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ABSTRACT

Incidences of ketosis, metritis, mastitis, and retained
placenta were studied in Israeli Holstein cows calving
between 2008 and 2017. These diseases were selected
based on their economic impact. Ketosis, metritis, and
retained placenta were scored dichotomously. Mastitis
was scored as absent, a single occurrence during the
lactation, or more than 1 occurrence. Ketosis and me-
tritis were recorded during the first 21 d after calving,
retained placenta during the first 5 d after calving, and
mastitis up to 305 d in milk. The effects of herd-year-
season, calving age, month of calving, gestation length,
and occurrence of dystocia were included in the first-
parity analysis models. All effects were significant for
metritis and retained placenta. For ketosis, all effects
were significant, except for gestation length. For masti-
tis, only the effects of herd-year-season and calving age
were significant. Variance components were computed
by the multitrait animal model. The 4 diseases were
analyzed jointly based on first-parity records, and each
disease was analyzed separately for parities 1 to 3 with
the different parities considered separate traits. The 4
disease traits in first parity were also analyzed jointly
with the 6 major traits included in the Israeli breed-
ing index: milk, fat, and protein production; somatic
cell score; female fertility; and longevity. Heritability
was highest for metritis and lowest for mastitis, but all
heritabilities were <0.07, similar to previous studies.
For all 4 diseases, genetic correlations among the first
3 parities were >0.65, and all residual correlations were
<0.07. Selection of herd-years assumed to have more
accurate recording of mastitis did not result in higher
heritability estimates. Genetic correlations between the
disease traits and milk, fat, and protein production
were economically unfavorable, while correlations be-
tween the disease traits and somatic cell score, female
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fertility, and longevity were economically favorable.
Expected genetic changes in the disease traits after 10
yr of selection with the current Israeli breeding index
were all <1%, except for ketosis, which was predicted to
increase by 1.5%. Inclusion of these traits in a proposed
index with the disease traits constituting 7% of the in-
dex would result in only marginal improvements for the
disease traits and adversely affect genetic gain for fat
and protein production. Thus, inclusion of these traits
in the breeding index cannot be justified economically.
Key words: ketosis, metritis, mastitis, retained
placenta

INTRODUCTION

Shook (1989) listed the criteria that a potential trait
must meet to be included in the selection objective.
First, the trait should have an economic value. Second,
it must have sufficiently large genetic variation in rela-
tion to its economic value and heritability. Third, it
should be measurable at a low cost and consistently
recorded. The earlier a trait can be recorded, the more
useful it is in selection. In addition, genetic correlations
among economic traits must be considered. Breeding
for 2 traits that have a strong negative genetic correla-
tion will be inefficient (Weller, 1994). An indicator trait
may be favored if it has a high genetic correlation with
the economically important trait, is easier to record,
has a higher heritability than the economic trait, or can
be measured earlier in life (Miglior et al., 2017).

Diseases in dairy cattle are a major source of eco-
nomic loss due to reduced production, death, involun-
tary culling of animals, veterinary treatments, lost milk
due to antibiotic use, added labor, delayed conception,
low milk quality, and increased susceptibility to other
diseases. Average costs per case in primiparous cows
were estimated to be $325 for mastitis, $77 for ketosis,
$172 for metritis, and $150 for retained placenta (Liang
et al., 2017). Costs are higher in later parities. In addi-
tion, concerns over antibiotic use and ethical and ani-
mal welfare matters have become major considerations
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(Miglior et al., 2017). Kelton et al. (1998) reviewed over
300 papers published from 1970 to 1996. The median
incidences (per cow and year) of calving diseases were
8.6% for retained placenta, 10.1% for metritis, and 4.8%
for ketosis. More recently, Parker Gaddis et al. (2012)
found mean frequencies of 8.0% for retained placenta,
12.3% for metritis, 5.1% for ketosis, and 18.0% for mas-
titis in an analysis of 19 studies. However, both studies
reported large ranges in the incidences, based partly
on the lack of consensus with respect to diagnosis and
which parities were analyzed.

The distributions of most disease traits are discrete
and generally binomial; that is, either the disease has
or has not been recorded during a lactation. Therefore,
several studies have proposed that genetic analysis of
these traits should be based on either logistic or thresh-
old models that correctly account for the discrete na-
ture of the records (e.g., Heringstad et al., 2005; Parker
Gaddis et al., 2014). The main disadvantage of these
methods is that they generally can only be applied to
sire models. Thus, not all relationships among animals
are used to compute genetic evaluations, and genetic
evaluations are not computed for females. Utilization
of female records becomes even more important with
genomic evaluation because a large fraction of females
are now routinely genotyped (https://queries.uscdch
.com/Genotype/cur_density.html). Consequently, the
USDA has decided to use a single-trait linear animal
model for routine evaluation of disease traits (Parker
Gaddis et al., 2017).

Heritabilities of direct measures of disease traits are
mostly <0.1 (Pryce et al., 2016). Therefore, indicator
traits with continuous distributions and higher herita-
bilities have been proposed. Mastitis is clearly the most
economically significant disease affecting the dairy
industry. Coffey et al. (1986) approximated genetic
correlations between SCS and measures of infection to
be between 0.36 and 0.67. Weller et al. (1992) found
that the genetic correlation between bacterial infection
and SCS in Israeli Holsteins was near unity, but the
genetic correlation between SCS and mastitis was only
0.3. Somatic cell score was included in US selection in-
dices beginning in 1994 (Shook, 2006) and in the Israeli
breeding index since 1996. Indicators for selection and
the genetic evaluation of metabolic diseases, including
ketosis and displaced abomasum, were considered by
Pryce et al. (2016).

For milk production traits and the important non-
production traits, including SCS and fertility, genetic
correlations among parities are strong, although less
than unity (Weller and Ezra, 2004). Thus, genetic eval-
uations based on first parity provide good indications
of lifetime performance. With the exception of mastitis,
very few estimates of genetic correlations among pari-
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ties exist for disease traits. Parker Gaddis et al. (2017)
computed heritabilities for US Holsteins including pari-
ties 1 to 5 with a single-trait animal model for 6 disease
traits including the cows’ permanent environmental
effect, which was <0.1 for all diseases. This model as-
sumed equal heritabilities among parities and a genetic
correlation of unity among parities.

The first objective of this study was to estimate heri-
tabilities and genetic correlations among the 4 disease
traits with the greatest economic impact in Israeli Hol-
steins: mastitis, ketosis, metritis, and retained placenta.
A secondary objective was to compute the genetic and
residual correlations among these traits and the major
traits included in most current national breeding indi-
ces. Using these results, we predicted genetic trends for
the disease traits based on the current Israeli breeding
index (which includes 9 traits but is based chiefly on
fat and protein production, SCS, female fertility, and
longevity) and an alternative index including nonzero
coefficients for the 4 disease traits. Finally, because
mastitis is generally recorded by farmers, we investi-
gated whether heritability and genetic correlations
among parities and correlations between mastitis and
SCS are affected by selection of herds assumed to have
more accurate recording for this trait.

MATERIALS AND METHODS
Definitions of the Diseases

Traits were scored on milk-recorded Israeli-Holstein
cows calving between 2008 and 2017. Almost all milk
cows in Israel are Holsteins, and >90% are milk-record-
ed. Valid first-parity records for ketosis were available
for 278,228 cows, and records for similar numbers were
available for the other traits. The number of first-parity
cows with valid records for ketosis by calving year is
given in Table 1. Ketosis, metritis, and retained placen-
ta were scored dichotomously. Mastitis was scored as
absent (0), a single occurrence during the lactation (1),
or more than one occurrence (2). All cows underwent a
clinical examination (including uterus) between 5 and
12 d postpartum. Ketosis and metritis were recorded
during the first 21 d after calving, retained placenta
during the first 5 d after calving, and mastitis up to
305 DIM. Ketosis was determined by Ketostix semi-
quantitative urine strips (Ketostix, Bayer, Leverkusen,
Germany) using the 1.5 mmol/L threshold. Metritis
was defined as abnormal vaginal discharge <21 d after
calving, as diagnosed by the attending veterinarian.
Metritis was scored as positive, even if no systemic
symptoms were observed. This definition is more in-
clusive than the definition used in most previous stud-
ies (Kelton et al., 1998; Pryce et. al, 2016). Retained
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placenta and mastitis were generally determined and
recorded by the herd manager.

As noted previously, mastitis was usually farmer re-
corded, and records may not be reliable in many herds.
To select herds with reliable recording, cows with valid
records in parities 1 to 3 were first divided into herd-
year groups. Of 5,931 herd-year cohorts, 4,076 had
>50 records. Of these, only 1,443 herd-years had a fre-
quency of mastitis >4%. We assumed that recording for
mastitis was more reliable in these herds, as opposed to
herd-years with no or very few recorded occurrences of
mastitis. We computed separate analyses for all records
and for cows from the selected herd-years.

Statistical Analysis

First-parity incidence of each disease was analyzed
by the General Linear Model procedure of SAS (SAS
Institute Inc., 2011), using a fixed linear model. The
models included the effects of herd-year-season of calv-
ing (HYS), calving age, month of calving, gestation
length, and occurrence of dystocia. Two seasons were
defined for each herd-year based on freshening date,
from April through September and from October
through March. Because both HY'S and month of calv-
ing were fixed effects, some confounding was present
between these 2 effects, and month of calving effects
was only estimable within each 6-mo season. Herd-year-
season was considered fixed in all the analyses because
it was considered a “nuisance effect.”

Variance components, heritabilities, and additive
genetic and residual correlations were computed for
all 4 disease traits by the multitrait individual animal
model using the AIREMLF90 REML program (Misz-
tal et al., 2014), which also computes standard errors
for variance components and functions of components,
including correlations and heritabilities. In addition to
the additive genetic effect, each model included a fixed
HYS effect as defined previously.

All cows with valid first-parity records for all 4 dis-
eases were analyzed, with the diseases considered corre-
lated traits. In addition, each disease trait was analyzed
separately for parities 1 to 3, with the 3 parities consid-
ered correlated traits. In this case a separate HYS ef-
fect was defined for each parity. All animals with valid
first-parity records were included for each trait, even if
later parity records were missing. Third-parity records
were included if valid first- and second-parity records
were available. Mastitis was analyzed for all data and
including only the selected herd-years, as described
previously. REML variance components were also
computed for mastitis and SCS jointly, including all
first-parity lactations with valid records for both traits.
As was the case for the other disease traits, second and
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third parities were also included if valid records were
available for the previous parities. The same procedure
was applied for analysis of the selected herd-years.

Finally, the first-parity records for the 4 diseases and
the main traits included in the Israeli breeding index—
milk, fat, and protein production; SCS; female fertility;
and longevity—were analyzed jointly. Milk, fat, protein,
SCS, and female fertility were scored as described pre-
viously (Weller and Ezra, 2004). All these traits were
analyzed by the multitrait animal model, with each
parity considered a separate trait. The analysis models
included the effects of herd-year-season and parity. For
these traits, one record is generated for parity, except
for longevity, for which only a single record is calcu-
lated per cow. For culled cows, longevity was computed
as the number of days from first calving to culling. For
cows that had not yet been culled, expected longev-
ity was computed as described by Settar and Weller
(1999). For the disease traits, the model included a
fixed HYS effect as described previously and all known
relationships among animals with valid records. Three
traits included in the current index were not included
in the analysis: persistency, calving ease, and rate of
stillbirth. Persistency was not included because it is
only computed on complete lactations, and deletion of
lactations that were terminated early would bias the
results. The other 2 traits were not included because
of low heritability and computing limitations. This
analysis was computed by the MTC program (Misztal,
1994) because the number of records-by-trait exceeded
the computing limitations of the available hardware.
This program does not compute standard errors of the
estimates.

In addition to all cows with records, all known par-
ents and grandparents of cows with records and their
sires were included in the analyses. Two unknown par-
ent groups were included in the model for animals with
unlisted parents, one for males and one for females.

Table 1. Number of cows included in the analysis for ketosis by
freshening year'

Freshening year Number of cows

2008 23,687
2009 22,841
2010 25,351
2011 27,090
2012 27,215
2013 30,107
2014 32,131
2015 30,753
2016 33,856
2017 25,197
Total 278,228

1 . . .
Number of cows was very similar for the other disease traits.
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The number of cows with records and parents for each
analysis is given in Table 2.

The genetic and residual variance components from
the analysis that included the 6 traits from the Israeli
breeding index and the 4 disease traits were used to
compute the vector of expected genetic changes over
10 yr (@), using the following equation (Weller, 1994):

& = ibG/(b'Pb)"”,

where i is the selection intensity, b is the vector of
breeding index coefficients, G is the genetic variance
matrix, and P is the phenotypic variance matrix, com-
puted as the sum of the genetic and residual variance
matrices. The index coefficients for the Israeli breeding
index are given in Table 3. The selection intensity was
set to 3, which roughly corresponds to the cumulative
selection intensity over the 4 paths of selection obtained
after 10 yr in an advanced breeding program (Weller,
1994). The contribution of each j trait to the total se-
lection index (¢;) was computed as

abs(b;g;)
GG ==

7
Z]_:Iabs(b].gj)

where b, = the index coefficient for trait j, g, = the
genetic standard deviation for trait j, and “abs” denotes
absolute value. The ¢; values are also given in Table 3.
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In addition to the current selection index, which
does not include the disease traits, expected genetic
responses were computed for an alternative index, with
negative index coefficients set so that ketosis, metritis,
and retained placenta each accounted for 1% of the
index and mastitis for 4.4% of the index. The contri-
bution of mastitis to the index was set to equal 40%
of the selection currently applied to SCS, following
Govignon-Gion et al. (2012). The intensity applied to
SCS was reduced accordingly so that the total fraction
applied to both traits was equal to the contribution of
SCS in the current index. The index coefficients for the
proposed index and the corresponding c; values are also
given in Table 3.

RESULTS AND DISCUSSION

Frequencies of incidence for ketosis and retained pla-
centa and mean mastitis score by freshening year of
first-parity cows are shown in Figure 1, and frequencies
of incidence for metritis are shown in Figure 2. Inci-
dence was highest for metritis and lowest for retained
placenta. No clear phenotypic trends were evident for
any of the diseases. Frequencies for ketosis and retained
placenta were similar to most previous studies for
Holsteins (Kelton et al., 1998; Parker Gaddis et al.,
2012). Frequency for metritis was higher because the
definition used was more inclusive than most previous
studies, as described in the methods section. Frequency
for mastitis was lower than most previous studies (e.g.,

Table 2. The number of animals included in the REML analyses

Trait

Parity

Ancestors
without records

Cows with
records

All diseases
All diseases + index traits
Ketosis

Metritis

Retained placenta

Mastitis, all herds

Mastitis-SCS, all herds

Mastitis, selected herds'

Mastitis-SCS, selected herds'

W WK WK WK WK WD - W - =

229,571
185,113
262,659
194,431
132,024
261,846
200,221
142,106
259,123
196,251
139,123
261,698
200,121
142,119
198,704
157,285
111,539
140,446
111,367

80,279
134,097
105,932

74,198

152,591
125,849
129,851

128,149

128,470

128,049

126,697

84,438

84,438

'First-parity herd-years with >50 cows and >4% mastitis.
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Table 3. Expected genetic trends after 10 yr of selection with the current Israeli selection index and a proposed index including the disease traits

Current index

Proposed index'

Expected Fraction Index Expected Fraction Index
Trait change of the index” coefficient change of the index” coefficient
Milk (kg) 1,030 0 0 895 0 0
Fat (kg) 41 0.23 8.48 37 0.22 8.48
Protein (kg) 32 0.40 21.2 28 0.39 21.2
scs? —0.13 0.11 —300 —0.09 0.07 —180
Female fertility (%) 0.87 0.16 26.0 1.03 0.16 26.0
Longevity (d) 145 0.09 0.6 137 0.09 0.6
Ketosis® (%) 1.49 0 0 1.08 0.01 —249
Metritis® (%) —0.32 0 0 —0.70 0.01 —134
Mastitis® (%) 0.21 0 0 0.06 0.04 —3,015
Retained placenta® (%) 0.38 0 0 0.28 0.01 —559

"Ketosis, metritis, and retained placenta each comprise 1% of the index, the contribution of SCS to the index is reduced to 60% of its current

value, and mastitis has a value that is 40% of SCS in the current index.

*Computed as index coefficient multiplied by the genetic standard deviation.

*Negative values are economically favorable.

Heringstad et al., 2005; Olde Riekerink et al., 2008;
Pérez-Cabal et al., 2009), but within the range of stud-
ies summarized by Parker Gaddis et al. (2012). Most
studies were based on relatively small samples of cows
from selected herds and did not differentiate among
parities. Heringstad et al. (2005) found a frequency of
15.8% in a sample of 372,227 first-parity Norwegian
Red cows compared with 4% for Israeli Holsteins in the

current study, but their analysis was also performed on
a selected sample of the population.

In the fixed model analyses of the first-parity records,
all fixed effects were significant (P < 0.001) for metritis
and retained placenta. For ketosis, all effects were sig-
nificant, except for gestation length. For mastitis, only
the effects of herd-year-season and calving age were sig-
nificant. First-parity dystocia increased the incidence of

12.0
10.0 |
;\? 8.0 |
Q
(&}
c 6.0 |
% 0
i~ S~ 0 —
O — —o— —o — — —
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Figure 1. Frequencies of incidence for ketosis, mastitis, and retained placenta by freshening year of first-parity cows. Solid blue line, ketosis;

red broken line, mastitis; green dotted line, retained placenta.

Journal of Dairy Science Vol. 102 No. 11, 2019



GENETIC ANALYSIS OF DISEASE TRAITS

10035

Table 4. Heritabilites (on the diagonal) and genetic (above the diagonal) and residual (below the diagonal) correlations among the disease traits

(229,571 first-parity cows)

Trait Ketosis Metritis Mastitis Retained placenta
Ketosis 0.049 £ 0.004 0.608 £ 0.041 0.150 £+ 0.115 0.263 + 0.076
Metritis 0.139 + 0.003 0.068 £+ 0.005 0.163 £+ 0.110 0.549 + 0.060
Mastitis —0.003 £ 0.002 0.003 £ 0.003 0.004 £ 0.001 0.011 + 0.132
Retained placenta 0.057 + 0.003 0.128 £+ 0.003 0.006 £+ 0.002 0.014 + 0.002

!Standard errors are given after the estimates.

ketosis and retained placenta by 3.5% and metritis by
1.9%, but it did not significantly affect mastitis rate.

Heritabilites and genetic and residual correlations
among the 4 disease traits in primiparous cows are
given in Table 4. Heritability was highest for metri-
tis and lowest for mastitis, but all heritabilities were
<0.07, similar to previous studies (Pryce et al., 2016).
All the genetic correlations were stronger than the cor-
responding residual correlations. Genetic correlations
between metritis on one hand and ketosis and retained
placenta on the other were >0.5. Parker Gaddis et al.
(2014) found a similar genetic correlation between me-
tritis and retained placenta but did not find a signifi-
cant genetic correlation between ketosis and metritis.
Genetic correlations between mastitis and the other 3
diseases were not significantly different from zero, while
Parker Gaddis et al. (2014) found a significant genetic
correlation between mastitis and retained placenta of
0.33. As noted previously, Parker Gaddis et al. (2014)
assumed equal heritabilities and genetic correlations of
unity among parities for each trait.

Heritabilites and genetic and residual correlations for
parities 1 to 3 for ketosis, metritis, and retained pla-
centa are given in Table 5. The first-parity heritabilities
were similar to those in Table 4, and the heritabilities
for the later parities were similar to the first-parity
heritabilities for ketosis and metritis. All genetic cor-
relations were >0.7, and all residual correlations were
<0.07. As expected, genetic correlations were strongest

between second and third parities, which were all >0.9,
and lowest between first and third parities.

Heritabilites and genetic and residual correlations for
parities 1 to 3 for mastitis for all herd-years and se-
lected herd-years are given in Table 6. Neither the heri-
tabilities nor the genetic correlations were significantly
different between the 2 analyses. Thus, the very low
heritability does not seem to be due to inaccurate re-
cording by the farmers. In both the whole and selected
data sets, genetic correlations were all >0.9. It is hard
to explain how genetic correlations of this magnitude
could be obtained if recording was unreliable. In both
data sets, heritabilities increased with increasing parity
but were still <0.07 in third parity. For all 4 traits,
first-parity heritabilities from the analyses includ-
ing all 3 parities were not significantly different from
the first-parity heritabilities in Table 4 that included
all cows with valid first-parity records. The fact that
heritabilities did increase significantly with increase in
parity for retained placenta and mastitis may indicate
that analyses of these traits by a single-trait animal
model may not be appropriate.

Genetic and residual correlations between mastitis
and SCS for all herd-years and selected herd-years are
given in Table 7. The genetic correlations for the full
and selected data sets were very similar for each parity
and not significantly different. Both genetic and residu-
al correlations increased with increase of parity, but all
residual correlations were <0.25. Genetic correlations

Table 5. Heritabilites (on the diagonal) and genetic (above the diagonals) and residual (below the diagonals)
correlations for parities 1 to 3 for ketosis, metritis, and retained placenta'

Trait Parity 1 2 3
Ketosis 1 0.051 £ 0.003 0.783 £ 0.030 0.713 + 0.037
2 0.036 £+ 0.003 0.047 £+ 0.003 0.912 + 0.025
3 0.020 £ 0.004 0.052 £ 0.004 0.057 £ 0.004
Metritis 1 0.078 £ 0.004 0.878 £+ 0.018 0.804 £ 0.027
2 0.046 £+ 0.003 0.066 £+ 0.004 0.963 £+ 0.011
3 0.031 £ 0.004 0.061 £ 0.004 0.066 £ 0.004
Retained placenta 1 0.015 £ 0.001 0.718 £ 0.040 0.850 £ 0.035
2 0.013 £ 0.003 0.015 £+ 0.001 0.984 £+ 0.030
3 0.008 =+ 0.003 0.014 =+ 0.003 0.031 £ 0.001

!Standard errors are given after the estimates. The numbers of animals included in each parity for each analysis

are given in Table 2.
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Figure 2. Frequency of incidence of metritis by freshening year of first-parity cows.

in third parity were >0.8. Heritability for first-parity
SCS in the current study was 0.257 £ 0.006, similar
to the results of Weller and Ezra (2004). Considering
the first-parity genetic correlation between mastitis and
SCS of 0.5, which increased in later parities, and the
first-parity heritability of ~0.25 for SCS, as opposed
to ~1% for mastitis, SCS is clearly more useful as a
selection objective.

Genetic correlations between the disease traits and
the traits included in the Israeli selection index are
given in Table 8. Genetic correlations between the
disease traits and the milk production traits were all

positive (economically unfavorable), while the genetic
correlations between the disease traits and fertility
and longevity were negative (economically favorable).
Correlations between the disease traits and SCS were
positive (economically favorable). The strongest cor-
relations were obtained for mastitis. Correlations for
mastitis with all the index traits were >0.3, except for
fat yield. The correlation of 0.51 between SCS and mas-
titis is not significantly different from the value of 0.57
in Table 7 for first parity in the analysis of all herds.
The expected genetic changes after 10 yr of selec-
tion with the current Israeli breeding index and the

Table 6. Heritabilites (on the diagonal) and genetic (above the diagonals) and residual (below the diagonals)
correlations for parities 1 to 3 for mastitis for all herd-years and selected herd-years'

Parity

Herd-years Parity 1 2 3

All 1 0.013 £+ 0.002 0.924 £+ 0.026 0.925 + 0.026
2 0.042 + 0.003 0.041 £+ 0.003 0.995 + 0.007
3 0.042 £+ 0.003 0.101 £ 0.004 0.055 + 0.004

Selected? 1 0.016 + 0.002 0.909 + 0.034 0.901 + 0.035
2 0.061 + 0.004 0.045 + 0.004 0.997 + 0.009
3 0.042 £+ 0.004 0.100 £ 0.005 0.062 + 0.006

!Standard errors are given after the estimates. The numbers of animals included in each parity for each analysis

are given in Table 2.

QHcrd—ycars with >50 records and >4% incidence of mastitis.
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Table 7. Genetic and residual correlations between mastitis and SCS for all herd-years and selected herd-

years'

All herds Selected herds
Parity Genetic Residual Genetic Residual
1 0.572 + 0.052 0.115 + 0.003 0.536 + 0.051 0.157 + 0.004
2 0.749 + 0.031 0.155 + 0.004 0.759 + 0.027 0.207 + 0.004
3 0.818 + 0.026 0.164 + 0.005 0.830 + 0.023 0.212 4+ 0.005

"Herd-years with >50 records and >4% incidence of mastitis. Standard errors are given after the estimates. The
numbers of animals included in each parity for each analysis are given in Table 2.

proposed index are given in Table 3. Changes with the
current index were <1% for metritis, mastitis, and re-
tained placenta and 1.5% for ketosis. However, of the
4 diseases, ketosis has the lowest economic value. With
inclusion of the 4 disease traits in the proposed index,
metritis and ketosis would be reduced by 0.4% relative
to the current index. Changes in mastitis and retained
placenta were <0.2%. The proposed index would also
decrease genetic gain for milk, fat, and protein produc-
tion by ~10% relative to the current index. Changes in
the milk production traits were greater because these
traits have much higher heritabilities. Changes in the
other traits were not economically significant. It should
be noted that these values are only approximate be-
cause the analysis is based only on first-parity records;
in addition, persistency and calving traits, which are
included in the breeding index, were not included in
the analysis.

Although these disease traits clearly have economic
value, the economic gain obtained by inclusion of these
traits in the selection index is moot for the following
reasons:

(1) heritabilities of all the disease traits are low;

(2) selection on SCS is more efficient than direct
selection on mastitis;

(3) expected genetic changes for the disease traits

over a horizon of 10 yr using the current index

are low;

inclusion of these traits in the proposed index

would result in only marginally improvements

for the disease traits but adversely affect genetic

gain for the production traits; and

(4)

(5) inclusion of these traits in the index would
require computing genetic evaluations for the
entire population for these traits 3 times annu-
ally, at a cost of at least 0.1 person-years of a
master’s-level technician, which is difficult to
justify economically.

CONCLUSIONS

For ketosis, metritis, and retained placenta, first-
parity dystocia increased the incidence of the disease.
Heritability was highest for metritis and lowest for
mastitis, but all heritabilities were <0.07, similar to
previous studies. For all 4 diseases, genetic correlations
among the first 3 parities were >0.65 and all residual
correlations were <0.07. Selection of herd-years as-
sumed to have more accurate recording of mastitis did
not result in higher heritability estimates or genetic
correlations with SCS. Genetic correlations between the
disease traits and the 3 milk production traits were eco-
nomically unfavorable, while correlations between the
disease traits and the nonproduction traits included in
the Israeli breeding index were economically favorable.
Expected genetic changes in the disease traits after 10
yr of selection with the current index were all <1%,
except for ketosis, which was predicted to increase by
1.5%. With inclusion of the 4 disease traits in the pro-
posed index, metritis and ketosis would be reduced by
0.4% relative to the current index. Changes in mastitis
and retained placenta were <0.2%. The proposed index
would also decrease genetic gain for milk, fat, and pro-
tein production by ~10% relative to the current index.
Inclusion of these traits in the breeding index is hard

Table 8. Genetic correlations between the disease traits and the traits included in the Israeli selection index

(185,113 cows)

Trait! Milk Fat Protein SCS Fertility Longevity
Ketosis 0.312 0.328 0.219 0.117 —0.216 —0.126
Metritis 0.126 0.117 0.094 0.155 —0.248 —0.220
Mastitis 0.400 0.141 0.397 0.510 —0.388 —0.374
Retained placenta 0.148 0.118 0.146 0.073 —0.086 —0.039

'Negative values are economically favorable for the disease traits and SCS.
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to justify, based on the expected adverse effect on the
production traits and the additional costs of computing
evaluations every 4 mo.
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