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Summary

Bovine Viral Diarrhoea (BVD) is a viral infection in cattle caused by the Bovine Viral Diarrhoea Virus
(BVDV), which is endemic in most cattle producing countries. A BVDV infection can have negative
production effects on the animal. For example the milk production and reproduction efficiency
decreases and young stock show a diminished growth rate. BVDV can be controlled, for example by
tracing and culling of Pls. Furthermore, the within herd spread is an important factor in the control of
BVDV. Separating young stock from the lactating herd and increasing the bio-security on the farm can
decrease the probability of on-farm transmission of BVDV. In the last decade, studies have modelled
the estimated economic impact of BVD within a herd over a longer period of time in function of
certain control measures (van Beek, 2008; Reichel et al., 2008). These studies all referred to
conditions in the milk quota situation. However, particularly during the last couple of years, some of
these conditions changed, mainly the abolishment of milk quota. This abolition might result in a
different economic valuation of a drop in milk production. Moreover, anticipating on this abolition,
many farmers have increased their herd size, sometimes accompanied by outsourcing the rearing of
young stock. The overall aim of this study is to estimate and analyse the economic impact of BVD
based on the current herd status for several farm scenarios, and compare these results with previous
studies to reveal if previous recommendations are still applicable to current dairy farms.

To fulfil the purpose of this study, a dynamic and deterministic state transition model was developed,
simulating individual animals in a dairy herd with additional young stock. Each animal of the herd was
defined by its BVDV initial status and pregnancy status. The simulation horizon was 2 years with time
steps of 3 months. The model consist of an epidemiological and economic part. Main outputs are the
infection dynamics in the herd after introduction of BVDV and the direct economic costs incurred
over two years after infection. To analyse the impact of BVD in the current herd situation, the
following three scenarios were simulated; default (90 cows), increased herd size (180 cows) and the
outsourcing of the rearing of young stock. For each scenario BVDV was introduced by three
introduction routes (Pl in young stock, Tl in young stock and Tl in lactating herd) in a 10%, 40% and
90% sero-prevalence herd. Furthermore, the costs of infections were analysed based on a high,
average and low milk price.

In the default and increased herd size scenario, most costs were made in case BVDV was introduced
by a Pl animal in young stock with a low sero-prevalence lactating herd. An increase in sero-
prevalence resulted in a decrease in costs. Fluctuations in the milk price had only a moderate effect
on the economic impact of BVD. The costs in case of outsourcing the rearing of young stock reduces
tremendously compared to the default scenario in case BVDV was introduced by a Pl animal in young
stock. The costs for the increased herd size scenario showed an increase of total costs compared to
the default scenario, but the average costs per cow are not changed in case the herd prevalence
remains the same. However, in reality, the herd size can be increased by introducing more
susceptible animals which results in a decrease of herd sero-prevalence. More susceptible animals in
the herd can cause higher losses, due to more infections.

Based on the results of this study, no major changes in the economic impact of BVD are found in the
current herd situation including changes due to the abolition of the milk quota, as compared to the
impact of BVDV in the quota situation. This indicates that previous recommendations regarding
BVDV control measures, based on the quota situation, could still be applicable to current dairy farms.
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1 Introduction

Bovine Viral Diarrhoea (BVD) is a viral infection in cattle caused by the Bovine Viral Diarrhoea Virus
(BVDV), which is endemic in most cattle producing countries. Transmission of BVD occurs horizontally
by direct contact and vertically from mother to calf. Vertical transmission can result in a lifelong
infected and viral shedding calf, a so called persistently infected calf (Pl) (Houe, 1995). A BVDV
infection can have negative production effects on the animal. For example in dairy cattle, the milk
production and reproduction efficiency decreases, while beef cattle and young stock show a
diminished growth rate. In addition, BVD can result in immunosuppression, which enhances the
likelihood of a secondary infection by other pathogens (Welsh et al., 1995).

Several studies have been carried out to estimate the economic impact due to BVD within a dairy
herd (Sgrenson et al., 1995; Chi et al., 2002; Fourichon et al., 2005). The financial losses can vary
widely and depend on several factors, such as the initial source of infection, the probability and
source of further infection and the probability of virus spread within a herd, which is related to the
immune status of the herd. Particularly, the immune status of a herd is an important factor for the
amount of financial losses. For example, an outbreak in a complete naive herd can cause high losses
in the short run, while continuous prevalence of BVDV, which results in a herd with a higher
immunity level, is often associated with moderate losses (Fourichon et al., 2005). Besides these
losses, the overall economic impact of BVD, like any other endemic disease, also includes
expenditures (Mclnerney et al., 1992). These can be categorized as treatment related costs of sick
animals, and the costs related to preventive measures.

Control of BVD can be done either at the national level with a mandatory control program, or by
individual farmers. Besides tracing and culling of Pls, the within herd spread is an important factor in
the control of BVD. In the last decade, studies have modelled the estimated economic impact of BVD
within a herd over a longer period of time in function of certain control measures (van Beek, 2008;
Reichel et al., 2008). Besides virus related features, such as virulence and transmissibility, also non-
viral factors were shown to have an important impact on the within herd spread, and therefore on
the economic impact. For example, separating young stock from the lactating herd can decrease the
probability of on-farm transmission of BVDV.

The above mentioned studies all referred to conditions in the milk quota era. However, particularly
during the last couple of years, some of these conditions changed, mainly the abolishment of milk
qguota. This abolition might result in a different economic valuation of a drop in milk production.
Moreover, anticipating on this abolition, many farmers have increased their herd size, sometimes
accompanied by outsourcing the rearing of young stock. Hence, the question arises whether the
current economic impact of BVD is still similar to the above mentioned studies, and whether the
recommendations regarding to the control measures, derived from these studies, still hold.

The overall aim of this study is to estimate and analyse the economic impact of BVD based on the
current herd status for several farm scenarios, and compare these results with previous studies to
reveal if previous recommendations are still applicable to current dairy farms. Due to time and
resource constraints, this study is a scenario study, focussing only on the economic impact which can
be directly related to BVDV on individual farms.



2 Background

2.1 Disease characteristics of BVDV

BVDV can be distinguished in two genotypes, BVDV-1 and BVDV-2. In Europe, BVDV-1 dominates
with a prevalence of 90 percent, whereas in North America BVDV-1 represent 50 percent of the
isolates (Ridpath, 2005). Infections with BVDV-1 causes clinical symptoms such as diarrhoea, fever
and a decreased apatite, which can result in negative production effects on the animal. BVDV-2 is a
more aggressive type. Most BVDV-2 infected animals die within 48 hours due to severe clinical
symptoms.

Transmission of BVDV can occur by direct or indirect contact. Vertical transmission during gestation
can result in embryonic death, congenital defects or a persistently infected (PI) calf (Houe, 1995). PI
animals are a major source of virus spread within and between farms. Due to their immune tolerance
to the virus, Pl animals will remain lifelong infected. This results in persistently shed of the virus
during its entire life. Besides Pl animals, a postnatal infected animal can also shed the virus
transiently. The duration and amount of virus shedding by transiently infected animals is dependent
on the viral virulence with a maximum period of 14 days (Thurmond, 2005; Lanyon et al., 2014).

2.2 Economic impact of BVD

The negative production effects of a BVDV infection on an animal can result in financial losses for the
farmer. Saatkamp et al. (2006) performed a literature review of the financial-economic
consequences of BVD at herd level and national level. Several case studies reported the financial-
economic losses due to a BVDV outbreak in BVDV naive or free herd. The losses varied from € 19 to
€600 per cow present. Studies, focusing on average financial-economic losses of cattle herds,
estimated losses ranging from € 30 to € 60 per average cow present. At the level of the national
livestock sector, studies indicated a loss due to BVD under endemic conditions of € 15 - 20 per cow
present (Saatkamp et al., 2006). The focus of the current study is on herd level.

The above mentioned losses are the result of the impact of a BVDV infection on multiple production
parameters. A systematic overview of the economic impact of BVD for a dairy herd is shown in Figure
1. This Figure is based on the general framework of Dijkhuizen et al. (1997), which is adapted for
BVDV. The economic impact of BVD in a dairy herd can be categorized for three animal groups: adult
cows, infected young stock and healthy young stock. Calves are categorized as young stock from birth
till their first calving. After the first calving, animals are categorized as adult cow. The economic
impact of BVD, shown in Figure 1, consists of primary losses and expenditures. The impact of BVD is
shown at various levels, starting at the level of the infection of an individual animal up to the
financial losses for the farmer. In this study, direct losses are caused by infected animals, while
indirect losses are originating from the impact on returns of non-infected animals.
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Figure 1. Framework of the economic impact of a BVDV infection in a dairy herd. Adapted from (Dijkhuizen et al. (1997)



2.2.1 Impact of BVDV infections in lactating cow

Transmission of BVDV in cattle can occur by direct or indirect contact with infected cows in the herd
or by a Pl animal. Infected adult cows can show clinical symptoms such as fever and diarrhoea. These
symptoms are related to one of more primary disease effects, therefore the clinical symptoms are
not included in the farm economic impact of BVD. The primary disease effects include: reduced milk
production, abortion, reduced fertility and mortality (Houe, 2003). These primary disease effects
influence one or more technical production parameters. The impact on animal performance of a
BVDV infection in an individual adult cow is distinguished in the following technical production
parameters: reduced milk yield of a lactating cow, increased calving interval, increased number of
“voluntary” culling and “involuntary” disposal. The primary disease effect reduced milk production
has one technical impact, a reduced milk yield. Abortion can impact three technical production
parameters, depending on the decision of the farmer. If the farmer keeps the infected animal and
inseminates it again, the technical production parameters are a reduced milk yield and an increased
calving interval. While voluntary culling is affected if the farmer chooses not to keep the animal.
Reduced fertility has repercussions on similar technical production parameters as abortion.

The described effects are observed at animal level. However, the focus of this study is on the impact
at herd level. The aggregated effects at the herd level are a reduced average milk yield per cow per
year, fewer calves born per year and a reduced sales value of the infected cattle. A reduced average
milk yield per cow per year can be monetary translated in reduced average net returns of milk per
cow per year. Figure 1 is based on the assumptions of a post quota era situation, with a maximum
number of cows in the herd which remains constant. Therefore, milk losses will not be replenished by
keeping more cows. The reduced milk yield is directly translated to a reduction in net milk returns.
The economic value of reduced net returns can fluctuate, due to the volatile milk price in the post
quota era.

Another effect at herd level is the decrease in number of calves born per year. This results in a lower
number of young stock produced by the farm. The impact on the number of young stock is monetary
translated in the indirect losses of reduced returns in sales of non-infected young stock. Another
assumption made in Figure 1 is the replacement of cows by self-reared young stock. Therefore, the
technical production parameters voluntary culling and involuntary disposal increases the demand of
replacement young stock. This is also monetary translated in reduced returns in sales of young stock.

If the farmer chooses to replace the animal because of one of the primary disease effects, the animal
is slaughtered before total potential production is obtained. This is described as voluntary culling in
Figure 1. The condition of a cow can be affected by a BVDV infection, which can result in weight loss.
This reduces the sales value of the cow. In case of mortality, losses are even higher, because sales
value is completely lost. In case of mortality and voluntary culling the optimal age of the cow is not
reached which results in missed future income. This is described as retention pay-off (RPO), which is
a good representation of the estimated losses.



Besides the losses resulting from primary disease effects, also an increase in expenditures have to be
taken into account. Farmers can consult a veterinarian if they suspect to have a BVDV infected
animal in the herd based on the clinical symptoms and disease effects. The veterinarian can diagnose
and control the disease and subscribe treatment for the infected animal. This increases the
expenditures on veterinarian costs. The study of Loneragan et al. (2005) reported that cattle exposed
to a Pl animal got twice as much veterinarian treatment compared to cattle who were not exposed to
a Pl animal. These expenditures on veterinarian costs also increases in the case of an increased
calving interval. Farmers can choose to treat the animal with hormones to increase the chances of
conception (Stevenson et al., 1990). In addition, an increased calving interval can also results in more
inseminations, which increases the expenditures on inseminations.

The effects of a BVDV infection in adult pregnant cows can also be passed on to the offspring. Foetal
infections between 18 and 125 days of gestation can result in Pl calves. While foetal infection
between 100 and 150 days of gestation often results in the development of a variety of congenital
defects (Grooms, 2004). Besides foetal infections, young stock can also be postnatally infected by PI
animals.

2.2.2 Impact of BVDV infection in young stock

All of the above described infected young stock can show clinical symptoms, which are related to the
primary disease effects growth retardation and mortality. Therefore, clinical symptoms are also not
included in the farm economic impact of BVD in young stock. The defects in congenital defected
calves are usually severe, resulting in either death or euthanasia of those calves (Baker, 1987). The
mortality rate in Pl calves is also high, In the study of Presi et al. (2011) only ten percent becomes
older than two years. Furthermore, detected Pl calves are prematurely culled immediately because
of the major source of infection they present. Another reason for premature culling is a major
reduction in growth. The condition of these prematurely culled calves is not optimal for slaughter,
causing a reduced sales value. Mortality lowers the number of young stock raised by the farm, which
is monetary translated in reduced returns in sales of young stock.

Besides the losses in young stock, also expenditures can be increased. In case of severe clinical
symptoms which is related to growth retardation, the farmer can choose to consult a veterinarian to
diagnose the disease and prescribe treatment for the infected animal. This increases the
expenditures on veterinarian costs. Growth retardation can also result in a delay of first heat, which
increases the rearing period. Whereby, expenditures on rearing costs increase.

Figure 1 is only relevant in a situation where barn capacity is maximally utilized, i.e. increase in herd
size is not possible. Furthermore, purchasing additional young stock is not included in this
framework. The number of young stock produced by the farm can meet the demand of young stock
for replacement. The severity of the economic impact described in this framework will depend on
several factors, such as the virulence of the virus, the number of infected animals and the stage of
pregnancy of the infected animal. Particularly, the immune status of a herd is an important factor in
the amount of financial losses. For example, an outbreak in a complete naive herd can cause high
losses in the short run, while continuous prevalence of BVDV in a herd is often associated with
moderate losses (Fourichon et al., 2005).



2.2.3 Control measures

Besides the herd related factors, the impact of an outbreak can also be affected by management
factors. For example, the biosecurity of the farm can contribute to reducing the risk of introduction
and spread of BVDV. The basic principle is to reduce the contact between disease agents and
susceptible animals (Callan and Garry, 2002). Furthermore, Dutch farmers can join the Dutch BVDV
control program. Pl animals can be detected in an early stage, which can reduces the impact of an
outbreak. Another way of BVDV control is to reduce the risk of an outbreak by using a vaccine. All
these described methods of BVDV control causes an increase in expenditures.

2.3 Overview of costs and recommendations in literature

In the last decade, studies have modelled the estimated economic impact of BVD within a herd in
function of certain control measures. The calculated average costs of the impact of BVD on a dairy
herd without control measure are shown in Table 1. Chi et al. (2002) estimated the costs due to
BVDV infections in Canada, whereas Reichel et al. (2008) estimated the costs of BVDV infections in
New Zealand. The studies of Fourichon et al. (2005) and van Beek (2008) estimated the costs of BVDV
infections in dairy herds in Europe (France and The Netherlands respectively). In addition, Reichel et
al. (2008) and van Beek (2008) evaluated the following control measures individually and
combinations of these control measures:

e Control program ( Test and cull of Pl animals)
e Vaccination
e Increase biosecurity

Table 1. Overview of the calculated costs of BVD in modelling studies under the milk quota situation

Reference Average costs/cow/year
Chi et al. (2002) €34
Fourichon et al. (2005) €48
van Beek (2008) €45
Reichel et al. (2008) €22

Van Beek (2008) modelled the economic impact of a Dutch dairy herd in function of the BVDV control
program. The default scenario was based on an open farm and only one group of animals. Besides
the default scenario, six alternative scenarios were analysed which included 0% prevalence status of
herd at start of simulation, separation of the animals into two isolated groups based on age,
additional biosecurity measures and vaccination. The results indicate that the BVDV control program
has a positive, although moderate economic effect in average Dutch conditions but is highly
depending on the situation of the herd. Moreover, separate housing of young stock is an important
factors to consider. The use of a control program in combination with the use of vaccination could
also be a possible combination.



Reichel et al. (2008) analysed the costs of control or eradication of BVD against the estimated costs
of the disease in an average dairy herd in New Zealand. Three scenarios were analysed for the
following control options; no control, test and cull, vaccination and increased biosecurity. The
scenarios were based on the effects of a BVDV infection in a herd, sporadic infection, epidemic
infection and endemic infection. The results indicate that all control options are economically
beneficial compared to letting BVDV circulate without control. Combinations of control measures
was not beneficial according to this study.

These above mentioned studies all referred to the conditions in the dairy sector existing just recently.
However, particularly during the last couple of years, some of these conditions changed in Europe.
For example, abolition of the milk quota which might result in a different economic valuation of a
drop in milk production. Moreover, anticipating on this abolition, many farmers increased their herd
size thereby outsourcing rearing of young stock. Hence, the question arises whether the current
economic impact of BVD is still similar to the above mentioned study.



3 Materials and methods

3.1 General

The main objective of the study is to analyse the financial-economic impact of BVD in dairy farms
after the introduction of BVDV for several scenarios. In the scenarios different farm management,
herd immunity and introduction route of BVDV were combined. A dynamic and deterministic state
transition model was developed, simulating individual animals in a dairy herd with additional young
stock. The model consists of an epidemiological and economic part. Main outputs are the infection
dynamics in the herd after introduction of BVDV and the direct economic costs incurred over two
years after infection.

3.2 Modelling

3.2.1 General model features

The model was based on the effects of a BVDV infection in dairy cattle shown in Figure 1. A
spreadsheet model was designed in Microsoft Excel (Microsoft Corporation, Redmond, Washington,
USA). The model was a dynamic, deterministic model simulating production and state changes of the
individual animals in the dairy herd with additional young stock. Each animal of the herd was defined
by its BVDV initial status and pregnancy status. The simulation horizon was 2 years with time steps of
3 months. The model consisted of an epidemiological and economic part. The model uses two types
of inputs, being herd characteristics and BVDV characteristics. Herd characteristics included herd size
and herd composition regarding pregnancy stage and BVDV status of the cows at the initial state.
Another type of input were BVDV characteristics which included epidemiological data regarding on-
farm disease dynamics and economic data on production effects of BVDV.

3.2.2 Herd dynamics

The model discriminated between two animal groups, young stock and lactating herd. The lactating
herd was distributed in four pregnancy states; pregnancy stage 1 (1-3 months), pregnancy stage 2 (4-
6 months), pregnancy stage 3 (6-9 months) and stage O (not pregnant) with a duration of 3 months.
Standard calving intervals of 365 days were assumed, except in case of abortion or reduced fertility.
The size of the lactating herd remained constant during the simulation period. In case culling or
death did occur in the lactating herd, animals were replaced by a lactating newly calved heifer in
pregnancy stage 0. All farm scenarios assumed an all year round calving system, therefore each
pregnancy stage contains a proportionate number of cows. Surplus young stock was sold at the age
of one year. Hence, in case of an increase in demand by the dairy herd for replacement heifers, less
calves could be sold.

3.2.3 Disease dynamics

Animals were classified into 4 BVDV health states: susceptible, transiently infected, recovered and
persistently infected. Transiently infected cows can shed the virus for a maximal period of 14 days
(Thurmond, 2005; Lanyon et al., 2014), therefore it was assumed that susceptible animals that got
infected in a certain time stage recovered before entering the next time stage. The BVDV status of a
cow at the end of every time step was either susceptible or recovered, and was subsequently the
initial state in the next time step.



3.2.3.1 Introduction

BVDV was introduced in the herd at the initial state of the model. Three routes of BVDV introduction
on the farm were modelled in this study. The first route of BVDV introduction is by introducing a PI
animal into the young stock (route PI-YS), which can occur if additional young stock is purchased or
the birth of a PI calf which is caused by infections in the lactating herd. Because the scenarios in this
model assume young stock to be physically separated from the lactating herd and considering the
low survival rate of Pl animals, it is assumed that no Pl young stock enters the lactating herd.
Therefore, the introduction of BVDV in the lactating herd is assumed not to be caused by Pl animals.
However, a Pl animal can infect the lactating herd indirectly through transmission by the farmer if
the lactating herd and young stock are raised on the same farm.

The second route of BVDV introduction is by introducing a transiently infected (Tl) animal into the
young stock (route TI-YS). This can occur if additional young stock is purchased or indirectly by
infected material for example. Tl young stock can enter the lactating herd, in case a lactating cow is
replaced, which can spread BVDV into the lactating herd.

The third way of BVDV introduction is by introducing a Tl animal in the lactating herd (route TI-LC).
This can occur if additional cattle is purchased or indirectly by material. Infections in the first period
of gestation in lactating cattle can result in the birth of a Pl calf. As such, heifer Pl calves join the
young stock and can cause spread of BVDV in the young stock. Male Pl calves are assumed not to be
able to infect other young stock as they are sold soon after birth.

3.2.3.2 Spread of BVDV

In previous modelling studies different transmission rates were used from the transmission of Pl and
Tl animals to susceptible animals, which are shown in Table 2. The transmission rates of van Beek
(2008) and Cherry et al (1998) were both based on the case study of Houe and Meyling (1991), in
which seroconversion was monitored of seronegative animals in 19 herds. Whereas, the transmission
rates of Viet et al (2004) were based on Moerman et al. (1994), which monitored the seroconversion
of antibody negative animals in one herd. A large variation in transmission rates between both
studies was obtained. In case of the transmission of a Pl animal, this variation does not have an
significant impact on the number of infections in the two year timeframe of this model for the
following reason. Both studies used high transmission rates, which results in an almost completely
infected herd within a year. In contrast, the transmission rates of Tl animals in these studies were
much lower, therefore, this variance in transmission rates can have an effect on the number of
infected animals by Tl source in the two year time frame of the model. Houe and Meyling (1991)
monitored several herds in which BVDV strains of different virulence circulated. Therefore, these
derived transmission rates were the average of several actual transmission rates of different Pl and
Tl sources of BVDV. While Moerman et al. (1994) monitored only one herd, therefore the
transmission rate was only based on one virulence type. In this model, no variation in virulence of
BVDV was included, but average transmission rates based on the study of Houe and Meyling (1991)
were used.



Indirect transmission of BVDV by a PI through the farmer could occur if Pl animals were present in
young stock. The transmission rate of this indirect transmission was not described in literature.
Therefore an estimate was made, based on the contact between farmer and Pl animals and the daily
contact of the farmer with the lactating herd in the milk parlor. Therefore it was assumed that
indirect transmission was halve as high as the transmission rate of Pl animals. The viral transmission
rate through the farmer set at was 0,42/ 3months.

Table 2. Estimated transmission rates for transiently infected animals and persistently infected

animals
Transmission type Tansmission rate Reference

T 0.01 /3 months Van Beek (2008)

T 0.03 /day Viet et al. (2004)

T 0.002 /host/day Cherry et al. (1998)
T 0.01/ 3 months Current study

PI 0.83 /3 months van Beek (2008)

PI 0.5 /day Viet et al. (2004)

PI 0.03 /host /day Cherry et al. (1998)
PI 0.83 /3 months Current study

3.2.4 Disease effects

3.2.4.1 Drop in milk production

In this model a 305 days lactation period with an average milk yield of 8000 kg was assumed. Only
the direct effect of BVDV on milk production was included in the model. Several studies reported a
reduction in milk production due to a BVDV infection (Table 3). Bennett et al. (1999) and Pasman et
al. (1994) did not describe herd specific information about these numbers. Therefore these numbers
could not be taken into account. Moerman et al. (1994) studied the clinical consequences of BVDV
infections in a dairy herd, where BVDV circulated for 2,5 years. In contrast, the numbers of Van Beek
(2008) were based on a literature study. Both studies used mostly similar numbers, only the
proportion of infected cows which had a reduction in milk production differed. Therefore, the
average proportion of infected cows of van Beek (2008) and Moerman et al. (1994) was used in this
study.

Table 3. Estimated reduction in milk production and period of time
Milk reduction

.Proportlon of Milk reduction Number of remaining lactation References
infected cows days
days
- 30% 21 days - Bennett et al. (1999)
- 5% 7 days - Pasman et al. (1994)
80% 10% 3 to 8 days 5% Moerman et al. (1994)
40% 10% 7 days 5% van Beek (2008)
60% 10% 7 days 5% Current study
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3.2.4.2 Abortion

BVDV infections in pregnant cows can cause an abortion. These abortions result in an increased
calving interval or voluntary culling. Several studies used a different risk of abortion per pregnancy
stage (Table 4). The study of Ezanno et al. (2007) was not taken into account, because the time
definition of a pregnancy stage was not clear. In addition, the deviation was large compared to the
other studies. The risk of abortion in other studies were based on multiple sources. The average
probabilities across the three studies for the different pregnancy stages were used in this model.
Abortion can be followed by re-insemination or voluntary culling. In case of re-insemination, it was
assumed that the calving interval increased due to abortion by the time up to abortion and six weeks
after abortion. Therefore the calving intervals were increased by 18 weeks (pregnancy stage 1), 30
weeks (pregnancy stage 2) and 48 weeks (pregnancy stage 3). However, re-insemination in case of
abortion in pregnancy stage 3 is not likely because the RPO of this cow is most likely lower in
comparison with the RPO of the replacement heifer. Therefore, less losses are made in case the cow
is replaced instead of re-insemination.

Table 4. Estimated risks of abortion per pregnancy stage due to BVDV infection

Risk of abortion Risk of abortion Risk of abortion

References
pregnancy stage 1 pregnancy stage 2 pregnancy stage 3
0.11 0.05 0.05 van Beek (2008)
0.5 0.2 0 Viet et al. (2004)
0.17 0.15 0.05 Sorenson et al. (1995)
0.8 0.25 - Ezanno et al. (1988)
0.25 0.13 0.05 Current study

3.2.4.3 Reduced fertility

BVDV infections during insemination can cause failure to conceive, which is included in the model.
Viet et al. (2004) reported a failure probability of 0.5 if insemination occurred within 4 days after
infection. Pasman et al (1994) also reported an increased calving interval of 6 weeks due to BVDV
infection during insemination. The probability of reduced fertility used in this model was 0.5, in case
of reduced fertility the calving interval was increased by 6 weeks.

3.2.4.4 Mortality

Infected animals have a higher probability of becoming clinically ill which can result in death. Carman
et al (1998) reported average mortality rates of young stock and adult cows of (severe) acute BVD
outbreaks in several herds. Because of the range in severity of the BVD outbreaks and mortality
range of young stock (13-100%), this study was not taken into account. This also applied to David et
al. (1994) who also reported an average mortality rate of severe outbreaks in several herds. Chi et al.
(2002) estimated the adult mortality rates based on literature, while the mortality rate of young
stock was based on an assumption. The mortality rates used by van Beek (2008) were based on the
age and probability of becoming clinical diseased. In addition, the low mortality rate of adult cows
was more in line with Cherry et al. (1998) compared to the other studies. Therefore, the mortality
rates based on the study of van Beek (2008) were used in this study (Table 5).
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Table 5. Estimated percentages of mortality in young stock an adult cows due to BVDV infection

Mortality percentage young stock Mortality precentage adult cow Reference
53% 9% Carman et al. (1998)
- 5% David et al. (1994)
25.25% 5.25% Chi et al. (2002)
- negligible Cherry et al. (1998)
2% 0.5% van Beek (2008)
2% 0.5% Current study

3.2.4.5 Culling risk

The risk of culling due to reduced fertility was not reported in literature and therefore was not
included in the model. The risk of culling after abortion was reported by van Beek (2008) and Viet et
al. (2004) (Table 6). A thorough justification for these numbers was not found in both studies.
Because no other information was found in literature, the average of the numbers by van Beek
(2008) and Pasman et al. (1994) were used. Van Beek (2008) used a premature culling probability of
two percent of infected young stock. Pasman et al. (1994) used a similar probability of one percent
in young stock. The premature culling probability in young stock used in this model was two percent.

Table 6. Estimated risks of culling after abortion per abortion stage

Risk of culling after Risk of culling after Risk of culling after
abortion pregnancy abortion pregnancy abortion pregnancy References
stage 1 stage 2 stage 3
0.1 0.55 0.95 van Beek 2008
0.25 0.5 0.7 Viet et al. 2004
0.18 0.53 0.83 Current study

3.2.5 Economic relevant effects

3.2.5.1 Financial input model

The above mentioned disease effects are associated with financial economic losses. In this study, the
financial economic losses over a two year time period due to the introduction of BVDV, were
calculated for several scenarios. The costs include only losses and expenditures due to BVDV
infections after the introduction of BVDV. This means that the previous BVD history of the farm,
resulting in the current sero-prevalence of the herd was not included in the model. No control
measures were implemented in all scenarios, therefore, additional expenditures for participation in
the BVDV program or vaccination costs were not included in the calculations. Moreover, reduced
losses due to an increased herd immunity after the two year time period were not included. The
financial economic inputs used in this model are shown in Table 7.
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Table 7. Financial input of the model (KWIN, 2014; van Beek, 2008).

Young stock Lactating herd
Causes of loss or expenditure Average value (Euro) Average value (Euro)
Milk price /kg 0,25; 0,35; 0,45
Reduced sales value 100
RPO 306
Mortality 300 1100
Sales value young stock 825
Pl calf 200
Congenital defect calf 150
Insemination costs 59
Treatment costs 50 50
Veterinary visit 29 29

In case of infections, a reduction of milk production is included. If this infection results in abortion or
reduced fertility, the losses from voluntary culling or re-insemination are included. Losses from
voluntary culling include RPO value and a reduction in sales of young stock due to an increase in
replacement. RPO value is based on an average third lactation cow, and abortion and removal occurs
in the seventh month of gestation (Mourits, personal communications). This value is not completely
applicable for this study but due to lack of other sources, this value is used. In the model, it was
assumed that lactating cows are being replaced by own reared young stock. A reduced slaughter
value due to BVDV infections in lactating cows is not described in literature, therefore this was not
included in the model.

The losses from re-insemination include, a reduction in number of calves born per year due to the
increased calving interval, which results in a reduction in sales of young stock. Furthermore, extra
expenditures due to extra insemination costs are included. An average value for insemination costs is
calculated for a successful re-insemination. The milk production losses due to the increased calving
interval are not included in this model. In case mortality occurs in the lactating herd, the losses
include the slaughter value of the animal, the RPO value and a reduction in sales of young stock due
to an increase in replacement.

Infections in young stock can result in mortality which is included in the model. The losses consist of
the average value of 0 to 1 year old calves. Postpartum infections in young stock can also diminish
the growth which can result in premature selling. The losses of premature selling are included.
Growth retardation can result in a delayed first heat which can increase the rearing costs. However,
most of the smaller calves are not retained, therefore this increase in rearing costs is not included in
the model. Foetal infections result in Pl or congenital defected calves which have a low survival rate.
Therefore these calves are accounted for as losses. Veterinary visits and treatment costs are
dependent on the number of cows with clinical symptoms, with a maximum of 1,5 visits per 3
months.
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3.2.6 Output of the model
The model provides epidemiologic and financial-economic output.
The epidemiological output of the model:

- Number of susceptible animals after every time step

- Number of infected animals after every time step

- Number of recovered animals after every time step

- Number of Pl calves born

- Number of births of congenital defected calves

The financial-economic output of the model:
- Losses due to reduced milk yield
- Losses due to reduced sales value of young stock and lactating herd
- Losses due to mortality in lactating herd
- Losses due to increased replacement rate lactating herd
- Losses due to birth Pl and congenital defected calf
- Expenditures of extra insemination costs
- Expenditures of veterinary costs
- Total costs BVDV infection per scenario

In this study only the economic output of the model is analysed. The total costs of BVDV infections of
the different scenarios over two year are presented. This is compared with the expenditures and
additional costs of implementing control measures.

3.3 Analysis approach

The analysis includes three farm scenarios (Table 8). Each farm scenario was analysed with three
different herd sero-prevalences. BVDV was introduced at the start of the simulation. Three routes of
BVDV introduction were analysed for each scenario. The financial-economic costs for each scenario
were calculated for three milk prices, being low (€ 0,25/kg), average (€ 0,35/kg) and high (€ 0,45/kg).

Table 8. The scenarios analysed in this model

Scenario Farm management Introduction of BVD Milk price

Default 90 lactating cows on farm route PI-YS, route TI-YS, route TI-LH Low, average, high
45 heifers/year

Expansion 180 lactating cows on farm route PI-YS, route TI-YS, route TI-LH Low, average, high
90 heifers/year

Outsourcing 90 lactating cow on farm route PI-YS Low, average, high
45 young stock/ year

3.3.1 Farm management

The default scenario is a medium size farm (90 lactating cows) with two physically separated groups
of animals on the farm, the lactating herd and young stock. The second scenario is an expanded farm
which doubled the lactating herd size (180 cows) compared to the default scenario. Both young stock
and lactating herd are kept on the farm. The third scenario is a medium size farm with only the
lactating herd on the farm, young stock is outsourced. In the latter scenario, only the introduction of
BVDV in young stock by a PI animal is simulated. All scenarios have no control measures
implemented.
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3.3.2 Herd prevalence

The susceptibility of the herd has a major impact on the economic impact of BVD. Therefore, three
levels of herd prevalence were chosen based on the number of sero-positive animals in the herd.
However, the previous BVD history resulting in the different herd sero-prevalences was not included
in the model. High sero-prevalence of 90% was chosen to represent an almost complete immune
herd. This could be caused by a previous BVDV infection or by vaccination. These herds are most
likely not joining the BVDV control program, or their participation was not effective. If a BVDV
infection has circulated in the past, most losses were made in the past, but were not taken into
account in this model. In contrast, a very susceptible herd with no history of BVD in previous years
was represented by the 10% sero-prevalence level. An average sero-prevalence represents a herd
where most of the older cows are immune due to a previous infection years ago, but due to
replacement, susceptible cows entered the herd. Therefore, the sero-prevalence has decreased. The
animal health service of The Netherlands (AHS, personal communication) reported that 60% of the
Dutch dairy farms have a sero-prevalence of more than 30% in the herd. Therefore a percentage
between 30 and 50% was chosen which is represented by 40% sero-prevalence.

3.3.3 BVDV introduction

BVDV is introduced at the initial state of the model. Figure 2 shows the BVDV introduction routes in
young stock and lactating herd used in this model. The first way of BVD introduction is by introducing
a Pl animal into the young stock (route PI-YS). Because of the separated groups in the farm scenarios
and the low survival rate of Pl animals, it is assumed that no Pl animal enters the lactating herd.
Therefore, the introduction of BVDV in the lactating herd is assumed not to be caused directly by PI
animals. However, a Pl animal can infect the lactating herd indirectly through the farmer if the
lactating herd and young stock are raised on the same farm premises. Therefore, BVDV introduction
in the lactating herd in this route is caused by the farmer.

Route of BVDYV 1. Pl animal in young stock 2. Tl animal in young stock 3. Tl animal in lactating herd
introduction
PI(B=0.83) TI (B=0.01) TI (B=0.01)
Initial infected Young stock Young stock Lactating herd
animals

Farmer(pf=0.42) TI (B-0.01) PI (B=0.83)

Secondary infected Lactating herd Lactating herd Young stock
animals

Figure 2. Infection routes used in this model in all scenarios. When BVDV source is introduced on the farm it
first enters the initial infected animals. These initial infected herd can direct or indirectly infect the secondary
infected herd. B is the transmission rate of the infection source when BVDV is introduced in the model.
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The second route of BVD introduction is by introducing a Tl animal into the young stock (route TI-YS).
This can occur if additional young stock is purchased or indirectly by infected material. Tl infected
young stock can enter the lactating herd, which can spread BVDV into the lactating herd. Therefore,
infections in the lactating herd are included in the model. Infections in the first period of gestating
lactating cattle can result in the birth of a Pl calf, which can also infect young stock in case it is a
heifer calf. However, the birth of a Pl calf is not included in the BVDV introduction route TI-YS for the
following reason. The probability of BVDV transmission from Tl young stock to the lactating herd is
small due to the low infection rate and subsequently, the calculated probability of the birth of a Pl in
case a Tl heifer enters the lactating herd is minuscule.

The third route of BVDV introduction is by a Tl animal in the lactating herd (TI-LH). This can occur if
additional cattle is purchased or indirectly by infected material. Tl infections in the lactating herd do
occur in this route of introduction, therefore, the impact of a Pl animal in young stock is also
included. The probability of the birth of a PI calf is (0.01*0.25*0.6*0.5=0.0008/three months). The
calculation includes the infection rate of Tl per three months, the probability of infecting a first stage
gestating cow, the probability of an infected first stage pregnant cow giving birth to a Pl calf, the
probability of a heifer calf respectively. Tl infections in young stock are not taken into account if a Pl
animal is present. In this way of infection, the probability of the birth of a PI heifer calf can only occur
after the first year of BVDV introduction. Therefore, the indirect introduction of BVDV into the
lactating herd by the farmer is not taken into account in this introduction route.

3.3.4 Milk price

It is expected that abolition of the milk quota causes volatile milk prices. Three milk prices were
analysed to gain more insight in the impact of the fluctuating milk price on the economic impact of
BVD. The average milk price over the next 7 years is estimated at 35 cent per kilogram (KWIN, 2014).
The milk prices used in this model were 25, 35 and 45 cents per kilogram.
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4 Results

In this chapter the results of the scenarios analysis are presented, which include the financial
economic losses of the introduction of BVDV in several scenarios over a two year time period. The
costs include only losses and expenditures due to BVDV infections after the introduction of BVDV.
The previous BVD history resulting in the different herd sero-prevalences was not included. No
control measures were implemented in all scenarios, therefore, additional expenditures of BVDV
program costs or vaccination costs are not included in the calculations. Moreover, reduced losses
due to an increased herd immunity after the two year time period was not included. Table 9 shows
the infection dynamics in young stock and lactating herd when BVDV is introduced by a Pl in young
stock. The costs of the default scenario of route PI-YS are presented in detail, detailed costs of the
other scenarios can be found in the Appendix (Table 13-24).

4.1 Default scenario

4.1.1 Introduction route PI-YS: Pl animal in young stock

Table 9 presents the infection dynamics in young stock and lactating herd when BVDV is introduced
by route PI-YS. For young stock, this implies that practically all of the young stock got infected in the
first six months after introduction. The model takes into account that the number of young stock
remains constant. Moreover, it is assumed that at least one Pl calf is present in the young stock
during the two year time period, which also can infect new born calves in this time period. From this
Pl in young stock, there is a risk that the lactating herd gets infected indirectly through transmission
by the farmer. Table 9 shows the infection dynamics of this transmission in herds with sero-
prevalences of 90%, 40% and 10%. For all levels of herd sero-prevalence, all susceptible animals got
infected in the two year period. This shows that the herd sero-prevalence of the initial 10% and 40%
sero-prevalence herd increased to approximately 90% sero-prevalence at the end of the two year
period. The model takes into account that the number of cows in the herd remains constant.
Therefore, the influx of susceptible animals in the lactating herd after mortality or voluntary culling
of a cow due to BVDV infections are included. BVDV infections in the lactating herd can result in the
birth of a PI calf, which could enter the young stock. This influx of a Pl calf in young stock is already
included in the model because at least one Pl calf remains present in the young stock during the two
year time period simulation.

The costs of these infections in young stock in the two year time period are presented in Table 10.
The impact of BVDV infections in young stock caused most losses due to mortality, which contributed
for € 499 (53 %) to the costs of infections in young stock. The reduced sales value was mostly caused
by premature culling due to growth retardation and/or clinical symptoms of BVDV. These losses
made up € 163 (17 %) of the total costs of infections in young stock. In addition, more expenditures
are made due to increased veterinary costs. The increase in veterinary costs made up € 278 (30 %) of
the costs of infections in young stock.
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Table 9. Infection dynamics of introduction of BVDV by Pl animal in young and subsequently indirect
in lactating herd by farmer (route PI-YS) in default scenario

Status herd end of

period (months) Start 0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24  Total
Young stock
Susceptible 45 13 6 5 4 3 2 2 1
Infected 0 37 11 7 6 6 6 6 6 83
Recovered 0 37 48 55 61 66 72 78 83

Lactating herd
seroprev- 90

Susceptible 9 5 3 2 1 1 0 0 0

Infected 0 4 2 1 1 0 0 0 0 9

Recovered 81 85 87 88 89 89 90 90 90
Seroprev-40

Susceptible 54 32 19 12 7 4 2 1

Infected 0 23 14 8 5 3 2 1 1 56

Recovered 36 58 71 78 83 86 88 89 89
Seroprev-10

Susceptible 81 48 29 17 10 6 4 2 1

Infected 0 34 20 12 7 4 3 2 1 83

Recovered 9 42 61 73 80 84 86 88 89

Table 10. The costs of young stock by introducing a Pl animal into the young stock (route PI-YS) in
euros

Scenario Default
Losses

Mortality 499

Reduced sales value 163
Expenditures

Veterinary costs 278
Total costs young stock 941

The costs of infections in the lactating herd are shown in Table 11. Most costs are made in the 10%
sero-prevalence herd, therefore these costs, for the case of an average milk price, will be explained
in more detail. The costs due to BVDV infections in a 10% sero-prevalence herd can be distinguished
in losses originating directly from the infections in the lactating herd (total costs € 4.808) and losses
which are not directly noticeable in the losses of lactating cows, but in young stock (total costs
€5.277). The total costs of the infections in the lactating herd are € 10.085. A large part of these
losses are caused by the reduction in milk production which made up € 2.255 (23 %) of the total costs
due to infections in the lactating herd. The RPO in case of voluntary disposal and mortality made up a
small fraction of the total losses, € 969 (10 %) and € 458 (5 %) respectively. In addition, more
expenditures were made which made up € 1.126 (11 %) of the total costs of infections in the
lactating herd. Another large part of the losses is caused by an increase in demand of replacement of
lactating cows due to voluntary disposal and mortality, which contributed for € 2.833 (28 %) to the
costs of infections in lactating cows. Furthermore, infections in lactating cows can be transmitted to
the foetus, which can result in the birth of a Pl calf or congenital defected calf. The losses due to
these short lifespan calves contributed for € 2.444 (24 %) to the costs of infections in lactating cows.
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Table 11. The costs of introduction of BVDV into lactating herd through farmer (route PI-YS) in euros

Def-seroprev 90 Def-seroprev 40 Def-seroprev 10

Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 0.45
Losses lactating herd

Milk yield 185 259 333 1.072 1501 1.930 1.611 2.255 2.900

RPO 104 104 104 647 647 647 969 969 969

Losses due to death 51 51 51 305 305 305 458 458 458
Expenditures

Insemination costs 113 113 113 645 645 645 970 970 970

Veterinary costs 17 17 17 104 104 104 156 156 156
Total costs lactating herd 470 545 619 2.774 3.203 3.632 4.163 4.808 5.452
Losses in offspring infected cow

Increase replacement 307 307 307 1892 1.892 1.892 2.833 2833 2.833

Pl calf 171 171 171 1.017 1.017 1.017 1535 1.535 1.535

Congenital defects calf 97 97 97 614 614 614 909 909 909
Total costs offspring 575 575 575 3.524 3.524 3,524 5.277 5.277 5.277
Total costs 1.046 1.120 1.194 6.297 6.726 7.155 9.440 10.085 10.729

Fluctuations in the milk price had only a moderate effect on the economic impact of BVDV infections
in the lactating herd. In case of an average milk price (€ 0.35), the milk yield losses in the 10% sero-
prevalence herd made up € 2.255 (20%) of the total costs in lactating herd (Table 11). If the milk price
was reduced by 30% (€ 0.25), the milk yield losses made up € 1.611 (17%) of the total costs. While an
increase in milk price by 30% (€ 0.45) resulted in milk losses contributing € 2.900 (27%) to the total
costs.

The total costs of BVDV infections in the 40% sero-prevalence herd were € 6.726 in case of an
average milk price (Table 11). These costs are almost halved compared to the impact in the 10% sero-
prevalence herd. The impact of the milk price on the impact of BVDV in the 40% sero-prevalence
herd is similar to the 10% sero-prevalence herd. In case of the 90% sero-prevalence herd, the costs of
BVDV infections were € 1.120, which can almost be disregarded compared to the costs in the 10%
sero-prevalence herd. It can be concluded that the impact of BVDV decreases as the herd sero-
prevalence increases. Therefore, the sero-prevalence is an important factor to consider regarding the
impact of BVDV.

The total costs of BVDV introduction route PI-YS in the 10% sero-prevalence herd in case of an
average milk price are € 11.026 (Table 12). These costs consist of the losses due to infections in
young stock € 941 (Table 10) and the losses due to infections in the lactating herd € 10.085 (Table
11). Most of these losses originated from infections in the lactating herd. Therefore, preventing the
indirect viral transmission from a Pl animal in young stock to the lactating herd through the farmer
would be an important factor to reduce these losses.
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Table 12. Total costs of BVDV introduction by route (1) Pl in young stock and indirectly in lactating
herd by farmer (route PI-YS), (2) Tl in young stock and in lactating herd (route TI-YS) and (3) Tl in
lactating herd and Pl in young stock (route TI-LH) for the default scenario with herd of 90, 40 and 10 %
sero-prevalence in euros

Def-seroprev 90 Def-seroprev 40 Def-seroprev 10

Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 0.45
Route PI-YS

Costs infection young stock 941 941 941 941 941 941 941 941 941
Costs infection lactating herd 1.046 1.120 1.194 6.297 6.726 7.155 9.440 10.085 10.729
Total costs 1.987 2.061 2.135 7.238 7.667 8.096 10.381 11.026 11.670
Average total costs/cow/ 2 years 22 23 24 80 85 90 115 123 130
Route TI-YS

Costs infection young stock 84 84 84 84 84 84 84 84 84
Costs infection lactating herd 82 88 94 471 503 535 712 760 808
Total costs 166 172 178 555 587 619 796 844 892
Average total costs/cow/ 2 years 2 2 2 6 7 7 9 9 10
Route TI-LH

Costs infection lactating herd 48 48 48 291 291 291 422 422 422
Costs infection young stock 82 88 94 471 503 535 712 760 808
Total costs 130 136 142 762 794 826 1.134 1.182 1.230
Average total costs/cow/ 2 years 1 2 2 8 9 9 13 13 14

4.1.2 Introduction Route TI-YS: Tl animal in young stock

A similar set of calculations as for route PI-YS was made. The details of these costs can be found in
the appendix (Table 13-15). The aggregated results of the introduction of BVDV by route TI-YS are
shown in Table 12. The total costs of the introduction of BVDV by route TI-YS in the 10% sero-
prevalence herd is € 844 in case of an average milk price, which is remarkable lower compared to the
losses of the introduction of BVDV by route PI-YS. In route TI-YS, only transiently infections occur,
which resulted in a low number of infections and limited costs in the two year simulation period.

4.1.3 Introduction route TI-LH: Tl animal in lactating herd

A similar set of calculations as for route PI-YS was made. the details of these costs can be found in
the appendix (Table 15 and 16). The aggregated results of the introduction of BVDV by route TI-LH
are shown in Table 12. The total costs of the introduction of BVDV by route TI-LH in the 10% sero-
prevalence herd are € 1.182 in case of an average milk price. These costs of the introduction route TI-
LH are lower compared to the costs of introduction route PI-YS. However, the costs of introduction
route TI-LH are higher compared to the costs of introduction route TI-YS. In route TI-LH, the lactating
herd gets primary infected by a Tl animal, therefore the probabilities of the birth of a PI calf and the
additional losses in young stock are included. This results in more infections in young stock, therefore
the costs of infections in young stock of BVDV introduction by route TI-YS are higher compared to
BVDV introduction by route TI-YS.
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4.2 Increase herd size

The increase in herd size resulted in more infections, therefore, the total costs of the increased herd
size almost doubled compared to the default scenario (Table 17-23). However, the total average
costs per cow in 2 years remains the same in case the herd sero-prevalence has not changed (Table
17-23).

4.3 Outsourcing of the rearing of young stock

In the scenario of outsourcing the rearing of young stock, the probability of on-farm transmission of
BVDV between young stock and lactating herd decreases. In case of introduction route PI-YS, the
transmission to the lactating herd by the farmer will not occur. Therefore, the losses only originate
from young stock. The average total costs of introduction route PI-YS were € 10 per cow in 2 years
(Table 24).
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5 Discussion

Abolition of the milk quota might result in a different economic valuation of a drop in milk
production. Moreover, anticipating on this abolition, many farmers increased their herd size thereby
outsourcing rearing of young stock. These changes could have an effect on the economic impact of
BVDV. Therefore, the aim of this study was:
e To analyse the economic impact of BVD based on the current herd status for several farm
scenarios in a post milk quota situation.
e To compare these results with previous studies to reveal if previous recommendations are
still applicable to current dairy farms.

To fulfil the aim of this study a dynamic and deterministic state transition model was developed. In
section 5.1 the most striking results will be discussed. Section 5.2 discusses the credibility of the
model. In section 5.3 the recommendations for control measures of previous literature will be
evaluated. Section 5.4 discusses the implications of the model and the recommendations for future
research.

5.1 Results

The results of the default and increased herd scenarios indicated that most costs are made if BVDV is
introduced by a Pl animal in young stock, regardless of the herd sero-prevalence (Table 12 and 18).
These costs can be very high, but depend on the sero-prevalence of the herd. Most of these losses
are originating from infections in the lactating herd. Therefore, the introduction of a Pl animal on the
farm should always be prevented. However, when the risk of a Pl animal in young stock is high, it is
crucial to limit the transmission possibility of the young stock to the lactating herd, by enhanced
internal bio-security measures.

The calculated costs of the introduction of BVDV by a Tl in young stock or lactating herd (routes TI-YS
and TI-LH) were moderate for all sero-prevalence herds (Table 12). The small risk of the birth of a PI
calf caused by the infections in the lactating herd is only included in the costs of route TI-LH, but
there is also a small probability that this can occur if BVDV is introduced by route TI-YS. However, the
risk that this Pl animal in young stock can transmit BVDV to lactating cows indirectly through the
farmer is not included in the costs of these introduction routes, because of the low probabilities.
However, the transmission of BVDV to the lactating herd can increase the costs tremendously (see
route PI-YS). Therefore, the results of the model of routes TI-YS and TI-LH can be a limited
representation of the potential total costs.

The sero-prevalence of the herd is an important factor in the impact of BVDV, especially in case of
the introduction of BVDV by route PI-YS (Table 12). The introduction of BVDV by route PI-YS causes
high costs in a low sero-prevalence herd, while the costs of the introduction of BVDV in an average or
high sero-prevalence herd are lower due to a lower number of susceptible animals. However, the
circulation of BVDV in the current outbreak results in more sero-positive cows in the herd.
Consequently, the introduction of BVDV by route PI-YS in the initial low or average sero-prevalence
herds results in an increase in sero-prevalence of the herd. Hence, the costs of the introduction of
BVDV on the long term will be similar to the costs of initial high sero-prevalence herd. On the
contrary, in case no BVDV is circulating on the farm, herd sero-prevalence decreases, especially in the
high sero-prevalence herd, due to replacement of sero-positive cows by susceptible heifers.
Therefore, it should be noticed that the sero-prevalence of the herd changes in time, the calculated
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costs in this study only represent the short-term costs (2 years) of the introduction of BVDV in
defined herd sero-prevalences, which does not reflect the long term costs.

The fluctuations in the milk price had only a moderate effect on the economic impact of BVD. The
calculated losses caused by the reduction in milk production made up 23% of the total costs of
infections in the lactating herd. However, due to limitations of the model, the milk losses, in case of
an increased calving interval, are not included in this model. Therefore, the share of the milk yield
losses to the total costs of infections in the lactating herd could be underestimated.

The introduction of BVDV in an increased herd size results in an increase of total costs, but the
average costs per cow is not changed in case the herd prevalence remains the same. However, it
should be noticed that in reality, if the herd size is increased by introducing more susceptible
animals, the herds sero-prevalence decreases. Therefore, the calculated impact of BVDV in an
increased herd could be an underestimation. Outsourcing of the rearing of young stock reduces the
costs tremendously in case BVDV was introduced by route PI-YS (Table 24). The introduction of TI
heifer entering the lactating herd can still cause moderate losses in the lactating herd, but this was
not included in the calculations of the model due to the low probability of a Tl young stock entering
the lactating herd.

5.2 Credibility of the model

The total costs of the introduction of BVDV by a Pl in young stock varied between € 22 and € 130,
dependent on the sero-prevalence and milk price. These costs are in line with the study of Bennett
and Mawhinney (1999), who calculated losses of € 137 per cow due to an BVDV outbreak in a naive
100-cow British dairy herd. Wentink and Dijkhuizen (1990) reported losses due to BVDV outbreaks in
several Dutch dairy herds, with losses of € 130 per cow in worst case scenario. However, other
studies reported higher losses compared to the results of this study. Pritchard et al (1989) reported
losses of € 410 per cow in a naive 183-cow British dairy herd. There was evidence of recent infections
with Leptospira hardjo and Coxiella in a high proportion of cows, which could have had a
contribution to the high losses. Stelwagen and Dijkhuizen (1998) reported losses of € € 455 per cow
in a naive 100-cow Dutch herd. The costs were calculated in detail for each individual animal, which
include, for example, the expenditures of rearing costs calculated per day in case of young stock. In
addition, the value of each animal was individually estimated which included the future production
or purpose in case of young stock. While, in the current study only estimated average values were
used based on the current age of the animal. Therefore, the estimated values of animals in the
current study could be an under estimation of the true losses of an animal.

The calculated costs in this study were shown to be similar or lower compared to the above
mentioned studies, which were based on empiric data in a quota situation. This might indicate that
the impact of changes due to the abolition of the milk quota had no considerable increase in the
economic impact of BVD. However, this is not in line with the study of Fourichon et al (2005) who
reported an increase in financial-economic impact of BVDV in a situation without milk quota
compared to a milk quota situation. In this study of Fourichon et al. (2005) it was shown that milk
yield losses make up the majority of the total costs. The milk losses due to an increased calving
interval were included in the calculations of Fourichon et al. (1995) but this was not included in the
current model. In addition, also the losses due to mastitis were included in the calculation of
Fourichon et al. (2005). This could explain why the share of milk yield losses to the total costs of BVD
is smaller in our study.
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5.3 Evaluation of previous recommendations for control measures

Previous studies in a milk quota situation reported that implementation of BVDV control measures to
reduce the risk of losses due to BVDV can be economically beneficial. A rough estimation of the
expenditures of the control measures vaccination and the BVDV control program is made to compare
these expenditures with the results of the simulated scenarios without control measures based on
the current herd situation. In case a herd is vaccinated every six months the estimated expenditures
are € 23 per cow per year. The estimated expenditures of a BVDV control program is calculated over
10 years, including the intake and detection of Pl in the first year, and nine years of surveillance
without detection of Pl animals. The estimated expenditures to join the BVDV control program are €
8 per cow per year. However, in reality the amount of expenditures of a BVDV control program
increases if Pl animals are detected during the surveillance years.

The results of the default and increased herd size scenario (Table 12 and 18) shows that the
introduction of BVDV by a Pl animal on the farm with a low and average sero-prevalence herd can
result in high costs and should always be prevented. But when the risk of a Pl animal in young stock is
high, it is crucial to limit the transmission possibility of the young stock to the lactating herd. This
indicates that increasing the bio-security on the farm or outsourcing the rearing of young stock is still
an important control measure. This was also shown by the costs of the outsourcing of the rearing of
young stock scenario which was tremendously reduced compared to the default scenario in case
BVDV was introduced by route PI-YS (Table 24). In addition, testing the young stock before it enters
the farm (in case of purchasing) or the lactating herd also reduces the risk of transmission.
Vaccination eliminates the risk of high losses due to BVD, which could also be an economically
beneficial control measure to implement in low and average sero-prevalence herds. These findings
regarding the implementation of control measures are in line with the study of Reichel et al. (2008)
who analysed the costs of control or eradication of BVD against the estimated costs of the disease
and concluded that all control options can offer considerable savings compared with the cost of BVD
without control. Therefore, previous recommendations regarding to control measures could still be
applicable for the current herd situation.

The introduction of BVDV by route PI-YS in the high sero-prevalence herd resulted in moderate costs.
A high sero-prevalence of a herd is most likely caused by a previous infection of BVDV in the past or
by vaccination. If the risk of the introduction of a Pl animal is high on a farm with a high sero-
prevalence herd, it could be economically more beneficial to let BVDV circulate on the farm than to
implement a control measure. In that way, the immunity of a herd remains high while the losses due
to infections are moderate. This is in line with the study of Pasman et al. (1994) who reported that
culling Pl animals after an outbreak of BVDV was economically unattractive especially if there was
any risk of re-infection. The introduction of BVDV by Tl infected animals resulted in moderate costs.
This suggests that it could be more beneficial to let BVDV circulate on the farm than to implement a
control measure. However, it should be noticed that Tl infections in the lactating herd can result in
the birth of a PI calf. Therefore, testing all the new born calves could reduce the risk of high costs in
case a Pl calf is born.

Based on the results of this study, no major changes in the economic impact of BVD are found in the
current herd situation, including changes due to the abolition of the milk quota, compared with the
impact of BVDV in the quota situation. This indicates that previous recommendations regarding
BVDV control measures based on the quota situation could still be applicable to current dairy farms.
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5.4 Implications and future research

The results of this study give an indication about the impact of BVDV in the current herd situation
including changes due to the abolition of the milk quota. This was compared with results of previous
studies to reveal if previous recommendations are still applicable to current dairy farms. However, no
answer could be given about the question if BVDV should be eradicated or not based on this study,
because other factors should be included to answer this question. For example, the probability of the
introduction of BVDV. In this study, it was assumed that BVDV was introduced on the farm at the
start of the model, while in reality the probability of the introduction of BVDV is an important factor
in the decision of controlling BVDV. Also, the impact of BVDV should be modelled over a longer
period of time, to estimate the costs of BVDV on the long term. In addition, these losses due to BVDV
should be compared to losses of other diseases to define the importance of controlling BVDV
compared to the control of other diseases. Furthermore, the risk attitude of the farmer must be
included in the decision of controlling BVDV.

Some of the findings of this study could be important factors in case an individual farmer is
considering to eradicate BVDV on the farm. An important factor to consider is that the sero-
prevalence decreases if no BVDV is circulating on the farm. This can result in high costs if a Pl animal
is introduced. Therefore, it is important to prevent the introduction of Pl animals on the farm. In case
BVDV is eradicated from a farm, it is recommended based on the current results, to test purchased
young stock before it enters the herd, which reduces the risk of BVDV introduction. In contrary, a
farmer can also choose the option to let BVDV circulate on the farm, for example if only Tl infections
occurs on the farm. Then, it should be noticed that Tl infections in the lactating herd can result in the
birth of a Pl calf. Therefore, testing all the new born calves could reduce the risk of high costs in case
a Pl calf is born. Furthermore, farmers in one region can also join forces to reduce the risk of BVDV
introduction from outside the farm. The introduction of a Pl animal can also be prevented at national
level. For example, by preventing the import of Pl young stock by banning the import of (untested)
young stock from high risk countries. In addition, promotion of separating the young stock from the
lactating herd and an increased bio-security on the farm can contribute to reduce the losses of BVDV
on individual farms.

In this study, it was assumed that BVDV was introduced on the farm at the start of the model, while
in reality each farm has its own probability of BVDV introduction. Therefore, future modelling studies
about the impact of BVDV should include the probability of the introduction of BVDV, which can be
done by adapting this deterministic model into a stochastic Markov chain model. Also, the disease
dynamics should be modelled over a longer period of time, to include (l) the changing sero-
prevalence of herds in time due to replacement and (ll) the losses related to the change in herd sero-
prevalence caused by infections. In this study, the milk losses due to an increased calving interval
were not included, which could give an underestimation of the contribution of milk losses to the total
losses and the effect of the fluctuating milk price. Therefore, it is recommended to include these milk
losses in future research. It would be recommended to do a more detailed calculation of the financial
economic input in future research, especially the price of young stock has an important impact on
the total losses.

All scenarios were modelled without a control measure. To advice a farmer about implementing
control measures on his farm, scenarios including control measures should also be simulated, to see
the effect of these control measures on the losses of BVDV. In addition, the costs of the control
measures should be estimated in more detail in future research.
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6 Conclusions

From this study it can be concluded that fluctuations of the milk price had only a moderate effect on
the total costs of BVDV. Furthermore, the introduction of a Pl animal on the farm can cause high
losses, most of these losses are originating from infections in the lactating herd. Therefore, the
introduction of a Pl animal on the farm should always be prevented. However, when the risk of a PI
animal in young stock is high, it is crucial to limit the transmission possibility of the young stock to the
lactating herd. Hence, separating the young stock from the lactating herd is still an important factor.
Outsourcing the rearing of young stock can reduce the costs tremendously in case a Pl animal is
introduced in the young stock. The increase in herd size results in similar average costs per cow if the
sero-prevalence remains the same. However, in case animals are purchased to increase the herd, it is
recommended to test the animals before entering the farm to reduce the risk of the introduction of a
Pl animal.

It can be concluded that changes in the dairy sector due to abolition of the milk quota had no major
changes in the impact of BVDV on the current herd situation compared to the impact of BVDV in a
guota situation. This indicate that previous recommendations regarding to BVDV control measures
based on the quota situation could still be applicable to current dairy farms.
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Appendix

Tables 13 - 16 are all related to the default scenario.

Table 13. Infection dynamics of introduction of BVDV by Pl animal in young (route PI-YS), Tl in young
stock (route TI-YS) and Tl in lactating herd (route TI-LH) in default scenario.

Status herd end of

period (months)  Start 0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24 Total
Route PI-YS
Young stock 0 37 11 7 6 6 6 6 6 83
Lactating herd
Seroprev- 90 0 4 2 1 0 0 0 9
Seroprev-40 0 23 14 8 1 56
Seroprev-10 0 34 20 12 7 2 83
Route TI-YS
Young stock 0 0 1 1 1 1 1 1 1 5
Lactating herd
Seroprev- 90 0 0 0 0 0 0 0 0 1
Seroprev-40
Seroprev-10 0 1 1 1 1 1 1 1 1
Route TI-LH
Lactating herd
Seroprev- 90 0 0 0 0 0 0 0 0 0
Seroprev-40 1 1 1
Seroprev-10 0 1 1 1 1 1 1
Young stock 37 11 7 6 6 66

Table 14. The costs of young stock by introducing a Tl animal into the young stock (route TI-YS) in

euros
Default scenario Losses
Losses
Mortality 30
Reduced sales value 10
Expenditures
Veterinary costs 44
Total costs young stock 84
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Table 15. The costs of introduction of BVDV into lactating herd by Tl animal in default scenario
(route TI-YS and TI-LH) in euros

Scenario Def-seroprev 90 Def-seroprev 40 Def-seroprev 10
Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 0.45

Losses lactating herd

Milk yield 15 21 26 79 111 143 120 168 216

RPO 8 8 8 49 49 49 120 120 120

Losses due to death 4 4 4 23 23 23 35 35 35
Expenditures

Insemination costs 9 9 9 47 47 47 72 72 72

Veterinary costs 1 1 1 8 8 8 12 12 12
Total costs lactating herd 37 43 49 207 238 270 313 361 409
Losses in offspring infected cow

Increase replacement 23 23 23 141 141 141 211 211 211

Pl costs 13 13 13 77 77 77 117 117 117

Congenital defects 9 9 9 47 47 47 71 71 71
Total costs offspring 45 45 45 264 264 264 400 400 400
Total costs 82 83 94 471 503 535 712 760 808

Table 16. The costs of introduction of BVDV into young stock due to birth of Pl in default scenario
(route TI-LH) in euros

Scenario Def-seroprev 90 Def-seroprev 40 Def-seroprev 10
Number of PI calves born 0,06 0,38 0,58
Losses
Mortality 26 153 233
Reduced sales value 8 50 76

Expenditures
Veterinary costs 14 88 113
Total costs young stock 48 291 422
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Table 17 - 23 are related to the scenario expansion

Table 17. Infection dynamics of introduction of BVDV by Pl animal in young stock (route PI-YS), Tl in
young stock (route TI-YS) and Tl in lactating herd (in expansion scenario.

Status herd end of

period (months)  start 0-3 3-6 6-9 9-12 12-15 15-18 18-21 21-24 Total

Route PI-YS
Young stock 0 75 22 13 12 11 11 11 11 166
Lactating herd

Seroprev- 90

Seroprev-40

Seroprev-10 8 5 3 2 1 0 0 19
Route TI-YS 45 27 16 10 3 2 111
Young stock 68 41 24 15 167
Lactating herd

Seroprev- 90 0 1 1 1 1 1 1 2 2 10

Seroprev-40

Seroprev-10 0 0 0 0 0 0
Route TI-LH 8
Lactating herd 2 2 2 2 2 2 2 2 13

Seroprev- 90

Seroprev-40

Seroprev-10 0 0 0 0 0 0
Young stock 1 1

Table 18. Total costs of BVDV introduction by route (1) Pl in young stock and indirectly in lactating
herd by farmer (route PI-YS), (2) Tl in young stock and in lactating herd (route TI-YS) and (3) Tl in
lactating herd and Pl in young stock (route TI-LH) for scenario expansion with herd of 90, 40 and 10

sero—prevalence in euros

Exp-seroprev 90

Exp-seroprev 40

Exp-seroprev 10

Milk price 0.25 035 0.45 0.25 0.35 0.45 0.25 0.35 0.45
Route PI-YS

Pl Young stock 1.853 1.853 1.853 1.853 1.853 1.853 1.853 1.853 1.853
Costs infection lactating herd 2,100 2.244 2388 12.592 13.448 14.303 18.890 20.174 21.459
Total costs 3.953 4.097 4.241 14.445 15.301 16.156 20.743 22.027 23.312
Average total costs/cow/ 2 years 22 23 24 80 85 90 115 122 130
Route TI-YS

Tl Young stock 139 139 139 139 139 139 139 139 139
Costs infection lactating herd 157 167 178 943 1.006 1.070 1.414 1.509 1.604
Total costs 296 306 317 1.082 1.145 1.209 1.553 1.648 1.743
Average total costs/cow/ 2 years 2 2 2 6 6 7 9 9 10
Route TI-LH

Lactating herd 190 190 190 1.140 1.140 1.140 1.712 1.712 1.712
Young stock 157 167 178 943 1.006 1.070 1.414 1.509 1.604
Total costs 347 357 368 2.083 2.146 2.210 3.126 3.221 3.316
Average total costs/cow/ 2 years 2 2 2 12 12 12 17 18 18

32



Table 19. The costs of young stock by introducing a Pl animal into the young stock in scenario
expansion (route PI-YS) in euros

Expansion scenario Losses
Losses

Mortality 999

Reduced sales value 326
Expenditures

Veterinary costs 528
Total costs young stock 1.853

Table 20. The costs of introduction of BVDV into lactating herd by farmer in scenario expansion
(route PI-YS) in euros

Exp-seroprev 90 Exp-seroprev 40 Exp-seroprev 10

Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 0.45
Losses lactating herd
Milk yield 359 503 647 2139 2994 3.850 3.211 4.495 5.780
RPO 215 215 215 1.296 1.296 1.296 1.944 1.944 1.944
Losses due to death 102 102 102 611 611 611 916 916 916
Expenditures
Insemination costs 217 217 217 1.285 1.285 1.285 1930 1.930 1.930
Veterinary costs 35 35 35 208 208 208 311 311 311
Total costs 928 1.071 1.215 5,539 6.394 7.250 8.312 9.597 10.881
Losses in offspring infected cow

Increase replacement 628 628 628 3.790 3.790 3.790 5.682 5.682 5.682

Pl calf 335 335 335 2.047 2.047 2.047 3.064 3.064 3.064

Congenital defects calf 209 209 209 1.218 1.218 1.218 1.832 1.832 1.832
Total costs offspring 1.172 1.172 1.172 7.054 7.054 7.054 10.577 10.577 10.577
Total costs 2,100 2.244 2388 12.592 13.448 14.303 18.890 20.174 21.459

Table 21. The costs of young stock by introducing a Tl animal into the young stock in scenario
expansion (route TI-YS) in euros

Scenario Expansion
Losses
Mortality 60
Reduced sales value 20

Expenditures

Veterinary costs 59

Total costs young stock 139
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Table 22 The costs of introduction of BVDV into lactating herd by Tl animal in scenario expansion

(routes TI-YS and TI-LH) in euros

Exp-seroprev 90 Exp-seroprev 40 Exp-seroprev 10

Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 0.45
Losses lactating herd

Milk yield 26 37 48 158 222 285 238 333 428

Reduced sales value 16 16 16 99 99 99 148 148 148

Losses due to death 8 8 8 46 46 46 69 69 69
Expenditures 0 0 0 0 0 0 0 0 0

Insemination costs 16 16 16 95 95 95 143 143 143

Veterinary costs 3 3 3 16 16 16 23 23 23
Total costs lactating herd 69 79 90 414 477 541 621 716 811
Losses in offspring infected cow

Increase replacement 47 47 47 282 282 282 423 423 423

Pl calf 26 26 26 154 154 154 231 231 231

Congenital defects calf 16 16 16 93 93 93 140 140 140
Total costs offspring 88 88 88 529 529 529 793 793 793
Total costs 157 167 178 943 1.006 1.070 1.414 1.509 1.604

Table 23. The costs of introduction of BVDV into young stock due to birth of Pl in scenario expansion

(route TI-LH) in euros

Scenario Exp-prevo0 Exp-prev40 Exp-prev10
Number of Pl calves born 0,13 0,77 1,15
Losses

Mortality 102 612 919

Reduced sales value 33 200 300
Expenditures

Veterinary costs 55 328 493
Total costs young stock 190 1.140 1.712

Table 24 is related to the scenario outsourcing of the rearing of young stock

Table 24. Total costs of scenario outsourcing young stock and introduction of BVDV by Pl in young

stock (route PI-YS) in euros

Outsourc-seroprev 90 Outsourc-seroprev 40

Outsourc-seroprev 10

Milk price 0.25 0.35 0.45 0.25 0.35 0.45 0.25 0.35 045
Scenario Pl in young stock

Young stock 941 941 941 941 941 941 941 941 941
Total costs/cow/2 years 10 10 10 10 10 10 10 10 10
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