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Sole ulcers (SU) are one of the most common conditions causing a remarkable amount of 
pain, lameness and welfare problems for dairy cattle. Subsequently to local pain and tissue 
damage the activation of systemic inflammatory response called acute phase response (APR) 
can be seen in cattle with SU. Increased concentrations of acute phase proteins (APP) like 
serum amyloid A (SAA) and Haptoglobin (Hp) together with increased rectal temperature 
and interleukin-6 (IL-6) concentrations are markers of APR. These can be used to evaluate 
the impact of SU on the inflammatory response of a cow. 
Dairy cows with SU (n = 18) and healthy animals (n = 30) were sampled during 14 days after 
hoof trimming. Serum samples (n = 144) and rectal temperature measurements (n =144) were 
collected beginning from the year of 2016 till the end of 2018. Both procedures were 
performed with seven-day interval (d0, d7 and d14) for each cow admitted into the study. 
Concentrations of SAA (p = 0.003), Hp (p = 0.037) and rectal temperature (p = 0.034) were 
higher in SU cows compared to control cows on d0. SAA concentrations in SU cows 
remained higher also at d7 and d14 samples (p = 0.005 and p = 0.014, respectively). 
Concentrations of Hp and rectal temperatures of the SU group declined within the study 
period and there were no significant differences to controls after d0. SAA concentrations in 
SU group were close to being statistically significantly lower (p = 0.052) on d14 compared 
to d0, Hp concentrations were lower (p = 0.035) on d14 compared to d0 and rectal 
temperatures were lower (p = 0.010) on d7 compared to d0. Statistically significant 
differences were not found in IL-6 concentrations between study groups and during the study 
period in SU cows. These results suggest that SU will initiate systemic APR in dairy cattle 
and APP can be used for monitoring disease process in SU cows. 
Keywords: sole ulcers, acute phase response, acute phase protein, serum amyloid A, 

haptoglobin, interleukin-6 
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Tallahaavand (sole ulcer; SU) on lüpsilehmadel sageli esinev sõrahaigus mis põhjustab valu, 
lonkamist ja vähendab lehmade heaolu. Lisaks paiksele valule ja koekahjustusele käivitub ka 
süsteemne põletikuvastus (acute phase response; APR). Akuutse järgu valkude (acute phase proteins; 
APP)nagu seerumi amüloid A (SAA) ja haptoglobiini (Hp) kontsentratsiooni tõus koos 
kehatemperatuuri ja interleukiin-6 (IL-6) kontsentratsiooni tõusuga on APR tunnused. Nende abil on 
võimalik hinnata SU mõju lehma põletikureaktsioonile. 
Peale sõravärkimist SU diagnoosiga lüpsilehmadelt (n = 18) ning tervetelt kontroll-lehmadelt (n = 
30) koguti 14 päeva jooksul vereproove ja mõõdeti kehatemperatuur alates värkimisest seitsme 
päevase intervalliga (päevad 0, 7 ja 14) . Uuring viidi läbi alates 2016 kuni 2018 aasta lõpuni.  
SU lehmadel olid 0 päeval SAA (p = 0.003), Hp (p = 0.037) ja rektaaltemperatuur (p = 0.034) 
kõrgemad võrreldes kontrollgrupiga. SAA kontsentratsioon SU lehmade püsis kõrgemal ka päevadel 
7 ja 14 (p = 0.005 ja p = 0.014). SU lehmade Hp kontsentratsioon ja rektaaltemperatuur kahanesid aja 
jooksul, ning erinevusi võrreldes kontrollgrupiga ei olnud enam pärast 0 päeva. SU lehmade Hp 
kontsentratsioon oli 14-al päeval madalam (p = 0.035) võrreldes 0 päevaga ning rektaaltemperatuur 
oli 7-al päeval madalam (p = 0.010) võrreldes 0 päevaga. SAA kontsentratsioon oli peaaegu 
statistiliselt oluliselt väiksemad (p = 0.052) päeval 14 võrreldes 0 päevaga. Seerumi IL-6 
kontsentratsioonid ei erinenud SU ja kontroll-lehmade vahel ega ka mõlema rühma sees uuringu 
jooksul. Selle uuringu tulemused näitavad, et SU käivitab lehmadel süsteemse põletikuvastuse ning 
APP-sid saab kasutada haiguse kulu jälgimiseks. 
Märksõnad: tallahaavand, süsteemne põletikuvastus, ägeda järgu proteiinid, seerumi 
amüloid A, haptoglobiin, interleukiin-6 
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LIST OF ABBREVIATIONS 
 

AlphaLISA Amplified luminescent proximity homogeneous assay 

APC Antigen-presenting cells 

APP Acute phase protein 

APR Acute phase response 

BCS Body condition score 

BRSV Bovine respiratory syncytial virus 

CNS Central nervous system 

Cp Caeruloplasmin 

CRP C-reactive protein 

d0 Day of admission and first sampling of blood 

d7 Day of second sampling 

d14 Day of third sampling 

DCT Digital cushion thickness 

DIM Days in milk 

ELISA Enzyme-linked immunosorbent assay 
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Hg Haemoglobin 

Hp Haptoglobin 

IFN-	"	 Interferon-gamma	
IL-1β Interleukin-1beta 

IL-6 Interleukin-6 

LPS Lipopolysaccharide 

MMP-2 Metalloproteinase-2 

NSAIDs Nonsteroidal anti-inflammatory drugs 

SAA Serum amyloid A 

SU Sole ulcer 

TNF-⍺ Tumour necrosing factor-alpha  
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INTRODUCTION 
 

Even though cattle are stoic prey animals and they usually hide their pain, sole ulcers (SU) 

can cause profound changes in locomotion and thus affect the general welfare of these 

animals (Blackie et al., 2013). SU begins to develop when increased compression of soft 

tissues of the sole start to hinder the growth of these tissues and generation of necrosis begins 

(Ossent and Lischer, 1998; Schöpke et al., 2013). Decreased digital cushion thickness (DCT) 

and low body condition score (BCS) are tightly correlating with the pathogenesis of the SU 

because these allow the pedal bone to direct increased compression to sole (Ossent and 

Lischer, 1998; Knott et al., 2007; Bicalho et al., 2009; Schöpke et al., 2013; Green et al., 

2014). Phase of lactation, number of lactations and parturition can indirectly predispose 

cattle to SU. 

 

Since SU are painful lesions characterised with damaged tissues and impaired homeostasis 

it would be unusual if acute phase response (APR) would not take place in such defect (Csilla 

et al., 2011). APR mediates the sickness behaviour and fever via effects on the central 

nervous system (CNS). APR acts through pro-inflammatory cytokines like interleukine-6 

(IL-6) and acute phase proteins (APP) restricting microbial growth and maintaining 

homeostasis (Murata et al., 2004). In cattle practice the most diagnostically important APPs 

are haptoglobin (Hp) and serum amyloid-A (SAA) which can be used to detect different 

acute inflammatory conditions. During the APR, both of these APPs prevent the humoral 

and cell-mediated immune system from causing unnecessary damages to the host organism 

(Gatt et al., 1998; Rossbacher et al., 1999), among others.  

 

Research concerning the correlation between APP and SU is minimal. However, the field of 

scientific research agrees on how disorders of hooves and distal leg may trigger APR (Csilla 

et al., 2011). Some studies (Jawor et al., 2008; Kujala et al., 2010) are mentioning SU’s 

ability to cause APR. Investigations made by Jawor et al. (2008) and Ilievska et al. (2019) 

suggested that SU might be one of the most painful disorders affecting the hoof of the cow. 
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Aims of this study were to investigate whether concentrations of SAA, Hp and IL-6 among 

rectal temperature could represent systemic inflammatory response (APR) in cows affected 

by SU when compared to healthy cows with no signs of hoof problems within the study 

period of 14 days after hoof trimming.  
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1. LITERATURE REVIEW  
 

1.1. Pathology behind sole ulcers 

 

Sole ulcers, or Pododermatitis circumscripta as referred by Bruijnis et al. (2010), start to 

develop when a structure like a flexor process of a pedal bone start to inflict increased 

mechanical compression on a sole of a hoof (Ossent and Lischer, 1998; Schöpke et al., 2013) 

(Figure 1.). According to Ossent and Lischer (1998) and Schöpke et al., (2013) this 

increasing compression starts to crush the horn producing tissue which hinders the 

proliferation of a corium of the sole and thus necrosis and development of the SU begins. 

The defects which perforate the horny layer of the sole by the above described manner are 

called sole ulcers (Ossent and Lischer, 1998) (Figure 2.). The digital cushion is located 

between the third phalanx and soft tissues of the sole. It should dampen the pressure exerted 

by the third phalanx to underlying tissues (Bicalho et al., 2009) and thus prevent the 

formation of SU. However, when this protective structure begins to get thinner its capability 

to absorb compression decreases which in turn predisposes cattle to sole contusions and SU 

(Bicalho et al., 2009). 
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Figure 1. Anatomy of the distal limb. Hoof wall (2). Innermost bony structures of the distal limb 
consist of the proximal phalanx (P1), medial phalanx (P2) and distal phalanx or more commonly 
pedal bone (P3) and navicular bone (7). Parts of the suspensory apparatus like deep digital flexor 
tendon (1), digital cushion (5) and lamellae of the hoof (3) keep the P3 at its correct place. When the 
suspensory apparatus becomes compromised the position of the P3 may change and the flexor 
process (6) may start compressing the sole (4). Arrows point the places where sole ulcers are most 
commonly seen. Photo courtesy of Hertta Pirkkalainen. 
 

 
Figure 2. Sole ulcer on the lateral claw on the typical location. Photo courtesy of Hertta Pirkkalainen 
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Digital cushion plays a critical role in the maintenance of the blood circulation of a distal 

limb (Blowey, 2005; Fiems, 2012). Consequently, the digital cushion of the hoof has a 

pivotal role in the pathogenesis of SU as described by Bicalho et al. (2009) and Green et al. 

(2014). Blowey (2005) and Fiems (2012) described how this fat pad functions as a vascular 

pump. They explained how the digital cushion draws blood from the feet and pushes it back 

to the circulation, thus enabling filling of the corium with fresh oxygenated blood when the 

foot makes contact with the ground. Low BCS and changes of it can jeopardize the working 

principle of this pump like mechanism. Such a conclusion can be made from the studies 

performed by (Bicalho et al., 2009; Schöpke et al., 2013; Green et al., 2014). When the 

function of this pump like mechanism is compromised the corium of the hoof is predisposed 

to anoxia, damages and consequently to defected horn formation (Blowey, 2005). This can 

lead to altered stability of the corium which also predisposes the hoof for SUs. This has been 

described later in more detail in the chapter dedicated for parturition and suspensory 

apparatus. 

 

 

1.2. Association between the phase of lactation, number of lactations and 

sole ulcers 

 

The phase of lactation is associating with DCT (Bicalho et al., 2009). According to their 

study, the DCT starts to decrease already from the first month of the lactation and it continues 

to decrease until it reaches the plateau at approx. 120 days after the beginning of the 

lactation. This diminishing of DCT correlates with the prevalence of SU and claw horn 

contusions (Bicalho et al., 2009). In addition, non-infectious claw diseases like SU are more 

likely to occur in high yielding cattle (Amory et al., 2008) and in cows in their second or 

later lactations (Charfeddine and Pérez-Cabal, 2017). High yielding cows are more likely to 

have lower BCS and thus thinner DCT which in turn increases the incidence of SUs (Bicalho 

et al., 2009).  

 

It has been proposed that a number of lactations (Charfeddine and Pérez-Cabal, 2017) may 

have an impact on the formation of SU in promoting fashion. It was noticed by Räber et al. 

(2004) that the amount of adipose tissue of the digital cushion may decrease while the 

amount of connective tissue increases according to the number of parities. Based on 
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research, the composition of the adipose tissue overgoes changes along the lifecycle of the 

cow (Räber et al., 2004, 2006). However, it seems like once the composition of the digital 

cushion has been changed it does not return to its previous conformation (Räber et al., 2004, 

2006; Bicalho et al., 2009). It has been suggested that this change of the digital cushion into 

more connective tissue containing form predisposes especially older cows (Räber et al., 

2004) to SUs since it is not as effectively dampening the pressure exerted by the pedal bone 

(Räber et al., 2006; Bicalho et al., 2009). 

 

 

1.3. Parturition and suspensory apparatus 

 

Parturition has an impact on the suspensory apparatus which should be taken into account 

particularly when considering the management of first parity cows (Knott et al., 2007). 

According to their research, this physiological status predisposes cows to be more 

susceptible to sole lesions like SU. It has been mentioned by several authors  (Tarlton et al., 

2002; Blowey, 2005; Knott et al., 2007) how around the time of calving the ability of the 

suspensory apparatus to hold pedal bone at its place (Figure 1.) is compromised due to the 

increased laxity of connective tissues. This places hooves at greater risk of getting sole 

lesions (Knott et al., 2007). Understandably, timing of managemental changes is playing an 

important role between parturition and possible changes taking place in suspensory 

apparatus which are predisposing cattle to SUs.  During parturition it is normal that 

connective tissues undergo physiological changes (Knott et al., 2007). However, increased 

biomechanical stress like housing on hard floors during this sensitive phase may inflict 

irreversible chances to the connective tissues like suspensory apparatus, concluded Knott et 

al. (2007). Consequentially, the ability of the connective tissue to support as it should is 

compromised (Knott et al., 2007). 

 

Laminar corium helps to suspend the pedal bone at its place within the hoof  (Blowey, 2005). 

However, hormones like relaxin (Samuel et al., 1996) and oestrogen (Charlton et al., 2001) 

which are closely related to parturition may be able to decrease the stability of this supporting 

structure (Knott et al., 2007).  In rats (Samuel et al., 1996) and humans (Charlton et al., 

2001) it has been demonstrated how these hormones can increase the laxity of the connective 

tissues, relaxin through increased collagen proteolysis (Samuel et al., 1996) and oestrogen 
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by changing collagen and elastin composition of ligaments. However, it should be mentioned 

how human study made by Marnach et al. (2003) did not agree on these findings. On top of 

the before mentioned, pro- and activated matrix metalloproteinase-2 (MMP-2) concentration 

increases during the time of parturition (Knott et al., 2007). They explained how these 

substances are remodelling collagen and elastin synthesis. The content of elastin increased 

in the corium along with MMP-2 increase (Knott et al., 2007). Even though they did not find 

changes in the collagen content of the corium they agreed that changes in elastin composition 

are serious enough to possibly compromise the integrity of the suspensory apparatus. 

Increased elastin content of the hoof increases its elasticity. Excessive elasticity causes 

deterioration of the structural integrity of the lamellae of the hoof and thus allows 

displacement of the pedal bone (Ossent and Lischer, 1998; Lischer et al., 2002). 

Consequently, a vicious cycle may be seen in which the pedal bone compresses and restricts 

the physiological function of digital cushion, the blood flow of the distal limb becomes 

compromised and health of the structures within the hoof start deteriorating (Ossent and 

Lischer, 1998; Lischer et al., 2002). 

 

When poor claw conformation is combined with decreased supportive properties of the 

suspensory apparatus seen during parturition the importance of routine hoof trimming cannot 

be disregarded (Blowey, 2005; Knott et al., 2007). They remind how improper claw 

conformation causes excessive pressure on all parts of the feet and decreased support within 

the hoof can exacerbate the situation. To minimize these combined effects, Blowey (2005) 

suggested that optimizing the claw conformation by trimming should be done when cows 

are drying off.  

 

 

1.4. Acute phase response 

 

APR is a non-specific innate immune system reaction of which purpose is to restrict 

microbial growth and restore homeostasis until acquired immunity develops immunity to 

this specific challenge (Murata et al., 2004). Activation of APR causes the general sickness 

behaviour including loss of appetite (Van Miert, 1995; Langhans, 1996; Gruys et al., 2005) 

and lethargy (Van Miert, 1995) by acting on the CNS. On top of overt signs of sickness, the 

APR triggers activation of lymphocytes, neutrophils and deployment of macrophages (Van 
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Miert, 1995; Johnson, 1997) and induces fever via pro-inflammatory cytokines like IL-6 

(Van Miert, 1995; Johnson, 1997) as illustrated in Figure 3. During APR the outflow of the 

sympathetic nervous system of the hypothalamic-pituitary-axis is increasing and this causes 

changes in intermediary metabolism (Johnson, 1997; Gruys et al., 2005). This in turn has an 

effect on the maintenance of homeostasis. According to Johnson (1997), catabolic 

metabolism of lipids and muscles is activated in order to ensure necessary proteins and 

nutrients for APR. Sequentially these processes might have an effect on the severity of SU 

via DCT. 

 

 
Figure 3. Initiating factors of acute phase response (APR), main pro-inflammatory cytokines and 
effects of them on the organism during APR (Jacobsen, 2003). 
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By modulating the overall inflammatory reaction (Jacobsen et al., 2004) via APP the APR 

may accomplish its function within the organism. Thus, APP concentrations in the blood 

change according to the physiological status of the animal (Nakagava-Tosa et al., 1995; 

Murata et al., 2004). According to the literature the APR can be induced e.g. by (Figure 3.) 

infections (Nakagava-Tosa et al., 1995; Jacobsen et al., 2004; Murata et al., 2004), tissue 

injury (Nakagava-Tosa et al., 1995; Jacobsen et al., 2004), aseptic inflammation and cancer 

(Jacobsen et al., 2004), surgical trauma, general inflammation (Murata et al., 2004) and even 

stress (Murata et al., 2004; Lomborg et al., 2008). Additionally, Jacobsen et al. (2004) 

suggested that APR would be an innate characteristic of a cow and therefore significant 

individual differences can be seen in APR of cows. 

 

Generally, we can state that APR starts when pro-inflammatory cytokines are released into 

the bloodstream by macrophages (Murata et al., 2004). Though a wide variety of cytokines 

may be connected to APR the most studied proinflammatory cytokines which affect APP 

release are IL-6, interleukin-1β (IL-1β), tumour necrosis factor-alpha (TNF-⍺) and 

interferon-gamma (IFN-"). The major targets for these cytokines are hepatocytes since they 

produce the majority of the APP during APR (Murata et al., 2004).  

 

If these cytokines are individually viewed in respect of what kind of influence they have on 

APP production we may state that IL-6 alone can increase concentrations of Hp (Nakagava-

Tosa et al., 1995; Yoshioka et al., 2002) and SAA (Alsemgeest et al., 1996) in the blood the 

most. Similar results were observed with TNF-⍺ though with a lower magnitude (Nakagava-

Tosa et al., 1995; Alsemgeest et al., 1996). In a study made by Yoshioka et al. (2002) IFN-

" alone had no effects on APP production. It is also worth noting how Nakagava-Tosa et al. 

(1995) discovered that IL-1β alone was not able to change the concentration of Hp in the 

blood. Similar findings were made when the combined effects of IL-6 and IL-1β were 

studied (Yoshioka et al., 2002). According to their research, this combination of cytokines 

did not increase nor decrease APP production. 

 

However, if TNF-⍺ was added into the latter combination the Hp production was increased 

(Yoshioka et al., 2002). Also other combinations like IL-6 and TNF-⍺ have shown a 

synergistic increase in APP production (Alsemgeest et al., 1996; Yoshioka et al., 2002).  As 

a part of APR some of the cytokine combinations may also decrease APP production. For 

example, Yoshioka et al., (2002) showed that IFN-" and IL-1β together downregulate Hp 
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production. While combinations like IL-6, IL-1β and TNF-⍺ (Nakagava-Tosa et al., 1995) 

and IL-6, IL-1β, TNF-⍺ and IFN-" (Yoshioka et al., 2002) are correlating with decreased 

albumin production by the liver. 

 

 

1.5. Acute phase proteins 

 

APP are divided into ‘’positive’’ and ‘’negative’’ groups according to the trends of their 

concentration during APR (Murata et al., 2004). As specified by Murata et al. (2004), Hp, 

SAA, C-reactive protein (CRP), caeruloplasmin (Cp), fibrinogen (Fb), ⍺ 1-acid glycoprotein 

are so called positive APP of which concentration increases during APR. While albumin and 

transferrin are negative APP since their concentrations tend to decrease during APR, Murata 

et al. (2004) conclude. 

 

 

1.5.1. Haptoglobin 

 

Hp modulates the inflammation by acting on B-cell lymphocytes (Baseler and Burrell, 

1983), macrophages (Baseler and Burrell, 1983; Schaer et al., 2002), granulocytes 

(Rossbacher et al., 1999), Langerhans cells (Xie et al., 2000) and haemoglobin (Hg) (Schaer 

et al., 2002; Yang et al., 2003). In healthy cow the concentration of Hp in the blood is 

undetectable and in affected cow the increased concentration of Hp may rise at least to the 

level of 107 mg/dl within 2-3 days after incidence (Conner et al., 1988). Hp takes part in the 

metabolism of Hg and reduces the oxidative stress of an organism at the same time (Yang et 

al., 2003). In their paper, they explain how Hp is a major binder of Hg in case of bleeding. 

Schaer et al. (2002) lit some new light on this matter, there is a CD163 receptor that helps 

macrophages to internalize Hp-Hg complexes thus decreasing the risk of oxidative injuries. 

 

With rabbits it has been studied that Hp can inhibit miosis of lymphocytes, especially B-

cells which are an important part of the humoral immune system (Baseler and Burrell, 1983). 

Since the Hp peak takes place earliest 48h after the beginning of the inflammation there is 

enough time for the humoral and cell-mediated immune system to take action. After humoral 
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and cell-mediated immune systems have got some time for neutralizing possible pathogens 

Hp starts affecting and unnecessary tissue damages are minimized (Baseler and Burrell, 

1983). In humans, Hp has an inhibitory effect on granulocyte chemotaxis, phagocytosis and 

bactericidal properties of granulocytes, which all suppress the acute inflammatory response 

(Rossbacher et al., 1999). According to Rossbacher et al. (1999), this suppressed 

inflammatory reaction might prevent injuries that could otherwise be inflicted on the host by 

the granulocytes. As a conclusion, lymphocyte and granulocyte inhibition guards the 

organism from harmful overreactions of these leukocytes. 

 

Interaction between Langerhans cells and Hp was investigated by Xie et al. (2000). Their 

suggestion is that via interacting with antigen-presenting cells (APC), like Langerhans cells, 

there might be a connection between autoimmune disorders and levels of Hp. Hp has been 

proven to inhibit functional changes in Langerhans cells (Xie et al., 2000). According to 

their research, these changes are detrimental to the function of APC and they enable APC to 

present possible pathogens to T-cells. If the Hp concentration is not high enough Langerhans 

cells may start presenting harmless proteins to T-cells promoting possible autoimmune 

diseases (Xie et al., 2000). 

 

There is scientific evidence that different bacterial infections like Escherichia coli mastitis 

(Eckersall et al., 2001; Ohtsuka et al., 2001), enteral salmonella infection (Deignan et al., 

2000) and viral infections like bovine respiratory syncytial virus (BRSV) (Heegaard et al., 

2000) may induce a significant increase in Hp concentrations in blood. However, there is 

not that much research done on the correlation between SU and Hp. 

 

 

1.5.2. Serum amyloid A 

 

SAA concentration correlates with the intensity of APR which in turn is proportional to 

tissue damage (Gatt et al., 1998; Murata et al., 2004). Thus the effects of SAA are also dose 

depended (Gatt et al., 1998). SAA concentrations that are on an APR level (10-100 µg/ml) 

are inhibitory for the neutrophil chemotaxis and significantly decrease the degranulation of 

neutrophils. On the other hand, the SAA concentrations closer to non-APR levels (0.1-1 

µg/ml) are more active in limiting accidental neutrophil oxidative burst (Gatt et al., 1998). 
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In the case of oxidative burst free oxygen is released in relatively great amounts from 

neutrophils. This predisposes cells and tissues to oxidative stress, tissue destruction and 

inflammation. So, even within physiological concentrations SAA can be seen as an anti-

inflammatory agent (Gatt et al., 1998).  

 

In an experiment performed by Heegaard et al. (2000), it was seen how SAA concentrations 

increased faster than Hp concentrations when calves were predisposed to BRSV. In a study 

made by Jacobsen et al. (2004) a lipopolysaccharide (LPS) challenge caused SAA to 

increase within 6-36 hours. Levels stayed increased for up to 144 hours. They cautiously 

suggested that SAA might work better compared to Hp when trying to figure out whether 

the condition is acute or chronic. Jacobsen et al. (2004) pointed out that when SAA and Hp 

are compared, the SAA might represent acute conditions better since the concentration of 

SAA stays increased for a shorter time than Hp when baselines are compared. From the 

diagnostic point of view, the discriminating between acute and chronic conditions should be 

more easily done with SAA and Hp than with conventional haematological tests 

(Horadagoda et al., 1999). In their study, SAA increased in all experimental animals which 

were acutely inflamed while Hp increased only in 68% of cases. It is also described how 

SAA can increase remarkably in cattle affected by conditions like mastitis (Eckersall et al., 

2001) pleuropneumonia, enteritis, peritonitis, endocarditis and abomasal ulcers (Alsemgeest 

et al., 1994). Though SU can cause marked lameness thus expressing pain as previously 

referred (Blackie et al., 2013) there are not that many studies concerning SU and SAA. 

Perhaps SAA could even be used to investigate how chronic the sole lesions are in individual 

cows. 

 

 

1.5.3. Less relevant acute phase proteins in terms of cattle diagnostics 

 

Along with Hp, like previously presented (Schaer et al., 2002), Cp contributes to the 

prevention of oxidative stress by oxidizing toxic ferrous iron to the nontoxic ferric form 

(Patel et al., 2002). It has been demonstrated by Patel et al., (2002) how mice depleted with 

this glycoprotein were in predisposition for neurological symptoms. Reduced concentrations 

of Cp correlate with increased amounts of oxidative stress and free radical injury in CNS 

thus causing specific neuronal damages, Patel et al. (2002) claim. Besides by taking part in 
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CNS homeostasis maintenance, Cp is believed to help the liver to get rid of iron by loading 

it on transferrin (Patel et al., 2002). 

 

There are also APPs like ⍺-1-trypsin, ⍺-1-antichymotrypsin, ⍺-2-macroglobulin which 

diagnostic value in veterinary medicine is not well known (Murata et al., 2004). All of these 

are broad-spectrum protease inhibitors which remove proteases after injuries, Murata et al. 

(2004). CRP is widely used in veterinary medicine for diagnostic purposes investigating 

traumas, infections and inflammations (Mold et al., 2002). However, according to scientific 

society CRP is not recognised to be an APP in cattle medicine (Murata et al., 2004) 

Nonetheless, CRP is released from the liver via route mediated mainly by IL-6 and IL-1 and 

its biological functions are to protect the organism from infections, clearing of affected 

tissues, preventing auto-immunisation and to modulate inflammatory responses (Mold et al., 

2002). They explained how CRP may enhance the clearing of pathologically affected tissues 

mainly in two ways. First of all, CRP may activate complement cascade which enhances 

phagocytosis and secondly this APP may help scavenging cells by recognizing damaged 

cells and necrosis (Mold et al., 2002). Both of these routes make it sure that effete tissues 

are cleared out, the research group explains. Despite that, the authors believe that the main 

function of CRP is to downregulate inflammatory responses and thus limit damages caused 

by infections or traumas. 

 

 

1.6. Acute phase proteins and sole ulcers 

 

Disorders of the locomotor system are usually painful processes with damaged tissues and 

impaired homeostasis which are all characteristics of inflammation with possible association 

with APR (Csilla et al., 2011). In the study they made with lame heifers and heifers with 

hoof diseases it was evident how concentrations of Hp, SAA and Fb increased significantly. 

Similar results were found by Jawor et al. (2008) who were studying APP concentrations in 

cows with SU among other hoof diseases. Csilla et al. (2011) found out that the most 

sensitive APPs in cattle are Hp and SAA. Kujala et al. (2010) noticed how SAA 

concentrations did show a more remarkable increase in diseased animals than HP. Csilla et 

al. (2011) came across with the result of how there was a wide range of variation on the APP 

results. In their study, Jacobsen et al. (2004) came into more or less similar results with the 
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variation conundrum. They concluded that variation within their study most likely was 

caused by individual cow variation. In the case of the study made by Csilla et al. (2011) the 

variation within APP results was more likely to be caused by a wide variety of different 

pathologies. Always when APP levels are interpreted one should keep in mind how 

underlying conditions and even small surgical procedures like debriding wounds may 

increase the APP levels  (Jawor et al., 2008). Time is of importance when interpreting APP 

values like Hp since increased results may not be seen before three days post incidence 

(Smith et al., 2010).  

 

SAA and Hp are significantly increased in cattle affected by SU (Ilievska et al., 2019). In 

their pool of study subjects there were cows affected by heel horn erosions, acute laminitis, 

SU, digital dermatitis and white line separation. From these, SU and acute laminitis 

generated the greatest Hp concentrations. Comparable results were documented by Kujala 

et al. (2010), SAA was significantly greater in cows affected by SU and white line abscesses. 

Since concentrations of APP reflect the severity of the inflammatory process (Jawor et al., 

2008), we could consider that SU might cause more soft tissue degeneration and 

inflammation than other pathologies included in the study of Ilievska et al. (2019). This 

brings us a question if also suffering and pain due to hoof lesions could be estimated by 

using APP concentrations.  
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2. AIMS OF THE STUDY 
 
The aim of the study was to investigate systemic inflammatory response (APR) of cows with 

SU compared to the healthy cows during 14 days after hoof trimming. Serum concentrations 

of SAA, Hp, IL-6 and rectal temperatures were used as APR markers. 
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3. MATERIALS AND METHODS 
 

3.1. Study setting 

 

This study was conducted in one Estonian commercial dairy farm which also provides 

research and teaching facilities for Estonian University of Life Sciences. Veterinary services 

for this farm are provided by veterinarians of Institute of Veterinary Medicine of Estonian 

University of Life Sciences. Animals are divided into two separate buildings on the premises 

of the farm. Youngstock and dry cows are in their building and milking cows have their own 

facilities. Building for milking cows is divided into facilities for cows milked by automated 

milking system and cows milked in the milking parlour. In total there are approximately 60 

cows for both milking systems. Overall conditions for cattle are comparable between barns. 

Rubber mats are provided for cattle in cubicles and on all floors. Routine hoof trimming 

regime has been changed within the study period from two times per year to three times per 

year. Routine hoof trimming is performed by a trained professional hoof trimmer. Lame 

cows are treated by veterinarians. 

 

 

3.2. Study group and controls 

 

Data for the presented study was gathered in 2016-2018. Study group consisted of two 

Estonian red -and 12 Estonian Holstein-Friesian cows which ages ranged from 3-10 years of 

age. However, the study group consisted of 18 cows in total since there were two animals 

which were admitted into the study more than once. Animals with SU were detected either 

during routine hoof trimming or while performing hoof trimming to lame cows. SU were 

diagnosed by trained veterinarians. In order to exclude concurrent pathologies which could 

have affected our measurable variables, an examination by sight was performed for every 

cow with SU before enrolling them into the study. Aim of the visual examination was to 

detect ocular, nasal or vaginal discharges and signs of lethargy. Cows with SU and any 
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detectable concurrent pathologies were excluded from the pool of study group. In addition 

to hoof trimming, some of the animals with SU were treated on admission on d0. Ten of the 

diseased animals were shoed and treated with nonsteroidal anti-inflammatory drugs 

(NSAIDs). Eight cows were treated only by trimming the hooves. 

 

Control animals (n = 30) went through similar admission procedures and stress as cows with 

SU. Before enrolment into the study the hooves of the control animals were trimmed and 

checked for SU and other pathologies. Cows with SU or other pathologies of the hoof were 

not accepted as control animals. All of the control animals were deemed to be healthy 

according to the visual examination performed when admitted into the study. With this 

examination, any possible disease which could cause APR to activate was pursued to identify 

in order to exclude cows with pathologies from the control group. 

 

Blood samplings and measuring of rectal temperatures were performed on all animals 

admitted into the study with similar intervals.  These procedures were done on days 0 (d0), 

7 (d7) and 14 (d14), d0 being the day of hoof trimming, possible diagnosing and admission 

into the study. Rectal temperatures of study group animals and control animals were 

measured using Microlife VT 1831 thermometers. 

 

 

3.3. Analysis of blood samples 

 

Blood samples (n = 144) were taken into vacutainer serum tubes by coccygeal vein puncture. 

In total, (n = 90) control samples and (n = 54) samples from cows with SU were taken within 

the study period. Serum was separated by centrifugation and frozen below -20°C until further 

analysing. Identification number was marked on all of the samples. From these samples, 

SAA, Hp and IL-6 concentrations were measured. The haemolysis of samples was visually 

estimated in four categories before analysing. Categories for serum haemolysis were: no 

haemolysis (n = 133), mild haemolysis (n = 10), moderate haemolysis (n = 0) and severe 

haemolysis (n = 1). SAA and Hp analyses were performed in Institute of Veterinary 

Medicine of Estonian University of Life Sciences. Analysis determining the IL-6 

concentrations were performed at Clinical Research Laboratory of the Faculty of Veterinary 

Medicine in the University of Helsinki. 
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3.4. Serum amyloid A analysis 

 

A commercial sandwich enzyme-linked immunosorbent assay (ELISA) kit (Phase Serum 

Amyloid A Assay (SAA) – Multispecies, Tridelta Development Ltd., Maynooth, Co. 

Kildare, Ireland) was used to determine SAA concentrations in serum samples. Analysis, 

calibrator -and dilution protocols designed for bovine species were used according to 

manufactures instructions. Initial dilutions of 1:500 of the samples was used. Calibration 

curve with the highest value being 300 mg/l was made for analysing the serum samples. If 

the results of the samples were over the measuring range the samples were reanalysed using 

dilution of 1:2000. Spectrophotometer at 450 nm with reference of 630 nm was used for 

reading the absorbance of each well. Detection limit of the analytical procedure was 0.3 

mg/l. 

 

 

3.5. Serum haptoglobin analysis 

 

Serum Hp analysis were performed according to the method suggested by Makimura and 

Suzuki (1982) with a modification (Alsemgeest et al., 1994) of using TMB (0.06 mg/ml) as 

a substrate instead of o-dianisidine. For the creation of standard curve a pooled and 

lyophilized bovine acute phase serum aliquot was used (Orro et al., 2008). The calibration 

of the standard curve was achieved by using bovine serum sample with a known Hp 

concentration which was provided by the European Commission Concerted Action Project 

(number QLK5-CT-1999-0153). Calibration curve ranged from 60 mg/l to 674 mg/l. 

Samples with higher results were reassayed using sample dilution 1:5 with NaCl 0.9% 

solution. Spectrophotometer with a wavelength of 450 nm and reference of 630 nm was used 

for reading the absorbance of each well. Detection limit of the analytical procedure was 60 

mg/l. 
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3.6. Detection of interleukin-6 

 

IL-6 concentrations in serum samples were measured using amplified luminescent proximity 

homogeneous assay (AlphaLISA) kit (AlphaLISA Bovine IL-6 Detection Kit, PerkinElmer 

Inc., Waltham, USA) and EnSight Multimode Plate Reader (PerkinElmer Inc., Waltham, 

USA). Analyses were performed according to the manufacturer’s instructions. Detection 

limit of the analytical procedure was 0.3 ng/ml. 

 

 

3.7. Statistical analysis 

 

Linear mixed regression models were used to study the differences in inflammatory markers 

between SU and control cows during the study period. Cow was included as a random factor 

and for modelling correlation of repeated sampling (d0, d7 and d14) isotropic spatial 

exponential covariance structure was used. SAA, Hp, Il-6 concentrations and rectal 

temperature was used as an outcome variable in these models. To achieve normal 

distribution of outcome variable logarithmic transformation of SAA and IL-6 and inverse 

square root transformation for Hp values was used. 

 

To evaluate differences between study groups by study day and differences between d0 and 

other study days inside both groups, the interaction between study group (SU and control) 

and study day (d0, d7 and d14) was included as a fixed factor in all models. Days in milk 

(DIM) at d0 (negative value for heifers – days to parturition) as covariate and cows lactation 

number group (heifer, 1-3 lactations and over 4 lactations) as categorical variable were 

included in all models. Serum samples haemolysis (no or yes) was included into the model 

for Hp and IL-6 as a fixed factor. 

 

Significance level was set at p ≤ 0.05. Statistical analyses were performed using Stata 14.2 

(StataCorp LP, Texas, USA). Microsoft Excel for Mac version 16.35 (Microsoft, Redmond, 

Washington, USA) was used for data management. 
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4. RESULTS 
 

Cattle with SU had statistically significant increase of SAA in serum when compared to 

control animals throughout the study period from the d0 till the d14 as presented in Figure 

4. SAA of the SU group (median 21.5 mg/l; range 192.2 mg/l) was greater compared to 

control group (median 8.2 mg/l; range 136.0 mg/l) on d0 (p = 0.003). SAA concentration of 

SU group (median 9.7 mg/l; range 157.9 mg/l) stayed on significantly higher level when 

compared to controls (median 5.5 mg/l; range 152.6 mg/l) on the d7 (p = 0.005). SAA levels 

of SU group (median 7.4 mg/l; range 165.7 mg/l) remained on significantly higher level than 

that of control group (median 4.3 mg/l; range 39.9 mg/l) on the d14 (p = 0.014). SAA 

concentration in SU group on d14 were lower than SU group concentration on d0, but this 

was only close to being statistically significant (p = 0.052). 

 

 

Figure 4. Box and whiskers plot of serum amyloid A (SAA) concentrations (mg/l) in serum in control 
cows (n = 30) and cows with sole ulcers (n = 18) from study period of 14 days after claw trimming. 
* Statistically significant difference (p ≤ 0.05) compared to the control group on the same day 
** Statistically significant difference (p ≤ 0.01) compared to the control group on the same day. 
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Hp concentration in serum of SU group (median 218 mg/l; range 3020 mg/l) was 

significantly greater with statistical difference (p = 0.037) when compared to Hp 

concentration of control animals (median 126 mg/l; range 279 mg/l) on d0 (Figure 5.). 

Concentration of this APP was close to being statistically significantly higher (p = 0.061) in 

study group (median 194 mg/l; range 848 mg/l) than in control cows (median 123 mg/l; 

range 651 mg/l) on the second sampling on d7. There was not statistically significant 

difference between serum Hp concentrations of SU group (median 106 mg/l; range 805 mg/l) 

and controls group (median 129 mg/l; range 398 mg/l) on d14. Hp concentrations were 

significantly higher (p = 0.035) on d0 than on d14. 

 

 
Figure 5. Box and whiskers plot of serum haptoglobin (Hp) concentrations (mg/l) in control cows 
(n = 30) and cows with sole ulcers (n = 18) from study period of 14 days after claw trimming. 
* Statistically significant difference (p ≤ 0.05) compared to the control group on the same day. 
# Statistically significant difference (p ≤ 0.05) compared to the day 0 sample within the study group. 
Note: One outlier result (3080 mg/l in a cow from SU group on day 0) was omitted from the figure for clearer 
visual effect and second highest value is used as a maximum in SU group on day 0. Omitting this result did 
not change the results of statistical analysis. 
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significant differences were not found between rectal temperatures of diseased (median 

38.6°C; range 1.2°C) and control animals (median 38.5°C; range 0.9°C) on d7. This trend 

continued since the rectal temperatures of SU group (median 38.5°C; range 0.7°C) and 

control group (median 38.5°C; range 1.0°C) did not significantly differ on d14. When rectal 

temperatures within the SU group were analysed it was found out how results of d0 were 

significantly higher (p = 0.010) than results of d7 (Figure 6.). Such a trend was also observed 

between d0 and d14 though the difference was not statistically significant (p = 0.076). 

 

 
Figure 6. Box and whiskers plot of rectal temperatures (°C) in control cows (n = 30) and cows with 
sole ulcers (n = 18) from study period of 14 days after claw trimming. 
* Statistically significant difference (p ≤ 0.05) compared to the control group on the same day. 
## Statistically significant difference (p ≤ 0.01) compared to the day 0 sample within the study group. 
 

 

Statistically significant differences were not detected in serum IL-6 concentrations between 

cows having SU and control animals or changes inside groups over the time during the study 

period (data not shown). 
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5. DISCUSSION 
 

Cows with SU were selected in this study for verifying if blood APP could potentially be 

used as a diagnostic biomarker for this specific pathology. The possibility of evaluating the 

effect of the intervention on SAA and Hp concentrations of the animals having SU was 

reviewed. Monitoring the healing progress of SU is laborious and sometimes even close to 

impossible by conventional means. The possibility of estimating the healing progress with 

blood APP samples in days following the intervention would make it easier to monitor the 

healing. This is important since different hoof lesions like SU have an effect on general 

welfare of these animals (Blackie et al., 2013) and profitability of production (Amory et al., 

2008; Green et al., 2014; Charfeddine and Pérez-Cabal, 2017). 

 

Before conclusions can be made from our results, we have to discuss how we managed 

possible sources of error caused by study setting. In our study setting the first blood samples 

were always taken concurrently with hoof trimming. Hoof trimming causes stress to the 

animals. It is worth emphasizing how also control animals were subjected to the stress of 

hoof trimming on d0. On d7 and d14 when sequential blood samples were taken the animals 

were not subjected to similar stress than on the day of admission. Since stress levels have 

been different on d0 when compared to d7 and d14 we have to take this into account when 

interpreting APP concentrations (Murata et al., 2004; Lomborg et al., 2008) and rectal 

temperature results. Due to this aspect of the study setting the comparison of results between 

sampling days has to be performed with caution. Though animals were handled differently 

on d0 than on d7 or d14, all the animals were handled equally on d0. This allows us to 

compare the difference between d0 results of control animals and d0 results of SU group 

since they have been subjected to similar levels of stress. Similar principles can be used 

when comparing samples from d7 and d14. Both animal groups went through visual 

examinations for excluding any concurrent systemic disease on admission. We cannot 

completely exclude all possible underlying pathologies which might increase rectal 

temperature or APP in the blood, simply by visual examination. However, we may suggest 

that effects of underlying pathologies on before mentioned have an equal effect on the 

control group and SU group. 
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DIM of the cows was included in the statistical analysis since blood APP concentrations 

increase at calving (Alsemgeest et al., 1993; Uchida et al., 1993). As mentioned by Pohl et 

al. (2015) we suggest that APP levels increase at calving because of the trauma experienced. 

Though calving increases APP concentration in blood, the level also decreases gradually 

after labour. By including DIM in the statistical model, we were able to balance the effect 

which this gradual change of APP might have had on results. This effect would have been 

remarkable if not taken into consideration since blood samples were taken from cows in 

different stages of lactation. In addition to before mentioned, APP concentration are lower 

in multiparous cows than in primiparous cows (Pohl et al., 2015). Range of parities of 

animals admitted into the study was also quite wide. Both, phase of lactation (Bicalho et al., 

2009) and the number of lactations (Räber et al., 2004; Knott et al., 2007; Charfeddine and 

Pérez-Cabal, 2017) along with parturition (Knott et al., 2007) itself have an effect on the 

susceptibility of cows to SU. Dividing our study population into subgroups evened the effect 

of these variables when performing statistical analysis. If DIM and number of parities would 

not have been included in the statistical analysis it might have skewed the results quite 

heavily. 

  

Free Hg disturb analytical procedure with which Hp is detected (Makimura and Suzuki, 

1982). Because of this, possible haemolysis of serum samples was taken into the statistical 

model when analysing Hp results. This was done despite the fact of how only a few of the 

samples were mildly haemolysed and according to literature (Makimura and Suzuki, 1982) 

the analytical procedure withstands low-grade haemolysis. Haemolysis was also taken into 

consideration when analysing IL-6 results even though according to manufacturer the 

AlphaLISA kit (AlphaLISA Bovine IL-6 Detection Kit, PerkinElmer Inc., Waltham, USA) 

and EnSight Multimode Plate Reader (PerkinElmer Inc., Waltham, USA) are not that prone 

to error due to haemolysis of the sample. 

 

SAA increased in the SU group when compared to controls as previously suggested by 

Kujala et al. (2010), Csilla et al. (2011) and Ilievska et al. (2019). In our study, SAA of SU 

group was the only one of the measured variables which remained increased throughout the 

study period of 14 days when compared to control animals. On the last sampling, the 

statistical difference between the control group and the SU group was still significant (p ≤ 

0.01). Under the light of these findings it can be said that SU can cause systemic APR, 

detectable by SAA. However, it should be kept in mind how SAA concentration in blood is 
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proportional to tissue damage (Gatt et al., 1998; Murata et al., 2004), this might explain why 

the SAA concentrations were increased as long as 14 days in our study. Also, the fact how 

some of the SU were debrided on admission and possibly even on d7 might have kept SAA 

concentrations increased (Jawor et al., 2008). Csilla et al. (2011) proposed that mere pain 

may increase SAA concentration in blood. This in mind, our results might suggest how 

animals with SU are subjected to prolonged pain. 

 

Our findings question the perception of using SAA for measuring the chronicity of lesions, 

as cautiously suggested by Jacobsen et al. (2004). Our assumption is based on the hypothesis 

of how SAA concentrations are heavily dependent on the nature of pathology and cause of 

inflammation. In the study made by Jacobsen et al. (2004) SAA concentrations peaked 

approx. 48 after challenge and stayed elevated only in some individuals up 6 days, in contrast 

to our 14 days. Their APR was based on LPS challenge causing definite APR while our 

study group consisted of more or less chronic cases of animals with SU. Unfortunately, we 

cannot estimate how long the cow might have been affected by SU on admission. When 

comparing the study made based on LPS challenge and animals with SU the differences in 

trend of SAA might be explained possibly by more extensive tissue damage (Gatt et al., 

1998; Murata et al., 2004) and pain (Csilla et al., 2011) caused by SU.  

 

Differing from results of SAA, the blood Hp concentration of SU group was significantly 

increased when compared to controls on the day of admission and close to being significantly 

increased on d7. Based on our results we can share the perception of Ilievska et al. (2019) 

and Csilla et al. (2011) on how SU can increase blood Hp levels, indicating systemic APR 

caused by the SU. Changes of rectal temperatures were similar in time as those of Hp. 

Significant difference in rectal temperatures were measured only on the day of admission. 

Even though SAA concentrations suggest how SU animals were still affected by pain and 

possible soft tissue trauma on d7 and d14 the change in temperature and Hp might indicate 

how the clinical status of the animals with SU had gone towards better between d0 and d7. 

 

In the presented study, significant differences in rectal temperatures were found on d0 when 

control animals were compared to animals having SU, the latter group having greater rectal 

temperatures. Since rectal temperatures were significantly higher in the SU group and the 

significance disappeared in time, we suggest that increase in rectal temperatures were caused 

by SU. During the study period, the rectal temperatures evened out between groups. This 
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might be because SU were debrided which accelerated healing. Use of NSAIDs should not 

have affected our findings though some of the animals got these drugs on admission. If used, 

these drugs were given after sampling and diagnosing. The effect of NSAIDs which were 

used do not last for more than 2-3 days and would not have affected the rectal temperatures 

on d7 or d14 if given on d0. 

 

SU do not simply cause mere local inflammation but can cause comprehensive effects on 

systemic level. Before going any deeper into the discussion of the matter we should remind 

ourselves of classical signs of inflammation: redness (rubor), heat (calor), swelling (tumor), 

pain (dolor) and loss of function (functio laesa). Cows with SU exhibited sings 

corresponding with local inflammation like lameness and pain. Increased rectal temperatures 

were measured, as previously discussed. However, rectal temperatures would not be 

increased if SU would cause only local inflammation. This is why we may assume that the 

SU can cause inflammation on the systemic level. Moreover, if pathology affects animal on 

a systemic level it most likely has negative effects on the welfare of the animal and causes 

losses on production. 

 

IL-6 initiates the release of APP (Nakagava-Tosa et al., 1995; Alsemgeest et al., 1996; 

Yoshioka et al., 2002; Murata et al., 2004). Contrary to SAA, Hp and rectal temperature 

results, no significant differences were found in IL-6 concentrations between control and SU 

group. The reason behind this might be the fact how IL-6 peaks only for a short time in blood 

(Hagiwara et al., 2001). In their study, they found out how IL-6 peaks in blood only for a 

few hours or a day immediately after accident and declines after that. Taking into account 

the nature of our study design it might be possible that IL-6 concentrations in our sample 

animals had already dropped due to the fact how pathologies might have already been there 

for longer than a day. In the light of the study made by Hagiwara et al. (2001), it is probable 

how the SU lesions might have been at least older than 24 hours. This would explain why 

we did not find significant differences in the amounts of IL-6 in our samples. 

 

Making conclusions and interpreting recovery of SU based on our results have to be made 

with caution due to study setting. To estimate recovery of animals the samples between 

different days should be comparable. As discussed previously, animals in both groups were 

predisposed to different amounts of stress between the first and later sampling days. Because 

of this gradient of stress on d0, we cannot compare d0 results to d7 and d14 without caution 
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in mind. However, as Smith et al. (2010) mentioned the Hp concentrations may not increase 

before three days after incidence. This leaves a possible window for interpretation of our Hp 

results. When Hp concentrations of d14 was compared to d0 we found how the concentration 

was significantly lower (p ≤ 0.05) on d14. Since Hp concentration decreased between d0 and 

d14 we might draw a cautious conclusion on how the condition of SU animals had improved 

during the study period. SAA concentrations were close to being statistically significantly 

(p = 0.052) lower on d14 than on d0. This might suggest how SAA concentration had 

decreased within 14 days, thus indicating how the clinical status of the animals had gone to 

better. Statistical significance (p ≤ 0.01) was found between rectal temperatures in SU cows 

between d0 and d7, temperatures being lower on d7. This might also suggest how the 

condition of SU cows improved within a week after treatment. However, we may argue how 

strongly one can trust in conclusions made based on the change of SAA concentrations and 

rectal temperatures due to the effects of stress on body temperature as discussed previously. 

 

This study had few shortcomings of which exclusion or more detailed management would 

possibly give more reliable result when compared to current research. Sample size of dairy 

cows with SU (n = 18) of the current study was rather small. This already on its own 

predisposes the study to be prone to error. Though the used statistical analyses took under 

consideration how some of the animals were taken into the study more than once this quality 

of the pool of samples might have affected the data presented. Groups of dairy cows with 

SU and control dairy cows were not matched in terms of age, parity and phase of lactation 

when performing the sampling. With statistical methods the distorting effects of this lacking 

comparability of which the groups might bring about can be balanced. Matching the groups 

of control animals and animals with the condition would most likely give more reliable 

results. However, matching of the groups can be problematic under any circumstances when 

a study is performed with live animals. Though the stress experienced by cows with SU and 

control cows was suspected to be equal, this brought a problem of how comparable are the 

results between sampling days. Future research should concentrate on possible ways of 

minimising stress experienced by animals and equalising the stress between samplings. 

Regardless of visual examination which was performed for all the animals included into the 

study one cannot be completely confident on excluding all the possible underlying or 

concurrent diseases which may cause activation of APR in animals admitted. More thorough 

diagnostics might be of use in order to minimize this kind of sources of error. Debriding of 

SU probably affected the SAA concentrations and thus usage of SAA as an indicator of 
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healing based on presented research should be done with caution. Possible chronicity of 

lesions might have affected the results presented in this study as discussed concurrently with 

IL-6 results. Taking into consideration the nature of SU it can be challenging to estimate 

chronicity of the lesion.  
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CONCLUSIONS 
 

This study found out how cows with SU have higher SAA and Hp concentrations in their 

blood than their visibly healthy counterparts. Differences in APP concentrations between 

SU and control groups diminished after hoof trimming and treatment of diseased animals. 

Based on this knowledge we can conclude how SU can initiate systemic APR and release of 

APP like SAA and Hp. Statistically significant differences in IL-6 concentrations were not 

found when serum samples of SU and control groups were investigated. This is most likely 

due to the timing of sampling. Based on statistically significant differences of rectal 

temperatures of which were higher in animals with SU we may conclude that SU can induce 

a systemic inflammatory response in dairy cows. 

 

Hp concentrations and rectal temperatures of dairy cows with SU decreased statistically 

significantly after intervention within the study period. SAA concentrations of cows having 

SU had also declining trend after the intervention within the study period, despite of the 

possible repeated debridement of lesions. Thus, the healing process of SU might be possible 

to monitor with representatives of systemic APR like SAA and Hp. 

 

To be able to draw conclusions from serum APP measurements regarding the healing of sole 

ulcers more research in which the downfalls of our study setting could be managed should 

be performed.  
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