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Introduction

Somatic cell count (SCC), and therefore somaticsmalre (SCS), has been widely promoted
as an indirect method of predicting mammary infewdi and as a selection criterion to
improve mastitis resistance (e.g., Heringstad, Bemetsdal, G., and Ruane, J. (2000);
Barillet (2007)). An elevated SCC in milk is an ication of the occurrence of infection in
the udder. However, a possible complicating faésothat SCC in healthy and infected
animals may be considered as different traits (Baet and Leroy (2000)). In principle,
therefore, SCC from healthy and infected animalsukh be analyzed separately. But,
because intramammary infection status is genetalknown, statistical models are usually
applied indifferently to SCC obtained from infectednon infected animals. Test-day SCC
may, therefore, be regarded as a mixture of obengfrom animals with unknown health
status (@degard, J., Jensen, J., Madsen, P. @08B)). @degéard, J., Jensen, J., Madsen, P.
et al. (2003) and Gianola, D., @degard, J., HetauwysB. et al. (2004) described a mixture
model for SCS containing fixed and random effedfecéing baseline SCS, with mastitis
producing a change in the mean and variance dittigbution.

In the present study we used a data set for whi¢@ 8s well as bacteriological data are
available, indicating whether an animal was infdcé¢ the time of sampling. Therefore,
instead of using mixture models to determine tHedtion status, we were able to analyze
SCS, separately in healthy and infected animals.ditms of this study, therefore, were: i) to
estimate the heritability of SCS, according to veetthe animals were healthy or infected,;
and ii) to estimate the phenotypic and geneticedation between the bacteria negative SCS
(i.e., healthy animals) and the bacteria positi@S$i.e., infected animals).

Material and methods

Dataset.Data consisted of 8,843 test-day records from 2|@dfations of 1,120 ewes. Data
were collected at approximately 1-mo intervals ivale del Belice flocks between 2004
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and 2007. At the same time, milk samples were ctte aseptically from each animal for
bacteriological analyses. Ewes were consideredtedeif > 5 colony forming units (CFU)
per 1Qul of milk of one species of bacteria were isolatll the data used in this study were
the apparent presence or absence of infection dch anilk sample. The pedigree file
included 1,603 animals. The data was also dividedwio sub-datasets: one sub-dataset
including records with SCC information and bactepiesitive response (2,866 test-day
records from 1,263 lactations of 805 ewes), andotherone including records with SCC
information and bacteria negative response (5,88%day records from 1,805 lactations of
1,062 ewes). Of the 1,120 ewes of the original,d&4d were included in both sub-datasets.

Statistical analysesThe test-day traits analyzed as response variaides SCS, obtained
after log-transformation of test-day SCC, usingaaeb?2 logarithmic function: SCS = log
(SCC/100) + 3 (Ali and Shook (1980)). Variance comgnts and genetic parameters for
SCS (whole dataset as well as bacteria negativegpasitive subsets) were estimated using
ASReml (Gilmour, A.R.,Gogel, B.J., Cullis, B.R. et al. (2002)), with tlellowing
repeatability test-day animal model:

Yijimn = 4+ FTD; +YPS;j + R +L§ + B DIMjjimn +/32€XP(— 005* DIMijkIr’m)"'Am"' PEm + PEym * €jkimn
where yjjym was the SCS test-day measurementyas the population meamTp; was the
random effect of flock by test-day interactio(®1 levels);yps; was the fixed effect of year
by season of lambing interactipri6 levels); R, was the fixed effect of the parity (3 levels,
1, 2, and>3); L5 was the fixed effect of litter size clakq2 levels, single or multiple
lambs); DIM;jgm and ex;{— 005* DlMinmn) were two covariates used to model the shape of
lactation curves (Wilmink (1987));A, was the random additive genetic effect of the
individualm (1,603 levels);PE,, was the general random permanent environmenttedf
ewe m across lactations (1,120 levelsyg,,, was the random permanent environmental
effect on the individuam within parity clask (1,662 levels)gjym Was the random residual

effect. The same model was used for the analydiseofwo sub-datasets.

Phenotypic and genetic correlations between SC#hénbacteria negative and positive
subsets were estimated using bivariate analysegenGthe data structure, i.e. non-
contemporaneous bacteria negative and positive &i38rvations for any individual, the
environmental covariance between the two traits agsmimed to be zero and not estimated
when the genetic correlation was estimated. Howeawgegstimate an approximate phenotypic
correlation, the dataset was restructured and estit@w adjacent pairs of bacteria negative
and positive SCS data, i.e. the bacteria negatie ositive SCS observations closest
together within a lactation were used. The samedfiand random effects, as previously
described, were fitted in the model.

Results and discussion

Arithmetic means, standard deviations and rang@Q@E and SCS test-day traits are given in
Table 1. Although the arithmetic mean SCC for itddcanimals was approximately 3-fold
higher than that for uninfected animals, the rangesSCC for uninfected and infected
animals were similar. The difference between bé#tpositive and bacteria negative SCC
may have been higher if SCC and infection statu®wensidered per udder half. However,



we only had information at the animal level (sumimiag the whole udder); therefore a
dilution effect due to mixing of milk having highC& coming from infected glands with low
SCC from a healthy gland has to be considered.

Table 1 - Descriptive statistics of SCC and SCS tiiz

N. of records Mean SD Range
Whole data SCC (xZ@ells/ml) 8.843 1,812 4,150 13-31,268
Whole data SCS ' 5.01 2.37 0.06-11.29
Bacteria negative SCC (x16ells/ml) 5977 1,077 3,084 13-29,368
Bacteria negative SCS ' 4.34 2.06 0.06-11.20
Bacteria positive SCC (xI@ells/ml) > 866 3,346 5,462 16 - 31,268

Bacteria positive SCS 6.42 236 0.36-11.29

Phenotypic variances after adjustment for systengatvironmental effects, the heritabilities,

and the repeatabilities within and across lactatifum SCS traits are presented in Table 2.
The heritability estimate for SCS was 0.09, whishgenerally in the range reported in

literature for repeatability test-day models (eRaro, J.A., Carriedo, J.A., and San Primitivo
F. (1994); Hamann, H., Horstick, A., Wessels, Ale(2004)).

Table 2 - Phenotypic variance @ Zp), heritability (h?) and repeatability within (r,) and
across () lactations (£ SE) for SCS traits

o’p I + SE [, + SE L+ SE
Whole data SCS 5.467 0.09 +0.04 0.29+0.04 0.632
Bacteria negative SCS 2.225 0.10 £ 0.06 0.2140.0 0.30+0.03
Bacteria positive SCS 5.573 0.03 +0.03 0.2050.0 0.31+0.04

Heritability estimates for bacteria negative andtbaa positive SCS were respectively 0.10
and 0.03. This genetic difference could be duehtodifferent sub-datasets (i.e., different
animals and different number of records) used lier dnalysis. Therefore, an analysis was
carried out in which only the animals present ithtgub-datasets were considered. However,
this analysis had little effect on the estimatedtabilities. Repeatability estimates within
lactation ranged between 0.20 and 0.29, and werténrange (0.22 to 0.38) generally
reported in literature for sheep (e.g., EI-SaiedyllJ Carriedo, J.A., and San Primitivo, F.
(1998); Hamann, H., Horstick, A., Wessels, A. et(2004)). Repeatability estimates across
lactations ranged between 0.30 and 0.33, and wghehthan the within-lactation values.
Repeatabilities were similar for bacteria negatind bacteria positive SCS.

Table 3 - Genetic and phenotypic correlations{ SE) between baseline SCS and SCS
response

Bacteria positive SCS

Genetic correlation: 0.62+ 0.06

Bacteria negative SCS Approximated phenotypic correlation: 0.19+ 0.02

The phenotypic and genetic correlations betweetehamegative and bacteria positive SCS



are presented in Table 3. The approximated phemotgrrelation was 0.19 (s.e. 0.02),
whereas the genetic correlation was 0.62 (s.e.)0\hilst this genetic correlation is
moderate and positive, it indicates that ewes hpaimigh SCS when healthy are also more
likely to have a greater SCS when infected. Moreoivesuggests it may be more appropriate
to consider bacteria negative and bacteria posBi@S as different traits. Our result was
similar to the one reported by Madsen, P., Shafi&tM., and @degard, J. (2008) in Danish
Holsteins, but higher than the 0.13 reported byt®ber, P.J., Caraviello, D., and Gianola
D. (2007) in US Holsteins. It might be hypothesizhdt ewes with high bacteria negative
SCS have a higher capacity to react, in termsatase in SCS, in response to an infection.
However, a somewhat different interpretation i g®ssible. The bacteria positive SCS
actually consists of the baseline SCS (i.e. the 8®8s would have had in the absence of
infection) along with the true response to infeatid herefore, it is likely that the positive
genetic correlation is picking up the baseline ibatontributing to both measures, with the
true response (i.e. the extra) SCS possibly beihg weakly correlated. The sum of the two
results in a trait that is genetically correlatedhwbacteria negative SCS, but has a low
phenotypic correlation (0.19).

Conclusion

Our results suggested that bacteria negative awoterie positive SCS may be partially
independent traits, confirming that SCC from healtmd infected animals should be
analyzed separately, wherever possible. The geoetielation of liability to infection with
either bacteria negative SCS or bacteria positS iill be estimated as our next step, to
investigate whether the approach of selecting asinfer decreased SCS, particularly
bacteria negative SCS, will help to reduce the glence of mastitis.
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