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1. Introduction 

The acute phase response (APR) is a reaction of an organism to homeostatic disturbances, 
that could be due to an infection, tissue injury, neoplastic growth or immunological 
disorders. At the site of injury there is a local reaction – the aggregation of platelets, clot 
formation, dilatation and leakage of blood vessels, and the accumulation and activation of 
granulocytes and mononuclear cells. Activated cells release acute phase cytokines including, 
interleukin-6 (IL-6), interleukin-1 beta (IL-1b) and tumor necrosis factor-alpha (TNF-a)in 
order of importance. Due to specific receptors present on different target cells, these 
cytokines may act a systemic reaction – fever, leucocytosis, an increase in erythrocyte 
sedimentation rate, an increase in secretion of ACTH and glucocorticoids, activation of 
complement and clotting cascades, a decrease in serum levels of iron and zinc, a negative 
nitrogen balance, and dramatic changes in the concentration of some plasma proteins called 
acute phase proteins (APPs) (Heinrich et. al., 1990). The APPs belong to the group of 
proteins that become increased in concentration by 25% or more during inflammation 
(Kushner 1982, as cited in Whicher et al., 1991). 
In cattle, inflammation is not always followed by a leukocyte population increase. The 
normally low neutrophil-to-lymphocyte ratio (0.5 in cows) compared with other species (3.5 
in dogs, 1.8 in cats) may predispose ruminants to a delayed granulopoietic response because 
of a slower acceleration of myelopoiesis, preventing rapid leucocytosis (Taylor, 2006). 
Moreover, in cattle, the detection of inflammatory processes is more difficult to assess, 
because the symptoms of diseases are not easily detectable. Also, loose-housing systems 
make it even more difficult to observe individual cows and to recognize sick animals.  
The APPs are sensitive factors that allow the early and precise detection of inflammation in 
ruminants (Kent, 1992). The most frequently investigated proteins in cattle are: haptoglobin 
(Hp), serum amyloid A (SAA), fibrinogen (Fb), ceruloplasmin, alpha 1-antitrypsin and alpha 
1-acid glycoprotein (1-AGP) (Conner et al., 1986; Dowling et al., 2002; Eckersall & Conner, 
1988; Horadagoda et al., 1993). The liver is the major organ responsible for the synthesis of 
acute phase proteins (Miller et al., 1951). In cattle some proteins may be extra-hepatically 
synthesized, e.g. Hp and SAA may also be produced in the mammary gland (Hiss et al., 
2004; Molenaar et al., 1999, as cited in Molenaar et al., 2005). Proteins that increase in 
concentration during the inflammatory process are positive reacting proteins (e.g. Hp, Fb 
and SAA) and proteins that decrease in concentration are negative reacting proteins (e.g. 
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albumin, transferrin). Changes in APP levels (Hp and Fb) are slower and more prolonged 
compared to other changes that occur during the acute phase response, such as fever 
development, white blood cell count and decreased zinc concentration (Godson et al., 1995). 
Serum amyloid A and Hp may be used to discriminate between acute and chronic 
inflammatory conditions and were found to be better discriminators than haematological 
tests e.g. number of leucocytes, percentage of neutrophils and band neutrophils 
(Horadagoda et al., 1999). A significantly higher proportion of cattle with acute 
inflammation were found to have higher values of SAA and Hp than those with chronic 
inflammation (Horadagoda et al., 1999). The possibility of using APPs as markers of 
inflammation has triggered broad research in terms of cattle diseases. The usefulness of 
acute phase proteins for diagnosis and prognosis during the course of the most frequently 
occurring disturbances in cows (dystocia, retained placenta, metritis, abdominal disorders, 
mastitis and limb diseases) and calves (respiratory tract and diarrhoea) and in herd health 
monitoring will be discussed. 

2. Acute phase proteins in cattle diseases 

2.1 Peripartum reproductive disorders (dystocia, retained placenta, metritis) 

Transition from a dry period to lactation demands a tremendous effort from cows. Not all 
cows are capable of coping with this challenge and, as a result, they suffer from health 
problems. Normal calving induces an acute phase reaction. Parturition increases the Hp 
concentration but not the concentration of 1-acid glycoprotein in cows (Uchida et al. 1993). 
Contrary to findings by Uchida et al. (1993), Cairoli et al. (2006) found an increase 1-AGP 
concentrations between two weeks before and two weeks after parturition. The SAA 
concentration increases after delivery and the highest concentration was reached at 48 hours 
(Uchida et al., 1993). The increase in SAA concentration was related to tissue damage in the 
cow after passage of the calf through the cervix and expulsion of the placenta. Similar to 
Uchida et al. (1993), in a study by Chan et al. (2010), the SAA in healthy cows reached the 
highest concentration within 3 days after delivery (66±15 mg/l). Haptoglobin was detectable 
in the serum of all animals within 3 days after calving, and of these, 95.8% had 
concentrations higher than >130.9 mg/l. By the third week after parturition the serum Hp 
concentrations in healthy cows had decreased to 130.9 mg/l, while serum SAA 
concentrations decreased to 51.9 mg/l during the first week after parturition. The 
possibility that the synthesis of APPs may be influenced by hormones such as cortisol or 
prostaglandin cannot be excluded (Alsemgeest et al., 1993). 
In relation to peripartum reproductive disorders, acute phase proteins were examined as 
markers of the inflammatory process and predictors of the outcome of disease. It seemed 
that the APPs were not useful markers of predicting dystocia. In cows with dystocia 
followed by Caesarean section, the mean concentrations of Hp and Fb before surgery were 
within the reference ranges (0.07 and 6.3 g/l, respectively) (Hirvonen & Pyörälä, 1998). Also, 
in a study by Schönfelder et al. (2005), the Hp concentrations in cows with too large 
(relatively or absolutely) foetus, before Caesarean section, were similar to those in cows with 
regularly sized calves (median 0.1 vs. 0.009 g/l, respectively). It seems that conditions more 
serious than the foetus being too large must be present to induce increased Hp 
concentrations. In cows with torsio uteri, which led to a Caesarean section, the median Hp 
concentration before surgery was 2.1 g/l (Schönfelder et al., 2005).  
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The serum Hp concentrations during other postpartum reproductive disorders were 
ambiguous in the literature. In a study by Skinner et al. (1991), the mean Hp serum 
concentration in cows with severe metritis was 1.04 g/l (range from 0.56 to 1.61 g/l). Cows 
with a retained placenta (RP) and without metritis had lower mean Hp concentrations 0.76 
g/l (range 0.21-1.2 g/l). On the contrary, low Hp concentrations were found in cows with 
toxic puerperal metritis (Smith et al., 1998). The mean concentration on diagnosis day was 
0.19±0.15 g/l. Because the cows were carefully watched for signs of metritis after 
parturition, it is possible that low serum Hp concentrations in some of the animals were due 
to early diagnosis of the disease, and blood samples were taken before Hp had increased. 
Hirvonen et al. (1999b) also showed that plasma Hp concentrations remained low or 
moderate in most cows with acute postpartum metritis, and that in one cow (out of 14) the 
Hp concentration was not even detectable. In RP cows, just 1 out of 5 showed an Hp 
concentration above 0.1 g/l. The 1-AGP levels were increased in cows with acute 
postpartum metritis, but their levels did not correlate with the severity of the disease. The 
highest concentrations of 1-AGP were noted in the plasma of cows with metritis and also 
dystocia and/or RP. In a study by Chan et al. (2010), cows with acute puerperal metritis had 
significantly higher Hp concentrations than those in the healthy group throughout the 6 
months after delivery, but the higher concentrations of SAA in the metritis group were 
significantly different in a shorter period (between 4 days and 2 months postpartum). The 
highest Hp concentration was found in the period of 0-3 days postpartum (1.1 ±0.43 g/l), 
whereas for SAA it was 4-7 days postpartum (85±23 mg/l). The Hp concentration may be 
also used to evaluate the efficiency of therapy (Mordak, 2008). Cows with RP were divided 
into two groups with or without manual removal of the membrane. Cows with manual 
extraction were further divided into groups where the placenta had either been easily 
removed or there had been problems and remains of the placenta were left in the uterus. 
Cows without placenta removal were divided into groups where the placenta had been 
expelled within 4 days or after 4 days. Ten days after calving the highest Hp concentration 
was found in the group where the placenta had been expelled after 4 days (2.22±0.36g/l), 
and the lowest was found in cows where the placenta had been easily removed manually 
(0.9±0.3 g/l). For cows where placental removal was not complete or where they had been 
expelled within 4 days, the Hp concentrations were not statistically different (1.83±0.2 vs. 
1.53±0.27 g/l, respectively). Regarding Hp concentration on the tenth day, these results 
suggest that situations where the membranes are easily removed manually are the most 
beneficial for cows, but Hp concentrations at that time were still higher than those in cows 
serum without RP (0.46±0.19 g/l). 
In spite of the ambiguous results for APP concentrations during postpartum health 
disturbances, it can clearly be seen that high APP concentrations postpartum are negatively 
associated with health. Cows exhibiting Hp serum concentrations higher than 1 g/l at 15 
days of lactation had an increased risk of early culling (Bertoni et al., 1997). Also Hirvonen et 
al. (1999b) found that cows with Hp concentrations >0.7 g/l were later culled, due to poor 
body condition and low fertility.  
In recent years, it has become more popular to use APPs as predictors or risk factors for 
diseases. In heifers with RP, Hp was detectable in the last week before delivery and the 
mean Hp concentration was 0.9 ± 0.01 g/l. The mean SAA concentration was 20.3 ± 8.86 
mg/l. The differences in Hp and SAA levels between heifers with and without RP were 
statistically significant (Krakowski & Zdzisinska, 2007). Huzzey et al. (2009a) showed that 
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the Hp concentration might be used as an early predictor of metritis. Cows with Hp 
concentrations ≥1 g/l at day 3 postpartum were 6.7 times more likely to develop severe or 
mild metritis. Also, Dubuc et al. (2010) showed that Hp concentration  0.8 g/l in the first 
week postpartum are a risk factor not only for metritis, but also for purulent vaginal 
discharge and cytological endometritis, as well. 
The determination of APPs, especially haptoglobin, seems to be very useful during the 
peripartum period. Early detection of animals at risk and monitoring the efficiency of 
therapy and prognosis are very crucial, not only for economic reasons, but also with regard 
to animal welfare issues. 

2.2 The most common abdominal disorders and surgical interventions 

The concentrations of APPs have been described in cases of traumatic pericarditis and 
reticuloperitonitis, abomasal displacement (DA), abomasal volvulus and caesarean sections. 
McSherry et al. (1970) examined the plasma concentrations of fibrinogen in 160 sick cows. 
Many diseases were found to be associated with elevated plasma Fb levels, but pericarditis 
and peritonitis tended to produce the most consistent changes. Pericarditis, which was 
traumatic in origin, was detected in eight cows where the Fb concentrations were in the 
range of 9.25-16.75 g/l (McSherry et al., 1970). Also, Makimura and Usui (1990), in cattle 
with traumatic pericarditis, examined the concentrations of Hp, mucoprotein and sialic acid. 
Although in most cases the Hp concentration was increased at the same time as the other 
APPs, in animals with concurrent Theileria sergenti parasitic infection, the Hp concentration 
was lower than expected. This showed that in the cases of latent or apparent haemolytic 
disorders, diagnosis of inflammatory disorders with Hp estimation may be difficult. In the 
diagnosis of traumatic pericarditis, albumins also seem to be very useful. In a study by 
Yoshida (1991), cows with pericarditis had decreased levels of serum albumins (21.9 ±3.8 
g/l), and the lowest concentration was found in cases with purulent type of traumatic 
pericarditis. 
In a study on plasma Fb concentrations (McSherry et al., 1970) among 44 cows with 
peritonitis, 34 had Fb above 8.0 g/l (range 8.4-31.25 g/l). In 70% of these animals Fb 
exceeded 10 g/l. In 30 cows peritonitis was due to traumatic reticulo-peritonitis. Hirvonen 
and Pyörälä (1998) reported that cows with traumatic reticulo-peritonitis had high Fb 
concentrations. The mean Fb concentration in eleven cows was 11.6 g/l and in ten exceeded 
7 g/l. All cows with traumatic reticulo-peritonitis had preoperative Hp concentrations >0.55 
g/l and the mean Hp concentration was 1.07 g/l. The fact to find both Fb and Hp high 
concentrations in traumatic reticulo-peritonitis, as well as significantly higher concentrations 
than in cows with other surgically-treated abdominal disorders (e.g. abomasal displacement, 
caesarean section), makes them an attractive parameters for evaluation in diagnostics of 
traumatic reticulo-peritonitis. After surgery, cows with traumatic reticulo-peritonitis 
showed only a small increase in Hp and Fb concentrations, followed by a steady decrease 
during the late hospitalization phase. 
Displacement of the abomasum (DA) does not usually induce a significant Fb response. The 
Fb concentration was found to be in the range of 9.0-10.25 g/l in only three out of nine cows, 
and in the remaining cows it was between 3.1-8 g/l (McSherry et al., 1970). In a study by 
Hirvonen and Pyörälä (1998), in cows with abomasal displacement or volvulus, the mean 
plasma Fb concentration before surgery was 6.2 g/l. Fibrinogen was also found to be within 
the reference range in a study by Irmak and Turgut (2005). Cows with left DA had a mean 

www.intechopen.com



 
Acute Phase Proteins in Cattle 

 

385 

Fb concentration 3.8 g/l and cows with right DA had 3.7 g/l. Similar to the results of 
Hirvonen and Pyörälä (1998), in a study by Jawor et al. (2009) the mean Fb concentration in 
cows with DA was within the reference range (Table 1). In this study, blood samples were 
taken at three times. The first time (I) at cow arrival to the clinic (where the surgery was to 
be performed); the second (II) was at the third day of hospitalization; and the third sample 
(III) was taken just before the animal was returned to the owner, mostly on the seventh day. 
A right paralumbar fossa omentopexy was performed. Levels of Fb, Hp, SAA and albumin 
levels were also determined. In contrast to findings reported by Hirvonen and Pyörälä 
(1998), in our experience, the mean Hp concentration before surgery was higher (0,15 vs. 
1.21 g/l respectively). The mean Hp concentration was elevated in all blood collections. 
Fibrinogen remained low throughout the whole observation period. Only the changes in 
SAA during post-operative monitoring were significant, specifically between blood 
collections I and III (Table 1). 
 

    APP concentrations I  
n=8 

II  
n=8 

III  
n=8 

 
Hp g/l 

Mean (SD) 1.21 (1.08) 1.10 (0.63) 1.14 (1.28) 
Median 0.81 1.17 0.79 

 
Fb g/l 

Mean (SD) 6.4 (2.0) 5.95 (1.08) 5.23 (1.32) 
Median 6.24 5.95 5.48 

 
SAA mg/l 

 

Mean (SD) 138.59 (34.7) a 122.86 (38.6) 96.77 (38.9) b 

Median 130.92 142.08 103.99 

Table 1. Concentrations of Hp, Fb and SAA in cows with displaced abomasum (adapted 
from Jawor et al., 2009). I, II, III – blood-sampling. Values followed by different letters are 
significantly different at P ≤ 0.05. 

Abdominal surgery in cows induces an increase in Hp. In the study done by Hirvonen & 
Pyörälä, (1998) on abdominal surgery (DA, caesarean section, explorative laparotomy) a 
moderate Hp response, that peaked 2-3 days after surgery, was reported. In our study mean 
Hp and SAA concentration was lower after surgery. These differences in Hp changes might 
result from different initial concentrations – contrary to our results, the initial Hp 
concentration in study Hirvonen and Pyörälä (1998) in cows with abomasal pathology was 
low and APR driven by surgery is not major. A low concentration of albumin was detected 
in cows during the entire period of observation (I-26.5±6.9; II-24.9±2.6, III-25.0±4.6). Low 
concentrations of albumins together with high Hp and SAA levels confirmed a severe 
inflammatory state in the cows. The relatively quick change in SAA concentrations contrary 
to Hp and albumin, showed that during the monitoring of recovery process in cows with 
DA, the most accurate APP marker for post-surgery recovery process is SAA. Fibrinogen 
did not seem to be efficient enough for monitoring the cases of DA. However,  Hirvonen 
and Pyörälä (1998) pointed out that Fb concentrations might be helpful in the postoperative 
monitoring of infectious complications, such as peritonitis. 
In terms of DA, the Hp level determination before parturition may be a useful diagnostic 
tool to assess the risk of this disease (Huzzey et al., 2009b). During the week before 
parturition, the Hp serum concentration in cows developing DA postpartum was 
significantly higher as compared with healthy cows (0.5±0.02 vs. 0.2±0.02 g/l, respectively). 
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The odds for developing DA were 3.1-fold higher in cows with Hp concentration ≥0.8 g/l 
during week before parturition. 
The determination of Hp may also be useful for caesarean sections (Balbierz et al., 1977). In 
uncomplicated cases, Hp appeared in the serum on the second day after surgery and 
remained elevated for 8-9 days. When complications occurred after surgery, the Hp 
concentration remained elevated for the whole observation period (18 days). The 
determination of Hp concentrations after surgery may be also used as a predictor of 
regenerative potential in cases of caesarean section after torsio uteri (Schönfelder et al., 
2005). Cows that were fertile later had the highest Hp concentration on day 3 (median 3.21 
g/l), which later decreased. In cows that did not become pregnant later, the Hp 
concentration increased from day 2 (median 0.74 g/l) and demonstrated prolonged 
inflammatory states, which probably caused infertility. 
The determination of APPs in surgical procedures is a valuable tool for veterinary surgeons 
in monitoring the recovery process and the early detection of inflammatory complications. 
However, it must be remembered that surgical intervention induces a short increase in Hp 
and SAA levels, but not Fb levels.  

2.3 Mastitis 

Mastitis is recognized as being one of the most important reasons for culling dairy cows 
(Esslemont & Kossaibati 1997; Whitaker et al., 2000). The significant impact on health and 
milk production aroused researcher into APPs and mastitis. Up to now the evaluation of 
somatic cell count (SCC) has remained as the gold standard for determining udder health. 
However, research results have suggested that APPs might be interesting as either a 
valuable supplement even as an alternative to SCC. Changes in concentrations of Hp, Fb, 
ceruloplasmin, -1 antitrypsin, acid soluble glycoproteins, 1-proteinase inhibitor and SAA 
were investigated under field conditions and in experimentally induced mastitis. 

2.3.1 APPs in serum 

Haptoglobin, known as the haemoglobin reactive protein (HRP), in cows with mastitis was 
investigated by Spooner and Miller (1971). Out of 26 cows, Hp was detected in the sera of 24 
cows with clinical summer mastitis (septic mastitis). Later, Conner et al. (1986) found that all 
cows with summer mastitis had significantly elevated concentrations of -1 antitrypsin and 
ceruloplasmin in comparison to normal cows. In all cows with mastitis, Hp was elevated, 
whereas in healthy cows Hp was undetectable. Skinner et al. (1991) concluded that a 
haptoglobin concentration >0.4 g/l indicates significant infection and that a concentration of 
0.2 g/l and above may indicate early or mild infection. Eckersall et al. (1988, as cited in 
Skinner et al., 1991) suggested that the prognosis for cattle with an Hp concentration > 1 g/l 
is poor, but a later study could not confirm this (Skinner et al., 1991). The experimental 
induction of mastitis explained some more details about the usefulness of APPs and 
characterized the APR during mastitis. After experimental induction of mastitis in 10 
pregnant heifers with Actinomyces pyogenes, Fusoacerium necrophorum and Peptostreptococcus 

indolicus, changes in plasma Fb, serum Hp, acid-soluble glycoproteins (ASG) and the 1-
proteinase inhibitor (1-PI) were analysed (Hirvonen et al., 1996). Fibrinogen was found to 
be a reliable indicator for detecting the presence of bacterial infections in all heifers, but not 
as a prognostic indicator for mastitis, as there was no difference in the Fb response between 
animals who recovered and those who did not. Haptoglobin and ASG were most effective in 
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indicating the severity of infection and in predicting the final outcome of the disease in the 
heifers. The Hp response was different between moderate and severely affected heifers. The 
maximum Hp response was reached in 2-3 days. In severely infected heifers, Hp was four 
times higher than in the moderately affected heifers. The Hp levels in severely infected 
heifers remained elevated 2 weeks after bacterial inoculation, whereas in the moderately 
infected animals Hp returned to normal 5 days after the bacterial challenge. The maximum 
values for ASG were reached within 3-5 days. The ASG values in severely infected animals 
remained high for 2 weeks after inoculation. Serum 1-PI levels increased in severely 
affected heifers (maximum activities were reached in 3 days), but in moderately affected 
animals there was no clear response by this APP after the challenge. The WBC response was 
similar in all animals and had no predictive value for the severity of the disease in this 
study. These differences were not so evident in later studies. Hirvonen et al. (1999a) found 
that the differences between severely versus moderately or mildly affected cows with E. coli 
were present for SAA (which is more sensitive) but not for haptoglobin. Eckersall et al. 
(2001) showed that although serum Hp concentrations were higher in cows suffering from 
mastitis compared to healthy cows, no difference was observed between the cows suffering 
from mild and moderate mastitis. These differences might have been due to the different 
pathogens used and the numbers of bacteria inoculated, isolated from udders in these 
studies or individual ability for APPs synthesis (Jacobsen et al., 2004). Ohtsuka et al. (2001) 
showed that in naturally occurring coliform mastitis the Hp concentration was different in 
cows with severe (n=7) and mild mastitis (n=11) on days 3 and 9 after diagnosis, but not on 
day 6. The concentrations of Hp and SAA from different studies are compared in Table 2. 
 

 Eckersall et al.  
(2001) 

Grönlund et al. 
(2003) 

Nielsen et al. 
(2004) 

 
(n=10) 

Jawor  
(2007) 

 
(n=11) 

mild 
(n=16)

moderate 
(n=13) 

acute 
(n=6) 

chronic 
(n=5) 

Hp (mg/ml) 0.47 0.74 0.965 0.07 0.79 1.27 
SAA (µg/ml) 13.8 29.9 262 7.2 752*(739)** 69.86 

Table 2. Median Hp and SAA serum concentrations in mastitis (*mean, **standard 
deviation). 

2.3.2 APPs in milk 

Milk seems to be a better than serum material for testing APPs during mastitis. It is easier 
and quicker to obtain a large number of milk samples without stressing the animals. Mazur 
(1980), using agar electrophoresis, showed the presence of HRP in cows’ whey. The highest 
frequency of HRP was detected in the whey obtained from quarters with progressed 
inflammatory lesions and a significantly increased number of somatic cells (Mazur A. & 
Mazur O., 1981). Increased milk concentrations of Hp and SAA in cows with mastitis were 
shown by Eckersall et al. (2001). In cows’ milk from infected quarters with moderate 
mastitis, concentrations of SAA but not Hp were significantly greater than in cows with 
mild mastitis. In milk SAA seems to have a greater potential for the detection of mastitis 
than Hp since it had higher sensitivity, specificity and efficiency in differentiating between 
cows with mastitis and healthy cows (Eckersall et al., 2001). Since the concentrations of 
APPs in milk also significantly increased with increasing somatic cell count, this suggests 
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that milk APPs may indicate the severity of an infection (Nielsen et al., 2004). In cases of 
chronic subclinical mastitis, only milk SAA levels were significantly higher than pre-
infection and healthy control quarters (Grönlund et al. 2003). Later studies showed that 
whilst increased concentrations of APPs in milk were noticed in cows with chronic 
subclinical mastitis, the contents of Hp and SAA varied markedly (Grönlund et al., 2005). 
Haptoglobin and/or SAA were detected in 83% of the examined composite milk samples 
(pooled milk from quarters). Since cows had to have detectable levels of Hp or SAA in at 
least two udder quarters for elevated levels to be found in the composite samples, analysis 
at the quarter level is preferable. The important findings were that almost all udder quarter 
samples from healthy control cows had undetectable levels of Hp and SAA, and that Hp 
and/or SAA concentrations above 0.3 and 0.9 mg/l (the detection limit in this study), 
respectively, indicated an abnormal udder quarter. 
Although methods for determining levels of Hp in milk have been described (Eckersall et 
al., 2001; Grönlund et al., 2003; Hiss et al., 2004) tests which allow a quick and simple 
determination are necessary. Akerstedt et al. (2006) described an optical biosensor for Hp 
determination in milk. It was based on the strong interaction between Hp and haemoglobin. 
This assay has the potential to be useful in screening for Hp in milk samples. It could be 
used for the semi-quantitative determination in milk from cows with no observable signs of 
mastitis. The local production of Hp and SAA in the udder during acute mastitis makes 
these APPs sensitive and rapid markers of acute inflammation. Up till now there are no 
commercially available methods for their rapid testing. For broad milk testing for APPs 
presence at cow-side tests are necessary. 

2.4 Lameness and limb diseases 

Limb pathology in dairy herds is a serious problem. With increasing milk production the 
problem might become even more significant as high-yield milk cows are more predisposed 
to lameness (Green et al., 2002). The economic losses from lameness are due to the higher 
incidence of culling, the lower likelihood of pregnancy (Bicalho et al., 2007; Mendelez et al., 
2003) and the lower milk production (Green et al., 2002; Rajala-Schultz et al., 1999). 
In order to limit the losses related to lameness, it is important to detect lame cows as early as 
possible. A few papers were recently published on the estimation of APPs in lameness, and 
the efficiency of trimming and treatment. Kujala et al. (2010) investigated concentrations of 
Hp and SAA cows with sole ulcers and/or white line abscesses, without any other clinical 
symptoms. The blood from lame and healthy cows was taken on day 0 (diagnosis of 
lameness), and again from lame cows on days: 4, 7 or 8 and 14. No antibiotic treatment was 
used. The SAA concentrations were significantly elevated from day 0 until 7/8. There was 
no difference between SAA concentrations in the samples taken on day 14 from lame cows 
and healthy cows, and the cows were no longer lame as well. No significant differences 
were observed in the serum Hp concentrations between the groups. Serum amyloid A is 
known to be more sensitive APP in cattle than Hp (Heegard et al., 2000) and, according to 
the authors cited above, the local changes in the hooves were large enough to induce a 
general SAA response but not a response by Hp. Higher concentrations of haptoglobin were 
detected among 60 dairy cattle diagnosed with pododermatitis septica (PS), pododermatitis 
circumscripta (PC), interdigital necrobacillosis (IN) and papillomatous digital dermatitis 
(PPD) (Smith et al., 2010). Haptoglobin was measured after the initial diagnosis and on days 
3 and 5 afterwards. Elevated levels (>0.37g/l) were found on day 1 in cows with PS, PC, IN 
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and PDD: 65.9%, 37.5%, 71.4% and 25.0% of the cows, respectively. Although the number of 
animals with an increased Hp concentration decreased after 5 days, still 14.3-50% of the 
cows with PS, PC and PPD had elevated Hp level in last blood sample. The decreasing Hp 
concentrations in cows with PS, IN and PDD indicated the effective treatment for these 
disorders (Smith et al., 2010). An investigation of albumin, Fb, Hp, seromucoid and 
ceruloplasmin levels in first lactation heifers was carried out to determine the presence of 
any relationships with the development of hoof horn haemorrhaging (Laven et al., 2004). 
None of seven examined proteins showed any relationship between changes and the 
development of hoof horn haemorrhaging after calving. It seems that more serious 
pathologies in hoofs such as - sole ulcers and interdigital necrobacillosis must be present to 
induce general APR. 
The estimation of concentrations and the dynamics of changes in APP levels can be a 
valuable tool, supplementing the clinical assessment during treatment (Jawor et al., 2008). In 
our study we compared concentrations of Hp, SAA and Fb in healthy cows and cows with 
limb diseases. The cows were retrospectively divided into groups I – with systematic 
decreases in APP levels in successive blood collections (n=6) and II – with an increase in the 
concentration of one or more APPs in the second or third blood collection (n=8). Group III 
comprised healthy cows at different stages of lactation and dry cows (n=10). From groups I 
and II blood was taken for the first time (1) on the day of their arrival at the clinic, for the 
second time (2) between the third and sixth day of stay, and for the third time (3) when the 
animal was healthy enough to be sent back to its owner. Blood from healthy cows was only 
taken once. The mean initial concentrations and changes in levels during treatment are 
shown in Table 3. 
 

  1   2   3  

 I II III* I II III* I II III* 

Hp  
g/l 

2.4 
±0.6 a 

1.2 
±0.7 

0.1 
±0.1b 

0.8 
±0.4 

0.9 
±0.5 

0.1 
±0.1 

0.1 
±0.1 

0.3 
±0.2 

0.1 
±0.1 

SAA 
mg/l 

219.7 
±30.4 A 

153.7 
±24.3 A 

24.4 
±7.8 B 

124.5 
±6.5 a 

127.1 
±29.0 Aa 

24.4 
±7.8 Bb 

79.1 
±22.4 

86.1 
±17.8 a 

24.4 
±7.8 b 

Fb  
g/l 

12.2 
±1.3 A 

8.0 
±0.6 Bc 

5.0 
±0.2 Bb 

9.9 
±0.9 A 

6.9 
±0.5 Bc 

5.0 
±0.2 Bb 

7.2 
±1.2 

6.6 
±0.8 

5.0 
±0.2 

1,2,3 blood samples, I,II,III experimental groups. Values followed by different letters within the same 
blood collection were statistically different: small letters P ≤ 0.05, capital letters P ≤ 0.01. *cows from 
healthy group were sampled once 

Table 3. Mean (±SEM) concentrations of haptoglobin, serum amyloid A and fibrinogen 
during the treatment of limb diseases (adapted from Jawor et al., 2008).  

The highest concentrations of all investigated proteins were recorded at the beginning of the 
treatment. As the concentrations of APPs depend on the extent of underlying tissue damage 
(Heegaard et al., 2000), the very high concentrations of Hp, Fb, SAA at the beginning in 
group I suggested a very severe, acute inflammatory process. High, gradual decrease in this 
group shows that treatment process went without complications. An initial decrease in the 
concentrations of Hp, SAA and Fb between the first and second blood collections from five 
cows in Group II was also noticed. This proved that the treatment applied was appropriate 
and that it contributed towards reducing the inflammatory process in the cows, but, in cases 

www.intechopen.com



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

390 

of further complications (e.g. wound infections, bronchitis, the occurrence of other 
inflammatory states of the limbs), we noticed increases in one or two of the APPs under 
examination at the next blood collection.  
Although the APR is not specific and the problem cannot be recognized based only an 
increase in APPs, this may actually be advantageous to a veterinarian as a valuable indicator 
that the recovery process is not going correctly. The triple determination of APPs during 
treatment seems to be a valuable supplement to clinical findings. For practical purposes, we 
recommend at least two APP estimations. The first one should be performed at the 
beginning of treatment to evaluate the severity (chronic/acute) of the process and the extent 
of tissue damage. The second should be performed immediately before returning the cow to 
its owner. This estimation, in addition to other clinical parameters (such as a decrease in 
lameness, an increase in appetite and milk yield), is a good measure of the efficiency of the 
therapy. The additional estimation should be performed during treatment in following 
cases: there are doubts regarding the correctness of the treatment, when there is very little or 
no clinical improvement, or before making critical decisions, such as whether or not to 
amputate claw. Acute phase protein determination is also useful during the recovery period 
because the time between dressing changes after claw resection is gradually prolonged. 
During this period, apart from assessing how a cow is coping with putting weight onto an 
affected leg and her general behaviour under field conditions, there is no possibility of 
assessing the healing process. 

2.5 Respiratory diseases in calves 

In addition to diarrhea, respiratory tract diseases are one of the main health problems 
afflicting young dairy calves (Sivula et al., 1996; Svensson et al., 2003). To prevent disease 
outbreaks, early detection, isolation and treatment of diseased animals is important. Results 
from several different studies have shown that estimation of APPs is useful for detecting 
and monitoring respiratory diseases. In calves with respiratory tract diseases, the following 
APPs were examined: Hp, Fb, SAA, transferrin (Tf), lipopolysaccharide binding protein 
(LBP), α1-acid glycoprotein (AGP), α1-antitripsin (α1-AT), seromucoid (Sm), ceruloplasmin 
(Cp), albumin, α1-antichymotrypsin and α2-macroglobulin.  

2.5.1 APPs during experimental infections 

Most of results regarding APPs in respiratory infections were obtained from experimental 
infections. Although scientists are not in agreement as to whether bacterial or viral 
infections mount a higher response, it has been shown that APR is induced faster after 
bacterial infections (Table 4). After intra-tracheal aerosol inoculation with Mannheimia 

(Pasteurella) haemolytica, the earliest detectable rise in Hp, Sm and α1-AT in calves was after 
24 h (Conner et al., 1989). However, bacterial infection did not cause a rise in ceruloplasmin 
levels. The highest concentrations of Hp, Sm and α1-AT were reached on day 3 (1.0 g/l; 1.91 
g/l; 1090 iu/l respectively). In this study, α1-anitichymotripsin and α2-macroglobulin were 
also shown to be acute phase reactants in calves. Horadagoda and Eckresall (1994) also 
inoculated calves intra-tracheally with M. haemolytica serotype A1. Within 10 hours post-
inoculation, there was a small, insignificant increase in Hp. In contrast, SAA showed more 
dynamic changes: there was a progressive, linear change in SAA, and the mean 
concentration increased from close to the detection limit (3 mg/l) at inoculation, to 18 mg/l 
by 10 hours post-inoculation. These results indicate that SAA is more rapid than Hp in 
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calves in response to infection with M. haemolytica. To assess the acute phase response in 
bovine respiratory disease (BRD), infection with Bovine Herpes Virus-1 (BHV-1) and P. 

haemolytica was performed on 49 animals (Godson et al., 1996). Calves were challenged on 
day 0 with BHV-1 and with M. haemolytica on day 4. Over the first 4 days post BHV-1 
infection, only 10% of the animals developed Hp concentrations >0.1 g/l. On day 5 (24h post 
bacterial challenge) 43% of the calves displayed elevated Hp levels. The highest Hp 
concentrations (Table 4) were observed on day 8 (4 days post bacterial challenge), where 
84% of the animals had Hp concentrations >0.1 g/l. Increased Hp concentrations were 
significantly associated with disease severity (e.g. fever, increased sickness index and 
weight loss). Godson et al. (1996) showed that Hp concentration measurements may serve as 
prognostic indicators, to assist determination of the severity of disease. Animals that 
subsequently died had significantly higher Hp concentrations on day 8, compared to those 
that recovered. Further examination of the acute phase response of calves to viral infection 
was performed by Heegaard et al. (2000). After experimental BRSV infection, most calves 
displayed elevated SAA concentrations, which were detectable at day 5 p.i and peaked at 
approximately day 5-8 p.i. The highest SAA concentrations ranged from 60-80 mg/l: 5-7 
times the normal SAA concentrations in control animals. Hp showed a similar pattern of 
changes. The maximum Hp response was observed on day 6-7 p.i., and reached 8-10 g/l: 
approximately 500 times the detection limit of the assay (18 mg/l). Severe BRSV infections 
were found to correlate with haptoglobin concentrations > 1 g/l on day 7 p.i., and SAA 
concentrations ≥ 60 mg/l. In this study, the acute phase response induced by BRSV was 
generally the same or higher than previously reported for bacterial infections in calves. 
Serum amyloid A responded more rapidly to infection, but Hp concentrations correlated 
better with disease severity (fever and extent of lung consolidation) (Heegaard et al., 2000). 
In a study by Ganheim et al. (2003), calves were infected BVDV and/or M. haemolytica. In the 
group challenged with mixed infection, animals were first inoculated with virus, followed 
by bacteria 5 days later. After BVDV infection, concentrations of Hp, SAA and Fb reached a 
maximum level 8-9 days p.i. After inoculation with bacterial agent, the highest APP 
concentrations were reached 1-2.5 days p.i. In the BVDV/M. haemolytica infected group, APP 
response patterns were more complicated, with larger individual differences. In general, the 
magnitude of the response was similar, but the duration of elevated APP concentrations 
were longest in the mixed infection group, reflecting the duration of clinical symptoms. In a 
study by Grell et al. (2005), calves experimentally infected with BRSV displayed the highest 
Hp concentrations at approximately 7-9 days post-inoculation. Calves presenting with the 
most severe clinical symptoms (respiratory rate, rectal temperature) had the highest Hp 
levels, while calves presenting with the mildest clinical symptoms displayed the lowest 
levels of acute phase reaction; however, no statistical correlation was found, probably due to 
the small number of animals (n=6).  
APPs were shown to be valuable proteins for the evaluation of a P. multocida A3 
experimental infection model in calves (Dowling et al., 2002). In calves challenged with 
greater volumes (300 vs. 60 ml), plasma Hp levels were found to be significantly increased, 
regardless of the number bacteria (109 vs. 1010 cfu). It is possible that increased volume 
challenges affect a greater area of the lungs, especially if the initially slow response in Hp 
production provides more time for bacterial proliferation. Dowling et al. (2002) showed that 
α1-AGP might be particularly valuable protein; examination of α1-AGP concentrations for 
all treatments indicated that large volume challenges were associated with a greater increase 

www.intechopen.com



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

392 

from basal levels, than low volume challenges. Other experimental studies examined less 
popular APPs, such as LBP or transferrin (Tf). Single intratracheal inoculation of Pasteurella 
haemolytica A1 showed increased lipopolysaccharide binding protein (LBP) activity in calves 
(Horadagoda et al., 1995). Lipopolysaccharide binding protein activity increased after 12 
hours, and by 36 h, there was a 4-fold increase in serum concentrations. Early reaction of 
LBP was reported in a study by Schroedl et al. (2001). Concentrations of LBP in experimental 
calves, that were intra-tracheally infected with Mannheimia haemolytica, increased 6 hours 
post-infection, with a peak response at 24 hours post-infection. Haptoglobin reactions were 
slower, with a significant increase occurring 12 hours post-infection, and a maximal 
response at approximately 48h post-infection. In terms of response time, LBP appears to be 
superior to Hp as an early marker of infection; however, its concentration only rose 7-fold, 
while, in contrast, Hp rose 300-fold. In calves, which died following infection, LBP levels 
were more elevated than in survivors; unfortunately, the number of animals was too small 
to draw any conclusions (Schroedl et al., 2001). A study by McNair et al. (1998) 
demonstrated that, the negative APP, Tf) could also be useful in calves. Although serum Tf 
levels remained within the reference range, in calves that were experimentally infected with 
Histophilus somni, its concentration was associated with lung lesions. In fact, the lowest Tf 
concentrations were measured in calves with extensive lesions, and there were significant 
differences between mean values (on days 1-6) between the group with no lesions and the 
group with extensive lesions. 
 

Study Infectious 
agent 

Time to reach 
maximum level 

Hp 
(mean or max 

range g/l) 

Hp 
determination 

method 

Conner 
et al. (1989) 

M. haemolytica 3d 1,0 haemoglobin 
binding 
capacity 

Godson 
et al. (1996) 

BHV-1 and  
M. haemolytica 

8d (4d after 
bacterial challenge) 

1,1 ELISA 

Heegard 
et al. (2000) 

BRSV 6-7d 8-10* ELISA 

Schroedl 
et al. (2001) 

M. haemolytica 2d >4.5** ELISA 

Ganheim 
et al. (2003) 

BVD and/or 
M. haemolytica 

8.5-9.5 d (BVDV) 
2-2.5 (M. haemolytica) 
7- 10 (both agents)** 

0.89-1.77* 
1.1-2.0* 

0.65-2.24* 

measure of 
peroxidase 

activity Hp-Hb  

Table 4. Comparison of maximal Hp concentrations and the number of days required to 
reach maximum Hp levels across several studies. *Highest individual concentrations; 
**approximate results read off from line graphs.  

2.5.2 APPs in field studies 

Studies on acute phase reactions in field conditions are more complicated, because the 
timing of initial infection is often unknown, and it is difficult to determine the phase of 
infection. Nikunen et al. (2007) studied concentrations of Fb, Hp, SAA, LBP and AGP in 84 
calves suffering from respiratory disease. Among isolated pathogens from tracheobronchial 
lavage (including Mycoplasma dispar and other mycoplasmas, but not M. bovis, P. multocida, 
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Pasteurella sp., F. necrophorum and A. pyogenes) and seroconverted bovine viruses (e.g.  
adenovirus-7, adenovirus-3, coronavirus and parainfluenza virus-3), only Pasteurella 
multocida was associated with increased concentrations of all tested APPs. The higher 
concentration of APPs observed in calves with P. multocida suggests a strong pathogenic role 
for this bacteria. Although it was shown that APPs increase rapidly in experimentally 
infected cattle, this increase coincided with clinical signs, and the relative usefulness of 
APPs in actually predicting respiratory disease during the incubation period is not 
satisfactory. Svensson et al. (2007) showed that in calves, the discriminative ability of serum 
Hp levels for indicating the presence of clinical respiratory-tract diseases was poor overall, 
and no better than rectal temperature. Furthermore, Hp levels were significantly affected by 
sex and rectal temperature. When Hp and fever were combined, and either increased Hp or 
fever (>39.5 ºC) was used for detecting respiratory disease, the best test performance was 
achieved in heifer calves at serum Hp concentrations >0.15 g/L, with a sensitivity of 72% 
and a specificity of 59%. Therefore serum Hp levels, when combined with rectal 
temperature, may be a valuable parameter in herd-level diagnostics, at least in heifer calves. 
APPs may also be useful for determining the response to therapy and making the right 
treatment decisions. Carter et al. (2002) found that serum Hp concentrations in transported 
feedlot cattle were greater in calves treated more than once, than in calves not treated or 
treated only once. At the beginning of treatment, Hp concentrations were higher in calves 
requiring more than one treatment compared to calves with one treatment (0.76 vs. 0.55 g/l). 
In addition, Berry et al. (2004) showed that Hp concentrations are a useful tool for predicting 
the number of antimicrobial treatments required in newly received feedlot calves. Hp 
concentrations on day 0 and 7 were positively correlated with the number of treatments 
during the trial. Hp concentrations on those days increased with increasing numbers of 
antimicrobial treatments. Retrospective analysis of APPs concentrations in growing calves 
suffering from bronchopneumonia, showed that, both Hp and Fb could be used for 
identification of calves requiring an anti-inflammatory treatment (Humblet et al., 2004). 
Animals in this study were classified into two categories: animals requiring either no-
treatment or antibiotics alone; and animals requiring both antibiotics and anti-inflammatory 
drugs (AI). Treatments were administered according to clinical symptoms. In blood samples 
taken before clinical examination, elevated APPs levels were observed. Hp and Fb 
thresholds for medical decisions (i.e. to use AI or not) were 25 mg/l and 2.7 g/l respectively. 
Hp and Fb were useful predictors of inflammation severity; most of the animals (80%) that 
received anti-inflammatory treatment after clinical examination presented pathological Hp 
and/or Fb values upon onset of disease. Hp alone was able to confirm> 75% of case 
decisions (i.e. whether diseased calves were treated or not). 
APP concentrations may be useful for monitoring the treatment of respiratory disease in 
calves. In our study (Jawor and Stefaniak, 2006), blood was sampled 3 times: first (I), when 
the owner either sent the calf to the clinic or reported signs of disease;  second (II), between 3 
and 6 days later; and third (III), 13-17 days after the first sample was collected. In one case, a 
3rd sample was not collected because of euthanasia. Blood samples were also collected once 
from clinically healthy calves. Changes in APPs concentrations are shown in Table 5. Mean 
Hp concentrations were only increased in the beginning, while concentrations of SAA 
(sample I) and Fp (samples I and II) were significantly different from healthy controls. Hp 
was undetectable in all calves in samples II and III, with one exception: increased Hp and 
SAA concentrations were found in one calf in the last blood sample collection (III). An 
increase in Hp and SAA levels following an earlier decrease is characteristic of secondary 
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infection (Ganheim et al., 2003). Thus, the observed increase in Hp and SAA in the above 
mentioned calf was probably due to the presence of a secondary infection. Later, this calf 
was unsuccessfully treated several times and eventually died. After an initial decrease in 
SAA concentrations, an increase in SAA levels was observed in the serum of 3 calves in the 
last blood sample collection; although a simultaneously increase in Hp and Fb was observed 
in only one calf. Because SAA is known to be a more sensitive protein, it is hard to explain if 
this increase observed in 2 calves was caused by secondary infection or other factors, such as 
stress (Alsemgeest et al., 1995a). In 3 out of 7 calves from the healthy control group, SAA 
concentrations were higher than the 25.6 mg/l, basal level established by Ganheim et al. 
(2003). This may imply that, even in the absence of clinical symptoms, these calves were not 
perfectly healthy. 
 

 Calves with bronchopneumonia Control group 
(n=7) I (n=8) II (n=8) III (n=7) 

Hp g/l 0.3 (±0.4) 0.0 (±0.0) 0.0 (±0.1) 0.0 (±0.0) 
SAA  mg/l 95.7 (±46.1)a 62.0 (±42.5) 75.9 (±36.9) 31.3 (±20.9)b 
Fb g/l 6.54 (±2.08)a 5.85 (±1.24)a 4.94 (±1.21) 3.13* (±0.37)b 

Table 5. Mean (±SD) concentrations of Hp, SAA and Fb during treatment monitoring of 
calves with bronchopneumonia. Values followed by different letters are significantly 
different. P≤0.05 (adapted from Jawor and Stefaniak, 2006).  

The decreasing concentrations of tested APPs observed in the majority of calves treated for 
bronchopneumonia suggests diminishing inflammatory processes. In contrast, high APP  
concentration after an initial decrease strongly suggest the presence of secondary infections, 
meaning that treatment should be continued. 
Of the many APPs, Hp, SAA and Fb have been examined most thoroughly. Bovine SAA is a 
more sensitive indicator of acute disease than Hp, and reacts more rapidly than Hp, that 
could also reflect poor maintenance conditions. The wide use of APPs to determine the 
magnitude of inflammatory changes, to assist in choosing proper therapy, and to monitor its 
efficiency, should enable application of APPs for the determination of respiratory diseases in 
calves. 

2.6 Diarrhea in calves 

Very few studies have been conducted regarding APPs concentrations in calves with 
diarrhea. Moreover, most of these studies only assessed diarrhea as background for APPs 
investigations of other illnesses, such as respiratory diseases. For example, Svensson et al. 
(2007), during a study of the efficacy of serum Hp concentration, as indicator of respiratory-
tract disease in calves, found that calves which had diarrhea within 10 days prior to blood 
collection had a median Hp concentration of 0.07 g/l. Hp concentrations in individual 
animals ranged from very low (similar to healthy calves) to high in some calves with 
respiratory diseases (80% central range 0.04-0.63 g/l). In experimental studies of Salmonella 
infection, production of ceruloplasmin (Cp) and Hp was investigated. In a study by Piercy 
(1979), calves infected with S. Dublin showed a significant increase in Cp between 3 and 4 
days, and Cp concentrations decreased to normal levels by day 7. A similar pattern of 
changes was found for Hp levels in a study where calves were experimentally infected with 
a mixture of three Salmonella serotypes (S. Dublin, S. Enteritidis and S. Heidelberg) (Deignan 
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et al., 2000). Median Hp levels significantly increased within 3 days of challenge (0.21 g/l) 
and decreased by day 5. Hp was shown to be a useful marker of infection severity. Serum 
Hp concentrations were found to significantly correlate with clinical measures of disease 
severity: fecal and morbidity scores. A positive correlation was also found between hp levels 
and body temperature.  
The usefulness of assessment of Hp, SAA and Fb levels for calves treatment monitoring  
having diarrhea was evaluated in a study by Jawor (2007). In this study, blood samples were 
collected 3 times: first (I), when the calf was admitted to the Clinic for Ruminants 
(University of Veterinary Medicine Vienna, Austria); second (II), 3-4 days later; and third 
(III), 7-10 days after the beginning of treatment. In cases where the calf was either 
euthanized or returned to the owner, blood samples were collected only twice. The median 
age of the calves was 8 days (range 1-30 days). The mean concentration and ranges of 
examined APPs are shown in Table 6. 
 

 I (n=10) II (n=10) III (n=6) 

Hp  g/l  0.14 (0-0.49) 0.02 (0-0.18) 0.02 (0-0.13) 
SAA mg/l 156.8 (53.0-302.4) A 102.1 (54.6-142.1) 53.5 (15.0-105.1) B 
Fb g/l 7.28 (4.3-14.7) 6.68 (4.8-9.2) 4.9 (3.4-6.2) 

Table 6. Mean (range) concentrations of Hp, SAA and Fb during monitoring of the treatment 
of diarrhea in calves. Values followed by different letters are significantly different. P≤0.01 
(adapted from Jawor 2007). 

In a study by Okamoto et al. (1998), 35 of 73 calves with diarrhea (47.9%) had detectable 
serum Hp levels (ranging from 0.05 to 0.7 g/l). In Jawor (2007) study, 40% of calves had an 
Hp concentration >0.1 g/l. However, if calves with Hp levels ≥0.05 g/l were also included, 
then 60% of the animals had detectable Hp in blood sample I. Mean Hp concentrations were 
similar to those reported in a study by Okamoto et al. (1998), where calves had 0.16 g/l. 
During treatment, Hp concentrations decreased. Serum amyloid A levels were above the 
reference range (according to Ganheim et al., 2003) in all calves, for samples I and II, while 
the lowest SAA concentrations were measured in sample III. A high percentage of calves 
with increased Fb concentrations were observed (70% in I samples above 5 g/l) and very 
high mean Fb levels were detected at the beginning of treatment, while during treatment a 
gradual decrease was noted. Because the Fb increase associated with diarrhea may be due to 
dehydration, the index of total protein to Fb (Thomas, 2000) was calculated. This index (data 
not shown) indicates that the observed Fb increase may be due to inflammatory processes. 
SAA concentrations were elevated during the entire treatment period for most of the calves. 
In one calf, in III blood sample increased serum levels of all examined APPs was found. This 
was likely triggered by a respiratory infection, because the animal was observed to cough at 
the same time. Among Hp, SAA and Fb levels, only SAA showed significant changes during 
diarrhea treatment monitoring. The very high initial serum SAA concentrations and 
subsequent significant decrease during treatment suggests that this APP may be very useful 
in calves with diarrhea. The presence of increased SAA levels in sample III suggests that, 
either inflammation is still present or the time between sample I and sample III was too 
short. Taking into account the levels and changes observed for all three examined APPs in 
calves with diarrhea, SAA seems to be the most useful in calves with enteritis. Although Hp 
concentrations increased, this was not observed in all calves. Furthermore, Fb estimation 
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required an additional determination of plasma proteins, to distinguish between a relative 
increase in hemo-concentration and an absolute Fb increase during inflammation. 

3. Estimation of APPs in cows and calves for evaluating herd health 

One of the main targets of milk producers is to keep healthy cows with a long-term high 
milk production. Herd health protection has not only ethical but also economic significance. 
Keeping healthy cows means providing their optimal reproduction levels and therefore milk 
production. Early detection of the risk of disease and the early introduction of appropriate 
actions should protect the majority of animals within a herd (Stefaniak, 2003). 
  

Aim Production 
group 

Parameters/number of animals 
examined 

Evaluation of health 
during rearing 

Calves 

Determination of Hp, SAA and Fb in 
2nd and between 21-28 days of life, 

along with Ig determination in 25-30% 
of newborn calves 

Evaluation of risk in cows 
during transition period 

and at the peak of lactation 
Dairy cows 

Hp, SAA, Fb (% of cows with elevated 
levels and their concentrations in 

individual cows, along with metabolic 
and mineral parameters) 

Dairy herd health 
monitoring/improving the 

herd health programme 

Cows in different 
stages of 

lactation and dry 
cows 

Hp, Fb (% of animals with elevated 
levels and mean) 

Udder health monitoring Lactating dairy 
cows 

Hp and SAA in milk samples from 
individual cows 

Pre-slaughter examination Feedlot steers 

Confirmation of normal Hp and Fb 
levels in all of 5-10% of randomly 

examined animals assigned to 
slaughter 

Table 7. Opportunity for using APPs in the health monitoring of cattle. 

The two most important ways to achieve this are: first – to supervising programmes of herd 
health protection, and second – to detect the increasing danger of inflammation/diseases at 
an early stage or before they occur. Acute phase protein estimation may be used to help 
monitor the health and welfare of production animals on farms (Eckersall, 2000). Acute 
phase proteins in cattle are valuable tools since they are not only applicable for the 
monitoring of inflammatory processes, but they can also be used for any non-inflammatory 
conditions, such as parturition, metabolic diseases and stress (Murata et al., 2004), or for 
improving the pre-slaughter examination, thereby improving the safety of food for public 
health (Saini et al., 1998). Possible applications of APPs in the health monitoring of cattle are 
shown in Table 7. Cattle health monitoring during periods of increased disease risk 
(transition period in dairy cows, weaning of calves)  by determination of APPs provides the 
possibility of  early disturbance detection, facilitating decision making about the separation 
of endangered animals from the others, and minimizing the risk of disease transmission 
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(Stefaniak et al., 2003). The APPs are more useful for monitoring health than 
proinflammatory cytokines, because after the inflammatory stimulus, their concentrations 
remain elevated for longer time (Gruys et al., 2006). Therefore, the possibility of detecting 
their elevated levels in representative groups of clinically healthy cattle is more probable 
due to the typical dynamics of APPs during the acute phase response (Conner & Eckresall, 
1988). 

3.1 APP utilization for pre-slaughter cattle examination  

Acute phase proteins may be used to monitor health of slaughter animals. In slaughtered 
cattle without evident disease activity Hp-values were unmeasurable, whereas in most cases 
with disease activity Hp values were elevated. Serum amyloid A values were found to be 
elevated in animals with overt lesions, but Hp appears to be a useful variable to discern 
cattle without disease activity from those with lesions (Gruys et al., 1993). Saini et al. (1998) 
proposed that a potential application of APPs might be in screening and separating healthy 
from diseased animals. In a group of 57 retained carcasses of ante-mortem normal cattle, 
56% had elevated Hp levels. Standard pre-slaughter examination is sometimes unreliable. 
Over a 3-year period, the carcasses of 7.7% of ante-mortem clinically normal steers and 
20.6% of culled normal cows were retained due to post-mortem found changes (Saini et al., 
1998). In emergency slaughtered cattle it was found that Hp and AGP levels were raised, 
indicating that examination of the APPs could help in improving food safety (Hirvonen et 
al., 1997). Haptoglobin, SAA and AGP were estimated in the plasma of 81 cattle of which a 
detailed post-mortem examination confirmed the presence of inflammation, and the APP 
concentrations were compared between the cases classified as acute and chronic 
inflammatory lesions (Horadagoda et al., 1999). In the 81 animals with inflammation, it was 
apparent that SAA and Hp levels were raised in acute rather than chronic cases, whereas in 
the latter group AGP was more likely to be elevated. The author suggested that Hp and 
SAA have a high value for detecting acute inflammatory conditions, whereas AGP was a 
better marker for chronic inflammation in cattle (Horadagoda et al., 1999). Measurement of 
APPs in meat inspection has good perspectives but more rapid detection methods have to 
be developed. 

3.2 APPs in evaluating herd health status 

Estimation of APPs in calves and cows may be very helpful in herd health monitoring. In 
175 heifer calves born within one year on a dairy farm of 390 cows, the mean Fb 
concentration in the blood plasma was 4.0 g/l at the 48th hour of life, and increased to 4.8 
g/l by the 25th day. At the 48th hour of life, all of the calves with Ig levels greater than 15 g/l 
showed normal Fb concentrations, but in the other groups (Ig levels below 5 g/l, between 5-
10 g/l and 10-15 g/l), few individuals had elevated Fb levels (4.54%, 1.20% and 3.64% 
respectively). By the 25th day of life the mean Fb levels were within reference range in all of 
the groups examined and the rates of calves showing elevated Fb levels were 18.2%, 12%, 
3.6% and 13.3% in the respective groups divided according to the Ig level at the 48th hour of 
life (Furman et al., 2011). On the same farm, increased Hp concentrations (>0.1 g/l) were 
found in the serum of 32% of calves at the 48th hour of life. By the 25th day of life, 31% of the 
calves showed elevated Hp levels. Because Hp is not commonly detected in healthy cattle 
(Eckersall & Conner, 1988), it was surprising that a high rate of calves showed elevated Hp 
levels at the 48th hour and the 25th day of life. It was concluded that the calves had been in 
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risk of an inflammatory process from first few hours of life, since the increase in Hp 
concentrations after infection with the bacterial agent occurs within 24 hours (Ganheim et 
al., 2003). The highest Hp levels, as well as the highest individual differences, occurred in 
the calves of the group showing failure of passive transfer (Ig levels below 5 g/l at the 48th 
hour of life). In the same calves at the 25th day of the rate of elevated Hp levels as well as the 
mean Hp level had increased. In contrast, in properly colostrum-protected calves (over 10 g 
Ig/l), the mean level and the rate of elevated serum Hp concentrations had decreased. This 
observation agreed with the higher intensity and frequency of respiratory and 
gastrointestinal tract morbidity in the calves poorly protected with colostrum. In study by 
Alsemgeest et al. (1995b) the Hp and SAA levels were normal in newborn calves. Diseases 
that appeared before the fourth day of life induced an increase in SAA levels in all diseased 
calves, but Hp levels were only raised in two out of eight individuals. The authors indicated 
that because the SAA concentration at birth is very low and increases rapidly in diseased 
calves, it might be used as marker of infection during the perinatal period. Stefaniak et al. 
(2003), during an examination of 75 clinically healthy calves aged 1-3 days from two dairy 
herds, found elevated Hp levels in two calves. Both calves had failure of passive transfer 
(serum IgG level below 5 g/l) and were from the same farm in which only 31% of the calves 
achieved serum IgG levels > 10g/l. The authors considered two probable reasons for this – 
either the inflammation occurred very early (possibly before birth), which might have 
caused the poor transfer of colostrum Ig, or a poor immune protection enabled early disease 
appearance. The results showed that in problem herds or in herds with low levels of 
colostrum protection the probability of a rise in APP levels occurred more frequently 
(Stefaniak et al., 2003). 
Blood sampling during the first weeks after arrival in the herd would give an indication of 
the pressure of infections and/or stress during transportation and mixing and so they may 
not give a fair picture of the management conditions of the actual farm (Ganheim et al. 
2007). Sampling at monthly intervals during the middle and later stages of the rearing 
period may be more relevant for determining the conditions on a specific farm. After 
experimental infection calves with BVDV and/or M. haemolytica basal levels of serum 
concentrations for haptoglobin, SAA and fibrinogen were established and may be used for 
evaluating calf health in herds (Ganheim et al., 2003). For Hp, SAA and Fb were 0.13 g/l, 
25.6 mg/l. 6.45 g/l respectively. They suggested that such values might be useful as a 
diagnostic tool when screening herds of calves for subclinical or clinical disease to evaluate 
animal health. Detection of animals with supra-normal APPs values could be useful to 
identify animals that are, or have recently been, clinically or sub-clinically diseased. 
Estimation of APP might be used as a tool for controlling the effectiveness of vaccination 
program. In a study by Stefaniak et al. (1997), nine calves were immunized with Somnuvac® 
vaccine at the fourth and eighth weeks of life. The calves were on a farm of 400 dairy cows 
with a high incidence of respiratory tract infection. Blood samples were taken at 4, 5, 8, 9, 
and 12 weeks of life. No elevated (over 0.2 g/l) Hp levels were observed and no clinical 
signs of disease occurred in the experimental group. Among nine control, non-immunized 
calves at 8, 9 and 12 weeks of life, every time one (but not the same) animal had increased 
Hp levels, and in two of them coughing and elevated body temperatures were found (>39.5 
°C). The determination of Hp levels confirmed the protective influence of vaccination 
against respiratory tract inflammation in the endangered herds. 
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Changes in serum concentrations of Hp and SAA were evaluated every 15 days over 6-
month period in dairy cattle in a study by Humblet et al. (2006). Blood samples were taken 
at three peripartum periods: P1, prepartum (from week 8/7 to parturition); P2, first week 
postpartum; and P3, from week 2 to week 15 or 16. At each visit the cows were clinically 
examined. There were no significant differences in Hp or SAA concentrations observed in 
healthy cows between the P1 and P3 periods. In more than 95% of the samples from healthy 
cows, the Hp and SAA levels were below the cut-off points (Hp ≤30 mg/l for P1 and P3, Hp 
<150 mg/l for P2; SAA ≤25 mg/l for P1 and P3, SAA <60 mg/l for P2). Only 73% of the 
diseased animals had Hp and SAA levels above the defined cut-off points. The highest 
sensitivity but lowest specificity in the diagnosis of disease status was for Hp and SAA in 
the P2 period. Poor sensitivity in other postpartum periods could be related to the higher 
incidence of chronic vs. acute inflammation. In the other periods the specificity of Hp and 
SAA was relatively high (90.8 and 89.2%), such that normal APP concentrations could more 
accurately be used to identify healthy animals. Due to an increase in the Hp concentration 
after parturition, Hp and SAA should be used with caution as markers of inflammation in 
the week following calving. A high percentage of false positive results based on SAA status 
(48.6% above the cut-off point) were found in healthy animals without increased Hp 
concentrations. Thus, in routine analysis, Hp would be more appropriate than SAA for 
detecting disease (Humblet et al., 2006). 
Based on the results of Hp determination in 15 different Polish dairy herds during health 
monitoring in 2009-2010 (Table 8), we found that elevated levels (exceeding 0.2 g/l) 
occurred in 35% of cows in early lactation. At the peak of lactation the percentage of cows 
with elevated Hp concentrations decreased to 14.6% and at the end of lactation to 10.5% in 
the examined cows. In dry cows sampled between 60 and 10 days before parturition 11.7% 
also showed elevated Hp levels. The results indicate that elevated Hp levels occur relatively 
frequently in dairy herds, and that postpartum period is associated with the greatest 
incidence of increased Hp concentrations. Fibrinogen levels were estimated in 12 out of 15 of 
the abovementioned herds (Table 9). The mean Fb levels in the representative groups 
slightly exceeded 5 g/l and the incidence of elevated Fb concentrations (over 7 g/l) occurred 
more frequently in lactating cows (13.5-14.6%) than in dry cows (5.9%). It may be concluded 
that acute or chronic inflammatory cases associated with an Fb increase occur the most 
frequently during early lactation. 
 

 
Early 

lactation 
(n=82) 

Peak of 
lactation 

(n=48) 

Late 
lactation 

(n=57) 

Dry cows 
(n=77) 

Total 
 

(n=264) 

No. of samples with  
elevated Hp concentrations  

29 7 6 9 51 

Rate (%) 35.37 14.58 10.53 11.69 19.32 

Range within herds (%) 0 – 66.7 0 – 40 0 – 42.86 0 – 40 0 – 50 

Table 8. The occurrence of elevated (>0.2 g/l) haptoglobin concentrations in 264 cows from 
representative groups of 15 dairy herds. 

The determination of APPs may be an efficient way of monitoring dairy herd health. 
Stefaniak and Jawor (2007) determined the acid base balance, urea, total serum protein 
and its fractions, asparagine aminotransferase, total calcium, ionized calcium, inorganic 
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phosphate, magnesium and Hp and Fb levels in representative groups of cows from two 
dairy farms with a loose-housing system. Farm A (600 Polish Holstein-Fresian cows; milk 
yield 10,700 kg) and farm B (170 Polish black and white and Polish red and white × 
Holstein-Fresian cows; milk yield 6500 kg) were sampled six times at two monthly 
intervals. Blood samples were taken from groups of cows: group I – 10 cows between 14 
and 150 days in milk (DIM), group II – 10 cows more than 150 DIM, group III – 10 dry 
cows. After each monitoring period the results were discussed with the owner and a local 
veterinarian and recommendations were proposed. Repeated laboratory monitoring 
helped to normalize the analysed parameters. The course of Hp and Fb levels and the 
decreasing frequency of elevated concentrations indicated improvements in the cows’ 
health. Any disturbances that occurred during herd monitoring mainly came from the 
owners’ or farm workers’ mistakes or a negligence at project completion. Herd health 
monitoring using APP measurement needs a close cooperation between the veterinarian 
and the owner. 
 

Group 
Mean % (range) 

Mean 
concentration 

(g/l) 

<3 g/l 3-5 g/l 5-7 g/l >7 g/l  

Early lactation 
(n=74) 

2.7% 
(0-20) 

31.08% 
(0-77.8) 

52.7% 
(0-100) 

13.51% 
(0-33.3) 

5.53 

Lactation peak 
(n=57) 

3.51% 
(0-33.3) 

31.58% 
(0-66.7) 

50.88% 
(0-100) 

14.04% 
(0-66.7) 

5.32 

Late lactation 
(n=55) 

5.45% 
(0-33.3) 

52.73% 
(0-100) 

27.27% 
(0-100) 

14.55% 
(0-66.7%) 

5.16 

Dry cows 
(n=68) 

7.35% 
(0-50%) 

45.59% 
(0-100) 

41.18% 
(0-80) 

5.88% 
(0-33,3) 

5.01 

Total 
(n=254) 

4.74% 
(0-29.17) 

37.94% 
(6.67-55.17) 

44.66% 
(12.5-80) 

12.65% 
(0-42.86) 

5.26 

Table 9. Fibrinogen concentrations in 254 representative cows from 12 dairy farms. 

The determination of APP levels seems to be one of better methods allowing the health and 
welfare of animals in large herds, based on the examination of blood or milk samples 
obtained from representative groups of animals (Nikołajczuk & Molenda 2000). When the 
results from representative groups are within the reference range, they may provide a basis 
for considering the herd health status as “good”. In our practice we simultaneously utilize 
Hp, Fb and albumin  levels, and with this combination we can detect more cases of 
subclinical acute and chronic inflammation. For many years the estimation of APPs has 
provided an important source of knowledge about herd health. The determination of APPs 
along with other parameters during the metabolic monitoring of herds may provide a 
complete view of herd health. 

4. Conclusions 

Sick cattle have lower milk yields/body growth rates, causing significant direct and indirect 
economical losses. Because of the group housing systems, it is difficult to early diagnose an 
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inflammation in individual animals. Despite these difficulties, handling strategies should 
focus on herd health protection and the early detection of threats, as well as the introduction 
of improved therapeutic procedures before animals become ill. The determination of APPs 
levels in blood and milk samples from representative groups of cows is an attractive 
method, that also enables determination of other biochemical parameters, providing an 
useful prognostic tool of the cows’ health status and the degree of possible threats. Multiple 
estimations of such parameters in the same herd can provide information, which could be 
used to improve animal handling. Among the many available APPs for cattle diagnostics, 
the most commonly used and the most readily available are Hp, SAA and Fb. In addition to 
a rise in APP concentration, the degree of increase can be used to evaluate herd health. The 
finding that the concentration of some APPs, such as SAA and Hp, increase in stressful 
conditions, as well as in fatty liver syndrome, broaden the possible diagnostic applications 
of APPs in cattle.   
A future diagnostic application of APPs is their use as part of pre-slaughter examination of 
slaughter animals. Such procedures should significantly improve the detection rate of 
animals suffering from subclinical inflammatory processes; which lead to significant losses 
because of confiscation of whole carcasses, or parts, showing signs of 
pathology/inflammation during postmortem/postslaughter examination. Implementation 
of such procedures on farms, before animals are transported to the slaughterhouse, would 
enable detection of ill animals for treatment, allowing them to be sent for slaughter after 
recovery. 
In spite of the time required, the determination of APPs has potential importance when 
deciding whether to treat ill animals or send them for sanitary slaughter to rescue the meat 
value. The presence of strongly elevated APP concentrations before treatment, combined 
with poor prognosis, may be helpful in making decision about therapy i.e. do not start. 
Moreover, if treatment has begun, the determination of APPs might help in monitoring the 
course of the disease and the efficacy of the chosen therapy. The results of our studies 
indicate that appropriate time points for collecting blood samples for monitoring most of 
diseases in cattle are: immediately before starting treatment; and after 3 to 7 days of 
treatment. A stepwise decrease in APP concentrations, and a return to normal (or near 
normal) levels, confirms the positive effect of treatment.  
There is a broad spectrum of possible applications of APP-based diagnostics for use with 
cattle. It is necessary to develop and optimise rapid field tests that allow determination of 
APPs in a short time period, after collection of blood or milk samples from animals. 
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