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ABSTRACT: Mastitis resistance is a complex trait whose 
expression depends on both genetic and environmental 
factors. Selecting for increased genetic resistance represents 
one strategy for controlling infectious diseases in dairy 
farms. However, knowledge of genetic variation for 
mastitis resistance is needed to determine the feasibility of 
including this trait into the breeding goal. A total of 2,126 
individual records were used to estimate genetic parameters 
of resistance against mastitis due to major (MAJINF) and 
minor (MININF) pathogens. We used a Cox frailty 
proportional hazard model to analyze the time to first event 
of infection. The heritabilities for MAJINF and MININF 
were 0.11 and 0.05, respectively. Results presented here 
indicate the presence of low genetic variation of resistance 
against mastitis in Valle del Belice dairy sheep. This 
information will be useful for establishing strategies for 
controlling mastitis by selective breeding.  
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Introduction 
 

The Mediterranean Basin countries host 60% of 
the total world sheep and goat milk production. The dairy 
industry is usually based on local breeds, which are very 
well adapted to their production systems and environments. 
The Valle del Belice dairy sheep is an autochthonous breed 
characterized by good resistance against weather 
conditions, in particular high temperature and humidity. 
The main use of the milk from this breed is for the 
production of traditional raw milk cheese (Pecorino and 
Vastedda del Belice). Milk production is the principal trait 
affecting profitability of dairy sheep and therefore breeding 
programs are mainly focused on milk production traits. 
Recently, increased attention is being given to traits related 
to the reduction of production costs and health status (e.g. 
resistance to intramammary infection or to nematodes). In 
particular, mastitis is one of the main intramammary 
infections in dairy sheep and goats as well as in dairy cattle. 
Mastitis can be classified as subclinical when no visible 
changes occur in the appearance of both milk and udder, or 
clinical when symptoms such as fever, abnormal texture 
and discoloration of the milk, increased temperature or pain 
of the quarter occur. Clinical and subclinical mastitis lead to 
both a decrease of milk production and a change in milk 
properties, causing a reduction in the quantity and quality of 
dairy products. Studies have shown genetic variation for 
resistance against mastitis in Valle del Belice dairy sheep 
(Riggio et al. (2010); Tolone et al. (2013)). In these studies, 

mastitis was defined as a binary trait (positive or negative) 
within a defined period of the lactation and was analyzed 
using a linear model approach. This methodology does not 
account for both the time-to-event and data censoring, 
which may lead to underutilization of available information. 
Gasqui and Barnouin (2003) and Carlén et al. (2005) 
showed the advantage of modeling mastitis with survival 
analysis compared to cross-sectional models. The aims of 
this work were i) to investigate the levels of genetic 
variation for resistance against mastitis due to major or 
minor pathogens and ii) to evaluate the relationship 
between these two traits in Valle del Belìce dairy ewes 
using a survival analysis approach. This information will be 
useful to plan breeding strategies for controlling mastitis by 
genetic improvement in this population. 

 
Materials and Methods   

 
Data. Data were collected by the University of 

Palermo between 2006 and 2011 in 5 Valle del Belice 
flocks. Test-day records of milk yield (MK), bacteriological 
status, and Somatic Cell Count (SCC) were collected at 
approximately monthly intervals, following an A4 
recording scheme. All ewes were milked twice daily, and 
the milk from both daily milkings was analyzed. SCC was 
determined with a Fossomatic 5000 (Foss Electric Hillerød, 
Denmark) and were calculated as the weighted average of 
the morning and evening milking, where weighting is 
according to the corresponding milk yield. SCC 
transformation to logarithmic scale did not have effect on 
the results in this dataset. This is most likely due to the fact 
that this particular transformation is a one-to-one function. 
However, the logarithmic transformation of SCC must be 
evaluated in further analysis with additional data. Summary 
statistics for SCC and milk production are shown in Table 
1. At the morning milking, samples were collected 
aseptically from each animal for bacteriological analyses, 
which were performed by conventional techniques, on 5% 
sheep blood agar plates, incubated at 37°C, and examined 
after 10-24 h and 36-48 h incubation. The bacteriological 
colonies observed were divided in two groups: major 
pathogens (Escherichia coli, Staphylococcus aureus, 
Streptococcus disgalactiae, Streptococcus uberis, 
Streptococcus agalactiae and Bacillus) and minor 
pathogens (Corynebacterium, Pasteurella, Pseudomonas, 
coagulase negative staphylococci) according to their 
pathogenicity. Ewes were considered infected if more than 
five colony forming units (CFU) per 10 µl of milk of one 
species of bacteria were isolated.  

 



Table 1. Summary statistics for of milk production 
(MK) and somatic cell count (SCC) for each flock 
(standard deviation in parenthesis). 
Variable Flock n Mean SD§ 
MY 1 188 1293.65 495.26 

 
2 350 1283.04 576.23 

 
3 896 1436.51 527.99 

 
4 173 1661.31 581.86 

 
5 519 1350.58 586.97 

SCC 1 188 2110.76 5068.77 

 
2 350 2151.13 4236.84 

 
3 880 1930.76 4282.99 

 
4 173 1283.87 3200.74 

  5 516 1623.7 4520.68 
§Standard deviation 

 
 
Statistical analyses. The traits were defined as the 

number of days between lambing and the occurrence of the 
first infection event due to minor (MININF) or major 
pathogens (MAJINF). Ewes that were infected by minor or 
major pathogens before the end of the study were referred 
to as a failure (event = 1), whereas ewes that did not show 
presence of minor or major pathogens were considered 
right-censored (event = 0). The follow-up period of 
recording was from lambing until the dry period. The 
following Cox model (Cox (1972)) was fitted to analyze 
both MININF and MAJINF: 

 
𝝀𝒊𝒋𝒌𝒍  (𝑑) =   𝝀𝟎   𝒅 𝒆𝒙𝒑(𝑳𝑺𝒊 + 𝑶𝑷𝒋 + 𝜷 𝑴𝑲 𝒊𝒋𝒌𝒍 +

  𝜷 𝑺𝑪𝑪 𝒊𝒋𝒌𝒍 + 𝑭𝒀𝑺𝒌 +   𝒖𝒍) 
 
Where, λijkl(d) is the hazard function at day d for 

ewe l belonging flock-year-season k with a litter size i and 
in the order of parity j; λ0(d) is the baseline hazard function 
at day d, which it us assumed to be totally arbitrary (COX) 
with parameters λ and ρ (λ>0 and ρ>0); LS represents the 
fixed effect of litter size i (with 2 classes: single and 
multiple lambing); OP represents the fixed effect of order 
of parity j (with 6 classes); β(MK)ijkl represents the 
regression coefficient of milk production over the 
phenotype; β(SCC)ijkl represents the regression coefficient 
of somatic cell count over the phenotype; FYS is the 
random effect associated to flock-year-season (46 classes) 
and uijkl is the random genetic effect of animal l (5,821 
levels in the pedigree). In addition to the 2,126 animals with 
records, 179 sires and 3,516 dams were included in the 
pedigree. Each sire had an average of 26 daughters. 
Analyses were performed using Survival Kit v.6.1 
(Ducrocq and Casella, (1996)). The residual variance was 
set to π2/6 (from an extreme value distribution) (Ducrocq 
and Casella (1996)). The significance for all effects 
included in the model was evaluated with the Chi-square 
test. 

 

Results and Discussion 
 

The total proportion of right censored ewes was 
23% if we consider the infection caused by minor 
pathogens and the 68% if we consider the infection caused 
by major pathogens. Considering the whole dataset the 
average failure time was about 90 and 134 days for 
infections due to minor and major pathogens, respectively. 
Significant differences in survival curves (Kaplan-Meier) 
between both flocks and trait definitions (MININF and 
MAJINF) were detected (p-value<0.05) (Figure1). Chi 
square test approximations based on likelihood ratio test 
were estimated and showed that all effects included in the 
model were statistically significant (p-value <0.0001). 
Table 2 shows the additive genetic variance, the variance 
component associated to FYS and heritability estimates for 
MININF and MAJINF. To our knowledge, information 
regarding the genetic variation for resistance against 
mastitis assessed by bacteriological analysis is lacking in 
sheep. Heritability for both traits were low and consistent 
with the estimates previously reported by other studies in 
which resistance against mastitis was analyzed using linear 
models (h2 ranged from 0.05 to 0.09) (Riggio et al. (2010); 
Tolone et al. (2013)). These differences are most likely due 
to differences in trait definitions and models used. The 
Pearson and Spearman correlation coefficients between the 
EBVs obtained for different traits were -0.24 and -0.20, 
respectively (p-value <0.0001). These results indicate that 
rankings of selection candidates may differ among traits, 
suggesting that MININF and MAJINF are most likely 
different traits. This might be due to the fact that genetic 
factors controlling resistance against minor pathogens are 
different to those involved in mechanisms that confer 
genetic resistance against major pathogens causing mastitis. 
The statistical method used in the present study is able to 
handle time to-event data in which it is common to have 
censored records, i.e. records in which the target event has 
not been observed because individuals were lost from the 
study or data collection ended before the event of interest 
occurred. These particular observations generally, are 
excluded from traditional statistical analyses because the 
value of the response variable is unknown. This can lead to 
biased results or computationally awkward and statistically 
inefficient models (Allison (1995)). Proportional hazards 
frailty models are appropriate for analysis of longitudinal 
data (Ducrocq and Casella (1996)), risk (hazard) modeling 
as a function of both time and random genetic effects. 
Moreover, this approach also takes data censoring into 
account.	   For the analysis of time-to-event data, these 
models have been reported to produce increased accuracies 
in breeding value estimation, when compared with other 
simpler models (Yáñez et al. (2013)). Nevertheless, further 
studies are required in order to determine if this is also the 
case for resistance against mastitis in sheep. 

 



 

 
 
Figure 1. Kaplan–Meier survival curves of the MININF 
(A) and MAJINF (B) calculated as time (days) between 
lambing and the first event of infection in five flocks of 
Valle del Belice dairy sheep.  

 
 

Table 2. Estimates of components of variance due to 
additive genetic effect (𝜎!!), FYS (𝜎!"#! ) and heritabilities 
for resistance to minor (MININF) and major (MAJINF) 
pathogens causing mastitis. 
Trait 𝜎!! 𝜎!"#!  h2 
MININF 0.13§ 0.69§ 0.05 
MAJINF 0.06§ 0.47§ 0.11 
§ Mode of the posterior distribution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
In this study we demonstrated that additive genetic 

variation for resistance against mastitis caused by both 
major and minor pathogens exists in Valle del Belice dairy 
sheep. The presence of low heritability for these traits and 
the negative correlation of EBVs between them, suggest 
that some considerations are required before applying 
selective breeding, as an alternative strategy for helping in 
the control of this sanitary issue. Further studies are needed 
in order to compare different models aimed at assess 
differential levels of accuracy in the breeding values 
estimation between them.  
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