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Abstract. Cases of mastitis were recorded from 22 812 lactations of 10 294 cows on seven farms in the Czech
Republic from 2000 to 2012. The per cow number of clinical mastitis (CM) cases per lactation (CM1), number
of days of CM per lactation (CM2), and CM considered as an all-or-none trait (CM3) with values of 0 (no CM
case) or 1 (at least 1 CM case) were analyzed with linear animal models. Bivariate linear animal models were
used for estimation of genetic correlations between CM traits and average lactation somatic cell score (SCS305),
average 305-day milk (MY305), fat (FY305) and protein (PY305) yield, and interval between calving and first
insemination (INT) and days open (DO). Factors included in the model of choice were parity, herd effect, year
of calving, calving season, permanent environmental effect of the cow, and additive genetic effect of the cow.
Estimated heritabilities for CM traits were in the range of 0.09 to 0.10. Genetic correlations of SCS305 with
CM traits 1, 2, and 3 were 0.22 +0.062, 0.23 + 0.064, and 0.29 4 0.086, respectively; those of MY 305 with the
three CM traits were 0.80 £ 0.037, 0.79 4 0.040, and 0.83 4- 0.038, respectively; those of INT with the three CM
traits were 0.19 £+ 0.087, 0.17 4+ 0.089, and 0.26 £ 0.091, respectively; and those of DO with the three CM traits
were 0.28 £0.089, 0.22 +0.091, and 0.27 4= 0.091, respectively. Knowledge of genetic parameters of mastitis
incidence and assessment of the economic importance of the disease is necessary to design breeding programs

to improve udder health.

1 Introduction

Mastitis is the most common and costly disease in Euro-
pean dairy cattle populations (Halasa et al., 2007; Wolfova et
al., 2006). Improving animal health is becoming increasingly
important worldwide. Accordingly, many genetic selection
programs are focusing on improving disease resistance and
functionally important traits (Zwald et al., 2006). The most
effective method would be to use direct measures of health
or disease as selection criteria, but to do so such traits would
have to be included in recording, evaluation and selection
schemes. Unfortunately, routine recording of clinical mas-
titis is not implemented in many countries, although it has
been well established in the Nordic countries for more than
40 years (Carlén, 2008). Direct scoring and recording of ud-
der health traits is limited in the Czech Republic, and conse-

quently breeding values for somatic cell score, estimated by
animal model with random regression, have been the primary
indicator trait for udder health. Breeding values have also
been calculated for linear type traits including udder confor-
mation score since 1999. Registration of every clinical mas-
titis (CM) occurrence has been obligatory on all dairy farms
since 1997 but mainly through recording each use of relevant
pharmaceuticals. Each antibiotic treatment and identification
of each affected quarter must be recorded on farm. However,
resultant records are not transferred to a central database, and
their availability is limited.

Wolfova et al. (2006) computed an estimated economic
weight for CM. An association between a potential marker
for mastitis, CGIL4, and breeding value for somatic cell
count (SCC) was reported by Citek et al. (2011). Wang et
al. (2014) suggest that the CD46 gene likely plays a criti-
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cal role in the risk of mastitis caused by Streptococcus in
dairy cows via an alternative splicing mechanism caused by
a functional mutation in intron 8. In a genome-wide associ-
ation study, Abdel-Shafy et al. (2014) identified 10 single-
nucleotide polymorphisms (SNPs) representing 6 genomic
regions that were associated with daughters’ yield deviation
for somatic cell score in German Holstein bulls. All tested
SNPs were significant in cows. Seven of them, located on
Bos taurus autosomes (BTA) 6, 13, and 19, had the same di-
rectional effect as those previously reported in the bull pop-
ulation. The most significant associations were detected on
BTAG6 and BTAL9, accounting for 1.8 % of the total genetic
variance.

Knowledge of genetic parameters for mastitis incidence
and assessment of the economic importance of the disease
are necessary in developing breeding programs to improve
udder health. The objective of the present study was to es-
timate genetic parameters for clinical mastitis traits and ge-
netic relationships of such traits with other production and
functional traits recorded on Czech dairy farms.

2 Material and methods

2.1 Animals and trait definitions

Data on mastitis incidence were collected from seven Hol-
stein herds between 2000 and 2012. The numbers of years
during which each herd was recorded are shown in Table 1.
The farms were not randomly chosen from the nationally
recorded population but rather were those willing to partici-
pate in the study. They varied in size and were from distinct
regions but all used management, feeding, and housing sys-
tems commonly applied to dairy herds in the Czech Republic.
Straw was used for bedding on all farms, and all cows were
fed a balanced total mixed ration (TMR) and milked twice a
day.

Records collected on farms included cow identification,
date at the beginning of each CM treatment, date at the end of
each CM incident (i.e., the last day that milk from a treated
cow was discarded), and identification of treated quarters.
Farmer detection of CM was accomplished by visual exam-
ination of the udder or milk. However, a mastitis case was
recorded only if it was treated with antibiotics prescribed by
a veterinarian. Thus, CM was defined as a veterinary-treated
udder disease.

Traits of interest for each cow were the number of CM
cases per lactation (CM1), the number of days of CM per
lactation (CM2), and CM considered as an all-or-none trait
(CM3) with values of 0 (no CM case) or 1 (at least 1 CM
case) per lactation. A new case of CM for the same cow was
indicated when the period between the end of the previous
case and the beginning of the next occurrence was at least
5 days. The distribution of cows classified according to the
number of CM cases per lactation is shown in Table 1.
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Additional analyzed traits included production traits (305-
day milk, MY305; fat, FY305; and protein yield, PY305),
reproductive traits (time between calving and first insemina-
tion, INT; days open, DO), and udder health (average lacta-
tion somatic cell count, SCC). Somatic cell count was not
analyzed directly but was first transformed to somatic cell
score (SCS305) according to the following formula:

SCS305 = log, (%) +3. 1)

Data required for genetic evaluation of CM (birth date, calv-
ing data, parity, length of lactation, culling data, cumulative
milk yield per lactation, average lactation somatic cell count,
etc.) together with the pedigree file were made available from
the national database for progeny testing. Only cows that
started their lactation after the initiation of data collection
and that had a lactation length of at least 240 days and a lac-
tation yield of at least 2000 kg of milk were included in the
analysis. For analysis of fertility traits, only records between
21 and 280 days for INT and between 42 and 400 days for
DO were used in the analysis. For cows without a subsequent
calving, INT and DO were penalized by adding 21 days. If
INT or DO length exceeded the maximum value, then the
value of INT or DO was set to the maximum value.

The numbers of cows and lactations in the analyzed data
set after editing are shown in Table 2. Cows were progeny of
1424 sires, and the number of daughters per sire ranged from
1 to 227, with a median of 6.

2.2 Statistical methods

The following linear animal model was used to estimate ge-
netic parameters for CM traits, SCS, production, and repro-
duction traits:

Yijkimn = Parity, + herd; 4 year, 4 season; + pe,, 2
+an + €ijkimn,

where y;jximn is the number of CM cases, the number of
days of CM per lactation, or CM considered as an all-or-
none trait with values of 0 (no CM case) or 1 (at least 1
CM case); SCS305, MY305, FY305, PY305, INT, and DO
are variables; parity, is the effect of parity class i (4 levels:
first, second, third, fourth, and higher parity); herd; is the ef-
fect of herd j (7 levels); year, is the effect of calving year
k (12 levels); season; is the effect of calving season (4 lev-
els: January—March, April-June, July—September, October—
December); pe,, is the random permanent environmental ef-
fect on cow traits across m sequential lactations; a,, is the
random additive genetic effect of cow n; and e¢; ks is the
random residual effect. The pedigree file contained 25 359
records. Data were analyzed using the DMU package (Mad-
sen and Jensen, 2010). Genetic correlations between traits
were estimated using bivariate models.
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Table 1. Characteristics of seven herds contributing data on mastitis occurrence and economically important production traits.

Herd Data collection  Average herd  Cows

Total Mastitis  Lactations with

period sizel (cows) (n) lactations (n) cases (n)  mastitis (%)2
1 2000-2012 900 4006 9038 6072 34.3
2 2002-2012 500 1665 4032 1819 30.0
3 2000-2012 150 556 1184 1282 46.7
4 2004-2012 150 397 843 506 37.8
5 2000-2012 200 760 1708 1109 38.4
6 2000-2012 150 619 1428 1752 48.2
7 2000-2012 500 2291 4579 5066 51.4
Total 10294 22812 17606 38.8

1 Approximate average number of cows per herd per year.
2100 % total lactations.

Table 2. Descriptive statistics of CM traits, SCS, milk production, and fertility.

Trait Unit Observations Mean SD  Min Max
cmil no./lactation 8863 199 1.62 1 18
cm2! days 8843 1152 12.14 1 163
CM3 no. 22812 0.39 0.49 0 1
MY305 kg 22501 9202 2096 856 16990
FY305 kg 22490 348.1 77.34 73 737
PY305 kg 22490 299.9 63.80 66 530
SCS305 15209 3.64 1.13 0.88 6.60
INT days 21379 89.00 35.80 21 280
DO days 19343 13755 71.62 42 400

1 Only for lactations with CM cases.

CM1: number of CM cases per lactation; CM2: the number of days in CM per lactation; CM3: CM
considered as an all-or-none trait with values of 0 (no CM case) and 1 (at least 1 CM case); MY 305:
305-day milk yield; FY305: fat yield; PY305: protein yield; SCS305: average SCS; INT: interval
between calving and the first insemination; DO: days open.

3 Results and discussion

Genetic parameters

Variance components and their standard errors and estimates
of genetic parameters for the three CM traits are shown in Ta-
ble 3. Additive genetic variances differed significantly from
zero for all of the CM traits. Permanent environmental ef-
fects of the cow were approximately two-thirds as large as
the additive genetic variances for CM1 and CM3, whereas
for CM2, the permanent environmental cow effect was three-
quarters as large as the additive genetic variance. Residual
variance accounted for 86 % of total variance for CM3 and
83% for CM1 and CM2. Heritability estimates were 0.10
for CM1 and CM2 and 0.09 for CM3 (mastitis considered
as an all-or-none trait). These estimates are in close agree-
ment with Wolf et al. (2010), who reported heritability for
the number of mastitis cases per lactation in the range of 0.11
to 0.13. Pérez-Cabal and Charfeddine (2013) reported heri-
tability estimates of 0.04 and 0.05 for CM defined as an all-
or-none trait and for number of cases of mastitis per lactation,
values somewhat lower than current results. For CM defined
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as number of cases per lactation, Pérez-Cabal et al. (2009)
and Vazquez et al. (2009) reported heritabilities around 0.10.
Heritability estimates for mastitis defined as an all-or-none
trait have generally been low, especially from linear model
analyses. Heringstad et al. (2000), for example, reported val-
ues from 0.02 to 0.03 and Carlén et al. (2004) a value of 0.03
for CM defined as a binary trait during first lactation and 0.01
for later lactations. When the binary nature of CM was taken
into account when fitting threshold models, heritability esti-
mates ranging from 0.06 to 0.12 were reported by Heringstad
et al. (2003), Zwald et al. (2006), Negussie et al. (2008), and
Pérez-Cabal et al. (2009). Thus, the magnitude of heritability
estimates can depend upon trait definition. Defining CM as
a binary trait can lead to less reliable estimation of suscep-
tibility to CM, because there is no distinction among cows
with 1 versus multiple CM cases. Variation among cows can
be accounted for by including the number of CM cases in the
evaluation and considering CM incidence in different parities
as a repeatable trait.

Our heritability estimate for SCS305 of 0.23 was higher
than estimates of Carlén et al. (2004) and Buch et al. (2011).

Arch. Anim. Breed., 58, 199-204, 2015



202 L. Zavadilova et al.: Genetic analysis of clinical mastitis data for Holstein cattle

Table 3. Variance components and their standard errors (in parentheses) estimated for the number of clinical mastitis (CM) cases per lactation,
the number of days of CM per lactation, and CM considered as an all-or-none trait with values of 0 (no CM case) and 1 (at least 1 CM case).

CM1 CM2 CM3
Variance estimate
Additive genetic 0.188 (0.020) 8.119(0.912)  0.019 (0.002)
Permanent environment  0.131 (0.020)  6.350 (0.913) 0.012 (0.002)
Residual 1.492 (0.018) 68.235(0.814) 0.193 (0.002)
Heritability 0.10 0.10 0.09
Repeatability 0.17 0.17 0.14

MY305 FY305 PY305
Heritability 0.15 0.11 0.12

SCS305 INT DO
Heritability 0.23 0.04 0.06

CM1: number of CM cases per lactation; CM2: the number of days in CM per lactation; CM3: CM
considered as an all-or-none trait with values of 0 (no CM case) and 1 (at least 1 CM case); MY 305:
305-day milk yield; FY305: fat yield, PY305: protein yield: INT: interval between calving and first
insemination; DO: days open; SCS305: average SCS. All variances are significant at P <0.001

Our estimated heritability for MY305 of 0.15 is lower than
0.23 reported by Carlén et al. (2004) and Dédkova and Wolf’s
(2001) estimates of 0.28 to 0.30, based upon animal model
analysis of aggregated 305 day yields during the first three
lactations of Czech Holsteins. Our heritabilities for produc-
tion traits are lower than those commonly reported in the
literature. This is probably due to small sample size or file
structure.

Estimates of genetic correlations and their standard errors
are shown in Table 4. There were large positive genetic cor-
relations among all three CM traits, ranging from 0.90 to
0.97. Pérez-Cabal and Charfeddine (2013) reported a simi-
larly high additive genetic correlation of 0.93 between CM
as an all-or-none trait and CM as number of cases per lacta-
tion.

Positive genetic correlations ranging from 0.79 to 0.83
were observed between SCS305 and the three CM ftraits,
in agreement with Carlén et al. (2004) and Odegard et
al. (2004). Similarly, Pérez-Cabal and Charfeddine (2013)
reported a genetic correlation of 0.85 between SCS305 and
CM as an all-or-none trait and 0.76 between SCS305 and
number of CM cases per lactation. As stated by Heringstad
et al. (2006), however, such high correlations do not mean
that SCS305 is an ideal indicator of clinical mastitis. SCS
is a valid indicator of clinical mastitis because the genetic
correlation is high, but the trait is still indirect. The largest
response to selection can be expected when the direct trait is
used.

Genetic correlations between milk production and CM
traits ranged between 0.15 and 0.29. Unfavorable genetic
correlations between CM traits and milk yield as well as the
high positive correlations between CM traits and SCS, both
observed in our investigation, are in good agreement with
correlations between CM as a binary trait and milk yield
(0.26-0.45) or SCS305 (0.58-0.86) reported in the litera-
ture (Carlén et al., 2004; Hinrichs et al., 2005; Koivula et al.,
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Table 4. Estimates of additive genetic correlations between CM
traits, SCS, and milk production, including their standard errors (in

parentheses).

Trait cM1 cM2 CM3

cMm1 0.90 (0.016)**  0.97 (0.014)**
cM2 0.93 (0.025)**
MY305  0.23 (0.062)**  0.24 (0.063)**  0.29 (0.086)**
FY305  0.22(0.068)* 0.15(0.071)  0.22 (0.072)*
PY305  0.24 (0.064)*  0.24 (0.067)*  0.26 (0.068)**
SCS305  0.80 (0.037)**  0.79 (0.040)**  0.83 (0.038)**
INT 0.12(0.082)  0.09(0.085)  0.20 (0.086)*
DO 0.30 (0.092)**  0.22 (0.091)*  0.22 (0.096)*

CM1: number of CM cases per lactation; CM2: the number of days in CM per
lactation; CM3: CM considered as an all-or-none trait with values of 0 (no CM case)
and 1 (at least 1 CM case); MY305: 305-day milk yield; FY305: fat yield, PY305:
protein yield: INT: interval between calving and the first insemination; DO: days
open; SCS305: average SCS. ** P <0.001, * P <0.05.

2005; Negussie et al., 2006; De Haas et al., 2008; Buch et al.,
2011). Additive genetic correlations between CM traits and
milk yield in our study are at the lower end of the range of
previously cited investigations. Pérez-Cabal and Charfeddine
(2013) reported a lower additive genetic correlation of CM
as an all-or-none trait to fat yield than we found. In agree-
ment with Pérez-Cabal and Charfeddine (2013), however, we
found the genetic correlation of number of CM cases per lac-
tation to fat yield to be much lower than genetic correlations
of number of CM cases with milk yield and protein yield.
As discussed by Wu et al. (2008), the relationship between
CM and milk yield is very complex, and there are recipro-
cal effects and interactions among the traits. For example, a
mastitis episode causes reduced milk production and, at the
same time, culling for mastitis occurs with higher frequency
in cows with higher milk yield. We are approaching similar
conclusions for the Czech Holstein population, but elucida-
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Table 5. Estimates of permanent environmental correlations be-
tween CM traits, SCS, and milk production, including their standard
errors (in parentheses).

Table 6. Estimates of residual correlations between CM traits, SCS,
and milk production, including their standard errors (in parenthe-
ses).

Trait cM1 cM2 CcM3
CM1 0.94 (0.021)**  0.75 (0.056)**
cM2 0.71 (0.062)**
MY305  0.02(0.075) —0.05(0.073)  0.15(0.231)
FY305  —0.02(0.069) —0.02(0.067) —0.02 (0.082)
PY305  —0.05(0.072) —0.08 (0.070) —0.07 (0.084)
SCS305  0.39 (0.104)**  0.28 (0.111)**  0.52 (0.111)**
INT 0.29 (0.106)*  0.30 (0.104)*  0.32 (0.121)*
DO 0.09(0.098)  0.13(0.095)  0.13 (0.096)

Trait CM1 CcM2 cM3
cM1 0.84 (0.002)**  0.64 (0.005)**
cM2 0.54 (0.006)**
MY305 —0.12 (0.008)** —0.10 (0.009)** —0.15 (0.008)**
FY305  —0.11(0.009)** —0.09 (0.009)** —0.11 (0.009)**
PY305  —0.09 (0.009)** —0.07 (0.009)** —0.09 (0.009)**
SCS305  0.31(0.008)**  0.27 (0.010)**  0.26 (0.017)**
INT 0.03 (0.009)* 0.01 (0.009) 0.02 (0.009)*
DO 0.06 (0.009)**  0.04 (0.009)**  0.04 (0.009)**

CM1: number of CM cases per lactation; CM2: the number of days in CM per
lactation; CM3: CM considered as an all-or-none trait with values of 0 (no CM case)
and 1 (at least 1 CM case); MY305: 305-day milk yield; FY305: fat yield; PY305:
protein yield; INT: interval between calving and the first insemination; DO: days
open; SCS305: average SCS. ** P<0.001, * P<0.05.

tion and verification will require further research. Positive
genetic correlations between CM and fertility traits ranged
from 0.12 to 0.30, suggesting that selection for reduced mas-
titis would result in reduced INT and DO. Pérez-Cabal and
Charfeddine (2013) reported genetic correlations of 0.34 be-
tween DO and binary CM and 0.40 between DO and number
of CM cases. Kadarmideen et al. (2000) reported a genetic
correlation of 0.30 between CM as a binary trait and INT.
Genetic correlations between CM and fertility traits reported
by Pritchard et al. (2013) were of similar magnitude, ranging
from 0.27 to 0.33.

Estimates of permanent environmental correlations and
their standard errors are shown in Table 5, while those of
residual correlations and standard errors are in Table 6.
Positive correlations among CM traits caused by perma-
nent environmental effects of the cow ranged from 0.71
to 0.94. Permanent environmental correlations between CM
traits and SCS305 were positive and statistically significant
(0.28 to 0.52), whereas permanent environmental correla-
tions between CM traits and production were mostly nega-
tive (—0.05 to 0.15) or near zero. Among fertility traits, INT
showed higher permanent environmental correlations (0.27—
0.32) than DO (0.09-0.13). Again, the highest residual cor-
relations occurred among CM traits and between CM traits
and SCS305. Cows with a high residual for any one CM trait
tend to have high residuals for the others as well.

4 Conclusions

Our heritability estimates for number of CM cases per lac-
tation, number of days in CM per lactation, and CM consid-
ered as an all-or-none trait were all about 0.10, and therefore
these traits can be expected to respond to selection. We also
found large positive genetic correlations among CM traits
and confirmed their strong genetic relationship with somatic
cell scores. Therefore we conclude that one of these traits
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CM1: number of CM cases per lactation; CM2: the number of days in CM per lactation;
CM3: CM considered as an all-or-none trait with values of 0 (no CM case) and 1 (at least 1
CM case); MY305: 305-day milk yield; FY305: fat yield; PY305: protein yield: INT:
interval between calving and the first insemination; DO: days open; SCS305: average SCS.
** P<0.001, * P<0.05.

could be used for genetic evaluation of clinical mastitis in
Czech Holstein cattle, alone or together with somatic cell
score in a bivariate model. This would require development
of a recording and data management system.
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