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ABSTRACT

Four to 6 wk after parturition, 12 cows in second,
fourth, or fifth lactation were experimentally infected
in one gland with Escherichia coli. The capacity of
chemotaxis, phagocytosis, oxidative burst, and ex-
pression of CD11/CD18 receptors to predict the
severity of IMI was measured. Bacterial counts in the
infected quarter, expressed as area under the curve,
and residual milk production in the uninfected quar-
ters were compared to determine severity of the infec-
tion. Although these two outcome parameters were
highly negatively correlated, regression models with
preinfection tests for leukocyte function fitted best
with bacterial counts as an outcome parameter. Of
the preinfection tests for leukocyte function, chemo-
taxis best predicted the outcome of the IMI that had
been experimentally induced by E. coli.

The number of circulating peripheral leukocytes
just prior to inoculation was used to predict 52 and
45% of the severity of IMI for bacterial counts and
residual milk production, respectively. As a categori-
cal variable, parity predicted 75 and 56% of the
severity of IMI expressed as bacterial counts and
residual milk production, respectively. Because of the
strong effect of parity on the outcome of the ex-
perimentally induced mastitis, analysis was per-
formed to discriminate between second parity cows
and older cows. Significant differences were found for
the number of circulating peripheral leukocytes and
for the expression of CD11b/CD18 and CD11c/CD18
receptors between younger and older cows.
( Key words: bovine, Escherichia coli, mastitis,
leukocyte function test)

Abbreviation key: AUC = area under the curve,
PMN = polymorphonuclear neutrophil, RMP =
residual milk production.

INTRODUCTION

Mastitis remains an important disease despite an
increasing body of knowledge on risk factors for herds
and individual cows. Even in well-managed herds,
incidence of clinical mastitis varied from 0 to 80 cases
per 100 cow-years (21). In herds with a high risk
profile, some cows never developed mastitis but, in
herds with a low risk profile, some cows did develop
mastitis. Therefore, cow factors play an important
role in the susceptibility of individual cows to masti-
tis. An understanding of the mechanisms involved in
susceptibility would make intervention possible and
might lead to an even lower number of cases of masti-
tis. Immune function tests are able to differentiate
between cows that are highly susceptible and cows
that are less susceptible to mastitis. Measurement of
these immunological markers might permit discrimi-
nation between these two groups of cows. The prein-
fection under agarose chemotaxis assay was able to
predict fairly accurately the outcome of mastitis in-
duced experimentally with Escherichia coli (14).
Other components of cellular immunity, such as
phagocytosis and killing, are expected to contribute
also to the susceptibility of an animal (9) . However,
currently little is known on the quantitative decompo-
sition of preventive immune function.

Although diapedesis and migration of leukocytes
are considered to be two of the most important im-
munological mechanisms against E. coli mastitis (3,
12, 18), those processes are only a part of the total
defense mechanism. After chemotaxis has been com-
pleted, phagocytosis and intracellular killing are the
next steps in the defense process. Although chemo-
taxis and phagocytosis are not completely understood,
expression of receptors on the polymorphonuclear



Journal of Dairy Science Vol. 80, No. 1, 1997

VAN WERVEN ET AL.68

neutrophils ( PMN) and macrophages are important
regulators of the intensity of adherence to epithelial
cells, diapedesis into the udder, and attachment of
microorganisms to phagocytes (2) . The leukocyte
CD11/CD18 integrins or b2 integrins are crucial in
this regard (17, 24). Because the severity of IMI
caused by coliforms is at least partly explained by an
excessive reaction of immune function, it is currently
unknown whether the severity of the IMI can be
predicted by a high or low expression of CD11/CD18
receptors. Inhibition of neutrophil adhesive inter-
actions with an antibody against CD11b/CD18
reduced myocardial reperfusion injury (23) and
reduced neutrophil accumulation and plasma leakage
in vivo in response to an injection of a complement
activation product, C5a (1) .

Experimentally, E. coli IMI has often been used to
study the importance of the components of cellular
immunity. In most of those studies, the parameter
used to measure severity of the IMI was the area
under the curve ( AUC) of the bacterial growth in the
infected quarter. Another outcome parameter used
was the residual milk production ( RMP) in the unin-
fected quarters (9) . Both outcome parameters essen-
tially give information about two subsequent steps of
the inflammation process. The correlation between
these parameters has not yet been quantified, but
correlation is important when studies using either of
the two parameters are to be compared.

The objectives of this study were 1) to quantify the
importance of preinfection immunological in vitro
tests of cell function, such as chemotaxis, phagocyto-
sis, oxidative burst, and expression of adhesion recep-
tors, in the observed variation in severity of an E. coli
IMI and 2) to estimate the relationship between
parameters for severity of IMI.

MATERIALS AND METHODS

Cows

Twelve crossbred Holstein-Friesian × Friesian-
Holstein cows in their second, fourth, or fifth lactation
and 4 to 6 wk postpartum were used. Foremilk sam-
ples from the inoculated quarters (right rear) were
bacteriologically negative for major pathogens, and
the SCC in each quarter was <150,000 cells/ml. The
concentration of BHBA in peripheral blood before in-
oculation was <1.4 mmol/L. Cows were housed in tie
stalls and fed grass silage and corn silage for ad
libitum intake and concentrates according to milk
production. Cows were milked twice daily at 0100 and
1300 h.

Milk Samples

Twice daily, quarter milk production was measured
from 3 d before to 7 d after inoculation. The SCC was
measured by the Fossomatic device (Foss Electric,
Hillerød, Denmark). Determination of SCC was car-
ried out at d –3, –2, and –1 and immediately prior to
inoculation. After inoculation, milk samples for SCC
were taken every 3 h over a 24-h period. Bacteriologi-
cal examination of the quarter samples of foremilk
was conducted at d –5, d –2, and immediately prior to
inoculation. Bacterial counts of E. coli were deter-
mined using a spiral plater (Lameris Laboratory,
Breukelen, The Netherlands) every 3 h during the
1st d and then at 30, 42, 54, 66, 78, 114, and 126 h
postinoculation.

Bacterial Suspension and
Experimental IMI

An encapsulated strain of E. coli O:157 that was
previously isolated from a cow with clinical mastitis
was used for intramammary infusion (15). The strain
was maintained on brain-heart infusion agar with
glycerol and stored at –70°C. The strain was subcul-
tured and adjusted to a concentration of approxi-
mately 50 cfu/ml as described previously (14). Cows
were infected with approximately 103 cfu of E. coli
diluted in 20 ml of pyrogen-free saline on d 0. The
suspension was aseptically infused into the right rear
quarter immediately after milking. The subsequent
milking at 0100 h was shipped.

Sampling for Cell Function Tests

Blood samples for chemotaxis assay were obtained
by puncture of the jugular vein; blood was collected in
vacutainer tubes (Venoject; Terumo Corp., Tokyo,
Japan) containing EDTA as anticoagulant. Blood
samples were taken every morning at 0730 h for 7
consecutive d from d –6 to d –1, and immediately
prior to inoculation. Blood samples for phagocytosis
were taken at d –5, –4, –2, and –1 and immediately
prior to inoculation. Samples for oxidative burst and
adhesion receptors were taken at d –6, –4, –2, and –1
and immediately prior to inoculation. Samples for
these three tests were collected in tubes containing
Alsever solution (Gibco, Life Technologies, Gent, Bel-
gium).

Blood samples for differential leukocyte counts
were obtained by puncture of the jugular vein and
collected in vacutainer tubes (Venoject) containing
EDTA as the anticoagulant. Samples were collected
from d –6 to d –1 and immediately prior to inocula-
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tion. After inoculation, samples were taken every 3 h
over the first 24 h.

Isolation of White Blood Cells

Immediately after venipuncture, blood was put in
polypropylene tubes and centrifuged for 20 min at
1000 × g at 4°C. White blood cells were isolated as
described previously (14). Cells were resuspended in
Eagle’s Minimal Essential Medium and were adjusted
to a concentration of 5 × 107 cells/ml by an automatic
cell counter (Sysmex K-1000; Goffin, IJsselstein, The
Netherlands).

Chemotaxis Assay

The under agarose technique was used to deter-
mine the in vitro chemotactic response of white blood
cells as described by Kremer et al. (14) with a few
modifications. Briefly, six series of two 2.7-mm wells
were cut from a 0.8% agarose plate using a template.
Five microliters of white blood cell suspension (5 ×
107 cells/ml) were placed in one well. Untreated,
pooled bovine serum (5 ml ) with proven chemotactic
activity ( 5 ) was added to the opposite well as a
chemoattractant. Serum was obtained from 10
healthy cows and pooled. In each experiment, the
same batch of pooled serum, stored at –80°C, was
used. Plates were incubated at 37°C in a humified
atmosphere of 5% CO2 and 95% air for 4 h. Migration
was arrested by methanol, and cells were fixed with
formalin. Agarose was removed, and cells were
stained with Diff-Quick (Merz and Dade AG, Düdin-
gen, Switzerland). Migration distance was measured
using an ocular micrometer in a stereo microscope at
24× magnification. The distal limit of the migration
pattern was defined as the farthest three cells
parallel to the margin of the central well (6) . Dis-
tance toward the chemoattractant was defined as
directed migration, and distance migrated away from
the chemoattractant was defined as random migra-
tion. Chemotactic activity was expressed as the
chemotactic differential, the difference between
directed and random migration. Each sample was
measured in triplicate, and results were averaged.

Phagocytosis

The E. coli strain O:157 of the inoculum was la-
beled with fluorescin isothiocyanate (FITC isomer 1;
Sigma Chemical Co., St. Louis, MO) as described
previously (7) . Briefly, to the bacterial suspension of
109 cfu/ml, carbonate-bicarbonate buffer was added
(1:5, vol/vol). Twice this volume of a 0.03% fluores-

cein isothiocyanate in carbonate-bicarbonate buffer
solution was added and followed by incubation for 2 h
at room temperature (18°C) in the dark. The suspen-
sion was washed three times with Hanks balanced
salt solution, and the pellet was resuspended to a
final concentration of 10 cfu/ml. The suspension was
stored in 1-ml aliquots at –80°C after addition of one
droplet of sterile glycerol. Phagocytosis was tested
according to a method described by Saad and Hagel-
torn (20). Thawed bacterial suspension and PMN
suspension were added into test tubes at a 10:1 (vol/
vol) ratio of bacteria to PMN. Pooled bovine serum
was added to a final serum concentration of 5%. After
incubation for 15 min at 37°C in a shaking water
bath, phagocytosis was arrested by addition of 500 ml
of ice-cold EDTA (0.3%). Fluorescein isothiocyanate
fluorescence was measured by flow cytometry (EPICS
741; Coulter Electronics Ltd., Luton, England) using
a 530- to 560-nm filter. Trypan blue was used for
quenching extracellular fluorescence. In the green
fluorescence, phagocytosis was measured as a percen-
tage of fluorescent neutrophils on a logarithmic scale
from 1 to 1000.

Respiratory Burst Activity

Oxygen-dependent killing of invading pathogens by
neutrophil leukocytes generates superoxide, H2O2,
and hydrophile radicals. These respiratory burst ac-
tivities were quantified after stimulation of the cells
with phorbol myristate acetate (100 ng/ml) (9) . The
release of H2O2 from cells was monitored fluorometri-
cally by means of peroxidase-catalyzed oxidation of
scopoletin. Production of the superoxide anions was
quantified continuously using phorbol myristate ace-
tate as an activator, followed by the spectrophotomet-
ric reduction of cytochrome c, which was able to be
inhibited by superoxide dismutase. Production of
H2O2 was measured in nanomoles of H2O2/min per
106 cells.

Adhesion Receptors

One hundred microliters of a 107 leukocytes/ml
suspension were centrifuged for 10 min at 200 × g at
4°C. After removal of the supernatant, 100 ml of stain-
ing reagent (RPMI 1640; Gibco Life Technologies)
supplemented with 1% BSA, 0.2% NaN2, and 100 ml
of antibovine monoclonal antibodies IL-A99 (anti-
CD11a), IL-A15 (anti-CD11b), and IL-A46 (anti-
CD11C) (25) were added. After incubation in ice in
the dark for 30 min, the suspension was centrifuged
for 10 min at 200 × g and was followed by two
washings with 240 ml of staining reagent. Then the
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pellet was incubated with 100 ml of conjugate
(goat anti-mouse IgG-fluorescein isothiocyanate;
Sigma Chemical Co.) for 30 min in ice in the dark.
After centrifugation at 200 × g for 10 min, the pellet
was washed two times with 240 ml of PBS, and finally
the pellet was resuspended in 2 ml of PBS sup-
plemented with 1% paraformaldehyde. Samples were
stored at 4°C in the dark until fluorescence analysis.
Fluorescence was measured with an EPICS 741 flow
cytometer equipped with a 5-W argon laser (Coher-
ent, Palo Alto, CA). Excitation wavelength was 488
nm, and emitted fluorescence was measured between
530 and 560 nm. Expression of cell adhesion
molecules was quantified as mean fluorescence inten-
sity of the positive fluorescent cells expressed as
mean channel number and plotted on a logarithmic
scale.

Severity of Infection

Two parameters were used to measure the severity
of IMI: RMP in the uninfected quarters and bacterial
counts in the inoculated rear quarter. Mean milk
production of the three uninfected quarters 3 d before
inoculation served as the baseline. The RMP of the
uninfected quarters on the 2nd d after inoculation
(mean of 52 and 64 h after inoculation) was ex-
pressed as a percentage of the baseline. Bacterial
counts of the infected right rear quarters were ex-
pressed as AUC calculated for 126 h postinoculation
(15). The AUC (log10 colony-forming units per hour)
was calculated using the following equation:

AUC = [(ti – ti–1) fi–1] + [0.5 (t i – ti–1) ( f i – fi–1) ]

where

ti = time of observation,
ti–1 = previous time of observation,

fi = log10 bacterial count at time i, and
fi–1 = log10 bacterial count at time ti–1.

Statistical Analyses

Associations of immune functions were estimated;
correlations used results from d 0. Regression analy-
sis was used to determine the effect of preinfection
immunological parameters on the severity of IMI. The
general model for analysis of variance was

Y = m + Z + P + Int + e

where

Y = severity of infection,
m = overall mean,

Z = preinfection parameters,
P = parity category,

Int = interaction terms (Z × P), and
e = error term.

Cows were divided into two categories based on par-
ity. Second parity cows were designated as 0 (n = 5),
and cows in parity ≥4 were designated as 1 (n = 7).
Statistical significance was determined at P ≤ 0.05.
To minimize the random fluctuation of the in vitro
chemotaxis assay, a Markov model of the first order
was used to calculate adjusted least squares means
over 7 consecutive d as has been described (26). The
Markov model was

Yij = a + bXi–1,j + cowj + eij

where

Yij = chemotaxis of cow j on day i,
a = intercept,
b = estimated auto correlation term,

Xi–1,j = chemotaxis of cow j on day i – 1,
cowj = cow j, and

eij = random error term of cow j on day i.

The influx of somatic cells into the udder after ex-
perimental IMI was evaluated graphically. Statistical
testing of observed differences in speed of influx was
done using a t test on log-transformed SCC.

RESULTS

The two parameters for severity of IMI, AUC of
bacterial count and RMP, differentiated between the
more diseased and less diseased cows. The AUC
ranged from 151 to 872 cfu/h, and RMP ranged from 6
to 105% of baseline. The AUC of colony-forming units
in the milk and RMP showed a high correlation (r =
–0.94; P = 0.001), and no outliers were observed
(Figure 1).

Results of preinfection leukocyte function tests are
presented in Table 1. Assuming that measurements
on d 0 should have the highest predictive value be-
cause they were determined on the day of inoculation,
correlation coefficients between the days before inocu-
lation and d 0 are shown in Table 2. For each function
test, d –6 to d –1 was positively correlated with d 0.
Chemotaxis showed the lowest correlation, and
phagocytosis showed the highest correlation. Because
of the large random fluctuation of the under agarose
chemotaxis assay, adjusted least squares means were
calculated with the Markov model of the first order
over 7 consecutive d (26). Chemotactic values used in
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TABLE 1. Means and standard deviations of chemotaxis, phagocytosis, oxidative burst, and expression of CD11/CD18 receptors from d –6
to d 0 (n = 12).

1Not determined.

Preinfection leukocyte function test

Oxidative CD11a CD11b CD11c
Day Chemotaxis Phagocytosis burst Expression Expression Expression

(mm) (% of neutrophils) (nmol of H2O2) (mean fluorescence intensity)
X SD X SD X SD X SD X SD X SD

–6 3.7 0.9 ND1 ND 4.2 0.9 9.3 1.3 12.3 1.8 4.3 1.7
–5 2.5 0.9 62.6 7.3 ND ND ND ND ND ND ND ND
–4 4.7 0.7 66.6 8.1 3.8 0.8 8.9 1.3 12.8 2.5 4.1 1.4
–3 3.7 0.9 ND ND ND ND ND ND ND ND ND ND
–2 3.9 0.7 60.1 6.6 3.0 0.7 8.6 1.6 12.8 1.9 4.0 1.1
–1 3.4 0.8 66.2 6.0 3.4 0.7 9.3 2.1 13.3 1.4 4.0 0.8
0 3.1 0.7 64.1 7.2 4.0 0.8 9.5 1.6 14.9 3.3 4.0 0.8

Figure 1. Relationship between area under the curve (AUC) of
bacterial count and residual milk production (RMP).

Figure 2. Relationship between adjusted least squares means of
chemotactic differential and area under the curve (AUC) of bac-
terial count for second parity cows ( π; n = 5) and cows in parity ≥4
( ⁄; n = 7).

the regression model were adjusted least squares
means.

The number of peripheral circulating leukocytes
from d –6 to just prior to inoculation and correlation
coefficients between the days prior to inoculation and
d 0 are presented in Table 3. Days –5 to d –1 were
highly and positively correlated with d 0. Regression
an-alyses with the two different outcome variables
and the preinfection leukocyte function tests were ex-
ecuted. We started with the simple model in which
parity category was the only independent variable
(Table 4). Parity category accounted for 75 and 56%
of the variation in AUC and RMP, respectively. The
model was expanded by adding the preinfection
parameters, individually and per day. Oxidative burst

and expression of CD11/CD18 receptors did not im-
prove the predictive capacity with either AUC or RMP
as the outcome variable. Expansion of the AUC model
with adjusted least squares means of chemotaxis as a
single indicator slightly increased R2 to 0.79 (Figure
2), and, with chemotaxis as an interaction term, R2

increased to 0.80. The RMP model with chemotaxis as
a single indicator increased R2 to 0.63, and, with
chemotaxis as an interaction term, R2 was 0.65. The
predictive value of phagocytosis and killing on the
severity of IMI was small and not statistically signifi-
cant. As a single indicator, the number of circulating
peripheral leukocytes before inoculation predicted the
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TABLE 2. Correlation coefficients between d 0 and the days prior to inoculation of chemotaxis,
phagocytosis, oxidative burst, and expression of CD11/CD18 receptors (n = 12).

1Not determined.

Preinfection leukocyte function test

Oxidative CD11a CD11b CD11c
Day Chemotaxis Phagocytosis burst Expression Expression Expression

–6 0.53 ND1 0.30 0.73 0.69 0.24
–5 0.75 0.50 ND ND ND ND
–4 0.66 0.86 0.70 0.78 0.89 0.33
–3 0.59 ND ND ND ND ND
–2 0.35 0.84 0.85 0.47 0.80 0.68
–1 0.05 0.77 0.84 0.46 0.31 0.92

Figure 3. Course of SCC ( — ) in the infected quarter and
peripheral leukocytes (- - - ) for second parity cows ( π; n = 5) and
cows in parity ≥4 ( ⁄; n = 7) during the first 24 h after infection.

TABLE 3. Means and standard deviations of circulating peripheral
leukocytes from d –6 to just prior to inoculation and correlation
coefficients between d 0 and the days before inoculation (n = 12).

Day

Peripheral cir-
culating

leukocytes r

(109 cells/L)
X SD

–6 6.5 1.3 0.47
–5 6.6 1.1 0.74
–4 7.2 1.2 0.81
–3 7.1 1.3 0.68
–2 7.4 1.5 0.83
–1 7.0 1.2 0.81
0 6.8 1.2 1.00

AUC for 52% of the IMI and the RMP for 45% of the
IMI ( P < 0.001). Expansion of the model with parity
category increased R2 to 0.78 and 0.62 for AUC and
RMP, respectively. Because of the strong effect of
parity on the severity of IMI, we analyzed differences
of the preinfection parameters between second parity
cows and older cows (Table 5). In this experiment,
second parity cows had more circulating leukocytes
just prior to inoculation (7.8 × 109/L) than did the
older cows (6.1 × 109/L) ( P < 0.05). Figure 3 shows
the rapidity of the increase in SCC in the infected
quarter and the decrease of peripheral leukocytes for
the first 24 h after inoculation for second parity cows
and for older cows. For both parity categories, maxi-
mum values of SCC were reached 12 h after inocula-
tion. Although growth of E. coli was slower (Figure
4) and IMI was less severe in second parity cows than
in cows in parity ≥4, severity was not correlated with

a more rapid increase in SCC ( P > 0.05). The
drainage of number of peripheral leukocytes was cal-
culated by subtracting the lowest number of leuko-
cytes of each cow from the number of leukocytes just
prior to inoculation. This drainage was higher for
second parity cows than for older cows, 6.4 × 109 and
4.9 × 109 leukocytes/L, respectively ( P < 0.05). Ex-
pression of adhesion receptors CD11b/CD18 and
CD11c/CD18 was different for second parity cows and
cows in parity ≥4. Expression of CD11b/CD18 was
lower in second parity cows, and expression of CD11c/
CD18 was higher in second parity cows than in cows
in parity ≥4 ( P < 0.05).

DISCUSSION

In this experiment, both RMP of the uninfected
quarters and AUC of colony-forming units in the milk
of the infected quarter were evaluated as parameters
for the severity of IMI. Both parameters were highly
correlated; more colony-forming units of E. coli in the
infected quarter resulted in a greater decrease in milk
production in the uninfected quarters. However,
results from the regression models with the two out-
come parameters showed some differences. The
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TABLE 4. Results of the regression of the area under the curve (AUC) and the residual milk
production (RMP) against parity category.

1R2 = 0.75.
2R2 = 0.56.

AUC1 RMP2

Parameter Coefficient SE P Coefficient SE P

Intercept 230.6 57.0 0.002 88.6 11.2 0.000
Parity 405.7 74.7 0.000 –54.1 14.7 0.004

Figure 4. Course of bacterial count in the infected quarter for
second parity cows ( π; n = 5) and cows in parity ≥4 ( ⁄; n = 7)
during the first 24 h after infection.

TABLE 5. Differences between second parity cows (n = 5) and cows
in parity ≥4 (n = 7) on d 0 for peripheral circulating leukocytes and
mean fluorescence intensity (MFI) of adhesion receptor expression.

Parity

Parameter 2 ≥4 P

X SD X SD
Leukocytes,

109 cells/L 7.8 1.38 6.1 0.51 0.02
CD11b/CD18

Expression, MFI 13.0 1.51 16.3 3.56 0.05
CD11c/CD18

Expression, MFI 4.6 0.71 3.6 0.90 0.05

predictive capacity of the leukocyte function tests
were higher in the AUC models than in the RMP
models. The AUC of colony-forming units in the in-
fected quarter might be closely related to influx of
neutrophils into milk (19), but the loss of milk
production in the uninfected quarters might be
caused by suppression of milk secretion because of
general illness and toxin resorption (22).

The importance of the number of circulating leuko-
cytes just prior to IMI is in accordance with results of
Kremer et al. (14). A larger pool of circulating leuko-
cytes did not mean a faster migration of leukocytes
into the mammary gland in this experiment. Al-
though fast migration of leukocytes is considered to
be the most important step in the defense cascade
against E. coli infections and determines the outcome
of the IMI (10, 12), no correlation was found between
the severity of IMI and the rapidity of SCC increase.

Of all preinfection leukocyte function tests, chemo-
taxis had the best predictive capacity. The effect of

parity on the outcome of the IMI was very strong.
Increasing risk for developing mastitis with each sub-
sequent parity has been shown before. Gilbert et al.
( 8 ) reported that the degree of periparturient impair-
ment in neutrophil function was more severe for cows
in parity ≥4 than for younger cows. In our data, the
only significant differences between second parity
cows and older cows were number of peripheral cir-
culating leukocytes and expression of CD11b/CD18
and CD11c/CD18 receptors. The effect of parity ap-
peared to be rather pathogen-specific. Older cows
have been shown to be more susceptible to coliform
mastitis, and heifers typically have a relatively high
incidence of staphylococcal mastitis (11, 16).

Both CD11b/CD18 and CD11c/CD18 contribute to
leukocyte adherence reactions, which are active in
inflammation and host defense (13, 24), but the pre-
cise relationship of these two b2 integrins to the
severity of coliform IMI is not clearly understood.
Emigration of neutrophils into extravascular inflam-
matory sites requires binding of b2 integrins to neu-
trophil surfaces with the intracellular adhesion
molecule-1 expressed on vascular endothelium (17,
24). In our data, expression of adhesion receptors as a
single indicator was not correlated with severity of
IMI. After data were analyzed for the two parity
categories, cows that had higher expression of CD11c/
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CD18 but a lower expression of CD11b/CD18 were
typically younger cows that showed less severe dis-
ease. The impact of these findings requires further
study and might be biased by parity.

Apart from aspects that inform about the quality of
leukocyte function in our data, quantitative aspects of
leukocyte presence in the peripheral bloodstream or
drainage into the mammary gland appeared to be
important in the prediction of severity of experimen-
tal E. coli IMI. In retrospect, these findings might be
in agreement with those of previous experiments (9,
14, 15) in which leukocyte count was evaluated but
not always statistically modeled in the final predic-
tion equations. A retrospective analysis of previously
published data might be of great interest.

From this study, we concluded that chemotaxis and
parity have a great influence on the outcome of the
severity of an experimental E. coli IMI. The impor-
tance of the number of peripheral leukocytes requires
further study, but promises to be of great value, espe-
cially because leukocyte counts may be obtained in
large quantities under field conditions. Longitudinal
studies of dairy farms with a high incidence of clinical
mastitis ( 4 ) would become feasible using such
parameters and would also allow a more in-depth
analysis of the role of aging in the susceptibility for
clinical coliform mastitis.
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