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  ABSTRACT 

  The objectives of this study were to evaluate the ef-
fect of somatic cell count (SCC) on functional longevity 
and to estimate the heritability of functional longevity 
using survival analysis in Valle del Belice dairy sheep. 
A total of 4,880 lactations of 2,190 ewes from 11 flocks 
were used. In this study, SCC was considered as an in-
dication of subclinical mastitis. In case of clinical cases, 
identified by the technicians at milking time, test-day 
weights and milk samples of those ewes were not con-
sidered. Somatic cells were analyzed as counts, without 
any transformation, and were grouped in 3 classes based 
on the observed SCC maximum (mxSCC). The mxSCC 
classes, expressed as 103 cells/mL, were classified as 1 if 
mxSCC ≤ 500, 2 if 500 < mxSCC < 1,000, and 3 if mx-
SCC ≥ 1,000. An increase in SCC was associated with 
an increased hazard of being culled. Ewes in the highest 
class of SCC on a test-day had a 20% higher hazard of 
being culled than those in the lowest class. Therefore, 
SCC played a role in culling decisions of Valle del Belice 
dairy sheep farmers. The heritability estimate for func-
tional longevity was 7% on the logarithmic scale and 
11% on the real scale, indicating that selection for this 
trait is possible in sheep. The flock-year-season effect 
explained 19% of the variation on the logarithmic scale 
and 27% of the variation on the real scale. 
  Key words:    somatic cell count ,  longevity ,  survival 
analysis ,  dairy sheep 

  INTRODUCTION 

  Intramammary infections are the primary cause 
of mastitis in dairy ewes and cows. Mastitis leads to 
economic losses, mainly arising from discarded milk, 
reduced milk production and quality, and increased 
health care costs both in dairy ewes (Leitner et al., 
2004) and cows (e.g., Wellenger et al., 2002). Albenzio 

et al. (2002) reported a reduction in fat and casein 
content in ewes infected by mastitis. Almost all sheep 
milk is processed into cheese; thus, any change in casein 
content would have a substantial effect on the industrial 
value of the milk. 

  Legarra et al. (2007) reported that increased suscep-
tibility to mastitis is one of the reasons for culling in 
sheep. However, little information is available about 
the relationship between longevity and both clinical 
and subclinical mastitis in sheep. Bergonier and Berth-
elot (2003) reported that annual incidence of clinical 
mastitis in sheep is generally less than 5%, whereas the 
prevalence of subclinical mastitis ranges from less than 
10 to more than 50%. Barillet et al. (2001) reported a 
5% frequency of culling for clinical mastitis and a 9.7% 
frequency for subclinical mastitis as predicted by SCC. 
In cattle, the incidence of mastitis has an important 
effect on culling decisions (e.g., Neerhof et al., 2000), 
particularly mastitis that occurs before the time of peak 
milk yield (Beaudeau et al., 1994). Antagonistic genetic 
correlations for longevity with mastitis resistance, rang-
ing from 0.22 to 0.53, were found in dairy cows (Nielsen 
and Pedersen, 1995; Mrode et al., 2000; Roxström and 
Strandberg, 2002). 

  Mastitis causes an increase in SCC in small rumi-
nants (Zeng et al., 1997; Leitner et al., 2004) and cattle 
(e.g., Heringstad et al., 2006). Moreover, mastitis data 
are difficult and expensive to collect, whereas SCC is 
currently recorded in several milk recording schemes 
in both dairy sheep (Astruc et al., 2004) and cattle 
(Boettcher, 2005). Therefore, SCC is promoted as an 
indirect method of predicting mammary infections and 
as a selection criterion to improve mastitis resistance 
(Heringstad et al., 2000; Barillet, 2007). However, 
Legarra et al. (2007) considered the measure of SCC 
as an indicator of subclinical mastitis. Whereas clinical 
mastitis is generally identified by evident signs, subclin-
ical mastitis is usually inferred from SCC (Bergonier 
and Berthelot, 2003). 

  In dairy cattle, the effect of SCC on culling at the 
phenotypic level was first assessed by Beaudeau et 
al. (1995). Previous studies, using survival analysis, 
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reported that higher concentrations of SCC were as-
sociated with higher rates of culling (Samoré et al., 
2003; Caraviello et al., 2005). Antagonistic genetic 
correlations between SCC and longevity, ranging from 
0.16 to 0.36, have been reported for dairy cows (Nielsen 
and Pedersen, 1995; Mrode et al., 2000; Roxström and 
Strandberg, 2002), indicating that elevated SCC is as-
sociated with reduced longevity. However, information 
regarding the relationship between SCC and functional 
longevity is lacking in sheep. Legarra et al. (2007) sug-
gested that a much more detailed study on culling poli-
cies and relationships between SCS, SCC, mastitis, and 
survival in dairy sheep is needed.

Longevity corrected for milk production level, func-
tional longevity, is an approximate measure for invol-
untary culling (Dekkers, 1993). At present, only a few 
estimates of heritability for longevity are available in 
dairy sheep (Conington et al., 2001; El-Saied et al., 
2005).

The objectives of this study were to evaluate the effect 
of SCC as an indirect measure of subclinical mastitis on 
functional longevity, and to estimate the heritability of 
functional longevity in Valle del Belice dairy ewes.

MATERIALS AND METHODS

Data

The original data set consisted of 6,530 lactations of 
3,219 ewes. Data for SCC were collected at approxi-
mately 1-mo intervals by the University of Palermo 
(Italy) in 17 Valle del Belice flocks between 1998 and 
2006; SCC was measured only when ewes were free of 
clinical mastitis. The Valle del Belice breed is the most 
productive autochthonous breed reared in Sicily. At 
milking time, cases of clinical mastitis were identified by 
the technicians and test-day weights and milk samples 
of those ewes were not considered. Clinical mastitis was 
reported for the evident signs of udder inflammation, 
or abnormal milk, or both. Most cases of mastitis were 
confirmed by a veterinarian. Records were excluded 
when SCC information was missing, ewes had missing 
sire identification, or ewes were sired by rams with fewer 
than 4 female offspring. Moreover, records were left out 
when the age at first lambing was not in the range of 10 
to 30 mo and when they were from flocks with observa-
tions for a period of less than 2 yr. After editing, the 
data set consisted of 4,880 lactation records from 2,190 
ewes reared in 11 flocks. The average number of SCC 
test-days was 3.5 per lactation.

The response variable was the productive life defined 
on a lactation basis, either from one lambing to the 
next or to culling, whichever came first, in accordance 
with Roxström et al. (2003). In this analysis, the overall 

longevity for a given ewe was partitioned into lactation 
periods; consequently, all records began with a lambing. 
In cases where ewes were not culled during a specific 
lactation period, records were treated as right censored. 
Ewes were considered culled, and therefore records were 
considered uncensored, if the last test-day reported was 
at least 6 mo before the end of the observation period 
for each flock. The 6-mo period was chosen by consider-
ing the intervals between lambings and the possibility 
that a ewe was in a dry period.

Statistical Analysis

The analysis was performed with a survival analysis 
(Ducrocq and Casella, 1996) using the Survival Kit 3.0 
set of programs (Ducrocq and Sölkner, 1998a). A Weibull 
model, less computationally demanding compared with 
the Cox model, was used. The Weibull distribution as-
sumption was checked by plotting ln[−lnS(t)] against 
ln(t), where S(t) was the Kaplan-Meier estimate of the 
survivor function, ln was natural logarithm, and t was 
the number of days from lambing within lactation.

The following Weibull model was used:

hijlmnop (t) = h0 (t) exp [sli (t) + opj + agel + mkm (t)  

+ sccn (t) + fyso + sp],

where hijlmnop (t) was the hazard of culling for a given 
ewe at time t, being t days from lambing within a lacta-
tion; h0 (t) was the Weibull baseline hazard function, 
with scale parameter λ and shape parameter ρ; sli (t) 
was the time-dependent fixed effect of the ith stage of 
lactation. Five classes were defined as 1 when 0 < DIM 
≤ 60, 2 when 60 < DIM ≤ 120, 3 when 120 < DIM ≤ 
180, 4 when 180 < DIM ≤ 250, and 5 when DIM > 250. 
The stage of lactation effect was included to account 
for changes in the culling hazard within lactation. opj 
was the time-independent fixed effect of the jth parity, 
with j = 1,…,5. agel was the time-independent fixed 
effect of the lth age at first lambing class, where l = 1 
when first lambing occurred at 10 to 18 mo of age, 2 at 
19 to 23 mo of age, and 3 at 24 to 30 mo of age. When 
the information about the age at first lambing was 
missed, such as when ewes were recorded from a second 
or later lactation, the age at first lambing was approxi-
mated by considering a fixed interval between parities 
equal to 365 d. mkm (t) was the time-dependent fixed 
effect of the mth class for average daily milk produc-
tion, expressed as milk deviations (milk_dev) from 
the mean and standardized by the corresponding stan-
dard deviation within stage of lactation and flock. The 
milk deviations were assumed to be piecewise constant 
from the beginning to the end of a given stage of lacta-
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tion. Three classes were considered: m = 1 if milk_dev 
< −1, m = 2 if −1 < milk_dev ≤ 1, and m = 3 if 
milk_dev > 1. sccn (t) was the time-dependent fixed 
effect of the nth class, based on the observed SCC 
maximum (mxSCC) within a stage of lactation; it was 
assumed to be piecewise constant from the beginning to 
the end of a given stage of lactation. The mxSCC 
classes, expressed as 103 cells/mL, were classified as 1 if 
mxSCC ≤500 (with 3,690 records), 2 if 500 < mxSCC 
<1000 (with 1,409 records), and 3 if mxSCC ≥1000 
(with 2,867 records). Thresholds for SCC classes were 
chosen according to Bergonier et al. (1994) and based 
on the evidence provided by other authors that healthy 
sheep normally have higher SCC than cows (e.g., Fth-
enakis et al., 1991). fyso was the time-independent 
random effect of the oth flock-year-season of the lamb-
ing subclass, with o = 1,…,166 from up to 11 flocks in 
9 yr of lambing, considering 3 lambing seasons. The 
lambing season was equal to 1 when lambing occurred 
from August to November, equal to 2 from December 
to March, and equal to 3 from April to July (Portolano 
et al., 2007). A fys class was included in the analysis if 
there were at least 4 records within it. The fys effects 
were assumed to follow a log-gamma distribution with 
parameter γ. sp was the time-independent random ef-
fect of sire (p = 1,…,168), assumed to be distributed 
as a multivariate normal with mean vector 0 and cova-
riance matrix A sσ

2 , where A was the additive relation-
ship matrix among sires. A sire model was used.

Heritability was estimated as (Ducrocq and Casella, 
1996)
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Standard error for the effective heritability was ap-
proximated (equation 2.28 in Roff, 1997). By replacing 
the numerator 4 2σs  with ψ(γ), we estimated the propor-
tion of the total variation, explained by the flock-year-
season effect, on both logarithmic and real scales.

RESULTS

Longevity for a given ewe was partitioned into lacta-
tions and, by consequence, about 76.4% of the records 
were right censored. The average lactation length, 
considering the entire data set (culled and not culled 
animals), was 171 ± 72 d whereas the lactation length 
of animals that were not culled was 250 ± 35 d. The 
daily average of milk yield was 1,310 g whereas the 
average test-day SCC was 1,932 × 103 cells/mL.

The fitted model explained approximately 50% of 
the total variation in the response variable. The shape 
parameter ρ was equal to 1.33, indicating that as time 
increased within lactation, so did the hazard of cull-
ing. The plot used to check the Weibull distribution 
assumption, ln[−lnS(t)] versus ln(t), showed a straight 
line (results not shown), an indication that this as-
sumption was valid.

Chi-square test approximations based on likelihood 
ratio test were calculated for all the effects in the model 
(Table 1). The significance of each effect resulted from 
the corresponding P-value.

Estimates of time-independent fixed effects indicated 
that ewes at second lambing were at a lower hazard 
of being culled than ewes at first lambing (Table 2). 
Relatively more culling in first parturition might be 
explained by culling for low production or culling for 
lambing difficulties, especially for ewes having the first 
lambing at an early age. Moreover, ewes at the fourth 
or greater lambing were at a higher hazard than ewes 
at the first lambing. The effect of age at first lambing 
resulted, in general, in an increase in culling rate with 
age.

Table 3 shows the estimates of time-dependent fixed 
effects. The estimates for the first to fourth classes of 
stage of lactation were significantly different from 1, 
indicating that ewes in these classes were at a higher 
hazard of being culled than those in the fifth class, the 
reference level. Ewes in the first and second classes of 
milk production were at a higher hazard of being culled 
than those in the third (reference) class with greatest 
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Table 1. Chi-squared (χ2)1 tests based on likelihood ratio tests for all 
effects in the model 

Effect in the model df χ2 P-value

Stage of lactation 4 113.4 <0.0001
Parity 4 48.4 <0.0001
Age at first lambing 2 7.1 0.0282
Daily milk production 2 121.5 <0.0001
Maximum SCC 1 10.2 0.0014
Flock-year-season 1 309.9 <0.0001
Sire 1 31.8 <0.0001

1Chi-squared is a likelihood ratio test; that is, the difference between 
the −2 log(likelihood) for the reduced model (without the effect test-
ed) and the −2 log(likelihood) for the full model.



milk yields. Regarding SCC, ewes in the second and 
third classes were at a higher hazard of being culled 
than those in the first class with the least SCC.

Table 4 shows the estimates for the time-independent 
random effects, heritabilities for productive life, and 
proportion of variation explained by the flock-year-
season effect obtained with the Weibull model. The 
heritability of productive life was 0.07 on the logarith-
mic scale and 0.11 on the real scale. The proportion of 
variation in productive life explained by the flock-year-
season effect was 0.19 on the logarithmic scale and 0.27 
on the real scale.

DISCUSSION

Prognostic factors—particularly SCC, which serve 
as an indirect measure of subclinical mastitis—affected 
productive life in Valle del Belice ewes. To our knowl-
edge, this is the first such finding in sheep, using sur-

vival analysis. Therefore, results were mostly compared 
with those reported for dairy cattle. A lactation basis 
approach was chosen because it better suited our data, 
which were collected on farms during different periods. 
Roxström et al. (2003) did not report major differences 
between longevity analyzed on a lactation basis and 
longevity based on the entire length of life.

The effect of age at first lambing resulted, overall, in 
an increase in culling rate with age. It is not convenient 
for a farmer to keep animals that are going to lamb for 
the first time at an advanced age. This result was in 
agreement with the results reported by Samoré et al. 
(2003) in dairy cattle. However, Chirinos et al. (2007) 
reported that age at first calving did not affect the 
hazard of culling in the Spanish Holstein-Friesian cattle 
population.

The effect of stage of lactation was included in the 
model because it allowed for better modeling of the 
baseline hazard and has an important factor affecting 
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Table 2. Mode b̂( )  and standard deviation ˆˆσb( )  of the marginal posterior distributions, hazard ratio ĥ( )  
based on posterior modes, and 95% confidence interval (CI) for ĥ  with lower and upper bounds for the time-
independent fixed effects, estimated with the model including SCC 

Effect1 Class

 
 
b̂

 
 
ˆˆσb

 
 
ĥ

95% CI for ĥ

Lower Upper

Parity 1 0 — 1 — —
 2 −0.216 0.093 0.805 0.672 0.966
 3 −0.095 0.107 0.909 0.738 1.121
 4 0.237 0.115 1.268 1.013 1.588
 5 0.608 0.121 1.837 1.450 2.328
Age at first lambing 1 0 — 1 — —
 2 0.107 0.083 1.113 0.945 1.311
 3 0.236 0.087 1.266 1.066 1.502

1Parity = 1 and age at first lambing = 1 were used as reference levels.

Table 3. Mode b̂( )  and standard deviation ˆˆσb( )  of the marginal posterior distributions, hazard ratio ĥ( )  
based on posterior modes, and 95% confidence interval (CI) for ĥ  with lower and upper bounds for the time-
dependent fixed effects, estimated with the model including SCC 

Effect1 Class

 
 
b̂

 
 
ˆˆσb

 
 
ĥ

95% CI for ĥ

Lower Upper

Stage of lactation 1 1.053 0.273 2.866 1.677 4.899
 2 1.361 0.175 3.901 2.768 5.497
 3 1.270 0.142 3.562 2.694 4.708
 4 0.876 0.126 2.400 1.874 3.074
 5 0 — 1 — —
Daily milk production 1 0.925 0.116 2.523 2.008 3.169
 2 0.222 0.109 1.248 1.008 1.546
 3 0 — 1 — —
Maximum SCC 1 0 — 1 — —
 2 0.172 0.099 1.187 0.978 1.441
 3 0.214 0.070 1.239 1.079 1.421

1Stage of lactation = 5, daily milk production = 3, and maximum SCC = 1 were used as reference levels.



culling. Ewes in middle lactation (i.e., 60–180 d) had a 
higher hazard of being culled compared with those in 
late lactation. When referring only to culling because of 
mastitis, a review by Bergonier et al. (2003) showed that 
in sheep, the majority of cases of mastitis occur during 
the first third of lactation. In dairy cattle, Beaudeau 
et al. (1995) and Roxström et al. (2003) reported an 
increased hazard of culling in early lactation.

The estimates for the classes of daily milk production 
showed that ewes with a level of production below the 
flock average had a higher hazard of being culled, in 
agreement with research results in cattle (e.g., Vuka-
sinovic et al., 2001; Chirinos et al., 2007).

Ewes with a maximum SCC between 500 and 1,000 
or ≥1,000 × 103 cells/mL in a stage of lactation had a 
slightly higher hazard of being culled than ewes with 
lesser maximums. These estimates were in the same 
direction as those reported by Beaudeau et al. (1995) 
in dairy cows, with a range of 1.7 from the highest to 
lowest class for SCC, whereas they were much lower 
than those reported by Samoré et al. (2003). Samoré et 
al. (2003) considered SCS instead of SCC, reporting a 
3-fold higher rate of culling for cows with test-days in 
the highest classes of SCS. However, using SCC or SCS 
is equivalent when classes are used. The transformation 
of SCC into SCS, therefore, would not have changed 
these classes because the particular transformation 
that is used to go from SCC to SCS is a one-to-one 
function. The risk associated with SCC level estimated 

in this study was less and might be explained by the 
fact that most Valle del Belice farmers do not directly 
use SCC information to make culling decisions for 
animals. In sheep, the current milk payment system of 
most countries is based only on milk yield and not on 
SCC level, which is different from the cattle industry. 
However, Valle del Belice sheep milk is mainly used for 
producing raw-milk traditional cheeses (Pecorino and 
Vastedda del Belice cheeses) either by farms, small lo-
cal dairies, or cheese industries working at the regional 
level. Therefore, an indirect effect of SCC on culling can 
be considered because SCC has a remarkable influence 
on the bulk milk composition and lactodynamographic 
parameters of Valle del Belice sheep (Giaccone et al., 
2005). Moreover, the genetic correlations between milk 
production traits (milk yield and fat and protein yields 
and contents) and SCS level in Valle del Belice sheep 
are positive, ranging from 0.16 to 0.31 (Riggio et al., 
2007). However, Bufano et al. (1994) showed that high 
SCC (>1 million/mL) do occur in normal sheep milk, 
especially toward the end of lactation, whereas Bergon-
ier et al. (2003) showed that nonpathological factors are 
responsible for variations of SCC in ewe milk between 
40 × 103 and 100 × 103 cells/mL.

Considering SCC as an indicator of subclinical 
mastitis, these results may be compared with studies 
analyzing the rate of culling directly associated with 
mastitis incidence. Beaudeau et al. (1995) found that 
udder health disorders were always highly related to 
an increase in culling rate in dairy cows. Legarra et 
al. (2007), in a study to derive the economic value of 
SCS in dairy sheep, reported that SCS had an effect 
on culling decision. In the present study, the economic 
weight of culling was considered indirectly based on the 
genetic correlations between SCS level and the culling 
because of subclinical mastitis. A genetic increase of 1 
unit of SCS increases the trait “culled by mastitis” in 
0.12 times the genetic correlation.

The flock-year-season effect was an important fac-
tor explaining the observed variation in productive 
life. This result was in agreement with the results from 
other studies on Valle del Belice sheep (Portolano et al., 
2007; Riggio et al., 2007), confirming the importance 
of this factor. Milking practices might be an important 
factor in influencing udder health. In Sicily, only a few 
farmers use a milking machine; most farmers milk ewes 
by hand. It is not common for farmers to wash ewes’ 
udders or their hands before milking. Moreover, antibi-
otic dry therapy is not implemented on all farms. This 
variability is reflected in different hygiene conditions 
among farms, which can influence milk quality.

Literature concerning sheep reports heritability es-
timates for functional longevity somewhat lower than 
those presented in this study. El-Saied et al. (2005) 
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Table 4. Mean (±SD) and mode of the random effects in the model, 

heritabilities for the productive life on logarithmic ˆ
logh
2( )  and real 

ĥeff
2( )  scales, standard error of ĥeff

2 , and proportion of variation 

explained by flock-year-season effect on logarithmic Pfyslog( )  and real 

Pfyseff( )  scales 

Item Value

Mean (±SD) σsire
2 0.047 (±0.026)

Mean (±SD) σfys
2 3.193 (±0.627)

Mode σsire
2 0.039

Mode σfys
2 3.041

ˆ
logh
2 0.07

ĥeff
2 0.11

SE ( ĥeff
2 ) 0.025

Pfyslog 0.19

Pfyseff 0.27



reported a heritability of 0.05 for functional longevity 
in the Churra breed. Similar estimates of heritability 
for longevity, measured as days or years in the flock, 
were reported in the literature for meat breeds [0.06 for 
Australian Dorset sheep (Brash et al., 1994) and 0.08 
for Scottish Blackface (Conington et al., 2001)]. The 
heritability estimated for functional longevity in this 
study was higher than estimates reported by Chirinos 
et al. (2007) in cattle, ranging between 0.05 and 0.07, 
whereas Neerhof et al. (2000) and Ducrocq and Sölkner 
(1998b) reported heritabilities around 0.05 for the loga-
rithmic scale and 0.22 for the real scale.

CONCLUSIONS

An increase in SCC as an indicator of subclinical 
mastitis was associated with an increase in rate of cull-
ing. Therefore, elevated SCC arising from subclinical 
mastitis played an indirect role in the culling decisions 
of Valle del Belice dairy sheep farmers although, at 
present, they do not select directly to reduce SCC. The 
proportion of additive genetic variation estimated for 
functional longevity in Valle del Belice ewes indicates 
that it may be possible to improve productive life by 
genetic selection. The consistent flock-year-season effect 
estimated confirms the high variability in management 
of the Valle del Belice breed.
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