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1. Introduction
Acute phase proteins have been used as biomarkers of diseases for decades in human
medicine, but have been relatively under-utilised in the veterinary medicine. Over recent
years, significant progress has been made in studies on acute phase response in farm
animal medicine, including the detection, measurement and application of acute phase
proteins as biomarkers of diseases in both cattle and pigs. Acute phase proteins are blood
proteins primarily synthesized by hepatocytes as part of the acute phase response. The
acute phase response is a complex systemic early-defense system activated by impaired
homeostasis, trauma, tissue injury, infection, inflammation, stress or neoplasia (Cray et
al., 2009). This response leads to a range of metabolic activities and alterations in a wide
variety of biochemical processes. One of the most important metabolic changes during the
acute phase response is the strongly increased or decreased production and secretion of
some plasma proteins from the liver, the acute phase proteins (Murata et al., 2004).
Although non-specific, the acute phase response serves as a core of the innate immune
reactions involving physical and molecular barriers and responses with the goal to
prevent infection, clear potential pathogens, and contribute to the resolution and healing
processes (Petersen et al., 2004).
Much of the recent attention on the assessment of acute phase proteins in farm animals has
resulted not only from the advances described above, but also because they have been
recognized as valuable markers of diseases. As indicators of inflammation, the assays of
acute phase proteins provide valuable additional information to more traditional
haematological and biochemical investigations (Skinner et al., 1991; Eckersall, 2000).
Application of acute phase protein analyses in disease investigations also in farm animals
has shown that it has a major diagnostic contribution to make in the evaluation of various
inflammatory, as well as non-inflammatory diseases (Gruys et al., 2005). In the clinical field,
acute phase proteins may serve as non-specific indicators of health status and surveillance
of animals at the herd level. In the last decade, emphasis has been laid also on the
application of blood test for acute phase reactants to monitor animals suffering from
specified classes of diseases. However, the behavior of acute phase proteins in some disease,
as well as physiological conditions, e.g. during the reproduction cycle of cows and sows,
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particularly around the parturition, still remain to be uncovered. Moreover, the
pathophysiology of the changes in the concentrations of acute phase proteins in relation to
some metabolic and biochemical reactions, as well as the relationships between immune
functions and metabolic adaptations during some disease and physiological conditions are
less well documented. These conditions involve e.g. changes in the concentrations of acute
phase proteins in relation to altered metabolism, especially energetic metabolism in dairy
cows around the parturition.

2. Acute phase proteins in farm animals
Animals undergoing external or internal challenge to their state of health manifest a
vigorous response including activation of both the innate and acquired immune systems.
The natural immunity is phylogenetic older, and is characterized by uniform nature to any
intruder, and by immediate response (Janeway et al., 2001). The mechanisms of natural
immunity defend an organism since the very first second of a danger. The defence
mechanisms of innate immunity are numerous; the acute phase response belongs to those of
the most important (Murata et al., 2004). It is designed to hold the infection in check until
the adaptive, highly specialized immune response is initiated, which is followed by
repairing processes terminating the episode of inflammation bringing the organism back to
its physiological state (Baumann & Gauldie, 1994).
The varied reactions of the host to disturbances in its homeostasis caused by infection, tissue
injury, trauma or surgery, neoplastic growth or immunological disorders are collectively
known as the acute phase response, and encompass a wide range of pathophysiological
responses (Johnson, 1997; Gruys et al., 1999) (Fig. 1). At the site of invasion by
microorganisms and at the place of tissue injury, a number of responses of the tissue itself
are initiated (Koj, 1996; Cray et al., 2009). Pro-inflammatory cytokines are released,
subsequently, to activation of the immune and the vascular systems (Bellomo, 1992; Gruys
et al., 2005). Another systemic response to injury is an increase or decrease in the production
of a number of plasma proteins produced by the liver, which are known as acute phase
proteins (Whicher & Westacott, 1992). These biomarkers are highly sensitive indicators of
inflammation, but there are major differences among species in their acute phase response
(Pyörälä, 2000). As described by Eckersall & Bell (2010), haptoglobin and serum amyloid A
are the diagnostically most valuable acute phase proteins in cattle. In the pig, C-reactive
protein, haptoglobin, and 1-acid glycoprotein were identified as the major acute phase
proteins (Du Clos, 2004).
Acute phase proteins might be applied as non-specific markers of clinical infections, and for
prognostic purposes (Lauritzen et al., 2003). Measurement of acute phase proteins can detect
or confirm the presence of infection or pathological lesion, but a major role for these analytes
could be in the monitoring of the health status of animals in the production. Acute phase
proteins can detect the presence of sub-clinical diseases, which are the cause of reduced
growth rate and lost production (Eckersall, 2000). In the pig production system, health
status is usually accepted that individuals are infectious agents-free. However, the pigs
might be frequently infected leading to poor health despite high health declarations that
may cause suboptimal growth and decreased welfare (Toussaint et al., 2000). Acute phase
protein testing offers a tool for assessing health estimation based on the extent of
inflammation and tissue damage (Petersen et al., 2004).
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Fig. 1. The acute phase response (Jacobsen, 2003)

3. Acute phase proteins and the period after parturition in dairy cows
The period after parturition is the most critical period in dairy cows regarding health status
and production. Factors such as pregnancy, parturition, blood calcium concentrations,
initiation of lactation and feed intake all affect the ability of the cow’s immune system to
efficiently combat infections. The periparturient period is the time where complex
physiological changes occur simultaneously, having a significant effect on the animal’s
health (Cai et al., 1994; Lippolis, 2008). Parturition, changes in homeostasis, metabolic and
physiological challenges occuring in this stressful period, as well as other external and
internal harmful stimuli may contribute to the activation of host immune system and
inflammatory responses, including the initiation of the production of acute phase proteins.
Acute phase proteins have various activities by which contribute to germs destruction, to
reduce tissue damage and help its regeneration (Pyörälä, 2000). Major bovine acute phase
proteins, haptoglobin and serum amyloid A, play an important role also in the reproductive
processes, they intensify the phagocytosis process against the pathogens introduced into the
uterus, and help by the reconstruction of the endometrium (Regassa & Noakes, 1999;
Krakowski & Zdzisińska, 2007).
Moreover, the transition of pregnancy to lactation, with the concomitant negative energy
balance during early lactation, requires substantial adaptation of the cow, including
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metabolic and physiological adaptations, and is accompanied by changes in whole
metabolism (Hachenberg et al., 2007; Leroy et al., 2008). It has been described in human
medicine that physiological reactions around parturition, as well as metabolic changes are
known to trigger several key events that can initiate and promote uncontrolled systemic
inflammation (Gatzka et al., 2002; Sordillo et al., 2009). Yaqoob & Calder (2007) reported that
in humans, altered lipid metabolism, increased circulating concentrations of non-esterified
fatty acids and oxidative stress are factors that significantly contribute to both systemic
inflammation and development of inflammatory-dependent diseases. Dairy cows undergo
similar metabolic adaptations and changes in homeostasis after parturition. However, the
pathophysiology of the aforementioned metabolic events and changes in immune functions
are less clear.

4. Acute phase proteins in relation to the reproduction cycle of sows
Reproductive state and parity are important factors influencing most of the biochemical
parameters of sows (Reese et al., 1984). In general, the time around parturition is the most
challenging period of the reproduction cycle. Nutritional and metabolic stress around
parturition is an increasingly important phenomenon because during this period the
physiological balance of the animal is challenged. These phenomena and underlying
mechanisms can be reflected in several endocrinological, immunological and biochemical
parameters. Moreover, animals may react to disturbances in their homeostasis not only with
systemic reactions, but also with increased production of acute phase proteins (Marnell et
al., 2005).
In sows, there are very scarce data about the changes in the concentrations of acute phase
proteins in connection to the reproduction cycle. It has been described in humans that the
concentrations of most of the acute phase proteins do not change during pregnancy, but
increase at parturition (Berkova et al., 2001). It is important to realize that physiologically,
acute phase proteins may react at parturition also in animals (Alsemgeest et al., 1993). The
time around parturition and its metabolic challenges constitute a potentially stressful
period, if stress is defined as the impact of external and internal stimuli that challenge
homeostasis (Moberg, 2000). Animals react to disturbances in their homeostasis with a set of
physiological changes and systemic reactions like fever, alterations of appetite, and
decreases in serum concentrations of iron and zinc. The most striking phenomenon,
however, is the changing concentration in a number of serum proteins, particularly acute
phase proteins (Petersen et al., 2004).
The stress due to prefarrowing dislocation and farrowing might activate subclinically present
chronic urogenital infections, resulting in postparturient diseases of sows (Glock & Bilkei,
2005). Urinary tract infection, postparturient swine urogenital diseases, chronic endometritis,
and mastitis-metritis-agalactia syndrome are the most important diseases affecting the sows
in the early postparturient period (Thornton et al., 1998; Waller et al., 2002). These important
disorders of the sows may cause increased values of acute phase proteins and may contribute
to lower number of piglets in litter, inadequate lactation, even to sow mortality (Mirko &
Bilkei, 2004). However, the influence of reproduction stage, predominantly parturition on the
concentrations of acute phase proteins in sows is less well documented.
Therefore, here we propose a two-phases study. The first objective was the assessment of
concentrations of some selected acute phase proteins and variables of energetic metabolism in
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dairy cows after parturition, as well as at the evaluation of the relationships between the
activated acute phase response, characterized by higher concentrations of acute phase
proteins, and between altered energetic metabolism shortly after calving. The second objective
of this study was to evaluate the concentrations of selected acute phase proteins – haptoglobin
and C-reactive protein in blood serum of sows during different stages of reproduction cycle,
including the period before and after farrowing, as well as after weaning.

5. Material and methods
5.1 Relationships between acute phase proteins and altered energetic metabolism in
dairy cows after calving
5.1.1 Animals and clinical examination
The evaluation of the relationships between the concentrations of acute phase proteins and
some variables of energetic metabolism shortly after parturition was performed in 195 dairy
cows of a Slovak spotted breed and its crossbreeds on a farm of high yielding dairy cows.
The monitored cows were in a period of 1 – 2 weeks after parturition. The animals were
housed loosely, and fed twice a day individual feeding rations according to the phase of
lactation with free access to water. Before sample collection, the cows were examined
clinically using standard clinical examination procedures (Jackson & Cockcroft, 2002). The
evaluated cows showed no health disorders during the observation.
5.1.2 Laboratory analyses
The laboratory analyses of evaluated parameters were performed in blood samples. Blood
for the investigations was taken by direct puncture of v. jugularis. Blood samples were
collected into plastic serum tubes with clot activator and gel without anticoagulant. The
separated serum was stored at -20 °C until analyzed. Blood serum was analyzed for selected
acute phase proteins – haptoglobin (Hp, mg/ml) and serum amyloid A (SAA, μg/ml), and
variables of energetic metabolism – glucose (Glu, mmol/l), total cholesterol (TCH, mmol/l),
total lipids (TL, g/l), triglycerides (TG, mmol/l), non-esterified fatty acids (NEFA, mmol/l),
and -hydroxybutyrate (BHB, mmol/l).
Haptoglobin was assessed using commercial colorimetric kits (Tridelta Development,
Maynooth, Ireland) in microplates, based on Hp-haemoglobin binding and preservation of
the peroxidase activity of the bound haemoglobin at low pH. Serum amyloid A was
analyzed by method of sandwich enzyme linked immunosorbent assay using commercial
ELISA kits (Tridelta Development, Maynooth, Ireland). The reading of absorbancies and the
consecutive calculation of final concentrations of both acute phase proteins were performed
on automatic microplate reader Opsys MR (Dynex Technologies, Chantilly, USA). The
concentrations of Glu, TCH, TG, and BHB were determined using commercial diagnostic
kits (Randox) on automatic biochemical analyser ALIZE (Lisabio, Pouilly en Auxois,
France). Total lipids were analyzed using commercial diagnostic kits (Ecomed, Zilina,
Slovak Republic) by spectrophotometric method. The concentrations of NEFA were assessed
according to Curtius (1974) by spectrophotometric method.
5.1.3 Study groups
The obtained results from evaluated cows were divided into two groups according to the
measured concentrations of NEFA: Group A (n = 108) – cows with serum concentrations of
NEFA below 0.35 mmol/l; Group B (n = 87) – cows with serum concentrations of NEFA
above 0.35 mmol/l.
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5.1.4 Statistical analyses
Statistical analyses of experimental results were performed by assessment of average values
(x) and standard deviations (SD) in each group of cows. The significance of the differences
in the obtained results (P) of corresponding variables between monitored groups of animals
was evaluated by Mann-Whitney nonparametric test. The relationships between the
concentrations of evaluated variables in the monitored cows were calculated by linear
regression and Spearman (R) correlations coefficient, including significance of the
correlation. Statistical analyses were done in the programme GraphPad Prism V5.02
(GraphPad Software Inc, San Diego, USA).
5.2 The concentrations of selected acute phase proteins during the reproduction
cycle of sows
5.2.1 Animals and sample collection
The evaluation of the influence of different stages of the reproduction cycle on the
concentrations of selected acute phase proteins included 24 sows, which were crossbreeds of
large white and landrace after 1–5 farrowings. The animals were fed complete feedstuff
according to corresponding stages of reproduction cycle twice a day, and they had free
access to drinking water. Before each sample collection, the animals were clinically
examined by standard clinical examination procedures (Jackson & Cockcroft, 2002).
The monitored sows were divided into 4 groups according to different stages of
reproduction cycle at the beginning of the evaluation: Group I (n = 6) – sows 4 weeks before
farrowing, Group II (n = 6) – sows 1 week before farrowing, Group III (n = 6) – sows 1 week
after farrowing, Group IV (n = 6) – sows 1 week after weaning.
Blood for the investigations was collected by direct puncture of v. cava cranialis into plastic
serum tubes with clot activator and gel without anticoagulant. Blood samples were taken in
each group of sows four times at intervals of two weeks (Table 1).
Groups of
sows
I
II
III
IV

1st
4 weeks a.p.
1 week a.p.
1 week p.p.
1 week p.wean.

Sample collections
2nd
3rd
2 weeks a.p.
1–2 days p.p.
1 week p.p.
3 weeks p.p.
3 weeks p.p.
1 week p.wean.
3 weeks p.wean. 5 weeks p.wean.

4th
2 weeks p.p.
1 week p. wean.
3 weeks p.wean.
7 weeks p.wean.

a.p. – ante partum, p.p. – post partum, p. wean. – post weaning

Table 1. Time-table of blood sample collections within the evaluated groups of sows
In the first part of the study, we evaluated the dynamics of changes in the concentrations of
measured acute phase proteins during the reproduction cycle in the mentioned groups of
sows. In the second part of the study, we summarised the individual values of acute phase
proteins from these groups of sows according to four selected periods of reproduction cycle
– 4 weeks ante partum, 1 week ante partum, 1 week post partum and 1 week post weaning.
5.2.2 Laboratory analyses
Venous blood samples were centrifuged at 3.000 g for 30 minutes. Serum was separated and
stored at -18 ˚C until laboratory analyses could be performed. Blood serum was analyzed for
selected acute phase proteins – haptoglobin (Hp, mg/ml), and C-reactive protein (CRP,
ng/ml).
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Haptoglobin was assessed using commercial colorimetric kits (Tridelta Development,
Maynooth, Ireland) in microplates. Blood serum samples were initially diluted 1:5. Creactive protein was analyzed by method of sandwich enzyme linked immunosorbent assay
using commercial ELISA kits (Tridelta Development, Maynooth, Ireland). Serum samples
for the determination of CRP were diluted 1:500 prior to assay. The optical densities were
read on the automatic microplate reader Opsys MR (Dynex Technologies, Chantilly, USA) at
630 nm for Hp, and at 450 nm using 630 nm as reference for CRP.
5.2.3 Statistical analyses
Statistical evaluation of the obtained results was performed by assessment of means (x) and
standard deviations (SD) in each monitored group of sows according to the sample
collection. The significance of the differences in measured values (P) of the investigated
variables in relation to the corresponding monitored periods of reproduction was evaluated
by one way analysis of variance (ANOVA). The significance of differences in measured
values between the sample collections in the groups was evaluated by Student’s paired test
(the 1st part of the study), and the significance of differences in the obtained concentrations
between selected periods of reproduction cycle was evaluated by Student’s unpaired test
(the 2nd part of the study).

6. Results
6.1 Relationships between acute phase proteins and altered energetic metabolism in
dairy cows after calving
The results of the concentrations of selected acute phase proteins, and variables of energetic
metabolism characterised by average values (x) and standard deviations (SD), as well as the
evaluation of the significance of differences in the obtained results (P) between two groups
of cows are given in Table 2, and on Fig. 2 and 3. The analyses of relationships between
monitored variables in cows are summarised in Table 3 and are shown on Fig. 4 - 7.
Soluble factors
Hp (mg/ml)
SAA (μg/ml)
Glu (mmol/l)
TCH (mmol/l)
TL (g/l)
TG (mmol/l)
NEFA (mmol/l)
BHB (mmol/l)

Group of cows
A (n = 108)
B (n = 87)
0.067 ± 0.113
0.607 ± 0.610
30.77 ± 20.95
93.94 ± 43.64
4.19 ± 0.57
3.95 ± 0.44
3.25 ± 1.11
3.05 ± 1.12
3.48 ± 1.44
3.43 ± 1.31
0.14 ± 0.11
0.12 ± 0.09
0.21 ± 0.09
0.65 ± 0.25
0.46 ± 0.26
0.65 ± 0.35

P
< 0.001
< 0.001
< 0.001
n. s.
n. s.
n. s.
< 0.001
< 0.001

Group A – cows with serum concentrations of NEFA below 0.35 mmol/l; Group B – cows with serum
concentrations of NEFA above 0.35 mmol/l
P – significance of the differences in the obtained results between the groups of cows, n. s. – non
significant

Table 2. Comparison of the concentrations of Hp, SAA and selected variables of energetic
metabolism in two groups of dairy cows (x ± SD)
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In cows with serum concentrations of NEFA above 0.35 mmol/l we found significantly
higher mean value of haptoglobin than in cows with NEFA concentrations below 0.35
mmol/l (P < 0.001, Table 2). It is shown on Fig. 2 that while in cows with serum NEFA
concentrations below 0.35 mmol/l (Group A) the median Hp concentration was 0.029
mg/ml and the individual values ranged from 0.001 to 0.697 mg/ml, in cows with NEFA
values above 0.35 mmol/l (Group B) we recorded higher median Hp concentration (0.470
mg/ml), as well as markedly wider range of individual values with minimum concentration
of 0.006 mg/ml and maximum value of 2.540 mg/ml. By more detailed analysis of
individual Hp concentrations we found that while in Group A 50 % of measured values
ranged from 0.010 mg/ml to 0.067 mg/ml, in Group B this range was from 0.162 mg/ml to
0.834 mg/ml.

Hp (mg/ml)

3

2

1

0
A

B

Groups of cows

Fig. 2. The concentrations of Hp in serum from cows with NEFA concentrations below
0.35 mmol/l (Group A) and above 0.35 mmol/l (Group B). The plots show the median
(line within box), 25th and 75th percentiles (box)), minimum and maximum values
(whiskers)
250

SAA (ug/ml)

200
150
100
50
0
A

B

Groups of cows

Fig. 3. The concentrations of SAA in serum from cows with NEFA concentrations below
0.35 mmol/l (Group A) and above 0.35 mmol/l (Group B). The plots show the median
(line within box), 25th and 75th percentiles (box), minimum and maximum values
(whiskers)
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In cows with concentrations of NEFA above 0.35 mmol/l, significantly higher mean serum
concentration was found also for SAA (P < 0.001). The median SAA concentration in cows
from Group A was 27.70 μg/ml, and the individual values ranged from 1.95 μg/ml to 89.78
g/ml (Fig. 3). The median SAA concentration in cows from Group B was higher (90.30
g/ml), and the measured concentrations showed wider range of individual values (from
8.38 g/ml to 204.00 g/ml).
Trend of significantly higher values in cows with NEFA concentrations above 0.35 mmol/l
was found also in the serum concentrations of BHB (P < 0.001). On the other hand, cows
with higher values of NEFA showed significantly lower mean concentration of glucose (P <
0.001). In mean concentrations of total cholesterol, total lipids, and triglycerides we observed
no significant differences between two groups of cows.
By the assessment of correlations we recorded a significant positive correlation between the
concentrations of both measured acute phase proteins – Hp and SAA, and the values of
NEFA (R = 0.716, P < 0.001; R = 0.710, P < 0.001, respectively), as well as the values of BHB
(R = 0.291, P < 0.001; R = 0.300, P < 0.001, respectively) (Figs. 4 - 7).

NEFA (mmol/l)

2.0

y = 0.3633x + 0.2993
R = 0.716; P < 0.001

1.5
1.0
0.5
0.0
0

1

2

3

Hp (mg/ml)

Fig. 4. Correlation and regression analysis between Hp and NEFA concentrations

2.0

NEFA (mmol/l)

y = 0.0041x + 0.1721
R = 0.710; P < 0.001

1.5
1.0
0.5
0.0
0

50

100

150

200

250

SAA (ug/ml)

Fig. 5. Correlation and regression analysis between SAA and NEFA concentrations
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Significant negative correlations was found between the concentrations of both acute phase
proteins and the values of glucose (R = -0.247, P < 0.001; R = -0.249, P < 0.001, respectively),
as well as the concentrations of total cholesterol (R = -0.181, P < 0.05; R = -0.241, P < 0.001,
respectively). Moreover, the concentrations of Hp in cows shortly after parturition
significantly positively correlated with the values of SAA (R = 0.647, P < 0.001). Significant
correlations we observed also between some variables of energetic metabolism, which are
listed in Table 3.

BHB (mmol/l)

3
y = 0.1366x + 0.5019
R = 0.291; P < 0.001

2

1

0
0

1

2

3

Hp (mg/ml)

Fig. 6. Correlation and regression analysis between Hp and BHB concentrations

BHB (mmol/l)

3
y = 0.0017x + 0.4432
R = 0.300; P < 0.001

2

1

0
0

50

100

150

200

250

SAA (ug/ml)

Fig. 7. Correlation and regression analysis between SAA and BHB concentrations
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Hp
SAA
Glu
TCH
TL
TG
NEFA
BHB

Hp
0.647c
-0.247c
-0.181a
-0.137
-0.069
0.716c
0.291c

SAA
0.647c
-0.249c
-0.214b
-0.041
-0.024
0.710c
0.300c

Glu
-0.247c
-0.249c
0.179a
0.043
0.195b
-0.277c
-0.175a

TCH
-0.181a
-0.214c
0.179a
0.663c
0.197b
-0.125
-0.331c

TL
-0.137
-0.041
0.043
0.663c
0.205b
-0.049
-0.196b

TG
-0.069
-0.024
0.195b
0.197b
0.205b
-0.093
-0.100

NEFA
0.716c
0.710c
-0.27c
-0.125
-0.049
-0.093
0.320c

BHB
0.291c
0.300c
-0.175a
-0.331c
-0.196b
-0.100
0.320c
-

a, b, c indexes show statistical significance of correlations: a – P < 0.05; b – P < 0.01; c – P < 0.001

Table 3. The correlations between selected acute phase proteins and variables of energetic
metabolism
6.2 The concentrations of selected acute phase proteins during the reproduction
cycle of sows
The results of the determination of selected acute phase proteins during the reproduction
cycle of sows, characterized by average values (x), standard deviations (SD), and the
statistical evaluation of the obtained results (P) are summarised in Tables 4 and 5.
In the Group I, by the evaluation of the serum concentrations of Hp we recorded in sows 2
weeks ante partum (2nd sample collection) markedly higher mean value compared with the
1st sampling (Table 4), However, the values differed not significantly. By other sample
collections (post partum), there was a continuous decrease in its concentrations. In CRP
concentrations, we found in sows by the 3rd and 4th sample collections nonsignificantly
higher values compared with the 1st and 2nd samplings (Table 5). The highest average
concentration of CRP was recorded in sows after farrowing (3rd sampling). The changes in
average concentrations of Hp and CRP during the monitored period in this group of sows
were not significant. All animals from this group were clinically healthy throughout the
whole monitored period.
Sample collection

Groups of
sows

1st

2nd

3rd

4th

ANOVA
P

I

1.27 ± 0.45

2.30 ± 1.83

1.63 ± 0.40

1.57 ± 0.44

n. s.

II

1.76 ± 0.21a

1.79 ± 0.44

1.63 ± 0.45

1.16 ± 0.16a

n. s

III

2.96 ± 1.06a,b,B

1.91 ± 0.65a,A

1.27 ± 0.40b

1.20 ± 0.59A,B

< 0.01

IV

2.10 ± 0.68a,b

1.44 ± 0.94

1.00 ± 0.71b

0.99 ± 0.86a

n. s.

The same indexes in lines mean statistical significance of differences in measured values between the
groups of sows: a, A – P < 0.05; b, B – P < 0.01
P – significance of the differences in the obtained results, n. s. – non significant

Table 4. The changes in the concentrations of Hp (mg/ml) in blood serum of sows during
different stages of reproduction cycle (x ± SD)
In the Group II, the analyses of the serum Hp concentrations showed no significant changes
in its values from the period of 1 week before farrowing until 3 weeks after farrowing.
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Significantly lower mean Hp concentrations compared with the 1st sampling was found 5
weeks after farrowing (4th sampling, P < 0.05). In the concentrations of CRP we found a
nonsignificant increase of values by the 2nd and 3rd sample collection with consecutive
more marked, but statistically not significant decrease of its average concentration bellow
the level of initial values by the 4th sampling. The changes in the obtained results of Hp and
CRP concentrations in this group of sows throughout the whole monitored period were not
significant. All animals from this group were clinically healthy during the monitored period,
and didn’t exhibit changes in reproductive system after farrowing.
In the Group III, we recorded a trend to decrease Hp concentrations from the 1st (1 week
p.p.) till the 4th sample collection (7 weeks p.p.). The mean value of Hp by the 1st sampling
was significantly higher compared with its average concentrations recorded by the 3rd (P <
0.05) and 4th samplings (P < 0.01). The average Hp concentration in sows 3 weeks after
farrowing (2nd sampling) was also significantly higher compared with the mean value
obtained in animals by the 4th sampling (P < 0.05). Similarly, decreasing trend of values was
found also in the concentrations of CRP. The average concentration of CRP in sows by the
1st sample collection was significantly higher compared with the mean value found by the
3rd sampling (P < 0.05). The changes in the concentrations of Hp and CRP in this group of
sows during the monitored period were significant (P < 0.01 and P < 0.05). Almost in all of
the animals from this group, clinical signs of mastitis-metritis-agalactia syndrome (MMA)
were found by the 1st collection of specimens (1 week p.p.), characterized by a decreased
food intake, discharge from vagina, erythema, and firmness of mammary gland. By the 2nd,
3rd and 4th sample collections, we did not record in these animals clinically evident changes
in the reproductive system.
Sample collection

Group of
the sows

1st

2nd

3rd

4th

ANOVA
P

I.

16.27 ± 9.38

15.97 ± 12.35

27.19 ± 21.96

20.85 ± 10.16

n. s.

II.

23.97 ± 11.84

31.92 ± 37.20

49.98 ± 39.04

9.83 ± 7.36

n. s.

III.

64.92 ± 60.10a

14.47 ± 14.82

7.78 ± 8.76a

4.10 ± 3.39

< 0.05

IV.

23.59 ± 17.67a

52.44 ± 48.27A

8.25 ± 7.68a

6.93 ± 12.91A

< 0.05

The same indexes in lines mean statistical significance of differences in measured values between the
groups of sows: a, A – P < 0.05
P – significance of the differences in the obtained results, n. s. – non significant

Table 5. The changes in the concentrations of CRP (ng/ml) in blood serum of sows during
different stages of reproduction cycle (x ± SD)
In the Group IV, different changes in the concentrations of evaluated acute phase proteins
were found. The analyses of serum Hp concentrations showed a trend of decreasing values.
The concentrations of Hp by the 1st sample collection (1 week post weaning) were
significantly higher compared with the values obtained by the 3rd and 4th samplings (5 and
7 weeks post weaning, P < 0.05). In the concentrations of C-reactive protein, after a nonsignificant increase of average value by the 2nd sampling, we recorded repeated decrease of
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its values by the 3rd and 4th samplings. While the changes in the concentrations of Hp in
this group of sows during the whole monitored period were not significant, the values of
CRP showed significant changes throughout the monitored period (P < 0.05). By the 1st
sample collection, we found in one animal from this group inflammatory changes on the
carpal joint, the others were clinically healthy. The clinical examination of the evaluated
animals by next samplings did not reveal any disorders of general health state.

Variable

Sample collections

ANOVA

4 weeks a.p.

1 week a.p.

1 week p.p.

1 week p.wean.

P

Hp

1.27 ± 0.45b

2.09 ± 1.40

2.17 ± 0.93a,b

1.55 ± 0.64a

n.s.

CRP

16.27 ± 9.38a

19.17 ± 12.19

42.52 ±
44.34a,A

14.22 ± 14.05A

< 0.05

The same indexes in lines mean statistical significance of differences in measured values between the
groups of sows: a, A – P < 0.05; b – P < 0.01
P – significance of the differences in the obtained results, n. s. – non significant; a.p. – ante partum; p.p.
– post partum;, p. wean. – post weaning

Table 6. The average concentrations of Hp and CRP in blood serum of sows in selected
periods of reproduction cycle (x ± SD)
A more detailed analysis of the individual concentrations of measured acute phase proteins
from the evaluated groups of sows according to selected stages of reproduction cycle is
summarised in Table 6. The highest average concentration of Hp (2.17 mg/ml) we found in
sows 1 week after the farrowing. This value was significantly higher compared with average
concentrations recorded in sows 4 weeks before parturition and 1 week after the weaning (P
< 0.01 and P < 0.05, respectively). By the evaluation of the concentrations of CRP we found
a similar trend of significantly increasing values with the highest mean value in sows 1
week post partum. While the differences in the concentrations of haptoglobin between the
sows in different stages of reproduction cycle were not significant, in the values of Creactive protein we found significant differences (P < 0.05).

7. Discussion
7.1 Relationships between acute phase proteins and altered energetic metabolism in
dairy cows after calving
The immune system is significantly affected during pregnancy. There are significant
interactions between the immune system and cells and tissues of the reproductive system
that are critical for the maintenance of pregnancy, but are responsible for immune
suppression that is associated with increased risk of diseases (Kehrli et al., 1990; Lippolis,
2008). Parturition with following metabolic challenges constitutes a potentially stressful
event for the dairy cow. One of the ways how an animal can manifest its stress state is by
activating its acute phase response, mainly by an increased production of acute phase
proteins by the liver. According to Alsemgeest et al. (1993), the physiological processes
taking place around the time of parturition are mainly responsible for higher concentrations
of acute phase proteins in blood serum. Regassa & Noakes (1999) and Rottmann (2006)
reported that higher values of acute phase proteins could be related to the tissue damage
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occuring due to the increased myometrial activity during expulsion of the calf, involution of
the uterus, as well as degeneration and regeneration of the endometrium. Young et al. (1995)
found that higher concentrations of these proteins, determined in the last phase of
pregnancy and after calving may be connected with the changing hormone profile (the
influence of estrogens and progesterone). According to Alsemgeest et al. (1996), increased
acute phase protein concentrations in cattle may be due to the increased concentrations of
cortisol as part of the response to stress.
However, even if this response conserved it exhibit varations from one animal to another,
some of them respond markedly, other have moderate or minor responses. Therefore, the
differences between two groups of evaluated dairy cows, observed in our study in the
concentrations of both measured acute phase proteins, may be due to numerous differences
in the inflammatory responses to various external or internal stimuli. Pyörälä (2000)
reported also that the production of acute phase proteins vary not only among different
animal species, but also within them. Higher values of standard deviations obtained in both
groups of cows reflect the different reactivity of acute phase proteins. The wider range of
individual values of Hp, as well as SAA, suggests also the differences in the variability of
animals reacting to both injury and impaired homeostasis.
Moreover, homeostais of all the energy substrates and the whole metabolism is altered
during the time around parturition. Hardardottir et al. (1994) reported also that the acute
phase response initiated by processes occuring around parturition is associated with
numerous changes in lipid and glucose metabolism, such as decreased cholesterol,
accelerated lipolysis, and increased NEFA concentrations in plasma. Investigations in
human medicine showed that altered lipid metabolism, increased concentrations of nonesterified fatty acids in blood serum, and oxidative stress may markedly influence the
systemic inflammatory response, and the development of inflammatory-based diseases
(Sordillo et al., 2009). Our study showed highly positive correlation between the
concentrations of Hp and SAA, as well as between both measured acute phase proteins and
the concentrations of NEFA in dairy cows after calving. Kushibiki et al. (2002) stated that
administration of tumor necrosis factor to dairy cattle, promotes the production of acute
phase proteins and is associated with decreased appetite and cachexia, and increased release
of NEFA from adipose tissue into the plasma. Therefore, higher concentrations of nonesterified fatty acids in serum could be related to the activation of the immune system.
Ametaj (2005) and Ametaj et al. (2005) reported that higher concentrations of haptoglobin
and serum amyloid A after parturition correlate positively with total lipids in the liver, and
proposed that fatty liver found in cows could be a response to non-specific inflammation
associated to parturition.
The periparturient period is characterized by a sudden increase in energy requirements
imposed by the onset of lactation and by a decrease in voluntary dry matter intake which
results in negative energy balance (Leroy et al., 2008). A significant adaptation to the
negative energy balance during the transition period is the mobilization of fat from body
stores and the release of non-esterified fatty acids into the blood stream, which constitute
important sources of energy in this period. Animals may react to these disturbances in their
homeostasis and changes in metabolism with a set of physiological changes, including
changes in the concentration of some plasma proteins, especially acute phase proteins.
However, according to Bernabucci et al. (2005) and Sordillo et al. (2009), increased
circulating NEFA concentrations are directly associated with increased systemic
inflammatory conditions, and large amounts of adipose stores during time of energy
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deficiency are linked with adverse health effects on the transition cow. Other authors
demonstrated also a clear relationship among nutrition, inflammation and disease
susceptibility, and that elevated NEFA concentrations are positive risk factors for many
inflammatory periparturient diseases in dairy cows (Goff, 2006; Calder, 2008; Wood et al.,
2009).
Highly significant positive correlation was found also between Hp, SAA and hydroxybutyrate, as well as between NEFA and BHB. These relationships may be explained
by metabolic changes after parturition, since fat-derived substances are important sources of
energy, because the majority of available glucose is redirected to the mammary gland for
lactose synthesis (Herdt, 2000). However, further studies are needed to explain the
aforementioned relationships with the immune response, characterized by changes in the
concentrations of acute phase proteins in dairy cows after calving, and with the altered
energetic metabolism.
Our study showed also a network of energetic metabolism factors, reflecting mutiple
overlapping metabolic reactions, and physiological adaptations of the cow in the period
after calving. Seifi et al. (2007) reported that after calving there is a positive correlation
between NEFA and TG, as well as between NEFA and BHB. While between glucose and the
other energetic profile factors no correlation was established.
7.2 The concentrations of selected acute phase proteins during the reproduction
cycle of sows
Reproductive state and gravidity are important factors influencing most of the biochemical
parameters of sows, including acute phase proteins (Lampreave et al., 1994; Verheyen et al.,
2007). At present, physiological reference values for haptoglobin and C-reactive protein in
pigs are not definitely established. However, it appeared that the time of sampling (before
or after farrowing) has an important influence on most of the acute phase proteins.
Many researchers reported that concentrations of acute phase proteins undergo significant
changes associated to parturition (Alsemgeest et al., 1993; Ametaj, 2005). In horses and cows
the highest concentrations of major acute phase proteins were observed at day 1 post partum
(Gymnich et al., 2003). Data from sows during parturition are lacking. Our results suggest
that in sows there are also important changes in the concentrations of acute phase proteins
associated to the reproduction cycle. In sows, at the week 1 after farrowing, significantly
higher average concentrations of Hp, as well as CRP were found, as compared with samples
analyzed before and later after parturition. Kostro et al. (2003) reported similar findings.
According to Verheyen et al. (2007), serum Hp concentrations showed a significant increase
one week after farrowing over 2.09 g/l. On the other hand, the aforementioned authors
reported that, similarly to our results, the concentrations of Hp on the 94th and 108th day of
gestation are roughly uniform (1.36 and 1.54 g/l). The increased Hp concentration post
partum could be explained by physiological events during the puerperium. Moreover, higher
values of Hp and CRP, recorded after parturition, may be consequences of increased cortisol
production in adrenal cortex, as part of the response of the organism to stress (Uchida et al.,
1993; Burger et al., 1998). According to Busch et al. (2003), Hp concentrations in young sows
increase 2–8 weeks before farrowing, and the elevations are higher than in older sows.
Verheyen et al. (2007) reported also that parity one sows showed higher Hp concentrations.
This finding is in contrast whit the results presented by Petersen et al. (2002), who reported
an increase in concentrations of acute phase proteins with age.
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The reproductive tract of sows is susceptible to infection after farrowing because of the
periparturient increase in the number of both nonpathogenic microflora and facultative
pathogens in the caudal vagina and urinary bladder (Bilkei et al., 1994). Elevated
concentrations of Hp and CRP in sows may reflect the inflammation in the reproductive
tract and mammary gland. Mirko & Bilkei (2004) evaluated sows without postparturient
complications of normal process of puerperium and sows suffering from MMA syndrome
after parturition. In both groups they recorded an increase of the concentrations of Hp and
1-acid glycoprotein in postparturient period. The concentrations of the aforementioned
acute phase proteins on the 1st and 5th day after parturition were higher in sows suffering
from MMA syndrome compared with sows without clinical signs of reproductive disorders.
Friendship & Bilkei (2005) stated that in sows with MMA syndrome and other urogenital
diseases the Hp concentrations were higher on the 1st and 5th day of lactation. Therefore,
monitoring the concentrations of these indicators during the first days after parturition may
be used to diagnose early stages of the MMA syndrome and to start suitable therapy
(Gymnich et al., 2003).
In general, the acute phase response is considered to be useful tool in prevention of
microbial growth, and may help in recovery of the organism. In addition, an active cell
immune response in sow, indirectly negatively influence growth rate in preweaning piglets,
probably due to decreased milk production (Bilkei, 1995; Segales et al., 2004).

8. Conclusion
Our present results indicate strong relationships between acute phase proteins and some
variables of energetic metabolism in cows shortly after parturition. In this critical period, we
recorded significant correlations between evaluated acute phase proteins and non-esterified
fatty acids, as well as -hydroxybutyrate. Understanding how all these factors interact with
the immune system will help in developing disease control and management strategies that
will aid in maintaining good health in dairy cattle, resulting in greater production.
The aforementioned results suggest that acute phase proteins, haptoglobin and serum amyloid
A, may be potential candidates for monitoring the around parturition time. However, future
possibilities for acute phase reactants depend on basic new molecular mechanims involving
known proteins, as well as new discoveries such as organ-specific components, and new
technological possibilities for rapid immunological or chemical multi-analyses.
The aforementioned results suggest that the reproductive state influences the production of
acute phase proteins, and indicates that around parturition in sows there are important
changes in the concentrations of diagnostically useful acute phase proteins. In the monitored
period we recorded significant changes in the values of haptoglobin and C-reactive protein
with their highest concentrations shortly after parturition. However, the interpretation of
these metabolites should always be performed together with a thorough anamnesis
and clinical evaluation of individual animals.
The advantages and uses of acute phase protein assays are well supported in the human
medicine. Unfortunately, because of the practical limitations of current technology, clinical
application of acute phase protein analyses in veterinary medicine is not widespread.
Continuing challenges include the need for automated assays and standardization of tests
across laboratories. However, many potential uses are possible for acute phase protein
measurements to assess the health state, poor hygiene and welfare in pig production processes.
In addition, acute phase proteins seem to be a promising marker of health status by reflecting a
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broad spectrum of ongoing clinically declared, as well as asymptomatic diseases. Exceptionally
sensitive, but non-specific markers of diverse inflammatory etiologies, acute phase proteins are
excellent candidates to monitor both animal health, and animal wellbeing.
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