
The monocyte-macrophage lineage and the polymorphonuclear
leukocytes (PMN) constitute a major non-specific defense of the cow
udder against invading microorganisms. Macrophages are the
predominant cell type in milk from uninfected bovine mammary
glands. However, in the early postpartum period, the absolute
number of milk-resident macrophages and PMN is strongly dimin-
ished (1,2). This decrease in somatic cell counts is related to
increased milk volume and high milk production. In addition,
impaired PMN recruitment, which has been directly implicated
in a high incidence of Escherichia coli mastitis among periparturient
cows (3,4), may potentially contribute to this decrease. Monocytes
are influenced by the same hormonal and metabolic factors that elicit
PMN immunosuppression. Therefore, we hypothesized that the
migratory capacity of monocytes from the blood into the mam-
mary gland during the periparturient period might also be affected.
Indeed, recent studies have pointed out that certain functions of
blood monocytes in early lactating cows are clearly disturbed (5,6).

The successive steps during the migration of leukocytes to sites
of acute inflammation involve the combined action of cytokines,
chemoattractants, and multiple families of adhesion molecules.
Among the latter, the leukocyte �2-integrins (CD11/CD18) are of
critical importance. The CD18 (�) common chain is a 95-kDa
glycoprotein non-covalently coupled to a specific CD11 (�) chain
(CD11a, -b, or -c) to form active transmembrane molecules in
bovine bone marrow derived cells. These molecules mediate firm
adhesion to endothelial adhesion molecules, contribute to leukocyte
diapedesis, and enable leukocytes to leave the blood circulation in
order to function as phagocytes at the site of inflammation (7–9).

Currently, there is a paucity of knowledge regarding the possi-
bility of a dysfunction of monocyte migratory capacity leading to
increased susceptibility to coliform mastitis in the peripartum
period. Expression of �2-integrin on blood monocytes during
peripartum has not been examined in cattle, whereas previous
studies analysing CD18 expression on PMN report controversial
results (10–12). Therefore, our main objective was to determine
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A b s t r a c t
The hypothesis that an altered expression of CD11/CD18 on bovine circulating monocytes, polymorphonuclear leukocytes (PMN),
or both, contributes to an increased mastitis susceptibility in periparturient cows was tested. Expression of CD18 and 
CD11a, -b, -c on bovine monocytes and PMN were assessed in 8 Friesian-Holstein cows by flow cytometry from 2 wk before
calving to 5 wk after calving. Minor changes in adhesion molecule expression levels were detected throughout the experimental
period. Compared with PMN, monocytes exhibited an expression level that was similar for CD18, higher for CD11a and CD11c,
but lower for CD11b. Differences in density may reflect the relative importance of these adhesion molecules on both leukocyte
types. In this study, the decreased number of milk resident macrophages and PMN observed during the periparturient
period could not be attributed to changes of CD11/CD18 levels on circulating leukocytes.

R é s u m é
Nous avons testé l’hypothèse qu’une expression modifiée des molécules d’adhésion CD11/CD18 sur la surface des monocytes et/ou des leucocytes
polymorphonucléaires (PMN) circulants bovins autour du vêlage contribue à une sensibilité accrue vis-à-vis des mammites. L’expression
de CD18 et de CD11a, -b, -c sur les monocytes et les PMN bovins a été évaluée chez 8 vaches de la race Friesian-Holstein par cytométrie
en flux dans une période allant de 2 semaines avant le vêlage à 5 semaines après le vêlage. Des changements mineurs dans les niveaux 
d’expression des molécules d’adhésion ont été observés pendant la période étudiée. Par comparaison avec les PMN, les monocytes ont montré
un niveau d’expression qui était similaire pour le CD18, plus élevé pour le CD11a et le CD11c mais inférieur pour le CD11b. Les différences
de niveaux d’expression entre les monocytes et les PMN peuvent montrer l’importance relative de ces molécules d'adhésion sur les deux
types de leucocytes. Dans cette étude, la diminution du nombre de macrophages et de PMN résidants dans le lait, observée autour du vêlage,
ne pourrait pas être attribuée à des changements de niveaux d’expression du CD11/CD18 sur les leucocytes circulants.

(Traduit par Dr Belén Barrio)



whether �2-integrins on bovine blood monocytes undergo altered
expression during the periparturient period. Since differences may
occur in the relative abundance of the individual � subunits with-
out a net variation in total CD11/CD18, the expression for CD11a,
-b, and -c was measured separately. Additionally, CD11/CD18
expression on PMN was analyzed in parallel and differences
between both leukocyte types were evaluated.

Experiments were performed on 8 healthy, high-yielding Friesian-
Holstein cows in their 1st to 3rd parity from the Ghent University
dairy herd (Biocentrum Agri-vet, Melle, Belgium). The average
milk production by the cows was about 9000 kg fat corrected
milk/lactation. All cows were clinically healthy, calved normally,
and had no symptoms of typical periparturient diseases. The cows
were clinically evaluated twice weekly during the experimental
period which was delimitated between 2 wk prior to the expected
calving date and 5 wk after calving. There was no evidence of
mastitis during the whole experimental period and somatic cell
counts never exceeded 50 000 mL�1. Cows were fed a balanced
daily ration of hay and concentrate according to their require-
ments for milk production. They had free access to pasture and
water. Feed was provided twice daily at 06:30 and 16:00 h. Cows
were milked twice daily at 07:00 and 16:30 h. Blood samples were
obtained with heparinized vacuum tubes (BD Vacutainer, Plymouth,
United Kingdom) by jugular venipuncture between 08:00 and
09:00 h twice weekly during the experimental period.

The �2-integrin � subunits were detected with IL-A99, IL-A15, or
IL-A46 mAb directed to bovine CD11a, -b, or -c subunits, respectively
(International Livestock Research Institute, Nairobi, Kenya) (7,13).
The MF14B4 is a mAb developed to detect the bovine CD18 � sub-
unit (Immunology Unit, Facultés Universitaires Notre Dame de
la Paix, Namur, Belgium) (14). The optimal binding concentration
of each mAb was determined by flow cytometric titration. All
primary antibodies were of mouse origin and were detected with
fluorescein isothiocyanate (FITC)-labelled goat anti-mouse
immunoglobulin G (IgG) (Sigma Company, Bornem, Belgium), as
secondary antibody.

Blood aliquots of 100 �L were incubated in polypropylene tubes
(Becton Dickinson, San José, California, USA) at 37°C for 30 min with
50 �L RPMI 1640 (Gibco BRL, Scotland, United Kingdom), 1% albu-
min fraction V (Merck KG&A, Darmstadt, Germany), 0.2% NaN3

(control), and saturating amounts of anti-bovine mAb recognizing
the different �2-integrin subunits, as described above. After
incubation, indirect immuno-fluorescence was performed, as
previously reported (15).

Flow cytometry was performed on a Coulter EPICS 751 flow
cytometer (Coulter Electronics Ltd., Luton, United Kingdom).
Fluorescence intensity was standardized for each run using Flow-
Check Fluorospheres (Coulter, Miami, Florida, USA). The fluidic
system of the flow cytometer was rinsed (Isoton II; Coulter, Krefeld,
Germany) between samples. Analysis was done on 10 000 cells
using the 488 nm laser line of the argon-ion laser beam. Monocytes
and PMN were gated and characterized by forward and side light
scattering characteristics. In addition, the monocyte population
was further identified with anti-ovine CD14 mAb (Serotec, Oxford,
United Kingdom), which cross-reacts with bovine monocytes. The
threshold was set based on the upper limit (98%) of background
fluorescence. The mean fluorescence intensity (MFI) of positively
FITC-labeled monocytes and PMN were measured from this level.

The experimental 7-week peripartum period was subdivided in
4 discrete stages. Interval 1 (day �15 to �5) was compared with
interval 2 (day �4 to 0), and interval 3 (day �1 to �7) was compared
with interval 4 (day �8 to �35). The MFI of CD18, CD11a, CD11b,
and CD11c on monocytes and PMN were analyzed using the mixed
model with cow as random effect and time as categorical fixed
effect (Statistical analysis software (SAS), version 8; SAS, Cary,
North Carolina, USA). Differences between monocytes and PMN
were also analyzed by the mixed model with cow as the random
effect and time as categorical fixed effect. Tests were performed to
investigate whether MFI differed between cell types overall. The
2 comparisons, interval 1 versus interval 2, and interval 3 versus
interval 4, were each tested at a significance level � = 0.025
(Bonferroni’s multiple comparisons adjustment). Data are displayed
as mean ± SEM of 8 cows.
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Table I. The experimental period was divided in 4 stages; interval 1 (day �14 to �5), interval 2 (day �4 to 0), interval 3
(day �1 to �7), and interval 4 (day �8 to �35). A. The mean fluorescent intensity (MFI) of CD18 and CD11a, -b, and -c on monocytes.
B. Polymorphonuclear leukocytes (PMN) from periparturient cows were compared between interval 1 versus interval 2, and interval 3
versus interval 4. The MFI for each cell, interval and molecule under evaluation is displayed in the table as mean ± SEM of 8 cows

A.
Monocytes Interval 1 versus Interval 2 P-value Interval 3 versus Interval 4 P-value
CD18 15.0 ± 0.88 17.1 ± 0.84 0.09 15.1 ± 0.72 15.8 ± 0.42 0.40
CD11a 6.76 ± 0.53 7.5 ± 0.50 0.31 6.63 ± 0.43 7.43 ± 0.27 0.19
CD11b 4.94 ± 0.42 5.69 ± 0.37 0.17 5.27 ± 0.32 5.63 ± 0.20 0.33
CD11c 12.1 ± 0.89 14.1 ± 0.83 0.08 11.5 ± 0.75 12.5 ± 0.52 0.21

B.
PMN Interval 1 versus Interval 2 P-value Interval 3 versus Interval 4 P-value
CD18 15.9 ± 0.65 16.5 ± 0.60 0.44 15.8 ± 0.52 15.6 ± 0.36 0.74
CD11a 6.04 ± 0.39 6.74 ± 0.37 0.20 5.74 ± 0.32 5.83 ± 0.20 0.81
CD11b 7.32 ± 0.63 7.84 ± 0.56 0.52 7.98 ± 0.49 8.28 ± 0.34 0.57
CD11c 3.75 ± 0.22 3.76 ± 0.20 0.96 4.34 ± 0.19 3.54 ± 0.15 � 0.0001



To our knowledge, the present study constitutes the first report
of �2-integrin expression on circulating bovine monocytes during
peripartum. The population gated as monocytes by size and
granularity was CD14 positive for circa 80% of the cells. The results
show no significant differences in MFI of CD18 on monocytes, nor
of the different CD11 subunits (Table I). This observation indicates
that the decrease in milk resident macrophages during peripartum
is presumably not related to variations of surface �2-integrins on
blood monocytes. Within the same samples, PMN �2-integrin
expression was also measured. Although a moderate increase in
CD18 expression was observed during interval 2 (near calving;
Table I), CD18 on PMN did not undergo significant changes during
peripartum, as previously described (12). However, the group of
Kehrli found a peak of CD18 expression levels at calving (10,11). The
apparent discrepancy in significance might be caused by the higher
blood sampling frequency during the day of calving in studies by
Kehrli. Alternatively, a more pronounced PMN activation status at
birth might have contributed to the dissimilarity of the results.
No significant differences in MFI could be found for the CD11
subunits on the PMN population except for a higher CD11c density
observed during the 3rd interval (day �1 to �7) as compared to the
4th interval (day �8 to �35) (4.34 ± 0.19 versus 3.54 ± 0.15;
P � 0.0001). Since CD18 and CD11 are considered to form integrin
heterodimers by covalent linkage, one could expect that the net vari-
ation in total CD11 would be accompanied by a proportional
change of CD18 density. However, it is possible that the relatively
small change of CD11c MFI on PMN did not cause any detectable
effect on PMN CD18 levels.

Although expression of CD11/CD18 on monocytes and PMN is
essential for firm adhesion to the endothelium and for further
transmigration (8,9,16), it is important to bear in mind that the
expression, per se, of these molecules does not solely determine
the functional capacity of leukocytes to adhere and migrate in vivo.
Of equal importance for this hyperadherence is the conformational
activation of the integrin complex (17). It is possible that monocytes
and PMN are activated at the end of pregnancy, since this period has
been associated with several changes in peripheral blood leukocyte
numbers and functions (3–6). Alternatively, altered expression of
other adhesion molecules involved in monocyte, PMN migration,
or both, which were not evaluated in the present study, such
as L-selectin, �1-integrin, or the vascular counterreceptors on
endothelial cells (16), could potentially contribute to decreased
monocyte and PMN recruitment during peripartum. Indeed,
decreased L-selectin expression levels have been reported in bovine
PMN during the periparturient period (11,18).

Compared to PMN, monocytes exhibit similar expression levels
for CD18. In contrast, relative differences for the individual CD11
subunits between the 2 cell types were observed. The MFI of CD11c
and, albeit less pronounced, also of CD11a were higher on monocytes
than on PMN, for example, 12.4 ± 0.32 versus 3.74 ± 0.08 (P � 0.0001)
and 7.19 ± 0.19 versus 5.97 ± 0.14 (P = 0.0004), respectively. The
results are consistent with those obtained previously in cattle (7).
Conversely, the CD11b subunit had a lower expression on monocytes
than on PMN (5.49 ± 0.14 versus 7.99 ± 0.20; P � 0.0001). The
present study confirms earlier observations regarding the relative
expression level of CD11b on monocytes and PMN in humans and

cattle (7,19,20). All antigens were present on both monocytes and
PMN, suggesting a common functional relevance of these molecules
in circulating myeloid cells. Differences of expression intensity
could however, be detected between both leukocyte populations.
These variations probably reflect the relative importance of each
�2-integrin subunit on mature bovine monocytes and PMN.

Overall, only minor variations of �2-integrin expression on
bovine monocytes and PMN were detected during the peripar-
turient period. This would suggest that alterations in CD11/CD18
adhesion molecule expression in the peripartum on circulating
monocytes and PMN do not substantially contribute to the decrease
in milk-resident macrophages or PMN, and, subsequently, to the
increased susceptibility to mastitis in this period.
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