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ABSTRACT

The aim of the present study was to assess genetic 
variation and heritability of a novel indicator of udder 
health, milk differential somatic cell count (DSCC), 
which represents the percentage of neutrophils plus 
lymphocytes in the total somatic cell count (SCC). 
Furthermore, we estimated genetic and phenotypic 
correlations of DSCC with other milk traits routinely 
measured in Italian Holstein cows. Besides DSCC, test-
day data included milk yield, composition traits (i.e., 
fat, protein, casein, and lactose percentages), pH, milk 
urea nitrogen, and SCC. After editing, the final data 
set included 10,709 test-day records of 5,142 cows in 
299 herds. Mean of DSCC was 62.07%, which means 
that macrophages were approximately 38% of total 
SCC. Comparing our results with the literature offered 
compelling evidence of the importance of acquiring 
information about the proportion of the different cell 
types in milk to better define the udder health status. 
In addition, our analysis revealed, for the first time, 
that DSCC is a heritable trait, and heritability (0.08 ± 
0.02) was higher than that of traditional somatic cell 
score (0.04 ± 0.02). Nevertheless, heritability of DSCC 
is still low compared with milk yield and quality traits. 
Single-trait analysis within parity showed that DSCC 
was less heritable in primiparous than in multiparous 
cows, whereas bivariate analysis confirmed that DSCC 
and somatic cell score were 2 different traits, as their 
genetic and phenotypic correlations differed from unity. 
From a genetic point of view, the DSCC was positively 
weakly associated with milk yield, lactose percentage, 
and milk urea nitrogen, and negatively associated with 
pH. Our findings contributed to the understanding of 
the genetic background of DSCC and are a precursor 
to the potential use of DSCC in breeding programs to 
enhance cow resistance to mastitis. However, further 
research is needed to determine the weight this novel 

trait should receive in a selection program aimed to 
reduce udder health problems.
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The best way to identify IMI in cows is to perform 
a PCR assay or bacteriological analysis (Nyman et al., 
2014). However, these methods are not applicable to 
routine data collection, as they are time-consuming 
and expensive. Until now, SCC in milk has been used 
as an indicator of mastitis (Harmon, 2001), and in-
direct selection against mastitis using SCC has been 
implemented in many countries (Weigel and Shook, 
2018). In healthy mammary glands, SCC is generally 
low (<100,000 cells/mL) and macrophages represent 
the predominant cell type (Lee et al., 1980; Schwarz et 
al., 2011). When bacteria enter through the teat canal 
and colonize the mammary gland, the inflammatory 
response is triggered. In infected udders, SCC increases 
and the proportion of different cells changes, with neu-
trophils reaching up to 95% of total SCC (Kehrli and 
Shuster, 1994). However, in the early stages of infec-
tion, the neutrophil count increases faster than total 
SCC (Schwarz et al., 2011; Pilla et al., 2012), and thus 
the knowledge of the proportion of the different cell 
types in milk, rather than just the overall SCC, could 
provide valuable information on the inflammatory sta-
tus of the udder (Pillai et al., 2001; Pilla et al., 2013). 
The effectiveness of the use of cell differentiation in 
milk as a method to identify more precisely the inflam-
matory status of the udder has already been described 
by Pilla et al. (2012), but only the recent introduction 
of a novel analyzer (Fossomatic 7 DC, FOSS Analytical 
A/S, Hillerød, Denmark) has allowed measurement of 
different cell types in milk in a high-throughput man-
ner using flow cytometry (Damm et al., 2017).

This new advanced milk-testing technology has been 
implemented in the milk laboratory of the Breeders As-
sociation of Veneto Region (Padova, Italy) and allowed 
the measurement of an additional indicator of udder 
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health; that is, differential somatic cell count (DSCC). 
This novel trait represents the percentage of neutro-
phils plus lymphocytes in the total SCC; this means 
that the percentage of macrophages can be calculated 
as 100 − DSCC. Few insights on DSCC are available 
in the literature and they are mainly focused on the 
development of the method of analysis (Damm et al., 
2017), the variation of DSCC percentage according to 
total SCC (Damm et al., 2017), and changes in DSCC 
during the course of induced mastitis under controlled 
conditions (Wall et al., 2018). Currently, no informa-
tion on the genetic aspects of DSCC is available. Inves-
tigating the genetic background of DSCC is important 
to gain knowledge on its potential inclusion in selection 
programs to enhance mastitis resistance in dairy cattle. 
Therefore, the aim of the present study was to assess 
genetic variation and heritability of milk DSCC, and to 
estimate genetic and phenotypic correlations of DSCC 
with other milk traits routinely measured in individual 
samples of Italian Holstein cows.

Test-day milk records collected from January to June 
2018 within the national routine milk recording system 
were provided by the Breeders Association of Veneto 
Region (Padova, Italy). The data included milk yield 
(kg/d), composition traits (fat, protein, casein, and 
lactose percentages), pH, and MUN (mg/dL) measured 
using the MilkoScan FT6000 (Foss Electric A/S), SCC 
(cells/mL), and DSCC (%) measured using the new 
Fossomatic 7 DC (FOSS Analytical A/S). Somatic cell 
count was log-transformed to SCS to achieve normal-
ity and homogeneity of variances, according to Ali and 
Shook (1980). The original database was edited to se-
lect cows between 5 and 600 DIM, and with a minimum 
of 2 test-day records. Contemporary groups (herd test 
day) were required to have at least 3 observations to be 
included in the analysis. Only cows with known sire and 
dam, and sires with at least 5 daughters, were selected 
for subsequent statistical analysis. After editing, the 
final data set included 10,709 test-day records of 5,142 
cows in 299 herds. Pedigree information was provided 
by the Italian Holstein Association (ANAFI, Cremona, 
Italy) and included cows with phenotypic records and 
all their ancestors up to 6 generations back, for a total 
of 33,876 animals.

A preliminary investigation of the nongenetic sources 
of variation of DSCC was conducted by fitting a linear 
mixed model in SAS (ver. 9.4, SAS Institute Inc., Cary, 
NC). The model accounted for the fixed effects of herd 
test day (644 levels) and DIM (13 levels; the first being 
a class from 5 to 30 d, followed by 11 classes of 30 d 
each, and the last being a class >360 d), and parity 
(3 levels: 1, 2, and ≥3) and for the random effect of 
the cow. Single-trait animal models were then run to 

estimate variance components and heritability of all in-
vestigated traits, including the fixed effects of herd test 
day, DIM, and parity, as described above, and the ran-
dom effects of additive genetic animal, permanent en-
vironment, and the residual. Single-trait animal models 
were used also to estimate genetic parameters of DSCC 
within parity, applying the same selection criteria of 
the data as above. Bivariate animal models were run to 
estimate genetic and phenotypic correlations of DSCC 
and SCS with the other milk traits, and between DSCC 
and SCS. Fixed and random effects were the same as 
those included in univariate analyses. All the genetic 
analyses were performed using VCE software, version 
6.0 (Neumaier and Groeneveld, 1998).

Descriptive statistics of milk yield, composition, 
pH, MUN, and SCS (Table 1) were consistent with 
the official statistics reported by ANAFI (2017) and 
comparable with findings of Tiezzi et al. (2013) for the 
same breed. Heritability of milk yield was 0.08 ± 0.03, 
and heritabilities of milk composition and pH ranged 
from 0.10 ± 0.02 (MUN) to 0.35 ± 0.04 (pH; Table 1). 
Our results were mostly in agreement with findings re-
ported in the literature (Cassandro et al., 2008; Tiezzi 
et al., 2013), although heritability of fat percentage in 
the present study (0.17 ± 0.03) was lower than that 
(0.39 ± 0.04) estimated by Cassandro et al. (2008), 
and heritability of pH was higher than the estimates 
of 0.21 ± 0.04 and 0.26 ± 0.03 assessed by Cassandro 
et al. (2008) and Tiezzi et al. (2013), respectively. As 
expected, SCS was less heritable (0.04 ± 0.02) than 
other milk traits (Table 1).

Differential SCC averaged 62.07%, which means that 
macrophages were approximately 38% of the total SCC 
(Table 1). Our results differed to some extent from 
those of Damm et al. (2017), who analyzed 655 routine 
DHI milk samples collected from Canada, Denmark, 
France, and New Zealand to test the robustness of the 
method under different conditions. Damm et al. (2017) 
reported means of DSCC that ranged from 72.68 (Den-
mark, n = 153) to 76.12% (Canada, n = 158); neverthe-
less, the minimum value of DSCC (20%) obtained by 
Damm et al. (2017) was much greater than that found 
in our study (4.5%), whereas the same maximum value 
was observed in both studies (96%). Interestingly, simi-
lar mean SCC were obtained in the 2 studies: 231,000 
cells/mL (with DHI SCC between 8,000 and 7,085,000 
cells/mL) in Damm et al. (2017) and 205,000 cells/mL 
(with test-day SCC between 2,000 and 8,421,000 cells/
mL) in the present study. These results offer compelling 
evidence of the importance of acquiring information 
about the proportion of the different cell types in milk, 
rather than just the overall SCC, to better define udder 
health status. In addition, our analysis revealed, for the 
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first time, that DSCC is a heritable trait and its heri-
tability is higher than that of traditional SCS (0.08 ± 
0.02 vs. 0.04 ± 0.02; Table 1). Nevertheless, heritability 
of DSCC is still low compared with milk production 
traits, which is expected for health traits.

Heritability of DSCC was also estimated within par-
ity, and results showed that DSCC was less heritable 
in primiparous (0.04 ± 0.04) than in multiparous cows 
(0.14 ± 0.08 in second-parity and 0.10 ± 0.06 in third- 
and later-parity animals; Table 2). Similarly, heritabil-
ity of SCS increased with parity, and larger estimates 
in multiparous cows suggested that SCS in younger 
and older animals could be considered genetically dif-
ferent traits, and that the most important mechanisms 
of defense against IMI at older ages were genetically 
more variable (Coffey et al., 1985). In accordance with 
this hypothesis, greater coefficients of additive genetic 
variation were obtained for DSCC in multiparous than 
primiparous cows (Table 2).

As ours is the first study to estimate genetic pa-
rameters of DSCC, comparisons can be made only 
with SCC, which is the standard indicator of mastitis 
(Harmon, 2001). Nevertheless, DSCC and SCS are dif-
ferent traits, as their genetic and phenotypic correla-
tions differed from unity (0.66; Table 3). Results from 
bivariate analysis corroborated the assumption that an 
increase of milk SCS is associated with a decrease of 
milk production (negative phenotypic correlation) and 
that high-producing cows could be more susceptible 
to mastitis (unfavorable genetic correlation; Table 3). 

Greater susceptibility to mastitis of high-producing 
cows was hypothesized also by Haile-Mariam et al. 
(2001) in first-lactation Australian Holsteins, and 
positive genetic correlations between test-day milk 
yield and SCC were previously reported by Koivula 
et al. (2005) in first-lactation Finnish Ayrshires before 
(0.17 ± 0.09) and after (0.25 ± 0.08) clinical mastitis. 
Nevertheless, negative or near-zero genetic correla-
tions were estimated in the second lactation both by 
Haile-Mariam et al. (2001) and Koivula et al. (2005), 
meaning that mastitis causes an increase of SCC and 
damages the udder, resulting in reduced milk produc-
tion. Phenotypic correlations of SCS with fat, protein, 
and casein percentages were close to zero (0.05 to 0.08), 
and their genetic counterparts were weak (0.11 ± 0.18 
to 0.21 ± 0.20; Table 3). Our results confirmed previous 
findings by Carlén et al. (2004) in Swedish Holsteins, 
who reported positive genetic correlations of SCS with 
fat yield (from 0.17 ± 0.04 in first lactation to 0.02 ± 
0.11 in third lactation) and protein yield (from 0.23 ± 
0.04 in first lactation to 0.13 ± 0.11 in third lactation). 
The DSCC was phenotypically uncorrelated with milk 
yield, composition, pH, and MUN (−0.05 to 0.03) and, 
from a genetic point of view, the DSCC was almost un-
correlated with fat, protein, and casein percentages and 
weakly associated with milk yield (0.15 ± 0.22; Table 
3). Lactose percentage was negatively correlated with 
SCS, both at the phenotypic (−0.26) and genetic level 
(−0.34 ± 0.15), in agreement with findings of Miglior 
et al. (2007) and Stoop et al. (2007), whereas a positive 

Table 1. Descriptive statistics, permanent environmental variance σpe
2( ), residual variance σe

2( ), estimated heritability (h2; SE within parentheses),  
and coefficient of additive genetic variation (CVa) of test-day milk yield, milk composition, pH, MUN, SCS, and differential somatic cell count  
(DSCC) in Holstein cattle (n = 10,709)

Trait Mean SD σpe
2 σe

2 h2 (SE) CVa, %

Milk yield, kg/d 34.09 9.60 25.08 15.72 0.08 (0.03) 5.61
Milk composition, %            
  Fat 3.84 0.72 0.11 0.21 0.17 (0.03) 6.72
  Protein 3.44 0.37 0.03 0.02 0.34 (0.04) 4.60
  Casein 2.71 0.28 0.02 0.01 0.33 (0.04) 4.40
  Lactose 4.86 0.18 0.01 0.01 0.32 (0.04) 1.86
pH 6.56 0.06 0.00 0.00 0.35 (0.04) 0.51
MUN, mg/dL 22.11 6.24 4.99 11.04 0.10 (0.02) 6.20
SCS 2.75 1.74 1.39 1.09 0.04 (0.02) 12.31
DSCC, % 62.07 16.91 106.09 125.89 0.08 (0.02) 7.13

Table 2. Descriptive statistics, permanent environmental variance σpe
2( ), residual variance σe

2( ), estimated heritability (h2; SE within parentheses),  
and coefficient of additive genetic variation (CVa) of test-day differential somatic cell count (DSCC) by parity

Parity No. of test-day records Mean SD σpe
2 σe

2 h2 (SE) CVa, %

1 3,866 62.43 16.51 106.85 119.69 0.04 (0.04) 4.73
2 2,308 59.65 17.11 73.92 147.06 0.14 (0.08) 9.95
≥3 2,571 64.13 17.24 122.34 119.13 0.10 (0.06) 8.07
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weak genetic correlation was estimated between lactose 
percentage and DSCC (0.16 ± 0.15; Table 3). Genetic 
associations of SCS and DSCC with pH were negative 
(−0.29 ± 0.15 and −0.14 ± 0.14, respectively), and with 
MUN were positive and weak (0.13 ± 0.19 and 0.16 ± 
0.15, respectively; Table 3). A negative genetic corre-
lation (−0.19) between MUN and SCS was estimated 
by Miglior et al. (2007), whereas Stoop et al. (2007) 
assessed a strong positive genetic correlation (0.85 ± 
0.19) between the 2 traits, underlying the discrepancy 
between studies and the uncertainty of the results.

In conclusion, our study supported the importance 
of gaining knowledge on the proportion of the different 
cell types in milk, rather than just the overall SCC, to 
have a better indicator of mastitis. Indeed, DSCC is 
a powerful tool to help farmers make better decisions 
to reduce the use of antimicrobials on the farm. Our 
findings highlighted that DSCC has additive genetic 
variation that is potentially exploitable in breeding pro-
grams aimed to select against mastitis in combination 
with the traditional SCS. Further research is needed to 
confirm the current results, especially on a larger data 
set to reduce the high standard errors of the estimates 
found in this preliminary analysis, and to assess the 
proper weight the DSCC should receive in a selection 
program aimed to reduce udder health problems.
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