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ABSTRACT

The flow cytometry method is used in many fields, not 
only scientific, but also clinical. In science, flow cytometry 
is used in immunology, molecular biology, microbiology 
or plant biology. In medicine, has its use, in the diagno-
sis of tumours, in reproductive and prenatal diagnosis, in 
transplants or in haematology. In our experimental work, 
we used this method to analyse colostrum and milk of 
sows. The aim of this study was to determine the number 
of somatic cells, the number of leukocytes and the num-
ber of T-lymphocytes. Colostrum samples were collected 
within 24 hours of delivery and then milk samples were 
collected at weekly intervals during 3 weeks. Statistical 
analysis revealed significant differences in the number of 
leukocytes (CD45+) in colostrum and milk. The most sig-
nificant difference was noted between colostrum and milk 
in weeks 2 and 3 of the experiment (P < 0.0001), with the 
highest values ​​found in colostrum. On the other hand, we 
found that the levels of helper T-cells (CD4+) and cytotox-
ic T-cells (CD8+) gradually increased over time (P > 0.05), 
with the highest values ​​observed in the third week after 

farrowing. We can conclude that flow cytometry can be 
successfully used for the examination of somatic cells in 
sows’ milk.
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INTRODUCTION

The quality and volume of colostrum and milk pro-
duced by sows has a major impact on the survival and 
growth of piglets. New-born piglets go from a sterile or 
extremely low density intrauterine microbiome environ-
ment to an antigen-rich external environment, so that they 
need an adequate immunologic response to survive [25]. 
At birth, piglets have very limited body reserves [11]. Due 
to the epitheliochorial structure of the placenta, they do not 
receive antibodies prenatally [24]. As such, they are born 
agammaglobulinemic, with limited cell-mediated immuni-
ty and no effector and memory T-lymphocytes. Therefore, 
piglets are extremely dependent on the acquisition of ma-
ternal immunity via colostrum [2].



45

Sow colostrum contains leukocyte cells, such as gran-
ulocytes (neutrophils, 40 %), T-lymphocytes (30 %), 
B-lymphocytes (13–16 %), and macrophages (7–11 %) 
[6, 7]. Neutrophils are thought to play a major role in the 
protection of the sow, but do not contribute to the develop-
ment of the immune system of piglets. Since the primary 
report about the presence of both CD3+/CD4+ (helper/in-
ducer) and CD3+/CD8+ (cytotoxic/suppressor) T-cells in 
colostrum, T-lymphocytes reflect the physiologic and im-
munologic conditions of the sow and could be involved in 
the early immunologic response of piglets [9, 12, 13, 27]. 

Milk is known to be a high-value nutritional biolog-
ical fluid composed of water, proteins, fat, sugars, min-
erals, etc. Other important components existing naturally 
in raw milk are somatic cells (SC), and the predominant 
cell type, besides shed epithelial cells, in most species are 
leucocytes, including macrophages, polymorphonuclear 
neutrophils cells (PMNs), and lymphocytes [3].

Porcine flow cytometry has long been handicapped by 
the lack of available antibodies, and in particular fluoro-
chrome-conjugated antibodies, but the availability of these 
tools has greatly improved [8], allowing more accurate 
detection and sorting of different cells [5, 18]. Compared 
with conventional microscopy observation, flow cytom-
etry allows counting SCs and identifying SC types with 
fewer samples and less time, thus allowing characterizing 
SCs and determining the roles of SCs in the milk. Recent 
advances of SC studies by flow cytometry in medicine 
diagnostic field give opportunities to study SCs in dairy 
field at the subpopulation level [1, 21].  The combination 
of immunofluorescence and flow cytometry allows the dif-
ferentiation of cell types using specific antibodies [10, 22].

The aim of this study was to evaluate the number of so-
matic cells, the number of leukocytes and T-lymphocytes 
in the colostrum and milk of sows by flow cytometry.

MATERIALS AND METHODS

Animals
In the experiment, we evaluated six lactations in five 

sows (P09, P13, P19, P20, P21) of crossbreeds Duroc, 
Landrace, Pietrain, of different ages, farrowing in different 
seasons at the Clinic for Swine of the University of Veteri-
nary Medicine and Pharmacy (UVMP) in Košice.

Experimental design 
Colostrum samples were collected within twenty-four 

hours after delivery. Subsequently, milk samples were col-
lected every week at the same time for the next three weeks 
after farrowing. Before sampling, the piglets were separat-
ed from the sows; the mammary glands were thoroughly 
cleaned and degreased with alcohol to avoid contamina-
tion of the samples. In order to obtain a sufficient volume 
of colostrum/milk, 30 I.U. of oxytocin (Biovet JSC) was 
administered intramuscularly. Samples were always taken 
from the first three anterior pairs of mammary glands to 
the sterile beakers. After collection, the samples were sent 
directly to the laboratory for further processing.

Diagnostic testing – flow cytometry
The initial stage of the analysis was the preparation of 

the milk sample for processing through the flow cytometer. 
This was done by removing all the fat component in the 
milk and receiving the cellular fraction. Two millilitres of 
milk were centrifuged at a high speed of 2500 revolutions 
per minute (rpm) for fifteen minutes (Centrifuge MPW-
225e, MPW, Poland). Afterwards, the separated fat content 
was removed from the tube of the milk sample and the 
sediment was suspended in the phosphate-buffered saline 
(PBS; MP Biomedicals, France). This procedure was per-
formed for multiple times until the milk sample contains 
no fat. The succeeding centrifugations were done at the 
speed 1500 rpm for 10 minutes. Two ml of PBS were add-
ed to the tube of the milk sediment that is left after the fat 
component was removed.

Counting of somatic cells 
The absolute counting of the cells through the flow cy-

tometer is possible by the use of 123count eBeads (Ther-
moFisher Scientific, Life Technologies, USA). They are 7 
micrometres (µm) microparticles containing encapsulated 
dyes which are compatible with blue and violet dyes ex-
citation sources. They emit fluorescence between the range 
of 500 nm and 750 nm. The eBeads represent a suspension 
of 1000 beads per microlitre (μl).  

The samples of isolated milk cells were diluted in the 
ratio of 1:100 and 1:1000. The eBeads were mixed on 
a vortex for 15 to 30 seconds for uniform mixing of the 
beads prior the addition to the milk cell suspension. This 
is an important step to ensure an accurate counting result. 
We mixed 100 µl of diluted milk cell suspension with 100 
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µl of 123count eBeads. The number of milk somatic cells 
and beads were analysed using a BD FACS Canto flow 
cytometer (Fig. 6; Becton Dickinson Biosciences, USA) 
equipped with BD FACS DivaTM software. The eBeads 
were excited by a blue 488 nm laser and subsequently the 
position of milk cells and beads were determined on a dot 
plot FSC-A versus SSC-A (Fig. 1a) and the counts on a dot 
plot for PE (phycoerythrin; 575 ± 26 nm) and FITC (fluo-
rescein isothiocyanate; 530 ± 30 nm) fluorescence (Figure 
1b). The number of milk somatic cells were calculated by 
the formula: 

Leukocyte population analysis
The proportions of leukocyte populations (%) in the 

milk samples were analysed by flow cytometry after direct 
labelling with monoclonal antibodies (MoAb) conjugated 
with fluorochromes. For the identification of all leuko-
cytes, was used an anti-porcine anti-CD45 MoAb conju-
gated with FITC (AbD Serotec, UK). The subpopulations 
of T-lymphocytes – T-helper cells (CD4+CD8-) and T-cy-
totoxic cells (CD4-CD8+) were identified by the help of 
double-staining with anti-porcine anti-CD4 MoAb-FITC 
(AbD Serotec, UK) and anti-CD8 MoAb-PE (AbD Se-
rotec, UK). The numbers of milk cells were adjusted to 
1.106 in 50 μl. Samples of milk cell suspensions (50 μl) 
were mixed with 10 μl of anti-CD45 MoAb in one tube, 
and in the second tube with 4 μl of anti-CD4 MoAb and 
2 μl of anti-CD8 MoAb. The tubes were incubated for 20 
minutes in dark conditions at the room temperature. Then, 
the samples were washed with 2 ml of PBS with 5 min 
centrifugation at 1500 rpm. The washing was repeated. 
The sediments were suspended in 200 μl of PBS and an-
alysed on the above described flow cytometer. The posi-
tion of milk cells was gated as is described for counting of 
milk cells (Fig. 1a). Then only single cells were selected 
for further analysis (Fig. 2a). Proportion of all leukocytes 
(CD45+) was determined based on the high green fluores-
cence emission (Fig. 2b). Proportions of CD4+ and CD8+ 
lymphocytes were analysed on dot plot for FITC-A and 
PE-A (Fig. 2c).

Statistical processing of results
Statistical processing of the results was performed by 

one-way analysis of variance in the statistical program 

GraphPad Prism. Values of P < 0.05 were considered sig-
nificant.

RESULTS 

Statistical analysis of the somatic cells counts in colos-
trum and milk in the monitored weeks of the experiment 
showed insignificant differences. The lowest values ​​(7.45 
log10 cells.ml-1) were recorded in the colostrum of sow 
P20, on the contrary, the highest values ​​were recorded in 
sow P13 (10.3 log10 cells.ml-1) in milk from the 3rd week 
of the experiment (Fig. 3).

The highest value of leukocytes (8.79 log10 cells.ml-1) 
was recorded in the colostrum of sow P13, the lowest val-
ue (3.40 log10 cells.ml-1) was recorded in the same sow in 
the third week of the experiment (Fig. 4). No significant 
differences were noted when the animals were statistically 
compared. When comparing leukocyte values ​​(CD 45+) 
over time, a significant decrease was found between co-
lostrum collection after farrowing and weeks 2 and 3 of 
lactation (P < 0.001; Fig. 5). A significant difference was 
also found between the 1st and 2nd week of lactation (P < 
0.05; Figure 5) and the 1st and 3rd week of lactation (P < 
0.01; Fig. 5).

By comparing cytotoxic T-lymphocytes (CD8+) and 
T-helper lymphocytes (CD4+) in colostrum and milk of 
sows, higher values ​​of cytotoxic T-lymphocytes were 
found. An insignificant increase in values ​​was detected 
during the experiment, with the lowest values ​​recorded in 
colostrum (Fig. 6).

DISCUSSION

Somatic cells (SC) are an important component natu-
rally present in milk. The amount of SCs, usually called 
somatic cell count (SCC), in milk is used as an important 
indicator of cow milk quality and health status, but not 
commonly measured in lactating gilts or sows [14]. SCs 
are involved in protecting the mammary gland from infec-
tion as part of the innate immune system [23]. SC are made 
up of four main cell types, namely macrophages, polymor-
phonuclear neutrophils (PMNs), lymphocytes and epitheli-
al cells [4, 12, 16, 19]. These types of leukocytes play an 
important role in the immune system, where their goal is to 

Absolute number           (cell number x beads volume)          beads concentration   
   (cells.ml-1)               (beads number x milk volume)             (100 x 104.ml-1)= x
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a) b)

Fig. 1. Determination of: a) the position of milk cells and beads on a dot plot for size (FSC-A) and granularity (SSC-A); b) the counts of 
milk cells (cell count) and beads emitting green (FITC-A) and orange (PE-A) fluorescence

a) b) c)

Fig. 2. Identification of milk leukocyte populations: a) gating of single cells; b) determination of the all leukocytes (CD45+) on dot plot 
for green fluorescence (FITC-A) versus FSC-A; c) determination of T-helper (CD4+) and T-cytotoxic (CD8+) lymphocytes on dot plot for 

FITC-A versus PE-A

destroy foreign substances and restore affected tissues. It 
clearly follows from this fact that their increased number in 
milk means that the mammary gland is affected by inflam-
mation. Other types of leukocytes (eosinophils, basophils) 
and erythrocytes (red blood cells) can also be found among 
other blood cells. Erythrocytes can occur in colostrum, in 
milk they appear in cases of severe inflammation or inju-
ry, most often the teats ducts. Epithelial-derived somatic 
cells are exfoliated epithelial cells from different parts of 
the mammary gland, which arise by detachment during 
regenerative processes. However, as the SCC parameter is 
temporally and individually variable during lactation, it is 

not always a clear indicator of potential infection. Immune 
cells, especially neutrophils, have been shown to play an 
important role in mammary immunity, in effective de-
fence against invading pathogens and in the fight against 
infectious diseases [17, 20]. Our experimental observation 
showed that values ​​of SCC in colostrum was in the range 
of 2.80 x 107 to 5.90 x 109 cells.ml-1 (from 7.45 log10 cells.
ml-1 to 9.77 log10 cells.ml-1, Fig. 3), which is disproportion-
ately higher than 5.8 x 104 to 2.9 x 106 cells.ml-1 observed in 
sow′s colostrum by  M a u r e r  et al. [14]. This difference 
could be caused by the different time of collection after 
farrowing, different location of collection (the best quality 
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Fig. 3. Numbers of cellular elements in the colostrum and milk in sows (log10cells.ml-1)

Fig. 4. Leucocytes in sow milk (CD45+), comparison of experimental animals

teats are located cranially), different morphology of teats, 
and surely different age and breed of sows.

The colostrum of the sow contains a significant num-
ber of leukocytes. The predominant cell types in porcine 
colostrum are neutrophils and lymphocytes [3, 26]. Lym-
phocytes from maternal colostrum are able to cross the in-
testinal epithelial barrier of neonatal piglets and to migrate 
via the blood to different tissues (e.g. lymph nodes, spleen, 
liver, lungs). Furthermore, research has shown that these 
cells are functional and show antigen-specific activity in 

these organs [15]. The proportion of lymphocytes in the 
colostrum differs from that in the peripheral blood of sows. 
The proportion of cytotoxic (CD8+) T-cells is significantly 
higher in porcine colostrum than in peripheral blood [9]. 
In contrast, the proportion of helper (CD4+) T-cells in the 
colostrum of sow is lower than in peripheral blood.

P o m o r s k a  et al. [19] monitored leukocyte subsets in 
porcine milk secretions and determined the percentage of 
monocytes/macrophages (CD45+CD14+), T-cells (CD3+) 
and their subpopulations (CD4+, CD8+) and double pos-
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Fig. 5. Average numbers of leucocytes (CD45+) in the sow ś colostrum and milk taken 1, 2 and 3 weeks after the parturition
c – significantly different from colostrum; 1w – significantly different from week 1; * P < 0.05; ** P < 0.01; *** P < 0.001

Fig. 6. Percentage of T-cytotoxic (CD8+) and T-helper (CD4+) lymphocytes in milk

itive (DP) CD4+CD8+) in colostrum and milk using flow 
cytometry. The percentage of both CD8+ and CD4+ cells 
was relatively stable during lactation, except for a signif-
icant decrease on the last day of lactation. On the other 
hand, our findings showed that the levels of CD4+ and 
CD8+ increased gradually over time, with the highest 
amount in the third week after birth. This means that both 
helper T-cells (CD4+) and cytotoxic T-cells (CD8+) were 

present at increased levels each week.  Cytotoxic T-cells 
were present in greater numbers than helper T-cells, which 
was confirmed by the study of  P o m o r s k a  et al. [19], as 
CD8+ cells also predominated over CD4+ cells through-
out lactation. This may be due to the nature of the cells 
whose function is to fight disease. These findings confirm 
that these T-lymphocytes play an important role in the im-
mune protection of piglets.
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CONCLUSIONS
 
The use of flow cytometry in the analysis of sow co-

lostrum and milk can be useful for the experimental deter-
mination of SCC, leukocytes and T-lymphocytes despite 
the high content of milk fat. These results will also help to 
understand the importance of colostrum and milk in rela-
tion to piglet immunity. From the point of view of further 
experiments, however, it is necessary to analyse samples 
from a larger number of animals, preferably purebred pigs 
with a precise specification of the sampling site.
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