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BRIEF REPORT

Combining total and differential somatic cell count to better assess the
association of udder health status with milk yield, composition and
coagulation properties in cattle

Tania Bobbo , Mauro Penasa and Martino Cassandro

Dipartimento di Agronomia Animali Alimenti Risorse Naturali e Ambiente, University of Padova, Legnaro, Padua, Italy

ABSTRACT
The combined use of somatic cell count (SCC) and differential somatic cell count (DSCC), which
is the ratio of neutrophils plus lymphocytes to total milk SCC, represents a novel approach to
define cow’s udder health status, as it allows to identify healthy animals (those with low SCC
and DSCC), cows susceptible to mastitis (those where an immune response has begun, so that
there is an increase of neutrophils, i.e. DSCC, but not yet of total SCC), animals with a mastitic
event in progress (those with high SCC and DSCC) and animals with possible chronic inflamma-
tion (those with high SCC and low DSCC, as macrophages prevail). We investigated the associ-
ation of cow’s udder health status with milk yield, composition and coagulation properties in
four cattle breeds. Results demonstrated that milk traits vary among cows with different udder
health status, especially in terms of fat percentage, lactose percentage and coagulation ability.
The most pronounced worsening in milk yield and coagulation ability was observed for animals
with chronic inflammation. Our findings support the new approach based on the combined use
of SCC and DSCC to screen for cow’s udder health, as it would allow to identify susceptible
cows that will probably undergo a mastitic event and chronic cows that would possibly reduce
the herd milk production and quality.

HIGHLIGHTS

� The combined use of SCC and DSCC is a novel approach to screen for udder health status.
� Differences in milk yield, composition and coagulation exist among cows with different udder
health status defined on the basis of combined SCC and DSCC.

� The information about udder health status may be used to develop mastitis pre-
screening protocols.
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Introduction

In the last years several efforts have been made to
improve the udder health status of dairy cows, both
improving hygienic conditions in the farm and
enhancing cow’s resistance to mastitis by genetic
selection. So far, milk somatic cell count (SCC) has
been used as indicator of udder health and milk qual-
ity (Harmon 2001) and it has been included in selec-
tion indexes of different countries to reduce the
susceptibility to mastitis (Weigel and Shook 2018).
Nevertheless, a combination of different indirect indi-
cators of mastitis could be a more successful predictor
of udder health. Thus, alternative traits derived from
milk SCC, like the presence of at least one test-day
(TD) SCC above specific thresholds in the lactation

(Urioste et al. 2010; Koeck et al. 2012; Bobbo et al.
2018), as well as blood serum proteins (Bobbo et al.
2017; Cecchinato et al. 2018) and cellular immune-
associated traits (Denholm et al. 2017), have been
explored as novel indicators of animal health. For
instance, some of the new alternative SCC traits
reported by Bobbo et al. (2018) have already been
incorporated into an aggregate selection index to
reduce mastitis susceptibility in Italian Holsteins
(Finocchiaro et al. 2018). In addition, the recent imple-
mentation of new advanced milk-testing technology
has allowed measurement of the proportion of the dif-
ferent cell types in milk in a high-throughput manner
(Damm et al. 2017). Milk somatic cells are mainly leu-
kocytes, i.e. polymorphonuclear neutrophils,
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macrophages and lymphocytes. These three cell types
play different roles in the immune response to mastitis
and their proportion in milk varies according to the
infection status of the mammary gland (Damm et al.
2017). Bobbo et al. (2019) demonstrated that differen-
tial somatic cell count (DSCC), which is the ratio of
neutrophils plus lymphocytes to total SCC (Damm
et al. 2017), is potentially exploitable in breeding pro-
grammes aimed to reduce udder health problems.
Furthermore, Zecconi et al. (2019) established a correl-
ation between DSCC and SCC, and defined the most
accurate thresholds of DSCC to maximise the probabil-
ity of correctly identifying mammary gland status in
Italian Holsteins. Thresholds suggested by Zecconi
et al. (2019) are currently used by the Italian Breeders
Association (Rome, Italy) in the frame of the monthly
recording system, providing the farmers with informa-
tion about a mastitis risk assessment defined on the
basis of a combination of SCC and DSCC. The thresh-
olds applied for grouping the cows are SCC of 200,000
cells/mL and DSCC of 66.3%, 69.2% and 69.3% for
cows having days in milk (DIM) <100, 101–200 and
>200, respectively. Combining SCC and DSCC thresh-
olds is a novel and more precise approach to screen
for mastitis (although bacteriology is still the gold
standard for definition of intramammary infection), as
it allows to distinguish between healthy and mastitic
cows, to identify cows susceptible to the disease and
to detect cows affected by chronic mastitis. In fact, in
the early stages of infection neutrophil count increases
faster than total SCC (Schwarz et al. 2011); thus cows
with low SCC and high DSCC are prone to experience
soon a mastitic event. On the other side, cows
affected by chronic mastitis have high proportion of
macrophages (low DSCC) in milk with high SCC
(Leitner et al. 2000).

To the best of our knowledge, no information on
the effect of udder health status (i.e. the combined
effect of SCC and DSCC) on milk traits of different cat-
tle breeds is currently available. Therefore, the aim of
this study was to investigate the effect of udder health
status, defined according to thresholds proposed by
Zecconi et al. (2019), on milk yield, composition and
coagulation properties of four cattle breeds.

Materials and methods

Data collection and editing

The Breeders Association of Veneto Region (Padova,
Italy) provided TD milk records collected from January
2018 to January 2020 during routine milk recording
procedures. The data included milk yield (kg/d); fat,

protein and lactose percentages, SCC (cells/mL) and
DSCC (%) determined using the CombiFoss 7 DC
(Foss, Hillerød, Denmark); and milk coagulation proper-
ties, namely rennet coagulation time (RCT, min), curd-
firming rate to a curd firmness of 20mm (k20, min)
and curd firmness 30min after rennet addition to milk
(a30, mm) measured using the Formagraph (Foss). In
this study, not all milk samples collected in the frame-
work of the routine milk testing procedures of Veneto
Region could be analysed for DSCC. Indeed, the
laboratory of the Breeders Association of Veneto
Region is currently equipped with 3 infra-red instru-
ments to determine milk composition and SCC, but
only one of them (CombiFoss 7 DC) provides also
information on DSCC, meaning that approximately
one third of the milk samples processed by the labora-
tory could be randomly analysed for this new pheno-
type. Moreover, the original dataset was edited to
select Holstein Friesian, Brown Swiss, Simmental and
Rendena cows between 5 and 305 DIM, whereas other
breeds were excluded due to few observations avail-
able. As the performance range of the method
includes SCC between 50,000 and 1,500,000 cells/mL
due to accuracy and repeatability issues of the instru-
ment (Damm et al. 2017), records with SCC >

1,500,000 cells/mL were discarded, whereas for records
with SCC < 50,000 cells/mL DSCC were set to 45%,
following the approach of Wall et al. (2018) and
Schwarz et al. (2019). After editing, the data set
included 291,527 TD records of 94,515 cows in 1128
herds. All previous editing steps explain why, although
data were recorded over a 2-year period, the average
number of TD per cow with DSCC information was
low (approximately 3 TD/cow).

In accordance with what performed by the Italian
Breeders Association, cow’s udder health status was
classified using a predefined SCC threshold of
200,000 cells/mL (Dohoo and Leslie 1991), in com-
bination with the DSCC thresholds specific for early
(66.3%), middle (69.2%) or late (69.3%) lactation
(Zecconi et al. 2019). Specifically, four classes
obtained from the combination of SCC and DSCC
thresholds were created:

� Healthy¼ cows with SCC� 200,000 cells/mL and
DSCC� cut-off.

� Susceptible¼ cows with SCC� 200,000 cells/mL
and DSCC> cut-off.

� Chronic¼ cows with SCC> 200,000 cells/mL and
DSCC� cut-off.

� Mastitic¼ cows with SCC> 200,000 cells/mL and
DSCC> cut-off.
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Statistical analysis

Milk yield, composition and coagulation properties
were analysed using the HPMIXED procedure of SAS
version 9.4 (SAS Institute Inc., Cary, NC) according to
the following linear mixed model:

yijklmnop ¼ lþ DIMi þ Parityj þ Breedk þMYl þ UHSm

þ Cown þ Herdo þ eijklmnop

where yijklmnop is the investigated trait (milk yield, fat
percentage, protein percentage, lactose percentage,
RCT, k20 or a30); l is the overall mean; DIMi is the fixed
effect of the ith class of stage of lactation (i¼ 10
classes of 30 d each, from 5 to 305 DIM); Parityj is the
fixed effect of the jth parity (j ¼ primiparous, pluripar-
ous); Breedk is the fixed effect of the kth breed (k ¼
Holstein Friesian, Brown Swiss, Simmental, Rendena);
MYl is the fixed effect of the lth month-year of sam-
pling (l¼ 24 classes, from January 2018 to January
2020); UHSm is the fixed effect of the mth udder
health status (m ¼ healthy, susceptible, chronic, mas-
titic); Cown is the random effect of the nth cow
(n¼ 1–94,515) � N(0, r2cow); Herdo is the random
effect of the oth herd (o¼ 1–1128) � N(0, r2herd); and
eijklmnop is the random residual�N(0, r2e).

Results and discussion

Descriptive statistics of milk traits and
classification of cow’s udder health status

Holstein Friesian was the most productive breed
(33.3 kg/d) and milk of Brown Swiss cows was charac-
terised by the greatest percentages of fat (4.06%) and
protein (3.63%; Table 1). Mean SCC and DSCC were
slightly greater in Rendena than in the other breeds.
These findings are in agreement with those of De

Marchi et al. (2007), who reported the best milk qual-
ity for Brown Swiss cattle and the greatest somatic
cell score for Rendena. Our results slightly differed
from those of Damm et al. (2017), who reported DSCC
from 72.68% to 76.12%, likely due to greater minimum
value of DSCC (20%) in Damm et al. (2017) compared
with the minimum value (0.9%) of this study. Mean
values of milk coagulation properties were comparable
with those reported by De Marchi et al. (2007) and
Visentin et al. (2015). Classification of cow’s udder
health status resulted, on average, in 55.7% of healthy,
21.7% of susceptible, 19.0% of mastitic and 3.6% of
chronic cows (Table 2). Such classification, defined
combining the information of SCC (below or above
200,000 cells/mL) and DSCC (below or above the spe-
cific threshold), was based on the assumption that
macrophages are the predominant cell type (low
DSCC) in uninfected udders with low SCC (Lee et al.
1980), whereas high proportions of macrophages in
milk with elevated SCC could indicate udders affected
by chronic mastitis (Leitner et al. 2000). In infected
glands, neutrophils, which play a defense role against
invading pathogens, can increase up to 95% of total
SCC (Kehrli and Shuster 1994). Nevertheless, in the
early stages of infection, neutrophils increase even
faster than total SCC (Schwarz et al. 2011; Pilla et al.
2012), allowing the identification of cows with an
ongoing inflammatory process. This classification rep-
resents an evolution of the grouping proposed by
Wall et al. (2018), who suggested a combination of
high SCC (>200,000 cells/mL) and DSCC (lower or
greater than 86%) to define mastitis in late or early
stage. In this study, healthy primiparous cows ranged
from 48.4% (Rendena) to 62.5% (Brown Swiss), and
healthy pluriparae from 40.8% (Rendena) to 56.0%
(Simmental; Table 2). Regardless of the breed, the

Table 1. Mean and standard deviation (SD) of test-day milk yield, composition, somatic cell count (SCC), differential somatic cell
count (DSCC) and milk coagulation properties of four cattle breeds.

Trait

Holstein Friesian Brown Swiss Simmental Rendena

Mean SD Mean SD Mean SD Mean SD

Milk yield, kg/d 33.3 9.6 27.2 8.0 25.2 8.3 19.8 6.6
Milk composition, %
Fat 3.83 0.74 4.06 0.72 3.85 0.72 3.53 0.58
Protein 3.35 0.36 3.63 0.38 3.46 0.37 3.30 0.36
Lactose 4.84 0.20 4.81 0.20 4.78 0.22 4.85 0.23

SCC, 103/mL 168 246 162 234 158 234 202 253
DSCC, % 61.8 16.7 60.8 16.5 61.1 16.6 66.6 15.6
Milk coagulation properties
RCT, min 21.5 7.0 19.8 7.1 21.2 7.4 19.1 7.2
a30, mm 17.5 11.3 21.4 12.0 18.8 11.7 20.5 12.1
k20, min 8.5 2.2 6.7 2.1 8.0 2.2 7.7 2.2

No. records 238,100 22,305 21,947 9175
No. cows 77,897 7111 6644 2863

RCT: rennet coagulation time; k20: curd-firming rate to a curd firmness of 20mm; a30: curd firmness 30min after rennet addition to milk.
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frequency of susceptible cows was lower and that of
mastitic and chronic animals was greater for pluriparae
than primiparae. Among breeds, Rendena showed the
greatest percentage of susceptible and mastitic cows
(Table 2). Given that autochthonous cattle breeds,
such as the Rendena, are known to be more robust
and to have a lower prevalence of mastitis (Cremonesi
et al. 2018), our frequencies could be biased by the
use of a DSCC threshold developed for Italian
Holsteins and possibly too low for Rendena, which
showed grater mean DSCC than Holstein Friesian and
the other two breeds (Table 1). Nevertheless, in the
early stages of DSCC exploration, a lower threshold is
preferred in order to be more conservative in

identifying cows possibly at risk of mastitis or with an
ongoing mastic event.

Effects of udder health status on milk yield,
composition and coagulation properties

All the effects included in the statistical model were
significant (p < .001) in explaining the variation of the
investigated traits. In this study, we focussed on the
effects of udder health status on milk traits, after
adjusting for the other possible sources of variation.
Healthy cows had an average milk production of
25.1 kg/d and their milk was characterised by 3.83% of
fat and 3.43% of protein (Figure 1). Cows susceptible

Table 2. Classification of cow’s udder health status, combining the information of somatic cell count (SCC) and differential som-
atic cell count (DSCC), according to breed and parity.

Overall

Holstein Friesian Brown Swiss Simmental Rendena

Classificationa P1 P2þ P1 P2þ P1 P2þ P1 P2þ
Healthy, % 55.7 58.6 54.3 62.5 55.6 60.3 56.0 48.4 40.8
Susceptible, % 21.7 26.0 19.2 23.7 18.1 25.8 19.2 32.7 25.1
Mastitic, % 19.0 13.9 22.0 11.5 20.4 12.0 20.1 17.2 30.1
Chronic, % 3.6 1.5 4.5 2.3 5.9 1.9 4.7 1.7 4.0
N. records 291,527 87,718 150,382 6895 15,410 6197 15,750 2469 6706

P1: primiparous cows; P2þ: pluriparous cows.
aHealthy: cows with SCC � 200,000 cells/mL and DSCC� cut-off; Susceptible: cows with SCC � 200,000 cells/mL and DSCC> cut-off; Mastitic: cows with
SCC > 200,000 cells/mL and DSCC> cut-off; Chronic: cows with SCC > 200,000 cells/mL and DSCC� cut-off. Cut-offs were retrieved from Zecconi
et al. (2019).

Figure 1. Least squares means (with standard errors) of (a) milk yield, (b) protein percentage, (c) fat percentage and (d) lactose
percentage according to udder health status classification. Different letters mark statistical significance (p <.01).
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to mastitis, i.e. those in the early stages of inflamma-
tion, had slightly greater milk production than healthy
cows (25.5 kg/d; Figure 1). This is in good agreement
with previous studies (Oltenacu and Broom 2010), sup-
porting the idea that high producing cows are at
higher risk of production diseases, including metabolic
stress and mastitis. In fact, high milk production was
identified as a risk factor for mastitis (Rajala and
Gr€ohn 1998). Susceptible cows produced milk with the
lowest fat (3.80%) and protein percentage (3.42%),
possibly as a result of proteolytic and lipolytic activity
stimulated by the neutrophils recruitment (Le
Mar�echal et al. 2011). The lowest milk production was
observed for cows classified as chronic (20.9 kg/d;
Figure 1), i.e. cows with high SCC, mostly macro-
phages (low DSCC). A state of chronic inflammation
over a long period of time could possibly affect the
development of milk-producing tissue. The greatest
percentages of fat and protein in milk of chronic cows
can be explained by a concentration effect due to
reduced milk production, although data concerning
the effect of mastitis on total protein and fat contents
are controversial (Le Mar�echal et al. 2011). Our results
confirmed the known effect of mastitis on lactose con-
tent; indeed, a reduction of lactose percentage was
observed in milk of mastitic (4.77%) and chronic cows
(4.67%). Variation of lactose content due to mastitis

can be explained both by increased milk barrier per-
meability and damage of the mammary tissue, with
consequent impaired synthetic activity (Shuster et al.
1991). Results on milk coagulation properties (Figure
2) corroborate previous findings about the impact of
mastitis on milk coagulation (Leitner et al. 2011; Le
Mar�echal et al. 2011). Milk from mastitic cows was
characterised by longer RCT (21.5min) compared with
milk of healthy animals (19.6min), as well as by
weaker a30 (17.1mm vs 18.7mm). Nevertheless, the
greatest impairment in milk coagulation was observed
for chronic cows (RCT ¼ 23.2min; Figure 2). In the lit-
erature, only few studies investigated the effect of dif-
ferent milk somatic cell types on milk and dairy
products, and most of them were focussed on neutro-
phils (Cooney et al. 2000; Wickstr€om et al. 2009,
Leitner et al. 2012). Nevertheless, Cohn (1975)
reported that macrophages with engulfing activity can
produce five to six times more proteases than neutro-
phils, possibly explaining the worsening of milk coagu-
lation ability of chronic animals in this study.

Conclusions

Our findings highlighted that significant differences in
milk production and quality exist among cows with
different udder health status defined according to a

Figure 2. Least squares means (with standard errors) of (a) rennet coagulation time (RCT), (b) curd firmness 30min after rennet
addition to milk (a30), and (c) curd-firming rate to a curd firmness of 20mm (k20) according to udder health status classification.
Different letters mark statistical significance (p<.01).
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combination of SCC and DSCC. This approach provides
a more precise definition of the udder health status,
helping farmers and veterinarians to identify and pay
special attention to susceptible cows that could
potentially undergo a mastitic event, and to chronic
cows that could significantly impact on herd milk pro-
duction and quality. The information about udder
health status may be used to develop in the future
mastitis pre-screening protocols, especially at the end
of lactation, to optimise antimicrobial therapy.
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