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Executive summary

· The objective of the present study was to determine the genetic (co)variances of somatic cell score (SCS; the lactation mean of the natural log of test-day somatic cell count) across parities which may be used in the genetic evaluation for SCS
· Heritability and repeatability estimates of lactation average SCS in Irish cows were 0.11 and 0.49, respectively when estimated using a repeatability sire model across the first five lactations

· Genetic correlations between lactation average SCS across the first five parities were all greater than 0.79 suggesting the appropriateness of using a repeatability model

· Heritability estimates for SCS across parities varied from 0.09 to 0.11.

· Genetically, higher SCS was associated with high milk yield although all intra-parity correlations were weak. No genetic association existed between SCS and fat and protein percentage within parity

· The genetic correlations between the udder-related type traits and SCS suggest a greater genetic predisposition to higher SCC in cows with deeper, strongly supported udders, with a loose fore udder attachment. No genetic correlation existed between lactation average SCS and teat placement or teat length.

· There is no advantage of including udder related type traits in a selection index as genetic predictors of SCS

· A repeatability animal model using the heritability and repeatability estimates of 0.11 and 0.49, respectively should be used in the estimation of breeding values for SCS in Ireland

Introduction

Profitability of a dairy herd is a function of revenues and costs. Examples of revenues include milk production and livestock sales. Factors affecting costs of production include feed costs, fertility costs and health costs. Udder health affects both revenues and costs. Milk pricing in Ireland is tiered based on monthly arithmetic bulk tank somatic cell count (SCC) thereby affecting revenues; poor udder health may also be associated with reduced milk yields (Ma et al., 2000; Raubertas and Shook, 1982) or the necessity for milk withdrawal thereby further reducing farm revenues. Poor udder health is also associated with higher costs of production through higher veterinary costs and higher labour costs. Hence, udder health is recommended to be included in the economic breeding index in 2006 (Berry and Amer, 2005). In order for any trait to be included in a selection index accurate genetic parameters from the prevailing population are required. Berry and Amer (2005) recommend that average lactation somatic cell score (SCS), which is the average of the natural log of test-day somatic cell count, should be included in the economic breeding index as a proxy for udder health. Additionally, udder conformation has previously been shown to be genetically correlated with udder health. The usefulness of udder conformation in a selection index for udder health, as with any other predictor trait, is conditional on its genetic background and its relationship with the goal trait which in this case is SCS. These conditions must be evaluated within the Irish dairy population. 

The objective of the present study was to estimate genetic parameters for SCS and the genetic correlations between SCS and both production and udder conformation traits using Irish data. 

Materials and Methods

A total of 4,258,553 lactation records were extracted from the Irish Cattle Breeding Federation database including information on cow number, herd, calving date, parity, age at calving (in months), length of lactation, previous calving interval, subsequent calving interval, lactation milk yield, fat yield, protein yield and geometric mean somatic cell count (SCC), number of SCC test-day records used to calculate the geometric mean and the type of SCC record. Four different types of SCC records were available: 1) test day yields inputted directly into IRIS; lactation averages were processed in IRIS as the geometric mean, 2) incomplete 24 hour yields and lactation average data migrated from the old Irish Dairy Records Co-operative (IDRC) database; lactation averages were calculated as the arithmetic mean of the 24 hour yields, 3) records whereby only the lactation average SCC was available in IRIS, and, 4) migrated data from IDRC which included both the complete 24 hour yields and lactation averages calculated as the arithmetic mean. The geometric SCC was subsequently calculated for these records using the same methodology as used for the Type 1 data. A pedigree file with 8,803,155 individual animal details was also supplied with a complete cross reference to the production file.

As the lactation average for Type 2 was calculated as the arithmetic mean and not the desired geometric mean, and the method of calculation of the average for Type 3 records could not be ascertained the data was edited to only include Type 1 and Type 4 SCC records for subsequent analysis. Somatic cell count records that were associated with zero test-days observations were also removed; 3,236,564 records remained. Animals with no identified sire (1,069,163 animals) were removed. Lactation records with a lactation length of greater than 600 days (36,294 records) or with a milk yield of either less than 1000 kg or greater than 15000 kg (5,613 records) were also removed. First parity records with an age at calving outside the range of 21 to 40 months were removed; similarly age ranges of 30 to 60 months, 40 to 80 month, 50 to 85 months, 60 to 100 months were enforced for second, third, fourth and fifth parity cows. Following edits 2,052,048 records remained. 

Because of the skewed distribution of SCC and the importance of normally distributed data when estimating variance components using linear models the SCC data were normalised as follows:

SCS = loge(SCC/1000)

Data from 128,511 lactations with information on type traits were also extracted from the ICBF database. Data edits on the type traits were similar to those applied in previous analyses quantifying the relationship between type traits, calving interval and survival in Ireland. Only herds that had a least three observations on type traits were retained. Only records from the years 1995 to 2004, inclusive were retained. Type trait observations on cows scored between 24 and 44 months, inclusive were retained; 76,395 records remained. Only the first record scored per animal was retained. Herd-year visit contemporary groups were derived by concatenating herd, year and season of visit. Contemporary groups with less than 3 records were removed. Following all edits 68,626 records remained.

Repeatability model

Preliminary univariate analysis for SCS in ASREML indicated insufficient computing resources to analyse such a large dataset using a repeatability sire model with relationships. Hence, herd numbers ending in either of the digits 2, 4, 6, or 8 were removed; 1,235,312 records were included in the analysis.

A variable herd-year-season-parity was created as the concatenation between herd, year and season of the year (i.e., spring, summer, autumn, winter) at calving and parity where parity in this instance was defined as first parity and greater than first parity. An additional variable, year-month, was also derived as the concatenation between year and month of calving where “month” was assumed to change on the 15th day of each month so to minimise confounding with herd-year-season. Days dry was calculated as the difference between the previous lactation length and previous calving interval and was converted to a class variable where first parity animals entered one class, lactation records with a previous lactation length or previous calving interval of <200 days entered another class and a separate class thereafter for increments of 10 days dry from 0 to 170 days and a final class for >170 days dry. Number of days in calf at the 305th day of lactation was also calculated based on differences between adjacent calving dates within cow and converted to a class variable, in ten day increments, nested within parity where parity in this instance was defined as parity one and parity two or greater.

Pedigree data, both male and female, were collated for all sires included in the analysis; the pedigree file included 1,864,126 animals. The data were analysed using a univariate repeatability sire model in ASREML (Gilmour et al., 2005). The following model was used which is consistent with the model currently used to estimate breeding values for production traits in Ireland.

Y = HYSP + YM + BREED + AGE + DIC + DRY + SIRE + COW + e

where:

Y = Somatic cell score (i.e., logeSCC)

HYSP = herd-year-season-parity contemporary group

YM= year-month

BREED = breed fraction of cow

AGE = age at calving

DIC = days in calf

DRY = days dry

SIRE = random sire effect (including relationships)

COW = random cow effect (no relationships included)

e = residual error term.

Multi-trait analyses

Multi-trait analyses were also undertaken whereby each parity from one to five was treated as a separate trait. Contemporary groups were formed based on the procedures of Crump et al. (1997) and Schmitz et al. (1991), and was identical to that used for the estimation of the genetic parameters for calving interval and survival in Ireland. Following similar edits to those carried out for the repeatability analysis 648,597 cows with known sires remained; up to five parity records per cow were available. Type trait data was merged with the SCS data. Preliminary analyses of the entire dataset suggested insufficient computation resources to undertake, at least, a bivariate analysis using a sire model with relationships. Hence, herd identification codes ending in 3, 6, or 9 were removed; 340,928 records were included in the analysis. A series of bivariate analyses were undertaken between SCS across different lactations, between SCS and milk yield and composition within lactation, and between the udder type traits and SCS in the first three parities. The model used was similar to that reported above without the inclusion of a random cow effect.

The correlation matrix, complied from the series of bivariate analyses, between the type traits and SCS in the first three parities was bended so that it was positive definite. The bended matrix is reported herein.

Selection index methodology

Selection indexes with the goal trait being SCS in first parity, and the type traits included as predictor traits was also adopted to investigated the potential impact of including udder type traits in a selection index to increase the accuracy of selection for SCS.

Results and Discussion

Repeatability analysis

The univariate repeatability analysis revealed a sire, cow and residual variance for SCS of 0.01650, 0.21312, and 0.391987, respectively. Hence, the heritability and repeatability were 0.106 (SE=0.0049) and 0.449 (SE=0.0045) respectively. The heritability estimate is similar to previous international reports using a sire model and similar methodology (for review see Mrode and Swanson, 1996). The heritability estimate is also very similar to that used by the United States (0.12) in their genetic evaluations with a repeatability model (www-interbull.slu.se). The heritability and repeatability estimates are also similar to those previous used by France when they estimated breeding values using a repeatability model. The heritability suggests that a reliability of at least 0.80 can be achieved when a sire has at least 150 first lactation daughters with SCC records. 

Multi-trait analysis

The phenotypic and genetic correlations between SCS across the first five lactations are summarised in Table 1; also included are the heritability estimates for SCS in the first five lactations.

Heritability estimates for SCS ranged from 0.09 to 0.11 and were similar to that estimated from the repeatability model. Heritability estimates reported in Table 1 are also in agreement with other international literature (for review see Mrode and Swanson, 1996). The genetic correlations among parities for SCS were all greater than 0.79 and in general were stronger than some previously reported estimates (for review see Mrode and Swanson, 1996) but were nevertheless similar to other estimates (Rogers et al., 1995; Reents, 1996).  The strength of the genetic correlations tended to weaken as the distance between the parities increased agreeing with most previous literature (for review see Mrode and Swanson, 1996).

Table 1. Heritability estimates (on the diagonal), phenotypic (above diagonal) and genetic correlations (below diagonal) for somatic cell score across different parities.

	 
	Parity1
	Parity2
	Parity3
	Parity4
	Parity5

	Parity1
	0.11
	0.35
	0.29
	0.26
	0.25

	Parity2
	0.90
	0.10
	0.44
	0.38
	0.35

	Parity3
	0.85
	0.98
	0.09
	0.49
	0.43

	Parity4
	0.79
	0.92
	0.98
	0.11
	0.51

	Parity5
	0.81
	0.89
	0.98
	0.99
	0.11


The phenotypic correlations, although positive were weaker than their respective genetic correlations agreeing with previous studies (for review see Mrode and Swanson, 1996; Pösö and Mäntysaari, 1996); again the correlations weakened as the distance between parities increased.

The genetic correlations between milk yield, milk composition, type traits and SCS in the first three lactations are summarised in Table 2. Although the genetic correlations were weak, there was a tendency, especially in first lactation, for cows of high genetic merit for milk production to be genetically predisposed to high SCS. There was a tendency in other studies (for review see Mrode and Swanson, 1996) for the intra-parity genetic correlation between SCS and milk yield to be positive, negative, and positive in first, second and later parities, respectively although the correlations were generally weak agreeing with the current analysis. Correlations between milk composition and SCS were all near zero which is in general agreement, although somewhat weaker in the present study, to previous international studies (for review see Mrode and Swanson, 1996).

The genetic correlations between the udder-related type traits and SCS (Table 2) suggest a greater genetic predisposition to higher SCC in cows with deeper udders with a loose fore udder attachment. There was a tendency for positive genetic correlations between udder support and SCS although the correlations were not significantly different from zero. Teat placement and teat length had no genetic association with lactation average SCS in the cows in this dataset; there was a tendency for SCC in parity three to be associated with longer teats. The sign of the correlations between each individual type trait and SCS was consistent across parities. The strength of the genetic correlation between both udder depth and fore udder attachment with SCS intensified as parity number increased. The sign of the genetic correlations between the various type traits are similar to those reported by other researchers in the United States (Schutz et al., 1993; Rogers et al., 1991) and Europe (Mrode et al., 1998; Rupp and Boichard, 1999). The average absolute change in the genetic correlations when making the correlation matrix positive definite was 0.013.

Table 2. Heritability of milk yield and composition and the udder related type traits as well as their genetic correlation with somatic cell score in the first three parities.

	Trait
	Heritability
	Somatic cell score

	
	
	Parity1
	Parity2
	Parity3

	Milk yield†
	0.33 to 0.42
	0.19
	0.06
	0.09

	Fat %†
	0.52 to 0.55
	0.04
	0.00
	-0.05

	Protein %†
	0.51 to 0.55
	0.03
	0.00
	0.04

	Udder depth
	0.29
	-0.19
	-0.24
	-0.38

	Udder support
	0.15
	0.10
	0.06
	0.04

	Fore udder attachment
	0.13
	-0.14
	-0.14
	-0.19

	Rear udder height
	0.26
	0.06
	0.06
	0.11

	Front teat placement
	0.19
	0.14
	0.12
	0.12

	Rear teat placement
	0.24
	0.03
	0.08
	0.01

	Teat length
	0.29
	-0.02
	0.06
	0.18


†Heritability estimates are across the three parities and correlations with SCS are within parity.

Selection indexes

Only udder depth fulfilled the criteria to be a potential predictor trait for SCS in first parity (i.e., a relatively high heritability and strong genetic correlation with SCS). The accuracy of selection for SCS in first parity with or without the inclusion of udder depth in a selection index is illustrated in Figure 1. 

Figure 1 clearly illustrates no potential benefit of including udder depth in a selection index for SCS when information is already available for SCS in the progeny. This is most likely the case as almost all animals type classified will also be milk recorded and thus already have somatic cell count observations. The lack of a potential benefit of including type as predictors of SCS is a function of the relatively moderate heritability of SCS compared to the type traits and the lack of any strong genetic correlations between the type traits and SCS.
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Figure 1. Accuracy of selection for somatic cell score (SCS) in first parity when the selection index included 1) udder depth alone (―■―); 2) SCS alone (―♦―); and 3) SCS and udder depth simultaneously (―Δ―).
Conclusions

Based on the strong genetic correlations between parities and the logistics currently in place for running a repeatability model for milk production, it is recommended to adopt a repeatability animal model, using the parameters estimated in the current study, to estimate breeding values for SCS in Ireland. However, research should be undertaken to estimate parameters and evaluate the possibility of adopting test-day methodology for milk production and SCS in the future.

Acknowledgements

The Irish Holstein-Friesian Association of Ireland are gratefully acknowledged for their financial contribution to this study

References

Berry, D.P., and P.R. Amer. 2005. Derivation of a health sub-index for the Economic Breeding Index in Ireland. Technical Report to The Irish Cattle Breeding Federation. August 2005.

Crump, R.E., N.R. Wray, R. Thompson, and G. Simm.  1997. Assigning pedigree beef performance records to contemporary groups taking account of within-herd calving patterns. Anim Sci. 65:193-198.

Gilmour, A.R., B.R. Cullis, S.J. Welham, and R. Thompson, 2005. ASREML Reference Manual. New South Wales Agriculture, Orange Agricultural Institute, Orange, NSW, Australia.

Ma, Y., C. Ryan, D.M. Barbano, D.M. Galton, M.A. Rudan, and K.J. Boor. 2000. Effects of somatic cell count on quality and shelf-life of pasteurized fluid milk. J. Dairy Sci. 83:264-274.

Mrode, R.A., and G.J.T. Swanson. 1996. Genetic and statistical properties of somatic cell count and its suitability as an indirect means of reducing the incidence of mastitis in dairy cattle. Anim. Breed. Abstr. 164:847-857.

Mrode, R.A., G.J.T. Swanson, and M.S. Winters. 1998. Genetic parameters and evaluations for somatic cell counts and its relationship with production and type traits in some dairy breeds in the United Kingdom. Anim. Sci. 66:569-576.

Pösö, J., and E.A. Mäntysaari. 1996. Relationships between clinical mastitis, somatic cell score, and production for the first three lactations of Finnish Ayrshire. J. Dairy Sci. 79:1284-1291.

Raubertas, R.F., and G.E. Shook. 1982. Relationship between lactation measures of somatic cell concentration and milk yield. J. Dairy Sci. 65:419-427

Reents, R. 1996. The use of test-day models in genetic evaluation. Proc. International Workshop Genet. Improv. Funct. Traits in Cattle. Gembloux, Belgium. 234-243.

Rogers, G.W., G.L. Hargrove, and J.B. Cooper. 1995. Correlations among somatic cell scores of milk within and across lactation and linear type traits of Jersey. J. Dairy Sci. 78:914-920.

Rogers, G.W., G.L. Hargrove, T.J. Lawlor, J.L. Ebersole. 1991. Correlations among linear type traits and somatic cell counts. J. Dairy Sci. 74:1087-1091.

Rupp, R., and D. Boichard. 1999. Genetic parameters for clinical mastitis, somatic cell score, production, udder type traits, and milking ease in first lactation Holsteins. J. Dairy Sci. 82:2198-2204.

Schmitz, F., R.W. Everett, and R.L. Quaas. 1991. Herd-year-season clustering. J. Dairy Sci. 74:629-636.

Schutz, M.M., P.M. VanRaden, P.J. Boettcher, and L.B. Hansen. 1993. relationship of somatic cell score and linear type trait evaluation of Holstein sires. J. Dairy Sci. 76:658-663.

� EMBED Word.Picture.8  ���





� LINK Excel.Chart.8 "\\\\MOOREPARK\\PROJECT\\DAIRYPROD\\5392\\EBI\\Mastitis_SCC\\Accuracy of selection.xls" "Chart1" \a \p ���









- 2 -

[image: image4.png]8o



[image: image5.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Progeny group size

Accuracy of selection

_1155369660.doc
[image: image1.png]Ccogosc







_1193205075.unknown

