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Chapter

Clinical Significance of Some Acute
Phase Proteins in Cattle

Kadir Bozukluhan and Oguz Merhan

Abstract

Acute phase proteins are proteins synthesized by the liver in response to the acute
phase response. While these proteins are insignificant in healthy animals, their
concentrations increase rapidly during infection, inflammation, or tissue damage
and are used as an indicator of inflammation. Since the blood concentrations and
importance levels of these clinically important proteins differ according to the animal
species, they are evaluated separately for each animal species. Most of the acute phase
proteins have been studied in detail in the field of human medicine and are routinely
used in the diagnosis and prognosis of diseases. In the field of veterinary medicine,
it has not been used sufficiently. In this book chapter, we will provide up-to-date
information about acute phase proteins that are important for cattle, as well as explain
that acute phase proteins can be used in the early diagnosis of diseases, in the dif-
ferentiation of viral and bacterial infections, in guiding the treatment of sick animals
and in determining their prognosis.

Keywords: cattle, ceruloplasmin, clinical significance, haptoglobin, serum amyloid A

1. Introduction

Acute phase response (APR) is a response following inflammation, tissue injury,
infection, neoplastic growth, or immunological disorders, and this response is
characterized by metabolic and systemic changes [1]. APR can be briefly expressed
as changes in the concentrations of many plasma proteins that occur in relation to the
response of the organism [2]. The function of APR is to protect organs from further
injury, to eliminate infectious agents, to clear harmful molecules and residues for the
organism, and to restore homeostasis by activating the repair process necessary for
the organism to return to its normal function [3]. APR emerges as a complex reaction
initiated by inflammatory mediators in the area where tissue destruction occurs and
is characterized by local and systemic changes [2, 4]. Increase in capillary perme-
ability, leukocyte migration to the inflammation site, and release of various chemical
mediators take place among the local reactions occurring during APR [2]. Among
the systemic reactions created by APR, there are changes in the level of acute phase
proteins (APP) formed by mediators. Systemic reactions are initiated by mediators
such as cytokines, glucocorticoids, and growth factors. Cytokines, which act as intra-
cellular and intercellular signaling molecules and are soluble biological mediators,
are in peptide or glycoprotein structure [5-8]. Macrophages and neutrophils arriving
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at the inflammation site together with endothelial cells secrete pro-inflammatory
cytokines (Interleukin “IL”-6, IL-1B, tumor necrosis factor “ITNF”-a, interferon

Y, IL-8, and macrophage inhibitor protein-1) [9]. While the production of APPs is
accelerated by many cytokines (especially IL-6), it is inhibited by insulin and okadaic
acid [10]. Cytokines, which have many different effects such as gene expression,
metabolic process, and regulation of oxidation-reduction potential in the cell and ion
flow in the cell membrane [9], generally stimulate APP synthesis and corticosteroids
regulate cytokine activity. Pro-inflammatory cytokines such as IL-6 and IL-1 activate
fibroblast and endothelial cells in the local inflammation area and allow cytokines to
be secreted again. Thus, APP is synthesized from the liver as a result of the systemic
inflammatory response initiated by the cytokines that enter the circulation [3, 7].

In addition to giving information about the formation of the inflammatory process
and being a good marker in the diagnosis of the disease, the use of fast and sensitive
measurement methods has made the measurement of APP popular [3, 11].

2. Acute phase proteins

Acute phase proteins are known as proteins whose concentrations change in the
blood in cases of inflammation, infection, tissue damage, neoplastic developments,
etc. [2, 12]. APPs are species specific and their diagnostic importance varies accord-
ing to animal species [13, 14]. APPs whose levels change in the case of infection and
inflammation are accepted as a nonspecific indicator of the tissue damage [3, 15]. In
general, APPs, which can directly destroy inflammatory agents, also contribute to the
tissue healing and regeneration. In addition, they have functions such as restoring
useful molecules, cleaning residues, transporting cholesterol, preventing oxidation,
and activating complement [12, 16].

3. Some acute phase proteins important for cattle

Haptoglobin with positive APP, serum amyloid A (SAA), ceruloplasmin, al-acid
glycoprotein, and albumin with negative APP take place among APPs that are impor-
tant for cattle [2, 12, 17].

Haptoglobin: Haptoglobin, with a molecular weight of about 125 kDa, got its name
from its ability to form a stable complex (haptein = binding) with hemoglobin [18].

In cattle, haptoglobin is found together with albumin as a polymer with a molecular
weight of 10002000 kDa. It is captured by the reticuloendothelial system when bound
with hemoglobin [2, 3, 19]. Haptoglobin is absent or very low (<0.1 mg/mL) in the
serum of healthy cattle [20]. As soon as the immune system is stimulated for various
reasons, its level in the serum increases up to 100 times [13, 21]. Haptoglobin concentra-
tion, which starts to increase within 24 hours after the onset of the inflammation, peaks
on the 3-5th day and then decreases and reduces to its normal limits on the 8-21st day
[20]. It has been reported that the prognosis is good when the level of haptoglobin used
to determine the prognosis in cattle is between 0.1 and 1 g/L, and if this level is >1 g/L,
the prognosis is poor and it is necessary to start treatment. In addition, the haptoglobin
level can be used to determine the severity of the disease, and a level of 0.2-0.4 g/L is
defined as mild infection, while a level of 1-2 g/L is defined as severe infection [20, 22].

Although haptoglobin has many functions, its main function is to prevent iron
loss by forming stable complexes with free hemoglobin in the blood [23]. Haptoglobin
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binds hemoglobin and the formed haptoglobin hemoglobin complex is transported to
the liver and metabolized. The binding of haptoglobin to hemoglobin is very important
in terms of the anti-inflammatory property of haptoglobin [24]. However, haptoglobin
hydrolyzes the peroxides released from neutrophils in the inflamed region and renders
them harmless. It has been reported that haptoglobin, which acts as an immunomodu-
lator in the regulation of lipid metabolism and lymphocyte functions, will be able to

be used to monitor the immune functions of cattle [14]. Although haptoglobin is an
important APP studied in many species, its serum concentration can be also affected
by factors other than APR. For example, in cases where the level of free hemoglobin in
the circulation increases, even if haptoglobin synthesis is stimulated by inflammation,
its circulating level will be seen as low because hemoglobin binds the existing hapto-
globin. Therefore, in cases where the concentration of free hemoglobin in the serum
increases, the amount of haptoglobin decreases. The best example of this is the absence
of haptoglobin from circulation in acute hemolysis in cattle babesiosis [2].

Measurement of APP levels gives accurate and clear results in the diagnosis of
inflammatory diseases in ruminants compared with hematological findings. It has
been reported that it can be a helpful parameter in the diagnosis in the diseases such
as neonatal diarrhea [25-27], omphalitis [28, 29], pneumonia [30], ascaridiosis [31],
besnoitiosis [32], Trypanosoma evansi [33], anaplasmosis [34-36], hypodermosis [37],
in the bacterial and viral diseases such as brucellosis [38], tuberculosis [39], reticulo-
peritonitis traumatica [40, 41], foot-and-mouth disease [42], as well as in fatty liver
[43] including dystocia [44] and subclinical ketosis (Table 1) [45, 46]. In addition,
in another study conducted in cattle with endometritis, it has been reported that
haptoglobin and TNF-« levels decreased significantly after the treatment compared
to the pre-treatment values [47] and that progesterone-releasing intravaginal device
(PRID) administration increases haptoglobin and ceruloplasmin levels, but decreases
albumin levels in another study conducted by Kuru et al. [48] in cattle.

Serum amyloid A: SAA has a molecular weight of approximately 180 kDa and exists
in a complex with lipoprotein. Although SAA is synthesized by the liver with the
effect of SAA-stimulating factor during inflammation, it is also synthesized locally in
the udder (“milk SAA,” MAA) outside the liver [2, 49]. The serum concentration of
SAA, which is a globulin, is reported as <24 pg/mL [14] in healthy cattle. SAA, which
rises within 2-5 hours after inflammatory stimulation and reaches a peak level within
24 hours, can be used for earlier diagnosis of acute cases [12]. SAA is used to deter-
mine the prevalence as well as the activity of inflammatory events, to monitor the
course of the diseases and to evaluate the success of the treatment applied [50]. The
functions of SAA include transport of cholesterol to hepatocytes, inhibition of oxida-
tive degradation of neutrophil granulocytes, stimulation of calcium mobilization
by monocytes, endotoxin detoxification, inhibition of lymphocyte and endothelial
cell proliferation, prevention of platelet aggregation, and adhesion of T lymphocytes
to extracellular matrix proteins [2, 13]. It has been reported that determining the
haptoglobin/SAA ratio will be able to be also used in the differential diagnosis of acute
and chronic cases [12]. SAA, one of the important APPs in cattle, has been reported to
increase in nonfed for more than 3 days [51] in the infections such as foot-and-mouth
disease [42], coryza gangrenosa bovum [52], hypomagnesemic tetany [53], enzootic
bovine leukosis [54], subclinical ketosis [46], postpartum [55], mastitis [56-58],
subclinical endometritis [59], and pneumonia (Table 1) [60, 61]. In addition, it has
been reported that it increases in relation to the severity of clinical symptoms in viral
respiratory system diseases [2]. It has been reported that there was no significant
difference in the levels of APPs between double-infected animals and single-infected
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Diseases APP investigated Findings of the study

Neonatal diarrhea Haptoglobin, albumin Infected animals had higher

Hypodermosis concentrations of haptoglobin,

Tuberculosis and the level of albumin was
lower.

Pneumonia Haptoglobin, SAA, albumin Infected animals had higher

Foot-and-mouth disease concentrations of haptoglobin,
SAA; the level of albumin was
lower.

Ompbhalitis, Ascaridiosis, Haptoglobin Haptoglobin was higher.

Besnoitiosis, Trypanosoma evansi,
Anaplasmosis, Brucellosis, Fatty
liver Dystocia

Reticuloperitonitis traumatica Haptoglobin, Ceruloplasmin, Haptoglobin, ceruloplasmin, and
al-Acid glycoprotein al-acid glycoprotein levels were
higher in diseased animals.

Subclinical ketosis Haptoglobin, SAA Haptoglobin and SAA levels were
higher in diseased animals.

Nonfed for more than 3 days, SAA SAA was higher.
Coryza gangrenosa bovum,

Hypomagnesemic tetany,

Enzootic bovine leukosis,

postpartum

Mastitis, Endometritis SAA, Ceruloplasmin SAA and ceruloplasmin levels
were higher in diseased animals.

Hepatic abscess and leukosis, al-Acid glycoprotein al-Acid glycoprotein was higher.

Pasteurella haemolytica, digestive
system disease

Table 1.
A brief summary of APPs-velated studies on cattle.

animals in a study conducted in dual- and single-infected cattle [62]. In another study
conducted in cattle with bovine respiratory disease complex, it has been reported that
haptoglobin and SAA levels increased compared to healthy animals, and the level of
APPs decreased with the treatment [63].

Ceruloplasmin: Ceruloplasmin, which consists of a single polypeptide chain, is
a copper-binding a-2 globulin. The functions of ceruloplasmin is (i) lipid peroxida-
tion, (ii) oxidation of toxic ferrous iron to nontoxic ferric form, (iii) obtainment of
increasing immune function by acting on various enzyme levels, (iv) mediation of
copper transporting to enzymes such as lysyl oxidase and copper-zinc superoxide
dismutase involved in tissue repair, (v) role in the antioxidant system, and (vi)
regulation of phagocytosis and antimicrobial activity [13, 64, 65].

It has been reported that ceruloplasmin is very useful in monitoring the inflam-
matory process in cattle [66]. The studies conducted have reported that APP levels
increase in cattle with reticuloperitonitis traumatica [41], endometritis [67], and
subclinical mastitis (Table 1) [68]. In addition, it has been reported that the level of
APPs increases in cattle infected with foot-and-mouth disease and can be used in the
diagnosis of the disease [42].

al-Acid glycoprotein: al-Acid glycoprotein is a sialoprotein synthesized from
hepatocytes, containing 180 amino acids and released at a molecular weight of
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41 kDa [69]. This protein has two important functions: drug binding and immuno-
modulation. al-Acid glycoprotein, a natural anti-inflammatory agent, increases IL-1
receptor antagonist release by macrophages by inhibiting neutrophil activation. It
also inhibits lymphocyte proliferation and natural killer cell activity [2, 13]. When
the albumin concentration formed during APR decreases, al-acid glycoprotein,
which has good drug binding properties, helps to maintain the total drug-binding
level [13]. al-Acid glycoprotein, whose concentration in the blood increases moder-
ately and slowly [2], increases in chronic cases rather than acute inflammation [18].
It has been reported that al-acid glycoprotein, which is of moderate importance

for cattle, will be able to be used especially in monitoring the inflammatory process
[12]. The studies conducted have reported that its concentration increased in cattle
with hepatic abscess and leukosis [12, 20] in traumatic pericarditis [40], Pasteurella
haemolytica [12], and digestive system disease (Table 1) [70].

Albumin: Cattle albumin, a negative APP, is synthesized by the liver and its
molecular weight is 67 kDa and consists of 583 amino acids [71, 72]. Albumin is a very
important protein that maintains and stabilizes the plasma oncotic pressure. Because
it is a small molecule, its extravascular concentration changes are an important indi-
cator of membrane integrity [73, 74]. In addition, the decrease in blood concentration
due to the fact that it is produced only by the liver is accepted as an important finding
indicating liver failure [75]. Binding and transport, acting as a source for endogenous
amino acids, and maintaining plasma pressure take place among its main biological
functions. It is reported that its concentration decreases in liver diseases, anorexia
during APR, kidney and intestinal diseases, and malabsorption syndrome [8, 76]. It
has been reported in the studies conducted that albumin levels decrease in neonatal
diarrhea [26], pneumonia [30], hypodermosis [37], tuberculosis [39], and foot-and-
mouth disease (Table 1) [42].

4. Conclusion

Acute phase proteins, which are nonspecific markers synthesized by the liver
as aresult of APR in cattle, are very useful in terms of diagnosis and monitoring of
diseases, as well as determining the prognosis of patients. In particular, the measure-
ment of APPs is important in terms of distinguishing bacterial or viral infection and
guiding the treatment to be applied. When used for this purpose, it strengthens the
diagnosis and provides more accurate information in determining the prognosis of
sick animals.
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