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INTRODUCTION 
Somatic Cell Count in milk (SCC), is an important trait due to the association with clinic and 
sub-clinic mastitis and consequent milk production loss and cost associated with treatment 
and/or dairy cows early culling (eg., Philipsson et al., 1995). Some investigators reported that 
genetic correlations between milk production and SCC (in the logarithmic scale, SCS) for the 
first lactation were low and positive but negative in the following lactations. This change in 
sign can be a reflex of the culling process after the first calving (eg., Banos e Shook, 1990;  
Jamrozik et al., 1998). In the last years covariance components and genetic evaluation have 
been obtained using random regression models (RRM), for traits that can be measured along a 
continuous scale. Due to the fact that the number of parameters being estimated in a RRM can 
be much higher than the ones in the conventional model, the studies that explore genetic 
correlations between SCC and milk production throughout the lactation are still limited. The 
aim of this work is to estimate the genetic correlation between those two traits during the 
lactation using several combinations of fractional polynomials. 
 
MATERIAL AND METHODS 
For this study a sample of the database provided by ANABLE was used. In this sample there 
were 7685 first lactations representing cows from 69 herds, with test days between the years 
2000 and 2002. The age at calving, between 18 and 40 months, was divided in 2 age classes: 
cows with 27 months or less and cows with more that 27 months. These age classes were 
combined with the herd effect (Ha), originating a single effect with 138 levels. The calving 
month was classified in 2 calving seasons: May to October, and November to April, and was 
also combined with the herd effect (Hs), resulting in 136 levels effect. Month and year of test 
day and herd were coded together (HTM), forming a 1685 levels effect, with at least 3 
observations per level. Test days between the 5th and the 335th days in milk (DIM) were 
grouped in eleven classes, with 30 days interval, with the purpose to reduce the total number of 
combinations and hence computational requirements. It was required that all cows had to have 
at least 4 test days and that the first of these had to be before the 100th DIM. SCC varied 
between 12 and 1,171 cells/µl and milk yield (MY) between 2.4 and 73.6 kg. SCC was 
transformed into a logarithmic scale, SCS, using [log2 (SCC/100)+3].  
 
The fractional polynomials (eg., Robert-Granié et al., 2002) are represented as 
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The first 3 effects are fixed and were previously described, βm represents the fixed regression 
coefficients, describing a common trajectory for all cows, αjm and γjm are the random regression 
coefficients for the genetic and permanent environmental effects, respectively, zjlm is the m-
powered variable in the polynomial evaluated and εhijkl is random residual effect, considered 
homogeneous along lactation. It was also assumed that the residual covariance between the two 
traits was zero. The polynomials tested, and respective combinations, are described in table 1, 
according to the function used to fit each part (F = fixed, G = additive genetic and PE = 
permanent environmental). The analysis was carried out via the Random Regression Animal 
Model, and REML was the estimation method. REMLF90.1.56, Misztal’s software package 
was used in the calculations. 
 
Table 1. Fractional polynomials evaluated 
 

Model Trait Polynomial Part 
A SCS )31,31,,(2 −−=pt ξφ  F, G, PE 
 MY )31,31,,(2 =pt ξφ  F, G, PE 
    
B SCS, MY )31,31,,(2 −=pt ξφ  F, G, PE 
    
C SCS, MY )31,31,31,,(3 −−=pt ξφ  G 
 SCS, MY )31,31,31,,(3 −=pt ξφ  PE 
 SCS )31,31,31,,(3 −−=pt ξφ  F 
 MY )31,31,31,,(3 −=pt ξφ  F 
    
D SCS, MY )51,51,51,,(3 −−=pt ξφ  G 
 SCS, MY )51,51,51,,(3 −=pt ξφ  PE 
 SCS, MY )51,51,51,51,,(4 −−=pt ξφ  F 
    
E SCS, MY )51,51,51,,(3 −−=pt ξφ  G 
 SCS, MY )51,51,51,51,,(4 −−=pt ξφ  PE, F 
    
F SCS, MY )51,51,51,51,,(4 −−=pt ξφ  F, G, PE  
    
G SCS, MY )31,31,51,51,,(4 −−−−=pt ξφ  F, G, PE  

 
RESULTS AND DISCUSSION 
With the 7 models we have estimated test day heritabilities (h2), repeatabilities (Re) and 
genetic correlations (GC). For SCS, h2 ranged from 0.03 to 0.13 and Re from 0.48 to 0.62; for 
MY, h2 ranged from 0.06 to 0.22 and Re from 0.59 to 0.70. Residual variances were similar for 
all models, ranging from 1.016 to 1.030 for SCS and from 11.03 to 11.25 for MY. GC among 
test day SCS showed the expected pattern, becoming smaller as the time interval between test 
days increase. This was also observed for MY, with the exception of model B which presented 
erratic estimates at the beginning of the lactation. Considering both traits, test day GC are 
shown in table 2, for every model.  
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Table 2. Genetic correlations between SCS and MY at test day, by model  
 

    Models    
DIM A B C D E F G 
20 0.58 -0.04 0.52 0.44 0.38 0.07 0,13 
50 0.32 0.12 0.24 0.34 0.33 0.22 0,30 
80 0.22 -0.15 0.21 0.33 0.25 0.19 0,17 

110 0.15 -0.16 0.19 0.31 0.19 0.16 0,10 
140 0.08 -0.10 0.14 0.27 0.12 0.12 0,06 
170 0.03 -0.04 0.09 0.22 0.06 0.08 0,03 
200 -0.03 -0.01 0.03 0.18 0.01 0.04 0,02 
230 -0.08 -0.04 -0.02 0.13 -0.03 -0.00 0,01 
260 -0.13 -0.11 -0.07 0.08 -0.07 -0.04 0,00 
290 -0.17 -0.21 -0.11 0.04 -0.09 -0.08 -0,01 
320 -0.21 -0.32 -0.15 0.03 -0.11 -0.12 -0,01 

 
A general trend can be observed for GC, being positive at the beginning and changing to 
negative at the end of the lactation. This was already referred in other studies (Carnier et al., 
1997; Petim-Batista, 2002) with other models and functions. However, the magnitude of the 
correlations seems to depend on the model. Since the GC were positive at beginning of the 
lactation, it is interesting to know what kind of association exists between SCS measured early 
(DIM 20, 50) and MY at all DIM. In figure 1, it can be seen that GC are essentially positive for 
all models (the B model was dropped), showing a trend to decrease as the lactation goes to the 
end. Maybe this information can be included, in the selection objective, if there is interest in 
lower the SCC. 
 
Several models presented problems to fit the data at the initial lactation period. Some of these 
problems can be explained by lower polynomial degree adjustment (models A, B), because, as 
was concluded in other studies (eg., Ødegard et al., 2003; Petim-Batista, 2002), 3 or 4 
coefficients are enough to explain the model genetic part, while 4 or 5 coefficients are needed 
to explain the non additive genetic and permanent environmental part. Another approach using 
splines (Silvestre et al., 2006), did not have any trouble modelling the trajectory of extreme 
points. Taking into account all covariance components estimates and the general aspect of the 
graphics, D model showed the best behaviour, considering all bivariate analyses. 
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Figure 1. Genetic correlations between SCS measured on DIM 20 (left) and DIM 50 
(right) with test day MY across lactation. 
 
CONCLUSION 
The fact that genetic correlations between MY and SCS are positive may have consequences, 
because the continuous selection for increasing milk production leads to an average increase of 
SCC. But the main problem is mastitis, which has positive genetic correlations with MY and 
SCC and, consequently, that selection tends to increase genetic susceptibility to mastitis. More 
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research is required to understand why the correlations change signal towards the end of the 
lactation and confirm how strong they are, in order to set up a meaningful role for this 
information.  
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