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Abstract
The aim of the study was to investigate the impact of the implementation of new health traits 
into the breeding objective and selection criteria for Czech Holstein cows on the genetic selection 
response in the breeding objective traits. Incidence of overall claw diseases was included into the 
current breeding objective for cows (11 traits together). Three traits that indicated claw health 
(incidence of claw diseases overall and infectious and non-infectious claw diseases) and incidence 
of clinical mastitis were successively added to the current selection criteria in a cow selection index 
(a maximum of 19 traits). Selection responses in the breeding objective traits were estimated by 
applying the general principles of the selection index theory. The required genetic variances for 
the new traits, the economic weights for all breeding objective traits and the genetic correlations 
among the selection index traits were estimated within this study. The marginal economic weights, 
which were calculated for two-year-old cows by applying a bioeconomic model with implemented 
gene flow, were -193 and -168 € per case for clinical mastitis and overall claw disease incidence, re-
spectively. Using the comprehensive selection index with 19 traits, the reduction in the incidence of 
both udder and claw diseases was calculated to be 0.004 cases per cow per year. At the same time,  
a more favourable genetic selection response was obtained for other functional traits, e.g., +0.020% 
for cow conception rate and +0.010 years for productive life of cow (which represented the profit 
of 67 € and 367 € per herd and per year, respectively) when compared to the current index. Based 
on this study, a direct selection of cows for claw and udder health is nowadays recommended to 
improve the health status of herds and economics in production systems.
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Traits related to udder, claw and foot health have become a new focus in dairy 
cattle breeding in recent decades mainly due to their impact on the quantity and 
quality of milk, on animal welfare and on the overall dairy-farm profitability (Kargo 
et al., 2014; Martin et al., 2018; Heringstad et al., 2018). Clinical mastitis is usu-

*The study was funded by the Ministry of Agriculture of the Czech Republic MZE-RO0718 V003 
and QJ1510144.
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ally defined as an inflammation of the udder resulting from invasion of pathogenic 
microorganisms. Claw health traits are usually grouped according to etiology and 
pathogenesis (Greenough et al., 1997) to represent the most frequent disorders. In-
fectious diseases predominantly affect the skin and are associated with environmen-
tal hygiene (digital and interdigital dermatitis, interdigital phlegmon, and heel horn 
erosion). Non-infectious diseases present as claw horn disorders and lesions (ulcers, 
sole hemorrhage, and white line disease) and are primarily caused by a combination 
of metabolic and mechanical factors (Greenough et al., 1997). In addition to preci-
sion management, regular hoof treatment and veterinary care in the herds, the genetic 
improvement of health traits is used as valuable tool to obtain progress in the health 
status of dairy cows. Including health traits in the breeding objectives is also em-
phasized to achieve genetic progress in other functional traits (Martin et al., 2018). 
Therefore, genetic parameters and economic weights have been estimated for health 
traits to enhance the existing selection indices in some countries (Stott et al., 2005; 
van der Linde et al., 2010; Heringstad et al., 2018). 

In the current breeding objective for Czech Holstein cattle, altogether 10 produc-
tion and functional traits are involved (with clinical mastitis as the only direct health 
trait). In the sire selection index, the 17 criteria are grouped into milk production, ud-
der health (represented by somatic cell score), reproduction, exterior, and longevity 
(Plemdat, 2018). In the cow index for Holstein, the same traits are included as in the 
sire index, except of productive lifetime (longevity) and conception rate. The future 
aim is to extend the scope for direct traits related to health (Czech Holstein Cattle 
Breeders’ Association; personal communication). Some sub-indices for health and 
fitness in this population have been previously constructed; however, direct indica-
tors for health have not been available in animal recording (Šafus et al., 2005), and 
only data from the literature have been used so far (Krupová et al., 2017). 

Routine health trait monitoring has been ongoing for a few years, and the first 
estimates of genetic parameters for health traits were determined for the local popu-
lation (Wolf et al., 2010; Zavadilová et al., 2015, 2017). The first Czech edition of 
the ‘Claw Health Atlas’ of ICAR (International Committee for Animal Recording) 
with a basic description and classification of the health diseases/disorders has been 
recently published (Šlosárková and Fleischer, 2017). Consequently, the direct incor-
poration of claw disease into the sire index for Holstein bulls has been investigated 
(Krupová et al., 2018). 

The present study aimed to estimate genetic parameters for the new health traits 
and economic weights for all traits included in the breeding objective for Czech Hol-
stein cows and to investigate the selection response for these traits when applying 
different sets of selection criteria in the cow selection index.

Material and methods

Health traits
The traits characterizing foot and claw health were overall foot and claw diseases 

(OCD) split up into infectious (CI) and non-infectious (CNI) diseases. The OCD in-
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cidence was defined as the number of foot and claw disease cases per cow and lacta-
tion at risk, including cases treated with and without antibiotics. CI diseases included 
dermatitis digitalis and interdigitalis, interdigital phlegmon and heel horn erosion; 
the CNI diseases included ulcers, white line disease, horn fissures, double sole and 
sole hemorrhage; and the OCD diseases comprised all the recorded disorders. The 
udder health trait was clinical mastitis incidence (CM), being defined as the num-
ber of veterinary-treated udder inflammations per cow and lactation. For economic 
evaluation, the OCD and CM incidence was further averaged over all lactations and 
expressed per year.

Genetic parameters of health traits
The characteristics (basic statistics, genetic parameters, breeding values) of traits 

already included in breeding objective and selection index were provided by the 
Czech and Moravian Breeders’ Association. Genetic parameters of new health traits 
were directly estimated based on authors’ dataset including genetic correlations be-
tween the selection index traits. The records of health traits were collected between 
1999 and 2017 on seven Holstein farms that were willing to participate in the study. 
Holstein cows with at least 75% Holstein genes and known pedigree were included 
into the analysed dataset. The farms varied in size from 150 to 900 cows per herd 
(average 365). They were from distinct regions (Central Bohemian Region, Vysočina 
Region, Hradec Králové Region); however, all used the same management, feed-
ing, and housing technology common in most dairy herds in the Czech Republic. 
Detection of CM by farmers was accomplished via visual examination of the udder 
or milk, and CM was treated with antibiotics prescribed by a veterinarian. Data for 
foot and claw disease/disorders were collected by hoof trimmers either during regu-
lar trimming or during emergency visit. In the Czech Republic, the whole herds are 
trimmed twice a year or the cow is trimmed during the dry period. In our dataset, 
almost half of records were made during emergency visits. Dataset used for genetic 
evaluation of health traits are presented in Table 1 a, b.

Table 1 a. Number of observations and lactation incidence rate (LIR) for health traits1

Disease No. 
of disorders

No. of lactations
with disease

LIR 
in % Heritability

Overall foot and claw disease 40 354 12 092 44.5 0.14±0.022

Infectious foot and claw disease 16 658 7 022 14.2 0.10±0.021

Non-infectious foot and claw disorders 17 039 6 663 23.0 0.13±0.019

Clinical mastitis 34 337 17 527 36.6 0.07±0.015
1Values are taken from authors’ datasets for the health traits (for more details see Material and methods sec-

tion). LIR represents percentage of the affected lactations from the total number of lactations. 

A linear animal model was employed to estimate genetic parameters and breed- 
ing values for health traits in DMU software (Madsen and Jensen, 2010) and it 
looked as: 
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Table 1 b. Number of lactations per parity1

Parity Lactations 
(n)

Average
age at calving 

(days)

Age at calving 
(days)

min–max

LIR in %

CM OCD CI CNI

1st 8 437 784.4  600–1000 29.61 44.81 31.60 13.76

2nd 6 405 1197.9 1000–1693 35.36 46.62 29.90 22.23

3rd 4 290 1606.4 1326–2183 41.45 55.06 32.14 32.45

4th 2 314 2016.9 1663–2583 48.14 65.73 34.36 44.94

5th and further 1 369 2551.3 2031–3801 62.30 70.34 35.57 52.59
1Values are taken from authors’ datasets for the health traits (for more details see Material and Methods sec-

tion). LIR represents percentage of the affected lactations from the total number of lactations. 
CM – clinical mastitis; OCD – overall foot and claw disease; CI – infectious foot and claw diseases; CNI – 

non-infectious foot and claw disorders.

yijklmno = Pi+ Hj + Yk + Sl + AGEm + pen + ao + eijklmno 

where:
 yijklmno is the analysed binary health trait (CM, OCD, CI, and CNI) expressed as 

absence 0 or presence 1 of disease during lactation,
Pi is the fixed effect of parity class i (5 levels: first, second, third, fourth, fifth plus 

later parities),
Hj is the fixed effect of herd j (7 levels),
Yk is the fixed effect of calving year k (20 levels),
Sl is the fixed effect of calving season l (4 levels: January – March; April – June; 

July – September; October – December),
AGEm is the fixed effect of age at calving m (13 levels),
pen is the random effect of permanent environment n (10 904 levels),
ao is the random additive genetic effect of animal o,
eijklmno is the random residual effect. 

The fixed effects in the model were included after preliminary analyses showed 
they had a statistically significant effect (P<0.01) on the health traits. The pedigree 
file included 26 356 records. 

Bivariate analyses were performed and (co)variance components and genetic 
correlations were estimated among all health traits. Fixed and random effects were 
the same as in the univariate model.

Genetic correlations between the health traits and the traits already included in 
the Holstein selection index were approximated by correlations between breeding 
values using Proc Corr (SAS, 2016). The genetic correlations were approximated 
because of the following reasons: first, the dataset for estimation of health traits in-
cluded only small part of Holstein cattle population; second, the long period of moni-
toring does not guarantee that the direct estimation of genetic correlation reflects the 
actual genetic status of the population.
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Economic weights for traits in the breeding objective for Czech Holstein 
cows

The breeding objective traits of the Czech Holstein cows are listed in Table 2. 
Calf losses during rearing and age at first calving were considered to be direct traits 
(expressed only once in animal life); all other traits were considered to be maternal 
traits (expressed repeatedly in each cow parity). Although cows reach their mature 
weight only once, this weight influences feeding costs and revenues from culled 
cows repeatedly in different parities. The productive lifetime of cows is calculated 
mainly based on cow death and culling rates, and these two parameters occur also 
in each parity.

Table 2. Means, genetic standard deviations (GSD)1 and marginal economic values (EV)2 of actual and 
new3 breeding objectives of Czech Holstein cattle

Trait (unit) Trait abbreviation Mean GSD EV

Milk yield/lactation (kg) MY 9546 741.59 0.101

Milk fat content (%) %F 3.80 0.27 149.1

Milk protein content (%) %P 3.34 0.145 309.3

Conception rate of cows (%) CR 91 2.54 5.64

Service period (days) SP 127 5.00 –0.018

Losses of calves in rearing (%) LC 5.4 2.0 –1.03

Age at first calving (days) AFC 765 10.0 –0.064

Mature weight of cows (kg) MW 635 25.0 –0.68

Productive lifetime of cows (years) PL 2.95 0.74 59.1

Clinical mastitis (cases/year of risk) CM 0.98 0.10 –87.9

Claw disease (cases/year of risk) CD 1.00 0.054 –76.3
1Values are taken from the database of the Czech and Moravian Breeders’ Association, the Holstein Cattle 

Breeders’ Association (personal communication) and from authors’ datasets for the health traits. Statistical pa-
rameters of new health traits were directly estimated based on authors’ dataset. 

2EVs of the traits are expressed in € per unit of the traits per cow per year and were calculated using produc-
tion and economic parameters that were valid in the Czech Republic in 2017 (1 € =100 cents = 26.33 CZK). 

3Claw disease incidence as the new trait is added among the breeding objectives in the current study. 

Economic weight (EWijk) of trait i belonging to the trait group j (maternal or direct 
traits) in the breeding objective for the selected animal group k (dams) was calcu-
lated as a product of the marginal economic value of trait i (EVi) and the number of 
discounted gene expressions for the trait group j and selected dam group k (NDEjk):

EWijk = EVi NDEjk

 The EVs and the NDEs for all traits were calculated using a bioeconomic model 
of dairy cattle production system with implemented gene-flow procedure for mod-
elled pure-breeding system, which is implemented in the program EWDC, a part of 
the program package ECOWEIGHT (Wolf et al., 2013). The methods for the cal-
culation of the EVs and the detailed definitions of all breeding objective traits have 
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been described by Wolfová et al. (2007). For the description of the methods for the 
calculation of NDEjk, see the report by Wolfová et al. (2005). 

The base production and economic parameters applied for the calculation of the 
trait EVs has been described by Krupová et al. (2018). They represent the production 
and economic circumstances in the Czech Republic in 2017. When calculating the 
EV of claw health the most important losses were the additional costs related to treat-
ment and medication (43%) and losses due to discarded milk due to antibiotic treat-
ment (57%). The number of gene expressions for trait i in all progeny groups coming 
from a selected cow in the age class 2 (i.e., the group k consisted of two-year-old 
cows) were summed during the investment period of 25 years and were discounted 
to the year of cow selection with an annual discount rate of 2%. 

Cow selection index and estimation of selection response 
The impact of adding the three foot and claw disease (CD) traits (OCD, CI, and 

CNI incidence) and one udder health trait (CM incidence) to the current selection 
criteria on the genetic selection response for CD and CM and on the total economic 
selection response and index reliability were investigated in the four variants of the 
selection index for Holstein cows:

1) Current index: actual index for Czech Holstein cows,
2) Health index: adding OCD (12%) and CM (7%) to the selection criteria,
3) Health index: adding CI (4%), CNI (8%), and CM (7%) to the selection cri-

teria,
4) Health index: adding OCD (7%), CI (2%), CNI (3%), and CM (7%) to the 

selection criteria.
In the health indices (index No. 2 to 4) the CD was added to the current breed-

ing objectives. Through constructing all four selection indices, two scenarios were 
investigated for the relative weighting of the traits in the indices (for the values of co-
efficients b). In the first scenario, the ratios among the traits in the current index (No. 
1) were considered for the new health indices (indices 2 to 4), making 19% space 
for the new added traits (the trait proportion is given about). In the second scenario, 
the weighting factors (coefficients b) for the traits in all indices were calculated us-
ing the general principles of the selection index theory, i.e., through optimizing the 
total selection response in the breeding objective. The optimized indices 1 to 4 were 
labelled as 1o to 4o. 

Through calculating the genetic selection responses in the breeding objective 
traits, four selection paths were considered (sires of sires, sires of dams, dams of 
sires, and dams of dams). The selection intensity was set to one, and the generation 
intervals for the four paths, the index accuracy and the estimated trait genetic stand-
ard deviations were further considered. Details for the calculation of selection re-
sponse are presented in Krupová et al. (2018). The economic responses in the breed-
ing objective traits were calculated by multiplying the genetic selection responses by 
the trait EW. 
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Results

The estimated heritability of new health traits is given in Table 1 a and varied 
from 0.07 (CM) to 0.14 (OCD). The genetic standard deviations of the breeding 
objective traits are listed in Table 2. The estimates for the genetic correlations among 
the selection criteria in the comprehensive cow selection index 4 together with the 
reliability of the estimated cow breeding values for these criteria are given in Table 3. 
The genetic correlations between health traits and milk component traits (percentage 
of fat and protein) were favourable but very low for foot and claw disease incidences 
(from –0.01 to –0.07, S.E. from 0.1566 to 0.0140) and somewhat higher for clini-
cal mastitis (from –0.04 to –0.1, S.E. from 0.0926 to 0.0836). As expected for the 
CD traits, the highest correlations were found between these traits and locomotion 
(LOC). Strong correlation coefficients were estimated between the infectious and 
non-infectious foot and claw diseases on the one hand and overall foot and claw dis-
eases on the other hand (0.69 and 0.56). Reliability of the estimated breeding values 
for the health traits were lower (0.64 to 0.68) than that of the other traits (0.70 to 
0.80) due to the number of records for health traits (Table 1 b). 

The marginal economic values for all breeding objective traits are listed in Ta- 
ble 2. These values are the same for both bulls and cows. Both were in the second age 
class i.e., the age for the bull and cow groups for which the NDEs were calculated 
was approximately 2 years. However, the number of discounted gene expressions 
(NDEs) differs between these groups. The NDEs for direct traits (losses of calves in 
rearing and age at first calving) were 1.56 for bulls and 1.84 for cows, whereas the 
NDEs for maternal traits (all other included traits) were 1.31 for bulls and 2.19 for 
cows. These differences in NDEs for direct and maternal traits caused differences 
in the EWs for the traits, as presented in Table 4 (the EWs of traits for bulls were 
taken from Krupová et al., 2018). The cow EW for CD incidence was –168 € per 
case; this means that the present value of profit obtained within the time period of 25 
years from the progeny of a cow, which would have breeding value for CD incidence 
by one case per year lower than other cows, will be 168 € higher than the profit 
from the progeny of the other cows. The cow EW for CM incidence was –193 € per  
case. 

Table 5 presents the expected annual genetic selection response for the cow 
breeding objective traits and the total annual economic response obtained using the 
current Holstein cow selection index and the different health indices. The selection 
response in the direct health traits was favourable in all variants of the health index. 
Reductions in the claw diseases (CD) and clinical mastitis (CM) were 0.003 to 0.005 
and 0.004 to 0.006 cases per cow and year, respectively, using the health indices. 
Considering the optimized comprehensive index (index No. 4o) and the average herd 
size of the Czech Holstein cattle (280 cows; Holstein Cattle Breeders’ Association, 
personal communication), the expected selection response in CD incidence would 
be –1.10 cases per herd per year, which is –5.19 cases of CD per herd per average 
generation interval of 4.7 years, leading to an increase in the present value of profit 
by 396 € per herd (–76.3 € × –5.19 cases, see Table 2) due to reduction in foot and 
claw diseases. 



Z. Krupová et al.654
Ta

bl
e 

3.
 R

el
ia

bi
lit

y 
of

 e
st

im
at

ed
 b

re
ed

in
g 

va
lu

es
 (o

n 
di

ag
on

al
) a

nd
 g

en
et

ic
 c

or
re

la
tio

ns
 (u

nd
er

 d
ia

go
na

l) 
of

 th
e 

da
m

 se
le

ct
io

n 
cr

ite
ria

 tr
ai

ts
1

Tr
ai

t1
%

F
kg

F
%

P
kg

P
SC

S
R

LR
V

FA
LO

C
LE

G
S

FU
A

FT
P

TL
U

D
R

U
H

C
LI

O
C

D
C

I
C

N
I

C
M

%
F

0.
80

kg
F

0.
43

1
0.

80
%

P
0.

67
1

0.
20

2
0.

80
kg

P
–0

.2
21

0.
77

0
0.

11
9

0.
80

SC
S

–0
.0

10
0.

01
0

–0
.0

68
0.

02
4

0.
80

R
LR

V
–0

.0
74

0.
01

9
–0

.0
99

0.
01

1
0.

00
3

0.
70

FA
–0

.1
01

0.
00

9
–0

.0
85

0.
04

5
0.

01
8

0.
27

7
0.

70
LO

C
–0

.0
50

0.
04

0
–0

.0
23

0.
05

0
0.

03
0

0.
39

2
0.

23
7

0.
70

LE
G

S
–0

.0
58

0.
01

3
–0

.0
82

0.
11

7
0.

04
1

0.
64

1
0.

67
3

0.
58

7
0.

70
FU

A
–0

.0
20

0.
11

6
–0

.0
21

0.
13

0
0.

20
9

0.
15

7
0.

17
2

0.
35

4
0.

33
7

0.
70

FT
P

0.
00

1
0.

06
0

0.
00

1
0.

06
0

0.
00

2
0.

04
0

0.
09

2
0.

16
1

0.
12

8
0.

29
1

0.
70

TL
–0

.0
60

0.
08

0
–0

.0
70

0.
06

0
0.

07
0

0.
02

1
0.

02
7

–0
.0

06
0.

02
5

–0
.0

04
–0

.1
89

0.
70

U
D

–0
.0

24
0.

13
9

–0
.0

94
0.

16
2

0.
19

7
0.

07
8

0.
14

6
0.

29
7

0.
30

0
0.

76
4

0.
22

0
–0

.0
27

0.
70

R
U

H
–0

.1
00

0.
15

5
–0

.1
20

0.
13

0
0.

14
0

0.
16

7
0.

07
4

0.
17

4
0.

27
6

0.
49

0
0.

07
6

0.
03

2
0.

53
3

0.
70

C
LI

–0
.0

95
0.

04
0

–0
.0

10
0.

06
0

0.
12

0
0.

12
5

0.
06

7
0.

16
6

0.
23

5
0.

28
5

0.
10

9
0.

14
7

0.
38

8
0.

41
2

0.
70

O
C

D
–0

.0
73

0.
06

0
–0

.0
51

0.
01

4
0.

03
7

0.
04

8
0.

02
4

0.
19

4
0.

24
7

0.
07

6
0.

03
8

0.
00

0
0.

08
8

0.
07

3
0.

05
8

0.
64

C
I

–0
.0

58
0.

04
3

–0
.1

01
0.

04
8

0.
01

6
0.

09
6

0.
01

1
0.

19
5

0.
24

2
0.

01
0

0.
07

5
0.

03
1

0.
00

0
0.

01
7

0.
00

9
0.

69
3

0.
68

C
N

I
–0

.0
29

0.
00

0
–0

.0
07

0.
03

1
0.

01
1

0.
00

0
0.

00
0

0.
12

3
0.

18
7

0.
04

9
0.

08
7

0.
02

9
0.

06
0.

06
9

0.
08

0
0.

56
1

0.
10

5
0.

65
C

M
–0

.1
07

0.
02

1
–0

.0
42

0.
11

4
0.

41
1

0.
09

0.
05

1
0.

04
5

0.
06

3
0.

14
8

0.
01

7
0.

00
6

0.
19

2
0.

02
9

0.
10

1
0.

08
0.

01
2

0.
04

2
0.

66

1 O
w

n 
ca

lc
ul

at
io

n 
fr

om
 th

e 
da

ta
 p

ro
vi

de
d 

by
 th

e 
C

ze
ch

 a
nd

 M
or

av
ia

n 
B

re
ed

er
s’ 

A
ss

oc
ia

tio
n 

an
d 

au
th

or
s’ 

da
ta

se
t o

f t
he

 h
ea

lth
 tr

ai
ts

. S
el

ec
tio

n 
cr

ite
ria

: p
er

ce
nt

ag
e 

an
d 

kg
 o

f f
at

 
(%

F 
an

d 
kg

F)
 a

nd
 o

f p
ro

te
in

 (%
P 

an
d 

kg
P)

, s
om

at
ic

 c
el

l s
co

re
 (S

C
S)

, r
ea

r l
eg

 re
ar

 v
ie

w
 (R

LR
V

), 
fo

ot
 a

ng
le

 (F
A

), 
lo

co
m

ot
io

n 
(L

O
C

), 
le

gs
 (L

EG
S)

, f
or

e 
ud

de
r a

tta
ch

m
en

t (
FU

A
), 

fr
on

t t
ea

t p
la

ce
m

en
t (

FT
P)

, t
ea

t l
en

gt
h 

(T
L)

, u
dd

er
 d

ep
th

 (U
D

), 
re

ar
 u

dd
er

 h
ei

gh
t (

R
U

H
), 

ce
nt

ra
l l

ig
am

en
t (

C
LI

), 
ov

er
al

l c
la

w
 d

is
ea

se
 (O

C
D

), 
cl

aw
 in

fe
ct

io
us

 (C
I)

 an
d 

no
n-

in
fe

ct
io

us
 

(C
N

I)
 d

is
ea

se
s a

nd
 c

lin
ic

al
 m

as
tit

is
 in

ci
de

nc
e 

(C
M

). 
St

at
is

tic
al

 si
gn

ifi
ca

nc
e 

of
 c

or
re

la
tio

ns
 ra

ng
ed

 fr
om

 (P
<0

.0
1)

 to
 (P

<0
.5

).
 



Health traits in selection of Czech Holstein cows 655

Table 4. Economic weights1 of the traits in the breeding objective of Czech Holstein cows (EWC)  
compared with the economic weights of traits in the breeding objective for Czech Holstein bulls (EWB)

Trait (unit) Trait Type of the trait2 EWC EWB

Milk yield/lactation (kg) MY M 0.221 0.132

Milk fat content (%) %F M 328 196

Milk protein content (%) %P M 680 406

Conception rate of cows (%) CR M 12.4 7.40

Service period (days) SP M –0.040 –0.024

Losses of calves in rearing (%) LC D –1.90 –1.61

Age at first calving (days) AFC D –0.116 –0.098

Mature weight of cows (kg) MW M –1.498 –0.894

Productive lifetime of cows (years) PL M 130 77.5

Clinical mastitis (cases/year of risk) CM M –193 –115

Claw disease (cases/year of risk) CD M –168 –100

 1EWB of each trait is given in € and express the change in profit (in all successive generations of bull prog-
eny within an investment period of 25 years) that would be obtained from a single mating of a selected bull with 
the trait breeding value one unit higher than the average trait breeding value of the bull population. The change in 
profit in the successive generations was discounted to the year of bull selection with the annual discount rate of 
2%. The EWC of a trait has the same meaning, and it is related to a single mating of a selected cow.

2M: maternal trait, D: direct trait.

Table 5. Genetic response1 and overall economic response for the actual and new2 breeding objectives 
and the index reliability

Trait (unit)
Genetic response for the index variant3

1 1o 2 2o 3 3o 4 4o
Milk yield/lactation (kg) 65.27 54.16 84.52 75.19 79.58 74.39 71.94 73.34
Milk fat content (%) 0.012 0.025 0.010 0.010 0.015 0.011 0.011 0.010
Milk protein content (%) 0.011 0.018 0.010 0.011 0.014 0.010 0.010 0.010
Conception rate of cows (%) 0.004 0.012 0.025 0.029 0.030 0.027 0.024 0.026
Service period (days) –0.003 –0.019 –0.002 0.018 0.011 0.029 0.002 0.010
Losses of calves in rearing (%) –0.009 –0.019 –0.009 –0.009 –0.013 –0.009 –0.009 –0.009
Age at first calving (days) –0.063 0.068 –0.014 –0.002 –0.039 –0.008 –0.020 –0.012
Mature weight of cows (kg) 0.308 –0.433 0.428 0.456 0.657 0.487 0.446 0.452
Productive lifetime of cows (years) 0.027 0.034 0.039 0.040 0.048 0.038 0.037 0.038
Clinical mastitis (cases/year of risk) –0.001 –0.003 –0.004 –0.006 –0.005 –0.006 –0.004 –0.005
Claw disease (cases/year of risk) – – –0.004 –0.004 –0.005 –0.003 –0.004 –0.004
Economic response2 (€ per year) 29.11 37.96 34.68 33.18 39.83 33.26 31.62 32.30
Index reliability (%) 52.9 61.5 57.3 58.3 55.9 57.8 56.3 57.0

1Expressed in unit of the trait per year.
2Claw disease incidence as the new trait is added among the breeding objectives in the indices 2 to 4o.
3Index variants: Index 1 represents the current selection index of cows; in indices 2 to 4, the new traits (CM 

and three traits for CD incidence) were gradually added to the selection criteria. Indices designated with “o” 
considered the weighting of traits to reach the optimal selection response and index reliability, and for indices 
without “o”, the trait weighting was taken from the current selection index of the Czech Holstein cattle (see 
Material and Methods for details).
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The reduction in CM was higher when the health index was optimized (i.e., in 
the indices 2o to 4o); for CD incidence, such an impact of the index optimization 
on selection response was not obtained. The reduction in CM, applying the current 
index without CD traits, was only 0.001 cases per cow and year. When constructing 
an optimized current index, a reduction in CM of 0.003 cases per cow and year was 
determined. 

In all variants of the index, favourable annual genetic response was also found 
for the current breeding objective traits, except for cow mature weight. The annual 
selection responses for milk yield were between 54 kg (in optimized current index) 
to 85 kg (in non-optimized health index No. 2) and were always higher in non-opti-
mized than in optimized indices. On the other hand, the annual selection responses in 
cow conception rate, service period and cow productive lifetime were mostly higher 
in the optimized variants of all indices than in non-optimized index variants. Favour-
able selection response for mature weight (–0.433 kg per year) was determined only 
in the optimized current index No. 1o.

1Traits included in the groups of the selection criteria: milk traits (%F, kgF, %P, kgP), SCS (somatic cells 
score), exterior (feet and legs – RLRV, FA, LOC, LEGS; udder – FUA, FTP, TL, UD, RUH, CLI), CD 
(OCD, CI, CNI) and CM (clinical mastitis incidence). Definition of the selection criteria is given in Ta- 
ble 3 and detailed description of the indices in Material and Methods. 
2Claw disease incidence as the new trait is added among the breeding objectives in the indices 2 to 4o. 

Figure 1. Contribution of the groups of the selection criteria1 (in %) to the overall selection response in 
the actual and new2 breeding objective using the indices 1 to 4o

The total annual economic selection response applying non-optimized index was 
the lowest (29 €) when using the current index and the highest (40 €) in the health 
index with CD and CM incidences in the breeding objective and CM, CI, and CNI 
incidences in the index (index 3). For the optimized index variants, the highest total 
economic selection response (38 €) was obtained in the current index (including only 
the udder health traits, the CM incidence in the breeding objective and the SCS in 
the index) and the lowest (32 €) in the health index No. 4o (with CD and CM in the 
breeding objective and with all the direct health traits, CM, OCD, CI, and CNI in the 
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index). The index reliability for the optimized variant of the current index (61.5%) 
was higher than that for the optimized health indices (57 to 58%) due to lower reli-
ability of the estimated breeding values for the new health index traits (0.64 to 0.68, 
see Table 3) than for the current index traits (0.70 to 0.80).

The contributions of the selection index trait groups to the total economic selec-
tion response in the breeding objective for Holstein cows for the investigated index 
variants are presented in Figure 1. The most important information sources were 
milk production traits (contributing to the total selection response from 77% in index 
1 to 57% in index 2), followed by the indirect health trait somatic cell score in index 
1o (32%) or the direct health traits in indices 2 to 4 (15 to 26%).

Discussion

Cow direct health traits
The udder, foot and claw diseases of cows have been of high interest in recent 

animal research because of the increased occurrence of these diseases in dairy cow 
herds and their high impact on the economic efficiency of dairy farms. Many studies 
have reported that 40% to 70% of cows exhibit foot and claw diseases/disorders in 
dairy herds (e.g., Buch et al., 2011; Chapinal et al., 2013; van der Spek et al., 2013). 
Heringstad et al. (2003) reported that values for CM lactation incidence in Norwe-
gian dairy cattle were 15%, 19%, and 24% for the first, second and third lactation, 
respectively. Kadarmideen and Pryce (2001) observed that 17% was the average 
value for lactation CM incidence in Holstein herds in the UK; however, they reported 
large differences among individual farms, ranging from 0.5% to 57%. 

In our datasets for udder health, the average lactation incidence of CM over all 
involved farms was 38.8%, ranging from 34.3% to 51.4% in individual farms and 
from 29.6% in the first lactation to 62.3% in lactations higher than 5. At least once 
in their lifetime, 61% of all controlled cows exhibited a foot and claw disorder, and 
43% of all observed lactations were affected. In Czech Holstein herds, the frequency 
of claw diseases often exceeds 50%; based on the assumption of the Holstein Cattle 
Breeders’ Association, their incidence in the whole population is almost 1 case per 
lactation. Therefore, this mean value was applied when calculating the economic 
weight of the trait CD (Table 2). This value can be easily updated in the future when 
the incidence for the whole population will be available. 

To incorporate the udder and foot and claw health traits into the dairy cattle 
breeding objective and/or selection indices, genetic parameters were estimated in 
many studies (van der Linde et al., 2010; Buch et al., 2011). The heritability of the 
CM incidence that has been estimated in the current literature ranged from 0.001 to 
0.10 (Martin et al., 2018), the highest estimates were determined using threshold 
models. Genetic parameters for the CM incidence estimated in the present study for 
Czech Holstein cattle lay within this range. For the foot and claw diseases and disor-
ders that were expressed as grouped traits, the heritability estimates were reported to 
be 0.02 to 0.12 (Heringstad et al., 2018); the highest estimates were determined using 
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threshold models. Our estimates of these genetic parameters for OCD, CI, and CNI 
in Czech Holstein cattle were higher, ranging from 0.10 to 0.14, probably due to the 
structure of datasets and compact pedigree.

Selection indices and selection response 
The expected selection responses in the direct foot-and-claw health trait (CD) 

were favourable in all investigated variants of the Holstein cow health selection in-
dex (Table 5). Therefore, as recommended by other authors as well (e.g., Heringstad 
et al., 2018), the direct health traits should be added to the total merit indices with 
sufficient weighting coefficients to enable genetic improvement in these traits. In 
general, the annual genetic gain of the health traits calculated in our study was com-
parable with literature resources (Koenig et al., 2005; van der Linde et al., 2010; 
Šafus et al., 2005). Positive responses to selection for mastitis resistance have also 
been achieved in all Nordic countries using the total merit indices (Philipson and 
Lindhé, 2003). In contrast, Stott et al. (2005) found no favourable (slightly positive) 
selection responses for mastitis and lameness incidence (0.002 cases per year in both 
traits) in UK dairy herds, even if lifespan, milk somatic cells and locomotion were 
incorporated into the UK profit index. It can be assumed that direct selection with 
more information regarding udder and claw health traits would lead to a favourable 
gain. In our case, the selection focused only on one health trait (CM or OCD) would 
not lead to the indirect response in the second one due to the weak genetic correla-
tion.

Through constructing the comprehensive health indices of cows in our study (in-
dex 2 to 4 vs. index 1), the index reliability improved (i.e., accuracy of animal selec-
tion increased by approximately 4 percentage points). Furthermore, the expected 
selection response in the current breeding objective traits also increased (e.g., re-
sponses for milk yield improved by 8 kg, for productive lifetime by 0.011 years, and 
for cow conception rate by 0.022%). This was confirmed in other studies (Martin et 
al., 2018), particularly for functional traits such as fertility and longevity. Productive 
lifetime and conception rate of cows are not included among the index selection cri-
teria for the Czech Holstein cows. Therefore, adding the health traits to the breeding 
objective and to the index appears to be a valuable tool for the genetic improvement 
of cow longevity and conception rate until a direct selection of cows for these func-
tional traits is possible. In the previous investigation of selection responses for breed-
ing objective traits of Czech Holstein bulls, where these two traits were included in 
the index (Krupová et al., 2018, index 2 with CM and CD traits added to the current 
index), the expected annual genetic gain was 0.22% and 0.08 year for cow concep-
tion rate and productive lifetime, respectively. This result is markedly higher than 
the expected response for the same traits in cows (0.026% and 0.038 years; see the 
comprehensive index in Table 5). Similarly, Stott et al. (2005) calculated the selec-
tion gain for cow longevity to be 0.036 vs. 0.000 lactations for updated dairy index, 
when lifespan was used as selection criterion. Therefore, in the future, direct selec-
tion for such functional traits could be beneficial for the local Czech Holstein cow 
population due to addition of a substantial amount of information and improvement 
in the selection response and accuracy. 
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Philipson and Lindhé (2003) reported that giving more emphasis on functional 
traits instead on production traits will contribute to a higher total economic response 
(increases by 10% to 20% were obtained in the reviewed publications). This obser-
vation was confirmed in our study, in which the addition of the direct health traits 
into selection criteria increased the total economic response by approximately 6%. 

We expect that the increase in the quantity of the health data collected through 
the “Diary of diseases and medication”, which was developed for local cattle farmers 
in previous years (Šlosárková et al., 2017), will increase the reliability of breeding 
value and correlation estimates for health traits. Moreover, genomic evaluation of the 
female dairy population (calves, heifers and cows) has started in last months in the 
Czech Republic to enhance the reference populations as it is also recommended by 
Heringstad et al. (2018) due to lack of bulls with high-reliability traditional evalua-
tions. 

Based on our study, it can be concluded that through considering direct health 
traits in a selection index for the Czech Holstein cows, a rapid progress could be 
achieved in the reduction of incidence of claw, foot, and udder diseases, and a higher 
response could be expected for other functional traits, maintaining the positive gain 
in production traits that are currently included in the cow breeding objective. The 
index variant 3 or 4, in which clinical mastitis and infectious and non-infectious foot 
and claw diseases were added to the current cow Holstein index, should be applied 
in the practice because of the higher reliability of estimated breeding values for these 
traits compared to the trait of overall foot and claw disease. Furthermore, cow lon-
gevity and conception rates are recommended to be included into the cow selection 
criteria to enhance the favourable gain in these functional traits.
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