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Executive Summary
This document provides a theoretical framework which can support farmers, veterinarians and/or
animal health advisors in their decision making process towards animal health management and
were to best allocate their scarce resources given the individual nature of each dairy farm. The
proposed framework the “Animal Health Management Frontier” reveals the trade-off between
preventive effort made to reduce disease incidence and the effect this has on failure costs. Via a
linear programming technique a technical efficient frontier and current frontier can be constructed.
These frontiers can be directly compared and yields useful insights in the efficiency of the current
preventive effort made. Moreover, comparisons between multiple production disorders can be made
to determine priority areas in animal health management.
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A Framework to determine priorities in
Animal Health
1 Introduction
Economic losses from livestock diseases can be extremely large. To illustrate, in the dairy sector,
average production losses from two of the more common production diseases, i.e. mastitis and
lameness, have been estimated at €210 and €891 respectively, per clinical case and respectively
€78 and €55 per average cow on the farm per year (Huijps et al., 2008; Bruijnis et al., 2010).
In spite of the potential scale of disease costs, there has been a general failure, across the EU, to
significantly improve farmed animal health status over the last decade (Hovi et al., 2003). One of the
possible reasons for this is the observation that many farmers do not take up the full range of health
measures suggested to them by their health advisers (Huijps et al., 2009a, 2010; Vaarst et al.,
2011). If further improvements in health status are to be achieved, a dual approach is needed,
involving both the provision of better advice to farmers on animal health measures, and incentives
to farmers to greater rates of uptake of these recommended health measures.
It has been suggested that one of the reasons why farmers do not always adopt measures
recommended by health advisers is that they do not have a clear idea of the scale of the economic
losses that they incur through livestock diseases (van Asseldonk et al., 2010). Providing farm
specific cost estimates of the scale of economic losses resulting from livestock diseases is therefore
seen as a useful way of incentivize farmers to higher rates of uptake health improvement measures.
However, as McInerney et al. (1992) pointed out, estimating only the magnitude of disease costs,
i.e. the failure costs, provides insufficient information on which to make economically optional
management decisions. What is required is an estimate of total economic costs arising from
diseases, where this accounts for two components: (i) output losses following disease occurrence
(the ‘failure’ costs), and (ii) expenditures arising from prevention or treatment actions.
According to the McInerney’s theoretical framework for the analysis of livestock disease costs
(McInerney et al., 1992), there exists a trade-off between the costs and benefits of disease control,
i.e. there exists an economically optimal level of disease prevention/control expenditure, beyond
which further investment in disease control is not repaid in output gains. Hogeveen et al. (2011)
further explored the nature of the trade-off between failure costs and preventive costs, suggesting
that they share a substitution relationship, following a downward convex curve, in-line with the
economic principle of diminishing returns. It is information on these expenditure–failure cost tradeoffs that therefore needs to be conveyed to farmers.
The problem with doing this is that the nature of these trade-offs varies, not only from disease to
disease, but also from farm to farm. Because there is a trade-off between control expenditure and
failure costs for individual diseases, farmers must consider the nature of this trade-off for each
disease challenge in order to determine the optimal level of investment in the control of each.
However, there is also a trade-off between diseases, such that optimal levels of investment in
1

Value converted from $ to € following a conversion rate in which $1 equals $1,07
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control of one disease may yield more, or less, in terms of reductions in failure costs, than optimal
expenditure in the control of other diseases. Farmers are therefore faced with a very complex
management decision, i.e. within the constraints of available resources, first, which production
diseases should be targeted for investment, and second, what is the optimal level of investment to
be made in each?
As a way of reducing the complexity of these offsetting calculations, a number of farm animal health
decision-support tools have been developed (e.g. Huijps, 2009). However, these existing models
suffer from a number of important limitations. In most of the models the estimation of disease costs
is based on the extraction and application of general rules to individual farms, with no account taken
of farm specific characteristics, including limitations on the availability of farm resources.
Presenting farmers with generalized data on these questions, i.e. a one-size-fits-all approach, would
have limited value, because these trade-off functions vary from farm to farm due to the fact that the
building blocks of the functions themselves vary from farm to farm. To illustrate, the magnitude of
failure costs for individual diseases varies between farms as a consequence of disease incidence
and severity, which in turn is impacted by type of livestock housing, number of animals, farming
system, management practice and the quality of farm resources and inputs used etc.
Moreover, the majority of these support tools only estimate the expected impact of one production
disease at a time. This is a significant limitation because, in reality, farmers will typically face
multiple disease challenges, and have to decide which of these diseases they should focus on,
given limited resources. To be able to make such decisions there is a need for a structural
framework which provides farmers with insights into the trade-offs between effort and failure costs
not just for single diseases, but across multiple diseases simultaneously.
The aim of the IMPRO WP5 work reported in deliverable 5.4 is therefore the development of a linear
programming-based approach to improve the allocation of resources in managing multi-factorial
diseases in dairy cattle, such as mastitis, ketosis and lameness. This Animal Health Management
Frontier model uses farm specific data on disease situation to establish the farm-specific animal
health management frontiers for different production diseases and by that means enables the
farmer to select a production disease with the highest expected benefits for the additionally spent
resources to focus on for further preventive measures. It provides farmers and/or veterinarians with
insight into the trade-off between effort and failure costs of production diseases, in which the farm
specific constraints regarding animal health are taken into account, as a means to better allocation
of resources to maximize the reduction in failure costs.
This deliverable first describes the three production diseases of interest in this work: mastitis,
ketosis and lameness. Per disease, the occurrence, consequences and economic effects are
provided. In chapter 3, the animal health management frontier framework is described, including an
example. After a discussion in chapter 4 a conclusion is provided in chapter 5.

2 Important production disorders in dairy cattle
Three production disorders are currently of importance amongst dairy farmers due to different
reasons. In the next section we will describe the occurrence, consequences, risk factors and
economic costs of mastitis, ketosis and lameness.
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Mastitis
Occurrence

Clinical mastitis is defined as a cow with visual abnormalities in the milk and/or quarter. Lam et al.
(2013) reported incidence rates for clinical mastitis of 28.1 (95%CI, 25.7-30.7) per 100 cow-years at
risk in 2009 on 175 Dutch dairy herds. Van den Borne (2010) reported an incidence rate for clinical
mastitis of 33.5 (95%CI, 31.3-35.8) per 100 cow-years at risk in 2004 on 205 Dutch dairy herds.
Zwald et al. (2004) reported an incidence of mastitis of 23% for the first 30 DIM. Suthar et al. (2013)
however, reported a prevalence of clinical mastitis in Europe at an average of 6.1% for the first 30
DIM. The same study found a large variation in average prevalence, 1.8% - 29.5%, between
countries. An average incidence rate of 9.1 per 100 cow-years for veterinary treated cases of
clinical mastitis was found on Swedish organic dairy herds, whereas a significant higher incidence
rate of 14.7 was found in conventional Swedish dairy herds (Hamilton et al., 2006). Generally,
recording only cases of clinical mastitis treated by a veterinarian may represent an underestimation
of the true number of clinical cases of mastitis (Hamilton et al., 2006). The incidence of mastitis
might therefore be better revealed from farmers reports (van den Borne et al., 2010; Lam et al.,
2013), contrary to the veterinary records where only cases treated by the veterinarian are reported.
However, also reports from farmers do not ensure that all cases of clinical mastitis are captured.
Generally, subclinical mastitis is reflected by individual cow somatic cell counts (SCC). Different cutoff values have been used to determine whether or not a cow has subclinical mastitis e.g.
100,000/150,000 cells/mL (Pyörälä, 2003), 200,000 cells/mL (Schukken et al., 2003) or 250,000
cells/mL (Dohoo and Meek, 1982). Incidence rates per 100 cow-years at-risk for subclinical mastitis,
with a cut-off SCC value of 200,000 cells/mL, were reported at an average of 23.0 (95%CI, 22.223.9) in 2004 and 22.2 (21.4-23.2) in 2009 (van den Borne et al., 2010; Lam et al., 2013). A
prevalence of 14.3% for subclinical mastitis, with a threshold of 250,000 cells/mL, was reported for
Flemish dairy herds with a certified good animal health status (Piepers et al., 2007).
2.1.2

Consequences

Milk yield losses due to clinical mastitis vary on average from 4% to 6% (300-400kg) at the lactation
level, similarly clinical mastitis affects fat (0.10% reduction) and protein levels (0.05% reduction)
(Hortet and Seegers, 1998). Rajala-Schultz et al. (1999) reported similar production losses as a
consequence of clinical mastitis varying from 110-552 kg depending on parity and the time of
mastitis occurrence. Although subclinical mastitis generally is diagnosed around a threshold of
200,000 cells/mL, milk losses already occur once an SCC level of 50,000 cells/mL is passed
(Halasa et al., 2009b). Similarly, Dürr et al. (2008) showed that milk losses are influenced by SCC
and DIM for each individual cow. This would suggest that the majority of the dairy cows contribute to
a reduced milk yield, even without ever reaching the 200,000 cells/mL threshold. Studies using
threshold levels to determine milk production losses due to SCM might therefore underestimate the
production losses due to subclinical mastitis.
A review by Fourichon et al. (2000) found no effect of mastitis on fertility. It was, however, found that
occurrence of mastitis <20 days after AI was associated with a >50% reduction in pregnancy risk.
Occurrence of mastitis before AI had a weak effect on pregnancy (Pryce et al., 2004). Similarly both
Chebel et al. (2004) and Santos et al. (2004) found a reduced conception rate and a higher risk of
embryonic loss of mastitis when cows had a clinical case of mastitis between AI and 50 days of
pregnancy. A delayed onset of oestrus behaviour was experienced when clinical mastitis was
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observed within 28 days after calving (Huszenicza et al., 2005). These findings suggest that mastitis
affects fertility (Walsh et al., 2011).
Ahlman et al. (2011) reported that out of all culled animals on a farm 30.7% and 22.5% were due to
clinical mastitis for respectively organic and conventional farms with Swedish Holstein dairy cows.
Mastitis was therefore seen as the most important reason for on farm culling. Seegers et al. (1998)
used more specific reasons for culling and reported that mastitis attributed 7.8% to all culled
animals. Nevertheless, combining all udder disorders in one would attribute to 18% of all culled
animals. Since some cases of mastitis occur in early lactation it is likely that not all cows are culled
for mastitis reasons but for low milk yield or for reduced fertility. Cows with repeated episodes of
clinical mastitis have been shown to have higher risks of being culled compared to cases with no
clinical mastitis, with higher risks for cows in their third parity or higher (Bar et al., 2008).
2.1.3

Risk factors

On cow level, high milk production was found to be a risk factor for clinical mastitis (e.g. Ingvartsen
et al., 2003). Other identified risk factors are associated to housing conditions, hygiene, nutrition,
milking technique and machine milking (Barkema et al., 1999b). Moreover, it was found that one
case of clinical mastitis can cause other cows to attain clinical mastitis (Halasa et al., 2009a). Bulk
tank somatic cell count was found to be influenced by stockman ship and hygienic conditions
(Barkema et al., 1999a). Generally, appropriate management measures were found to influence
herd somatic cell count in a positive way (Dufour et al., 2011).
2.1.4

Economic impact

Hogeveen et al. (2011) gave an overview of the costs of mastitis up to 2009, and found that costs
per average cow varied between €61 and €97. After that review other studies estimated the costs of
more specific cases of mastitis. Huijps et al. (2009b) estimated the costs of (sub)clinical heifer
mastitis at € 31 / heifer / yr. Cha et al. (2011) estimated the costs of Gram positive, Gram negative
and other mastitis causing pathogens, at €123, €193, and €87 per case. Similarly, Sørensen et al.
(2010) found the costs of mastitis to vary between €149 and €570 per case, depending on the
mastitis causing pathogen. Heikilä et al. (2012), estimated costs of mastitis at €458 / case or
alternatively €147 / cow / yr. Although estimates of the costs of mastitis differ, it is clear that mastitis
has a substantial impact on farm economics. Mastitis does not only affect farm income, the costs of
mastitis are directed throughout the dairy processing chain and affect processors profitability (Geary
et al., 2013). Within the IMPRO project (part of deliverable D5.3) farm specific failure costs of
mastitis were estimated for organic dairy farmers in Germany, France, Spain and Sweden and
estimated at an average of respectively €106, €114, €149 and €124 /cow / yr.

2.2
2.2.1

Ketosis
Occurrence

Clinical ketosis is diagnosed when cattle show wasting with decreased appetite, fall in body
condition and milk production where some cows have short periods of bizarre neurological and
behavioural abnormality. Subclinical ketosis is detected by measuring ketones in milk or urine and
defined as abnormal concentrations of circulating ketone bodies in the absence of clinical signs of
ketosis (Radostits and Done, 2007). Both subclinical and clinical ketosis are a consequence of a
disturbed energy balance during calving, where energy intake is unable to keep up with demand.
Different methods of testing have been reported in which the golden standard is measuring plasma
β-hydroxybutyrate (BHBA) which reflects the amount of circulating ketone bodies (Duffield, 2000).
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The observed prevalence of subclinical ketosis in Dutch dairy cows between 5-60 days in milk at a
plasma BHBA level ≥1,2 µmol/L was 11.2% (van der Drift et al., 2012). Dohoo and Martin (1984)
found that 92% of the cases of subclinical ketosis were found within the first 65 days of the lactation
and a corresponding prevalence of 12.1%. Similarly, Andersson and Emanuelson (1985) found that
the majority of cases occurred within the first two months of lactation with a reported prevalence of
8.9%, 4.7% and 1.1%, respectively, at the first three months. Reported prevalences of 14.1%, 5.3%,
3.2% and 1.6% for early lactation(<65 DIM), mid lactation (65-149 DIM), late lactation (>149 DIM)
and dry period by Duffield (1997) again show similar findings. Recently, McArt et al. (2015) reported
a peak incidence of 22.3% at 5 DIM for subclinical ketosis. Suthar et al. (2013) found an average
prevalence of 21.8% for subclinical ketosis during 2-15 DIM and 3.7% for clinical ketosis. Vanholder
et al. (2015) reported a prevalence of 47.2% and 11.2% for subclinical and clinical ketosis in the
period 7-14 DIM and found high milk yield to be one of the risk factor for ketosis. This would suggest
that with a tendency towards a higher production level per dairy cow, ketosis could potentially
become more prevalent in the future.
2.2.2

Consequences

Milk yield losses due to subclinical ketosis have been reported by McArt et al. (2012) at an average
of 0.5kg/day within the first 30 DIM. Rabboison et al. (2014) reported a production loss by
subclinical ketosis of 112 kg in 305 d milk production, whereas a correction for other diseases
resulted in a production loss of 251 kg in 305 d milk production. According to Duffield et al. (2009),
part of the losses might be cloaked by the fact that moderate cases of subclinical cases were able
to produce more milk than cows without subclinical ketosis which was also found by Vanholder et al.
(2015).
Fertility was affected by subclinical ketosis and it was found that the probability of pregnancy was
reduced by 20% in cows with a diagnosed case of subclinical ketosis within the first two weeks of
the lactation (Walsh et al., 2007). Return to normal probabilities of pregnancy after a case of
subclinical ketosis was on average reported after 160 DIM and the probability of a first successful
insemination was reduced by 50% (Walsh et al., 2007).
Cows with diagnosed ketosis were more likely to be culled throughout the lactation than non-ketotic
cows. Nevertheless, the direct risk of ketosis was found to be reduced when conception status was
included in the model (Gröhn et al., 1998). An increased BHBA level was found to be associated
with an increased risk of culling within the first 60 DIM (Roberts et al., 2012). Relations of subclinical
ketosis on increased culling are, however, not clear since subclinical ketosis primarily impedes milk
production losses and reduced fertility it is possible that cows are culled for either production or
fertility problems than for subclinical ketosis.
2.2.3

Risk factors

A higher body condition score post calving was found to be a risk factor for dairy cows to develop
either subclinical or clinical ketosis (Gillund et al., 2001; Vanholder et al., 2015). Herd size, feeding
regime, calving period and parity were risk factors for developing subclinical ketosis (Berge and
Vertenten, 2014). According to Stengärde et al. (2012), a large herd size, a high maximum daily
milk yield, housing of dry cows and feeding regime were risk factors for the development of clinical
ketosis. Feeding a larger amount of concentrate in early lactation was deemed to increase the risk
of ketosis but was not consistent (Gustafsson et al., 1995).
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Economic impact

Current estimates of the costs of ketosis are only scarcely available in scientific literature. Costs of
ketosis were estimated to vary from US$78 to US$289 per case of ketosis (Geishauser et al., 2001;
Guard, 2008; McArt et al., 2015). Due to the relation of ketosis with other diseases, it is essential
that the increased risk of other diseases is included in costs estimations. Which, until now, has only
been done by Mc Art et al. (2014) who found that 88% of displaced abomasum cases, and 70% of
metritis cases were attributable to ketosis. Within the IMPRO project (part of deliverable D5.3) farm
specific failure costs of ketosis were estimated for organic dairy farmers in Germany, France, Spain
and Sweden and estimated at an average of respectively €28, €11, €5 and €29 /cow / yr.

2.3
2.3.1

Lameness
Occurrence

There does not exist one true definition for clinical lameness. A commonly used definition, however,
is based upon a locomotion score (Whay et al., 1997; Thomsen et al., 2008). Most of these scoring
systems use a 5 point ordinal scale (Sprecher et al., 1997; Winckler and Willen, 2001; Flower and
Weary, 2006). These five points vary from normal to severe lameness. However as noted by Engel
et al. and Thomsen et al. (2008), the decision which score is appropriate is arbitrary and observers
may attribute different scores to the same individual. In the future, computerized vision techniques
to detect lame cows could prove to be a perspective to cope with observers bias (Song et al., 2008).
Prevalence of claw disorders in dairy cows was reported to be more than 70% where cows had at
least one claw disorder at the time of hoof trimming (Somers et al., 2003; van der Waaij et al.,
2005). Claw disorders comprise multiple lesions. Van der Linde et al. (2010) found sole
haemorrhage, interdigital dermatitis and digital dermatitis to be the most prevalent claw disorders,
their prevalence being respectively 38%, 29% and 22%. Similarly, Somers et al. (2003) and Van der
Waaij et al. (2005) found the same predominant lesions. A study by Manske et al. (2002b) on
Swedish dairy cows found sole haemorrhage, heel horn erosion and dermatitis to be most
prevalent.
2.3.2

Consequences

Several studies found that lameness affected milk production. Warnick et al. (2001) reported that
milk yield was reduced by 1,5 kg/d ≥2wks after diagnosis and the reduction was found to be greater
in multiparous than in primiparous cows. Clinical lameness amongst UK dairy herds was found to
reduce the 305d milk yield by 360 kg (Green et al., 2002). Contrary, Barkema et al. (1994), found
that lame cows had a higher milk yield than non-lame cows most likely because a higher milk yield
was a risk factor for developing lameness.
Lame cows were found to have longer lying times and spend less time standing, walking and
expressing oestrus behaviour (Walker et al., 2008). Non-lame cows were more likely to conceive at
first service, cows experiencing lameness within the first 30 DIM were more likely to develop ovarian
cysts and, overall, lame cows were less likely to conceive than non-lame cows (Melendez et al.,
2003). Pregnancy was found to be delayed by, on average, 12 days for lame cows when compared
to non-lame cows (Alawneh et al., 2011). Barkema et al. (1994), however, found no effect of
lameness on pregnancy rate at first service.
Approximately, 5% of all culled dairy cows on Swedish dairy herds were culled because of leg
problems (Ahlman et al., 2011). Culling cows because of lameness was found to be 2,5% of all
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culled cows on French dairy herds (Seegers et al., 1998). Green et al. (Green et al., 2002) found
that the risk of locomotion disorders were highest the first 3 months in lactation. Culling dairy cows
is mostly because of multiple reasons and culling a cow at the end of a lactation could be due to a
history of lameness which may at that time not be the primary reason for culling. A low prevalence
of culled animals due to lameness might therefore be clouded by such effects.
2.3.3

Risk factors

Claw trimming was found to reduce the odds of lameness (Manske et al., 2002a). The risk for
lameness was found to be increased when stall lying comfort decreased and when a cow was in the
lowest body condition score quartile, depending on breed (Dippel et al., 2009). Also concrete
flooring was found to be a risk factor for developing lameness (Somers et al., 2003). Cubicle
characteristics, bedding material, access to pasture were found to be risk factors which were
associated with hock lesions in dairy cattle (Kester et al., 2014). Hock injuries were found to be
more prevalent among cows with a shorter calving interval, increased parity, duration of summer
grazing, cow milk yield, low feed space per cow, cleanliness of passageway and type of bedding
material (Rutherford et al., 2008).
2.3.4

Economic impact

Costs of lameness were estimated at an average of $216, $133 and $121/ per case of respectively
sole ulcer, digital dermatitis and foot rot (Cha et al., 2010). Total costs of different lameness causing
foot disorders were estimated for an average herd at $479, $825, $1,517, $641 / yr. for respectively
interdigital phlegmon, interdigital dermatitis and heel erosion, digital dermatitis and sole ulcer
(Bruijnis et al., 2010). The costs of lameness were generally based on the underlying lameness,
causing disorders and varied substantially depending on the disorder. Within the IMPRO project
(part of deliverable D5.3) farm specific failure costs of mastitis were estimated for organic dairy
farmers in Germany, France, Spain and Sweden and estimated at an average of respectively €48,
€31, €53 and €33 /cow / yr.

3 Animal health management frontier
3.1

Framework

For this study we developed a theoretical framework (figure 1). The basis for this theoretical
framework basically consists of the animal health management frontier: a substitution relationship
between failure costs and preventive costs that follows a downward convex curve. Since this
relationship is farm-specific, depending on, for instance, housing facilities and management
capabilities of the farmer, this relationship differs between farms. We distinguish 2 different farmspecific frontiers: the “technical efficient” frontier (denoting the animal health management frontier
when measures are carried out in the most efficient and correct way) and the “current” frontier
(denoting the animal health management frontier as it is). In our framework we designed an
approach consisting of 4 steps to estimate the farm-specific animal health management frontiers:
1. Determine disease incidences;
2. Determine failure costs;
3. Construct technical efficient and current frontier;
4. Report outcome.
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Herd records (e.g.
number of dairy cows,
milk production)
Costs, price (e.g. feed price,
milk price, labour costs)

1. Determine disease incidence
Treatment records (e.g.
number of clinical
cases, cullings)

Cost-benefit module (D5.3)

2 Failure costs estimation

Effort made to reduce
disease incidence
3 Frontier construction (technical and current)
Assessment of
minimum and
maximum attainable
level of disease
incidence

Technical frontier

Current frontier

4 Report on outcome

Figure 1 Theoretical framework of the animal health management frontier
3.1.1

Determine disease incidences.

In the first step, the current number of contracted cases of each disease (Ncurr) on the target farm
will be determined, and expressed as the total number of cases for a given disease. This can be
done using existing herd records, such as treatment records, information from herd management
systems etc. If time does not allow for this or if herd records are not available, the farmer and/or
advisor may make an expert-based estimate of Ncurr.
3.1.2

Determine failure costs.

Using the Ncurr and information about the losses associated with the disease as well as information
about price levels, the total farm specific failure costs (FCT) will be estimated. The failure costs are
defined as the costs which are associated with animals suffering from a disease and consist of
production losses, discarded milk, treatments and culling. The topic of failure costs has been
extensively studied elsewhere in work package 5 and results have been published in deliverable
5.3. The failure cost calculation tool developed and described in D5.3 can assist in the estimation of
FCT. By combining FCT with Ncurr and the herd size, the failure costs per contracted case of the
disease (FCC) can be determined.
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Construct technical efficient and current frontier.

In a third step, the two frontiers representing the trade-off between failure costs and preventive
effort are constructed. One frontier represents the trade-offs between disease failure costs and
preventive effort when the preventative measures are applied as efficiently as theoretically possible.
The second frontier represents the trade-offs between preventive efforts and failure costs under
conditions of sub-optimal application of preventative measures. In the original animal health
management frontier, as described by Hogeveen et al. (2011), the failure costs are inversely related
to preventive costs (although this is a non-linear relationship). The preventive costs are, however,
very difficult to estimate (see Deliverable 5.3). It is difficult to determine exactly which measures are
applied and how much a general (e.g. hygienic) measure contributes to the prevention of one
specific disease. It is also difficult to determine the potential maximum preventive costs for a farm as
some of the preventative measures deployed on farms, such as provision of adequate nutrient
supply, are not in fact seen as preventive measures, but rather are seen as part of general
management. Although in theory possible, we decided not to quantify the current preventive costs
but to use an ordinal measure of “preventive effort” instead. Preventive effort is defined as the
relative effort made by the farmer or farm manager to reduce disease incidence on a farm. The
preventive effort is expressed on a 7-point Likert scale in which 0 means ‘do nothing’ and 6 means
‘every possible effort is made’. In order to produce both the efficient and the current animal health
management frontiers, the hypothetical maximum number of contracted cases of a disease (Nmax) is
needed. Nmax is the number of cases that should occur if no efforts are made to control a disease.
To establish the efficient animal health management frontier, the theoretical minimum number of
cases due to a disease (Nmin) also has to be determined. Nmin is the number of cases of a disease
that would occur when every possible preventive effort is made (this number will always be nonzero). Nmax and Nmin cannot typically be derived from herd health recordings. The estimation of these
figures therefore has to be derived from the expertise and knowledge of the farmer, veterinarian
and/or health advisor. To obtain these estimates, a benchmark, or generalised, value for Nmax is first
provided and this is, if deemed necessary, adjusted for the specific farm. To determine Nmin, a
dialogue between farmer, veterinarian and/or animal health advisor is needed. The estimation of
Nmax, with a preventive effort of 0 and Nmin, with a preventive effort of 6, are input to derive the
technically efficient animal health management frontier. Based on the estimated curve, a technically
efficient FC frontier can be constructed in which at each effort point the associated FCT can be
determined. The technically efficient frontier now shows the trade-off between FCT and preventive
effort.
Next, the farmer, veterinarian and/or health advisor discuss the amount of preventive effort that is
currently applied using a 7-point Likert scale. The FCT,max is derived from the technically efficient
frontier and the FCT,curr is derived from the cost-benefit module. To construct the current frontier,
FCT,max is attained at an effort of 0 and FCT,curr is attained at the current preventive effort level.
Based on these presumptions the current animal health management frontier can be established
3.1.4

Report outcome

For each disease, the efficient and current animal health management frontiers are presented
graphically, showing the trade-off between preventive effort and FC in both the current state of the
farm and in a situation where the farm would be fully efficient in terms of disease prevention. The
graph shows: (i) the economic consequences of being fully efficient at current levels of preventive
effort; and (ii) the economic consequences of increasing, or decreasing, the preventive effort by 1 or
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more units. By changing the parameter values in the graph and discussing the outcomes, new
insights can be gained into animal health management and how improvements can be achieved.

3.2

Functional form

Technical efficient frontier
The functional form of with the technically efficient frontier can be expressed as:

N eff =

( N max − N min )
( X + 1)

α eff

+ N min

With restrictions:

α eff ≥ 0
N max ≥ N min ≥ 0
In this formula the number of contracted cases of a disease is a function of Nmax, Nmin, the
preventive effort (X) and the curvature of the frontier (αeff). In the technically efficient frontier αeff is
estimated such that at X = 0, N equals Nmax and at X = 6, N equals Nmin. This information is used to
construct the failure costs frontier for a technically efficient farm. From this it follows that:

 (N − N )

FCT ,eff =  max α effmin + N min  FCC
 ( X + 1)

Current frontier
Similarly, the functional form of the current frontier can be expressed as:

 (N − N )

FCT ,curr =  max α curmin + N min  FCC In the current frontier α is estimated such that at X = 0,
curr
 ( X + 1)


FCT equals FCT,max and at the assessed preventive effort (X)
FCT,curr equals FCT,X derived from the cost benefit module (deliverable 5.3).

3.3

Estimating the farm specific frontiers

If a farm was fully efficient, both frontiers would be similar. It is therefore important to estimate the
values of αeff and αcurr since these influence the shape of the frontier.
3.3.1

Technical efficient frontier

To construct the technical efficient frontier we need to solve the following model, using linear
programming, to determine the efficient alfa value (αeff):

N min =

( N max − N min )
α
( X + 1) eff

With restrictions:
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α eff ≥ 0
N max ≥ N min ≥ 0
X =6
This gives us a value of αeff which reaches Nmax at an effort (X) of 0 and Nmin at an effort (X) of 6.
This αeff can be entered in the FC model to estimate the FC frontier for a fully efficient farm.
3.3.2

Farm frontier

To construct the farm frontier we need to solve the following model for the farm alfa (αfarm) value,
using the linear programming method:

 N − N min

FCT ,curr =  max
+ N min  FCC
α farm
 ( X curr + 1)

With restrictions:

α farm ≥ 0
N max ≥ N min ≥ 0
In which Xcurr is the level of effort that best reflects the current effort to reduce disease incidence and
FCT,curr is the current level of failure costs as estimated by the cost-estimation tool. Entering the
solved value of αfarm in the FC model allows us to estimate the FC frontier for an individual farm.

3.4

Example

To illustrate this approach with an example, two diseases mastitis (M) and ketosis (K) are compared
on a farm with a herd size of 100 dairy cows. In this case Cm,j is €235 and Ck,j is €120, NmaxM, is 35
NminM is 10, NmaxK is 90, NminK is 5%. Effort to reduce M is indicated by a rank score of 5 and
effort to reduce K is indicated by a score of 2. Current FCT,curr of M are estimated at €4,500 and
FCT,curr of K are estimated at €3,000. Solving for αeff,M, αeff,K, αfarm,M and αfarm,K gives alpha values of
1.6, 0.6, 3.2 and 1.3 respectively. Two constructed frontiers (technically efficient and current) are
presented for each disease in figure 2, where the horizontal arrows represent an increase in effort
and vertical arrows represents an increase in efficiency.
If the farmer would increase the preventive effort by 1, this would result in a decrease of €178 in
FCM and a decrease of €757 in FCK. So, increasing efforts in reducing ketosis prevention gives a
higher pay-off than increasing efforts in mastitis prevention, even when the failure costs of mastitis
are higher than the failure costs of ketosis. However, it is obvious in this example, that the farmer is
not efficient. The current animal health management frontiers, both for ketosis as well as for mastitis
are far above the technically efficient frontiers. If the farmer could become fully efficient the same
level of effort would yield a decrease of €1,816 in FCM and a decrease of €2,097 in FCK. Unless
the estimated minimum incidence of disease was wrong, there is quite some room to improve the
efficiency of the currently applied preventive measures. As the figure shows, for both diseases the
biggest gains can be attained by becoming more efficient, rather than increasing the levels of effort.
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Figure 2 Animal health management frontier for mastitis (M) and ketosis (K) in which the solid lines are the current
frontiers and the dotted lines are the technically efficient frontiers.

4 Discussion
One of the primary assumptions made in the use of the current model is that with respect of the
ordinal scale use to measure effort, the units are equidistant (this effectively implies a
cardinal/interval scale) and assessments of effort are made as such. This means that moving
between any two categories on this scale equates to the same magnitude of change in actual effort
for different assessors. This might not be the case in reality. Failure to comply with this assumption
will classify a farmer in the wrong scale of effort and thereby consequently assume wrong levels of
efficacy. Similarly, the problem with non-equidistant scaling in which the same lame cow was
classified in different categories of the ordinal scale of the lameness scoring system by different
assessors has been pointed out by Engel et al. (2003) and Thomsen et al. (2008). This makes clear
that the system of scaling relies on the capacities and experience of the assessor. There does not
seem to be a clear solution for this problem, although one possible solution would be to translate
preventive notional effort into actual preventive costs. This would however, require a more intense
assessment of what is being done on a specific farm to control disease costs currently and an
assessment of the maximum attainable level expenditures on preventive measures is on a farm by
farm basis.
Traditionally, disease cost estimations distinguish diseases into clinical or subclinical forms
(Dijkhuizen and Morris, 1997). Nowadays, for cost estimations of mastitis it is considered more
important to distinguish other aspects of the disease e.g. heifer mastitis (Huijps et al., 2009b) or
pathogen specific mastitis (Cha et al., 2011). The clinical and subclinical differentiation in ketosis
has also been abandoned by some (Berge and Vertenten, 2014), while most studies nowadays use
the level of ketone bodies present in the urine, blood or milk, as an indicator for ketosis (de Roos et
al., 2007; van der Drift et al., 2012). Lameness is typically differentiated on the basis of different
types of hoof lesion, e.g. digital dermatitis, sole ulcer, interdigital phlegmon (Manske et al., 2002b;
Brenninkmeyer et al., 2013). Each of these separate “forms” within a disease impose different
failure costs, as explained in the disease incidence section of this deliverable, because of the nature
of the disorder. This level of detail in failure costs cannot be determined based on the cost
estimation tool. Given the specific purpose of the animal health management frontier and the aims
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of the farmer or herd manager, this does not need to be problematic. On the one hand, the costbenefit module is flexible enough to capture specific forms of a disease and on the other hand, the
animal health management frontier should provide the farmer and/or veterinarian with insights into
the trade-off between effort and failure costs of production diseases, given their specific farming
situation and how preventive effort should be allocated. Moreover, the framework could be adapted
to multiple forms of the same disease, much the same as in the example given in this document. To
illustrate, the mastitis and ketosis examples could be replaced with the FCs of sole ulcer and digital
dermatitis (i.e. two forms of lameness). Therefore, with an increasing knowledge on the form
specific costs of different disorders within a disease, a farmer and/or veterinarian can adopt the
animal health management frontier to determine were to allocate resource given two forms within
the same disease.
One of the pitfalls of the animal health management frontier in the current form is that it relies on the
number of cases due to one disease (N) and consequently estimates total failure costs by
multiplying N with the failure costs per case. In reality, this disease information should be seen as a
complex of multiple disorders and included in the animal health management frontier as such, and
in which the complex relation between disorders is taken into account, e.g. an increase in the
incidence of ketosis may increase the risk of mastitis. Typical costs components such as milk
production losses and culling may therefore be accounted for twice, i.e. once for each of two
diseases, whereas in practice losses or culling in individual animals will have multiple causes and so
will overlap. Failure costs may therefore, wrongfully, be overestimated and potential gains, either by
increasing effort or improving efficiency, may also be overestimated. This true estimation of total
failure costs, i.e. a complex of multiple disorders with a fair degree of correlation, should ideally be
implemented in the animal health management frontier. Given the current state of epidemiological
research on these correlations there is the possibility of estimating failure costs as such. Estimation
of these total failure costs would solve the issue of attribution of preventive costs of general
measures to specific disorders, since all are reflected in the total failure costs. The general
framework of the animal health management frontier would be able to accommodate these total
failure costs and result in only two ‘all disease’ curves: the “technically efficient frontier” and the
“current frontier”. With further advances in epidemiological and economic research the animal health
management frontier would become more relevant since input becomes more reliable.
Reporting only the magnitude of the failure costs of a disease is of no use to the farmer, veterinarian
or farm health advisors since it does not reveal which part of the costs could truly be reduced. The
cost-benefit module as reported in deliverable 5.3 is suffering from this same fault. Combining the
cost-benefit module from deliverable 5.3 with the animal health management frontier described in
this deliverable allows for a better understanding of the trade-offs between failure costs and
preventive efforts made and reveals the potential gains to be made and compares multiple
disorders. Moreover, with the addition of the animal health management frontier, decision making
has been made farm specific, something which, until now has been neglected in the economics of
animal health.

5 Conclusion
The animal health management frontier allows farmers, veterinarians and advisors to gain farm
specific insight in the relationships between effort made in implementing disease prevention
measures and the effects on failure costs. Moreover, the model allows for economically efficient
decision making, specific to individual farms on the allocation of preventive effort to control the
multiple production disorders and gives insight in the economic impact of inefficient preventive
effort.
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