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ABSTRACT

The aim of the present study was to characterize 
alternative somatic cell count (SCC) traits that could 
be exploited in genetic selection for mastitis resistance. 
Data were from 66,407 first-parity Holsteins in 404 
herds. Novel SCC traits included average somatic cell 
score (SCS, log-transformation of SCC) in early lac-
tation (SCS_150), standard deviation of SCS of the 
entire lactation (SCS_SD), the presence of at least one 
test-day (TD) SCC >400,000 cells/mL in the lactation, 
and the ratio of number of TD SCC >400,000 cells/
mL to total number of TD in the lactation. Novel traits 
and lactation-mean SCS (SCS_LM) were analyzed us-
ing linear mixed or logistic regression models, including 
month of calving, year of calving, number of TD, and 
milk yield as fixed effects, and herd and residual as 
random terms. A multitrait linear animal model was 
applied to a random subset of 152 herds (n = 22,695 
cows) to assess heritability of and genetic correlations 
between SCC traits. Alternative SCC traits were af-
fected by the environmental factors included in the 
model; in particular, results suggested a seasonal effect 
and a tendency toward an improvement of the udder 
health status in the last years. Association was also 
found between novel SCC traits and milk production. 
Alternative SCC traits exhibited coefficients of additive 
genetic variation that were similar to or larger than 
that of traditional SCS_LM. Heritability of novel SCC 
traits was smaller than heritability of SCS_LM (0.126 
± 0.014), ranging from 0.044 ± 0.008 (SCS_SD) to 
0.087 ± 0.010 (SCS_150). Genetic correlations between 
SCC traits ranged from 0.217 ± 0.096 (SCS_150 and 
SCS_SD) to 0.969 ± 0.010 (SCS_LM and SCS_150). 
Alternative SCC traits exhibited additive genetic varia-

tion that is potentially exploitable in breeding programs 
of Italian Holstein population to improve resistance to 
mastitis.
Key words: mastitis, somatic cell count, novel trait, 
genetic selection, dairy cattle

INTRODUCTION

The wide spread and high cost of bovine mastitis, 
an inflammatory response of the mammary gland to 
an infection, continues to represent a primary concern 
for dairy farmers. Although environmental factors such 
as herd health management strongly affect the occur-
rence of the disease, a cow’s susceptibility to mastitis 
is also genetically determined (Miglior et al., 2017). 
Thus, breeding for disease resistance represents an im-
portant strategy to decrease the incidence of mastitis 
in the dairy herd (Shook and Schutz, 1994; Ruegg, 
2017). Over the last decades, disease-recording systems 
have been successfully implemented in the Scandina-
vian countries, allowing direct selection for improving 
an animal’s resistance to mastitis (Heringstad et al., 
2000). Efforts in recording clinical mastitis (CM) have 
also been made in other countries, especially Austria, 
Germany, France, and Canada (Egger-Danner et al., 
2015). However, as routine disease-recording systems 
are not widespread, genetic selection for mastitis resis-
tance is mostly based on indirect traits, the most com-
mon being log-transformed test-day SCC (TD SCS) 
and lactation-mean SCS (SCS_LM; Mark et al., 2002; 
Martin et al., 2018). Estimates of genetic correlation 
between somatic cells and CM range from 0.30 to 0.90, 
with an average value of 0.70 (Mrode and Swanson, 
1996). The non-unity genetic correlation between so-
matic cells and CM suggests that they are not the same 
trait and that indirect selection based only on SCC 
could be less effective than direct selection (Heringstad 
et al., 2000). Moreover, SCS_LM does not account for 
SCC variation over the lactation, ignoring the dynamic 
of mastitis events. In fact, IMI are responsible for a 
deviation from the typical SCC curve, which differs ac-
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cording to the type of pathogen causing the infection 
(de Haas et al., 2004).

Alternative traits derived from SCC have been ex-
plored recently as new indicators to genetically improve 
resistance to mastitis (de Haas et al., 2008; Urioste et 
al., 2010, 2012; Koeck et al., 2012). Novel traits include 
average TD SCC in early or late lactation, distribution 
characteristics (e.g., maximum SCC and variation in 
SCC curve throughout the entire lactation period), and 
level of infection (e.g., number of TD above predefined 
SCC thresholds and patterns of SCC peaks). Green et 
al. (2004) investigated SCC distribution during lacta-
tion and suggested that maximum SCC and standard 
deviation of SCC were better indicators of CM than 
was geometric mean SCC. de Haas et al. (2008) esti-
mated genetic correlations from 0.55 to 0.93 between 
CM and novel SCC traits, and 0.55 to 0.98 between 
subclinical mastitis and novel SCC traits. The same 
authors (de Haas et al., 2008) concluded that the use 
of a combination of different SCC traits (e.g., peak pat-
terns of SCC) was more successful in improving udder 
health than the traditional SCC. Similarly, Urioste et 
al. (2010) explored several alternative SCC traits able 
to better capture changes in SCC distribution, time and 
level of infection, and time of recovery, compared with 
traditional lactation-mean SCC. An important finding 
of the study of Urioste et al. (2010) was that traits such 
as standard deviation of SCC and presence of at least 
one TD SCC >500,000 cells/mL were good predictors 
of CM and exhibited reasonable genetic variation that 
could be exploited in breeding programs against mas-
titis. This conclusion was supported in a subsequent 
study (Urioste et al., 2012) in which strong genetic 
correlations (>0.80) for alternative SCC traits with 
CM and subclinical mastitis were estimated. Koeck 
et al. (2012) demonstrated that, among all the SCC 
traits investigated, a combination of mean SCS in early 
lactation, standard deviation of SCS, and presence of 
at least one TD SCC >500,000 cells/mL was the best 
predictor of mastitis resistance.

In the aforementioned studies (de Haas et al., 2008; 
Urioste et al., 2010, 2012; Koeck et al., 2012) and in 
a recent preliminary Italian study (Finocchiaro et al., 
2018), CM records were included and moderate to 
strong genetic correlations (0.39 to 0.93) between CM 
and novel SCC traits were estimated, depending on 
the SCC trait involved. Therefore, the objective of the 
present study was to investigate environmental factors 
associated with alternative SCC traits and to estimate 
their genetic parameters, which could be exploited in 
genetic selection for mastitis resistance in Italian Hol-
stein population.

MATERIALS AND METHODS

Data

Test-day milk yield, fat percentage, protein percent-
age, and SCC records (n = 574,174) of 66,784 first-
parity Holstein cows (20 to 40 mo of age) from 404 
herds in northeast Italy were provided by the Italian 
Holstein Association (ANAFI, Cremona, Italy). Data 
collection, which occurred at approximately monthly 
intervals within the national routine milk recording 
system, took place from 1999 to 2014. Only cows be-
tween 5 and 305 DIM, with a minimum of 5 TD records 
and at least 3 TD in early lactation (5 to 150 DIM) 
were included in the analysis. Furthermore, only lacta-
tions with the first TD within 60 d after calving and 
with an interval between 2 consecutive TD of <70 d 
were considered. Following editing of the data as above, 
571,111 TD records of 66,407 cows were available for 
statistical analysis.

Definition of Alternative SCC Traits

Test-day SCC data were log-transformed to SCS (Ali 
and Shook, 1980) and SCS_LM was computed for each 
animal. Novel traits were defined in an attempt to bet-
ter capture different aspects of mastitis, particularly 
SCC variation and level of infection. Test-day SCS were 
averaged over early lactation; that is, from 5 to 150 
DIM (SCS_150), as reported in Koeck et al. (2012). 
Following Green et al. (2004), standard deviation of 
SCS of the entire lactation (SCS_SD) was included 
in this study. Similar to de Haas et al. (2008), Urioste 
et al. (2010), and Koeck et al. (2012), we assumed 
that TD SCC exceeding a predefined threshold could 
indicate a mastitis event. Thus, the trait “infection” 
(INF) was defined as presence of at least one TD SCC 
>400,000 cells/mL in the lactation, and “severity” 
(SEV) was calculated as the ratio of the number of TD 
SCC >400,000 cells/mL to total number of TD SCC in 
the lactation.

Statistical Analysis

Phenotypic Analysis. To identify factors associated 
with phenotypic variation of the SCC traits, SCS_LM, 
SCS_150, SCS_SD, and SEV were analyzed using the 
MIXED procedure of SAS (SAS Institute Inc., Cary, 
NC) using the following linear mixed model:

	 yijklmn = μ + Monthi + Yearj + ntdk + MYl 	  

+ Herdm + eijklmn,
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where yijklmn is the investigated SCC trait; μ is the over-
all mean; Monthi is the fixed effect of the ith month of 
calving (i = 12 levels); Yearj is the fixed effect of the jth 
year of calving (j = 16 levels, from 1999 to 2014); ntdk 
is the fixed effect of the kth number of TD (k = 6 levels, 
from 5 to 10); MYl is the fixed effect of the lth class of 
average daily milk yield (l = 5 levels, class 1 ≤19.9 
kg/d, 19.9 < class 2 ≤25.4, 25.4 < class 3 ≤30.9, 30.9 
< class 4 ≤36.4, class 5 >36.4 kg/d, based on 0.5 SD 
for the 3 central classes and 1.5 SD for the 2 extreme 
classes); Herdm is the random effect of the mth herd (m 
= 404 levels); and eijklmn is the random residual. In ad-
dition, the fixed effect of age at calving was initially 
taken into account but was not retained in the final 
model because it was not statistically significant in ex-
plaining the variation of the investigated traits. Herd 
and residuals were assumed to have a normal distribu-
tion with zero means and variances of σh

2 and σe
2, respec-

tively. The proportion of variance explained by herd 
was calculated for each trait dividing the corresponding 
variance component σh

2( ) by the total variance σ σh e
2 2+( ). 

Pairwise comparisons between least squares means 
(LSM) were performed using the Tukey correction (P 
< 0.05). The binary trait INF was analyzed by fitting 
a logistic regression model using the GLIMMIX proce-
dure of SAS (SAS Institute Inc.), adjusting for the 
same effects described for the previous model. For each 
effect, the last class was accounted for as the referent, 
and odds ratios were considered significant when the 
95% CI did not include 1.

Genetic Analysis. Contemporary groups (HYS) 
were defined by combining the effects of herd, year of 
calving, and season of calving (classes of 3 mo each: 
January–March, April–June, July–September, and 
October–December), and HYS with fewer than 5 cows 
were discarded from the data set. The final data in-
cluded 46,378 cows in 303 herds. To reduce computa-
tion time for genetic analysis, a random subset of 152 
herds (n = 22,695 cows) was analyzed using the VCE6 
software (Neumaier and Groeneveld, 1998; Groeneveld 
et al., 2010). Variance and covariance components of 
SCC traits were obtained using a 5-trait linear animal 
model. The model used for each trait was as follows:

	 yijk = μ + HYSi + ntdj + Animalk + eijk,	

where yijk represents the investigated SCC traits; μ rep-
resents the overall means; HYSi is the fixed effect of the 
ith herd-year-season of calving (i = 2,534 levels); ntdj is 
the fixed effect of the jth number of TD (j = 6 levels, 
from 5 to 10); Animalk is the random additive genetic 
effect of the kth animal (k = 62,146 individuals); and 
eijk is the random residual. Pedigree information was 

provided by ANAFI and included cows with phenotypic 
records and all their ancestors to 4 generations back.

Although threshold models are considered more ap-
propriate for analysis of binary traits, a linear model 
was applied in the present study for INF, as this ap-
proach has been previously found to be robust for ge-
netic analysis on binary traits (Negussie et al., 2008; 
Koeck et al., 2010).

RESULTS

Descriptive Statistics

Holstein cows had an average milk yield of 28.19 
kg/d, with a coefficient of variation of 19.5% (Table 
1). Milk fat and protein averaged 3.57 and 3.31%, re-
spectively. Lactation-mean SCS ranged from −0.88 to 
9.02, with a mean of 2.86. A slightly lower value (2.66) 
was reported for SCS_150, whereas SCS_SD averaged 
1.29. About 47% of the cows had at least one TD SCC 
>400,000 cells/mL (INF) and the ratio of number of 
TD SCC >400,000 cells/mL to total number of TD 
SCC (SEV) averaged 0.14 (Table 1).

Phenotypic Analysis

Fixed effects included in the models were important 
sources of variation of the alternative SCC traits, and 
the proportion of variance explained by herd ranged 
from 6.48 to 13.25% for SCS_SD and SCS_LM, respec-
tively (data not shown). Least squares means and cor-
responding standard errors of alternative SCC traits for 
the effect of month of calving are presented in Figure 1. 
Lactation-mean SCS and SCS_150 showed similar pat-
terns, with their LSM increasing to a maximum value 
in May and June, and reaching a minimum in October. 
The LSM of SEV remained relatively constant between 
January and June; it then decreased until October 
and increased again in November and December. Cows 
that calved in August had the lowest variation in SCS 
(SCS_SD; Figure 1). The LSM of alternative SCC traits 
in different years of calving are reported in Figure 2. 
All 4 traits exhibited an erratic trend across the years, 
with LSM that tended to decrease starting in 2009, 
and particularly from 2011, according to the Tukey 
comparison adjustment of LSM differences. Cows with 
lower milk production had greater SCS, both when TD 
SCS were averaged over the entire lactation period and 
over the first 150 d, as well as greater SCS_SD values 
(Figure 3). Low-producing cows had greater SEV than 
high-producing cows: 0.21 ± 0.01 and 0.13 ± 0.01 for 
cows with milk yield ≤19.9 kg/d (class 1) and cows 
with milk yield >36.4 kg/d (class 5), respectively (Fig-
ure 3). Cows with 7 or 8 TD during the lactation had 
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lower SCS_LM, SCS_150, and SCS_SD than cows with 
fewer or more TD; SEV was greater for cows with only 
5 or 6 TD available (data not shown).

Odds ratio and 95% CI for INF for different classes 
of fixed effects included in the logistic regression model 
are reported in Table 2. The last class of each effect 
was used as the referent. Cows that calved in the first 
half of the year were at greater risk of having at least 
one TD SCC >400,000 cells/mL, whereas cows that 
calved in the second part of the year were at lower 
risk of being scored as 1 compared with the referent 
(December). With the exception of calving years 2011 
and 2013, cows that calved in the previous years were 
at greater risk of experiencing at least one peak of SCC 
than animals that calved in 2014. Having fewer TD 
data was associated with a lower risk of being scored as 
1 for INF, whereas an average milk production <30.9 
kg/d was considered a risk factor for having SCC above 
the predefined threshold.

Genetic Analysis

Descriptive statistics and estimates of variance 
components and heritability of alternative SCC traits 
obtained from the random subset (n = 22,695) are 
reported in Table 3. The subset was representative of 
the entire population analyzed at the phenotypic level, 
having mean and SD that were very comparable with 
those reported in Table 1. Heritability of novel SCC 
traits was smaller than the heritability of traditional 
SCS_LM (0.126 ± 0.014), ranging from 0.044 ± 0.008 
(SCS_SD) to 0.087 ± 0.010 (SCS_150). The lowest co-
efficient of additive genetic variation was reported for 
SCS_SD (9.8%) and the greatest for INF (25.1%) and 
SEV (31.9%).

Genetic correlations between SCC traits ranged 
from 0.217 ± 0.096 (SCS_150 and SCS_SD) to 0.969 

± 0.010 (SCS_LM and SCS_150; Table 4). Lactation-
mean SCS correlated strongly with alternative SCC 
traits, except for a moderate relationship with SCS_SD 
(0.368 ± 0.084). Genetic relationships of INF or SEV 
with other traits ranged from 0.596 ± 0.085 (SEV and 
SCS_SD) to 0.953 ± 0.036 (INF and SEV; Table 4).

DISCUSSION

Although recording of CM events would be an asset 
for dairy farm management, routine disease-recording 
systems are currently not widely implemented. Thus, 
SCC represents the most common indicator of udder 
health, because it is recorded at a routine level and 
is genetically associated with CM. Nevertheless, us-
ing a combination of different SCC traits could better 
describe SCC variation over time and the dynamic 
of infection rather than the standard TD SCS and 
SCS_LM, improving genetic progress in selection for 
mastitis resistance. In this study, we characterized 4 
alternative SCC traits derived from TD SCC data in 
Italian Holsteins: SCS_150, SCS_SD, INF, and SEV. 
To date, little information on sources of variation of 
novel SCC traits at phenotypic level has been provided 
(Windig et al., 2005).

Phenotypic Analysis

The present study demonstrated that different fac-
tors can affect the variation of alternative SCC traits 
and should be accounted for in order to use them ap-
propriately as a tool to implement genetic selection for 
mastitis resistance. The evaluation of such nongenetic 
sources of variation represented a first step for subse-
quent genetic analysis. Results from the present study 
relative to the effect of month of calving suggested a 
seasonal effect. Thus, humidity and high temperature 

Table 1. Descriptive statistics of average daily milk yield, composition, SCS (SCS_LM), and alternative SCC 
traits in first-lactation Holstein cows (n = 66,407)

Trait Mean SD Minimum Maximum

Milk yield, kg/d 28.19 5.50 4.83 58.3
Milk composition, %        
  Fat 3.57 0.52 0.27 5.77
  Protein 3.31 0.22 1.49 4.72
SCS_LM 2.86 1.37 −0.88 9.02
Alternative SCC traits1        
  SCS_150 2.66 1.44 −1.64 9.31
  SCS_SD 1.29 0.63 0.07 4.61
  SEV 0.14 0.21 0 1
  INF 0.47 0.50 0 1
1SCS_150 = average SCS in early lactation (5 to 150 DIM); SCS_SD = standard deviation of SCS of the 
entire lactation (5 to 305 DIM); SEV = ratio of the number of test-day (TD) SCC >400,000 cells/mL to total 
number of TD SCC in the lactation (severity); INF = presence of at least one TD SCC >400,000 cells/mL in 
the lactation (infection).
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could have increased the susceptibility of the cows to 
infection as well as increased bacterial counts in bed-
ding, resulting in a greater exposure to pathogens 
and an increase of SCC in milk (Harmon, 1994). In 
fact, cows that calved from August to November (late 
summer-autumn) were at lower risk of having at least 
one TD SCC >400,000 cells/mL (Table 2). As a conse-
quence, an association was found between late summer-
autumn calving and lower SEV, which represents the 
ratio between number of TD SCC >400,000 cells/mL 
and the total number of TD SCC available for a given 
cow (Figure 1).

Although erratic trends were reported for all alter-
native SCC traits across the different calving years, a 
tendency toward an improvement of the udder health 
status can be observed in the last years (Table 2 and 

Figure 2). Lower SCC may indicate a reduction in 
disease occurrence, which could result from improve-
ment of herd management practices, housing, hygiene, 
feeding strategies, and milking procedures. In 2009, the 
Animal Health and Animal Welfare Panel of the Eu-
ropean Food Safety Authority (EFSA, 2009) delivered 
a report on the effect of management, housing, and 
feeding on the welfare of dairy cows and udder disor-
ders. To reduce udder infections, the use of proper stall 
design, as well as adequate bedding hygiene and milk-
ing procedures complying with relevant guidelines for 
the prevention of mastitis, was strongly recommended. 
Furthermore, the need to improve farm hygiene, milk-
ing, and dry cow period management was highlighted 
in the study conducted by Bertocchi et al. (2012). Ana-
lyzing milk samples collected between 2005 and 2011 in 

Figure 1. Least squares means and standard errors of (a) average SCS in early lactation (SCS_150) and lactation-mean SCS (SCS_LM); 
and (b) standard deviation of SCS of the entire lactation (SCS_SD) and ratio of the number of test-day (TD) SCC >400,000 cells/mL to total 
number of TD SCC in the lactation (severity) across month of calving.
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northern Italy, the authors reported a reduction in the 
prevalence of contagious mastitis (indicating the effi-
cacy of control plans for contagious IMI), accompanied, 
on the other hand, by an increase in the prevalence of 
environmental pathogens.

In addition to calving month and calving year, we 
found an association between novel SCC traits and 
milk production, which can indirectly reflect the 
animal’s health status. Cows with lower average daily 
milk yield that had greater SCS (Figure 3) and were 
at greater risk of having TD SCC >400,000 cells/mL 
(Table 2) could have experienced one or more mastitis 
events during the lactation, negatively affecting aver-
age daily milk yield, and could be more susceptible to 
new infections (as supported by the greater SEV values 

reported in Figure 3). This would explain the negative 
effect of SCC on milk production, as reported in the 
literature (Koldeweij et al., 1999; Bobbo et al., 2016). 
Nevertheless, another possible explanation would be a 
dilution effect: as milk yield increases, SCC decreases 
in udders free from infection (Emanuelson and Funke, 
1991; Schepers et al., 1997). These hypotheses under-
line the potential circularity between udder infection 
status, SCC, and milk production, which may confuse 
the cause–effect relationship (Green et al., 2006). Fur-
ther research, beyond the purpose of the present study, 
is needed to deepen the cause–effect relationships be-
tween milk yield and new SCC traits, by using, for 
example, structural equation models (de los Campos et 
al., 2006).

Figure 2. Least squares means and standard errors of (a) average SCS in early lactation (SCS_150) and lactation-mean SCS (SCS_LM); 
and (b) standard deviation of SCS of the entire lactation (SCS_SD) and ratio of the number of test-day (TD) SCC >400,000 cells/mL to total 
number of TD SCC in the lactation (severity) across year of calving.
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Genetic Analysis

As far as we know, few studies have investigated ge-
netic variability of alternative SCC traits. New traits 
describing SCC distribution during lactation were de-
fined by Green et al. (2004), but genetic results were 
not provided. Among the analyzed traits, SCC stan-
dard deviation was identified by Green et al. (2004) 
as a good predictor of CM. Variability in SCC during 
the entire lactation can be explained by a recurrence of 
an initial infection or appearance of a new infection in 
late lactation, as well as by several small challenges in 
quarters more susceptible to IMI (Green et al., 2004). 
Genetic investigation on SCC standard deviation was 
then performed by other authors. Urioste et al. (2010) 
reported heritability of 0.10, whereas our results (Table 

3) are in accordance with the lower estimate of 0.03 re-
ported by Koeck et al. (2012). Another trait considered 
in several studies is average SCS in early lactation when 
cases of mastitis are more frequent. Our estimates for 
SCS_150 were in agreement with the results reported 
by de Haas et al. (2008), Urioste et al. (2010), Windig 
et al. (2010), and Koeck et al. (2012), with heritabil-
ity ranging from 0.08 to 0.11. Moreover, excess of TD 
SCC above a predefined threshold was assumed to be 
a potential indicator of udder infection (de Haas et al., 
2008; Urioste et al., 2010; Koeck et al., 2012). In the 
present study, an SCC of 400,000 cells/mL (the limit 
applied by the European Community for bulk milk 
destined for human consumption) was selected as the 
threshold value to identify potential mastitis events. 
Both INF and SEV showed similar heritability of about 

Figure 3. Least squares means and standard errors of (a) average SCS in early lactation (SCS_150) and lactation-mean SCS (SCS_LM); 
and (b) standard deviation of SCS of the entire lactation (SCS_SD) and ratio of the number of test-day (TD) SCC >400,000 cells/mL to total 
number of TD SCC in the lactation (severity) across classes of average daily milk yield.
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0.05 to 0.06 (Table 3). A different threshold was used to 
define the binary trait TD >500 (presence of TD SCC 
>500,000 cells/mL) by Urioste et al. (2010) and Koeck 
et al. (2012), who reported heritability estimates of 
0.12 and 0.03, respectively. Presence of at least one TD 
SCC >150,000 cells/mL was found to have heritability 
of about 0.06 to 0.07, whereas proportion of TD SCC 
>150,000 cells/mL (a trait similar to our SEV trait 
but with a different threshold) had heritability ranging 
from 0.08 to 0.11 (de Haas et al., 2008; Windig et al., 
2010). However, this comparison suffers from the fact 
that heritability of binary traits estimated from linear 
models are frequency dependent and cannot be directly 
compared.

To the best of our knowledge, genetic correlations 
among alternative SCC traits have been reported in 
only few studies (Windig et al., 2010; Koeck et al., 
2012; Urioste et al., 2012), where slightly different 
traits were analyzed by bivariate analyses, thus making 
our results difficult to compare with the existing lit-
erature. In the present study, the traditional SCS_LM 
was strongly correlated with all the novel SCS traits, 
except for SCS_SD. Similar results were reported by de 
Haas et al. (2008), who estimated genetic correlations 
of average TD SCS up to 335 DIM with SCS in early 
lactation, presence of at least one TD SCC >150,000 
cells/mL, and proportion of TD SCC >150,000 cells/
mL that were ≥0.95. In our study, the trait SCS_SD 
was also weakly correlated with SCS_150 (0.217), 
whereas a genetic correlation ≥0.60 was observed with 
both INF and SEV. Our findings are in accordance 
with the genetic correlation coefficients reported by 
Koeck et al. (2012): 0.29 between SCS standard devia-
tion and SCS in early lactation, and 0.66 between SCS 
standard deviation and presence of TD SCC >500,000 
cells/mL. Nevertheless, these results contrast with the 
estimates of 0.97 between SCS standard deviation and 
SCS in early lactation, and 0.94 between SCS standard 
deviation and presence of TD SCC >500,000 cells/mL 
reported by Urioste et al. (2012). Among the novel 

Table 2. Odds ratio1 with 95% confidence interval for INF2 for 
different classes of fixed effects compared with a reference level

Effect Odds ratio 95% CI

Month of calving    
  January 1.12 1.05; 1.20
  February 1.13 1.05; 1.22
  March 1.14 1.06; 1.23
  April 1.01 0.93; 1.09
  May 1.12 1.04; 1.21
  June 1.10 1.02; 1.19
  July 0.97 0.88; 1.05
  August 0.78 0.72; 0.85
  September 0.77 0.71; 0.83
  October 0.76 0.71; 0.82
  November 0.91 0.85; 0.98
  December Referent  
Year of calving    
  1999 1.34 1.17; 1.54
  2000 1.50 1.30; 1.72
  2001 1.54 1.35; 1.77
  2002 1.38 1.20; 1.58
  2003 1.29 1.12; 1.48
  2004 1.38 1.20; 1.59
  2005 1.36 1.18; 1.55
  2006 1.39 1.21; 1.60
  2007 1.38 1.20; 1.58
  2008 1.35 1.18; 1.55
  2009 1.20 1.05; 1.37
  2010 1.24 1.08; 1.42
  2011 1.12 0.98; 1.28
  2012 1.21 1.06; 1.39
  2013 1.07 0.93; 1.24
  2014 Referent  
Number of test-days    
  5 0.69 0.61; 0.78
  6 0.67 0.60; 0.76
  7 0.61 0.56; 0.67
  8 0.68 0.63; 0.72
  9 0.81 0.76; 0.86
  10 Referent  
Milk yield, kg/d    
  ≤19.9 1.67 1.51; 1.85
  19.9 to 25.4 1.27 1.18; 1.38
  25.4 to 30.9 1.08 1.00; 1.16
  30.9 to 36.4 0.98 0.91; 1.06
  >36.4 Referent  
1Odds ratio for month of calving, year of calving, number of test-days, 
and milk yield compare the likelihood of infection of each level of risk 
factor relative to the last level (i.e., referent).
2INF = presence of at least one test-day SCC >400,000 cells/mL in 
the lactation (infection).

Table 3. Descriptive statistics, estimated additive genetic variance σa
2( ), residual variance σe

2( ), coefficient of additive genetic variation (CVa), 

and heritability (h2; SE in parentheses) of lactation-mean SCS and alternative SCC traits in first-lactation Holstein cows (n = 22,695)

Trait1 Mean SD Minimum Maximum σa
2 σe

2 CVa, % h2

SCS_LM 2.79 1.35 −0.74 9.00 0.189 1.316 15.6 0.126 (0.014)
SCS_150 2.61 1.42 −0.93 9.31 0.151 1.586 14.9 0.087 (0.010)
SCS_SD 1.26 0.62 0.07 4.09 0.015 0.332 9.8 0.044 (0.008)
INF 0.45 0.50 0 1 0.013 0.210 25.1 0.057 (0.010)
SEV 0.13 0.21 0 1 0.002 0.035 31.9 0.047 (0.010)
1SCS_LM = lactation-mean SCS; SCS_150 = average SCS in early lactation (5 to 150 DIM); SCS_SD = standard deviation of SCS of the entire 
lactation (5 to 305 DIM); INF = presence of at least one test-day (TD) SCC >400,000 cells/mL in the lactation (infection); SEV = ratio of the 
number of TD SCC >400,000 cells/mL to total number of TD SCC in the lactation (severity).
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traits, SCS_150 was more strongly correlated with INF 
and SEV, showing coefficients of genetic correlation 
>0.80. This is in agreement with the values of 0.88 
and 0.94 for SCS in early lactation and presence of 
TD SCC >500,000 cells/mL reported by Koeck et al. 
(2012) and Urioste et al. (2012), respectively. Also, the 
presence of TD SCC >150,000 cells/mL and proportion 
of TD SCC >150,000 cells/mL had genetic correlations 
with SCS in early lactation >0.90 (Windig et al., 2010). 
As expected, a strong genetic correlation (0.953) was 
estimated between INF and SEV, traits both based 
on presence of TD SCC >400,000 cells/mL. This is 
consistent with the strong genetic correlation (0.977) 
reported by Windig et al. (2010) between “Suspect” 
and “Extent,” 2 traits defined as our INF and SEV, 
using an SCC threshold of 150,000 cells/mL.

CONCLUSIONS

In the present study, we identified environmental fac-
tors associated with phenotypic variation of alternative 
SCC traits, which should be considered to undertake 
the estimation of animals’ genetic merit for such traits 
in the national breeding program. All investigated 
traits exhibited additive genetic variation that was 
similar to or greater than that of lactation-mean SCS. 
Moreover, all alternative SCC traits were heritable and 
they were moderately to strongly genetically associated 
among each other. Future work is needed to assess the 
association between the new SCC traits and CM events 
to develop an aggregate selection index for the reduc-
tion of mastitis susceptibility in Holstein cows.
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