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SHORT SUMMARY 

 

Association of acute phase proteins with group size in rearing calves 

 

The aim of this study was to investigate the association between group size and serum acute 

phase protein (APP) concentration in calves. Study hypothesis was that smaller groups 

would have lower APP serum concentrations. Additional questions studied were association 

of serum APP levels to growth rate, and association of group size to weight gain. 

Experiment site on calf rearing farm comprised of two all-in-all-out units, divided to one pen 

for 40 calves (control group) and four pens for 10 calves each (test group). Test material was 

6 calf batches and 480 calves. Calves were examined and blood samples taken three times 

during 50 days of growth period, first time directly after arrival to facility, and then at three 

week intervals. In laboratory, blood samples were analysed for serum amyloid A (SAA) and 

haptoglobin (Hp) levels. 

The serum concentration of SAA and Hp was higher in the test group than in the control 

group on the third sampling. This disproves the study hypothesis. Further investigation on 

the reasons of the unexpected result was suggested. High SAA level on the first sampling 

was found to predict slower growth rate in calves. Group size was found to have no 

statistically relevant association with growth rate.  
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ABBREVIATIONS 

 

AGP – α1-acid glycoprotein 

AP – α1-anti protease 

APP – Acute phase protein 

APR – Acute phase response 

Cp - Ceruloplasmin 

CRP – C-reactive protein 

Fb - Fibrinogen 

Hp – Haptoglobin  

HRP - horseradish peroxidase  

IL-1 – Interleukin-1 

IL-6 – Interleukin-6 

LBP - Lipopolysaccharide binding protein 

metHb - Methemoglobin 

SAA – Serum amyloid A 

TMB - Tetramethylbenzidine 

TNFα – Tumour necrosis factor α 
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INTRODUCTION 

 

The growth rate of calves and the factors affecting it are of a keen interest to the industry of 

beef calf rearing. Farms could benefit economically of mapping the possible factors affecting 

the health and growth rate of the calves, and further aim to remove the problems rather than 

to deal with the consequences. A part of this objective is to ascertain the environmental 

factors and husbandry practises affecting calf health and welfare. Early on detection of health 

problems and diseases might not only help to keep the calves healthier, and thus growing 

better, but also improve food safety trough lessened need for antibiotic treatments. 

In this endeavour, cattle level screening tests using acute phase proteins (APP) as an 

indicator of health status offer a valuable diagnostic tool (Eckersall 2000; Petersen et al. 

2004). The acute phase response (APR), is the first line, unspecific innate immune response 

to inflammation or infection. As a part of the APR, acute phase proteins are released and 

have a multitude of functions in inflammation process. In bovines major acute phase proteins 

are haptoglobin (Hp), serum amyloid A (SAA) and α1-acid glycoprotein (AGP) (Eckersall 

1999).  

This research was conducted using SAA and Hp as indicators of a calf health on a rearing 

farm. The aim of this study was to investigate the association between group size and serum 

APP concentration in calves. Study hypothesis was that smaller groups would have lower 

APP serum concentrations due to smaller infection pressure. Additional questions studied 

were association of serum APP levels to growth rate, and association of group size to growth 

rate.  

The material of the research, were 480 calves of 6 calf batches on a rearing farm in Finland. 

Calves were examined and blood samples taken three times during a 50 day rearing period. 

In laboratory, blood samples were analysed for SAA and Hp levels. Statistical analysis was 

conducted on the laboratory results. 
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1. LITERATURE REVIEW 

 

1.1. Acute phase response 

 

When animal is affected by external or internal risk to their health, it activates both the innate 

and acquired immune systems. “The acquired immune system leads eventually to the 

development of specific cellular and humoral immune responses but at the time of the initial 

challenge the survival of the host depends on the ability of the innate responses to combat 

the causes of disease” (Eckersall 2000). The innate, immediate first line response to trauma, 

inflammation or infection, known as acute phase response (APR) is a complex, locally 

initiated set of systemic, non-specific immune reactions. APR leads to release of mediators, 

which activate the defence response of the whole organism (Petersen et al. 2004).  

As APR is a part of the non-specific immune response, its components remain relatively 

unchanged despite its many possible inductors. The function of APR is, as the function of 

any inflammatory response, to prevent further tissue damage, isolate and destroy infectious 

organisms and start the healing processes (Baumann and Gauldie 1994). APR is expressed 

by such clinical signs as pyrexia, leucocytosis, hormone alterations, muscle protein 

depletion, and multiple other endocrinological, haematological, immunological, metabolical 

and neurological pathophysiological responses in organism (Eckersall 1999; Koj 1996; 

Stadnyk and Gauldie 1991). 

APR is initiated by inflammatory mediators, of which uniquely important are protein 

hormones known as cytokines, which get released from tissue macrophages or blood 

monocyte cells on the site of damage. These inflammatory mediators induce both local and 

systemic inflammatory processes; they act together in multiple overlapping pathways, most 

of them have multiple sources, targets and functions (Baumann and Gauldie 1994; Eckersall 

1999; Petersen et al. 2004). The major biological functions of most important cytokines are 

presented in table 1. Serum concentration of pro-inflammatory cytokines rises within few 

hours of insult and usually returns to normal within few hours (Petersen et al. 2004). Most 

important of the pro-inflammatory cytokines appear to be interleukin-1 (IL-1), interleukin-
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6 (IL-6) and tumour necrosis factor α (TNFα). In liver, mainly these mediators stimulate the 

hepatocytes, which in turn synthesise and release plasma proteins known as the acute phase 

proteins (APP) (Eckersall 1999; Petersen et al. 2004). Other important factors that modulate 

the APP production are growth factors (e.g. insulin, transforming growth factor β), 

glucocorticosteroids and anti-inflammatory cytokines. Different APPs respond to different 

combinations of cytokines and are regulated by complex interactions between cytokines and 

regulatory factors (Gabay and Kushner 1999; Richards et al. 1991).  

Table 1. Major biological functions of most important cytokines, fragment of the source 
table (Petersen et al. 2004) 

Cytokine Common functions 
IL-1 Induction of hepatic acute phase response 
IL-6 Induction of fever 
TNF-α Activation of T-, B- and NK cells 

Induction of IL-2 and T-cells 
 

An APP is defined as a protein, which concentration in plasma either increases (i.e. positive 

APP) or decreases (i.e. negative APP) by more than 25% in connection with infection or 

inflammation (Kushner 1982). Acute phase proteins include C-reactive protein (CRP), 

serum amyloid A (SAA), haptoglobin (Hp), α1-acid glycoprotein (AGP), fibrinogen (Fb), 

α1-anti protease (AP) and ceruloplasmin (Cp). Of these, major acute phase proteins i.e. their 

concentration increase from very low level to 10-1000-fold during acute phase response, are 

CRP, SAA and bovine Hp (Eckersall 1999; Orro 2008). Hp (of non-bovines), AGP, Fb (of 

non-bovines), and AP are known as moderate acute phase proteins due to their concentration 

increasing only by 2-10 times during the response. Cp and bovine Fb are known as minor 

acute phase protein, with concentration rise of maximally twice in relation to normal level 

(Eckersall 1999; Orro 2008). Negative APPs include albumin, transferrin and retinol binding 

protein (Jain 1993; Petersen et al. 2004).  

Acute phase proteins work in various ways in acute phase defence response during 

inflammation process. The biological functions vary from protein to protein, but in most 

common APP-s comprises mostly of functions directly participating to protection of the host. 

For example, haptoglobin binds free haemoglobin released by damaged erythrocytes which 

lessens the detrimental effect free iron to host and restricts the amount of free iron available 

to invading bacteria (Petersen et al. 2004).  
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First line APPs (e.g. SAA and CRP) concentration increases within few hours and 

normalizes rabidly afterwards, whereas second line APP (e.g. Hp), increase later in reaction 

and remain elevated for up to two weeks (Petersen et al. 2004). The concentration and 

kinetics of released acute phase proteins are related to severity of disease or trauma and thus 

provides a mean of quantifiable evaluation of the extent of disease process (Kent 1992). In 

case of chronical inflammation, reoccurring flares of inflammatory stimuli is observed, 

which leads to prolonged higher than normal concentration of APP-s in serum. In case of 

chronic inflammation APP serum concentration is not as high as in case of acute 

inflammation, and the response varies from protein to another (Petersen et al. 2004). 

Furthermore the APPs act as self-regulating negative feedback mediators to cells producing 

pro-inflammatory cytokines (Petersen et al. 2004). 

Several APPs are also produced outside liver in various tissues, which further proves the 

importance of APPs in acute phase response.  For example, during mastitis the udder of 

bovine species locally produces Hp, SAA, and lipopolysaccharide binding protein (LBP) 

(Orro 2008). In several studies, rise of some APPs has been noted in correlation with 

environmental stressors without presence of inflammation (Petersen et al. 2004). This needs 

to be taken into account while interpreting the relevancy of APP levels in high stress 

environments. 

As already shown, the importance of different acute phase proteins differs significantly from 

one animal species to another (Eckersall 2000; Orro 2008). To be able to use APPs efficiently 

in research or as clinical tools, it is necessary to investigate different APPs in each species 

in various disease and non-disease conditions.  

 

 

1.2. Acute phase proteins in bovines 

 

In cattle medicine, APP assays offer a valuable diagnostic tool in individual and herd level, 

as well as in meat inspection (Eckersall 2000; Petersen et al. 2004). In current day, as the 

antibiotic resistance problem rises all over the world, it is necessary to create systems that 

enable efficient identification of sub-clinical infections and inflammations as well as where 

(age group, part of production system) the spread of disease is taking place (Eckersall 2000; 
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Petersen et al. 2004). This will allow for more efficient use of antibiotics trough targeting 

the hot-spots and lessening unnecessary treatments (Eckersall 2000).  

In bovines major acute phase proteins are Hp, SAA and AGP, while CRP concentration is 

not affected by inflammation (Eckersall 1999). Of these, Hp and SAA are discussed in depth 

on their own sections later in this thesis.  

Alpha 1-acid glycoprotein (AGP), also called orosomucoid or seromucoid, has a relatively 

slow and moderate concentration increase during APR. Increased AGP concentrations have 

been noted in conditions such as traumatic pericarditis, arthritis, pneumonia, mastitis and 

hepatic abscesses (Eckersall et al. 2001; Hirvonen et al. 1996). AGP levels are elevated in 

cows already before calving (Orro 2008). AGP is an immunocalin i.e. protein that shows 

significant immunomodulatory effects. AGPs immunomodulating functions are primarily 

geared to protect tissue from damage trough alleviating of local inflammatory response. AGP 

functions trough regulation of leucocytes; inhibition of platelet aggregation, proliferation of 

lymphocytes and activities of neutrophils (Hochepied et al. 2003). 

Lipopolysaccharide binding protein (LBP) has been identified in bovines and has been 

experimentally proven to act similarly in cattle as it does in humans and laboratory animals, 

however, it has been rarely studied in naturally occurring inflammatory condition (Orro 

2008). LBP has two opposing functions in inflammation; in low concentrations LBP binds 

to a complex that enables inflammatory cells to recognize Gram-negative bacteria and 

induces early APR, whereas in high concentrations LBP has immune cell activation 

inhibiting and host-protective role (Orro et al. 2008). 

Fibrinogen (Fb) is a plasma protein which has APR functions. In cattle Fb has been shown 

to increase in diseases such as peritonitis, endocarditis, pericarditis, pneumonia, mastitis, 

enteritis and nephritis (Conner et al. 1988). In practice Fb is one of the most commonly used 

inflammation markers (Orro 2008). 

Other plasma proteins that act as positive APPs in cattle include ceruloplasmin (Cp), alpha-

1-proteinase inhibitor, alpha2-macroglobulin and alpha1-antichymotrypsin (Orro 2008). 
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1.2.1. Haptoglobin 

 

In bovines, haptoglobin is one of the most important acute phase proteins used in 

inflammation monitoring. Haptoglobin is a α2-globulin (Petersen et al. 2004). Its value as 

an inflammatory marker derives from it being one of the major acute phase proteins in 

ruminant species (Eckersall 2000). Reference values for Hp in bovines have been reported 

to be <0.1 g/l in healthy animals and 1.62 ± 0.47 g/l during acute phase reaction (Ceciliani 

et al. 2012). In calves the reference values are >0.196 g/l in healthy animals, values over this 

indicate inflammation (Seppä-Lassila et al. 2013). In studies the correlation between high 

Hp concentration and inflammation has been proven to be statistically relevant (Alsemgeest 

et al. 1994).  

The main function of Hp is to prevent the loss of iron through binding free haemoglobin in 

blood after erythrolysis to Hp-Haemoglobin complex (Ceciliani et al. 2012; Petersen et al. 

2004). Binding free iron has bacteriostatic effect, as iron is necessary for bacterial growth 

(Petersen et al. 2004). Furthermore, binding has anti-oxidative effect, which helps to protect 

the host organism cells from damage during inflammatory process (Ceciliani et al. 2012). In 

cattle Hp has also been proposed to have role in lipid metabolism and in immunomodulation 

(Petersen et al. 2004). Due to its function, free Hp concentration in blood is always 

influenced by free haemoglobin levels regardless of cause, which needs to be taken into 

account when judging the relevancy of measurement (Petersen et al. 2004). More biological 

functions of Hp brought on table 2. 

Hp increase in plasma or serum has been found in cattle after experimentally induced 

inflammation or trauma, as well as after experimental and natural inflammatory diseases 

(Alsemgeest 1994; Petersen et al. 2004). In bovines, Hp has been proven to rise in 

accordance to the severity of infection. When combined with SAA, Hp provides a useful 

tool in distinguishing between acute and chronical infection (Horadagoda et al., 1999; 

Petersen et al. 2004). In practice haptoglobin has been proven to have a great diagnostic 

value in investigation of pasteurellosis, pneumonia, mastitis, foot and mouth disease, fatty 

liver syndrome and surgically treated abdominal disorders (Alsemgeest 1994; Eckersall 

2000). In research high but variable Hp concentration was noted in feedlot cattle with clinical 

respiratory tract disease. No correlation was found between severity of lung lesions and 

rectal temperature, but animals that had been treated with antibiotics had lower serum Hp 
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levels (Petersen et al. 2004). List of conditions with proven increase in haptoglobin 

concentration brought in table 3. There has been studies in pigs, showing that high serum 

haptoglobin concentration shows sub-clinical infection which leads to poor growth 

(Eckersall 2000), this offers an interesting point of comparison for whether same is true in 

calves. 

Table 2. The biological functions of Hp and SAA, fragment of the source table (Petersen et 

al. 2004) 

Acute phase protein Biological activities 
Haptoglobin Binding haemoglobin 

Bacteriostatic effect 
Stimulation of angiogenesis 
Role in lipid metabolism/development of fatty liver in cattle 
Immunomodulatory effect 
Inhibition of neutrophil respiratory burst activity 

Serum amyloid A Transport of cholesterol from dying cells to hepatocytes 
Inhibitory effect on fever 
Inhibitory effect on the oxidative burst of neutrophilic 
granulocytes 
Inhibitory effect on in vitro immune response 
Chemotaxic effect on monocytes, polymorphonuclear leucocytes 
and T cells 
Induction of calcium mobilisation by monocytes 
Inhibition of platelet activation 

 

Table 3. Conditions and treatments that lead to increased Hp concentration, fragment of the 
source table (Petersen et al. 2004) 

Animal Cause 
Cattle Experimental local aseptic inflammations 

Infection with bovine virus diarrhoea and Pasteurella haemolytica 
Experimental infection with P. multocida 

Experimental infection with P. haemolytica 
Infection with bovine herpes virus 1 and P. haemolytica A1 
Experimental infection with bovine respiratory syncytial virus 
Natural infection with foot-and-mouth disease virus 
Mastitis 
Various acute infections under field conditions 
Clinical respiratory tract disease 
Various inflammatory diseases 
Acute inflammation 
Castration 
Rumenotomy 
Metritis 
Severe uterine bacterial postpartum contamination 
Fatty liver (hepatic lipidosis) 
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Nonfeeding for 3 days 
Starvation for 2 days combined with Dexamethasone treatments 
Transportation for 2 days 
Major injuries at slaughter/culling 

 

At slaughter it was noted that Hp was high in animals that had been classified as needing 

close examination, also HP and AGP were high in emergency slaughter animals, showing 

that examination of these acute phase proteins could prove beneficial to food safety 

(Eckersall 2000). As such, use of assays of haptoglobin before slaughter could assist in 

identifying animals with current infection and hidden pathological lesions, and help identify 

animals in need of a special attention at meat inspection and thus improve food safety 

(Eckersall 2000; Tourlomoussis et al. 2004).  

 

 

1.2.2. Serum amyloid A 

 

Serum amyloid A (SAA) is a major acute phase protein in many species, of which one is the 

bovine species. SAA is usually found in complex with lipoproteins (Petersen et al. 2004). 

SAA reacts to multitude of conditions and is thus like Hp, a valuable inflammation marker 

(Eckersall and Bell 2010). Reference values for SAA are in a healthy herd 1.3 ± 0.4 mg/l, 

and during acute phase reaction 115 ± 37 mg/l (Ceciliani et al. 2012). In young calves the 

reference value for healthy specimen is significantly higher at <178 mg/ml (Seppä-Lassila 

et al. 2013). Almgeest et al. (1994) proved in their study that the correlation of high SAA 

and inflammation is statistically relevant. 

SAA has many functions in organism, of which not all are yet understood (Ceciliani et al. 

2012). Among the main functions of SAA are binding of cholesterol, multitude of 

immunomodulative activities and opsonisation (Ceciliani et al. 2012; Gruys et al. 2005). In 

acute phase response, SAA interacts with cholesterol, resulting to uptake and removal of 

cholesterol from infection site, which prevents the accumulation of cholesterol to 

atheroscleric plaques from dead cells (Ceciliani et al. 2012). SAA opsonises a wide range of 

both Gram- and Gram+ bacteria, and probably has a wider antibacterial function than has 
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yet been researched (Ceciliani et al. 2012). More comprehensive list of functions of SAA 

brought on table 4. 

The increase in SAA concentration has been noted in correlation with multitude of 

conditions, in both experimentally induced or naturally occurring inflammations and 

infections (Ceciliani et al. 2012; Eckersall and Bell 2010; Gruys et al. 2005; Petersen et al. 

2004). List of conditions with proven rise in SAA concentration brought on table 4. In SAA 

the magnitude and duration of response correlates well with the severity of clinical signs. In 

case of co-infection of bacteria and virus, the response is longer in duration when compared 

to pure virus infection, and as such, it provides a good tool to herd health screening (Petersen 

et al. 2004). SAA concentration has been found to increase in acute, sub-acute and chronical 

conditions, but it is most reliable as an inflammation marker in the case of acute disease 

(Alsemgeest et al. 1994; Horadagoda et al. 1999). SAA has a possible use in distinguishing 

between acute and chronic inflammations; for this purpose SAA has been suggested to be 

more useful than neutrophil and white blood cell counts (Horadagoda et al., 1999; Petersen 

et al. 2004). In addition of systemic SAA, mammary gland of bovines secretes what is known 

as M-SAA3, which is secreted to milk and appears before systemic SAA, which makes it a 

good indicator for mastitis (Ceciliani et al. 2012; Eckersall and Bell 2010). 

Table 4. Conditions and treatments that lead to increased SAA concentration, fragment of 
the source table (Petersen et al. 2004) 

Animal Cause 
Cattle Prolonged injection of low doses of lipopolysaccharide (E. coli O111:B4) 

Inflammation 
Subclinical inflammation 
Mastitis 
Infection with Pasteurella haemolytica serotype 1 
Experimental infection with Bovine Viral Diarrhoea Virus and/or 
Mannheimia haemolytica 
Experimental infection with bovine syncytial virus 
Nonfeeding for 3 days 

 

In studies it has been shown, that from all acute phase proteins SAA seems to be the most 

sensitive as a stress marker. In 1995 Alsemgeest et al. found in their study, that SAA levels 

were significantly higher in calves housed on a floor type associated with high stress in 

comparison to calves on control group. In this study Hp levels remained normal. For reason 

yet unclear, dairy cows that are kept and fed inside, have been shown to have significantly 
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higher SAA concentration in comparison to cows housed in different kind of systems 

(Petersen et al. 2004). 

 

 

1.3. Factors that affect post weaning growth rate in calves 

 

During the first months of calf’s life, there are many factors that affect its growth rate. These 

factors can be roughly divided to physiological, environmental and pathological, thou 

environmental and pathological factors affect each other strongly. Physiological factors that 

affect growth rate are mainly breed, gender and feeding. Bull calves grow faster than heifers, 

calves of beef breeds grow faster than dairy calves (Allen 2004a 2004b). Difference in 

average weight gain per day differs significantly between breeds. The effect of feed can be 

caused by insufficient amount of feed intake or improperly-balanced rations (Donovan et al. 

1998; Nordlund and Kohlman 2008). In rearing systems where calves suckle their mother 

and animals graze in summer period, the season has a significant impact on growth rate, this 

effect does not however manifest in bottle and machine fed calves (Allen 2004b). Colostral 

immunoglobulin intake, and subsequently the concentration of blood serum immunoglobulin 

post weaning, has been alternatively found to have a relevant effect or no relevant effect to 

growth rate during the first 6 months of life (Furman-Fratczak 2011, Donovan et al. 1998). 

In their study that found no relevant association between the colostral immunoglobulin 

intake and the growth rate, it is noted by Donovan et al. (1998) that the studies that found a 

positive correlation between serum colostral immunoglobulin concentration and growth rate, 

failed to take into the analysis the disease conditions of the herd.  

Environmental conditions such as too high or low temperature, bad housing hygiene, bad 

conditions, and poor air quality affect the growth rate, trough consuming energy, heightening 

the disease pressure and the stress level on calves (Donovan et al. 1998; McGuirk 2003; 

Nordlund and Kohlman 2008). Occurrence of diseases, such as diarrhoea, septicaemia and 

the respiratory diseases has been shown to have a relevant effect on growth rate of a calf 

(Donovan et al. 1998). Worst housing variant for calves is warm, damp, and humid, with 

contaminated bedding, where calves continually come into contact with manure and have 

continuous contact with pathogens (McGuirk 2003; Nordlund and Kohlman 2008). 
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“Inadequate ventilation, humidity, dampness and high animal density create conditions 

conducive to a high number of aerosolized organisms, noxious gases and other contaminants 

that may compromise calf health” (McGuirk 2003). High density of calves increases the 

amount of pathogens in environment. To minimize this risk, each calf should have adequate 

space, calves should be distanced from each other or pens should be separated by barriers to 

prevent excessive calf to calf contact, group sizes should be kept small, and pens should be 

adequately cleansed between calf batches (McGuirk 2003; Nordlund and Kohlman 2008). 

When creating barriers between calves, it is important to pay attention to airflow, as to not 

create a poor quality microclimate for the calf (Nordlund and Kohlman 2008). 

 

 

1.3.1. Three-stage-rearing in Finland 

 

In Finland, a three-stage-rearing system is used widely to rear calves for beef. The main aim 

for creating the three-stage-rearing system was to ensure the efficiency and cost-

effectiveness in rearing the dairy cattle bull calves for beef (Heikkinen 2014). About 90% of 

calves reared in this manner are from dairy farms and of dairy breeds (Väänänen 2019). In 

three-stage-rearing system the calf is reared at the farm of its birth for 1-2 weeks, after which 

it is transported to calf rearing unit. From calf rearing unit calf is transferred to finishing 

farm at the age of 5-6 months, from where they are transported to slaughter house at the age 

of approximately 17-22 months (Heikkinen 2014; Väänänen 2019). 

Early rearing happens at the farm calf was born to. In this stage, the most important points 

are adequate colostrum feeding, good housing conditions and sufficient feeding, so that the 

calf may be as healthy and large as possible when transferred to the calf rearing unit 

(Heikkinen 2014; Väänänen 2019). At the arrival to the calf rearing unit, the calf should have 

health check and be treated if necessary. After this, the calves get distributed to create as 

homogenous groups as possible, to lessen the concurrence inside the group (Heikkinen 

2014). 

In calf rearing unit, the calves are typically kept in groups of 20-50 (Autio et al. 2006). The 

calf is fed for 4-6 weeks with milk replacement, after which they are fed with solid feeds, 

until they are transported to finishing farm (Heikkinen 2014; Väänänen 2019). Milk fed and 
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solid fed calves tend to be kept in different departments to minimize the contact between 

different age groups, and the subsequent pathogen transfer (McGuirk 2003; Heikkinen 2014; 

Väänänen 2019). In practice this is accomplished by separate all-in-all-out units. The aim at 

calf rearing unit is to archive a weight gain of 900-1000 g/day (Heikkinen 2014; Väänänen 

2019). At the age of 5-6 months as the calf is transferred to finishing farm, which may also 

be at the same farm as the calf rearing unit (Heikkinen 2014; Väänänen 2019). The third 

stage of rearing lasts for 12-16 months. The aim is to reach a slaughter weight of 340 kg 

(Heikkinen 2014). 
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2. AIM OF THE STUDY 

 

The aim of this study was to investigate the association between group size and serum APP 

concentration in calves. Study hypothesis was that smaller groups would have lower APP 

serum concentrations. 

Additional questions studied were association of serum APP levels to growth rate, and 

association of group size to growth rate. 
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3. MATERIALS AND METHODS 

 

3.1. Animals and samples 

 

The site of experiment was a calf rearing unit in Finland. Veterinary control and laboratory 

diagnostics were carried out by the University of Helsinki’s veterinary medicine faculty’s 

production animal medicine department. Field experiment was done as a part of the 

healthcare program of the farm. 

Experiment site comprised of two all-in-all-out units, meant for housing up to 80 calves. 

Both units were divided into one pen for 40 calves (control-group) and four pens for 10 

calves each (test-group). Pens were separated from each other by walls, so that direct and 

droplet contact was prevented. In smaller pens, feeding nipples were placed 2 and 10 nipples 

in every second pen. Each pen was filled in 1-2 days. Calves were distributed randomly by 

the order of arrival to the pens of 10 and 40. The lay-out of experimentation site brought on 

appendix 1. 

The experiment was repeated three times in both units. All in all, there were 6 calf batches 

and 480 calves. 4/5 of the calves were bulls and 1/5 was heifers. The breed distribution by 

sire of calves was as follows: 45% Holstein cattle, 37% Ayrshire cattle, 20% beef cattle and 

3 calves of Finncattle. Calves were weighed at the beginning and end of the growth period. 

The variation of the age and weight of the calves at arrival is shown on table 5.  

Table 5. Age and weight distribution of calves at arrival to calf rearing unit 

 Mean (±SD) Median Min Max 
Age, days 24.1 (9.16) 23 9 67 
Weight, kg 55.9 (9.99) 55 32 100 

 

Calf rearing unit workers took care of distribution and care of the calves, and assisted the 

veterinarian on examinations and sample taking. Calves were examined and blood samples 

taken three times during first 50 days of rearing period, first time directly after arrival to 
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facility, and then at three week intervals. All in all 1440 blood samples were taken and 

analysed.  

Examination of calves consisted of clinical examination, auscultation by stethoscope, take 

of respiratory frequency, rectal temperature, nasal/eye discharge, diarrhoea, over-all status, 

navel and joint condition, and other possible symptoms. Calves were classified by 

manifestation of clinical signs of respiratory tract disease to healthy, infected, clinically ill, 

and dead. Status of healthy was given to calves with no clinical symptoms. Calf was 

classified as infected, if it had eye or nasal discharge, increased respiratory frequency, 

abnormal or heavy breathing, or rectal temperature over 39.5°C, with no other disease 

symptoms. Calves that had three or more of afore mentioned symptoms, were classified as 

clinically ill. Medical treatment was prescribed to calves with respiratory frequency 

≥50/minute or rectal temperature over 40.0°C. Medical treatment consisted of antibiotics 

and non-steroidal anti-inflammatory drugs. First treatment was a single shot of 

tulathromycin (Draxxin 100 mg/ml) in a dose of 2.5 mg/kg intramuscularly, and a single 

shot of meloxicam (Metacam 20 mg/ml) in a dose of 0.5 mg/kg sub-cutaneously. If repeated 

treatments were necessary, they were carried out with a single shot of oxytetracycline 

(Terramycin/LA 200 mg/ml) with a dose of 20 mg/kg intramuscularly. The meloxicam shot 

was also repeated with every antibiotic treatment. Medication of calves was carried out by 

workers of facility in accordance with veterinarians’ instruction. The symptoms and 

medications of treated calves were documented individually.  

On first examination medical treatment was prescribed to ten calves on both groups. On 

second examination the amount of prescriptions was 25 on smaller groups and 20 on larger 

groups. On last examination 34 calves from larger group and 15 from smaller group were 

prescribed medication. The amount of medications was large on both groups. During the 

experiment antibiotic treatment was prescribed 79 times to calves from smaller groups and 

91 times to calves from larger groups. In large group, five calves were treated four times. In 

smaller groups, the maximum amount of treatments was three. Everyday treatment was 

given to 4.6 of every 40 calves.  
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3.2. Laboratory analysis 

 

The laboratory analysis of Hp was performed by haemoglobin binding assay using 

tetramethylbenzidine (TMB) as a chromogen; method is described to greater detail by 

Makimura and Suzuki (1982). Basis of the method is binding of Hp to haemoglobin. The 

resulting Hp-Hb complex is determined by spectrophotometer.  

Solutions used in analysis were prepared as follows. The bovine standard that was used as a 

reference was prepared from purified standard powder dissolved to 0.5 ml of distilled water, 

giving it a Hp concentration of 1.892 g/l. Standard was then diluted into concentrations 0.946 

g/l, 0.473 g/l, 0.236 g/l and 0 g/l, using isotonic (0.9%) saline solution. Methemoglobin 

(metHb) solution was prepared from 1 ml of strong haemoglobin solution mixed with 9 ml 

of isotonic saline. The chromogen solution was prepared by dissolving 6 mg of TMB to 1 

ml of distilled water and diluting the solution to chromogen buffer in proportion of 1:100. 

The substrate was prepared by mixing 12 µl of 30% hydrogen peroxide with 10 ml of 

distilled water. 

To analyse the samples, 20 µl of standard, positive and negative control solution and the 

serum samples were each measured into test tubes. 100 µl of metHb solution was added to 

test tubes and mixed in. The resulting solution was left to stand for ten minutes, to allow the 

Hp-Hb binding, after which 2.5 ml of isotonic saline was added and mixed in. 20 µl of the 

resulting solutions were pipetted in triplicate to the test plate, 200 µl of chromogen solution 

was added and mixed in. The test plate was covered and left to incubate at 37ºC for one hour. 

After incubation, the substrate was added and the plate was left to stand at room temperature 

for 15 minutes to allow the formation of indication colour. After 15 minutes, the reaction 

was stopped with 50 µl of 20% sulphuric acid, which changed the indicator colour from blue 

to yellow. ELISA reader (Magellan Sunrise©) device, with measurement wavelength of 450 

nm, was used for reading the test plates, and the mean concentration of triplicates was used 

in final results. 

The laboratory diagnostics of SAA was performed using commercially available ELISA test 

“PHASE” TM Serum Amyloid A Assay Multispecies, which is based on “sandwich” method 

where SAA specific monoclonal antibodies bind to assay plate. Due to very high 

concentrations of SAA during inflammation process, the samples were diluted empirically, 



21 

 

to bring them to the concentration range detectable by assay. The beginning dilution was 

1:1000 and the result was then compared to calibration curve and diluted accordingly.  If the 

result was over the upper limit value (300 mg/l), the sample was diluted 1:2500 and re-

assayed.  

The samples and a calibrator with known SAA concentration were incubated with anti-SAA 

antibodies, which were marked with horseradish peroxidase (HRP). After incubation, excess 

material was rinsed off and TMB was added in accordance to assays instructions. TMB was 

allowed to react with HRP, to create indicator colour, after which the reaction was stopped 

with stopper-reagent. The intensity of the colour produced was relative to the concentration 

of SAA on sample. The results were read with spectrophotometer, using the wavelengths of 

450 nm and 620 nm.  

 

3.3. Statistical analyses  

 

The associations between the acute phase protein concentrations and calves group size 

during rearing period were examined using a linear mixed models (at beginning, in the 

middle and at the end of rearing period). Logarithmically transformed SAA and Hp 

concentrations were used as independent variables and calves group size (group of 10 or 40 

calves), gender, age and treatments before sampling (treated or not) were included as 

dependent variables in every model. Backward elimination processes were carried out for 

final models. Calf batch and pen were included as random factors in all models. 

To investigate associations between weight gain during rearing and acute phase proteins 

concentrations, along with the group size, linear mixed models were used. In this model 

weight gain (kg/day) was independent variable and acute phase proteins concentrations at 

different sampling times, age of the calves at the beginning of rearing period, group size, 

gender and breed were included as dependent variables. Calf batch and pen were included 

as random factors. 

Stata/IC 13.0 statistical software (StataCorp LP, Texas, USA) was used for statistical 

analyses. 
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4. RESULTS 

 

The distribution of calves to different health status groups is in figure 1. In examinations 9-

39% of calves were classified as healthy. The percentage of healthy ones was biggest at the 

first examination in 10 calf pens and lowest at the last examination in the 40 calf pens. 58-

76% of calves had symptoms of respiratory tract disease on all examinations. The percentage 

of clinically ill on first examination was smaller in big groups, but at the second examination 

it was almost twice as large (14.9%) as in smaller groups (7.5%). On the third examination 

the percentage of clinically ill was slightly lower on both groups than on second examination. 

Six calves died during the experiment. 1 of dead calves was from small group and others 

from large group. 

 

 

Figure 1. The distribution of calves to health status groups at examinations and the mean of 
the rearing period (50 days). exam. = examination, 10/40 = group size (n = 10 and 40), 

 

Statistical analysis results on association of SAA and Hp with group size at the end of the 

rearing period are brought on tables 6 and 7 respectively. The serum concentration of SAA 

and Hp were higher in the test group than in the control group on the third sampling. On 

other samplings no statistically relevant difference was noted. Calves that had been treated 

with antibiotics prior to sampling were found to have higher SAA and Hp levels that non-
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treated calves. Furthermore the age of calves on sampling was found to have a negative 

correlation to SAA levels, which is in conformance with the results found in other studies. 

Table 6. Association of serum amyloid A (SAA) concentration at the end of rearing period 
(aprox. 50 days) of calves (n = 470) with group size (n = 10 and n = 40) 

Variable 

(n = number of samples) 

Estimate* 95% CI 

of estimate 

p-value 

Calves age (days) 

Group size 

   10 (n = 236) 

   40 (n = 234) 

Treatment before sampling 
* 

   no (n = 220) 

   yes (n = 50) 

Intercept 

-0.010 

 

0 

-0.208 

 

0 

0.393 

4.407 

-0.016; -0.003 

 

 

-0.368; -0.049 

 

 

0.174; 0.612 

3.924; 4.890 

0.003 

 

 

0.010 

 

 

0.000 

0.000 

* Estimates are in logarithmic scale 
** Treatment = tulathromycin + meloxicam, if repeated treatments were necessary: oxytetracycline 
+ meloxicam. See materials and methods.  
 
Table 7. Association of haptoglobin (Hp) concentration at the end of rearing period (aprox. 
50 days) of calves (n = 470) with group size ((n = 10 and n = 40) 

Variable 

(n = number of samples) 

Estimate* 95% CI 

of estimate 

p-value 

Group size 

   10 (n = 236) 

   40 (n = 234) 

Treatment before sampling** 

   no (n = 220) 

   yes (n = 50) 

Intercept 

 

0 

-0.107 

 

0 

0.610 

5.334 

 

 

-0.215; -0.001 

 

 

0.436; 0.784 

5.225; 5.443 

 

 

0.048 

 

 

0.000 

0.000 

* Estimates are in logarithmic scale 
** Treatment = tulathromycin + meloxicam, if repeated treatments were necessary: oxytetracycline 
+ meloxicam. See materials and methods. 
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The statistical analysis results on factors affecting growth rate in calves are presented on 

table 8. High SAA level on the first sampling was found to prognosticate weaker growth rate 

in calves. On other samplings no statistically relevant association between SAA level and 

growth rate was found. No relevant correlation was found between Hp levels and growth 

rate at any of the samplings. Group size had no statistically relevant correlation with growth 

rate. The age of the calf at the beginning of the rearing period was noted to have a positive 

association with growth, i.e. the older the calf was at the beginning of the rearing period, the 

bigger the weight gain of the 50 days period. The gender of the calf was found to have a 

statistically relevant effect on weight gain. Males grew more during the 50 day period than 

females. The breed of the calf affects the growth rate; as such it was taken into account in 

analysis, to avoid incorrect interpretation of results. 
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Table 8. Association of weight gain (kg/day) during all rearing period (aprox. 50 days) 

with serum amyloid A (SAA) concentration at the beginnig of rearing period of calves (n = 

466) 

Variable 

(n = number of samples) 

Estimate 95% CI 

of estimate 

p-value Wald test 
p-value 

Age at beginning of rearing (days) 

Serum amyloid A (mg/l) 

Gender 

   male (n = 1168) 

   female (n = 245) 

Group size 

   10 (n = 238) 

   40 (n = 238) 

Breed* 

   HOL (n = 205) 

   AY (n = 170) 

   CH (n = 8) 

   BA (n = 24) 

   AB (n = 15) 

   LIM (n = 33) 

   LSK (n = 3) 

   SIM (n = 6) 

   JE (n = 2) 

Intercept 

0.011 

-0.001 

 

0 

-0.062 

 

0 

0.032 

 

0 

-0.064 

0.074 

-0.091 

0.015 

-0.052 

-0.281 

0.103 

-0.132 

0.521 

0.010; 0.013 

-0.001; -0.000 

 

 

-0.113; -0.011 

 

 

-0.011; 0.076 

 

 

-0.099; -0.028 

-0.056; 0.204 

-0.171; -0.010 

-0.081; 0.112 

-0.136; 0.031 

-0.486; -0.074 

-0.044; 0.252 

-0.379; 0.114 

0.433; 0.610 

0.000 

0.020 

 

 

0.018 

 

 

0.150 

 

 

0.000 

0.264 

0.027 

0.749 

0.220 

0.008 

0.170 

0.293 

0.000 

 

 

 

 

 

 

 

 

0.000 

* Breeds: HOL = Holstein-Friesian AY = Ayrshire CH = Charolais BA = Blonde d’Aquitaine AB 
= Aberdeen Angus LIM = Limousin LSK = Länsi-Suomen Karja SIM = Simmental JE = Jersey 
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5. DISCUSSION 

 

On first two examinations no relevant association between group size and level of APPs was 

found. On third examination, the test group was found to have higher SAA and Hp levels 

than the control group. This disproves the study hypothesis. Due to higher amount of calf-

to-calf contacts, the disease pressure should have been higher on control group, resulting to 

higher APP levels (McGuirk 2003). While going through the data for the research, it was 

noted that even thou no difference in number of calves treated was observed, in control group 

the calves were treated up to four times with antibiotics, where as in the test group the 

maximum amount of treatments was three. This may have had an effect on the levels of SAA 

and Hp in the second and third examination, and might merit for further investigation.  

Comparison of the APP results to the distribution of the calves in to the health status groups 

on the table 6 shows that the incidence of sub-clinical disease was higher in the test group, 

as the APP levels were higher while the incidence of a calf being classified as infected or 

clinically ill was lower. The negative correlation found between the age and SAA levels 

conforms to the similar results reported by Orro et al. in their article in 2008. 

The study shows that high SAA levels early in life prognosticate weaker growth. This effect 

was also reported by Seppä-Lassila et al. (2014), on their research on beef cattle calves. 

During APR, pro-inflammatory cytokines affect the central nervous system, decreasing the 

feed intake (Johnson 1998). This illness incurred decrease in feed intake and decreased time 

used ruminating (Borderas et al. 2014), and/or the metabolic stress that the APR causes on 

organism (Webel et al. 1997) may help to explain the effect of illness on the growth rate. 

Furthermore it has been proven in laboratory animals that infection impairs linear bone 

growth, despite the availability of necessary nutrients. Possible role of pro-inflammatory 

cytokines has been suggested (Koniaris et al. 1997). The inertia of Hp this respect may be 

explained by SAAs higher sensitivity and shorter response time to pathogen stimulation in 

calves (Horadagoda et al. 1994). Thou the association between SAA levels on the first weeks 

of life, and the growth rate on first months of life is statistically relevant, the applicability of 

this information as such is limited, as the difference in growth rate is not practically relevant. 
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Further research on this material on whether high SAA levels early on life predispose calves 

to infections during rearing period would be commendable. 

The group size was found to have no statistically relevant influence on the growth rate. This 

result makes sense in the presence of adequate space per calf in the pen and satisfactory level 

of feeding, with enough room on feeding pens and nipples for the amount of calves. Taking 

into account our result of the difference in the levels of APPs being statistically of no 

relevance between small and large groups during most of the rearing period, we can further 

assume that the influence of illnesses to the growth rate was identical in both groups. 

The limitation of this study was that it was conducted fully on one calf rearing farm. The 

characteristics of the farm, its workers and the attending veterinarian thus may have an effect 

on the results. To exclude the influence of farms characteristics, the study should be repeated 

on different experiment site.  
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6. CONCLUSION 

 

This study aimed to investigate the association between group size and serum APP 

concentration in calves, with a hypothesis, that the levels of APP would be lower on smaller 

groups. The results of the study proved the hypothesis wrong, with statistical relevance. The 

reasons behind this were left unclear by the results. Further research on the data is 

recommended to investigate the reasons behind the results. 

The level of SAA on early age was proven to have a statistically relevant effect on growth 

rate. High SAA levels prognosticated weaker growth. This finding was supported by similar 

findings by other researches, as well as by several reported physiological inflammation 

responses. The applicability of this result as such is limited, due to the level of difference in 

growth rate being too low to be of true practical relevance. Further research on whether the 

high SAA levels on early life predispose calves to infections on rearing period would be 

intriguing. 
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SUMMARY 

 

Association of acute phase proteins with group size in rearing calves 

 

The acute phase response (APR), is the first line, unspecific innate immune response to 

inflammation or infection. As a part of the APR, acute phase proteins (APP) are released and 

have a multitude of functions in inflammation process. In bovines major acute phase proteins 

are haptoglobin (Hp), serum amyloid A (SAA) and α1-acid glycoprotein (AGP). In cattle 

medicine, APP assays offer a valuable diagnostic tool.  

The aim of this study was to investigate the association between group size and serum APP 

concentration in calves. Study hypothesis was that smaller groups would have lower APP 

plasma concentrations. Additional questions studied were association of serum APP levels 

to growth rate, and association of group size to growth rate. 

Experiment was carried out in two all-in-all-out units, divided to one pen for 40 calves (large 

group size or control group) and four pens for 10 calves each (small group size or test group). 

All together there were 480 calves in 6 calf batches included into the study. Calves were 

examined and blood samples taken three times during 50 days of growth period. First time 

directly after arrival to facility, and then at three week intervals. Calves serum samples were 

analysed for SAA and Hp levels with ELISA commercial kit and colorimetric method 

respectively. 

The serum concentration of SAA and Hp was higher in the small group size calves than in 

the control group on the third sampling. High SAA level on the first sampling were 

associated with smaller growth rate in calves during rearing period. Group size was found to 

have no statistically significant association with growth rate. 

Although, these results indicates association between activation of inflammatory response 

and rearing calves group size and prognostic value of measuring of inflammatory response 

to the following growth rate of calves the exact biological mechanisms behind those findings 

merit furture investigations. 

 

Keywords: rearing calves, weight gain, serum amyloid A, haptoglobin, group size 
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KOKKUVÕTE 

 

Akuutse faasi proteiinide ja rühma suuruse seos vasikakasvanduses  

 

Selles uuringus uuriti vasikate vere seerumi akuutse faasi proteiinide taset ja vasikate 

juurdekasvu vasikakasvanduses. Eesmärgiks oli uurida, kas esineb seos rühma suuruse ning 

seerumi akuutse faasi proteiinide (APP) taseme vahel. Hüpoteesiks oli, et väiksemates 

gruppides vere seerumi akuutse faasi proteiinide tase on madalam. Lisaks uuriti seerumi 

akuutse faasi proteiinide taseme ning gruppi suuruse seost vasikate juurdekasvule. Uuring 

teostati kasutades seerumi amyloid A (SAA) ning haptoglobiini (Hp) taseme mõõtmist, kuna 

need on veistel olulised põletiku näitajad. 

Uuring teostati vasikakasvanduses Soomes. Uuringu aladeks oli kaks kõik-sisse-kõik-välja 

üksust, mis olid jagatud üheks 40 vasika suluks (kontroll grupp) ning neljaks 10 vasika 

suluks (test grupp). Kokku oli katses 480 vasikat, 6 vasikapartii kaupa. Vasikaid uuriti kolm 

korda 50 päevase kasvuperioodil: esimest korda kohe peale kasvandusesse saabumist ja 

seejärel kaks korda kolmenädalaste intervallidega. Uuringutel hinnati vasikate tervise 

seisundit ning võeti vereproovid. Vereproovidest määrati SAA ja Hp tasemed kasutades 

vastavalt ELISA ja kolorimeetrilist meetodit.  

Esimesel kahel proovi võtu korral ei leitud seerumi SAA ja Hp taseme ning gruppi suuruse 

vahel statistiliselt olulist seost. Kolmandal proovi võtu korral oli APP-de tasemed kõrgemad 

test grupis (väiksem rühma suurus; n = 10). Leiti ka, et kasvatusperioodi alguses kõrge SAA 

kontsentratsioon ennustas vasikate madalamat juurdekasvu kogu 50 päevase 

kasvatusperioodi jooksul. Kuna käesolev uuring ei võimalda täpsemalt hinnata millised 

täpsed bioloogilised mehhanismid on nende leitus seoste taga väärib antud teema tulevikus 

põhjalikumaid uuringuid. Rühma suuruse ja juurdekasvu vahel ei esinenud statistiliselt 

olulist seost üheski kasvatusperioodi järgus.  

 

Märksõnad: vasikakasvandus, seerumi amüloid A, haptoglobiin, juurdekasv, rühma suurus 
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APPENDIX 

 

Appendix 1: The lay-out of the experimentation site 
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