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INTRODUCTION 
Dairy sheep breeding programs have been developing for the last twenty years, especially in 
Mediterranean countries of Southern Europe. The efficiency of   selection on milk traits allows 
now facing new goals, in order to both improve   farmer’s incomes via a decrease of production 
costs and satisfy  consumer’s demand for typical products and for food safety. Accordingly, 
special attention is now given to udder morphology (adaptation to machine milking) and 
health. Indeed, mastitis is becoming an important health problem in dairy ewes, and it is linked 
to potentially pathogenic contaminants in milk (listeria, salmonella, S. aureus). Costs 
associated with mastitis principally consist in decreased milk production and increased 
involuntary culling. Moreover, the delivery control of milk with high somatic cell counts 
(SCC) or bacterial counts, established by an EU directive (92/46) for dairy cattle, might be 
extended to dairy sheep in the future. Based on these recommendations, price penalties for   
milk have already been implemented in the French Roquefort area since 1993.  
The objective of this paper is to review the state of the on-going research regarding selection 
for mastitis resistance in the French Lacaune dairy sheep breed. Topics highlighted are: i) the 
definition of the breeding goal, ii) the choice and the definition of an adequate selection 
criterion (and it’s recording at a large scale), iii) estimation of genetic parameters and genetic 
evaluation. Finally, further investigations planned for improving  udder’s health are given. 
 
THE SELECTION OBJECTIVE AND HOW TO CHOOSE IT ? 
Intramammary infections in dairy sheep are characterized by a rather low (<10%) occurrence 
of clinical cases (acute, subacute, chronic). The main form of the disease consists in subclinical 
infections with coagulase negative staphylococci, mainly S. epidermidis, S. xylosus and S. 
simulans (Bergonier et al., 1999). Conversely, in dairy cattle, higher frequencies of clinical 
cases, from 20% to 40%, are usually reported (Heringstad et al., 2000) and enterobacteriaceae 
and coliforms are rather common causal agents from faecal and environment origin. In dairy 
sheep, the main problem consists in contagious infections, which transmission is favoured by 
milking.  
 
The choice of a selection criterion to improve mastitis resistance should be based on the 
following characteristics : the trait must be biologically relevant, i.e. discriminating 
appropriately healthy and diseased ewes, it must be easy and inexpensive to record extensively 
and must exhibit genetic variation. Although considered as the reference method, 
bacteriological analysis is expensive and labour demanding and is, therefore, not suitable for 
routine application. Other direct measures of mastitis such as recording of clinical cases only 
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accounts for a small part of mastitis cases in dairy sheep and would require a great effort for 
standardisation. 
As for dairy cattle, Somatic Cell Count (SCC) in milk has been identified as an accurate 
indirect method to predict subclinical mammary infections in dairy sheep, based on the 
assessment of the inflammatory status of the udder. Indeed, infected udders of ewes are 
characterized by a significant increase in total milk SCC and different cell classes, 
predominantly  polymorphonuclear neutrophil leucocytes (Morgante et al., 1996). As part of an 
EU contract (FAIR 95-0881; 1997-2001),  cell counting methods for sheep milk were validated 
and quality control procedures for twelve Mediterranean laboratories have been implemented. 
Specific intramammary infection diagnosis rules based on SCC were developed for different 
sheep breeds and countries (Gonzalez-Rodriguez et al., 1995; Bergonier et al., 1996). There are 
few early studies available focusing on genetic variation of SCC in dairy sheep. Results based 
on repeatability test-day models for SCC indicated low heritability estimates, i.e. 0.04 (Baro et 
al., 1994) and 0.09 (El Saied et al., 1998). But more recent studies (Mavrogenis et al., 1999; El 
Saied et al., 1999; Barillet et al., 2001; Rupp et al., 2001) reported higher heritability estimates 
for the lactation mean SCC, from 0.11 to 0.18. Nevertheless, SCC is an heritable trait related to 
subclinical mastitis, which can be accurately measured at low cost in dairy sheep and can be 
routinely collected as part of current milk recording systems. SCC is therefore particularly 
convenient as a selection criterion.  
 
A study based on two divergent lines of ewes selected on milk yield in an experimental INRA 
flock (Barillet et al., 2001), gave further information regarding the breeding goal for mastitis 
resistance. Indeed, no significant difference in risk of culling for clinical or chronic mastitis 
was found between both lines whereas the risk of subclinical mastitis (predicted using SCC) 
was about twice as high in the high producing line when compared to the low producing line. 
These results suggested that selection on production traits in ewes might not  be accompanied 
by a substantial increase of clinical and chronic mastitis occurrence as reported for dairy cattle 
(Standberg and Shook, 1989) contrary to subclinical infections. In practice, improving   udder 
health in French dairy ewes could focus, at least for the moment, on selection against 
subclinical mastitis using SCC. Moreover, SCC can be considered as a selection objective in 
itself in France as it directly influences the price of milk. 
 
DEFINITION OF THE SELECTION TRAIT  
Extensive recording for SCC. Following first genetic analyses on experimental data (Barillet 
et al., 2001), an extensive recording procedure for SCC has been implemented from 1999 
onward for flocks of the French breeding schemes nucleus. However, an exhaustive monthly 
recording of SCC, such as the one usually available in dairy cattle, is prohibitive in sheep. 
Therefore, a simplified method of SCC sampling was defined, as proposed earlier for fat and 
protein content data (Barillet, 1985), in order to involve  a large number of recorded animals at 
a reduced cost. Information collected consisted in 2 to 4 individual SCC test days per lactation 
collected after a 25-days suckling period, among the first 4 production records. SCC were 
measured by a Fossomatic device from a sample of the morning milking. In September 2001, 
the national data base included SCC records for 384 flocks and 204,256 first and second 
lactations of Lacaune ewes, in addition to classical information (identification, test-day 
production traits). 
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Definition of the SCC trait. Analyses of SCC were carried out after transformation of 
elementary data into somatic cell scores (SCS). This classical logarithmic transformation (Ali 
and Shook, 1980) achieves normality of distribution. A cell count lactation mean (LSCS) was 
computed as the weighted arithmetic mean of test-day SCS adjusted for days in milk. 
Adjustment and weights were computed from ewes with 4 to 7 SCC records involved in an 
experimental recording procedure for SCC between 1993 and 1997 (Barillet et al., 2001). Only 
“healthy” ewes (according to Bergonier et al. (1996)) were taken into account to estimate 
adjustment factors, which should account for the dilution effect of SCC as the lactation 
proceeds. The weight of one test-day SCS was the squared correlation between one measure 
and the mean of all other records. Adjustment and weights accounted for the variability in 
number and repartition of records available per lactation. 
 
GENETIC EVALUATION FOR SCC 
Genetic parameters for SCC. Genetic parameters for LSCS were estimated using, after edits, 
94,474 and 45,811 first and second lactations of Lacaune ewes sired by 1221 and 171 sampling 
and proven sires, respectively. The average number of SCS records per lactation was 2.9. 
REML was applied to multitrait sire models, using the VCE package (Neumaier and 
Groeneveld, 1998). Models included the fixed effects of herd*year, age and month at lambing 
within parity, the group of sire (proven or sampling ram) and a random sire effect.  
 
Table 1. Genetic parameters of LSCS in Lacaune ewes A. 
 
 LSCS  Milk Yield 
 1st lactation 2nd  lactation  in 1st lactation 
LSCS  

 1st lactation 
 

0.13 
 

0.93 
  

0.18 
2nd lactation 0.31 0.12  0.08 

Milk Yield -0.18 -0.02  0.28 
A Heritabilities on the diagonal, Genetic correlations above the diagonal and Environmental 
correlation under the diagonal 
 
Heritability of LSCS was close to 0.13 and comparable in first and second lactation (table 1). 
The high genetic correlation between parities suggested that LSCS in lactation 1 and 2 were 
essentially the same genetic trait  Genetic antagonism with milk production was moderate 
(table 1), suggesting that including LSCS in the breeding goal would be useful, at least, in a 
first step, to stop the deterioration  expected for this trait as a consequence of selection for 
production traits. Genetic evaluation using lactation average in first and second lactation is 
justified and could be easily implemented. 
 
Genetic evaluation. According to previous genetic parameters of LSCC, the model for genetic 
evaluation was defined as a repeatability model for the lactation average LSCS, with 
heritability of 0.13, and repeatability of 0.31. The animal model used was the same as for milk 
production (Barillet et al., 1996), including the effects of flock x year x parity, age and month 
at calving within parity and year, genetic group, breeding value and permanent environment. 
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All lactations completed since 1999 with at least 1 SCS record were considered. Second 
lactation data were preajusted to homogenize genetic variances across parities. Data were 
weighted according to the number of SCS records used to compute the lactation mean (LSCS). 
As soon as 2002, EBVs will be published for breeding organisations. Data spanned a limited 
period and no clear trend was observed in male as well as in female EBVs. Correlation of 
EBVs for LSCS with EBVs for milk production was close to zero. 
 
PROSPECTS  
 Combining selection for LSCS and milk production traits is under investigation. Moreover, 
similarly to SCC, EBVs for udder morphology traits will soon be available for French dairy 
sheep breeders. Knowledge of the genetic relationships between all these new traits, including 
also milking speed, will be needed to define a global selection index aiming at improving udder 
health and milking characteristics with an acceptable loss of genetic gain for milk production 
traits.  
Recording  both clinical and chronic mastitis in France is currently in project. It could be useful 
in the future to increase accuracy of selection for udder health and/or to investigate about 
trends in genetic resistance to the different forms of mastitis. 
Moreover, QTL detection programs (one backcross and one purebred design) including SCC 
and udder physiology traits, have been ongoing since 2000 in the framework of an European 
research contract. Thus, the forthcoming years are promising as far as the knowledge on the 
fine genetic determinism of SCC and its potential use in selection are concerned. 
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