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Abstract
Acute phase proteins are a group of non-specific innate immune components whose concentration
changes with respect to a challenge, and a reaction of the host to pathophysiological insults (infection,
inflammation, trauma etc) is collectively known as the acute-phase response. It begins within
inflammatory sites where a vast number of inflammatory mediators are released by cells like
macrophages and monocytes. The process involves a wide range of pathophysiological responses like
pyrexia, leukocytosis, hormone alterations, and minimizing tissue damage while enhancing the repair
process. The positive acute phase proteins (APPs) are considered very important due to their involvement
in functions like activating the complement system, in binding cellular remnants like nuclear fractions,
optimization and trapping of microorganisms and their products, in neutralizing enzymes, scavenging
free hemoglobin and radicals, and in modulating the host’s immune response. APP can be used as
diagnostic tool in diseases like mastitis, bovine respiratory syncytial virus, leptospirosis, prostate cancer,
babesiosis, bronchopneumonia, reproductive tract infection. Thus, APPs act as indicators of animal
health status.
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Introduction
Acute phase proteins (APPs) are defined as a group of blood proteins, non-specific innate
immune components whose concentration changes with respect to external or internal
challenges such as infection, inflammation, surgical trauma and stress [1]. (Buaumann and
Gauldie, 1994). The concentration of these proteins increases during the early phase of
reaction of the host (Acute phase response) to the insult. APPs help to determine the presence
of infections and inflammatory conditions very quickly and accurately depending upon the
sampling technique and time [2] and act as diagnostic and prognostic indicators of animal
health [3]. The circulating concentration of these proteins is related to severity of the disorder
and the extent of tissue damage in affected host.
Mechanism of synthesis of APPs
There are two ways of synthesis of APPs
1. Hepatic synthesis
2. Extra Hepatic synthesis
In hepatic mode, the hepatocytes of liver are involved while as in extra hepatic mode epithelial
cells, endothelial cells and connective tissue are involved [4].
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(Adapted from Jensen and Whitehead, 1998)
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Acute Phase Response (APR)
It is a non-specific and a complex reaction of an organism
against any stimulus- physical or biological (injury, trauma,
infection, stress, inflammation and neoplasia). It begins within
inflammatory sites where a vast number of inflammatory
mediators - (IL-1, IL-6 & TNF-α) are released by
macrophages and monocytes [5].
Classification of APPs
On the basis of concentration
The response of the host to the stimulus may either decrease
the concentration of APPs (called as Negative APPs e.g.
Albumin, pre-albumin, transthyretin, transferrin etc) or
increase their concentration (called as positive APPs e.g.
serum amyloid A, haptoglobin, ceruloplasmin, C reactive
protein etc). Among the positive APPs, the serum level of
some APPs increases 10 to 100 or even1000 folds within few
hours after injury, and are called as major APPs. Proteins
whose levels increase 2-10 times and then return to normal
after longer period are known as moderate APPs and those
with slight increase in serum level (approximately 2 times or
lesser) are known as minor APPs [6].
On the basis of mode of action
Based on their mechanism of action the APPs are classified as
Protease Inhibitors (e.g. alpha-1 antitrypsin, Coagulation
Proteins (e.g. Fibrinogen), Complement Proteins (e.g. C2, C3
and C4) Transport Proteins (e.g. Transferrin) and other
Proteins (e.g. alpha-1 acid glycoproteins)
Biological activity and diagnostic utility of APPs
Positive acute phase proteins
Haptoglobin
Haptoglobin (Hp) consists of two α and two β chains which
are connected by disulfide bridges [7]. Hp is highly
polymerized and exists as a polymer associated with albumin
in the blood circulation with a molecular weight of
approximately 1000–2000 kDa [8]. The main function of Hp is
to inhibit the oxidative activity of free hemoglobin released
from erythrocytes by forming Hp-hemoglobin complex with it
[9]
. This binding also reduces the availability of haem residue
for the growth of bacteria [10]. Hp has its significance in that it
is used clinically as a useful parameter for measuring the
occurrence and severity of inflammatory responses in cattle
with various diseases like mastitis, endocarditis, endometritis
[2]
.
Serum amyloid A
Serum amyloid A (SAA) is an apolipoprotein and is
associated with high density lipoprotein [11] (Uhlar et al...,
1994). Different isoforms of SAA are SAA1, SAA2, SAA3,
M-SAA3 and SAA4. In response to inflammatory stimuli,
these are expressed constitutively at different levels [4]. SAA1
and SAA2 are expressed during inflammation principally in
the liver whereas SAA3 is expressed in many distinct tissues
like the mammary gland [12]. SAA4 shows no response with
respect to external stimuli [13]. The main functions of SAA are
the inhibition of phagocyte oxidative bursts, reverse transport
of cholesterol from tissue to hepatocytes, platelet activation,
and opsonization [14].
Fibrinogen
Fibrinogen (Fbg) is a precursor of fibrin and plays an
important role in the coagulation process. It helps in the

conversion of a clot to its insoluble fibrin form [15]. It is a βglobulin composed of three polypeptide chains linked by
disulfide bridges and a glycoprotein [16]. It is present in plasma
and the main role is in homeostasis, tissue repair and provides
substrate for fibrin formation. Its level can increase two to
three fold during an inflammatory reaction which may cause
red blood cell aggregation and significantly increase blood
viscosity [17]. Studies in humans have shown an association
between fibrinogen concentrations and subsequent
cardiovascular disease risk, atherosclerosis and acute
thrombosis [18]. In cattle, fibrinogen concentration increases
during infection, inflammation and traumatic diseases [19].
Ceruloplasmin
Ceruloplasmin (Cp) is an acute phase protein of the α-2
globulin fraction. It plays a role in iron metabolism as it is a
component of ferroxidase enzyme [20]. It also plays a role in
Cu homeostasis in humans as it carries about 70% of the total
Cu in human plasma. It acts as a marker of animal health and
welfare [21]. In cattle it has been evaluated as a good indicator
in many disease conditions [22]. In dairy cows it acts as a
reliable indicator of early mastitis cases and in young animals
its concentration in serum increases during induced
pneumonic pasteurellosis [23].
Alpha-1 acid glycoprotein
Alpha-1 acid glycoprotein (AGP) is a glycosylated protein
with about 45% carbohydrate. It is also called as orosomucoid
in which the composition of the glycan residues alters during
an acute phase response [24]. AGP is considered to be
immunomodulator and natural anti-inflammatory agent. In
addition it is required to maintain capillary permeability [24]. It
is considered to be associated with chronic conditions. The
serum concentration of AGP helps in the identification of
infectious peritonitis [25].
Alpha-1 antitrypsin
Alpha-1 antitrypsin (AAT) acts as an acute phase protease
and serine protease inhibitor (serpin).As serine protease
inhibitor it inhibits neutrophil elastase and proteinase-3 [26].
AAT is elevated in certain acute phase inflammatory reactions
to limit the damage caused by activated neutrophil
granulocytes and their enzymes like protease, elastase [27].
AAT deficiency in patients, a hereditary disorder can lead to
severe tissue breakdown during inflammation [28] which may
result in pulmonary emphysema, chronic obstructive lung
disease, liver diseases and liver cirrhosis in severe cases.
Lactoferrin
Lactoferrin (Lf), also known as lactotransferrin is a globular
glycoprotein with a molecular weight of about 80 kDa.
Lactoferrin is a multifunctional transferrin protein capable of
binding and transferring Fe3+ ions [29]. The structure of
lactoferrin is very similar to that of transferrin and the only
difference is in their relative affinities for Fe and the
propensity for release of Fe [30]. The affinity of lactoferrin to
bind iron is two times higher than that of transferrin [31]. The
lactoferrin-iron bond is very strong and can resist pH values
of as low as 4 [32]. Lactoferrin has ability to keep iron bound at
low pH even at the sites of infection and inflammation where
the pH may fall under 4.5 due to metabolic activity of bacteria
[33]
. It has the ability to bind with iron hence limits the growth
of
Fe-requiring
pathogenic
bacteria
including
enteropathogenic Escherichia coli as these bacterial
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pathogens are dependent on Fe for their metabolic activities,
growth, and proliferation [34].
Negative acute phase proteins
Albumin
Serum albumin is the major negative acute phase globular
protein with a molecular weight of 69 kDa. It makes a large
contribution to plasma colloid osmotic pressure due to its
small size and abundance and also serves as a carrier protein
for many insoluble organic substances. Albumin contributes
about 75% of the osmotic pressure of plasma and can be
utilized as a major source of amino acids by an animal when
necessary. Due to its relatively long half-life of about 14-20
days, it has been used as a marker of chronic nutritional
status. It also acts as an indicator of morbidity and mortality
[35]
.
Transferrin
Transferrin (Tf) is an iron-binding protein of serum and is a
powerful chelator. It is capable of binding iron tightly and
reversibly. One molecule of transferrin can bind two atoms of
ferric iron (Fe3+) with high affinity. This affinity is higher in
the extracellular pH of 7.4 and decreases in acidified
endosomes resulting in the dissociation of Fe3+ [36]. The role
of transferrin is to transport iron safely in the bodyand to
supply it to growing cells [37], to render iron soluble under
physiological conditions, to prevent iron-mediated free radical
toxicity, and to facilitate transport into cells [38]. Transferrin
like lactoferrin inhibits multiplication and growth of certain
viral, bacterial and fungal organisms by binding with iron and
thus limiting the growth of such organisms.
Transferrin concentrations in cattle play an important role in
determining various physiological states, energy-deficient
(ketotic) condition in cows, several acute and chronic
infections [39]. The concentrations of Tf ranges from 2.0 and
6.6 g/l in healthy cattle as compared with 1.5 and 8.5 g/l and <
2.0g/l in Ketotic and Johne’s disease affected cattle. Chronic
infectious diseases (such as Para tuberculosis) were
characterized by relatively low values (below 2 g/l). Further,
Tf concentration in adult cattle was lower compared to young
stock [39].
Transthyretin
Transthyretin (TTR) is a serum protein with a molecular mass
of 55 kDa. It is also known as thyroxin-binding protein and
belongs to the homotetrameric transport protein family [40]. It
is involved in the transport of thyroid hormones and also
indirectly aids in transport of vitamin A in plasma by forming
a complex with retinol-binding protein [41]. It was previously
called as pre-albumin and is the precursor proteins commonly
found in amyloid deposits.

A negative APP albumin is a significant biomarker for
bacterial infection. The serum concentration of fibrinogen, a
positive APP, is more reliable than albumin owing to
persistently higher concentration (up to 21 days) post
inoculation with Staphylococcus aureus [46].
Cat: The main APPs of cat are SAA, AGP and Hp. However,
their concentration in healthy cat is not yet well established.
Generally APP concentration in healthy cats increases with
age and there is gender variation as well. Pathological
conditions in cats where the concentration of SAA, AGP and
Hp has been found to increase include infections, injuries,
renal failure, and neoplasms [47]. In feline immunodeficiency
diseases, chlamydiosis, non symptomatic corona virus
infections, carcinoma, sarcoma and round cell tumour the
concentration of AGP increases while as in malignant
mesothelioma, renal failure and pancreatitis SAA
concentration increases [48] and in inflammations, infectious
peritonitis and splenectomy the concentration of Hp increases.
Cattle: In cattle SAA, Hp and fibrinogen are the major
positive APPs, and albumin and PON (Paraoxanase) are
negative APPs of diagnostic significance. Various studies
have been made on their concentration and significance with
respect to different physiological status (parturition, lactation)
and/or health condition. Calves generally show higher
concentration of APPs than adult cattle due to various
physiological needs and challenges faced by the calves during
their growing stage. Tothova et al... (2011) [5] observed 6.8
mg/dl and 5.9 mg/dl concentration of Hp and SAA
respectively in one month old healthy calves which later on
dropped to 2.1 mg/dl and 1.9 mg/dl respectively at the age of
six months. SAA and Hp are useful APPs are used to
differentiate acute and chronic inflammation in cattle. Among
seven different isoforms of SAA noticed in chronic
inflammation of cow only three (SAA 1, SAA 2 and SAA 3)
are elevated in acute phase response. Hp has highest serum
specificity while SAA has maximum clinical sensitivity [49].
SAA concentration rises rapidly in bronchopneumonia and
that of Hp increases with severity of the disease [50]. Both
SAA (13.4 mg/dl) and Hp (20.3 mg/dl) concentrations
increased significantly in Anaplasma marginale infected cows
[51]
. However, only SAA but not Hp concentration increased
significantly in Brucella abortus infected cows [52]. SAA in
serum and milk increases in mastitic cows and the increase in
milk is much earlier than in serum and precede increased milk
somatic cell count [53]. Hp concentration in mastitic cows
increases in both serum and milk. Both Hp and SAA have a
good sensitivity for the diagnosis of mastitis by using a
threshold value of 0.02 mg/ml for milk Hp and 0.55 g/ml for
milk SAA with no false positive results. Concentration of Hp
in cows with mastitis caused by Gram-negative bacteria has
been found approximately twice compared to cows infected
by Gram-positive bacteria (1,126 vs 575 mg/ml, respectively)
[54]
. High level of APPs occurs in cows suffering from fatty
liver [55], and SAA concentration increases in grain fed cows
[56]
. Concentration of both SAA (> 6.6 mg/dl) and Hp (> 13
mg/dl) increases after parturition, attaining highest level
within 3 days post-partum. Cows with post-partum metritis
exhibit high levels (> 8.5 mg/dl) of SAA [57]. Immediately
post-partum high blood Hp concentration (> 80 mg/dl) acts as
marker for reproductive disorders [58]. SAA, Hp and
fibrinogen concentration increases significantly in cows
affected with foot diseases like sole ulcers [59]

Species-Wise Significance of Apps
Dog: C reactive protein (CRP) is the major APP which is
used as a marker for systemic inflammation/infection in
canines. Its concentration in healthy canines ranges from
0.08-2.26 mg/dl [42] and rises within 4-6 hours of infection.
Serum CRP level > 3.5 mg/dl indicates systemic
inflammation. The concentration of CRP increases in
lymphoma in canines[43], pyometra, panniculitis, acute
pancreatitis, polyarthritis, leptospirosis, babesiosis, parvo
infection, glomerulonephritis, immune mediated diseases and
malignant neoplasia [44]. In canine babesiosis the serum CRP
concentration has been found significantly higher and that of
haptoglobin significantly lower compared to healthy dogs [45].
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Pigs: CRP, SAA, Hp, pig-MAP and albumin are the APPs of
significance. Except pig MAP all the above APPs have been
found elevated in porcine reproductive and respiratory
syndrome virus (PRRSV). Hp level has been found increased
in Aujeszky’s disease virus (ADV) infection. The APP of
highest sensitivity in pigs is Hp [60] when compared to others.
The serum concentration of both Hp and CRP have been
found high in fattening pigs with clinical disease than
apparently healthy pigs [61].

14.

15.

16.
Conclusion
Acute phase proteins serve as reliable biomarkers for
assessment of health status in animals. They act as a useful
tool for understanding the patho-physiology of animal
diseases, spread of infection and efficacy of therapeutic
regimens, thus act as important diagnostic and/or prognostic
indicators of disease in animals.
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