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ABSTRACT

Introduction: Improved energy balance, metabolic status, and natural antibodies (NAb) has been shown in
cows with no dry period, however these cows showed increased inflammation status in early lactation. The
aim of this study was to determine the association between plasma natural antibodies and inflammatory
biomarkers in cows with no dry period during the first two weeks postpartum. Methods: Holstein-Friesian
dairy cows (n=55) were selected. Before enroll to the experiment, cows were clinically healthy. Plasma samples
were collected at week 1 and 2 after calving and were analyzed for NAb binding megantura-keyhole
limpet hemocyanin and inflammatory biomarkers. Results: Cows with no dry period in this
study had an improved energy balance and maintain NAb titers but increased ceruloplasmin
(inflammatory biomarkers) in early lactation. In this study we found a significant correlation between
NAb 1gG binding KLH and haptoglobin in plasma (P<0.01). However, there were no correlations between
albumin, cholesterol and NAb (IgG and IgM) binding KLH. Conclusion: This study demonstrate
that cows with no dry period have an improved energy balance and maintained the level of natural antibodies
in plasma. Moreover, IgG titers in plasma might be correlated with haptoglobin due to inflammation during
calving until 2 wk postpartum.
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INTRODUCTION

During transition period, immune status in dairy cows
were suppressed and need to be increased. It is known that
dairy cows are characterized with immune suppression
during transition period, which is related with severe
negative energy balance (EB), and high rate of infection
diseases and metabolic disorders (8). Innate immunity
is the first line defense against infection (1), and natural
antibodies (NAb) are a part of humoral innate immunity
before get any antigenic stimulation (2). CD5+ B-1 cells
produce natural antibodies in healthy individuals and
NAb mainly consist of immunoglobulin M (IgM), IgG
and IgA (3,4). In previous research, NAb binding keyhole
limpet hemocyanin (KLH) were higher in cows with an

improved EB in early lactation (7). Transition period is
the crucial time for dairy cows especially in the first two
weeks after calving. In early lactation, cows experienced
negative EB, which is related to immunosuppression
(9). Negative EB was not only related to NAb but also
was associated with enhanced level of inflammatory
biomarkers (10) and metabolic disorders (11) in dairy
cows during early lactation.

In early lactation, increased disease rates are commonly
reported among high-yielding dairy cows and
characterized by the occurrence of an inflammatory
response indicated by acute phase protein (APR) (12).
Inflammation evokes white blood cells (WBC) to release
of tumor necrosis factor-alpha (TNF-a) and (interleukin-1
and -6) (IL 1 or 6). As a consequence, TNF-a and IL-1
or 6 triggered the release of acute phase response (13).
During the response of acute phase protein, positive
acute phase reactants (+AP) including haptoglobin and
ceruloplasmin were increased in plasma and negative
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acute phase reactants (-AP) including cholesterol and
albumin were reduced in plasma (13,14).

Cows with no dry period had better energy and
metabolic status (15), however these cows had higher
ceruloplasmin and oxidative stress compared with cows
with a 60-d dry period (10). In an earlier study, cows
with no dry period had a higher plasma NAb (IgG)
binding liposaccharide (LPS), and higher NAb (IgG
and IgM) binding KLH and LPS in milk compared with
cows with a short or conventional dry period (16). The
relationship between inflammatory biomarkers and NAb
titer in plasma during the first two weeks after calving in
cows with no dry period are less known. The objective
of this study was to determine the association between
plasma NAb and inflammatory biomarkers (haptoglobin,
ceruloplasmin, albumin and cholesterol) in the first two
weeks after calving in cows with no dry period.

MATERIALS AND METHODS

Animals and Experimental Design

All experimental procedures involving animals were
approved by the Institutional Animal Care and Use
Committee of Wageningen University. The registration
number of the experimental protocol was 2010026.
The experimental design was described in our earlier
study (11). In present study, we investigated data of
inflammatory biomarkers and NAb titers from cows
with no dry period from earlier study (10). Holstein-
Friesian dairy (n=55) were selected from the Dairy
Campus research herd. Cows were housed in a freestall
with slatted floor and cubicles. Cows were milked
twice daily (0500 and 1630 h).

Rations

Ration composition was described earlier (11).
Prepartum, cows with no dry period received a lactating
cow ration supporting 25 kg of milk yield per day.
Forage composition during prepartum and postpartum-
treatments consisted of grass silage, corn silage, wheat
straw, and a protein source with different ratio. Rations
were isocaloric. Concentrate and forage were supplied
separately and provided adlibitum.

Blood Sampling

Blood samples were taken from all cows (n=55) in the
morning from the tail vein at week 1 and 2 postpartum.
Blood samples collected in evacuated tubes containing
litium-heparin and immediately put on ice. All blood
samples were centrifuged at 3,000 x g for 15 min at
4°C., frozen, and stored as plasma at -20°C until use.

Laboratory Analysis

Natural antibody titers binding Megathura crenulata-
derived KLH (Sigma, H7017 Sigma Aldrich Co., St
Louis, MO) in plasma of cows were measured by an
indirect enzyme-linked immunosorbent assay (ELISA)
technique as outlined in previous study (16). In brief,

titers of natural antibodies in plasma of 1gG and IgM
isotype were detected using 1:20,000. 1gG and IgM
were detected using diluted sheep anti-bovine 1gG-
heavy chain conjugated to horseradish peroxidase (Cat.
No. E10-118P, Bethyl Laboratories) and rabbit anti-
bovine IgM-whole molecule conjugated to horseradish
peroxidase (Cat. No. AT10-100P, Bethyl Laboratories),
respectively. During ELISA, both IgG and IgM used four-
step serial dilutions and started with the ratio 1:40. After
washing, a substrate containing tetra methyl benzidine
(TMB from Sigma) and 0.05% distillated water was
added. The plates were incubated for 10-15 minutes
at room temperature and the reaction was stopped by
adding 1.25 M sulfuric acid. To measure the extinctions
of the titers of IgG and IgM, a Multiskan reader with a
wavelength of 450 nm was used.

Inflammatory biomarkers were measured using a clinical
auto-analyzer (ILAB 650, Instrumentation Laboratory,
Lexington, MA, USA). In current study, the level of total
cholesterol, albumin, haptoglobin and ceruloplasmin
was determined with the method described and were
standardized for each assay (21).

Statistical Analysis

Data were analyzed using the Statistical Analysis
System (SAS, version 9.4). To assess associations of NAb
(IgG and IgM) titers binding KLH with inflammatory
biomarkers (haptoglobin, ceruloplasmin, albumin and
cholesterol), the titers from week one and two were
added as a linear covariate to developed statistical
logistic regression model. The regression coefficient ()
from the statistical model and the p-value corresponding
to the B are displayed.

RESULTS

Inflammatory biomarkers and natural antibodies

In the current study, cows with no dry period were
investigated for the associations between inflammatory
biomarkers and natural antibodies in plasma in the
first two weeks postpartum. Earlier study found that
cows with no dry period in present study compared
with a short or a conventional dry period had higher
cholesterol, higher ceruloplasmin and tended to have
higher haptoglobin levels in plasma in early lactation
(10). The increase of haptoglobin levels in plasma
was earlier related with high production of liver
macrophages (known as Kupffer cells) during
inflammation (22-24). Previous studies showed a
positive relationship between plasma ceruloplasmin
levels and clinical health problems in cows in early
lactation (25-27).

Cows in the current study not only had higher
inflammatorybiomarkers(haptoglobinandceruloplasmin)
but they also showed increased NAb binding
KLH in early lactation (16). Our earlier study showed
that the higher NAb binding KLH was associated
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with mammary health in early lactation. The levels of
inflammatory biomarkers and plasma antibodies binding
KLH for cows with no dry period in the first two weeks
after calving are shown in Fig 1, 2 and 3.
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Fig. 1 : Natural antibodies for isotype 1gG and IgM binding keyhole
limpet hemocyanin in plasma of cows with no dry period in the first
two weeks after calving . Values represent means = SEM.
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Fig. 2 Proinflammatory biomarkers for haptoglobin and
ceruloplasmin in plasma of cows with no dry period in the first two
weeks after calving. Values represent means = SEM.
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Fig. 3 : Antiinflammatory biomarkers for albumin and cholesterol in
plasma of cows with no dry period in the first two weeks after calving.
Values represent means = SEM.

The association between inflammatory biomarkers and
natural antibodies

The association between inflammatory biomarkers
and NAb binding KLH in cows with no dry period in
the first two weeks postpartum are shown in Table I.
In the current study, we found a positive relationship
between NAb IgG and haptoglobin levels in plasma
(B = 0.97, P = 0.03). The increased plasma NAb
IgG binding KLH levels were accompanied by an
increased plasma haptoglobin levels. In addition, our
study indicated that the increased plasma NAb IgG

binding KLH levels tended to be related with increased
ceruloplasmin levels (B = 0.45, P=0.11), at least in the
first two weeks after calving. The positive association
between IgG and (+) acute protein response could
be related with a severe inflammatory condition (14)
of cows with no dry period in early lactation. In the
current study, we did not find any association between
IgM binding KLH with inflammatory biomarkers.

Table I : Regression coefficient (§) and P-value of plasma natural
antibodies (NAb) binding keyhole limpet hemocyanin (KLH) related to

haptoglobin, ceruloplasmin, albumin and cholesterol in dairy cows with

0-d dry period in the first two weeks after calving

1gG binding KLH I1gM binding KLH

Variable
B P-value B P-value
Haptoglobin
(@) 0.97 0.03 0.4 0.17
Ceruloplasmin 0.45 0.11 -0.06 0.74
(pmol/L)
Albumin (g/L) -0.01 0.82 -0.03 0.46
Cholesterol 0.18 0.35 0.03 0.79
(pmol/L)
DISCUSSION

In the current experiment, cows with no dry period had
improved EB and lower daily milk yield with similar
dry matter intake (15). In addition, cows with no dry
period had higher NAb titers (16) and inflammation
status. It was suggested that the higher NAb titers for
cows in plasma with no dry period are related with the
improved EB (16). In our earlier study, specific plasma
NADb were associated with high somatic cell count (SCC)
and clinical mastitis. Our earlier study showed that
“increasing plasma NAb titer for IgM binding KLH in the
week before the occurrence of high SCC were associated
with a decreased odd of high SCC occurrence. Moreover,
increasing titers of IgM binding KLH or LPS in plasma
in the three weeks before the incidence of the disease
was associated with decreased odds of CM occurrence”
(10 p. 8). It was suggested that NAb levels in plasma or
in milk, may be an additional health biomarker to select
for mastitis resistance in dairy cows (28,29).

In the current study, high SCC in cows with no dry
period was not associated with inflammatory biomarkers
(10). There were several causes for inflammation during
transition period such as differentiation of mammary
gland cell and high oxidative stress (30). A previous
study showed that cows with subclinical mastitis (31)
and clinical mastitis (32) had increased haptoglobin
levels in plasma. Haptoglobin is an acute phase protein
synthesized in the liver in response to inflammation (33)
and it can be measured in serum. Haptoglobin binds
to haemoglobin and so inhibits bacterial proliferation
by reducing the availability of iron. Haptoglobin
measurement has been of particular interest for detecting
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inflammation in cattle and dairy cows due to its virtual
absence in the serum of healthy animals (34). Moreover,
haptoglobin is more commonly available as a routine
analysis compared with many other acute phase protein.
Ceruloplasmin is plasma a-2 glycoprotein and one of the
important positive acute phase protein. Ceruloplasmin
plays an important role for immune system which help
to transport copper in the blood by the enzymes lysyl
oxidase and Cu-Zn superoxide dismutase. Moreover,
ceruloplasmin involved in iron metabolism (ferroxidase)
(35). As we know, copper improves immune function
by acting on the levels of various enzymes mediating
the antioxidant system and protects cells against
oxidative damage. Low level of ceruloplasmin in plasma
decreased phagocytosis and antimicrobial therefore
increase inflammatory conditions (36).

In the previous study, some clinical health problems like
fever, metritis, mastitis, retained placenta) were related
with high levels of ceruloplasmin and a tendency for
high haptoglobin levels in plasma (10). A previous
study reported that clinical health problems has been
associated ~ with  consequences of  prolonged
inflammations before calving (37). It seems that the
increases of inflammatory biomarkers and NAb in
plasma were correlated not only due to specific diseases
or health problem but may be due to several causes of
inflammation conditions in early lactation.

CONCLUSION

In  conclusion, a positive correlation between
haptoglobin and natural antibodies I1gG binding keyhole
limpet hemocyanin were found in the first weeks after
calving in cows with no dry period. The association
between components within immune responses
showed complex cause-effect of defensive effect in the
body. An inflammatory status and antibody responses
attributed to negative EB should be disentangled in
various subclinical and clinical health problems related
with inflammation may partly explain the changes in
inflammatory biomarkers in early lactation.
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