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Subclinical mastitis in cows is an expensive disease that is difficult to detect without special tests for diagnosis. The number of somatic
cells (SCC) in milk is used as an important indicator of the udder health since SCC are parts of the innate immune system and are
involved in protecting the mammary glands from infection. Our study aimed to determine whether it is possible to detect subclinical
mastitis in cattle at an early stage using a simple and fast flow cytometry method, and then to suggest the main cell populations on the

point sections of flow cytometry and, together with that, to develop a method for predicting mastitis. As a result of the microscopic
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right signals (SS).

method, three samples with contagious infection were identified. It was shown that milk from cows with mastitis contained populations
of cells accompanying inflammation (suspected macrophages, granulocytes) that can be detected using frontal light scattering (FS) and
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INTRODUCTION

It is known that cattle milk is a valuable biological nutrient liquid consisting of
water, protein, fats, carbohydrates, minerals (Dodenko et al., 2013). Other
important components are somatic cells, presented in different proportions:
leukocytes,  neutrophils, macrophages, lymphocytes, epithelial cells
(Proshutinskaya et al., 2019; Malik et al., 2018). The number of somatic cells
(SCC) in milk is used as an important indicator of the udder health since SCC are
parts of the innate immune system and are involved in protecting the mammary
glands from infection (Podrez et al., 2017; Sharma et al., 2012). The quality
and quantity of the above-mentioned cells are influenced by many factors such as
the level of milk yield, lactation stage, as well as individual and environmental
factors and conditions on the farm management (Vissio et al., 2018).

High level of somatic cells in milk is associated with inflammation of the udder,
which leads to bacterial infections in the mammary gland, changes in milk
composition, and downfall to lower grade milk (Li et al., 2014). The
development of an inflammation process in the mammary gland increases the
number of neutrophils, which contain phagocytized bacterial cells (Rainard et
al.,2006). Proper monitoring of SCC will reduce the percentage of clinical
outbreaks of mastitis, which helps to avoid the culling of milk and cows (Sharma
et al.,, 2011). Currently, four primary types of cells studied constituting SCC,
namely macrophages, neutrophils, lymphocytes, and epithelial cells (Alhussien
et al., 2016.). Macrophages are the predominant cell type in healthy cow's milk
(Alhussien et al., 2018). In case of infection, the resident macrophages alarm of
the danger, releasing cytokines and chemoattractant that attract neutrophils into
the center, which, in turn, are quickly sent to the site of infection. When
neutrophils arrive at the site of infection, they phagocytize microorganisms and
carry out killing using a combination of oxidative and non-oxidative mechanisms
(Quinn et al., 2011). Macrophages and neutrophils are active phagocytes that are
capable of absorbing microbial cells and play an important role in the
development of cellular responses of innate immunity. In addition, macrophages
are involved in the development of specific adaptive immunity because they are
able to activate lymphocytes (Pillai et al., 2001).

Lymphocytes play a central role in the implementation of specific reactions of the
adaptive immune system. They can recognize foreign antigens by the antigen-
specific membrane receptors in the invasion of pathogens (Alhussien et al.,
2018). Also, in the composition of SCC epithelial cells of the mammary glands
are detected, these are cells that produce milk (Quin et al., 2011). Modern
methodical possibilities of flow cytometry during the last ten years allow new

methods widely used for the analysis of milk samples with a high level of SCC,
and also samples of milk with a low content of SCC, analysis of which is the
most technically difficult (Dosogne et al., 2003); (Koess et al., 2008). Thus, flow
cytometry can automatically handle a substantially greater number of milk
samples in comparison with normal cytology techniques and fluorescence
microscopy (Sobti et al., 2003).

Death of milk somatic cells is a prerequisite for normal physiological
development. Currently, at least three main types of cell death are distinguished:
necrosis, apoptosis, and autophagy. Necrosis usually occurs in those cases when a
cell is damaged so badly that it may no longer exist, but there is also a variant of /
receptor-dependent control of necrosis (Motyl et al., 2007). Necrotic cells
swelling, denaturation and coagulation of cytoplasmic proteins, destruction of
cellular organelles, violation of the integrity of the plasma membrane, and exit of
cellular contents outside are observed (Van Oostveldt et al., 2001).

Apoptosis can be part of the programmed ontogenetic processes, but also can be
induced by various stimuli: DNA damage by ionizing radiation or chemical
agents, heat and cold shock, cells reacting with cytotoxic lymphocytes, etc. (Van
Oostveldt et al. 2002) The main function of autophagy is to maintain
intercellular homeostasis. In the autophagic type of cell death, all the organelles
of the cell are digested, leaving only cellular debris absorbed by macrophages
(Motyl et al., 2007); (Sladek et al., 2001).

The aim of our study was to determine whether it is possible to detect subclinical
mastitis in cattle at an early stage, using a flow cytofluorimetric method, and to
develop a method for predicting mastitis.

MATERIALS AND METHODS

Animals

Twenty lactating Holstein cows were included in the current study, housed in
different governmental farms within the territory of Ukraine. Diseased cows, and
those affected with clinical mastitis, in early lactation and late pregnancy were
excluded from the study.

Milk sampling

Samples were selected from 1 quarter randomly after California mastitis test. 50
ml samples of milk from cows (n = 20) were aseptically collected in sterile
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bottles, stored in the refrigerator at the temperature of 4°C and delivered to the
laboratory for 4 hours while maintaining refrigerated conditions.

Bacteriological examination

To isolate aerobic bacteria from the studied milk samples, by their identification
and determination of the type of hemolysis, blood agar produced by
BioMerieux™ (France) was used. For preliminary identification and selective
isolation, we used mannitol salt agar (MSA) (as a selective and differential
medium for the isolation of pathogenic staphylococci), Edwards agar (for the
rapid isolation of Streptococcus agalactiae and other streptococci) manufactured
by Himedia™ (India) and Biolife™ (ltaly). Staining bacterial preparations was
performed according to Gram method (Thairuet al., 2014). Identification of the
isolated bacterial isolates was carried out using commercial test systems
STREPTOtest-;s manufactured by ErbaLachema (Czech Republic). Cultural
media and commercial test systems were cultured at a temperature of 37 = 1°C in
an incubator for 18 + 2 hours in an aerobic thermostat.

Preparation of milk samples for flow cytometry

Statistical analysis of data

First, the graph data were analyzed using an FCS Express Shortcut. Then, the
Mann-Whitney and Student's t test for comparing values were applied. The
statistical analyses were performed using Statistica statistical software version.
The results are reported as the mean + standard error, and significance was set at
P >0.05, t-test=1.91.

RESULTS AND DISCUSSION

Microscopic examination of milk samples from 20 cows has shown that somatic
cells in the samples were presented in different quantities, from 24740 to
5494800 in 1 ml. In samples of milk, Streptococcus agalactiae (3 out of 20
samples) and Staphylococcus aureus (1 sample out of 20) bacteria were detected,
which confirms intramammary infection. It is interesting that somatic cell count
in the infected milk was the highest compared to the non-infected milk.

Table 1 The results of microscopic analysis of milk precipitate and
bacteriological examination of milk secretion of cattle

The total number of cells in 1 Bacteriological examination of milk
For isolation of cells from milk, samples were centrifuged for 10 minutes at 180  ml of milk 9
x g. Fat layer and supernatant were removed with a cotton swab, test tube held 24740 Negative result
upside down until they are thoroughly cleaned with a cotton swab to remove any 27183 Neaative result
grease adhering to the tube wall, to exclude debris carried microscopy in samples 9
of cow's milk on an automated cell counter Countess FL cells. 38460 Negative result
46640 Negative result
Flow cytometry 52600 Negative result
Milk samples were centrifuged for 15 min at 200 x g and a temperature of 4°C, 55000 Negative result
and the precipitate was suspended in phosphate buffered saline (PBS). Cell 56860 Negative result
staining buffer (CSB) was adjusted to 15 ml, centrifuged at 350 x g for 5 59500 Negative result
minutes. The precipitate was collected, 3 ml of lysing buffer was added to each 63700 Neoative result
tube and kept on ice for 5 minutes. To determine the death path of cells isolated 9
from milk we used the recombinant protein Annexin V labeled with a fluorescent 87200 Negative result
label EGFP, which specifically interacts with phosphatidylserine and ethidium 89400 Negative result
bromide (EtBr), which is a fluorescence DNA intercalator with a maximum ~goras Negative result
absorption wavelength of 520 nm and maximum fluorescence intensity of 600 -
nm, which increases by 20 times when interacting with DNA. Cells have been _ 99833 Negative result
pelleted by centrifugation at 300 xg for 10 min. Then, 500 ul of medium 10 mM 100660 Negative result
HEPES, 150 mM NaCl, 5 mM KCI, 1 mM MgCI2, 1,8 mM CaCl2 was added to 110800 Negative result
residue cells and supplemented with 10 pg of recombinant Annexin V-EGFP and 121600 Neoati It
6 png EtBr. The cell pellet was incubated for 15 min at room temperature and EgatIve resu
placed in an incubator at 4°C. Samples were analyzed using a Coulter Epics XL 169567 Negative result
flow cytometer (Beckman Coulter) with an argon laser (fixed excitation 177724 Streptococcus agalactiae
wavelength - 488 nm) based on the use of the following parameters: direct (small 280100 Streptococcus agalactiae
angular) FS scattering and side SS scattering, as well as fluorescence intensity —
from FL1 channels (515-535 nm) and FL3 (610-630 nm). Flow cytometry was 549480 Streptococcus agalactiae;
adjusted to count up to 10,000 cells per sample. The percentage of cells of each Staphylococcus aureus
type was calculated as its proportion to the total number of counted cells.
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Figure 1 Characteristic of the milk samples collected from cows with subclinical mastitis and apparently healthy cows. Flow cytometry of milk cells isolated
from cows (A1) with a low content of somatic cells (100,660 cells/mL) and with high somatic cells (5494800 cells/mL) (A2). Dot plot of SS versus FS. SP*-
standard population (gate) cells which analyzed by flow cytometric in order to excluded debris

Dairy industry currently considers quarters with SCC<200,000 cells/ml as an
indicator of a healthy quarter (Malik, et al., 2018). As a result, our research, one
sample of cow's milk with contagious infection were identified containing SCC

with 177 744 cells /mL of milk. The cell populations present in milk change
during the development of inflammation and mastitis. A heterogeneous
population of cells may also be present in cows with a subclinical course of
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mastitis. Milk from cows with mastitis contained additional populations of cells
accompanying inflammation (supposedly neutrophils), which can be detected by

the cell distribution diagram by signals with frontal (FS) and lateral (SS) light
scattering (Fig. 1).
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Figure 2 Graphs of a typical experiment for determining apoptosis and necrosis of milk cells with subclinical mastitis of cows, where V-living cells (EGFP- / EtBr -)
are presented, V-AP cells (EGFP + / EtBr -) in early apoptosis; AP-N in late apoptosis (EGFP + / EtBr +) and cells during necrosis (EGFP- / EtBr +).

Changes in the plasma membrane of somatic milk cells are one of the earliest
characteristics of the development of apoptosis detected in living cells. Normally,
the outer and inner layers of the membrane differ significantly in their lipid
composition, in particular, phosphatidylserine is absent in the outer layer of
living membrane cells (Van Oostveldt et al., 2002). Externalization of
phosphatidylserine is necessary for the cells of the mammary gland, as this is a
kind of signal for macrophages in the secretion of the mammary gland involved
in the absorption of apoptotic bodies (Van Oostveldt et al., 2001). The presence
of phosphatidylserine in the outer membrane of apoptotic cells allows Annexin
V-EGFP for counting the number of cells by cytofluorometry (Fig. 2). It has
been shown that with a low content of cells in milk they predominantly die by
apoptosis.

Necrotic cells SCC in a cow without mastitis was 24% compared to 67% in cows
with mastitis. The number of apoptotic SCC in a cow without mastitis was 33%

compared to 12% in cows with mastitis (Fig. 2). As a result, we can conclude that
apoptosis is closely related to the functionality of neutrophils and macrophages
(Van Oostveldt et al., 2002; Piepers et al., 2009) and plays a key role in the
defense against invading pathogens and physiology of the inflammatory response
(Boutet et al., 2004; Mehrzad et al., 2004). The viability of milk cells only
slightly and reproducibly decreased at various stages of washing and
centrifugation, which clearly excludes the possibility that the wide range of
somatic cell viability observed in this study is caused by sample processing.
These various studies suggest that the viability of milk cells varies and depends
on the status of the infection (Boutet et al., 2004; Mehrzad et al., 2004), the
start time of infection (Sladek et al., 2005), as well as ratios and lactation (Van
Oostveldt et al., 2001; Mehrzad et al., 2002).

A comparison of our results with the results of other studies should be undertaken
with cautiously. We can conclude that our method offers the possibility of flow
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cytometric identification and quantification of viable, apoptotic, and necrotic
milk somatic cells for the detection of latent mastitis in cows. But further studies
are required to determination neutrophils and monocytes for intramammary
infections because this information could prove useful, especially for evaluating
cows in late lactation and just after freshening, when SCC may be elevated
physiologically.

CONCLUSIONS

Apoptosis and necrosis of somatic cells make it possible to better assess the state
of immune homeostasis, and that should be considered when diagnosing diseases.
The determination of the number of events of phagocytes by the mammary gland
of cows allows a more objective assessment of the state of local immunity of the
udder in the norm and in the event of a pathology. Cell populations present in
milk change during the development of inflammation and mastitis. A
heterogeneous population of cells may also be present in cows with a subclinical
course of mastitis. Flow cytometry of milk screening can serve as a diagnostic
and prognostic criterion in monthly studies of all cows in the dairy herd to
diagnose inflammation and predict the development of subclinical mastitis.
Correct cell monitoring can reduce the percentage of clinical outbreaks of
mastitis, and help to avoid the culling of milk and cows.
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