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ABSTRACT. The ability of bovine blood and milk neutrophils
(PMN) to phagocytize fluorescein conjugated Staphylococcus aureus
was assessed in 14 clinically healthy dairy cows in early lactation pe-
riod during 4-6 weeks. Hypotonic erythrocyte lysis (HEL) was used
for granulocyte cell isolation from blood and increased leukocyte
concentration from milk was induced by intramammary perfusion of
Escherichia coli 0:26:B6 lypopolysaccharide B (LPS). A greater in
vitro mean phagocytosis index 7.34 ± 1.55 was observed in blood
PMN in comparison to milk cells 4.71 ± 1.31 (p < 0.001). PMN ph-
agocytosis ability in blood was 86.5 ± 9.6%, compared to reduced
milk cell ability (P < 0.01). The linear relationship between blood
and milk cell phagocytosis was y = 0.84 x+ 3.37 (R2 = 0.3783) with
association of cell phagocytosis activity (r = 0.615). It is concluded
that PMN concentration cells obtained by erythrocyte lysis and LPS
udder stimulation are useful for in vitro reproducible phagocytosis
assays. These findings are consistent with mammary gland response
which induced rapid migration of blood cells. The procedure may
facilitate the evaluation of early innate immune response against in-
tramammary bacterial infections in dairy cows.

Key words: Dairy cows, neutrophils, in vitro phagocytosis, blood
and milk Staphylococcus aureus.

RESUMEN. Se evaluó la diferencia entre los neutrófilos (PMN) de
sangre y leche para fagocitar in vitro Staphylococcus aureus marca-
dos con fluoresceína en 14 vacas lecheras clínicamente sanas du-
rante 4-6 semanas. La concentración de PMN de sangre se realizó
por lisis hipotónica de eritrocitos (HEL) y en leche mediante perfu-
sión intramamaria de lipopolisacárido B de Escherichia coli
0:26:B6 (LPS). El índice de fagocitosis in vitro fue mayor en los
PMN de sangre 7.34 ± 1.55 comparados con las células en leche
4.71 ± 1.31 (P < 0.001). La capacidad de fagocitosis de los PMN
de sangre fue 86.5 ± 9.6%, comparada con una capacidad reducida
de las células en leche (P < 0.01). Se observó una relación lineal en
la actividad de fagocitosis de las células de sangre y leche (y = 0.84
x+ 3.37; R2 = 0.3783), con una asociación (r = 0.615). La concen-
tración de PMN es útil y reproducible para ensayos de fagocitosis in
vitro. Los hallazgos son consistentes con la capacidad de respuesta
de la glándula mamaria, al inducir una rápida migración de PMN
de la sangre frente a la infección. El procedimiento descrito puede
facilitar la evaluación de la respuesta inicial de la respuesta inmune
innata en las vacas lecheras.

Palabras clave: Vacas lecheras, neutrófilos, fagocitosis in vitro,
sangre y leche Staphylococcus aureus.

ORIGINAL ARTICLE

INTRODUCTION

Neutrophils are part of the innate defense cell mecha-
nism in mammals which use phagocytosis and intracellu-
lar oxygen microbicide action (Bochsler and Slauson,
2002). During the early infection by Staphylococcus au-
reus in milking cows, a considerable increase in somatic
cell counts is produced, with a high proportion of PMN
(Kelly et al., 2000; Peller et al., 2003).

The severity of the infection produced by S. aureus as
well as the clinical evolution of mastitis considerably af-
fect PMN functional activity in the mammary gland (Tom-
ita et al., 2000). Mammary gland infection persistence as
well as high somatic cell counts (SCC) indicate antibody
presence against it in milk (Barrio et al., 2003; de Haas et
al., 2002; Younis et al., 2003). It is possible that the sub-
clinical infection is related to the intracellular survival of
S. aureus (Kerro Dego et al., 2002).

During chronic infections there is low bactericidal ac-
tivity. There is evidence that suggests that the functional
PMN activity as well as its proportion in milk, could make
the mammary gland susceptible to S. aureus infection
(Piccinini et al., 1999; Dosogne et al., 2003). In the last de-
cades, dairy herd reproduction has considered genetic se-
lection of milking cows directed towards a higher milk
production and as consequence an increase in the suscep-
tibility to mastitis in high production cows (Kearney et al.,
2004; Ikonen et al., 2004). In contrast, cows with low SCC
and an efficient phagocytosis activity during the milking
period show a better immune response as natural resis-
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tance in the mammary gland (Dekkers et al., 1994; de Haas
et al., 2004). This could be considered as a selective strate-
gical genetic factor tending to reduce mastitis in milking
herds (Dorp et al., 1998; Odegard et al., 2003).

The study of PMN functioning in cattle is important for
innate immune cell evaluation as it is the first line immune
defense in hosts against bacterial infections (Leitner et al.,
2000; Kehrli and Shuster, 1994).

Blood and milk are available sources for phagocytic
cells in cows (Smits et al., 1997; Guidry et al., 1998). In
vitro phagocytosis assays with PMN from blood cells re-
quire rapid purification methods to obtain neutrophils and
other leukocytes (Zwahlen and Roth, 1990). Different iso-
lation methods for granulocytic leukocytes from peripher-
al blood have been previously described; such as dextran
sedimentation (Solberg, 1972), cold water erythrocyte ly-
sis and cell resuspension in sodium saline solution (Carl-
son and Kaneko,1973), gradient concentration using poly-
vinilpyrrolidone coated silica particles (Pertoft et al.,
1978), erythrocyte lysis and separation of cells in Ficoll-
Hypaque (Roth and Kaeberle, 1981), hypotonic phosphate
erythrocyte lysis (Field et al., 1985) Ficoll-Hypaque flota-
tion and adherence chromatography (Hurley and Finkel-
stein,1986), metrizamide gradients (Hallén-Sandgren and
Björok, 1988) and resuspended cells layered on Percoll
(Kremer et al., 1992). Neutrophils from milk have been
concentrated in lactating cows from udder by LPS leuko-
cyte induced migration (Sanchez et al., 1994). These meth-
ods are selected depending on laboratory facilities and the
expected in vitro PMN cell phagocytosis studies of leuko-
cyte cells in cattle.

The objectives of this paper were to evaluate the in vitro
differential phagocytosis activity (PHA) of bovine PMN
cells in small samples from blood and milk in dairy cows as
well as to describe the hypotonic erythrocyte lyses method
used to obtain PMN from blood for in vitro assays for the
evaluation of the first line immune defense in cattle.

MATERIALS AND METHODS

Dairy cows group

Fourteen clinically healthy dairy Holstein cows with
two parturitions, in early lactation during 4 to 6 weeks
were used. Cows used were selected based on the inclu-
sion criteria of less than 200,000 somatic cells/ ml in milk
samples. Estimated cell counts were carried out using a
Coulter Counter ZM4 (Coulter Electronics LTD, Luton,
England), according to the International Dairy Federation
procedures (1984).

Mammary glands were considered as uninfected by S.
aureus after three negative consecutive isolations in dif-

ferent sampling periods. Milk samples were aseptically
collected from the animals and evaluated by routinely
bacteriological procedures (Boerlingin et al., 2003; Capu-
co et al., 1986).

Blood and milk polymorphonuclear leukocyte isolation

Blood was collected from jugular vein, using vacuum
sample tubes containing citric acid dextrose solution 1:9
(Worku et al., 1994). The use and care of the dairy cows in
this study was supervised following institutional animal
care procedures and husbandry committee.

Leukocyte total counts were performed by hematologi-
cal methods using hemocytometer (Hausser Scientific,
Horsham, PA, USA) and to determine differential leuko-
cyte counts blood glass smears Giemsa stained were used.

PMN cells were obtained from blood centrifuged at
1,000 g for 20 min at 4 ºC in propylene conical tubes. Plas-
ma and buffycoat with 1/4 erythrocyte column were dis-
carded. Erythrocytes were lysed in the remaining sample us-
ing the following procedures: 4 ml of blood were added to a
sample tube containing 8 ml of cold 4 ºC saline A solution
(NaCl, 0.020 M), after 30 seconds 2 ml of cold saline B so-
lution (NaCl 0.164 M) were used to restore isotonicity. The
lysate was centrifuged three minutes at 300 g and the recov-
ered cell pellet was washed twice in Hank’s balanced solu-
tion (0.1% of bovine serum albumin Ca2+ and Mg2+ free),
using the same procedure. Pellet was resuspended in supple-
mented RPMI 1640 cell culture media (15% v/v fetal calf
serum inactivated at 56 ºC, penicillin 100 UI/ml, streptomy-
cin 100 µg/ml, L-glutamine 4 mM, and pyruvate 30 µg/ml).
PMN package was adjusted to 5 x 106 viable cells/ml, with
viability of 95% estimated by trypan blue exclusion and
95% purity of mature neutrophils on slide films Giemsa
stained (Lyn et al., 1995). Samples contaminated with
mononuclear cells required an additional concentration pro-
cedure: cell suspension was layered on 3 ml of lymphocyte
separation solution Lymphoprep (Nycomed Pharma AS,
Oslo, Norway), which was centrifuged at 1,500 g washing
the pellet twice with Hank’s balanced solution.

PMN from milk, were obtained after intramammary in-
fusion of 0.3 µg Escherichia coli O:26:B6 lipopolysac-
charide (Sigma Aldrich, Saint Louis, Mo, USA) in 3 ml
phosphate buffered solution pH 7.2 sterile filtered by 0.25
µm acetate membrane. 100 ml milk samples were taken
fourteen hours later by hand milking in a propylene con-
tainer with EDTA 20:1 (milk:EDTA disodium salt solu-
tion 0.15 M). PMN cells were concentrated by centrifuga-
tion at 1,800 g for 20 min at 4 ºC. Cell pellet was washed
three times with balanced Ca2+ and Mg2+ salt free Hank’s
solution, resuspended in supplemented RPMI-1640, with a
final concentration of PMN of 5 x 106 cells/ml.
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Polymorphonuclear leukocyte in vitro phagocytosis

In vitro phagocytosis assay was conducted 1:10
(neutrophil:bacteria), using the PMN cell suspension (2.5
x 106 cells/ml), obtained from blood and milk. S. aureus
Newbold 304 strain, ATCC 29740 (American Type Cell
Collection, Manassas, VA, USA) bacterial suspension was
heat inactivated and adjusted to 2 x 108 CFU/ml (0.5 OD
at 550 nm) and conjugated with fluorescein isothiocyan-
ate (Sutra et al., 1990).

In vitro phagocytosis assay was performed with 0.1 ml
of bacterial suspension and 0.1 ml of autologous chemot-
actically inactive serum added to 0.8 ml neutrophil sus-
pension in polyethylene microtubes. For milk neutrophils,
autologous whey milk was used in the assay, instead of se-
rum. Positive and negative controls were used in the ph-
agocytosis assay.

Samples were incubated one hour at 37 ºC in oscillat-
ing bath at 20-25 cycles/min. Preparations were lysos-
taphin treated (1 µg/ml, Sigma), reincubated for 30 min-
utes, centrifuged and washed twice in cold RPMI 1640
cell culture media. Glass slide preparations were observed
using ultraviolet light microscope. Phagocytosis index
(PHI) was estimated as the mean number of phagocyted S.
aureus uptake per neutrophil, counting 200 PMN cells in
different microscope fields by triplicate assays. Phagocy-
tosis ability (PHC) was considered as the percentage of ph-
agocyting neutrophils by microscope field.

Statistical analyses

Statistics was performed by randomized design using a
fixed effects statistical model, where the cow was the ran-
dom term, sample source the fixed term, and blood and
milk neutrophil counts at time of sampling and actual day
of lactation used as covariates, parturition and purification
protocol as fixed effects. Results of the differences be-
tween control and experimental groups were analyzed by
one factor ANOVA and regression analysis (p < 0.05), us-
ing the application software Megastat (version 9.1b. dis-
tributed by Mc Graw-Hill as a complement of Microsoft
Office®, Excel 2003 Microsoft, Mexico).

RESULTS

The values for dairy cow’s blood were; erythrocyte
package cell volume 38 ± 2.14% and leukocyte cell
counts 8.80 ± 1.13 x 103 cells/µl. After final hemolysis
cell suspension purity was 95.4 ± 0.8 % of mature PMN
and cell viability was over 95%. Granulocytic recovered
cells from blood did not have a tendency to clump. Just
one sample, relatively contaminated with mononuclear

cells after erythrocyte lysis required an additional concen-
tration procedure. PMN leukocyte cells from milk samples
were recovered as highly viable pure cells after centrifuge
concentration.

PHI in blood neutrophils was significantly higher 7.34
± 1.55 when compared to cells obtained from milk secre-
tion 4.71 ± 1.13 (P < 0.05) (Table 1), explained by the re-
gression equation y = 0.8404x + 3.3737, (R2 0.3783).
There was an association between polymorphonuclear cell
phagocytosis index from blood and milk (r = 0.615).
Blood PMN phagocytosis ability was significantly differ-
ent 86.5 ± 9.6% compared to the reduced PHC in PMN
from milk 74.3 ± 8.5 % (P < 0.05).

Mean in vitro PHI after PMN blood and milk exposure
to S. aureus in cow groups according to individual data, in-
dicate that some cows had more PMN cell PHA (Figure 1).

DISCUSSION

Different PHA was observed in PMN from blood and
milk when in vitro phagocytosis activity was evaluated in
milking cows in early lactation period.

The functional activity of bovine blood PMN was not
affected according to the evaluated parameters in our
study. Kampen et al., (2004) observed satisfactory func-
tional phagocytosis in bovine polymorphonuclear leuko-
cytes using a similar method.

The results indicate constant PHA in blood PMN, and
less adverse effects derived from isolation procedures. The
bovine blood PMN isolation protocol described is poten-
tially useful for PMN in vitro phagocytosis assays (Kelm
et al., 1997; Piccini et al., 1999).Our procedure may facili-
tate blood PMN phagocytosis evaluation of S. aureus in-
fection mechanisms in cattle (Cooray and Hakansson,
1995; Dosogne et al., 2001; Vangroenweghe et al., 2001).

The procedure described above is simple and reproduc-
ible, with no significant statistical differences observed
when compared to the gold standard (Carlson and Kane-
ko, 1973) with additional advantages such as inexpen-

Table 1. In vitro phagocytosis index and phagocytosis ability of bovine
polymorphonuclear leukocytes from dairy cows.

PHI PHC
PMN cell source Phagocytosis index Phagocytosis ability

Blood 7.3 ± 1.5 86.5 ± 9.6
Milk 4.7 ± 1.3 74.3 ± 8.5
Overall 6.0 ± 1.8 80.4 ± 9.1

All data given as Mean ± S.E.M., n: 14 samples. PHI and PHC were signifi-
cantly different according to PMN cell source (P < 0.05)
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siveness and effective preparation of a rich fraction of
PMN leukocytes.

Other erythrocyte lyses methods produce low PMN
yields and cell pellets contamination with erythrocytes, as
shown in bovine and porcine samples (Field et al., 1985).
PMN yield concentration in samples depend on the propor-
tion of granulocytic cells in blood of donor cows, neutro-
phil purity is high in healthy cows (Riding and Willadsen,
1981). There was no problem when eosinophils were
present in samples, since they play a minor role in bacterial
phagocytosis (Saad and Hagelton, 1985). The additional
concentration procedure applied on samples after erythro-
cyte lysis, slightly increased neutrophil purity proportion
with the same results observed by Hurley and Finkelslein
(1986).

The reduced in vitro PMN milk phagocythosis observed
in the assays of the cow groups studied, can be related to
widely described milk components as well as the PMN life
span in uninfected bovine mammary glands (Paape et al.,
2000; Sladek et al., 2000; Dosogne et al., 2001).

We confirmed that LPS infused in mammary gland, in-
creased the total number of mature neutrophils in milk

samples by enriched leukocytosis migration without
clinical adverse effects on dairy cows (Capuco et al.,
1986; Mehrzard et al., 2001). In the early lactation stage
of dairy cows, neutrophils are the predominant cells in
lacteal secretion in healthy mammary glands (Rivas et al.,
2001; van Oostveldt et al., 2001).

The differences found in PMN phagocytosis activity
shown in this study makes PMN from blood a sustain-
able cell source for in vitro phagocytosis activity as-
says in dairy cattle. The PMN isolation technique here
described has a suitable and simple protocol which can
be used for processing small volumes of bovine blood
and milk.
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Individual data show increased PHI ac-
tivity ranging from 2.90 to 8.90 in blood,
and reduced values observed in milk (2.9
to 6.6) (P < 0.001).

Figure 1. In vitro phagocytosis index of
bovine blood polymorphonuclear leuko-
cytes in the dairy cows. n 14
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