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ABSTRACT: The objective of this study was to estimate heritabilities and genetic correlations of lactational
and daily somatic cell scores with descriptive and linear type traits in Polish Holstein-Friesian cows. Data
were: test-day somatic cell scores and conformation evaluations of 24 599 primiparous cows, daughters of 802
sires. Cows calved from 2006 to 2007. The lactational somatic cell score was calculated as the average of four
test-day somatic cell scores at least. The daily somatic cell score was the test-day somatic cell score closest to
the date of type evaluation. A multi-trait animal model was used to estimate genetic parameters. (Co)variance
components were estimated by a Bayesian algorithm via Gibbs sampling. The heritability of lactational somatic
cell score was 0.20 and it was much higher than that of daily somatic cell score (0.13). Heritabilities of type
traits were high to moderate for height at rump (0.46), size (0.39), overall conformation score (0.30), two linear
rump traits (0.28-0.29) and three linear teat traits (0.26—0.29). The genetic correlation between lactational and
daily somatic cell scores was 0.84. In many cases, daily somatic cell score showed higher genetic correlations
with type traits than lactational somatic cell score. Descriptive udder and feet and legs scores were genetically
correlated negatively with both lactational (-0.22 and —0.20) and daily somatic cell scores (—0.28 and —0.33).
Somatic cell traits were genetically correlated positively with rump angle (0.21 and 0.19) and negatively with
fore udder height (-0.26 and —0.29), udder depth (-0.23 and —0.17) and central ligament (-0.14 and —0.16).
Due to higher heritability, direct selection for lower lactational somatic cell score would be more effective than
selection for lower daily somatic cell score. The magnitude of obtained heritabilities and the favourable genetic
correlations indicate that the selection utilizing some type traits could improve the resistance to mastitis.
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The high level of genetic improvement of milk
production has caused a decline in functional
traits. Udder diseases — mainly mastitis — impose
increasing costs on milk producers and could ulti-
mately lead to involuntary culling. Direct selection
for mastitis is practised only in Nordic countries
(Denmark, Finland, Norway and Sweden) where
the incidence of mastitis is registered in a national
database (Interbull, 2010). In most countries the in-
cidence of mastitis has not been recorded routinely,

so the indirect selection for somatic cell score (SCS)
is a commonly used alternative solution to improve
resistance to this disease. SCS usually has a higher
heritability than clinical mastitis (CM), and these
two traits are highly correlated genetically. To im-
prove udder health, other functional traits, espe-
cially conformation traits and longevity, genetically
related to SCS, are also used as selection criteria
(Charfeddine et al., 1997; Nash et al., 2000; Safus
et al., 2005).
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An increased somatic cell count (SCC) in milk
is mainly caused by the presence of mastitis-caus-
ing bacteria in the udder, so SCC can be used for
monitoring the udder health and for selection to
reduce the incidence of mastitis (Harmon, 1994;
Odegard et al., 2003). Although the genetic cor-
relation between SCS and CM is positive and rela-
tively high (around 0.70), these two traits cannot
be considered as an expression of the same trait
(Rupp and Boichard, 1999; Samoré et al., 2008).
However, the results of some studies indicate that
selection for lower SCS decreases the prevalence
of mastitis (Rupp and Boichard, 1999; Nash et al.,
2000). Pdegard et al. (2003) concluded that both
traits (SCS and CM) were capable of changing the
incidence of clinical mastitis in the second-crop
daughters but that direct selection using CM data
was more efficient. They suggested that combin-
ing the two traits in selection would increase the
efficiency of selection for udder health.

On the other hand, somatic cells in milk con-
stitute a natural defence mechanism of the mam-
mary gland. Suriyasathaporn et al. (2000) found out
that too low SCC is associated with an increased
risk of clinical mastitis. @degard et al. (2003) also
reported that selection for the lowest possible
SCC may reduce cows’ ability to respond to in-
fection and suggested defining an optimum for
SCC. In contrast, Rupp and Boichard (1999) and
Nash et al. (2002) did not find any indication that
cows with low SCC were at a higher risk of subse-
quent infections or that their natural defence was
weakened.

In Poland, a multi-trait animal model based on
test-day somatic cell score (SCS) in each of the first
three lactations has been implemented recently
(Interbull, 2010). Estimated breeding values for lac-
tational somatic cell score (LSCS) were calculated
on the basis of test-day SCS, then averaged over
three lactations and directly included in the total
index. In other countries both SCS and type traits
are included in selection subindexes. Some of the
type traits are genetically correlated with SCS, and
the magnitude of heritabilities and genetic correla-
tions enable to evaluate the correlated response in
udder health (Charfeddine et al., 1997).

The objective of this study was to examine the
possibility of using conformation traits in indirect
selection to decrease SCS and consequently the fre-
quency of mastitis in Polish Holstein-Friesian cattle.
The magnitude of heritabilities and genetic correla-
tions between LSCS or DSCS and type traits would
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allow to choose a combination of traits that could be
used to construct an effective health index.

MATERIAL AND METHODS

Data were obtained from the Polish Federation of
Cattle Breeders and Dairy Farmers and consisted of
test-day somatic cell scores (DSCS), lactational so-
matic cell scores (LSCS) and 22 conformation traits
of 24 599 Polish Holstein-Friesian primiparous
cows. Each cow was scored for type between 15 and
180 days in milk (DIM), once during lactation. The
date of type evaluation for a cow was matched with
the closest test-day milk record of a cow, and SCC
on that test-day was chosen. The ave-rage number
of days between the date of type evaluation and
the closest test-day was 12 (SD = 15.98). The scor-
ing of conformation traits was performed at 100
DIM (SD = 41.55) on average, and for DSCS at 112
DIM (SD = 52.38). Somatic cell score (SCS) was ob-
tained as a logarithmic transformation of SCC, i.e.
SCS =1og,(SCC/100 000) + 3 (Ali and Shook, 1980).
Lactational somatic cell scores (LSCS) were calcu-
lated as the average of four test-day SCS at least.
The conformation traits included five descriptive
traits, height at rump, and sixteen linearly scored
traits (Table 1).

Cows, daughters of 802 sires, calved for the first
time in 2006 and 2007 at the age of 18—48 months.
Limitations for age of calving were the same as
in the routine evaluation system. Firstly, a restric-
tion of a minimum of 10 daughters per sire was
imposed; secondly, herd-year-season subclasses
were restricted to a minimum of 10 contemporar-
ies. After the second restriction, half-sib groups
numbering less than 10 cows might occur. The dis-
tance between the date of test and the date of the
type evaluation had to be less than 50 days.

(Co)variance components for all 24 traits (DSCS,
LSCS and 22 type traits) were estimated using the
multi-trait Gibbs Sampling algorithm and the
BLUPF90 computing package (Misztal, 1999). The
linear model used for DSCS was as follows:

Yy =a;+ HTD, + s, + m, + BX; + ¢
where:
= daily somatic cell score (DSCS) for i-th cow calved

in j-th herd-test-date (HTD) subclass, recorded by

[-th method and scored for conformation in k-th

Yzjkl

lactation stage at age X,
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a = random additive genetic effect (with 87 777 levels)
HTD}, = fixed herd-test-date effect (with 2495 levels)
m, = method of milk recording (with 3 levels)

s = lactation stage effect (with 11 levels)

k

X,  =age at calving (18-48 months)
B = linear regression of Y on age at calving
€ = residual

ikl

The linear model for each of 22 type traits was
as follows:

Yy

=a, + HYS + 5, + PX, + g
where:

Y

= conformation score for i-th cow calved in j-th
herd-year-season (HYS), scored for conformation
in k-th lactation stage at age X;

HYS]. = fixed herd-year-season effect (with 1285 le-vels)

a, s, X, B, € = as in the model for DSCS

The LSCS were analysed using a linear model with
the same effects as DSCS except for the fixed effect
of HTD which was replaced by the HYS effect.

Two seasons of calving were defined: April to
September and October to March. Days in milk
(15 to 180 days for type traits) were divided into
11 lactation stages as 15-day intervals. The classi-
fier effect was not included in the model because
cows in the same herd were always scored by the
same classifier. There were 87 777 animals included
in the analysis.

The number of generated samples of (co)variance
components was equal to 100 000, with the first
10 000 samples discarded as the burn-in period.
(Co)variance components were calculated as an aver-
age of 18 000 samples (every fifth sample of 90 000).

RESULTS

Means with standard deviations (SD) and ranges
for all analysed traits are shown in Table 1. The
mean of lactational somatic cell score (LSCS) was
slightly higher and less variable than that of daily
SCS (DSCS). Among the descriptive type traits,
the largest standard deviations were calculated for
traits with the lowest (udder) and highest (size)
means. For most linear conformation traits the ave-
rage scores were close to the assumed intermediate
optimum. The extreme values of linear type traits
(1-2 or 9) corresponding to biological extremes

occurred rarely (less than 3% of the records), ex-
cept central ligament, for which values 1 or 2 were
observed in 4.7% of the records.

Heritabilities and genetic correlations are pre-
sented in Table 2. Heritabilities estimated for
lactational (LSCS) and daily (DSCS) somatic cell
scores were 0.20 and 0.13, respectively. Among five
descriptive type traits the most heritable were size
(0.39) and overall conformation score (0.30); herit-
ability estimated for feet and legs was the lowest
(0.11). Comparing linearly scored traits, heritabi-
lity of udder traits ranged from 0.18 (central liga-
ment) to 0.27 (rear udder height and udder depth).
Heritabilities obtained for rump traits and teat
traits were moderate and similar (0.29 and 0.28
for rump angle and rump width, 0.26 and 0.28 for
rear and fore teat placement, 0.29 for teat length).
Among linearly scored type traits the least heritable
were leg traits: foot angle (0.07), rear legs — rear
view (0.09) and rear legs — side view (0.11).

The genetic correlation between two measures of
somatic cell score (LSCS and DSCS) was 0.84. The
genetic correlation lower than 1 meant that DSCS
and LSCS were not the expression of the same trait,
but this correlation was high enough to believe that
some genes affected both DSCS and LSCS. Selection
for decreased DSCS would also lower the average
somatic cell score (LSCS) in lactation.

Genetic correlations of conformation traits with
LSCS ranged from —0.26 to 0.21, and with DSCS from
—0.33 to 0.19. In many cases DSCS showed a closer
genetic relationship with type traits than LSCS. Out
of 22 type traits, 8 showed a genetic correlation with
DSCS higher than 0.15 (ignoring the sign) and 5 of
them had similar correlations also with LSCS. These
results indicate that good characteristics of feet and
legs, udder, fore udder attachment and udder depth
were associated with higher genetic merit for both
DSCS and LSCS. Additionally, final score and cen-
tral ligament were favourably associated with DSCS
but the correlations of these traits with LSCS were
slightly lower than 0.15. Correlations for fore udder
attachment (—0.26 with LSCS, —0.29 with DSCS), ud-
der depth (-0.23 with LSCS, —-0.17 with DSCS) and
central ligament (—0.14 with LSCS, —0.16 with DSCS)
indicated that cows with tight fore udder attachment,
shallow udders and strong central ligament had both
lower DSCS and lower LSCS, and potentially a lower
risk of mastitis incidence. In two cases (fore udder at-
tachment and central ligament) there was a stronger
genetic relationship with DSCS while the relationship
with LSCS was closer for udder depth.
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Table 1. Means, standard deviations (SD) and ranges for lactational somatic cell score (LSCS), daily somatic cell

score (DSCS) and conformation traits

Trait Mean SD Minimum Maximum
LSCS 3.71 1.38 0.057 10.168
DSCS 3.49 2.03 -3.644 11.119
Size 82.08 4.03 51 89
Overall conformation score 79.82 3.39 58 89
Feet and legs 79.18 3.56 50 89
Udder 77.88 4.62 50 88
Final score 79.08 3.26 58 88
Height at rump 142.40 3.97 122 159
Body depth 6.11 1.18 1 9
Chest width 5.49 1.18 1 9
Rump angle 525 1.12 1 9
Rump width 5.46 1.21 1 9
Rear legs — side view 5.37 1.04 1 9
Foot angle 5.27 1.29 1 9
Rear legs — rear view 5.39 1.34 1 9
Fore udder height 5.59 1.28 1 9
Rear udder height 5.43 1.17 1 9
Central ligament 5.49 1.51 1 9
Udder depth 5.64 1.46 1 9
Udder width 5.49 1.22 1 9
Rear teat placement 5.76 1.48 1 9
Fore teat placement 5.05 1.28 1 9
Teat length 4.69 1.17 1 9
Dairy character 6.10 1.13 1 9
Correlations between rump angle and SCS DISCUSSION

measures (0.21 with LSCS, 0.19 with DSCS) or
between rear legs — side view and SCS measures
(0.04 with LSCS, 0.14 with DSCS) were difficult
to interpret as an optimum (i.e. the most desired
value of a trait) for these two type traits was in
the middle of the scale. When selected towards
the optimum, these correlations seemed to be
unfavourable for cows with high pins or straight
rear legs (low type scores) and favourable for
cows with low pins or sickled legs (high type
scores).

Height at rump showed a low correlation with
LSCS (0.11) and DSCS (0.09). Very low correla-
tions were estimated between rear legs — rear view
and both SCS measures (—0.02 and —0.08) but they
tended to be favourable. Foot angle, rear teat place-
ment and teat length showed no correlation with
LSCS and DSCS.
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Heritability of daily SCS (0.13) was lower than
that of lactational SCS (0.20). This is in accord-
ance with other studies in which the heritability of
LSCS was higher than that of single tests (Liu et al.,
2001; Koivula et al., 2004). In the literature, most
estimates of heritability for lactation average SCS
(LSCS) ranged from 0.07 to 0.27 (Monardes et al.,
1990; Rupp and Boichard, 1999; Berry et al., 2004;
Mark and Sullivan, 2005), whereas DSCS heritabili-
ties were within a wider interval (0.05-0.30), often
with the highest values at the peripheries of lacta-
tion and fairly stable throughout the remainder of
lactation (De Roos et al., 2003; Muir et al., 2007;
Ptak et al., 2007). The DSCS used in this paper were
recorded on the test date next to the date of type
evaluation, i.e. usually in the middle part of lacta-
tion, so DSCS heritability estimates were low.
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Table 2. Heritabilities of type traits, lactational (LSCS) and daily (DSCS) somatic cell score and genetic correlations

of LSCS and DSCS with conformation traits

Genetic correlation with

Trait
LSCS? DSCSs?

LSCS 0.20 + 0.034 - 0.84
DSCS 0.13 + 0.029 0.84 -
Size 0.39 + 0.052 0.11 0.07
Overall conformation score 0.30 £ 0.035 0.04 —-0.08
Feet and legs 0.11 +£ 0.019 -0.20 -0.33
Udder 0.14 + 0.024 —-0.22 —-0.28
Final score 0.20 + 0.032 -0.12 -0.22
Height at rump 0.46 + 0.059 0.11 0.09
Body depth 0.18 + 0.031 -0.10 -0.14
Chest width 0.17 +£ 0.023 —-0.01 0.04
Rump angle 0.29 + 0.045 0.21 0.19
Rump width 0.28 + 0.041 0.13 0.17
Rear legs — side view 0.11 + 0.025 0.04 0.14
Foot angle 0.07 £ 0.017 0.03 0.00
Rear legs — rear view 0.09 = 0.022 -0.02 -0.08
Fore udder height 0.19 + 0.034 —-0.26 —-0.29
Rear udder height 0.27 £ 0.038 0.02 -0.05
Central ligament 0.18 + 0.033 -0.14 -0.16
Udder depth 0.27 + 0.042 -0.23 -0.17
Udder width 0.20 + 0.033 0.08 —-0.03
Rear teat placement 0.26 + 0.040 -0.02 -0.01
Fore teat placement 0.28 £ 0.036 -0.03 -0.11
Teat length 0.29 + 0.038 0.00 0.02
Dairy character 0.27 + 0.036 0.05 —-0.04

standard deviations of all estimated genetic correlations were in range between 0.0132 and 0.0438

Heritability for DSCS (0.13) was higher than /4 es-
timated by Liu et al. (2001), Dal Zotto et al. (2007),
Negussie et al. (2008), and Yazgan et al. (2010), similar
to estimates given by Muir et al. (2004) and Ptak et
al. (2007), and lower than heritabilities reported by
Jamrozik et al. (1998), de Roos et al. (2003) or Samoré
et al. (2008). LSCS had a heritability estimate (0.20)
slightly higher than the estimate by Rupp and Boichard
(1999) (0.17) and Lund et al. (1994) (0.18) but these
authors used test-day SCS from the first 180 days
of lactation for calculating LSCS. Charfeddine et al.
(1997), Kadarmideen (2004), and Ptak et al. (2009a)
obtained lower 42 for LSCS (0.13-0.14); Berry et al.
(2004) reported even much lower /% (0.07) but they
did not impose any restrictions on the number of SCS
tests per lactation used for calculating LSCS. DeGroot
et al. (2002) obtained relatively high heritability for

LSCS (0.38) but their data were restricted to one dairy
research herd and were preadjusted for age, season
of calving and length of lactation before analysis. The
differences between /2 estimates may be attributable
mainly to differences among the models used for sta-
tistical analyses, the population sizes in the studies,
restrictions imposed on data, and the definitions of
the analysed traits (Rupp and Boichard, 1999).

For most conformation traits the heritabilities
were consistent with those reported by Berry et
al. (2004) in the population of Irish Holstein cows.
Heritabilities of linear type traits were higher than
estimates reported by Dal Zotto et al. (2007) and
Zavadilova et al. (2009), and similar to or lower
than heritabilities obtained by Boettcher et al.
(1998), DeGroot et al. (2002) or De Haas et al. (2007).
Estimates of udder and teat trait heritabilities were
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very close to those reported by Rupp and Boichard
(1999), except h? for fore udder attachment (0.18).
All heritabilities were also consistent with previous
estimates obtained for the Polish Holstein-Friesian
population (Zarnecki et al., 2003), except final score
(0.30), rear udder height (0.20) and fore teat place-
ment (0.21). In most cases the estimated heritabili-
ties were slightly higher than those used in routine
evaluation (Interbull, 2010). There were two traits for
which the differences between current and previous
estimates of heritability were large: height at rump
(0.46 and 0.63) and dairy character (0.27 and 0.37).
De Haas et al. (2007) also obtained high heritability
of 0.69 for height at rump.

Genetic correlations between type traits and DSCS
or LSCS were moderate or low, and in most cases
higher for DSCS than for LSCS. The results for genetic
relationships between lactational SCS and conforma-
tion traits are in agreement with those from other
authors (Boettcher et al., 1998; Kadarmideen, 2004).
However, there is a paucity of literature concerning
genetic parameters of daily SCS together with type
traits (Dal Zotto et al., 2007; Ptak et al., 2009b).

Generally, LSCS and leg traits were not geneti-
cally correlated in Polish Holstein-Friesian cattle,
whereas DeGroot et al. (2002) obtained favourable
close genetic relationships between those traits
(—0.61 for rear legs — rear view and rear legs — side
view; —0.48 for foot angle), and Berry et al. (2004)
only for foot angle (—0.53). Rear legs — side view
showed a positive genetic correlation with DSCS
(0.14), indicating that sickled legs were associated
with a high somatic cell count in milk. Rogers et al.
(1995) reported the same value for the rear legs — side
view correlation (0.14), but with LSCS in that paper.
Kadarmideen (2004) also obtained a positive genetic
relationship for rear legs — side view (0.10) with lac-
tational SCS for Swiss Holstein cattle. A much higher
genetic correlation between rear legs — side view and
LSCS (0.69) was estimated by Berry et al. (2004) for
Irish Holstein cows. All those findings indicated that
cows with genetically straighter rear legs had a chance
of having fewer somatic cells in milk.

Some udder traits were favourably genetically
correlated with both LSCS and DSCS (udder depth:
—0.23 with LSCS and -0.17 with DSCS; fore ud-
der attachment: —0.26 with LSCS and -0.29 with
DSCS). These results were in agreement with
Boettcher et al. (1998), Mrode et al. (1998) and
Kadamideen (2004), who reported significant cor-
relations of LSCS with udder depth (-0.26, —0.19
and —0.12, respectively), and of a similar magnitude
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with fore udder attachment. DeGroot et al. (2002)
also found close relationships of LSCS with udder
depth (-0.20) and fore udder attachment (-0.24),
whereas Berry et al. (2004) obtained a similar cor-
relation only for fore udder attachment (-0.25)
and a much weaker genetic relationship for udder
depth (—0.07). Lower SCS for more tightly attached,
shallower and higher rear udders were observed by
Némcova et al. (2007) in Czech Holstein cows. All
these findings indicate that cows with tight and deep
udders have lower SCS and they are less susceptible
to udder infections. A negative genetic correlation
of LSCS and DSCS with central ligament (-0.14 and
-0.16, respectively) was confirmed by Charfeddine
et al. (1997) and DeGroot et al. (2002).

Three type traits related to teat (rear teat placement,
fore teat placement, teat length) showed very low or
negligible genetic correlations with both LSCS and
DSCS, with one exception: a negative correlation be-
tween DSCS and fore teat placement (—0.11). Similar
estimates of generally no genetic correlations between
LSCS and teat traits were reported by Boettcher et al.
(1998) and Kadarmideen (2004). DeGroot et al. (2002)
found much closer negative relationships of LSCS with
fore teat placement (—0.19) and teat length (-0.24),
concluding that closer teats would be favourable for
reducing SCS. On the other hand, Charfeddine et al.
(1997) and Berry et al. (2004) obtained a positive ge-
netic correlation between LSCS and teat length (0.14
and 0.31, respectively). The increased SCS in cows
with longer teats might be attributable to a higher
risk of injury to longer teats from milking, handling
and housing (Berry et al., 2004).

Very low correlations with LSCS and DSCS were
calculated for overall conformation score, chest
width, rear udder height, udder width and dairy
character. The relationship between dairy charac-
ter and mastitis incidence was addressed in some
previous studies. Hansen et al. (2002) and Lassen et
al. (2003) estimated moderate genetic correlations
between these two traits in Danish Holstein cattle
and concluded that breeding for less expressed dairy
character will increase resistance to mastitis. We
had no data on CM, but assuming that SCS is a good
indicator of mastitis, no such a tendency as in Danish
Holsteins was observed in the Polish population.

CONCLUSION

Direct selection for mastitis resistance is not usu-
ally feasible because of difficulties in its recording
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and low heritability. The most common breeding
practice is to use indirect measures of mastitis such
as LSCS or DSCS. Selection for lower LSCS could
be more effective than selection for lower DSCS
because of its higher heritability. The genetic im-
provement of udder health can also be achieved
by indirect selection for conformation traits ge-
netically correlated with LSCS or DSCS. For both
SCS measures, moderate and favourable genetic
correlations with type traits such as rump angle,
fore udder attachment, udder depth and central
ligament were found out. Relatively high correla-
tions were obtained between both LSCS and DSCS
and two descriptive traits: udder and feet and legs.
Selection for those traits would result in a similar
correlated response in both SCS measures.

The magnitude of genetic parameters suggests
that two descriptive traits (udder and feet and legs)
and some linear udder traits (udder depth, fore ud-
der attachment and central ligament) could be in-
cluded in an udder health index.
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