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INTRODUCTION 
The lactation average of somatic cell count (SCC) is often used as the indirect trait in mastitis 
control programs and for genetic improvement of udder health, but SCC is definitely not at a 
constant level during the lactation. Variation within lactation is due to systematic factors such 
as stage of lactation, season of calving and milk yield (Blackburn, 1966; Bodoh et al., 1976). A 
typical lactation curve for SCC starts high shortly after parturition, decreases to the lowest 
point around 50-60 DIM, and increases from then on slowly towards the end of the lactation 
(Schutz et al., 1990; De Haas et al., 2001b). Incidental factors, such as clinical and subclinical 
mastitis, can cause variation in the lactation curve of SCC as well, and effects differ between 
pathogens. By using the lactation average of SCC, the dynamics in SCC during the lactation 
are ignored. De Haas et al.  (2002) defined new traits for SCC, which are based on the test-day 
records of SCC, and therefore, do take the dynamics in SCC into account. On phenotypic level 
they observed that these newly defined traits could help distinguishing between pathogen-
specific cases of clinical mastitis (CM). For example, clinical Escherichia coli mastitis is more 
often associated with short peaks in SCC, whereas clinical Staphylococcus aureus mastitis can 
be associated with longer increased SCC. The objective of this study is to analyse whether 
these newly defined traits for SCC are heritable and genetically correlated with CM. 
 
MATERIAL AND METHODS 
Herds. Records on CM were available from December 1992 till June 1994 on 274 Dutch farms 
(Barkema et al., 1998). The national milk recording system (NRS, The Netherlands) provided 
information from the 3 or 4-weekly milk recording system. A record included national cow 
identification, breed, date of milk recording, date of calving, date of drying off, test-day milk 
yields (kg milk, fat and protein) and SCC (cells per ml). A lactation average of SCC over the 
first 305 days in milk was calculated if a cow had 6 or more recordings of SCC. This lactation 
average is log transformed to somatic cell score (SCS) (SCS = log2(SCC/100,000)+3). 
 
Data selection. For the present study, only lactations that had been recorded from calving 
onwards were included in the data set, to ensure that no previous cases of CM had occurred 
within the lactation. In total, 3,399 lactations with at least one case of CM were recorded. 
Cases of CM were recorded as categorical traits. Lactations with less than 6 recordings for 
SCC were deleted from the data set, and the final data set consisted of 24,030 lactations from 
19,750 cows. In these lactations 247,944 test-days with SCC were recorded.  
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Newly defined traits. The definitions of the new traits are based on three or five consecutive 
recordings of SCC. Distinctions have been made between lactation curves of individual 
lactations with short or longer increased SCC, and also between lactations with and without 
recovery of the infection within three or five test-day recordings. A lower threshold of 
<200,000 somatic cells/ml was set for healthy or recovered cows, and a threshold of >500,000 
cells/ml was set for infected cows. The first definition captured a short risen SCC; i.e. three 
consecutive test-day records with low, high and low SCC; i.e. <200,000 cells/ml, >500,000 
cells/ml, <200,000 cells/ml (= pattern 1). A slower increase in SCC was captured by a low, 
higher, high, lower, and low SCC (= pattern 2). In the third definition no restrictions on SCC 
were put on the second and fourth test-day record, but the first one had to be low, the third one 
had to be high, and the fifth one had to be low again (= pattern 3). The last definition captured 
the longer increased SCC with no recovery; i.e. a low SCC test-day record followed by four 
high test-day recordings (= pattern 4). The newly defined traits for SCC were scored as 
categorical traits and in a lactation more patterns could occur (Table 1). 
  
Table 1. The number of lactations (# Lact) with and without clinical mastitis, and the 
number of lactations which showed one of the four defined patternsA 
 

 # Lact Pattern 1 Pattern 2 Pattern 3 Pattern 4 
No clinical mastitis 20,631 924 511 1,605 187 
Overall clinical mastitis 3,399 423 254 585 108 

A Pattern 1: low-high-low; Pattern 2: low-higher-high-lower-low; Pattern 3: low-no 
restrictions-high-no restrictions-low; Pattern 4: low-high-high-high-high. 
 
Statistical analyses. AS-REML (Gilmour et al., 2001) was used to estimate variance 
components, using generalised linear mixed models with a logit link function. Univariate 
analyses were carried out to estimate heritabilities using a linear model (Y) for SCS, and a 
logistic model (Logit(Y)) for CM and the newly defined traits for SCC. Bivariate analyses 
were carried out to estimate genetic correlations using a combined logistic and linear model. 
Only one of the traits could be fitted using the logistic model, and therefore the trait with the 
highest incidence (i.e. CM), was assumed linear when estimating the correlation. The model 
included random effects for sire and maternal grandsire (MGS) and for animal, to account for 
the permanent environment across repeated lactations. The model used was:  
 

Y or logit(Y) = µ + fixed effects + Ssire + ½ Smgs + PERManimal + e 
 
The random sire effect was identified by the subscripts for sire and MGS, Ssire and Smgs, 
respectively. The sire effects were linked using the relationship matrix, and were assumed to be 
normally distributed with var(Ssire or mgs) = σ2

s. The permanent environmental effect was 
assumed to be normally distributed, with var(PERManimal) = σ2

Ep. Fixed effects included were 
herd (274 levels), an interaction between year and season of calving (18 classes), parity (4 
classes, where the last class contains all parities ≥ 4), and HF percentage (9 classes, for 0, 1/8, 
…, 8/8). A polynomial of order 4 for age at calving was included.  
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RESULTS 
Heritabilities. The estimated heritability for the lactation average of SCS was 0.09. 
Heritabilities for the newly defined traits for SCC were lower; i.e. 0.000, 0.072, 0.016, and 
0.000 for pattern 1, 2, 3, and 4 respectively (Table 2).  
 
Table 2. The phenotypic mean, genetic standard deviation (σa), heritability (h2) and 
permanent environmental effect (c2) from univariate analyses on clinical mastitis  (CM), 
the newly traits of somatic cell count (pattern 1-4)A, and somatic cell score (SCS), and the 
genetic correlations (rg) between the newly defined traits and CM, and between SCS and 
CM from bivariate analyses; with the estimated standard errors as subscripts 
 
 mean σa h2 c2 rg 
CM 0.141 0.306 0.027 0.013 0.055 0.018  
Pattern 1 0.056 0.000 0.000 0.000 0.065 0.035 0.99 B 
Pattern 2 0.032 0.514 0.072 0.043 0.076 0.050 0.551 0.358 
Pattern 3 0.091 0.233 0.016 0.011 0.041 0.025 0.684 0.332 
Pattern 4 0.013 0.000 0.000 0.000 0.140 0.073 0.99 B 
SCS 2.693 0.344 0.086 0.016 0.440 0.012 0.495 0.235 

A Pattern 1: low-high-low; Pattern 2: low-higher-high-lower-low; Pattern 3: low-no 
restrictions-high-no restrictions-low; Pattern 4: low-high-high-high-high. 
B Genetic correlation was put on boundary by AS-REML. 
 
Genetic correlations. A positive genetic correlation between CM and SCS was estimated. The 
genetic correlations of the second and third newly defined trait for SCC were higher, 0.55 and 
0.68, respectively (Table 2), but standard errors were large. The genetic correlations for pattern 
1 and 4 were close to one, probably because of the difficulty in estimating the genetic variance. 
The positive genetic correlations indicate that in lactations with CM more peaks are present.  
 
DISCUSSION 
Heritabilities and genetic correlations of pattern 2 and 3 are comparable with the estimates for 
SCS, and therefore these newly defined traits for SCC might be an alternative for SCS. More 
benefit may be expected when pathogen-specific CM is considered instead of overall CM. 
Earlier results, based on the same data, showed that genetic correlations between pathogen-
specific CM and SCS ranged from 0.04 to 0.99 (De Haas et al., 2001a). This indicates that 
there are large differences between pathogens, and encourages to do further research with 
pathogen-specific CM. 
 
Also, several improvements in the current analyses can be made, which are expected to 
increase the heritability for the patterns (e.g. because noise is removed from the data by 
correcting SCC for fixed effects, like herd-test-date, in the statistical model), or to increase the 
correlation between patterns and CM. For example, currently, SCC traits are defined assuming 
there is a test-day record for SCC before and after a case of CM. The consequence is that peaks 
in the beginning and end of the lactation are not captured with the current trait definition. 
Therefore, although these lactations are currently identified as having CM, no peak is identified 
in SCC. Furthermore, since the traits are based on three, or five consecutive test-day records, 
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cows that are culled (because of CM) might not show a complete pattern. Defining the traits 
more detailed in the beginning and end of the lactation might increase the incidences of the 
presence of the patterns in lactations with CM, and also the chance of finding an association 
between the patterns and the occurrence of CM.  This might be an important improvement 
because 50% of all cases of CM occur roughly in the first 2 months in lactation (De Haas et al., 
2001b).  
 
Another improvement in trait definition might be by changing high and low thresholds with 
lactation stage, or by correcting for a typical lactation curve of SCC based on lactation without 
clinical and subclinical mastitis (De Haas et al., 2001b). According to the typical lactation 
curve of SCC, SCC will generally be >200,000 cells/ml in the first few weeks after calving (De 
Haas et al., 2001b). This lowers the chance of recording a SCC <200,000 cells/ml before the 
case of CM occurs, which is essential in the current definitions.  
 
CONCLUSION 
Although the results are still preliminary, and the analyses can be further optimised, the current 
results encourage further research in newly defined SCC traits for selection or mastitis control 
programs.  
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