Figure 2: S/P % values obtained for milk samples, centrifuged or not, using the ID Screen® Besnoitia Milk Indirect ELISA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results (Figure 2): 

 For all 7 samples analysed, no significant S/P % variation was observed between centrifuged and 
uncentrifuged samples.  

 The ID Screen® Besnoitia Milk Indirect ELISA can therefore be used as efficiently on whole milk as on skimmed 
milk samples. 
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Study of the performances of the ID Screen® Besnoitia Milk Indirect test on 
individual milk samples 

Specificity 

263 individual milk samples were tested: 

• 184 milks from 3 French herds tested negative by serology using the ID Screen® Besnoitia Indirect 2.0 

ELISA (Sp = 99.7% -100% and negative predictive value (NPV) = 100% when prevalence is at 1% [2]), in 

which no clinical sign of Besnoitiosis has been recorded (Ain and Basse-Normandie, France)); 

• 79 individual milk samples from a Belgian herd tested negative for Besnoitiosis. 

The results obtained are presented in Figure 3. 

 
 

Figure 3: S/P% values distribution for negative individual milk samples; n = 263 

 

 

 

 

 

 
Exclusivity 

In order to verify the absence of cross-reactions with other protozoan parasites such as Neospora caninum, 90 
individual milk samples from a herd with 50% prevalence of Neosporosis and presenting several cases of abortions 
were tested in parallel with the following kits: 

• ID Screen® Besnoitia Milk Indirect ELISA; 
• ID Screen® Neospora caninum Milk Indirect ELISA, which shows an excellent correlation with the ID 

Screen® Neospora caninum Indirect  ELISA test (see the corresponding validation file). 

Exclusivity results are presented in Table 3. 

Results (Figure 3): 

 All milk samples tested gave negative results.  

Measured specificity = 100.0% (CI95%: [99.6% - 100.0%]), n = 263. 
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  ID Screen® Besnoitia Milk Indirect  

  Positive Doubtful Negative TOTAL 

ID Screen® 
Neospora Milk 

Indirect 

Positive 0 0 49 49 

Negative 0 0 41 41 

 TOTAL 0 0 90 90 
 

Table 3: Comparison of the results obtained on a N. caninum-infected herd using the ID Screen® 
Neospora caninum Milk Indirect and Besnoitia Milk Indirect ELISAs, n = 90 

 
 
 
 
 

 

 

 
Sensitivity 

333 pairs of individual milks /sera, from infected herds with at least one clinical case of the disease confirmed by 

ELISA and/or Western Blot, were tested with the ID Screen® Besnoitia Milk Indirect and ID Screen® Besnoitia 
Indirect 2.0 ELISA kits: 

• 97 paired samples from a herd with a prevalence greater than 70%, 

presenting clinical cases (Ariège, France); 

• 89 paired samples from a herd with a prevalence greater than 70%, with 

reported clinical cases (Deux-Sèvres, France); 

• 44 paired samples from a herd with a prevalence of 65%, with clinical 

cases (Ardèche, France); 

• 74 paired samples from a herd with a prevalence of 50%, without clinical 

case (Ain, France); 

• 29 paired samples from a herd with a prevalence of 7% (Savoie, France). 

Results are summarized in Table 4: 

 

 

 

 

 

 

 

 

 

Results (Table 3) : 

 No cross reaction was observed when milk samples positive for Neospora caninum were tested with the  
ID Screen® Besnoitia Milk Indirect ELISA, confirming the exclusivity of this test for Besnoitia besnoiti. 
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  ID Screen® Besnoitia Milk Indirect  

  Positive Doubtful Negative TOTAL 

ID Screen® 
Besnoitia 

Indirect 2.0 
(Serum) 

Positive 197 3 1 201 

Doubtful 0 0 0 0 

Negative 10 3 119 132 

 TOTAL 207 6 120 333 
 

Table 4: Comparison of the results obtained for infected herds when analysing paired serum and milk samples, n = 333 

 

 

 

 

 

 

 
 

Milk /Serum correlation study  

To the 333 pairs of individual milks/sera listed above, 472 pairs were added and tested in parallel using the  
ID Screen® Bensoitia Milk Indirect and ID Screen® Bensoitia Indirect 2.0 ELISA kits. 

All data obtained are detailed in Table 5. 
 

  ID Screen® Besnoitia Milk Indirect  

  Positive Doubtful Negative TOTAL 

ID Screen® 
Besnoitia 

Indirect 2.0 
(Serum) 

Positive 197 3 10 210 

Doubtful 0 0 0 0 

Negative 10 3 582 595 

 TOTAL 207 6 592 805 
 

Table 5: Comparison of results obtained for infected herds with the ID Screen® Besnoitia Milk Indirect and the  
ID Screen®  Besnoitia Indirect 2.0 ELISAs, using milk and coupled serum , respectively (n = 805) 

 
 
 

 

 

 

 

 

 

 

 

 

Results (Table 4): 

 On the 333 paired samples from infected herds and tested in parallel on the milk and serum matrices, 316 

gave identical and consistent result on both tests. 

 The correlation percentage between the two types of analysis was 94.9%. 

 The strength of agreement is “excellent” (1): κ = 0.891 (CI95% = [0.845 ; 0.943] ). 

Résultats (Table 5): 

 779 / 805 samples gave identical results on both iELISAs. 

 The measured correlation percentage was 96.8%. 

 The strength of agreement is “excellent” (1): κ = 0.920 (CI95% = [0.886 ; 0.948] ). 

 The results obtained show the excellent correlation of the statuses established on both serum and 
milk samples.  

 These results demonstrate the ability of the ID Screen® Bensoitia Milk Indirect ELISA to efficiently 
detect the antibodies directed against Besnoitia besnoiti in individual milk samples. 
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Study of the performances of ID Screen® Besnoitia Milk Indirect ELISA on bulk 
milk samples 

Specificity 

536 bulk milk samples were tested: 

• 368 bulk milk samples collected in 2011 in areas where Besnoitia besnoiti has still not been detected 
(Brittany, France); 

• 88 bulk milk samples from herds identified as negative (Germany); 
• 80 bulk milk samples from herds where no clinical sign of the disease was observed (Denmark). 

 

The results shown in Figure 4 are expressed as a percentage of the ratio between the sample and the positive control 
(S/P %). 

 

Figure 4 S/P % values distribution for negative bulk milk samples; n = 536 

 

 

 
 

 

 

 

 

 

 

 

Results (Figure 4): 

 Initially 535/536 bulk milk samples gave negative results. 1 sample gave a positive result with a S/P % value 
nearby the cut-off value (at 22%). When tested again, this same sample was found negative (S/P % = 11%).  

Initial specificity = 99.8% (CI95%: 99.3% - 100.0%), n = 536. 

Specificity measured after retesting the initially weakly positive sample = 100% (CI95%: 99.5% - 100.0%), 
n = 536. 
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Pooling approach: analysis of analytical sensitivity on individual milk sample 

Serial dilutions (by step of 2, in negative pooled milk) of 5 positive milk samples from a herd with a prevalence for 
Besnoitiosis greater than 70% (Ariège, France) were tested with the ID Screen® Besnoitia Milk Indirect kit. The results 
are presented in Figure 5. 

 

Figure 5: S/P % values for positive milk samples tested at different dilutions in negative milk  

 

 

 

 

 

 

. 

 

Sensitivity: performance study according to seroprevalence 

In 2016, a sensitivity study was carried out during a field trial conducted in France, in 7 departments and 13 dairy 
farms. The different herds selected were chosen on historical basis and because of the risk factors to which they 
were exposed These herds were classified according to their seroprevalence. 

The characteristics of each herd are detailed in Table 6. 

 

 

 

Results (Figure 5): 

 All samples tested showed a similar slope, suggesting the reliability of the milk pooling approach. 

 All samples tested here were found to be positive up to the dilutions between 1:10 and 1:20. This result 
therefore suggests that it should be possible to detect as positive pooled milks from herd whose prevalence 
is between 5% and 10%. 
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Herd Origin Sample 
size Context Sampling 

time 
Breed, herd 

type 
Herd 

prevalence  

1 Ariège, France 97 Clinical cases 04/2016 Dairy 
farming 

High 

2 Cantal, France 14 Clinical cases 12/2016 Dairy 
farming 

3 Deux-Sèvres, 
France 89 Clinical case 08/2016 Dairy 

farming 

4 Ardèche, 
France 44 Clinical case 10/2016 Dairy 

farming 

5 Ain, France 75 High prevalence, serologically 
assessed in 2016 09/2016 Dairy 

farming 

6 Savoie, France 29 
Seropositive animals in October 2014 

and December 2015 – last 
prevalence measured: 6% 

08/2016 Dairy 
farming  

Low 

7 Haute-Savoie, 
France 44 Prevalence :3% in 2015 09/2016 Dairy 

farming 

8 
Loire-

Atlantique, 
France 

56 
First serological data: 

december 2015 
02/2016 

Mixed 
farming: 

Charolais / 
Pie Noire / 
Normande 

9 Ain, France 64 Infected herd nearby / Sanitizing 
2015-2016 / Hazardous herd 09/2016 Dairy 

farming 

10 
Loire-

Atlantique, 
France 

91 Annual monitoring since 2013 and 
follow-up started at purchase 03/2016 

Mixed 
farming: 

Charolais / 
Pie Noire 

Very low 11 
Loire-

Atlantique, 
France 

116 Annual monitoring since 2013 03/2016 Frisonne Pie 
Noire 

12 Ain, France 103 Detected case / Herd in sanitizing / 
Very infected herd nearby 08/2016 Dairy 

farming 

13 Ain, France 58 Progressive sanitization / No 
hazardous herd nearby 09/2016 Dairy 

farming 
 

Table 6: Description of the herds analysed for the sensitivity study performed in France in 2016 

 
Herd prevalence has been evaluated for the study of the ID Screen® Bensoitia Milk Indirect and/or ID Screen® 
Bensoitia Indirect 2.0 ELISAs. For each herd, the milk analyses were performed on individual and bulk milk 
samples. The results are shown in Table 7. 
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Herd Origin Sample 
size 

Individual 
seroprevalence 
(positive samples 
/ total samples) 

Bulk milk 
status 

(Cut-off: 
20%) 

S/P% of positive 
individual milk 
samples tested 
(S/P%, cut-off: 

25%-30%) 

Herd 
seroprevalence 

measured  

Serum Milk S/P 
% Result s 1 s 2 s 3 

1 Ariège, France 97 78% 79% 222 (+) 77 positive animals 

High 

2 Cantal, France 14 - 78% 202 (+) 9 positive animals 

3 Deux-Sèvres, 
France 89 70% 71% 227 (+) 63 positive animals 

4 Ardèche, France 44 61% 65% 172 (+) 29 positive animals 

5 Ain, France 75 57% 54% 146 (+) 43 positive animals 

6 Savoie, France 29 7% 7% 12 (-) 179 135  

Low 
7 Haute-Savoie, 

France 44 - 7% 55 (+) 189 318 327 

8 Loire-Atlantique, 
France 56 3.6% - 25 (+) 87 238  

9 Ain, France 64 - 3% 12 (-) 34 33  

10 Loire-Atlantique, 
France 91 1% - 18 (-) 284 - - 

Very low 11 Loire-Atlantique, 
France 116 1% - 12 (-) 78 - - 

12 Ain, France 103 - 1% 6 (-) 29 - - 

13 Ain, France 58 - 0% 9 (-) - - - 

Table 7: Results of the seroprevalence study conducted in 13 French herds, in 2016 

 
These results indicate that a bulk milk sample can be found negative while some animals within the herd are highly 
positive. Different explanations can be proposed: 

• Not all animals are at the same stage of lactation. 

• Infection by certain pathogens (e.g. Besnoitia besnoiti) causes a drop in lactation level. 

• Some animals may be removed from bulk milk (e. g. in case of observation of clinical signs 
characteristic of a given pathogen). 

 

 

 

 

 
 
 
 
 
 
 
 

Results (Table 7): 

 This study confirms the excellent correlation of Besnoitiosis diagnosis through serum / milk samples. 

 In herds with high seroprevalence (> 50%, n = 5), the bulk milk sample was found positive in all herds 
analysed. 

 In herds with low seroprevalence (between 3% and 7%, n = 4), the bulk milk sample was found positive in 
50% of the herds tested (2/4). 

 For the milks tested from herds with very low seroprevalence (≥ 1%, n = 4, with one sample near the cut-
off value), we were unable to detect antibodies. In order to maximize the chances of detecting herds with low 
seroprevalence, it is thus advisable to perform the analyses with bulk milk of small size (between 10 and 20 
milks). 
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Estimation of the probability of detection according to seroprevalence  

Serial dilutions (by steps of 2, in negative pooled milk) of 129 individual milk samples from B. besnoiti-positive animals 
were analysed with the ID Screen® Besnoitia Milk Indirect ELISA. 

In order to present the largest diversity, samples were selected from herds with different infection profiles and 
seroprevalence levels: 

- 3 samples from a herd with 7% seroprevalence; 

- 2 samples from a herd with 12% seroprevalence; 

- 9 samples from a herd with 72% seroprevalence; 

- 75 samples from a herd with 69% seroprevalence; 

- 30 samples from a herd with 55% seroprevalence. 

For each milk, the last dilution found positive was determined. The results are presented in Figure 6. 

 
Figure 6: Graphical representation of the last positive dilution for each Besnoitiosis-positive milk (n = 129 milks)  

 

From these data, the theoretical curve of the probability of detecting a positive herd according to intra-herd 
seroprevalence, was drawn and is shown in Figure 7.  

 
Figure 7: Graphical representation of the probability of detecting a positive herd by bulk milk testing 

according to intra-herd seroprevalence 
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Case study 

This section will be gradually completed. 
During validation and external robustness studies carried out in dairy laboratories (LIDAL), bulk milk samples (origin: 
Savoie, France) were tested. 
A bulk milk sample in particular was found positive in May 2017 (S/P% = 34%). 
In such a case, it is recommended that the herd in question be subjected to individual serology (total serological 
screening on all non-lactating cattle and all young bovines (between 6 months and calving)) [4], [5]. 
It turned out that in this same herd, two clinical cases were declared one month later. At that time, these two animals 
were found positive by PCR and negative by serology, confirming that they were in the acute phase of the disease 
and therefore during their seroconversion phase. 
In this herd, of the 65 dairy cows tested individually by serum analysis (June 2017), 3 cattle were found positive with 
ID Screen® Besnoitia Indirect 2.0 (S/P% of 107%, 63% and 146%, respectively), indicating a prevalence of 4.6% 
for dairy cows; this prevalence was initially detected thanks to a bulk milk sample analysis. 

 

 
Repeatability 

Intra-plate repeatability was evaluated by measuring the coefficient of variation (CV%) of 24 repetitions of a strong 
positive sample and 24 repetitions of a weak positive sample.  

Results are considered conform if the CV% is below 15%. OD450nm results are shown in Table 8. 
 

Optical densities 
0.088 0.567 0.056 0.484 0.067 0.933 0.053 0.910 0.065 0.571 0.129 0.519 
0.081 0.584 0.073 0.557 0.062 0.985 0.062 0.941 0.073 0.482 0.074 0.542 
0.064 0.546 0.070 0.528 0.071 1.013 0.061 1.025 0.126 0.528 0.084 0.513 
0.065 1.025 0.082 1.032 0.075 1.022 0.087 1.021 0.083 0.976 0.073 0.986 
0.066 0.999 0.070 0.915 0.074 1.086 0.070 1.066 0.080 0.852 0.084 0.897 
0.059 0.518 0.083 0.506 0.071 1.010 0.069 0.968 0.077 0.630 0.084 0.523 
0.067 0.522 0.078 0.503 0.062 0.919 0.067 0.957 0.080 0.635 0.101 0.531 
0.073 0.570 0.077 0.474 0.076 0.979 0.069 0.898 0.084 0.568 0.099 0.536 

 

Net optical densities 
 0.479  0.428  0.866  0.857  0.506  0.390 
 0.503  0.484  0.923  0.879  0.409  0.468 
 0.482  0.458  0.942  0.964  0.402  0.429 
 0.960  0.950  0.947  0.934  0.893  0.913 
 0.933  0.845  1.012  0.996  0.772  0.813 
 0.459  0.423  0.939  0.899  0.553  0.439 
 0.455  0.425  0.857  0.890  0.555  0.430 
 0.497  0.397  0.903  0.829  0.484  0.437 

Results (Figures 6 and 7): 

 The probability of detection would reach almost 100% in herds with a prevalence superior to 40%  

 The probability of detection for herds with a prevalence between 10% and 15% would be superior to 80%.  

 The probability of detection for herds with a prevalence between 5% and 10% would be between 50% and 
90%.  

 The probability of detection for herds with a prevalence between 1% and 4% would be between 20% and 50%.  
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Table 8: Repeatability study for the ID Screen® Besnoitia Milk Indirect ELISA 

 
 
 
 
 
 
 
 
Reproducibility 

The internal positive standard material (MRI-BSNTMILK*); consisting of a pool 
of B. besnoiti-positive milks, was diluted using the internal negative standard 
material (MRINEG-BSNTMILK*, a pool of negative milks), in order to generate 
a weak positive sample. This threshold dilution was tested in 16 independent 
runs by different operators and on different days. 

Results are shown in Figure 8.  
 

* These MRI are available for purchase. 

 

Figure 8: S/P% variation of a weak positive milk sample in 16 independent runs 
 

 

 

 

 

 Mean OD Standard 
deviation Minimum Maximum CV % 

Weak positive sample 0.458 0.045 0.390 0.555 10% 

Strong positive sample 0.905 0.058 0.772 1.012 6% 

Results (Figure 8): 

 All S/P% values are within a range of 2 standard deviations around the mean value. 

 CV% = 13%. 

 The ID Screen® Besnoitia Milk Indirect test displays a good reproducibility. 

Results (Table 8): 

 The CV % obtained are 6% for the strong positive sample and 10% for the weak positive sample, 
respectively, demonstrating the excellent repeatability of this test. 
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Robustness 

1) The robustness of the ID Screen® Besnoitia Milk Indirect kit was evaluated by 3 different operators in 3 
independent  runs. 

 

 

 

 

 
 

2) The robustness was evaluated by performing the test at the maximum and minimum conditions of time and 
temperature of incubation, as defined by the kit insert:  

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

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

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

For each condition, the test is validated if: 

• the net mean value of the Positive Control O.D. (ODPC) is greater than 0.350: Net ODPC > 0.350 
 

• the ratio of the net mean value of the Positive Control O.D. (net ODPC) to the net mean value of the 
Negative Control OD (net ODNC) is greater than 3: Net ODPC / |net ODNC| > 3 

Optical densities at 450nm obtained in each condition for both negative and positive controls are detailed in the Table 
9. 

Samples/Conjugate/Substrate Time of 
Incubation 45min / 30min / 15min 41min / 27min / 

13min 
49min / 33min/ 

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

Net OD of the Negative control 0.014 0.011 0.024 0.026 0.007 
Net OD of the Negative control 0.014 0.007 0.016 0.011 0.001 

Net OD of the Positive control 0.798 0.940 1.365 0.508 1.319 
Net OD of the Positive control 0.788 0.882 1.278 0.523 1.299 

Validation criteria 1 : Net ODPC > 0.350 √ √ √ √ √ 
Validation criteria 2 : Net ODPC / |net ODNC| > 3 √ √ √ √ √ 

 

Table 9: Robustness study for the ID Screen® ELISA (OD values at 450nm). 
 

 
 

 

 

 

 

 

 

 

Results : 

 For each run: 

o The validation criteria described in the insert for both negative and positive controls were met.  

o S/P % values for negative control, positive control and threshold samples were similar, regardless of the 
testing conditions.  

Results (Table 9): 

 For each time and temperature condition, the test validation criteria for both the positive and negative 

controls were met. 
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3) 3 dilutions of MRI-BSNTMILK and 2 negative samples were tested. S/P % values obtained for these samples 
and interpreted following the bulk milk samples criteria, are described in Table 10. 

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

13min 
49min / 33min/ 

17min 
Incubation temperature 16°C 21°C 26°C 16°C 26°C 

MRI-BSNTMILK diluted 1:4 18 (+) 17 (+) 20 (+) 18 (+) 19 (+) 
MRI-BSNTMILK diluted 1:8 10 (-) 9 (-) 10 (-) 10 (-) 9 (-) 
MRI-BSNTMILK diluted 1:16 6 (-) 4 (-) 6 (-) 6 (-) 5 (-) 

Negative sample 1 3 (-) 2 (-) 2 (-) 3 (-) 3 (-) 

Negative sample 2 2 (-) 1 (-) 2 (-) 2 (-) 2 (-) 
 

Table 10: Robustness study for the ID Screen® Besnoitia Milk Indirect ELISA (S/P %)  
 
 
 

 

 

 

Stability 

The shelf-life of the products is evaluated by the technique of “accelerated ageing”. The stability of the plates, the 
conjugate and the positive control were tested by evaluating the residual activity of individual components after 
storage at 37°C ± 2°C, with respect to a storage at 5°C ± 3°C. The measured residual activity at 37°C ± 2°C should 
be above 75% after two months. Results are shown in Figure 8. 

 

Figure 8: Percentage of residual activity of the plates, conjugate and positive control after stability testing at 37°C. 

 

 

 

 

Results (Table 10): 

 For each time and temperature conditions, the S/P% values obtained for each condition were similar, and 

analytical sensitivity was constant, demonstrating the excellent robustness of the ID Screen® ELISA. 

Results (Figure 8): 

 After two months at 37°C, the plates, the conjugate and the positive control displayed a residual activity of 
88%, 91% and 96%, respectively, indicating high component stability.  
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Conclusions 

The ID Screen® Besnoitia Milk Indirect ELISA: 
 

 demonstrates an excellent concordance with the ID Screen® Besnoitia Indirect 2.0 (serum) ELISA kit. 

 displays high specificity and excellent performances on individual and bulk milk samples. It is an efficient 
tool for the screening of bulk milk samples in herds of low prevalence (5-10%). 

 presents high exclusivity, with very few cross-reactions with antibodies directed against other tachyzoitic 
parasites, notably Neospora caninum. 

 is a reliable tool for the detection of antibodies directed against Besnoitia besnoiti, with high reproducibility, 
repeatability and robustness. 

In this validation study, the ID Screen® Besnoitia Milk Indirect ELISA was shown to effectively detect anti-Besnoitia 
besnoiti antibodies in bulk milk samples: 

• in all highly infected herds (prevalence > 50%); 
• in 50% of the herds with a prevalence between 3% and 7%; 
• in 25% of the herds with a prevalence greater than or equal to 1%. 

These data are consistent with the calculation of probability of detection presented in Figure 7. 

It should of course be reminded that a single negative result obtained with bulk milk sample cannot be 
interpreted as a guarantee of absence of Besnoitiosis and therefore cannot determine the Besnoitiosis-free 
status of the herd.  
 

 

Product specification: ID Screen® Besnoitia Milk Indirect 

Product code BSNTBMILK-2P BCNTBMILK-5P BSNTBMILK-10P 

Kit format 2 plates 5 plates 10 plates 

Reactions 96 240 480 

Plate format Strips: 6 x 16 wells 

 

Associated products 

 Freeze-dried Besnoitiosis reference milk (product code MRI-BSNTMILK): freeze-dried bovine milk containing 
specific antibodies directed against the protozoan parasite Besnoitia besnoiti. To be used as internal reference 
material for quality control. This milk reference sample contains no infectious material. 

 Freeze-dried Besnoitiosis negative milk (product code MRINEG-BSNTMILK): freeze-dried bovine milk free of 
anti-Besnoitia besnoiti specific antibodies. To be used as dilution matrix. This negative reference milk sample 
contains no infectious material. 

 ID Screen® Besnoitia Indirect 2.0 (product code BSNTB): indirect biwell ELISA for the detection of antibodies 
against Besnoitia besnoiti in bovine sera or plasmas. 

 Freeze-dried Besnoitiosis reference serum (product code MRI-BSNT): freeze-dried bovine serum containing 
specific antibodies directed against the protozoan parasite Besnoitia besnoiti. To be used as internal reference 
material for quality control. This serum contains no infectious material. 

 Freeze-dried bovine negative Serum (product code MRINEG-BOV): freeze-dried bovine serum negative for 
various bovine diseases. To be used as a dilution matrix. This serum contains no infectious material.
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