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ABSTRACT. To clarify the cellular immune system in dairy cows with inflammatory diseases after calving, the leukocyte subsets were
examined in Holstein dairy cows.  Twenty Holstein cows reared in one herd, were used in this study.  Nine cows (Group 1) experie nced
onset of mastitis or puerperal fever within 2 weeks after calving, and the other eleven cows remained healthy (Group 2) after calving.
The numbers of CD3+, CD4+ and CD8+ cells tended to be lower in Group 1 than in Group 2 from the day of calving through week 1.
These results suggested that the cows with inflammatory diseases might have experienced a decline in T cells by the day of calving,
before the onset of disease.
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Periparturient inflammatory diseases (PID), such as mas-
titis or puerperal fever cause an economic damage for a
stock raiser.  Many cases of PID occur within the first 2
weeks after calving [21].  It has been suggested that depres-
sion of leukocyte function during the periparturient period
contributes to the susceptibility to infectious diseases in
dairy cows, but the leading factors causing immune suppres-
sion have not been fully investigated.

Changes in leukocyte subsets have been implicated in
local and systemic cellular immune responses.  Above all,
immunological mechanisms induced by T cells play impor-
tant roles in host defense [3].  In healthy cows, there is a
decrease in CD3+, CD4+ and CD8+ T cells around the calv-
ing day, and this is accompanied by physiological changes
[8].  This means that calving cows have a higher risk of
infectious diseases during the peripartum period.  Although
van Kampen [20] described the change in lymphocyte sub-
sets in some cows with infectious diseases during the peri-
parturient term, it has not yet been clarified whether marked
change occurs in cows with PID after calving.  Therefore,
the purpose of this study was to examine the peripheral leu-
kocyte subsets in dairy cows with PID after calving.

MATERIALS AND METHODS

Cows: Twenty Holstein cows between 2 and 6 years of
age, reared in one herd, were used in this study.  We divided
the cows into two groups: Group 1 (age; 4.56 ± 0.40 years)
consisted of nine cows that experienced infectious diseases
(mastitis; n=4, puerperal fever; n=5) within 2 weeks after
calving, and Group 2 (age 3.58 ± 0.33 years) consisted of
eleven cows that were healthy during the periparturient
term.  All cows had an easy calving.

Sample collection and analysis:  Blood samples were col-

lected from the caudal vein into tubes containing dipotas-
sium-EDTA on the day of calving, at 1 week, and at 1, 3 and
6 months after calving.  Total white blood cell counts
(WBC) were determined with a blood cell counter (Sysmex-
Counter F-800).  The absolute leukocyte count was calcu-
lated by multiplying the WBC by the observed percentage
of lymphocytes or monocytes from the differential count.
Concentrations of plasma protein were measured by electro-
phoresis.

Flow cytometry:  Two ml of blood samples were mixed
with 4 ml of 0.83% ammonium chloride solution, and the
leukocytes were separated.  Leukocyte samples were
washed twice in phosphate-buffered saline (PBS).  About 2
× 106 cells/ml were suspended in PBS, and samples were
incubated at 4°C for 60 min in PBS containing monoclonal
antibodies to the bovine cell surface marker.  The primary
antibodies used and a description of the working solutions
are given in Table 1.  After 60 min incubation the cells were
washed twice in PBS, and incubated in PBS with the sec-
ondary antibody, which was FITC-conjugated Goat-anti-
mouse IgG-fluorescein isothiocyanate (Cappel, Durham,
NC, U.S.A.) for 30 min.  After incubation, the samples were
washed twice with PBS, and then cell surface markers were
visualized with goat anti-mouse IgG.  The cells were ana-
lyzed with a flow cytometer (EPICS ELITE ESP Coulter
Corp., Florida, U.S.A.).  Data were acquired from 5000
events per sample.  In all analyses, mononuclear cells were
gated out from other leukocytes subsets based on the dot-
plots of their forward scatter (FSC) and side scatter (SSC),
as reported previously [13].

Statistical analysis:  Differences between the two groups
were determined by means of Student’s t-test.  And the data
in each group during the observed term were evaluated by
One-Way ANOVA for evaluation of the month relative to
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periparturient.  Values of P<0.05 were regarded as signifi-
cant.

RESULTS

The numbers of WBC and neutrophils were highest on
the day of calving in both groups, and were lowest at the end
of week one.  The numbers of WBC, neutrophils and mono-
nuclear cells were lower in Group 1 than in Group 2 during
the period from the day of calving to the end of month 1.
Total plasma protein levels peaked at month 1 in both
groups, and gradually decreased thereafter.  Total plasma
protein was significantly higher in Group 1 from month 1 to
month 3 than in Group 2 (Fig. 1). 

The percentages of CD3+ and CD4+ cells in both groups
were lowest on the day of calving, and were increased at the
end of month 1.  These percentages of CD3+ and CD4+ cells
tended to be higher in Group 1 than in Group 2 at the end of
month 1.  The percentages of CD8+ and WC1+ cells in both
groups were lowest on the day of calving, and increased
gradually through month 6.  The CD14+ percentages in both
groups peaked on the day of calving, and then decreased
gradually.  The percentages of IgM+ cells in both groups
were lowest on the day of calving, and increased gradually
through month 6.  The percentages of IgM+ cells in Group 1
tended to be lower during months 1 to 6 than those in Group
2, and significant difference was detected at month 3 (Table
2).

The numbers of CD3+, CD4+ and CD8+ cells in Group 1
tended to be lowest on the day of calving, and then increased
gradually up to the end of month 1.  There was a signifi-
cantly higher number of CD4+ cells in Group 1 than in
Group 2 at month 1.  The numbers of CD8 + cells were sig-
nificantly lower in Group 1 than in Group 2 at week 1.  In
Group 2, these numbers were stable during the observed
term.  The CD4+/CD8+ ratio in Group 1 increased from the
day of calving up to the end of month 1, and then decreased
through month 6.  There was a significant difference in this
ratio between the two groups at month 1.  WC1+ cells were
lowest on the day of calving and then increased continu-
ously in both groups up to month 6 (Fig. 2).  The numbers of
CD14+ cells in Group 1 peaked on the day of calving, and
then decreased to week the end of 1, and these numbers

remained stable from month 1 to month 6.  A significant
decrease in these numbers in Group 1 contrasted with the
healthy group at the end of week 1.  In both groups, the num-
bers of IgM+ cells were lowest on the day of calving and
then gradually increased.  These numbers in Group 1
remained lower than in Group 2 during the observed term,
and there was a significant difference at month 3 (Fig. 3).

Significant changes were detected in the WBC, CD3,

Table 1. Antibodies used in the immunostaining of peripheral blood mononuclear
leukocytes

Antibodies Clone Isotype Specificity Sourcea,b,c)

CD3 MM1A IgG1 Pan T cell VMRD
CD4 CACT138A IgG1 Helper/inducer VMRD
CD8 CACT80C IgG1 Cytotoxic/suppressor VMRD
CD14 MY4 IgG1 Monocyte Coulter
WC1 IL-A29 IgG1 gd T cell VMRD
IgM IgG1 B cell KPL

a) VMRD=VMRD, Inc. (pullman, WA, U.S.A.).
b) Coulter=Coulter Immunology Hailed (Florida, U.S.A.).
c) KPL=Kirkegaard & Perry, Laboratories, Inc. (Gaitherburg, MD, U.S.A.).

Fig. 1. Changes in leukocytes and total protein after calving in
two groups. Month 0 means calving day. Gro u p  1 (), Gro
( ), Mean ± S.E., *; P<0.05.
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CD4, CD8, CD4/CD8 rate, Ht and TP in Group 1 during the
observed term.  In Group 2, there were significant changes
in WBC and neutrophils, but the changes in the other values
were stable and not significant.

DISCUSSION

 Most of the information available regarding changes in T
cells in cows with PID around the time of calving have been
derived from investigations in healthy cows.  Our present
study found that the numbers of T cells, such as CD3+, CD4+

and CD8+ cells, tended to be lower in the cows with PID
than in healthy cows during the first week after calving.  T
cells can produce cytokines, and several cytokines induce
the division and differentiation of T cells.  During the peri-
parturient period in cows, the production of IFN-gamma in
bovine peripheral blood mononuclear cells (PBMCs) was
depressed [4].  The CD4+ lymphocytes act predominantly as
T-helper-2 cells as opposed to T-helper-1 cells during the
first three days after calving [16].  In other words, physio-

logical changes involving diminished cellular immune
response occur in cows during calving.  The diminished T
cells in PID cows might lead to a severe decline in T-cell
function on the day of calving, prior to the occurrence of
PID.  In particular, the number of CD8+ T cell decreased at
week 1 in the PID cows.  This observation was similar to
that of a previous result reporting lower peripheral CD8+ T
cells in the first 50 days after delivery [21].  CD8+ T cells
have been demonstrated to increase over time in postpartal
women, and there is also an increase in cytotoxic activity in
early postpartal term [19].  This finding indicated that the
cytotoxic activity of CD8+ T cells in the PID group might be
further depressed during the early postpartal period.
Although the numbers of CD3+, CD4+ and CD8+ T cells
tended to be low in the PID group, the changes in WC1+ T
cells followed a similar pattern in both groups after calving.
This finding may indicate that gamma delta T cells did not
play a pivotal role in host defense or onset of PID.

After delivery, helper T cells and cytotoxic T cells were
reported to increase from 1 to 4 months postpartum in

Table 2. Percentage of each leukocyte after calving

month Group 1 (n=9) Group 2 (n=11)

CD3+ 0 25.80 ± 2.91 30.14 ± 3.67
0.2 30.42 ± 4.85 33.58 ± 3.20
1 44.81 ± 3.02 37.66 ± 2.62
3 34.58 ± 3.63 35.70 ± 3.85
6 44.17 ± 1.84 41.13 ± 1.88

CD4+ 0 13.73 ± 1.33 15.31 ± 1.90
0.2 16.57 ± 2.64 17.27 ± 1.68
1 25.14 ± 2.72 18.84 ± 1.77
3 16.89 ± 2.51 19.72 ± 2.31
6 19.76 ± 1.80 17.21 ± 0.84

CD8+ 0 7.33 ± 1.23 8.65 ± 1.14
0.2 6.84 ± 0.79 9.51 ± 1.20
1 11.13 ± 1.66 11.14 ± 0.63
3 10.13 ± 1.09 13.02 ± 1.69
6 14.32 ± 1.52 15.47 ± 1.28

WC1+ 0 5.38 ± 1.32 6.51 ± 1.19
0.2 7.61 ± 2.12 7.10 ± 1.77
1 5.77 ± 1.84 7.29 ± 1.31
3 6.64 ± 0.85 7.52 ± 0.93
6 8.81 ± 1.77 10.03 ± 1.50

CD14+ 0 38.09 ± 2.58 34.09 ± 4.29
0.2 22.23 ± 3.00 24.38 ± 2.33
1 21.60 ± 3.27 22.64 ± 2.52
3 26.61 ± 3.48 23.97 ± 2.92
6 19.02 ± 2.24 15.36 ± 2.22

IgM+ 0 19.94 ± 2.21 18.68 ± 2.21
0.2 24.38 ± 2.07 24.45 ± 2.14
1 24.72 ± 3.40 28.96 ± 2.55
3 24.98 ± 2.09 36.21 ± 5.18   *
6 34.46 ± 3.74 45.50 ± 5.03

Values (%) are the mean ± SE.
* means the significant different between two groups (p<0.05).



H. OHTSUKA ET AL.908

humans [22].  This finding has been suggested to indicate an
increase in the postpartum woman’s ability to mount a
defense against pathogens.  Our study found a significant
increase in the CD4+/CD8+ ratio after an increase in the
number of CD4+ T cell in the PID group at the end of month
1.  The reported increase in the numbers of alpha beta T cells
observed in milk from cows with staphylococcal mastitis
was primarily due to increased numbers of CD4+ T cells
[18], and increased IL-2 and IL-4 production were corre-
lated with the high CD4+ T lymphocyte proportions [9].  The
increased CD4+/CD8+ ratio at the end of month 1 in cows
with PID might appear to be a result of activated T cell func-
tion, involving cytokines after some type of infection.

A peculiar change in CD14+ monocytes was observed in
the PID group.  A decreased percentage of CD14+ mono-
cytes were observed in patients with infectious shock [17].
The CD14+ macrophages/monocytes ratio is considered due

to the cells secreting inflammatory cytokines, suggesting
that the release of such factors induces an inflammatory
response.  The occurrence of metritis was reported to be
closely related to retained placenta [1], and further, the
phagocytotic activity of macrophages was decreased con-
spicuously within 1 day after calving in cows with retained
placenta [10].  It was possible to relate the temporary
decrease in CD14+ monocytes to the inflammatory response
in the PID group, but the mechanism of CD14+ monocyte
response at week 1 was unclear.

The lowered number of peripheral IgM+ cells during
months 1 to 6 in PID cows followed significantly increased
levels of plasma protein.  Increased serum protein was
accompanied by an enhanced total protein concentration
after increases in γ-globulin in cows with chronic mastitis
[14].  A decrease in B cells was reported previously in cows
with mastitis [24].  These findings suggested that there was
a chronic inflammatory response in Group 1 during months
1 to 6.  The decrease in B cells in the peripheral blood has
been suggested as one of the characteristic immune
responses in chronic inflammatory diseases.

During the postcalving period, there was a marked reduc-
tion in immune activation caused by serious stress [11].
Increased peripheral leukocytes and decreased PBMCs seen
after calving are attributable to physiological stress, which
induces leukocytosis in cows within the first postpartal
week [2].  The cows with mastitis showed prolonged
increases in plasma cortisol, indicating increased stress hor-
mone during the 2 days after calving [12, 20].  Corticoster-
oids can inhibit translocation of transcription factor, and
induce variable immunosuppression.  The immunosuppres-
sive effects of cortisol were suspected to be one of the caus-
ative agents of immunosuppression during the periparturient
term in cows with PID.

We reported changes in the leukocyte subset in the cows

Fig. 2. Changes in leukocytes after calving in two groups. Month
0 means calving day. Gro u p  1 (), Group 2 (), Mean ± S.E., *;
P<0.05.

Fig. 3. Changes in leukocytes after calving in two groups. Month
0 means calving day. Group 1 ( ), Group 2 ( ), Mean ± S.E.,
*; P<0.05.



909LEUKOCYTE SUBSETS ON PERIPATURIENT DISEASES

with PID after calving, but the difference in immune
response between mastitis and puerperal fever was not clar-
ified.  Kimura [7] showed a noticeably lower neutrophil
function before parturition in cows with retained placenta.
Previous investigations suggested that pregnancy-induced
immunosuppression is a natural mechanism during preg-
nancy [5].  T lymphocyte subsets change dynamically dur-
ing the various stages of lactation [15, 23].  These
investigations seemed to suggest the possibility that the
cows with PID had serious disorders of the cellular immune
system before calving.  Recently, the effects of the onset of
lactation on changes in PBMCs populations in mastecto-
mized cows were reported [6].  In that investigation, no
drastic changes in peripheral T cells and monocytes were
detected in mastectomized cows during the calving period.
It appeared that change in the immune status of the mam-
mary gland was one of the factors affecting the onset of PID
during the periparturient period.  In conclusion, we suspect
that a decrease in T cells at calving may be linked to sys-
temic immunosuppression, and leads to the appearance of
infectious diseases in dairy cows.
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