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Risk and economics of disease
introduction into dairy farms

Cerdien van Schaik

Stellingen

1. Een bedrijf dat zorgt dat het geen directe diercontacten met ander rundvee heeft en
bezoekers bedrijfskleding en laarzen aan laat trekken voor het betreden van de stal
verkleint de kans op insleep van infectieziekten aanzienlijk. (Ditproefschrift)
2. Een meer gesloten bedrijfsvoering is geen belemmering voor het weiden van rundvee,
mits er tenminste zes meter afstand met ander rundvee is en er geen contact is doordat er
vee uitbreekt. (Dit proefschrift)
3. De rentabiliteit van een gesloten bedrijfsvoering stijgt naarmate een bedrijf (al) vrij is van
meer infectieziekten. (Dit proefschrift)
4. De grootste verdienste van het beslissingsondersteunende model beschreven in dit
proefschrift is dat het veehouders en hun adviseurs bewust maakt van de risicofactoren
voor insleep van infectieziekten en het een discussie over een meer gesloten bedrijf
getalsmatig ondersteunt. (Dit proefschrift)
5. Een meer gesloten bedrijf (zoals omschreven in stelling 1) zou de basis moeten zijn van
een geïntegreerde, preventieve benadering van infectieziekten.
6. De Gezondheidsdienst voor Dieren beschikt over een rijke bron van gegevens, die nog
niet optimaal voor onderzoek wordt benut.
7. Degene die een dataset analyseert weet beter welke combinatie van variabelen in het
model van belang zijn dan de betrouwbaarheidstoetsen.
8. Je eigen morele normen en waarden kun je niet veranderen, wel kun je morele waarden
van andere culturen leren kennen en accepteren dat er verschillen zijn.
9. Luie mensen krijgen in ieder geval geen RSI (= Repetitive Strain Injuries).
(hoogleraar beroepsziekten M. Frings-Dresen, Volkskrant 16 maart 2000)
10. De gezondheid en productiviteit van een promotie-onderzoeker worden verhoogd door
regelmatig, liefst fysiek actieve vakanties te nemen en vakantie nemen zou gestimuleerd
moeten worden.
11. Bij echte liefde is de kleinste afstand te groot en de grootste afstand overbrugbaar.

Stellingen behorende bij het proefschrift 'Risk and economics of disease introduction into
dairy farms'. Gerdien van Schalk, Wageningen, 16juni 2000.
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Abstract
Risk and economics of disease introduction into dairy farms.
Risico en économie van insleep van ziekten op melkveebedrijven.
Van Schaik, G., 2000.
A well closed farming system will enhance the success of disease eradication programs,
because introduction or reintroduction of infectious diseases are less likely. The economic
implications of a more closed farming system will not always been obvious for farmers. The
management decisions need to be made for different parts of the farm and are farm-specific.
The objective of the study was to obtain input for and to develop an on-farm decisions support
model to calculate the economic consequences of a more closed farming system. The input
was based on IBR, since there were numerous data on this disease, but a more closed farming
system will prevent introduction of other diseases as well (i.e. BVDV, L. hardjo, and S.
dubliri). Direct animal contacts such as purchase of cattle, participating in cattle shows, and
cattle that breach or escape and mingle with other cattle were found to be important risk
factors for introduction of BHV1. Furthermore, the use of protective farm clothing was found
to be an important preventive factor. The effect of a BHV1 outbreak on milk production was
estimated with a random effect model. An outbreak of BHV1 on a BHVl-free farm, caused
limited milk production losses of on average 39 kg per cow during the outbreak, but the
variability was high (95% CI 1-77 kg). Nine percent of Dutch BHVl-free dairy farms that
were also at risk for BVDV, L. hardjo and/or S. dublin had one introduction per year of one of
these four diseases. All these results were incorporated in the static, deterministic economic
model. The management measures to reduce the probability of introduction of BHV1, the
costs of these measures, and the risk reduction of these measures were obtained from other
sources. Costs were calculated by using partial budgeting. The model was verified and partly
validated and a sensitivity analysis was carried out to obtain insight into the model behaviour.
A hypothetical 55-cow dairy farm that refrained from purchasing cattle, provided protective
clothing to professional visitors and a temporary worker, and placed a double fence on six ha.
of land to prevent over the fence contacts, had to spend Dfl. 4495 in five years. The
probability of disease introduction was decreased by 74%. The avoided losses for disease
introduction amounted to Dfl. 7033 over five years. The benefit of becoming more closed for
this hypothetical farm was Dfl. 2538. The implementation of a more closed system will be
profitable for most farms. The profitability will increase when a farm is at risk for more
diseases, but will decrease when farms are limited in their facilities to rear replacement heifers
or when a large amount of pasture adjoins pasture of other cattle farms.
Ph.D. thesis, Department of Social Sciences, Wageningen University, Hollandseweg 1, 6706
KN Wageningen, The Netherlands.
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Chapter 1

1.1

Introduction

The adoption of the Agreement on the Application of Sanitary and Phytosanitary measures
(SPS agreement) of the World Trade Organisation (WTO) in 1994 has markedly changed the
rules of international trade in animals and animal products (Marabelli et al., 1999).
Governments are allowed trade restrictions based on health status to ensure food safety and
animal health protection. Trade restrictions can be avoided by a high health status relative to
other countries. In the European Union (EU) it was decided to set high standards and to
follow a strategy of non-vaccination for most highly contagious animal diseases (Horst et al.,
1999).
Dutch agriculture is characterised by an intensive animal production system. In the past
decades the concentration of animals as well as the number of national and international
contacts (e.g. live import or export of cattle) have increased considerably (Nagel, 1995).
Dutch animal production strongly depends on international markets and together with the
favourable geographic situation of the country this results in major import and export of
animals and animal products, putting strong pressure on a stable health status (Tazelaar and
Gerats, 1995; Horst et al., 1996). The Netherlands aims at a higher animal health status by
implementing disease eradication programs. The Netherlands is certified for list A-diseases of
the Office International des Epizooties (OIE) and is focusing more on the eradication of list
B-diseases. List A-diseases are transmissible diseases, which have the potential for a very
serious and rapid spread, irrespective of national borders, which have a serious socioeconomic or public health consequence, and which are of major importance for international
trade of animals or animal products. Examples of list A-diseases are foot-and-mouth disease
(FMD) or rinderpest. List B-diseases are transmissible diseases, which are considered to be of
socio-economic and/or public health importance within countries, and which are significant in
international trade of animals and animal products. Examples of list B-diseases are infectious
bovine rhinotracheitis (IBR), leptospirosis, and paratuberculosis.
For the Netherlands an important pathogen is Bovine Herpesvirus type 1 (BHV1). Several
countries in the EU are free of this virus and hence they establish export restrictions (Vonk
Noordegraaf et al., 1998). BHV1 causes the disease called IBR as well as infectious pustular
vulvovaginitis (TPV). At first introduction in the Netherlands in the 70s, BHV1 caused severe
clinical signs. However, in the early 80s outbreaks became subclinical. Approximately 55% of
the dairy farms and 40% of the cattle were seropositive for BHV1 in 1996. Approximately
17% of the farms vaccinated against BHV1 at that time and these seropositive cows could not
be distinguished from infected cows (Van Wuijckhuise et al, 1997). One of the tools to
improve animal health is certification of disease free animals for national and international
trade. In 1998 a compulsory eradication program for BHV1 was started in the Netherlands
(Vonk Noordegraaf et al., 1998). In 1999 already one third of the cattle farms were certified
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BHVl-free. Furthermore, the compulsory eradication of Leptospira interrogans serovar
hardjo (L. hardjo) is well on its way, and voluntary eradication programs for Bovine Viral
Diarrhoea Virus (BVDV) and Salmonella enterica subsp. enterica serotype Dublin (S. dublin)

started in 1999 and 2000 respectively.
In recent years, several eradication programs were also implemented in other countries for
BHV1, BVDV, L. hardjo and S. dublin. BHV1 has successfully been eradicated in Denmark,
Austria and Switzerland (Straub, 1991). In Shetland BVDV had already been eradicated and
the Scandinavian countries are well on their way towards eradication (Lindberg and Alenius,
1999). In Finland several salmonellosis species were successfully eradicated (Aho et al.,
1998). The threat of trade restrictions forces other countries to obtain a higher health status
with respect to infectious diseases as well (Martineau et al., 1982). In most countries, the
responsibility for eradication of non-list A-diseases is at the farm level, implying that
individual farmers are responsible for their animals' health. For a successful eradication
program farms should remain free of infectious diseases and this can be ensured by a more
closed farming system.

1.2

Objectives of the study

The goal of the thesis was to obtain input for and construct a model to calculate the costs and
benefits of a more closed system for dairy farms. First, the potential benefits and perception of
farmers and their advisers of a more closed farm were investigated. The second and third
objectives were to obtain input for the economic model. The input for the model was based on
IBR, since there were numerous data on this disease. However, a more closed farming system
may prevent introduction of other diseases as well (e.g. BVDV, L. hardjo and S. dublin) and
can be a good starting point for eradication of these infectious diseases. The last objective was
to create a simplified economic model to calculate the costs and benefits of a more closed
farming system. The model was developed to function as a tool to support farmers in their onfarm decisions about implementing a more closed farming system.

1.3

Some background on risk and economics of disease introduction into dairy farms

A dairy farm cannot be closed completely; there are always necessary contacts with the
outside world, through veterinarians, Al-technicians, and cattle grazing outside. In this thesis
a more closed farming system was defined as a farm that minimises the risk of direct contact
with cattle from other farms. Secondly, the farmer obliges professional visitors (e.g.
veterinarians, Al-technicians, cattle traders) to put on protective farm clothing (coveralls or
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overcoats and boots) before handling cattle. In this thesis professional visitors are visitors that
enter the barn and come into contact with cattle (e.g. veterinarians, Al-technicians, cattle
traders). Protective farm clothing is defined as coveralls or overcoats and boots that are
provided by the farmer before handling cattle. A sanitary barrier is a covered area separated
from the animal area of the cattle barn, in which visitors can change into protective farm
clothing. A sanitary barrier has a "dirty side", where visitors change clothing and a "clean
side", where visitors wear protective clothing and can enter the barn.
In order to obtain a more closed farming system farmers need to be made aware of how
diseases are introduced into the herd. Bennett (1991) found that only 22% of the farmers were
taking action to prevent or control disease, while 75% of those farms were already suspected
of having been infected with L. hardjo. Farmers will be more likely to implement a closed
farming system when the economic value is quantified and attractive. The potential benefits
of a closed farm and the perception of the risk factors for introduction of diseases need to be
investigated to verify whether a more closed farming system is profitable and supported by
farmers and their advisers.
Many studies have been carried out to qualify and quantify possible risk factors for
introduction and spread of infectious diseases. However, little research has been done on
changing the system at dairy farms as a whole to a more closed farming system. Some recent
studies support the importance of such a system to prevent introduction of BHV1, BVDV, L.
hardjo and S. dublin. Trueman et al. (1996) and McDonough et al. (1999) found purchase of
cattle and neighbourhood contacts to be risk factors for introduction of S. dublin. For L.
hardjo Pritchard et al. (1989) report that risk factors for infection are purchase of cattle, river
access, sheep grazed with cows, and a hired bull. For BHV1 risk factors quantified by Van
Wuijckhuise et al. (1997) were herd type, herd density, herd size, and purchase of animals.
These risk factors were also reported by Wentink et al. (1993). Houe (1999) gives an
extensive review on the possible risk factors for introduction of BVDV. Valle et al. (1999)
conducted a study in which risk factors for BVD-seropositive farms were quantified. Purchase
of animals, use of common pasture, and herd to herd contacts over pasture fences were found
to be risk factors for BVDV.
From these studies it could be concluded that a more closed farm should reduce or eliminate
the risk of the most important risk factors, first direct and lengthy animal contacts, followed
by contacts with persons or animal transport vehicles, animal products and transmission by
feed, vermin or air. Several surveys were conducted to investigate how many risky contacts
Dutch dairy farms had. Surveys of the Animal Health Service (GD) in 1995 and the Dutch
Farmers Union (LTO) in 1998 showed that 45-55 percent of the Dutch dairy farms had
purchased cattle in the preceding three years. Another study showed that the number of
contacts of the farm with professional visitors and their vehicles was large (Nielen et al.,
1996). Dutch dairy farms seemed to have an open farm structure. However, the success of
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most eradication programs will depend on how much risk a farmer takes in his/her
management.
Specific pathogen free herds (SPF) are well-known in pig and poultry production (Kuiper and
Martens et al., 1994). By eradicating one or more infectious diseases a farm becomes specific
pathogen free. The SPF farms clearly have better technical and economic results (Kuiper and
Martens et al., 1994) and this may also be expected in dairy herds. However, an SPF herd is
susceptible to infectious diseases and therefore the farm has to adapt its management to
prevent introduction of diseases and economic losses due to of introduction. In intensive
animal production systems (such as in pigs and poultry) a closed farming system is more
common practice than in dairy farming. All-in-all-out systems ensure that the animals do not
come into direct contact with animals from other pens or farms. Visitors often have to go
through a sanitary barrier and put on protective farm clothing or even take a shower before
entering the barns (Kuiper and Martens, 1994). The threat of infectious diseases such as
Classical Swine Fever (CSF) in pigs, Newcastle Disease in poultry, and foot-and-mouth
disease (FMD) in both swine and cattle has forced the farmers to adopt a more closed system.
Introductions of these infectious diseases are disastrous, because the farm will be eradicated
(Horst et al., 1999). Introduction of other diseases that do not result in eradication can also
cause considerable economic losses as they decrease technical results. The economic losses
due to introduction of diseases into intensive systems are therefore obvious and can be very
large (Martineau et al, 1982). The economic losses avoided are the potential benefits of a
more closed farming system.
In a simulation study of Serensen et al. (1995) the farms with a risky management had higher
losses as results of BVDV than low risk farms. A study conducted by De Verdier Klingenberg
et al. (1999) determined that strict closure of a dairy herd (no contacts with cattle from other
herds) and eradication of BVDV improved farm results. Numerous other studies show that,
notwithstanding the farming system, the presence of BHV1, BVDV, L. hardjo, and S. dublin,
have considerable economic consequences (Houe, 1999; Anderson and Blanchard, 1989;
Hage et al, 1998; Bolin and Alt, 1998). A more closed farming system that prevents
introduction of these infectious diseases might therefore have considerable economic benefits.

1.4

Outline of the thesis

The first two chapters explore the potential of a more closed system at Dutch dairy farms.
Chapter 2 describes an exploratory study of the potential economic benefits of a more closed
fanning system. In Chapter 3 the risk factors for introduction of BHV1 as perceived by
farmers, veterinarians and AJ-technicians were investigated by means of a conjoint analysis.
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The next two chapters deal with the risk factors for the presence of BHV1 at dairy farms. The
information for Chapters 4 and 5 was collected through a questionnaire on Dutch dairy farms
with a known status for BHV1. In Chapter 4 risk factors for the presence of BHV1 were
quantified using logistic regression. In Chapter 5, the rate of seroconversion, divided into new
introduction and reactivation of BHV1 was the variable of interest. A sub-sample of the farms
and a different technique were used. This technique, called survival analysis, was compared
with logistic regression.
For the Chapters 6, 7 and 8 a new data set was collected on dairy farms with a certified
BHVl-free status. Because of the certificate these farms were restricted with respect to risky
contacts, such as purchase of cattle with an unknown BHV1 status. Risk factors for
introduction of BHV1 into these farms are described in Chapter 6. In Chapter 7 two objectives
were investigated. The first objective was to quantify the losses in milk production after an
outbreak of BHV1 at certified BHVl-free farms. The second objective was to find the most
appropriate model to quantify the effect of disease on milk production. Chapter 8 describes
the probability and costs of introduction of infectious diseases and a more closed system at
the farms under study.
In Chapter 9 all variables from the previous chapters were integrated into one overall
computer model with which the costs and benefits of specific management measures can be
calculated. The model and its outcome, the profitability of a more closed system at dairy
farms, are discussed.
Chapter 10 is a summarising discussion on the techniques used and the results obtained. The
possibility and economic attractiveness of a more closed farming system to prevent
introduction of infectious diseases are discussed and recommendations for farmers and future
research are given.
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