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Abstract

For several decades breeding goals in cattle were strongly linked to increases in milk production.
Many functional traits have unfavourable genetic correlations with milk yield, which has led to an
accompanying reduction in genetic merit for functional traits. Herd management has been challenged
to compensate for these effects, and to balance fertility, udder health, and metabolic diseases in order
to maximise profit without compromising long-term welfare. Functional traits, such as direct
information on cow health, have also become more important because of consumer interest in animal
well-being and demands for healthy and natural products. There are major concerns about the impact
of drugs used in veterinary medicine on the spread of antibiotic-resistant strains of bacteria that can
negatively impact human health. Sustainability and efficiency are also increasing in importance
because of growing competition for high-quality, plant-based sources of energy and protein.
Disruptions in global inventories due to climate change also may encourage more emphasis on these
traits. For data recording efforts to succeed it is crucial that there is a balance of effort with benefits.
The motivation of farmers and other stakeholders involved in documentation and recording is essential
to ensure that data quality is high. To keep down the labor costs associated with recording to a
reasonable level it is important that to utilize existing data sources. Examples include the use of milk
composition data to provide additional information about the metabolic status or energy balance of the
animals. Recent advances in the indirect use of mid-infrared spectroscopy to measure the required fine
milk composition (e.g., fatty acid composition) have shown considerable promise. There are other
valuable data sources in countries with compulsory recording of veterinary treatments and drug use.
For countries that rely on recording on a voluntary basis there are also quality assurance systems
requesting more documentation. Sources of data outside of the farm include slaughter houses and
veterinary laboratories. At the farm level huge amounts of data are increasingly available from
automated and semi-automated milking and management systems. Electronic devices measuring
physiological or activity parameters can predict physiological status such as estrus, and can also record
behavioural traits. In order to develop effective selection programs for new traits, the development of
large databases is necessary in order to produce high-reliability predicted transmitting abilities which
can be used as inputs for genomic evaluation.
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Introduction

Due to negative genetic correlations of milk
yield with fitness traits a decline in many
functional traits has been observed. Herd
management is therefore challenged to
compensate for these effects and to balance
fertility, udder health, and metabolic diseases in
order to maximise profit without compromising
welfare. Therefore the need for novel traits used
for farm management, genetic improvement,
and for monitoring parameters of public interest
is increasing.

The recording of traits must be primarily
beneficial for the stakeholder involved. For
individual farmers the use of on-farm data for
management decision is of great importance. If
other stakeholders, such as veterinarians, are to
be motivated to record treatments and diagnoses
the data collected has to be beneficial to them,
as well. The use of data for farm management is
the primary motivation to record information on
functional traits. As it is becomes more and
more challenging to balance high milk yield,
reproduction, and health there is a need for
appropriate and timely information for
prevention and early measures.

The use of these data for breeding is also
valuable, and is important for the long-term
improvement of dairy populations. Over the last
fifteen years there has been a shift towards
increased focus on functional traits in dairy
cattle breeding can be observed worldwide.
Complex breeding goals with up to 43
functional traits are expressed by Total Merit
Indices (TMI) according to a survey carried out
by International Committee of Animal
Recording (ICAR) in 2012 (Stock et al., 2012).
The results, based on 23 countries, show that
genetic evaluations are very common for
calving, fertility, longevity, feet and legs, and
indirect health traits. A further increase in
number of traits included in TMI is expected in
22 of 26 countries participating in this survey.
A critical precondition for use for genetic
improvement is the central availability of data.
Public interest in the use of parameters for
monitoring (e.g., food safety, surveillance,
welfare) is increasing. Regardless of which
sources of health information are used, national
monitoring programs may be developed to meet
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the demands of authorities, consumers and
producers.

The objective of this paper is to give an
overview of expected developments and
challenges related to the availability of traits in
the near future.

Circumstances

The world population is projected to reach 9
billion people in 2050 according to the latest
demographic reports from the United Nations,
which means that resources will become more
limited and prices for energy and feed
(especially grain) will increase. Disruptions in
global inventories due to climate change also
may encourage more emphasis on novel traits.
Cattle producers will be challenged to find
ways to reduce greenhouse gas emissions by
increasing production efficiency. In this
context, there is a need for novel traits that can
also be wused for both breeding and
management. Functional traits, such as direct
information on cow health, also may have
increased in importance because of interest in
animal well-being and consumer demands for
healthy and natural products. For example,
there are major concerns about the impact of
drugs used in veterinary medicine on the spread
of antibiotic-resistant strains of bacteria that can
negatively impact human health.

These requirements are also part of legal
regulations. Pavon (2013) reported that an
Animal Health Law has been developed from
about 40 European Union (EU) Directives and
Regulations, providing a single and robust

framework for animal health. In addition to
disease  prevention (disease  awareness,
registration, traceability, and biosecurity),

disease control and eradication, intra-EU
movement, and entry into the EU of animals
and animal products will be regulated. A new
element will be EU guidelines on antimicrobial-
resistant pathogens.

A scientific report on the effects of farming
systems on dairy cow welfare and disease
(EFSA-Q-2006-113, 2009) concluded that leg
disorders, mastitis, and reproductive disorders
are considered to be the major components of
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poor welfare in dairy cows. Unfavourable
genetic correlations of these traits with milk
production traits means that the selection
pressure applied to dairy cattle over many years
is considered to be a major factor leading to
poor welfare in dairy cows. In response, the
European Commission has called for the
development of a set of indicators of animal
welfare (Pavon, 2013).

The precondition for recording of reliable
data is the motivation of the stakeholders
involved. Several countries have conducted
surveys of farmers to wunderstand their
motivation and needs (Schwarzenbacher, 2013;
Steininger et al., 2013). It has been observed
that, for farmers, a top priority is genetic
progress of functional traits. Increasing milk
yield is no longer ranked among the most
important traits to select for. Due to increasing
herd sizes and limited labor, farmers want
robust cows that are easy to handle.

According to Bo (2009) a breeding goal
should produce the following outcomes:
increased farm income (higher production
(milk/beef); reduced production costs (e.g.,
better fertility, fewer diseases, less losses);
easily managed cows (temperament, milking
speed), and products that are easy to sell (e.g.,
animal welfare, ethics, consumer concerns).
However, complex breeding goals require a
wide range of relevant traits. Trait recording has
to have benefits beyond breeding. Additional
effort for documentation must produce added
value. Easy-to-use electronic systems are a key
to long-term-success.

Advances in technology will have an impact
on the definition and availability of traits in the
future. Recent technological developments have
advanced biological understanding of the
genetic background of traits (e.g., genomics,
proteomics,  metabolomics). And  novel
recessive defects have been identified (Cole et
al.,, 2013). Based on SNP and sequence
information recessive haplotypes can be
discovered and confirmed within a short time
(e.g., Sonstegard et al., 2013). Genomics offer
new  perspectives  for  registration by
establishing reference populations with “deep*
phenotypes and population-wide recording with
indicator traits. These advances will lead to
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better phenotypes that are closer to the
genotype and result in moreefficient selection.

Due to advances in laboratory techniques,
the range of traits that are economically feasible
to record is increasing. These include
metabolites of nutritional interest (lactoferrin)
as well as manufacturing properties of milk
(e.g., k-casein). The use of novel traits
as indicators for reproductive status, mastitis,
and energy balance is under research in several
projects.

With increasing herd size, investments in
farm technology are growing, and a rapid
increase in automation to reduce labor
requirements has been observed. The automatic
generation of indicator traits for health and
fitness is expected to improve the repeatability
and lower the cost of those phenotypes.

Expected novel traits in the future
Direct health traits

Several studies show that the use of direct
health traits (e.g. mastitis diagnoses) is more
effective in breeding for mastitis resistance than
somatic cell count alone (Heringstad et al.,
2007; Egger-Danner et al., 2012). In addition to
the Nordic countries, that have selected for
direct health traits for decades, routine genetic
evaluation of direct health traits have been
implemented in DEA (Germany and Austria)
since 2010, France since 2012, and Canada
starting in December 2013. Systems for
recording of diagnoses are currently being
established in other countries as well and will
be more available in the future; either through
veterinarian diagnoses or producer recorded
data. In fact, several studies have found that
producer-recorded data from on-farm computer
systems is of similar quality to diagnoses
recorded by veterinarians for  genetic
evaluation, and extensive records are potentially
available for wuse in genetic improvement
programs (Parker Gaddis et al., 2012).
Standardisation of diagnoses is the precondition
of use. In 2012 ICAR approved guidelines for
Recording, Evaluation and Genetic
Improvement of Health Traits (ICAR, 2012). A
hierarchical system with a very comprehensive
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key of diagnoses (>600), a reduced key of
diagnoses (60-100) and simple key with about
10 diagnoses was described. This framework
should enable a multidisciplinary use ranging
from very detailed information for veterinarians
to simple recording of health related
observations by  farmers.  International
cooperation for comparability of results across
countries is important.

Udder health

Mastitis is the target trait to improve udder
health. Until recently, research has focused on
indirect measures based on somatic cell count
(SCC), such as prolonged elevated somatic cell
count (deHaas et al., 2008; Koeck et al., 2010;
Urioste et al., 2010). These novel definitions
showed higher correlations to mastitis and
demonstrated that patterns of SCC provide
additional information for genetic evaluations
of mastitis resistance than lactation measures of
SCC alone. The use of mastitis diagnoses for
genetic evaluations has been common for
decades in the Nordic countries, followed by
Austria, and is becoming common in other
countries as well (see “Direct health traits”
above). Udder health indices combining SCC
and clinical mastitis (and udder conformation
traits) are published in some countries.

Electrical conductivity (EC) is available
from automated milking systems as an indicator
of mastitis. According to Norberg (2005)
collecting and applying EC information in a
breeding program may be challenging. Recent
literature on EC is limited, and is ongoing for
indicator traits that may be related to mastitis,
such as mid-infrared spectroscopy (MIR).
Haeusermann and Hartung (2012) analysed
near-infrared spectroscopy, real-time PCR, and
IR thermography as indicators of mastitis. They
concluded that the development and testing of
new mastitis detection methods and sensors is
still an important task. On-farm or in-line
utilization is not applicable for all techniques,
and the definition of a gold standard for mastitis
detection remains difficult.

Of interest in the context of udder health is
also information about milk yield of individual
quarters. Information about bulk milk, which is
sampled more frequently than official test days,
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might give additional information about the
herd status.

Research also has been reported on the use
of pathogen-specific information for genetic
evaluation (Haugaard et al., 2012; Sorensen et
al., 2009). Different bacteria are responsible for
different immune responses. De Vliegher et al.
(2012) showed, based on heifer mastitis, that
the effectiveness of prevention programs can be
increased when information about pathogens is
known.

Reproduction

Reproduction is best described as a complex
outcome of related traits, management and
environment. Each of the traits describes a
different aspect of fertility. To establish a
recording scheme for female fertility the
following data are desirable: 1) calving dates;
2) all insemination dates, including artificial
insemination events and natural mating dates;
3) information on fertility disorders; 4)
pregnancy test results; 5) body condition score;
6) hormone assays. Presently, female fertility
traits are mainly based on calving and
insemination data. The use of fertility-related
diagnoses is increasing. Other novel predictors
of fertility status, such as pedometers and BCS,
are also growing in popularity (Fogh, 2013).
Research is also on the way with MIR for
pregnancy testing and other tests based on
hormonal assays (Gengler, 2013).

Feet and legs

Feet and leg problems are among the three
most-frequent culling reasons in dairy cattle,
following reproduction and udder health. Feet
and legs traits are commonly assessed by breed
societies using linear type scoring systems that
evaluate the biological extremes of these traits
(e.g. straight to sickled legs, steep to shallow
claw/hoof depth etc).

Conformation traits that describe feet and
legs are have so far been used as indicator traits
for claw health. Direct information on claw
health status would be better, and conformation
traits could be used to increase reliability of
estimated breeding values (EBV) (Haggmann
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and Juga (2012), Chapinal et al., 2012)).
Koenig and Swalve (2006) and Van der Linde
et al. (2010) showed that the efficiency of
breeding programs for the improvement of claw
health improves considerably when claw health
data are included. Information on lameness is
often more easily available that claw health
information, and Weber et al. (2013) suggest
that lameness may be a useful indicator for
claw and leg health.

Automated lameness detection based on
activity sensors which measure lying time and
number of lying bouts may be useful when
combined with milking and feeding data in a
cow-specific model (De Mol et al., 2013).

In the Nordic countries, Austria, and
Southern Germany, veterinary diagnoses of feet
and legs traits are recorded routinely. As
veterinarians are consulted only in severe cases,
incidence rates based on veterinarian diagnoses
are much lower than those based on hoof
trimming information. Different studies showed
that genetic evaluation based on veterinarian
diagnosis is valuable (Fuerst-Waltl et al., 2012).
For effective improvement of the feet and leg
complex it is important to establish systems for
centralized storage of data from hoof trimmers.
Claw health status at claw trimming is recorded
routinely in Norway (Odegard et al., 2013),
Denmark, Finland and Sweden (Johansson et
al., 2011).

Metabolism

To date, direct traits for metabolic disorders are
only rarely used in genetic evaluation. Some
countries, such as DEA (Germany and Austria),
publish EBV for milk fever. The Nordic
countries include metabolic disorders like milk
fever and ketoses in the EBV for “other
diseases”.. In herd management, milk content
traits like fat and protein percentage, fat:protein
ratio, and milk urea nitrogen are used for early
detection of problems associated with
metabolism. Recent research is also focusing on
the wuse of this information for genetic
improvement purposes (Negussie et al., 2013;
Koeck et al., 2013). Due to intervals between
test day milk recording, the predictive ability is
still  limited. However, more frequent
information will be in the future available from
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AMS. It is assumed that large economic losses
are associated with subclinical metabolic
disorders such as ketosis. Therefore, the ability
to detect subclinical signs of disease at an early
stage is important. These methods could be
based on serum parameters like non-esterified
fatty acids (NEFA) or B-hydroxybutyric acid
(BHBA) concentration (Roberts et al., 2012;
Van der Drift et al., 2012), and BHBA is the
“Gold Standard” of many cow tests. The
availability of such subclinical information will
depend on the specificity and sensitivity of the
tests, as well as ease-of-use and costs of
implementation on-farm. Methods based on
MIR have been suggested, but there is not yet a
system in place to support the routine collection
of large numbers of observations (McParland et
al., 2011; Bastin et al., 2012). Other potential
indicator traits are rumen activity and body
weight change (Fogh, 2013). Body condition
scores, and changes in those scores, may be
useful for the early detection of metabolic
disorders. Melzer et al. (2013) showed that
there is potential to screen individual cows for a
broad array of metabolites, with changes in
metabolic profiles correlating with animal
health.

Efficiency

An expected increase in prices for grain and
energy will increase the focus on efficiency.
Efficiency can be defined as units of output per
input unit on farm level, as well as of individual
animals. A trait of interest is feed efficiency,
which commonly is expressed as residual feed
intake measured as the difference between
actual and predicted dry mater intake (DMI).
The greatest challenge to the widespread use of
feed intake and feed efficiency measures is the
availability of cost-effective information on
individual animals (Berry and Crowley, 2013),
resulting in a need for indicator traits (Fogh,
2013). Rumen activity might be a future
indicator trait for feed efficiency. Other
measures based on feed, feces, and urine
samples are being developed. Dry matter
content in feces, or nitrogen in urine, could be
indicator traits for feed efficiency. It is
important that the correlations with other traits
are well-understood, e.g., RFI and fertility may
be unfavourably correlated (Pryce et al., 2013).
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Therefore, selection for RFI should be through
a multi-trait selection index.

Feed efficiency may also be correlated to
methane emissions (Hegarty et al., 2007).
Enteric methane is produced as part of the
fermentation process has been linked to climate
change. Selecting for more efficient cows,
methane production could be reduced by up to
26% over a 10 year time-frame (de Haas et al.,
2011). There is also variation in the rumen
metagenome that appears to predict methane
production which could also be exploited (Ross
etal., 2013).

Challenges

Predictive biology

Detection of metabolic predictors, or
biomarkers, which can be MIR of milk and its
components, may become a useful source of
information (Gengler et al., 2013). Standard
milk analysis undertaken by milk recording by
mid infrared spectroscopy generates spectral
data that reflects milk characteristics, such as
specific ratios of milk fatty acids. Research is
currently underway to investigate the use of this
data for prediction of indicator traits
(RobustMilk, OptiMIR, PhenoFinlait).

A major challenge is the lack of reference
data to determine associations among specific
diseases and MIR phenotypes. A reliable pool
of “healthy” and “sick” animals is needed to
develop the prediction. For traits with low
heritability and limited reliability and
repeatability, this is even more difficult. The
reference data set also has to account for
different production circumstances, and the
comparability of spectra from different
instruments is not guaranteed. Individual
instruments also require periodic calibration to
ensure that results on the same instrument are
comparable over time The repeatability of
results across different breeds and production
circumstances, as well as logistic challenges
related to data transfer, require additional
consideration. This includes the extraction of
data from spectrometers and storage of MIR
spectra, standardization of spectra, complex
computation of indicators, and implementation
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in routine into a milk recording work flow
(Soyeurt et al., 2012; Gengler et al., 2013).

Standardization and integration of relevant
data sources

Data collection systems that record information
at milking and feeding times offer the chance to
generate many phenotypes routinely. Different
data collection systems provide different data,
and data formats and accessibility vary across
systems. There is a need for harmonization of
trait definitions across systems. Many systems
use dedicated computers that do not
communicate  with  external  databases.
Therefore, data have to be generated from on-
farm-equipment and are not centrally available.

Breeding and efficient herd management is
facilitated by centrally available data that
support benchmarking. Such data provide an
opportunity to compare performance between
and within farms over time. Often a single
parameter does not provide an appropriate
benchmark, but indices based on a basket of
parameters can provide a better indicator of
overall performance (Bradley et al.,, 2013).
Better integration of data has the potential to
improve benchmarking.

In most of the countries different data are
stored in different databases and little or no
communication between systems is available.
The Danish System Vetstat (Stege, 2003) and
the Austrian Poultry Health Database (Glatzl,
2010) are examples how integration of data
could work. Multidisciplinary approaches
require linkage of data sources.

Simplicity of use for farmers

The future availability of phenotypic data will
depend very much on the motivation of the
farmer. It is expected that the number of traits
recorded and data available will further increase
(Rutten et al., 2012). The challenge will be to
ensure that that farmers aren’t overwhelmed by
this information, and that use of all these traits
will still be possible. Easy handling and simple
access to data is essential. Labor is a limiting
factor on most farms, so tools that condense a
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lot of information into a small number of

indices are desirable.

Closing the phenomic gap

The limitation in using genomics is phenotypes.
This is especially true for novel traits. Traits
with a long recording history do have reference
populations which enable the prediction of
genomic EBV with higher reliability. Due to
the potential of genomics, it will be possible to
use phenotypes which are expensive to record
for breeding in the future. Hocquette et al.
(2012) suggested that genomic selection is also
an opportunity to consider new and complex
phenotypes. For novel traits establishing a
reference population based on bulls takes very
long time as the number of formally progeny-
tested bulls is decreasing as well. For closing
the phenomic gap between traditional traits and
novel traits genotyping of cows is a possibility
(Calus et al., 2012). For traits with low
heritability, large amounts of data with reliable
phenotypes and genotypes (De Roos, 2011)
may be needed. Parker Gaddis et al. (2013a, b)
have shown that genomic EBV can be predicted
using fairly small datasets of producer-recorded
health data, although most bulls will have
modest reliabilities.

Conclusions

Circumstances of production, as well as
consumer demand, will have an impact on the
availability of traits in the future. Traits
connected with animal health, animal welfare,
food safety, and efficiency will increase in
importance. Advances in technology will enable
“better” trait definitions. Phenotypes will have
closer biological links to genotypes. Long-term
progress requires reliable phenotypes, ideally
those that are standardized, have a high
repeatability, and are recorded automatically.
Farmers want tools for herd management that
are easy to use and require little additional
work, but achieve the expected output. This is a
challenge because there are many different
management and production systems, and lots
of them are very complex. The collection of
reliable phenotypes, especially for health traits
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and traits with low heritability, has proven to be
a challenge. If different stakeholders are
involved in documentation and recording (e.g.
veterinarians, nutritionists, and hoof trimmers)
it is even more difficult. Nevertheless, examples
from the Nordic countries show that it is
possible. Technological advances will facilitate
the exploitation of those data sources in much
more in detail. One example is MIR data,
although its routine application has proven to be
challenging. New technologies like AMS and a
variety of on-farm sensors and monitoring
systems, may provide new possibilities
forgenerating indicator traits for fertility,
mastitis, metabolism, and energy efficiency. In
addition to reliability and low price, ease of
sampling is important for broad use of a tool.
Based on different technological approaches
there is a need for harmonization of traits and
standardization of data. Additional research will
be needed to improve the use of phenotypes
from automated systems, and it is essential that
on-farms systems communicate with a central
database. International organizations like ICAR
are needed to define standards for definition of
traits so that data collected using different
technologies are comparable. The central
availability of reliable phenotypes for new traits
is necessary for building reference populations
for genomic evaluation. To overcome the
phenomic gap between traditional traits and
novel traits, genotyping of cows should be
considered. To make greater progress with
novel traits international cooperation is needed
in many fields. Multidisciplinary, multi-country
approaches are beneficial.

Acknowledgements
» Excellent cooperation within the ICAR

Functional Traits Working Group.
e Gene2Farm (EU-FP7-KBBE-2011-5-

PNr.. 289592) for provision of
information.

* Federal Ministry of Agriculture,
Forestry, Environment and Water

Management (BMLFUW) in Austria
and the Federation of Austrian Cattle
Breeders for the support within the
projects  ,Efficient cow”  and
,OptiGene“.



INTERBULL BULLETIN NO. 47. Nantes, France, August 23 - 25, 2013

References

Bastin, C., Soyeurt H., Vanderick, S. &
Gengler, N. 2011. Genetic relationship
between milk fatty acids and fertility of
dairy cows. Interbull Bulletin 44, 195-199.

Berry, D.P. & Crowley, J.J. 2013. Cell Biology
Symposium: Genetics of feed efficiency in
dairy and beef cattle. J. Anim. Sci. 91, 1594-
1613.

Bo, N. 2009. Practical Cattle Breeding in the
Future — Commercialised or Co-Operative,
across Borderlines between Countries and
Organizations. Interbull Bulletin 40, 252-
258.

Bradley, A.J., Breen, J.A., Hudson, C.D. &
Green, M.J. 2013. Benchmarking for health
from the perspective of consultants. ICAR
2013 Health Data Conference. Aarhus,
Denmark.

Calus, M.P., de Haas, Y., Pszczola, M. &
Veerkamp, R.F. 2012. Predicted accuracy of
and response to genomic selection for new
traits in dairy cattle. Animal 7:2, 183-91.

Chapinal, N., Koeck, A., Sewalem, A., Kelton,
D.F., Mason, S., Cramer, G. & Miglior, F.
2013.Genetic parameters for hoof lesions
and their relationship with feet and leg traits
inCanadian Holstein cows. J. Dairy Sci.
96:4, 2596-604.

Cole, J.B., VanRaden, P.M., Null, D.J.,
Hutchison, J.L. & Cooper, T.A. AIPL
Research Report. Genomics 3, 8-13.
Haplotype tests for recessive disorders that
affect  fertility and  other traits.
http://aipl.arsusda.gov/reference/recessive_h
aplotypes_ ARR-G3.html.

De Haas, Y., Ouweltjes, W., Napel, J., ten
Windig, J.J. & de Jong, G. 2008. Alternative
somatic cell count traits as mastitis
indicators for genetic selection. J. Dairy Sci.
91, 2501-2511.

De Haas, Y., Windig, J.J., Calus, M.P.L.,
Dijkstra, J., de Haan, M., Bannink, A. &
Veerkamp, R.F. 2011. Genetic parameters
for predicted methane production and
potential for reducing enteric emissions
through genomic selection. J. Dairy sci. 94,
6122-6134.

De Mol, R.M., Andre, G., Bleumer, J.B., van
der Werf, J.T.N., de Haas, Y. & Reenen,
C.G. 2013. Applicability of day-to-day
variation in behavior for the automated

243

detection of lameness in dairy cows. J.
Dairy Sci. 96, 3703-3712.

De Roos, A.P.W., van den Bijgaart, J.J.C.M,
Horlyk, J. & de Jong, G. 2007. Screening for
subclinical ketosis in dairy cattle by Fourier
Transform Infrred Spectrometry. J. Dairy
Sci. 90:4, 1761-1766.

De Vliegher, S., Fox, L.K., Piepers, S,
McDougall, S. & Barkema, H.W. 2012.
Invited review: Mastitis in dairy heifers:
Nature of the disease, potential impact,
prevention, and control. J. Dairy Sci. 95,
1025-1040

EFSA-Q-2006-113. 2009. Scientific report on
the effects of farming systems on dairy cow
welfare and disease. EFSA-Q-2006-113.
Published 20009.
http://www.efsa.europa.eu/en/efsajournal/pu
b/1143r.htm.

Egger-Danner, C., Willam, A., Fuerst, C.,
Schwarzenbacher, H. & Fuerst-Waltl, B.
2012b. Impact of breeding strategies using
genomic information on fitness and health.
J. Dairy Sci. 95, 4600-4609.

Fogh, A., Aamand, G.P.,, Hjorto, L. &
Lauritsen, U. 2013. Recording of data and
identification issues. ICAR-Technical
Workshop 2013, Aarhus, Denmark.

Fuerst-Waltl, B., Fuerst, C. & Egger-Danner, C.
2012. Claw health diagnoses in the routine
health monitoring system of Austrian
Fleckvieh cattle. 63" Annual Meeting of the
Federation of Animal Science, Bratislava,
Slovakia, 2012.

Gengler, N., Berry, D.P. & Bastin, C. 2013. Use
of automated systems for recording of
direct and indirect data with special
emphasis on the use of MIR milk spectra
(OptiMIR project). ICAR 2013 Health Data
Conference. Aarhus, Denmark.

Glatzl, M., Lassnig, H. & Schliessnig, H. 2011.
Monitoring programs for the use of
antibiotics in the poultry production in
Austria.
http://www.glatzl.at/media/Antibiotika_Vort
rag_GL_6-11.pdf.

Héggmann, J. & Juga, J. 2013. Genetic
parameters for hoof disorders and feet and
leg conformation traits in Finnish Holstein
cows. J. Dairy Sci. 96, 3319-3325.

Haugaard, K., Heringstad, B. &Whist, A.C.
2012. Genetic analysis of pathogen-specific
clinical mastitis in Norwegian Red cows. J.
Dairy Sci. 95, 1545-51.


http://www.efsa.europa.eu/en/efsajournal/pub/1143r.htm�
http://www.efsa.europa.eu/en/efsajournal/pub/1143r.htm�

INTERBULL BULLETIN NO. 47. Nantes, France, August 23 - 25, 2013

Heringstad, B., Klemetsdal, G. & Steine, T.
2007. Selection responses for disease
resistance in two selection experiments with
Norwegian red cows. J. Dairy Sci. 90, 2419-
2426.

Haussermann, A. & Hartung, E. 2012.
Detection of mastitis during milking -
current solutions and prospective ideas.
EAAP-Bratislava, Slovakia, 2012,

Hegarty, R.S., Goopy, J.P., Herd, RM. &
McCorkell, B. 2007. Cattle selected for
lower residual feed intake have reduced
daily methane production. J. Anim. Sci. 85,
1479-1486.

Hocquette, J.F., De La Torre, A., Meunier, B.,
Le Bail, P.-Y., Chavatte-Palmer, P., Le Roy,
P. & Morméde, P. 2012. Challenges for
closing the phenomic gap in farm animals.
63" Annual Meeting of the Federation of
Animal Science, Bratislava, Slovakia, 2012.

ICAR (International Committee for Animal
Recording), 2012. International agreement
of recording practices. Available online at
http://www.icar.org/pages/statutes.htm
(assessed 25 May 2013).

Johansson, K., Eriksson, J-A., Sander Nielsen,
U., P6so, J. & Pedersen Aamand, G. 2011.
Genetic Evaluation of Claw Health in
Denmark, Finland and Sweden. Interbull
Bulletin 44, 224-228.

Koeck, A., Heringstad, B., Egger-Danner, C.,
Fuerst, C., Winter, P. & Fuerst-Waltl, B.
2010. Genetic analysis of clinical mastitis
and somatic cell count traits in Austrian
Fleckvieh cows. J. Dairy Sci. 93, 5987-
5995.

Koeck, A., Miglior, F., Jamrozik, J., Kelton,
D.F. & Schenkel, F.S. 2013. Genetic
associations of ketosis and displaced
abomasum with milk production traits in
early first lactation of Canadian Holsteins. J.
Dairy Sci. 96, 4688-4696.

Koenig, S. & Swalve, H.H. 2006.
Modelkalkulationen ~ zu  zuechterischen
Moeglichkeiten auf Klauengesundheit beim
Milchrind. Zichtungskunde 78, 345-356.

Kramer, M., Erbe, M., Bapst, B., Bieber, A. &
Simianer, H. 2013. Estimation of genetic
parameters for novel functional traits in
Brown Swiss cattle. J. Dairy Sci. 96, 1-11.

McParland, S., Banos, G., Wall, E., Coffey,
M.P., Soyeurt, H., Veerkamp R.F. & Berry,
D.P. 2011. The wuse of mid-infrared
spectrometry to predict body energy status

244

of Holstein cows. J. Dairy Sci. 94, 3651-
3661.

Melzer, N., W.ittenburg, D., Harwig, S,
Jakubwoski, S., Kesting, U., Willmitzer, L.,
Lisec, J., Reinsch, N. & Repsilber, D. 2013.
Investigating associations between milk
metabolite profiles and milk traits of
Holstein cows. J. Dairy Sci. 96, 1521-1534.

Negussie, E., Stranden, I. & Mantysaari, E.A.
2013. Genetic associations of test-day
fat:protein ratio with milk yield, fertility,
and udder health traits in Nordic Red cattle.
J. Dairy Sci. 96, 1237-1250.

Norberg. E. 2005. Electrical conductivity of
milk as a phenotypic and genetic indicator of
bovine mastitis: a review. Livest. Prod. Sci.
96, 129-139.

Odegard, C., Svendsen, M. & Heringstad, B.
2013. Genomic breeding values for claw
health in Norwegian Red. Interbull Bulletin
47,138-141.

Parker Gaddis, K.L., Cole, J.B., Clay, J.S. &
Maltecca, C. 2013a. Analysis of health trait
data from on-farm computer systems in the
United States. |: Pedigree and genomic
variance components estimation. J. Dairy
Sci. 96 (E-Suppl. 1), 443-444 (abstr. 446).

Parker Gaddis, K.L., Cole, J.B., Clay, J.S. &
Maltecca, C. 2013b. Analysis of health trait
data from on-farm computer systems in the
United States. Il: Comparison of genomic
analyses including two-stage and single-step
methods. J. Dairy Sci. 96 (E-Suppl. 1), 444
(abstr. 447).

Parker Gaddis, K.L, Cole, J.B., Clay, J.S. &
Maltecca, C. 2012. Incidence validation and
relationship analysis of producer-recorded
health event data from on-farm computer
systems in the United States. J. Dairy Sci.
95:9, 5422-5435.

Pavon, S. 2013. Future challenges concerning
animal breeding and consumer
protection(regulations of interest for this
topics and expected developments). ICAR
2013 Health Data Conference. Aarhus,
Denmark.

Pryce, J., Wales, W.J., de Haas, Y., Veerkamp,
R.F. & Hayes, B.J. 2013. Genomic selection
for feed efficiency in dairy cattle. Animal (in

press).
Roberts, T., Chapinal, N., LeBlanc, S.J.,
Kelton, D.F., Dubuc, J. & Duffield, T.F.

2012. Metabolic parameters in transition



INTERBULL BULLETIN NO. 47. Nantes, France, August 23 - 25, 2013

cows as indicators for early-lactation culling
risk. J. Dairy Sci. 95, 3057-3063.

Ross, E.M., Moate, P.J., Marett, L.C., Cocks,
B.G., & Hayes, B.J. 2013. Metagenomic
Predictions: From Microbiome to Complex
Health and Environmental Phenotypes in
Humans and Cattle. PloS one, 8(9): e73056.

Rutten, C.J., Velthuis, A.G.J., Steeneveld, W. &
Hogeveen, H. 2013. Invited review: Sensors
to support health management on dairy
farms. J. Dairy Sci. 96, 1928-1952.

Schwarzenbacher, H. 2013. Survey within
Gene2Farm. Personal communication.

Sonstegard, T.S., Cole, J.B., VanRaden, P.M.,
Van Tassell, C.P., Null, D.J., Schroeder,
S.G., Bickhart, D.M., & McClure, M.C.
2013. Identification of a nonsense mutation
in CWC15 associated with decreased
reproductive efficiency in Jersey cattle.
PL0oS ONE. 8(1):e54872.

Sorensen, L.P., Madsen, P., Mark, T. & Lund,
M.S. 2009. Genetic parameters for
pathogen-specific mastitis resistance in
Danish Holstein Cattle. Animal 3:5, 647-
656.

Soyeurt, H., Dehareng, F., Gengler, N. &
Dardenne, P. 2012. Capitalizing on
mid-infrared to improve nutritional and
environmental quality of milk. World
Holstein Conference 2012, Toronto, Canada.

Stege, H., Bager, F., Jacobsen, E. & Thougaard,
A. 2003. VETSTAT - the Danish system for
surveillance of the veterinary use of drugs
for production animals. Prev. Vet. Med. 57,
105-115.

245

Steininger, F., Fuerst-Waltl, B., Pfeiffer, C.,
Fuerst, C., Schwarzenbacher, H. & Egger-
Danner, C. 2013. Future needs and
challenges in dairy cattle breeding — based
on a survey with Austrian farmers. 64"
Annual Meeting of the Federation of Animal
Science, Nantes, France, 2013.

Stock, K.F., Cole, J., Pryce, J., Gengler, N,
Bradley, A., Andrews, L. & Egger-Danner,
C. 2012. Survey on the recording and use of
functional traits in dairy management and
breeding. Proc. ICAR Annual Meeting on 30
May 2012 in Cork / Ireland.

Urioste, J.I., Franzen, J. & Strandberg, E. 2010.
Phenotypic and genetic characterization of
novel somatic cell count traits from weekly
and monthly observations. J. Dairy Sci. 93,
5930-5941.

Van der Drift, S.G.A., Jorritsma, R.,
Schonewille, J.T., Knijn, H.M. & Stegeman.
JA. 2012 Routine  detection  of

hyperketonemia in dairy cows using Fourier
transform infrared spectroscopy analysis of
R-hydroxybutyrate and acetone in milk in
combination with test-day information. J.
Dairy Sci. 95, 4886-4898.

Van der Linde, C., de Jong, G., Koenen, D.P.C.
& Eding, H. 2010. Claw health index for
Dutch dairy cattle based on claw trimming
and conformation data. J. Dairy Sci. 93,
4883-4891.

Weber, A., Stamer, E., Junge, W. & Thaller, G.
2013. Genetic parameters for lameness and
claw and leg diseases in dairy cows. J. Dairy
Sci. 96, 3310-3318.



