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ABSTRACT

In recent years, there has been a proliferation of studies
investigating the composition of somatic cell count (SCC)
of milk, focusing on neutrophils (NEU), lymphocytes
(LYM), and macrophages (MAC). These 3 components
are indeed crucial for the animal's immune response to
mastitis-causing pathogens. The study examined vari-
ous factors influencing somatic cell count and leucocyte
components in cow milk, including lactation stage, par-
ity, and milk electrical conductivity, using data from 179
dairy cows across 6 farms throughout the entire lactation.
Statistical analyses, including mixed models and logistic
regression, were employed to investigate the relation-
ships between these variables and identify risk factors
for high SCC levels. Results showed that factors such as
parity and lactation stage were significantly associated
with somatic cell composition. In particular, the highest
milk NEU values (>60% of the total leucocytic fraction)
and lowest MAC values (<20%) were found at the begin-
ning and the end of lactation, that are the critical periods
for udder health. High milk electrical conductivity, low
milk production, number of parity, and poor hygiene
scores were identified as contributing to increased SCC.
Additionally, elevated percentages of NEU and LYM in
milk were associated with increased risk of high SCC
values, indicating potential udder health issues.
Keywords: Stage of lactation, parity, neutrophils,
macrophages, lymphocytes, differential count

INTRODUCTION

Mastitis is one of the major problems in dairy herds
worldwide, being one of the main causes of culling in
dairy farms (De Vries and Marcondes, 2020). In re-
sponse to mastitis, the udder brings back white blood
cells against bacteria, leading to an increase of the milk
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somatic cell count (SCC) (Wall et al., 2018). To moni-
tor and manage udder health, SCC milk concentrations
at quarter, cow, and herd levels are widely used. In the
last years, the evaluation of different types of cells that
compose SCC has been rapidly expanding, enabling the
differentiation between neutrophils (NEU), lymphocytes
(LYM), and macrophages (MAC) in milk.

The number and distribution of leukocyte components,
indeed, are crucial for the efficiency of udder defenses
against invading pathogens. The main function of NEU is
to defend the organism against bacteria in the early stage
of an acute inflammatory process: their numbers can con-
stitute more than 90% of the total mammary leukocyte
population during mastitis (Sordillo and Streicher, 2002).
On the other hand, LYM regulate the induction and sup-
pression of immune responses, thanks to the identifica-
tion of antigens through membrane receptors specific for
pathogens (Sordillo and Streicher, 2002).

Additionally, MAC are active phagocytic cells and
capable of ingesting bacteria, cellular debris, and accu-
mulated milk components in the mammary gland. Milk
or tissue macrophages recognize the invading pathogens
and begin an immune response by the release of chemoat-
tractants, inducing the rapid recruitment of NEU into the
mammary gland (Oviedo-Boyso et al., 2007).

In many studies, the combination of NEU and LYM as
a percentage of the total SCC was used as a complex in-
dicator, known as differential somatic cell count (DSCC)
(Damm et al., 2017). Swartz et al. (2020) and Kirkeby
et al. (2021) described significant effects of endogenous
factor as days in milk (DIM) and number of parity on
DSCC trend.

The introduction of Precision Livestock Farming tech-
nologies could assist farmer to improve efficiency in dif-
ferent aspects of farm management. In particular, it could
help in the identification of herd and individual health
and welfare issues. The adoption of technology on dairy
farms enables the collection of different kind of data,
from different sources, that, with a proper integration,
could aid to prevent mastitis, even in its subclinical form.
Indeed, some studies showed that models using complex
indicators and multiple data sources are most effective
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for mastitis detection (van der Voort et al., 2021; Zucali
et al., 2021; Lardy et al., 2023).

The aim of the present study was to analyze the rela-
tions between number of parity, stage of lactation and
various milk production parameters (milk yield, electri-
cal conductivity and milking duration) with somatic cell
count (SCC) and its 3 leucocyte components (neutrophils,
lymphocytes and macrophages) to better understand the
sources of variation. Additionally, the risk factors asso-
ciated with high milk SCC at the cow level (=100,000
cells/ml) were investigated. The novelty of the study lies
in the analysis of milk samples collected from the same
cows throughout lactation, using a rapid and portable
instrument to measure leucocyte types (neutrophils, lym-
phocytes and macrophages).

MATERIALS AND METHODS
Farm description

In the present study, 6 farms (farm A, B, C, D, E, F)
located in Northern Italy were involved. The lactating
cows were housed indoor throughout the year on cubicles
with straw or compost materials, or with mattresses and
straw, without access to pasture. Farms were equipped,
in the lactating dairy cow housing area, with fans or
fans and showers as cooling systems. Cows were milked
twice a day (with the exception of farm C with 3 milk-
ings) in milking parlors (parallel or herringbone) and the
milking routine was different for each farm. However,
all the farms had in common the use of individual towels
for udder cleaning and they all performed fore-stripping.
Five out of the 6 farms used post-dipping products. In
all 6 farms, lactating cows were fed a total mixed ra-
tion, once a day, after the morning milking. The average
daily dry matter intake was 24.0 £ 1.4 kg, with the diet
consisting of 47 + 3% forages. The total mixed ration
was characterized by 15 = 1% of crude protein and 31 +
4% of neutral detergent fiber.

Experimental unit

The study was performed between March 2022 and
January 2023. Initially, the experimental unit was com-
posed by 179 Holstein cows from the 6 farms (from 23
to 37 cows per farm) (Table 1), the choice of the farm
were done on the base of the willingness to be involved
the study and on the farm characteristics for example the
presence of milking parlor. A total of 67 primiparous, 59
secondiparous and 53 multiparous cows were monitored
throughout the entire lactation, from calving from calv-
ing to 1 d before dry-off. On the average, the last milk
sample was collected at 272 + 22 Days In Milk (DIM).
During each farm visit, individual udder milk samples,
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visual assessment of animals cleaning and milking pa-
rameters data were collected. All the evaluations and
milk collection were performed on each farm 5 times
per cow, throughout the entire lactation, at regular time
intervals of 60 d (Figure 1), for a total of 848 samples.
The 2.5% (n = 21) of the samples were collected within
the 10 d before or after a mastitis diagnosis. The fifth
sample was collected only from 152 cows, because the
remaining 27 cows had already been dried-off.

Milk analyses

Milk collection was carried out during the afternoon
milking using a milk sampler applied after the cluster,
ensuring that the sample was representative of the en-
tire udder (including both cisternal and alveolar milk,
excluding foremilk) and the entire milking session. All
samples were stored at 4°C and analyzed within one hour
on the following day (within a 14-h window from collec-
tion) using the Vetscan DC-Q Milk Analyzer (AAD Ad-
vanced Animal Diagnostics, NC, USA) and the DeLaval
Cell Counter (DeLaval, Tumba, Sweden). The Vetscan
DC-Q Milk Analyzer uses a differential count method
and provides the concentration as count (cells/ml) and
the percentage (%) of the 3 components (NEU, MAC and
LYM) on the total leucocyte count (TLC). The TLC is
defined as the sum of the 3 somatic cell types (Mondini
et al., 2023) or as SCC without epithelial cells (Lozada-
Soto et al., 2020) and is expressed as cells/ml. The sen-
sibility of Vetscan permits to establish exact percentage
between 2 to 95%. Values higher than 95% was rounded
to as 98%, and values lower than 2% was expressed as
1%, to have always the sum of the 3 percentage that is
100%. Moreover, the DeLaval Cell Counter provides the
SCC (cells/ml). Milk collection was carried out during
the afternoon milking using a milk sampler applied after
the cluster, ensuring that the sample was representative
of the entire udder (including both cisternal and alveolar
milk, excluding foremilk) and the entire milking session.
All samples were stored at 4°C and analyzed within one
hour on the following day (within a 14-h window from
collection) using the Vetscan DC-Q Milk Analyzer (AAD
Advanced Animal Diagnostics, NC, USA) and the DeLa-
val Cell Counter (DeLaval, Tumba, Sweden).

Table 1. Number of cows involved in the study for each farm

Farm Numbers of cows

Tmg QW >
w
=N




Mondini et al.: Factors affecting milk leucocyte composition

A —

6 farms 179 cows

w

)

5 milk samples per cow

J

Calving — e

0-60 DIM 61-120 DIM

Figure 1. Experimental unit and timing of samples

Milking parameters and Hygiene Scores

Data on milk production per milking (kg) and daily
milk production (kg), were obtained from the milking
parlor software (Afimilk Agricultural Cooperative Ltd.,
Kibbutz Afikim, Israel) in all farms. Only 4 farms (farm
A, B, C, F) were equipped with sensors in the parlor for
the detection of milking duration (s) and milk electrical
conductivity (mS/cm?).

The cleanliness conditions of the cow (udder, legs and
flank) were evaluated using a 4-point Hygiene Score
(HS) chart (1 very clean - 4 very dirty) (Cook and Reine-
mann, 2007). In the final analysis, each body area was
categorized as ‘clean’ if HS was <2; otherwise, it was
considered ‘dirty’. The assessment of HS was conducted
by 2 trained evaluators before attaching the cluster on
the days of milk sample collection. A training period was
performed by researchers, before the beginning of the
experimental trial.

Environmental parameters

Temperature (T, °C) and Relative Humidity (RH,
%) were collected every 15 min on all the 6 farms us-
ing HOBO data loggers (Onset Computer Corporation,
Pocasset, MA). The sensors collected data from March
2022 to December 2022. Environmental sensors were lo-
cated 2 m from the ground in the resting area of lactating
dairy cows. The Temperature and Humidity Index (THI)
was calculated with the formula reported by Segnalini et
al. (2013):

THI = (1.8 * T + 32) - (0.55 - 0.55 * (RH / 100)) * ((1.8
* T +32) - 58)

T = Temperature; RH = Relative Umidity.
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Moreover, hours with an average THI > 68, calculated
from hourly recordings (at 00, 15, 30 and 45 min), were
classified as hot, according to the study of Zimbelman et
al. (2009) which suggested that cows could experience
heat stress under these conditions. The total number of
hours with THI > 68 was calculated for each day and,
subsequently, the mean number of daily hot hours was
computed for each month.

Statistical analysis

Normalization of data, distribution and relationships
between variables. To perform a statistical analysis of
the data set, data about SCC and TLC count were normal-
ized using a log;, transformation. Data on NEU, MAC
and LYM were used both as percentage and as count; the
count underwent a log;, transformation before analysis.
Skewness and kurtosis were used for the description of
the data distributions. All statistical analyses were per-
formed using SAS software (version 9.4; SAS Institute
Inc., Cary, NC, USA). A Pearson correlation matrix be-
tween variables was performed with PROC CORR.

Mixed model. The effect of lactation stage and parity
on SCC and leucocyte components was assessed using a
mixed model with repeated measurements. The model,
referred to as Model 1, evaluated SCC (logl10 cells/ml),
TLC (logl0 cells/ml), NEU (logl0 cells/ml, % of TLC),
LYM (logl0 cells/ml, % of TLC), and MAC (log10 cells/
ml, % of TLC), as well as daily milk production (kg),
milking time (s), and milk conductivity (mS/cm) of the
cows. The analysis considered different stages of lacta-
tion and parity numbers.

Yijamn = M + Stage; + Parity; + Farmy + LAC-TLC, +
SP;; + Cow(Farm*Parity), + €jjimn (D
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Where:

® YV = dependent variables (SCC, TLC, NEU, LYM,
MAUC, daily milk production, milking time and milk
electrical conductivity)

m = average of dependent variables

e Stage; _ stage of lactation divided for days in milk
(1-60 DIM, 61-120 DIM, 121-180 DIM, 181-240
DIM and > 240 DIM, i = 1-5)

® Parity; = number of parity (primiparous, secondipa-
rous and multiparous, j = 1-3)

® Farm, = farm involved in the study (Farm A, B, C,
D,E, F, k=1-6)

e LAC-TLC, = Lactation average TLC (< = 5 logq
cells/ml, > 5 log;, cells/ml, I = 1-2)

e SP; = interaction between Stage of lactation and
number of parity

o Cow(Farm*Parity),, = cow as subject repeated ef-
fect

® ¢y = €ITOr

In the mixed model, the Lactation Average TLC (LAC-
TLC) for each cow was included as a fixed effect. The
LAC-TLC was calculated as the average of the log,
TLC of the 5 milk samples collected during lactation.
Cows were divided into 2 LAC-TLC groups: cows with
udder health issues throughout entire lactation (average
> 5 log;, cells/ml) and cows without apparent persistent
udder health issues (average < =5 log;, cells/ml).

The season effect was not added in the last model as
fixed effect, due to the lack of statistical significance for
all dependent variables. This decision was made because
of the experimental design of the study, which resulted
in an overlap between the season effect and the stage of
lactation effect. This overlap occurred because all the
farms were monitored simultaneously.

Comparison of sample group and subsample group.
In this study only 4 farms were equipped with milking
sensors (referred to as 4FG group) and 500 milk sample
were collected. So, to analyze and make assumption on
this data set that could be generalized to the total cow
sample (179 cows), a comparison between these 2 groups
was performed to investigate if there are significant
differences for all the variables or if the subgroup is
similar to the total sample group. The comparison was
performed using Mixed Model 1, with Sample Group,
(total cow sample, 4FG group, n = 1-2) as an additional
fixed effect. The results highlighted no significant differ-
ences (P > 0.5) for all variables between the 2 groups and
this highlighted that the 4FG subgroup was similar to the
total cow sample.

Factor analysis. Multivariate factor analysis was
performed on the 4FG group using PROC FACTOR.
The number of factors was reduced to 4 (Cells as count,
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Neutrophils and macrophages, Endogenous factors,
Lymphocytes), accounting for 76% of the variability. The
Measure of Sampling Adequacy was calculated and the
Harris-Kaiser rotation was applied using the VARIMAX
method with a power equal to 1. Only Rotated Factor
Patterns (Standardized Regression Coefficients) > 0.50
(absolute value) were considered. More details of the
method were reported in Conte et al., 2021.

Risk factors for high SCC. A risk factor analysis of
having high SCC (>5 log;, cells/ml) was performed on
the 4FG group using a logistic regression (PROC LO-
GISTIC), with stepwise selection and an entry criterion
of P < 0.20. Dependent classes entered into the model
were:

e Stage of lactation (1-60 DIM, 61-120 DIM, 121-—
180 DIM, 181-240 DIM and > 240 DIM)

e Number of parity (primiparous, secondiparous and

multiparous)

NEU (<63 and > 63%)

LYM (<14 and > 14%)

MAC (<18 and > 18%)

Average HS (average values of flank, legs and ud-

der, <2 and > 2)

° Milzk electrical conductivity (<8.8 and > 8.8 mS/
cm”)

e I[ndividual daily milk production (<35 and > 35 kg/
day)

The threshold definitions for ranges were established
using the median values for NEU, LYM, MAC, milk
electrical conductivity, and individual daily milk produc-
tion. For the other variables thresholds were based on
sampling time (stage of lactation) or the most commonly
used classification in literature (number of parity and
average HS) were used.

Dependent variables not entered into the model (P >
0.20) were milking duration, milk production per milk-
ing, average milk flow, HS udder, HS legs and HS flank.

RESULTS
Sample description

Table 2 presents health milk indicators as well as milk-
ing performance measurements. Data appeared normally
distributed.

Hygiene Score for flank, legs and udder, were calculat-
ed and legs were found to be the dirtiest area monitored
(59% clean vs 41% dirty). Udder and flank were clean in
the 62% and 82% respectively. Hygiene Score for flank,
legs and udder during lactation were reported in Figure
2. The mean HS, calculated across all the 3 areas, was
calculated per each cow observation: 50% of the animals
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Table 2. Main indicators of data distributions for each variable

N Mean Median ~ Minimum  Maximum  Std Dev  Skewness  Kurtosis
Somatic Cell Count (log;, cells/ml) 848 4.87 4.81 3.00 6.64 0.67 0.30 -0.43
Total Milk Leucocyte Count (TLC) (log;, cells/ml) 848 4.97 4.89 3.95 7.00 0.58 0.63 0.00
Neutrophils (log;, cells/ml) 848 4.67 4.61 1.95 6.88 0.76 —-0.38 1.58
Lymphocites (log;, cells/ml) 848 3.99 4.08 1.95 6.15 0.85 —0.60 —-0.05
Macrophages (log;, cells/ml) 848 4.14 4.26 1.95 6.18 0.74 -1.02 1.32
Neutrophils (% TLC) 848 58 64 1 98 21 —0.81 0.49
Lymphocites (% TLC) 848 17 14 1 98 14 1.93 6.75
Macrophages (% TLC) 848 25 19 1 98 22 1.26 1.36
Individual milk production (kg/d) 832 35.7 345 11.5 66.7 10.3 0.39 —-0.13
Milk electrical conductivity (mS/cm?) 613 9.27 9.20 6.20 13.70 1.16 0.58 1.07
Milking duration (s) 510 36l 340 100 1140 121 1.81 6.44

appeared clean (HS mean <2) while the others 50% were
classified as dirty (HS mean >2). In particular, 2 farms
had less than 25% of dirty animals (HS mean >2) and
other 2 farms had more than 60% of dirty animals.

Average, maximum and minimum THI trends for each
month and the monthly mean of number of daily hours
with THI > 72 for each farm were calculated. During the
summer months (June, July and August), the mean THI
was always above 72, with maximum THI above 76. In
July the minimum THI exceeded 71 and the maximum
THI approached 79. Conversely, during the winter
months (November and December) the mean THI was 52
and 46 respectively. In all the farms, the number of daily
hours with THI > 72 peaked from June to July (ranging
from 22 to 23 h) and then decreased in October at 3-7
h. In farm B, the daily number of hours with THI > 72
appeared lower than in the other farms, with maximum
peak in June and July with 18 h.

60

(98]
(=}

dirty body areas, % observation
[3*]
S

—_
(=}

0

01-60 61-120

121-180

Relationships among variables

Pearson correlation matrix among the monitored vari-
ables is reported in Table 3. The analysis highlighted a
strong correlation between SCC and TLC (r = 0.88). The
counts of NEU, MAC and LYM were positive associated
with SCC (r > 0.70 except for MAC, r = 0.58) and TLC
(r > 0.70), but the correlation between MAC and LYM
counts was relatively weak (r = 0.41). The percentages
of MAC and NEU showed a strong negative association;
conversely, the correlations between NEU percentage
and LYM percentage, and MAC percentage and LYM
percentage were poor (r < 0.4).

The correlations between milking parameters of the
500 samples of the 4FG farms subgroup indicated that
milk conductivity was positively associated with NEU
(%) and negatively associated with MAC (%) and LYM
(%), although r values were low (<0.15). On the other
hand, the correlation coefficients between milk conduc-

m flanks
mlegs

wudder

181-240 >240

Classes of Days in Milk

Figure 2. Trends of dirty body areas (flank, legs and udder) expressed as percentage of the total observations during lactation
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tivity and SCC, as well as conductivity and TLC were
around 0.2. Milking duration showed a positive correla-
tion with milk production (r = 0.36) and weak negative
correlations with all somatic cell types with r ranging
from —0.16 to 0.10, as reported in Table 3 also for indi-
vidual milk production.

Effect of stage of lactation and parity on SCC and
leucocyte components

The tendencies of milk immune cell types were ana-
lyzed for DIM classes (Figure 3). The results for cell
counts showed an increase after 120 DIM, for TLC (from
4.9 to 5.1 log, cells/ml) (P < 0.0001) and NEU (from 4.6
to 4.8 log, cells/ml) (P = 0.003), while LYM increased
after 180 DIM (P < 0.0001). Conversely, MAC count
varied across DIM classes with values of 3.8, 4.0, 4.5,
4.4 and 4.1 log,, cells/ml for the classes 1-60, 61-120,
121-180, 181-240 and > 240, respectively (P < 0.0001).

The percentages of NEU and MAC exhibited oppo-
site trends. The percentage of NEU reached the lowest
values in the 121-180 and 181-240 DIM classes (55.6
and 55.4%, respectively), while the highest values were
observed in the extreme classes, 1-60 and > 240 DIM
(64.3 and 62.2%, respectively) (P < 0.0001). Conversely,
MAC percentage increased from the first class of DIM
(17.3%) to the 121-180 and 181-240 DIM classes (31.7
and 30.0%, respectively), followed by a decreasing trend
thereafter (17.0%) (P < 0.0001). The trend of LYM
percentage was similar to that of NEU, with the high-
est values around 18-21% and the lowest values around
13-15% (P < 0.0001).

The effect of parity is reported in Table 4. With the
increase of number of parity, there was a rise in SCC,
TLC, NEU and MAC expressed as count, although statis-
tically significant difference was only observed between
primiparous cows and the other 2 groups (secondiparous
and multiparous). Lymphocytes as count, NEU and MAC
percentages did not change across the different groups of
parity, but LYM, expressed as percentage, decreased with
increasing parity number. As expected, there was an in-
crease of milk conductivity, individual milk production,
and consequently milking duration with the increase of
parity number.

Moreover, cows with udder health issues (Lactation
Average TLC, LAC-TLC > 5 log;, cells/ml) had higher
values of TLC, SCC, NEU count, LYM count and MAC
count than healthy cows (LAC-TLC < 5 log;, cells/ml):
4.57 vs 5.28,4.70 vs 5.33,4.32 vs 5.15, 3.64 vs 4.46 and
3.94 vs 4.41 log,, cells/ml, respectively (P < 0.0001). At
the same time NEU percentage was higher in problematic
cows than in healthy cows (66.2 vs 52.7%; P < 0.0001)
while MAC percentage was lower (30.4 vs 17.4%; P <
0.0001). Percentage of LYM was not statistically dif-
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Table 3. Pearson correlation matrix between the three leucocyte components (milk neutrophils - NEU, milk lymphocytes - LYM - and milk macrophages - MAC), total milk leucocyte

count (TLC), milk somatic cell counts (SCC) and milk production

Individual milk
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(logo cells/ml)  (logq cells/ml)  (logo cells/ml)  (logq cells/ml)  (log,, cells/ml)

Production
(ke/day)

LYM MAC
(%TLC) (% TLC)

NEU
(% TLC)

1

0.91

0.74
0.53

0.41

0.71

0.58

MAC (% TLC)

NEU (% TLC)
LYM (% TLC)
Individual mi

k production (kg/day)

=

)
)
)

==

—_ ==

_ =

=

TLC (
NEU (

)

—

—_—
=

—

LYM (

=

—

—




Mondini et al.: Factors affecting milk leucocyte composition

5.5
a a a
E . b__/a a a
=45 a
k) a e TLC, log10 cells/ml
%}; b . b == NEU, log10 cells/ml
% 4 b~ b LYM, logl0 cells/ml
Q
§ ¢ b MAC, log10 cells/ml
Q
=35
3
01-60 61-120 121-180 181-240 >240
Classes of Days in Milk
70
a ab

[N
S
o
(¢}
(¢}

9 50
=
X
£ 40
§ a
[0}
530 b
320 \
c ab

[
(e
o

01-60 61-120 121-180

a ——NEU, % TLC
LYM, % TLC
a MAC, % TLC
—C
bec
181-240 >240

Classes of Days in Milk

Figure 3. Trends of total milk leucocyte count (TLC), neutrophils (NEU), lymphocytes (LYM) and macrophages (MAC), the latter 3 expressed
both as counts/ml and percentage of TLC for different classes of Days in Milk. Different letters expressed statistically difference between the stages

of lactation. The letters are referred singularly to each variable.

ferent between the 2 groups of cows (around 16-17%)
nor did milk production, milk electrical conductivity
and milking time. The Farm effect resulted statistically
significant only for MAC, expressed both as count (P
= 0.03) and as percentage (P = 0.001), and for milking
parameters (milk production, milk conductivity and
milking duration) (P < 0.0001).
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Factor analysis

In Table 5, the rotated factor patterns (Standardized
Regression Coefficients) for each variable are presented.
The variables are associated with each factor based on the
higher absolute rotate factor pattern of the 4 presented in
the table. In particular, SCC, TLC and leucocyte com-
ponents (expressed as count) were grouped in Factor 1.
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Table 4. Effect of parity on somatic cell count (SCC), Total milk leucocyte count (TLC), milk neutrophils (NEU), milk lymphocytes (LYM), milk
macrophages (MAC), milk production, milk conductivity, milking time (LS means)

Primiparous Secondiparous Multiparous

cows COWS COWS SE P model P12 P1-3 P2-3
SCC (log) cells/ml) 4.82 4.94 5.01 0.03 0.0004 0.01 0.0001 0.16
TLC (logy, cells/ml) 4.94 5.03 5.08 0.03 0.001 0.01 0.0003 0.20
NEU (log, cells/ml) 4.64 4.73 4.83 0.04 0.003 0.09 0.001 0.07
LYM (log, cells/ml) 4.01 4.07 4.07 0.05 0.53 0.33 0.34 0.99
MAC (log, cells/ml) 4.01 4.23 4.29 0.04 <0.0001 <0.0001 <0.0001 0.26
NEU (% TLC) 59 58 60 1.2 0.51 0.56 0.54 0.25
LYM (% TLC) 18 17 14 0.9 0.004 0.19 0.001 0.04
MAC (% TLC) 22 25 25 1.2 0.15 0.13 0.07 0.72
Individual milk production (kg/d) 31.0 37.2 389 0.4 <0.0001 <0.0001 <0.0001 0.01
Milk electrical conductivity (mS/cm?) 8.96 9.37 9.65 0.7 <0.0001 <0.0001 <0.0001 0.002
Milking duration (s) 348 366 386 9.9 0.02 0.14 0.004 0.11

In the columns of orthogonal contrasts: 1 = primiparous cows; 2 = secondiparous cows; 3 = multiparous cows.

Factor 2 was associated with NEU and MAC expressed
as percentage, while LYM (%) was the only exponent
of Factor 4. Factor 3 grouped milk production, milking
time, parity and days in milk, while milk conductivity
was not associated with any of the Factors.

Risk factors of high milk SCC

In Table 6, the results of logistic analysis, used for
the detection of risk factors associated with high SCC
level (>100.000 cells/ml), are presented. The concordant
observations accounted for 80.4% of total ones. The
increase in number of parity (multiparous) showed a
greater risk of increasing SCC, as evidenced by the odds
ratio lower than 1 of the others 2 classes of parity. The
higher risk of lactation stage was between 121 and 180
DIM. High NEU (>63%), low MAC (<18%) and high
LYM (>14%) in milk, increased the possibility of observ-
ing an increase in SCC in milk. Clean cows (HS < 2)
had lower risk of having high SCC, as cows with low
milk electrical conductivity (<8.8 mS/cm?) and high milk
production (=35 kg/day).

DISCUSSION
Sample description

The average milk production level of the cows in-
volved in the study was higher than the average values
in Northern Italy (>35 kg/d) (Bellingeri et al., 2019)
and the average low level of SCC suggested a general
good mammary condition of the cows involved in the
study (SCC and TLC < 100,000 cells/ml) (Cobirka et al.,
2020). However, significant variations in the leucocyte
composition were observed in this study. The average
NEU (%) was comparable to the concentration reported
by Damm et al. (2017) and the LYM (%) with those
presented by Alhussien et al. (2015). On the other hand,
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the range of MAC and NEU percentages (67% and 19%,
respectively), reported in the research of Alhussien et
al. (2015), were very different from the findings of this
study. Our results are in contrast with those reported by
Pilla et al. (2013), who found the percentages of 43%
and 30% for NEU and LYM, respectively. Conversely,
the MAC percentage is consistent with our findings. The
results reported in all these studies are widely different
with regard to the 3 immune cell fractions in milk. One
possible explanation could be due the different milk ana-
lyzed (cisternal or alveolar milk) (Sarikaya et al., 2005;
Sarikaya and Bruckmaier, 2006) or the method used for
detection. As suggested by Leiner et al. (2000), different
methods for the cell differentiation in milk (e.g., light
microscopy and flow cytometry) could yield different
results.

Moreover, after 2017 in most of the studies leucocyte
components were expressed as differential somatic
cell count (DSCC), that is the sum of NEU and LYM
expressed as percentage of SCC. However, the use of
DSCC in other studies allowed us to compare MAC con-
centration with our data, by calculating MAC percentage
even if it is not directly reported in the previous studies,
by subtracting DSCC to 100%. The percentage of MAC,
found in the present study, was lower than that presented
by Bisutti et. (2022) (around 31%) and higher than that
reported by Farschtschi et al. (2022) (around 10%). This
difference could be explained by the different instrument
used or perhaps due to the different breeds involved in
the study (Magro et al., 2023; Stocco et al., 2023). Aver-
age milk electrical conductivity was higher than that pre-
sented by Norberg et al. (2004) but similar to the findings
reported by other authors (Gaspardy et al., 2012; Jensen
et al., 2015; Paudyal et al., 2020). On the other hand,
milking duration appeared similar to those presented
by Tamburini et al. (2010), indicating the correct use of
milking machine by farmers, without overmilking. The
HS was used to describe the cleanliness of the cows in
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Table 5. Rotated factor patterns (Standardized Regression Coefficients) of variables. SCC = somatic cell count;
TLC = Total milk leucocyte count; NEU = milk neutrophils; LYM = milk lymphocytes; MAC = milk macrophages

Factorl Factor2 Factor3 Factor4
Cells as Neutrophils and Endogenous
count macrophages factors Lymphocytes

Parity 0.256 -0.174 0.545 —0.145
Days in milk 0.277 —0.261 -0.594 —0.094
NEU (% TLC) 0.252 0.916 0.022 -0.279
LYM (% TLC) —0.048 —0.011 —0.017 0.989
MAC (% TLC) -0.211 -0.878 —0.009 —0.388
milk production —-0.156 —-0.032 0.805 —0.014
milk electrical conductivity 0.296 0.0005 0.466 -0.137
milking time -0.179 0.103 0.575 —0.029
SCC 0.890 0.228 —-0.0161 —-0.027
TLC 0.960 0.147 —0.058 —0.012
NEU count 0.850 0.459 —0.039 —0.104
LYM count 0.809 0.167 —0.084 0.517
MAC count 0.764 —0.455 —0.069 -0.312

the different farms. Fifty percent of cows appeared clean
(based on the average score of flanks, legs and udder),
but almost 40% of the udder were dirty indicating a need
for improvement. The dirt on teats increases the prob-
ability of pathogen penetration through the teat canal and
the consequent risk of mastitis (Schreiner and Ruegg,
2003). The hygiene levels of the herds were similar to
ones reported by Sandrucci et al. (2014).

Regarding the mean values of THI during summer
season, they were higher than 68, the threshold value to
identify heat stress in dairy cows, according to Zimbel-
man et al., 2009. Moreover, in July, even the minimum
THI was higher than the cut-off value of 68. The use
of fans and water sprinklers, that were present in all 6
farms, was not enough to contrast the extremes tem-
peratures during that period. The situation was further

Table 6. Risk factors of having high Somatic Cell Count (SCC) (>100,000 cells/ml) in milk

Standard Odds ratio Odds ratio 95%
Effect Coefficient Error P Point Estimate Confidence Limits
Intercept -0.78 0.11 <0.0001
Parity
Primiparous cows -0.27 0.15 0.08 0.50 0.30 0.85
Secondiparous cows —0.14 0.14 0.30 0.57 0.35 0.92
Multiparous cows Referent
Stage of lactation
1-60 —0.62 0.20 0.00 0.47 0.24 0.91
61-120 —-0.40 0.21 0.05 0.58 0.29 1.17
121-180 0.73 0.23 0.00 1.81 0.89 3.70
180-240 0.16 0.20 0.43 1.02 0.55 1.88
>240 Referent
Milk electrical conductivity
<8.8 mS/em’ -0.34 0.11 0.00 0.50 0.32 0.78
>8.8 mS/cm’ Referent
Daily milk production
<35kg 0.21 0.12 0.10 1.51 0.93 2.45
>35 kg Referent
Milk neutrophils
<63% -0.93 0.13 <0.0001 0.16 0.09 0.26
>63% Referent
Milk lymphocites
<14% —-0.22 0.11 0.05 0.65 0.42 0.99
>14% Referent
Milk macrophages
<18% 0.22 0.13 0.10 1.54 0.91 2.60
>18% Referent
Average Hygiene score
<2 —-0.29 0.10 0.00 0.56 0.37 0.83
>2 Referent
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exacerbated by the absence of cooling hours during the
summer days. An exception was Farm B, that is located
near the mountains.

Relationships between variables

The results of the study highlighted that there was a
positive relation among the increase in TLC or SCC and
the increase in the count of the 3 leucocyte components,
although the proportions vary for each of them. In par-
ticular, a strong correlation emerged between SCC/TLC
and leucocyte components, as reported in a previous
study (Mondini et al., 2023), that considered the level
of somatic cell count at the beginning and at the end of
lactation. The percentage of NEU was moderately cor-
related with TLC or SCC, as reported by Damm et al.
(2019) and Mondini et al. (2023). On the other hand,
the NEU percentage was strongly correlated with MAC
percentage while the LYM percentage was not strongly
correlated with other variables. The negative correlation
between somatic cells and milk production was reported
also by Magro et al. (2023) and could be due to the dilu-
tion factor in healthy cows or/and it could be due to a
loss of mammary function in milk production caused by
subclinical mastitis.

Effect of stage of lactation and parity on SCC and
leucocyte components

In the international literature (since Wiggans and
Shook, 1987), the highest values of milk somatic cells
was detected during the first (Hagnestam-Nielsen et al.,
2009) and last days of lactation (Cardozo et al., 2015),
due to the heightened susceptibility of udder to mastitis.
In fact, during the first stage of lactation, cows experi-
ence stress post-calving with increased risk of mastitis
(Steeneveld et al., 2008). Additionally, improper man-
agement during the dry period is a risk factor for con-
tracting mastitis before or during the onset of lactation
(Winder et al., 2019; Cattaneo et al., 2023). Conversely,
in the last days of lactation, cows are often subjected to
over-milking (Sandrucci et al., 2014) or to prolonged ex-
posure to incorrect vacuum system pressure (Mein et al.,
2003), with the damage of the teats and the formation of
hyperkeratotic rings at the teat end, that increase the risk
of mastitis events (Cardozo et al., 2015).

In this study, different trends were observed, with the
increase of TLC after 120 DIM. This may be partly at-
tributed to the generally favorable mammary sanitary
conditions of the cows involved in the study, as indicated
by the low percentage (only 2.5%) of milk samples col-
lected during mastitis events. Additionally, the previous
studies focused on SCC rather than TLC, so the absence
of epithelial cells in TLC could explain the different
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trend, because epithelial cells increased at the end of lac-
tation. The lower values of TLC and NEU count, before
and during the peak of lactation could be attributed also
to the dilution effect of milk production (Green et al.,
20006) or due to the better functionality of healthy udder.
Moreover, the increase of LYM count occurred later than
that of NEU count, after 180 d, possibly indicating an im-
mune response. MAC count increased similarly to NEU,
but in the last days of lactation there was a decrease, in
contrast with the proliferation of LYM.

The percentages of the 3 fractions exhibited different
trends throughout lactation. Although TLC did not follow
a trend similar to that reported in the literature for SCC
(Wiggans and Shook, 1987), NEU percentage showed
a trend closely resembling it, with higher values at the
beginning and at the end of lactation. In addition, LYM
percentage had the same curve of NEU, although more
flattened. The trend of DSCC (sum of NEU and LYM),
reported in some studies, could be reported to NEU and
LYM, individually. Although DSCC trends during lacta-
tion were different across the various studies (Moore et
al., 2023; Stocco et al., 2023) and in some studies no dis-
cernible trend was detected (e.g., Kirkeby et al., 2020),
Schwarz et al. (2020) reported higher values of DSCC
at the beginning of lactation and at the end of lactation,
similarly to NEU and LYM in this study. The percentage
of MAC had the opposite trend of NEU, possibly due to
the different activities of the immune cell components
(Sordillo and Streicher, 2002). In fact, NEU increased
at the beginning of an inflammation and MAC raised at
the end to clear the infected area of debris.Inizio modulo

The rise of SCC, with the number of parity, may be at-
tributed to the accumulation of epithelial cell debris with
the aging of the mammary gland. Another possible expla-
nation, suggested by Green et al. (2008), could be linked
to the consequences of a previous mastitis episodes in
previous lactations, that may have led to an increase of
SCC without the return to its original content in milk.

Moreover, as expected, in the present study, the parity
number had an effect on milk production and milking
duration. At the same time, the shorter milking duration
for primiparous cows were correlated to their lower milk
production. In addition, the increase of milk electrical
conductivity with parity number could be linked to the
little increase of SCC, as reported by Bansal et al. (2005).

However, the average counts of TLC and SCC were
around 100,000 cells/ml, indicating non-problematic
udder conditions. In fact, NEU (%), that when present
in high percentage is an indicator of critical mammary
conditions, and MAC (%), which exhibits the opposite
trend of NEU (%), were observed in similar percentage
in milk in different number of parities. On the other side,
there was a little decrease of LYM (%) with increasing
parity number.



Mondini et al.: Factors affecting milk leucocyte composition

Cows, that presented higher average concentrations of
SCC/TLC in milk during lactation, also had higher values
of NEU (%) and lower MAC (%), highlighting a poten-
tially critical udder condition. This finding confirms that
the trends of NEU (%) or MAC (%) could be used to de-
tect udder heath issues, as this study highlighted for the
beginning and ending of lactation. This is true even for
cows with lower TLC and SCC values, despite no appar-
ent changes in milk conductivity, milk production, and
milking time. The farm effect highlighted that various
management techniques, such as feeding administration,
diet or breeding, could affect milking parameters (milk
production and milking duration). However, TLC, SCC,
NEU and LYM showed no significant differences across
the different farms, suggesting that animal management
practices, that were not specifically investigated in this
study, may not significantly influence these parameters.
Further specific investigations are needed to understand
the farm effect on the somatic cell types.

Factor analysis

The analysis of rotated factor patterns is useful to
evaluate relationships with variables closely correlated
(Conte et al., 2021), such as the different percentages and
counts of leucocyte components. Factor 1 highlighted
that with the increase of TLC and SCC, there was a cor-
responding increase in the count of each somatic cell
types, confirming the correlation observed in the study.
As highlighted in the correlation matrix, NEU and MAC
percentages were strongly correlated and for this were
grouped together in the second factor, with contrasting
values indicating opposite trends as reported by Damm
et al. (2019). On the contrary, LYM (%), as highlighted
with MIXED model for parity class, had a trend that is
not linked to other patterns. The third factor groups par-
ity, milk production and milking time. Also DIM were
included in the third factor with a negative sign, as sim-
plifying the Wood milk curve reveals a descending trend
in milk production over time.

Risk factors of having high SCC

The results from logistic regression confirmed some
findings obtained using the mixed model approach. Mul-
tiparous cows had a higher risk of having high SCC due
to the higher risk of mastitis contraction (Steeneveld et
al., 2008). As previously highlighted, the highest risk of
increased SCC is in the first 120 DIM and during the
last stages of lactation (>240 DIM). High milk electri-
cal conductivity was another risk factor; in fact, when
cows had high SCC, milk conductivity was high, as also
reported by Bansal et al. (2005), due to the different con-
centrations of electrolytes. For milk concentration factor
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(Green et al., 2006) and maybe for over-milking of ud-
der, the cow with lower milk production was suggested a
higher risk of high SCC than cows with higher milk pro-
duction and also there is a 2-way relationship between
the functioning of udder and the possible presence of
subclinical mastitis. High NEU (%), low MAC (%) and
high LYM (%) were the risk factor for having high SCC:
these ratios between somatic cell components are often
associated with udder critical conditions as suggested
by Mondini et al. (2023). An average Hygiene Score >
2, indicating that cows were characterized as dirty in all
body areas, represented an additional risk factor. This
highlights the importance of management techniques ap-
plied in the dairy farms and highlights how cows that live
in dirty and wet environments are at higher risk of high
SCC and likely mastitis due to the favorable conditions
of bacterial growth (Cardozo et al., 2015).

CONCLUSION

The study highlighted that during lactation cows with
low somatic cell count experience changes in udder
physiology with the modification of the trends of the leu-
cocyte components: high percentages of neutrophils and
low of macrophages were observed at both the beginning
and the end of lactation. Deviations from these typical
trends could serve as early indicators for potential udder
issues, also in relation with parity number. Moreover,
poor hygiene conditions, high percentages of neutrophils
and lymphocytes and reduced macrophages are identified
as risk factors associated to high somatic cell count. Mul-
tiparous cows with poor hygiene, especially in early and
late lactation stages were found to be more susceptible
to increased somatic cell count. These findings suggest
that monitoring leucocyte component trends throughout
lactation could enhance the ability to detect early signs of
udder health problems. The study was conducted using a
rapid and low-cost tool, which could also be employed in
field conditions in large-scale dairy farms. This approach
allows for practical monitoring of udder health, making
it feasible to implement early intervention strategies di-
rectly in the herd. Further studies are needed to explore
additional factors that can affect leucocyte counts, such
as different health status of the udder or different farm
management practices.
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