
J. Dairy Sci. 103:4654–4671 

https://doi.org/10.3168/jds.2019-16915 
© 2020, The Authors. Published by FASS Inc. and Elsevier Inc. on behalf of the American Dairy 
Science Association®. This is an open access article under the CC BY-NC-ND license 

(http://creativecommons.org/licenses/by-nc-nd/4.0/). 
 

Supplemental File S1. Germany 

 

Supplemental Figure S1. Flow diagram representing the BVDV control program that was in 

place in Germany in 2017. The diagram shows the steps taken by a farmer from screening the 

herd to monitoring the BVDV free status. PI=Persistently Infected. * When an animal tests 

positive the farm is placed under quarantine: No movement for 40 days, it is not allowed to 

trade pregnant cattle until giving birth to calf and all animals on the farm should be tested. ** 

All animals that have no status yet need to be tested before they are moved out of the herd 

(this does not apply to export) *** Cows that gave birth to a calf that was tested negative are 

also defined negative.
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Supplemental File S2. France – Brittany 
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Supplemental Figure S2. Flow diagram representing the BVDV control program that was in place in Brittany, France in 2017. The diagram 

shows the steps taken by a farmer from initial enrolment into the program (mandatory screening) to obtaining the free status and enrolment into 

the voluntary eradication program until ending the eradication program. PI=Persistently Infected. * Only when the herd has obtained the free 

status. It is a more sensitive test than the screening in March and September, to determine the BVD status of unborn calves. ** see Tables 1 and 

2. *** Herds receive the free status “A status” after 3 consecutive tests with test results 0-0-0, 0-1-0 or 1-0-0. All dairy and dry cattle receive this 

status. After more test rounds this status can be upgraded to super A, super A+ and A+ 90 days/180 days. For more details see Figure 3. **** It 

is not mandatory to perform further screening and start the eradication program. 

Supplemental Table S1. Interpretation of test results using a p80 (NS2-3) blocking ELISA on bulk milk in BVDV program that was in place in 

Brittany, France in 2017. 

Test result Seropositivity 

2 > 30% of cattle 

1 10 – 30% of cattle 

0 < 10% of cattle 

n Very low percentage of cattle 

 

Supplemental Table S2. Different categories representing the status of the herd after 3 consecutive tests that are performed to screen the herd 

for BVDV by bulk milk testing according to the BVDV program that was in place in Brittany, France in place in 2017. 

Category Test results 
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Free 000 – 010 – 100 * 

Not free All other combinations 

* can also include n 

 

Supplemental Figure S3. Different categories of the BVDV free status in the BVDV control program in Brittany, France. Component 1 = 

Screening 2x/year (March-Sep). Component 2 = Screening 2x/year (June-Dec). 
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Supplemental File S3. Ireland 

 

 

Supplemental Figure S4. Flow diagram representing the BVDV control program that was in 

place in Ireland in 2017. The diagram shows the steps taken by a farmer from screening the 

herd to monitoring the Negative Herd Status. PI=Persistently Infected. * Pooling is only used 

when testing by RT PCR, when ELISA is used, samples are tested individually ** There is no 

legal requirement to test imported cattle, but the farm can lose its NHS status and the cattle 

cannot leave the farm without a negative status. *** The herd loses its NHS when: a PI is 

born, failure to test calves born or animals of unknown status following introduction. 
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Supplemental File S4. The Netherlands 

 

Supplemental Figure S5. Flow diagram representing the BVDV control program that was in place in the Netherlands in 2017. The diagram 

shows the steps taken by a farmer from initial enrolment into the program to monitoring the BVDV free status. PI=Persistently Infected.
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Supplemental Files S5. Sweden 

 

Supplemental Figure S6. Flow diagram representing the BVDV control program that was in 

place in Sweden in 2017. The diagram shows the steps taken by a farmer to monitor the 

BVDV free status. 1 The risk categorization (High, Medium, Low) is based on in- and 

outdegree, and influences test frequency and population coverage. The risk category is 

updated once per year. 2 The strategy for confirming ongoing infection usually involves 
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testing a limited number of calves 4-6 months old for antibodies and, if antibody negative, 

also for virus. This step is optional. 
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Supplemental File S6. Scotland 
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Supplemental Figure S7. Flow diagram representing the BVDV control program that was in place in Scotland in 2017. The diagram shows the 

steps taken by a farmer from screening the herd to monitoring (check tests) the Negative Herd Status. PI=Persistently Infected. * no free 

designation, farms are either negative or not negative after testing. 
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Supplemental File S7. Additional comments on ranking: 

 

Supplemental Table S3. Clarification on the ranking of variables describing context, initial enrolment and surveillance of BVDV control 

programs in six territories in 2017 (DE, FR (Brittany), IE, NL, SE, SCT. All variables were ranked separately and independent from each other. 

1 indicates the best ranking and 3 or 6 (depending on the category) the worst. 

Variables Comments 

Context  

Herd-level prevalence of 

BVDV in breeding herds 

A lower herd-level prevalence received a better ranking. It was assumed that in a territory with a low herd-level prevalence 

the risk of introduction of BVDV is lower compared to a territory with a higher prevalence. 

Application of BVDV 

vaccination 

The application of vaccination (yes/no) was not ranked because a) within some programs vaccination is not allowed because 

of interference with test results (e.g. in case bulk milk testing on antibodies) and b) although not relevant when calculating 

freedom from infection: vaccination could cause false positive test results 

Aim of the program The aim of the program was not ranked because this element in itself does not influence confidence of freedom. 

Program level The level on which the program was conducted was not ranked because different underlying elements influence whether an 

animal- or herd-level program is more optimal in terms of the confidence of freedom associated with a free/negative herd. 

Often an animal-level program is seen as more reliable as every animal is individually tested and BVDV diagnostic tests 

have high sensitivity. However, when a herd-level program is based on very frequent testing, it could be more reliable than 

an animal-level program in a herd where only a few calves are born and tested per year.  

Type of program Control programs can be voluntary or mandatory. Mandatory programmes were ranked better because all herds in the 

epidemiologically relevant population are obliged to participate. Because Brittany has a mandatory screening program and a 

voluntary follow up control program, we made a distinction between screening and follow up. 

Breeding herd types 

included in program 

This variable shows on which herd types the CPs are based. This element was not ranked because it is equal for all 

territories. 

% of breeding herds in 

program 

All CPs include dairy and beef breeding herds. The percentage of dairy and beef breeding herds covered was ranked. The 

higher the coverage, the better the ranking. The Netherlands was ranked better than Brittany based on the percentage of herds 

that chose to follow up after indication of BVDV infection in the screening. 
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Restrictions for herds or 

animals without a BVDV-

free status 

Territories with movement restrictions were ranked better than territories without movement restrictions, as these restrictions 

lower the probability of transmission of BVDV from a possibly infected herd to a susceptible herd. Germany has movement 

restrictions in place but was ranked worse than other territories with movement restrictions because movement restrictions 

for untested animals from herds without a history of positive tests do not apply to export.  

Max time until persistently 

infected animals (PIs) 

should be removed after 

detection according to the 

CP 

The longer the PI can stay in the herd, the greater the potential for transmission of BVDV. Therefore we ranked CPs with a 

lower maximum time of removal of PIs better.  

Average time in days 

between detection of PI and 

removal 

The longer the PI stays in the herd, the greater the potential for within herd transmission of BVDV. Therefore we ranked 

territories with a lower average time of removal of PIs better. 

No. of cattle herds It was decided not to rank the number of cattle herds in the territory, because more cattle herds does not directly mean that 

there is more contact between cattle herds. This parameter was therefore included in the ranking of cattle density. 

No. of dairy and beef 

breeding herds 

See previous explanation 

No. of cattle See previous explanation 

Density Density was included as the most reliable and quantitatively available proxy for contacts between cattle within and between 

herds. Ranking was conducted based on the number of cattle per km2 land area. Territories with a low cattle density were 

ranked better than those with a high cattle density. It should be noted that we considered ranking on the basis of differences 

in cattle density within territories (low and high cattle density areas and areas unsuitable for keeping cattle), but this led to 

results that were complicated and impossible to compare between territories.  

% breeding herds that 

introduced cattle in 2017 

A known risk factor for introduction of BVDV is introduction of cattle into the herd. Territories with a higher percentage of 

herds purchasing cattle were ranked worse than territories with a lower percentage of herds purchasing cattle. 

No. imported cattle in 2017 This variable included all cattle imported from outside the territory, excluding import movements directly to slaughter as the 

risk of these animals transmitting BVDV to herds within the territory is negligible. The more cattle that were imported, the 

worse the territory was ranked.   

Frequency of possible nose 

to nose contact between 

cattle of different breeding 

farms 

A known risk factor for introduction of BVDV is neighborhood contact. Qualitative estimates for the frequency of nose to 

nose contact between cattle was collected based on experts opinion in the different territories. The more contact that was 

possible between cattle, the worse the territory was ranked.  

Initial enrolment  
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Initial screening The initial screening implies the first test a farm had to perform when starting a CP in 2017. It is the first indication about the 

BVDV status of the farm. Only Brittany and the Netherlands were ranked because in all other territories all herds were 

already participating in the CP. In the Netherlands both group and individual testing (blood or ear notch) is conducted 

whereas in Brittany only group testing is performed. Both territories perform bulk milk testing, but Brittany also performs 

spot testing to determine the herd status. In the Netherlands, all non-lactating animals are individually tested. It was assumed 

that the chance of a false negative result is higher with spot testing than with individual testing as a result of factors such as 

non-representative cohort sampling, or neglecting to sample all separately managed groups of the target age, etc. influence 

the results.  

Additional measures after a 

positive test result 

In the Netherlands, PI animals should be removed from the herd when a herd follows the CP, whereas in Brittany farmers 

have no obligation to remove PI animals. The farmer in Brittany can choose to start the voluntary eradication program, 

through which they also have to detect and remove all PI animals. The Netherlands was ranked better because PI animals are 

detected in all herds that enter the CP and in a more timely manner.  

Testing purchase* before 

leaving selling herd or after 

arrival in buying herd 

We compared measures for purchase stated by the CPs and one of the differences was whether testing of purchased cattle 

was mandatory or voluntary. In Brittany, it was only recommended to test purchased cattle, and was ranked worse than the 

Netherlands where herds are obliged to test purchased cattle. We acknowledge that these measures only guarantee that a PI is 

not sold. Pregnant cows carrying a PI calf or a transiently infected cow could still transmit the virus.  

Testing of import before 

leaving selling herd or after 

arrival in buying herd** 

In Brittany it was only recommended to test imported cattle, and was ranked worse than the Netherlands where participating 

herds are obliged to test imported cattle. We acknowledge that these measures only guarantee that a PI is not sold. Pregnant 

cows carrying a PI calf or a transiently infected cow could still transmit the virus.  

Surveillance  

Animal- and herd-level 

definition of freedom 

We decided not to rank the definition of freedom because this is the programs’ outcome and depends on a combination of 

elements in table 3 that we do rank. For example “cattle virus negative for 24 months” would be ranked better than “cattle 

virus negative during 10 months”, but this really depends on the testing performed. If a herd performs ear notch testing on 

their newborn calves, they need more time to be certain that the herd is free of BVDV in comparison to a herd when testing 

all animals at one time. 

Test protocol Ranking of the test protocol was too complex and was therefore not conducted. This variable was subdivided into the 

underlying elements “the probability that the test protocol would detect the virus”, “the follow-up after indication of a 

BVDV infection” and “the route to re-establishment of the free status”.  

Time from birth until 

testing 

To prevent further transmission of the virus, the time from birth until testing should be as short as possible. Farmers who 

monitor their free status by ear notch testing will normally test their calves within a few days of birth. Herds that apply bulk 

milk testing or spot testing will detect a new PI later, depending on the frequency of testing, herd contact structure and the 

promptness of further investigations following initial serological evidence of infection. The territory where the time from 

birth to testing is shortest was ranked best. 
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Probability of a false 

negative test result 

This variable shows the probability that a herd is considered free while there is a PI present. The probability of such a false 

negative test result is influenced by many other factors. (1) the laboratory, e.g. human error, testing protocol applied (pooled 

sample or not, PCR or ELISA), or presence of maternally derived antibodies. (2) factors that operate prior to the point of 

laboratory testing. With ear notch testing, relevant factors include the interval from collection to submission of the sample, 

time spent in the postal system, deliberate interference by the farmer etc. For spot testing, this could relate to non-

representative cohort sampling, or neglecting to sample all separately managed groups of the target age, etc. Relevant to 

trade, animals from a birth cohort could be sold before spot testing is carried out, which is often the case with dairy bull 

calves.  

Ear notch testing was better ranked than both antibody bulk milk and spot testing, because we assume that a PI sheds large 

amounts of virus and is only sporadically missed by an individual ear notch test and could be more easily missed by indirect 

testing (or sold at a young age prior to the check test being performed). Antibody bulk milk testing was ranked worse than 

ear notch testing and spot testing, because its sensitivity could be reduced by both the dilution of positive samples and by 

animals that could potentially be missing from the bulk sample. 

Time to identification of 

the virus in the herd after a 

first undetected persistently 

infected animal (PI) 

(undetected due to false 

negative test) 

The time until the virus was detected in the herd after the first PI was missed because of a false negative test result was better 

ranked when applying bi-annual spot testing than when conducting ear notch testing because this time period may on average 

be shorter than with ear notch testing. If a PI remains undetected, detection of infection with ear notch testing will only occur 

once a new PI has been created (in the absence of clinical signs). If there is only one PI, there could be a substantial delay 

given that a pregnant cow needs to come in contact with this PI during the susceptible window (approximately between 30-

120 days of gestation) and then the calf is born after 5 to 8 months. Further, spot testing is also able to identify virus 

circulation when the PI itself is already removed from the herd (death or moved off-farm to a fattening unit).  

More detailed information on the ranking of this variable can be found in the discussion under complexity of ranking. 

Indication of BVDV 

infection 

This variable concerns the CP result that is considered an indication of BVDV infection in an animal or herd. Territory 

differences were observed, and a single positive test result in a herd in the Netherlands and Brittany does not directly mean 

that additional actions have to be taken. In Brittany, the free status is assigned after 3 consecutive bulk milk tests in which 

one of the tests, but not the most recent test, is allowed to be antibody positive. In the Netherlands, when the herd performs a 

spot test in which five animals are tested, additional actions have to be taken only when at least two animals test seropositive. 

Therefore, Brittany and the Netherlands were ranked worst. 

Follow-up after indication 

of BVDV infection 

The territories differ in whether they apply additional risk mitigating measures in addition to PI removal, such as testing the 

dam of the PI. CPs with additional measures in place were ranked better. 

Re-establishment of 

BVDV-free status 

It was decided to not rank this variable because it is the result of many elements that were ranked (Table 3). For example, if a 

herd performs ear notch testing on their newborn calves, they need more time to be certain that the herd is free of BVDV, 

than when testing all animals at once in the herd. 
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Testing purchase* before 

leaving selling herd or 

after arrival in buying herd 

We compared risk mitigating measures for purchase as stated by the CPs. These differed according to whether it is voluntary 

or mandatory to test cattle purchased from non-free herds and whether they test the purchased animal before leaving the 

selling herd or after arrival in buying herd.  
We acknowledge that these measures only guarantee that a PI is not sold. Pregnant cows carrying a PI calf or a transiently 

infected cow could still transmit the virus. However, CPs do not describe measures, such as quarantine, to reduce this risk.  
Testing of import before 

leaving selling herd or 

after arrival in buying 

herd** 

We compared risk mitigating measures for import as stated by the CPs. These only differed according to whether it is 

voluntary or mandatory to test cattle imported from non-free herds. None of the CPs requires imported animals to be tested 

prior to their arrival on the farm. Therefore, territories with mandatory testing after arrival were ranked best. We 

acknowledge that these measures only guarantee that a PI is not sold. Pregnant cows carrying a PI calf or a transiently 

infected cow could still transmit the virus. However, CPs do not describe measures, such as quarantine, to reduce this risk. 

* Purchase is defined as the combination of all introductions of cattle from herds within the territory. 

**Import is defined as the combination of all introductions of cattle from herds within the territory. 

 


