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Subclinical mastitis is caused by multiple udder pathogens and is the most prevalent and 

costly disease of the modern dairy industry. Early detection and proper identification 

methods for detection of subclinical mastitis are important in the disease management. This 

study aimed to evaluate the associations between milk dissolved oxygen concentration 

(DOC) and cow composite milk sample (CMS), somatic cell count (SCC) and haptoglobin 

(Hp) concentration to evaluate milk DOC as an inflammatory indicator to detect subclinical 

mastitis. Milk DOC was measured, and CMS collected from dairy cows (n = 1,179) in two 

dairy herds during regular milk recording. Information about SCC, milk yield (kg), milk fat 

and protein percent and urea concentration (mg/l) was recorded. Milk Hp concentration 

was measured. According to multivariable linear regression model, a statistically 

significant, negative relationship was identified between SCC ≥ 200 001 cells/ml and milk 

DOC. In mixed linear regression model, no significant association was identified between 

milk DOC and Hp concentration. Area under the curve in receiver operating characteristics 

analysis was 0.4654 using somatic cell count cut off 200 000 cells/ml and 0.5090 using 

somatic cell count cut off 100 000 cells/ml. Even though significant association was 

identified between cow CMS DOC and SCC ≥200 001 cells/ml, milk DOC cannot be used 

as an indicator for presence of subclinical mastitis identified by SCC. Further studies should 

evaluate the associations between milk DOC and other inflammatory indicators and udder 

pathogens to understand the biological functions of milk DOC.     
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Nisajuha kaudu udarasse sisenenud patogeenid põhjustavad veistel udarapõletikku, mis on 

piimakarjas kõige levinum ja majanduslikult enim kahju toov haigus. Udarapõletiku kulg võib 

olla kas kliiniline või subkliiniline. Udarapõletiku tõrje ja ravi seisukohalt on oluline see kiiresti 

ja tõhusalt avastada. Käesoleva uurimistöö eesmärk oli hinnata lehma üldpiimast määratud 

lahustuva hapniku konsentratsiooni, somaatiliste rakkude arvu ning haptoglobiini sisalduse 

oamvahelisi seoseid. Uurimistöö läbiviimiseks koguti kahest piimakarjast kokku 1179 lehma 

üldpiimaproovi, millest määrati lahustuva hapniku sisaldus, haptoglobiini sisaldus ning 

somaatiiliste rakkude arv. Lisaks registreeriti kontroll-päeva piimatoodang ja valgu-, rasva- 

ning karbamiidisisaldus. Mitme muutujaga lineaarses regressioonanalüüsis leiti statistiliselt 

oluline negatiivne seos üldpiima lahustuva hapniku konsentratsiooni ja somaatiliste rakkude 

arvu  ≥200 001 raku/ml vahel. Statistiliselt olulist seost ei leitud üldpiima lahustuva hapniku ja 

haptoglobiini sisalduse vahel lineaarses segamudelis. ROC-kõvera alune pindala oli 0.4654 

kasutades somaatiliste rakkude arvu piirväärtust 200 000 raku/ml ja 0.5090 kasutades 

somaatiliste rakkude arvu piirväärtust 100 000 raku/ml. Kuigi statistiliselt oluline seos leiti 

üldpiima lahustuva hapniku konsentratsiooni ja somaatiliste rakkude arvu SCC ≥ 200 001 

raku/ml vahel, ei ole võimalik tuvastada subkliinilise udarapõletikku põdevaid loomi üldlpiima 

lahustuva hapniku konsentratsiooni järgi. Et paremini mõista piimas lahustuva hapniku 

bioloogilist tähtsust ja seoseid udarapatogeenide ja teiste põletikumediaatorite vahel, tuleb 

teostada täiendavaid kliinilisi uuringuid. 

Märksõnad: subkliiniline mastiit, haptoglobiin, piimas lahustuv hapnik, veis  
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INTRODUCTION 

 

Milk and dairy production are one of the most important parts of agricultural industry in Estonia. 

Producing high quality milk enables the production of quality dairy products and export of 

Estonian milk to abroad. The most prevalent disease of the modern dairy cow is subclinical 

mastitis, causing the biggest economical losses to the dairy industry due to increased morbidity 

and culling of the cows, treatment costs, decreased milk production and increased amounts of 

waste milk (Bradley et al., 2012).  

 

Rapid identification of cows with subclinical mastitis is important for guaranteeing the 

production of qualitive milk and milk products. Traditionally, somatic cell count (SCC) is used 

as an indicator of presence of subclinical mastitis together with bacteriological results from cell 

culture (Singh et al., 2014). In udder health programs test day SCC is used for long-term 

surveillance of subclinical mastitis. In addition to traditional measurement of SCC, tools to 

differentiate the cells has been developed to better describe the presence of different cell types 

in milk during subclinical mastitis (Damm et al., 2017).  

 

Other indicators, such as milk haptoglobin (Hp) concentration or N-acetyl-β-glucosaminidase 

(NGAase) activity, have also been used for detection of subclinical mastitis (Hiss et al., 2004). 

However, identification of SCC and other identification methods of subclinical mastitis are 

subjective, not automated and with quite low sensitivity (Fosgate et al., 2013). Therefore, new 

and user-friendly methods are needed. One of the possible biomarkers for detection of 

subclinical mastitis is milk dissolved oxygen concentration (DOC), which may be used as an 

indicator of subclinical mastitis. Milk DOC is decreased during subclinical mastitis due to 

formation of free radicals and the usage of oxygen by neutrophils (Mayer et al., 1988). However, 

to our knowledge, associations between milk DOC and the presence of subclinical mastitis are 

not widely studied. Therefore, studies about the associations between milk DOC and the 

presence of subclinical mastitis are needed.  
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The aim of this study was to evaluate associations between milk DOC and the presence of 

subclinical mastitis evaluated by cow composite milk SCC and Hp concentration to evaluate the 

usefulness of milk DOC as an inflammatory indicator for subclinical mastitis. 

 

I would like to thank my supervisors Dr. Anri Timonen and Dr. Piret Kalmus for teaching me 

how to do scientific research. They have been the greatest supervisors and helping through this 

thesis. I would also like to thank my family, friends and colleagues who have been supporting 

me through this six-year long journey.  
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1. REVIEW OF THE LITERATURE 

 

1.1 . Mastitis 

 

Intramammary infection (IMI) may cause both clinical and subclinical mastitis. The terms IMI 

and subclinical mastitis are used almost interchangeably, and the terminology is not always 

consistent (Andersen et al., 2010). IMI entails presence of an infectious organism (Berry and 

Meaney, 2006). The definition is sometimes augmented with a requirement for an increased 

SCC (Andersen et al., 2010). Subclinical mastitis is characterized as presence of udder 

pathogens together with increased SCC in milk. As no clinical signs are present and milk appears 

visually normal, detection of subclinical mastitis is more difficult compared to clinical mastitis 

(Ebrahimie et al., 2018). Clinical mastitis is characterized with changes in milk appearance with 

possible existence of systemic clinical signs. Based on the severity of clinical signs, clinical 

mastitis may be classified as mild, moderate and severe (International Dairy Federation (IDF), 

1999). Clinical mastitis can usually be detected by simple observatory tests (Ebrahimie et al., 

2018). Abnormalities in the milk, such as flakes, clots and watery consistency may be detected 

(IDF, 1999; Goncalves et al., 2016). Clinical signs such as loss of appetite, fever, dehydration, 

swollen udder and reduced milk yield may also be seen in clinical mastitis (Goncalves et al., 

2016).  

 

IMI is most often caused by udder pathogens entering the mammary gland via the teat canal 

(Kalmus et al., 2013). During the period three weeks pre- to three weeks post-partum, dairy 

cows are more prone to IMI (Bradley and Green, 2004). Suggested reasons are related to both 

lowered immunity and housing conditions, such as short stalls, shortage of bedding material and 

teat injuries related to these (Kalmus et al., 2006). Some of the udder pathogens causing 

subclinical mastitis are Staphylococcus (Staph.) aureus, Streptococcus (Strep.) agalactiae and 

Escherichia (E.) coli (Hegde et al., 2013; Gunther et al., 2016; Alhussien and Dang, 2018). 
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1.2. The inflammatory response of the host organism 

 

The inflammatory response of the cow consists of innate and adaptive immunity (Reece et al., 

2011). The innate immune response is characterized by the induction of proinflammatory 

cytokines, as well as increase of accessory proteins that facilitate host recognition and 

elimination of the pathogens (Bannerman et al., 2004). The innate immune system can recognize 

both Gram-positive and Gram-negative bacteria because of Toll like receptor-4 (TLR-4) 

recognition of bacterial lipopolysaccharide (Bannerman et al., 2004). 

 

The adaptive immunity can be divided into humoral and cell-mediated responses and is based 

on recognition of specific traits for a pathogen (Reece et al., 2011). The complement system is 

a part of the humoral defense mechanism and is activated together with antigen-antibody 

reactions (Sandholm et al., 1995). Complement consists of serum and membrane proteins which 

circulate as inactive precursors in the blood system. The triggering of these precursors initiates 

a cascade of protein cleavages which culminates in the amplification of a cell-killing membrane 

attack complex (Oviedo-Boyso et al., 2007). Complement can be found in milk in healthy 

mammary glands at low, but significant concentrations (Rainard and Riollet, 2005). 

  

The predominant immunoglobulins (Ig) in ruminant milk are of IgG1- and IgG2 -isotypes 

(Sandholm et al., 1995). The phagocytosis by macrophages is facilitated by IgG1, which is the 

most commonly present antibody isotype in the healthy mammary gland. IgG2 promotes 

phagocytosis by neutrophils and is accumulated in inflamed tissues (Boerhaut et al., 2018). 

Natural antibodies are a part of the innate humoral defenses and cows have opsonic antibodies 

when it comes to mastitis-causing bacteria. When inflammation develops, and plasma exudes 

in milk, bacteria are opsonized (Rainard and Riollet, 2005). The main opsonic antibodies are of 

IgG2 and IgM isotypes (Guidry et al., 1993). 

 

The most effective response of the immune system usually involves an integrated response of 

both innate and adaptive arms of the immunity. Type 17 immune defenses, based on the 
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production of interleukin-17 (IL-17), rest on the integrated response (Rainard et al., 2016). 

Production of IL-17 is important in host defense against extracellular bacteria mainly through 

the recruitment of neutrophils and its effects on epithelial cells at barrier sites such as the skin, 

respiratory, intestinal and urogenital tracts (Dubin and Kolls, 2008). Because infections of the 

mammary gland involve extracellular bacteria at an epithelium barrier, type 17 immunity 

appears to be an appropriate immune response (Rainard et al., 2016). Mammary epithelial cells 

(MEC) were shown to respond to IL-17A and IL-17F by upregulating genes encoding 

chemokines and antimicrobial peptides (Bougarn et al., 2011).  

 

 

1.3. The inflammatory response in mammary gland during subclinical 

mastitis 

 

The teat canal forms the first line defense against invading udder pathogens by forming a keratin 

plug. This plug is derived from the stratified epithelium that lines the canal. The teat canal is 

sealed with keratin plug between milking and through the dry period to form a physical barrier 

preventing the entrance of bacteria, making the intramammary lumen an aseptic milieu (Rainard 

and Riollet, 2005). The epithelial lining of the teat canal contains antibacterial fatty acids and 

proteins. Lymphocytes and plasma cells gather in the rosette of Furstenberg, which is the valve 

located between the teat cistern and the teat canal, attending to form a part of first line defense 

against udder pathogens (Sandholm et al, 1995). 

 

Epithelial cells recognize pathogens through pathogen recognition receptors (PRR), to which 

the family of TLRs belong. The epithelium of the mammary gland is first to encounter pathogens 

upon infection and these epithelial cells express TLRs and β-defensin encoding genes (Gunther 

et al., 2016). There are thirteen known mammalian TLRs (Gunther et al., 2016). TLR-2 

recognition of peptidoglycan (Yoshimura et al., 1999) and lipoteic hoic acid (Morath et al., 

2002; Schroder et al., 2003) and TLR-4 recognition of bacterial lipopolysaccharide (LPS) 

(Hirschfeld et al., 2000) contribute to the ability of the innate immune system to respond to 

Gram-positive and Gram-negative bacteria (Bannerman et al., 2004). If comparing two of the 

most common bacterial species causing subclinical mastitis, it seems that Staph. aureus triggers 
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a heightened inflammatory response characterized by sustained production of IL-8 and tumor 

necrosis factor alpha (TNF- α), complement activation and enhanced mammary gland tissue 

permeability, relative to E. coli (Bannerman et al., 2004). 

 

Additionally, endothelial cells of the teat canal regulate vascular permeability and tone, 

modulate blood fluidity and regulate immune responses of the mammary gland during pathogen 

exposure. Exposure of microbes and microbial components triggers a response from epithelial 

cells and resident macrophages to produce and release a variety of inflammatory mediators 

including cytokines and oxylipids. The inflammatory mediators trigger phagocytosis and 

robustly activate endothelial cells. At the onset of inflammation, endothelial cells tightly 

regulate the movement of plasma components and leukocytes into affected tissue (Ryman et al., 

2015).  

 

Macrophages, neutrophils, lymphocytes and epithelial cells are normally found in bovine milk 

of a healthy animal. The predominant cell type in milk of a normal, healthy lactating mammary 

gland is the macrophage, followed by neutrophils, lymphocytes and epithelial cells (Miller et 

al., 1990; Pyörälä, 2003). Percentage of these cells are depending on the lactation stage and 

health status of the mammary gland (Burvenich et al., 1994). Quantitative morphometry has 

revealed that more than 70% of the udder cells are MEC (Hamann et al., 1997; Hamann et al., 

1998). These MECs are competent to mount the first cytokine alert (Greiner et al., 2000; 

Günther et al., 2016). When inflammatory mediators are released as a response to subclinical 

mastitis, the udder tissue responds by recruiting inflammatory cells, mainly neutrophils to the 

alveolus. SCC is increased as neutrophils phagocyte and destroy pathogens invading the 

mammary gland (Detilleux, 2017). In a healthy mammary gland quarter, there is only 1-11% of 

neutrophils of the total SCC; but in subclinical mastitis they increase by 90% or more (Pyörälä, 

2003).  

 

The neutrophil forms the first line defense and can migrate from peripheral blood through 

mammary endothelium into milk. For example, during acute mastitis, the rapid increase in cells 

in milk is almost only due to mature neutrophils (Burvenich et al., 1994). The intramammary 

cellular defenses of the bovine mammary gland is performed by two groups of leukocytes. 
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Lymphocytes, consisting of B and T cells, function in humoral and cell-mediated immunity. 

Phagocytes, consisting of neutrophils and macrophages, function in the ingestion and killing of 

mastitis pathogens and in the secretion of inflammatory mediators (Burvenich et al., 1994). 

 

 

1.4 . Inflammatory mediators in milk  

 

During subclinical mastitis, an acute phase reaction is activated in mammary gland. This 

reaction causes release of many proteins synthesized by the liver; called acute phase proteins 

(APP) (Pannen and Robotham, 1995). Haptoglobin (Hp) and Serum Amyloid A (SAA) are the 

major APPs in cows (Eckersall et al., 2006). The concentration of APPs in serum can increase 

over 100-fold during acute phase response (Eckersall and Conner, 1988; Boosman et al., 1989). 

It is also suggested, that both Hp and SAA are locally produced in the mammary gland during 

acute phase response at the onset of subclinical mastitis (Hiss et al., 2004). A major source of 

Hp in milk are neutrophils, which are capable of both synthesizing and releasing Hp, which has 

been demonstrated by Lai et al. (2009). The concentration of Hp in the serum has been shown 

to dramatically increase in cows with experimental and naturally occurring coliform mastitis 

(Ohtsuka et al. 2001), as well as Arcanobacterium pyogenes (Pyörälä et al., 2011) and 

subclinical Staphylococcus aureus mastitis (Eckersall et al., 2006). On the contrary, Hp and 

SAA concentrations are lower in serum or milk of healthy cows (Pyörälä et al., 2011). Hp 

concentration has been shown to peak during the first week postpartum in heifers and positively 

correlated with both SCC and bacteriological culture results (Simões et al., 2018).  

 

During subclinical mastitis, the enzymes related to inflammation increase and those dealing with 

the synthesis of milk, decrease. The enzymes N-acetyl-D-glucosaminidase (NAGase), beta-

glucuronidase and catalase increase exponentially, and particularly lysosomal enzymes are 

proven to be reliable inflammatory indicators during subclinical mastitis (Pyörälä, 2003). 

NAGase is an intracellular, lysosomal enzyme that is released into milk from neutrophils during 

phagocytosis and cell lysis, and to some extent, damaged epithelial cells (Kitchen et al., 1984; 

Pyörälä et al., 2011). The milk NGAase activity is closely correlated with SCC (Kitchen et al., 

1984) and according to many studies, it may be used as an indicator for udder infection together 
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with bacteriological results (Kitchen, 1981; Mattila et al., 1986). The levels of milk NGAase 

are higher in mastitis caused by major pathogens, compared to minor pathogens (Mansfeld et 

al., 2001). In a study by Pyörälä et al., (2011), a statistically significant positive correlation 

between SAA, Hp and the NAGase activity in milk was found.  

 

Lactoferrin (Lf) is a protein with several functions related to the innate immunity. The main 

source of Lf in milk is the MEC (Rainard and Riollet, 2005). Lactoferrin in known to have 

bacteriostatic, bactericidal, immuno-modulating and anti-inflammatory properties (Legrand et 

al., 2004; Rainard and Riollet, 2005). Bacteria with high iron requirements are susceptible to 

the bacteriostatic activity of Lf (Rainard and Riollet, 2005). During subclinical mastitis, the 

secretion of lactoferrin is increased from the MEC (Sandholm et al., 1995). Among udder 

pathogens, E. coli are the most susceptible to the function of Lf, followed by Staph. aureus, but 

streptococci are considered resistant to the effects of Lf (Rainard, 1986). This may be due to 

streptococci having low requirements for iron or their ability to extract iron from host proteins 

(O’Halloran et al., 2016). 

 

 

1.5 Detection of subclinical mastitis 

 

Subclinical mastitis is usually caused by one primary pathogen invading the mammary gland 

(Watts and Yancey, 1994). Traditional culture-based methods are used as gold standard 

diagnostic tool to detect udder pathogens from milk (National Mastitis Council (NMC), 2004). 

However, molecular methods, such as polymerase chain reaction method, are becoming more 

common in subclinical mastitis diagnosis worldwide (Koskinen et al., 2010; Chandrashekhar et 

al., 2015). These methods are more sensitive, and more species can be detected compared to 

conventional bacteriology (Koskinen et al., 2010). Additionally, these are also considered less 

time consuming and more accurate compared to traditional bacterial culturing (Koskinen et al., 

2009).  

 

SCC has traditionally been used as an indicator for subclinical mastitis already since the 

nineteen-sixties (Pyörälä, 2003). The standard method for somatic cell counting is the electro-
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optical Fossomatic method (Pyörälä, 2003). Additionally, the SCC can be estimated with on-

farm California mastitis test (CMT), which is based on a reagent disrupting the cell membrane 

in the milk sample. The DNA of these cells reacts with the agent and forms a gel (Pyörälä, 2003; 

Godden et al., 2017). The gelling degree is estimated as negative, trace, 1, 2, 3, the score being 

positively associated with the SCC in the sample (Godden et al., 2017). Until this day, no 

consensus is approached for threshold level of SCC indicating subclinical mastitis. The 

sensitivity and specificity of SCC levels indicating IMI vary between udder quarter milk sample 

and composite milk sample (Reyher and Dohoo, 2011). Originally, the International Dairy 

Federation (IDF), set the SCC limit for a healthy udder quarter to 500 000 cells/mL (IDF, 1971). 

The threshold levels for SCC were based on a population mean plus two times standard 

deviation for one measurement of the foremilk from an individual quarter (IDF, 1971; Pyörälä 

2003). However, the threshold values for subclinical mastitis differs between countries; for 

example, the Australian value is ≥250 000 cells/ml, while the European Union cut-off is ≥200 

000 cells/ml (Ebrahimie et al., 2018).  

 

A threshold value of 100 000 cells/mL has also been suggested (Hillerton, 1999; Krömker et 

al., 2001). Recently, an Indian study by Jadhav et al., 2018, suggests the threshold value for 

particularly subclinical mastitis being 310 000 somatic cells/ml; sensitivity and specificity being 

optimal; 92.6% and 91.5%, respectively. In this study, bacterial DNA extraction, SCC 

estimation by digital PortaCheck, CMT and polymerase chain reaction based on amplification 

of organism using reported primers were performed. 

 

Another new study suggests that a new testing option, a commercial automated milk leukocyte 

differential test (QScout MLD. AAD, Durham, NC) is reliable and comparable with CMT 

(Godden et al., 2017). The working principle of the test is measuring different leukocytes in 

milk, especially phagocytes (e.g. neutrophils and macrophages) and incorporating it with total 

SCC to estimate the presence and stage of the disease (Leitner et al., 2003). The test can be 

applied on cows in both early-lactation or late-lactation and the results can be interpreted on 

either udder quarter or cow level (Godden et al., 2017).  
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Test-day SCC is the most common indicator of subclinical mastitis and considered the primary 

mastitis surveillance approach worldwide (Ebrahimie et al., 2018). For automated milking 

systems, other indicators of especially clinical mastitis are developed as the quality of milk and 

presence of mastitis are not analyzed by human most of the times. Milk electrical conductivity 

(EC), lactose concentration and their combination were detected to be the most accurate 

variables in detecting mastitis on dairy farms with in-line sensors in milking systems (Ebrahimie 

et al., 2018). 

 

Milk EC can also be used as an indicator for subclinical mastitis alone. In a Hungarian study by 

Gáspárdy et al., (2012), milk EC is suggested to be a beneficial indicator in detecting mastitis 

on a large-scale dairy farm. They detected a significant (P < 0.001) increase in EC before the 

detection of clinical mastitis. On the contrary, in a South African study, the EC of milk was 

measured with a hand-held milk electrical conductivity meter and compared to a CMT test 

(Fosgate et al., 2013). The specificity and sensitivity of these methods were compared, and they 

suggest the CMT test being more accurate in for classification of cows having somatic cells 

counts >200 000/mL and for isolation of a bacterial pathogen. 

 

 

1.6 . Dissolved oxygen in milk 

 

Milk contains approximately 7 % dissolved gas of which 60-70 % is carbon dioxide, 25-30 % 

is nitrogen and 5-10 % consist of dissolved oxygen (Olkonen, 2001). The oxygen concentration 

in raw, skimmed milk has been measured to be approximately 7,5 ppm (Schreyer et al., 2008) 

and in milk samples collected under anaerobic conditions 37,7 μM (Mayer et al., 1988). After 

milking, the level of carbon dioxide decreases and the concentration of nitrogen and dissolved 

oxygen increase (Olkonen, 2001). This is linked to handling of the milk; agitation during 

different processing and distribution stages incorporates air into the milk, which increases the 

DOC (Schreyer et al., 2008). On the other hand, dissolved oxygen has been found to decrease 

in udder tissue during bacterial infections (Mayer et al., 1988). During subclinical mastitis, milk 

DOC is decreased because of formation of free radicals and the usage of oxygen by neutrophils 
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(Mayer et al., 1988). Therefore, milk DOC may potentially be used as an indicator for presence 

of subclinical mastitis. 

 

The cell metabolism of microbes is driven by different oxidation- reduction systems (Hewitt, 

1950; Bolduc et al., 2006). The milk oxidation-reduction potential (ORP) or redox potential, as 

also referred, influences thus bacterial growth. Positive ORP values increase growth of aerobic 

microorganisms, while anaerobes benefit from negative ORP values in relation to the standard 

hydrogen electrode (Brown et al., 1980; Bolduc et al., 2006). In a research by Larsen et al. 

(2015), the effect of dissolved oxygen on acidification kinetics and redox potential during milk 

fermentation by lactic acid bacteria was investigated. This study suggests that when flushing 

milk with oxygen and nitrogen, the redox potential decreased concurrently with oxygen 

consumption and continued to decrease at slower rate until reaching the final values, indicating 

involvement of both oxygen and microbiological activity in the redox state of milk. 

Furthermore, oxygen flushing had a negative effect on reduction and acidification capacity of 

tested lactic acid bacteria. 

 

The consumption of dissolved oxygen in milk has mainly been studied in dairy products. 

Jeanson et al. (2009) suggest that acidification of milk by Lactococcus (L.) lactis is increased 

with a decreased dissolved oxygen level. The study also states a strong relationship between the 

redox potential of milk and concentration of dissolved oxygen as the redox potential dropped 

only when dissolved oxygen was totally used. Furthermore, they suggest that one hypothesis for 

this is that reduction of milk by L. lactis strains was only due to consumption of dissolved 

oxygen in milk. But, in their experiments; without inoculation, even if dissolved oxygen was 

eliminated by gas sparging in the milk culture, the redox potential remained positive and never 

decreased to the negative value it reached with any strain (280 mV instead of −200 mV) (Jeanson 

et al., 2009). They suggest that these negative values are in concordance with those shown for 

L. lactis strains in milk by Cachon et al. (2002) and Brasca et al. (2007). The 400–500 mV of 

difference (with and without inoculation) must be due to the biological reduction by L. lactis 

strains (Jeanson et al., 2009).  
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In another study made by Horiuchi and Sasaki, (2012), it was found out that acid production by 

starter culture LB81 composed of L. bulgaricus 2038 and Strep. thermophilus 1131 was greatly 

accelerated by decreasing dissolved oxygen (DO) to almost 0 mg/kg in the yogurt mix (reduced 

dissolved oxygen fermentation) and that DO interfere with the symbiotic relationship between 

L. bulgaricus 2038 and Strep. thermophilus 1131. 
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2. AIMS OF THE STUDY 

 

The aim of this study was to:  

• Evaluate the concentration of dissolved oxygen in cow composite milk samples with different 

parity and days in milk in two dairy farms;  

• Evaluate associations between cow composite milk sample dissolved oxygen concentration 

and somatic cell count; 

• Evaluate associations between cow composite milk sample dissolved oxygen concentration 

and haptoglobin. 
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3. MATERIALS AND METHODS 

  

3.1. Characteristics of the study herds 

 

The study was conducted in two Estonian dairy herds in February 2019 (Herd 1) and March 

2019 (Herd 2). In both farms a loose-housing system was used. The study herd 1 included 673 

dairy cows in January 2019. Cows were milked twice per day in a 2 x 24 parallel milking parlour. 

The average milk yield per cow per day was 42.7 kg and SCC 188 000 cell/ml in January 2019. 

A 305-day milk yield was 13,239 kg in year 2018. 

 

Average herd size in herd 2 included 639 dairy cows in February 2019. Cows were milked twice 

per day in a 2 x 24 parallel milking parlour. The average milk yield per cow per day was 31.0 

kg and SCC 352 000 cell/ml in February 2019. A 305-day milk yield was 10,726 kg in year 

2018. 

 

 

3.2 . Milk DOC measurement 

 

Milk DOC was measured with Marvet Junior 2000 device (Figure 1) during regular milk 

recording from 15 ml milk samples preserved without bronopol. The probe was held in the milk 

samples for 1 min and cleaned between the samples with distilled water. The result was recorded 

into ppm.  

 

 

 

 

 

 

 

 

 

 



20 
 

 
Figure 1. Marvet Junior 2000 device for measurement of milk dissolved oxygen concentration.  

 

 

3.3. Collection and analysis of milk samples 

 

Cow composite milk samples were collected during regular milk recording. Cow CMS were 

collected into 10 ml sterile plastic tubes and preserved without bronopol. 3 ml of each milk 

sample were chilled and stored at -18°C and transported to Estonian University of Life Sciences 

for further analysis. SCC, milk protein, fat and urea concentration were analyzed in Estonian 

Livestock Performance Recording milk laboratory by using Fossomatic milk analysator. 

Information about cow CMS SCC, milk fat and protein percent and urea concentration at the 

milk recording day, parity and DIM were recorded from the database Vissuke of Estonian 

Livestock Performance Recording Ltd. (Tartu, Estonia).  
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3.4. Measurement of milk haptoglobin concentration 

 

Milk Hp concentration (mg/l) was determined by a method based on the ability of Hp to bind to 

hemoglobin adapted to be used for milk, as described by Kalmus et al., (2013). Optical densities 

of the formed complex were measured at 450 nm using a spectrophotometer. Lyophilized bovine 

acute phase serum was used as a standard, and calibration was carried out according to the 

European Union concerted action on the standardization of animal acute phase proteins number 

QLK5-CT-1999–0153 (Skinner, 2001). The working range of the assay was 60 to 1,900 mg/L. 

The inter- and intra-assay coefficient of variation values for Hp analysis were <15% and <14%, 

respectively. 

 

 

3.5 . Data processing 

 

A Microsoft Excel database was created for collected data. Cow identity (ID)-number, parity, 

DIM and test day SCC (* 1000 cells/ml), milk fat concentration (%), protein concentration (%), 

urea concentration (mg/l), milk DOC (ppm) and milk Hp concentration (mg/l) in cow CMS were 

registered to the database. Cow CMS during regular milk recording were collected in specific 

order. Hence, data about number of CMS collection boxes was added to the database to control 

the milking order of the cows. 

 

Information about test day SCC was missing for five cows.  

 

 

3.6. Statistical analysis 

 

Two models were used separately for investigating associations between milk DOC and SCC 

and between milk Hp and milk DOC in cow CMS. First a causal diagram was drawn for 

variables to evaluate their causal associations and identify any confounders. Dependent 

variables were milk DOC (ppm) and milk Hp concentration (mg/l). The distribution of 
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dependent variables was checked graphically for normal distribution. Before model building, 

data was checked for unlikely values and linearity between dependent variable and predictor 

variables was checked graphically with eyeball test.  

 

A multivariable linear regression model was used for estimating associations between cow CMS 

DOC (ppm) and SCC categorized as ≤ 200 000 cells /ml and ≥ 200 0001 cells/ ml. A stepwise 

backward elimination procedure was used for model building with daily milk yield (kg), milk 

fat and protein percent, milk urea concentration (mg/l), SCC, milk Hp concentration (mg/l), 

DIM, farm and parity (categorized into 1, 2, 3, 4 and >5 lactations) serving as predictive 

variables. Interaction terms were tested for significance to see whether the combined effect of 

herd and categorized SCC differs from the sum of the individual effects of the variables tested.  

 

To estimate associations between milk Hp concentration (mg/l) and milk DOC, a mixed linear 

regression model was used with variable box as fixed effect. As variable box is indicative for 

milking order and DIM of cows, it was considered as biologically relevant fixed effect for mixed 

linear regression model. Cow daily milk yield (kg), milk fat and protein percent, milk urea 

concentration (mg/l), logarithmic transformation of SCC (lnSCC), milk DOC (ppm), DIM, farm 

and parity (categorized into 1, 2, 3, 4 and >5 lactations) served as predictive variables in the 

model. A stepwise backward elimination procedure was used for model building.  

 

Non-linear relationships between dependent and predictor variable were corrected by testing 

predictor variable with quadric power transformation in both models. Confounding effects 

between predictor variables were controlled during stepwise backward elimination with ≤15% 

change in coefficients of statistically significant predictor variables evaluated as non-

confounding effect. P-value level ≤0.05 was considered statistically significant (Dohoo et al., 

2014a). Both models were controlled for homoscedasticity and normal distribution of residuals. 

Assumptions of the equal variance of the dependent variable in all levels of predictor variables 

was checked graphically by plotting the standardized residuals against predicted values. Normal 

distribution of the residuals was checked graphically with histogram and Q-plot (Dohoo et al., 

2014b).  
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Receiver operating characteristics (ROC) analysis was used to estimate a cut point of cow CMS 

DOC for distinguishing between healthy cows and cows with subclinical mastitis. ROC analysis 

was performed separately with SCC value of 100 000 and 200 000 cells/ml serving as cut-off 

value indicating healthy (SCC <100 000 or 200 000 cells/ml) cows and cows with subclinical 

mastitis (SCC ≥100 001 or 200 001 cells/ml).  

 

STATA IC 14 (StataCorp, Texas, USA) software was used for statistical analyses. 
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4. RESULTS 

 

4.1. Descriptive statistics 

 

In total, 1,179 cows were included to the study; 610 cows originated from herd 1 and 569 from 

herd 2.  

 

Average SCC in cow CMS in herd 1 at testing day was 174 373 cells/ml (median 33 000; min 

20 00 cells/ml and max 7 239 000 cells/ml). In total, 85.02 % (n = 511) of the cows had CMS 

SCC ≤200 000 cells/ml and 14.98% (n = 90) of the cows had CMS SCC ≥200 001 cells/ml at 

testing day. 

 

In herd 2, average SCC in cow CMS at testing day was 478 267 cells/ml (median 110 000; min 

80 00 cells/ml and max 1 654 0000 cells/ml). Cow CMS SCC was ≤200 000 cells/ml in 64.40 

% (n = 360) of the cows and ≥200 001 cells/ml in 35.60% (n = 199) of the cows at testing day. 

Average milk yield per cow was 46.20 kg in herd 1 and 31.61 kg in herd 2 at testing day. 

 

 

4.2. Milk dissolved oxygen concentration 

 

Median milk DOC in cow CMS at test day was 4.9 ppm (min 1.5 and max 7.6) in herd 1 and 

5.2 ppm (min 1.9 and max 7.4) in herd 2. 
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Table 1. Distribution of cow composite milk sample dissolved oxygen concentration (DOC) 

and somatic cell count (SCC) in cows with different days in milk (DIM) and parity. 
 Herd 1 Herd 2 

 Median 

DIM 
Number of 

cows (n) 
DOC 

(ppm) 
SCC 

(*1000/ml) 
Number of 

cows (n) 
DOC (ppm) 

SCC 

(*1000/ml) 
≤100 days 201 4.9 29.0 177 5.2 63.0 

101-200 days 182 4.9 37.0 108 5.2 103.5 
≥201 days 223 4.9 39.5 274 5.2 165.5 

Parity       

1 242 4.9 29.0 223 5.2 58.0 
2 157 4.9 31.0 143 5.2 128.0 

≥3 207 4.9 44.0 193 5.1 254.0 

 

Most of the cows were in their first lactation and were milked more than 201 days during the 

present lactation. The DOC in cow CMS did not differ between cows in different parity or with 

different DIM (Table 1). 

 

Table 2. Results of multivariable linear regression model of association between dissolved 

oxygen concentration (DOC) in cow composite milk samples and somatic cell count (SCC) (n 

= 1, 160). 
 Coefficient p-value 95% CI Wald test 

SCC ≤200 000  

cells / ml (n = 871) 
0   ≤ 0.001 

SCC ≥200 001  

cells / ml (n = 289) - 0.18 ≤ 0.001 -0.27; -0.09  

Herd 1 (n = 610) 0   ≤ 0.001 

Herd 2 (n = 559) 0.289 ≤ 0.001 0.21; 0.36  

Intercept 4.95 ≤ 0.001 4.90; 5.01  

 

SCC ≥ 200 001 cells/ml in cow composite milk sample was associated with decreased milk 

dissolved oxygen concentration of 0.18 units (p ≤ 0.001) (Table 2). 
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4.3. Milk haptoglobin concentration 

 

Average milk Hp concentration in cow CMS was 249.60 mg/l (median 234.69; min 49.25 and 

max 483.04) in herd 1 and 187.77 mg/l (median 183.09; min 28.71 and max 906.79) in herd 2. 

 

Table 3. Results of mixed linear regression model of associations between cow composite 

milk sample (n = 1,099) haptoglobin concentration (mg/L) and milk dissolved oxygen 

concentration (ppm). Variable box was controlled in model as fixed effect. 

 Coefficient p-value 95% CI Wald test 

Milk dissolved oxygen 

concentration (ppm) -2.88 0.272 -8.03; 2.26  

lnSCC1 8.74 ≤ 0.001 6.22; 11.62  

Milk yield (kg) -0.94 ≤ 0.001 -1.34; -0.55  

Days in milk -0.21 ≤ 0.001 -0.30; -0.13  

Quadric days in milk2 0.0003 ≤ 0.001 0.00; 0.0004  

1. lactation (n = 465) 0   ≤ 0.001 

2. lactation (n = 300) -5.59 0.215 -14.42; 3.24  

3. lactation (n = 207) -18.47 ≤ 0.001 -28.48; -8.46  

4. lactation (n = 124) -9.74 0.112 -21.73; 2.26  

≥ 5. lactation (n = 69) -22.32 0.003 -36.87; -7.78  

Herd 1 (n = 610) 0   ≤ 0.001 

Herd 2 (n = 559) 24.50 ≤ 0.001 9.76; 39.23  

Intercept 248.00 ≤ 0.001 209.76; 286.23  
1 Logarithmic transformation of somatic cell count 

2 Quadric power transformation of days in milk for correcting non-linear relationship with 

milk haptoglobin concentration 

 

One unit increase in milk DOC was associated with 2.88 decrease in milk Hp concentration in 

cow CMS but the association was statistically not significant (p = 0.272). One unit higher cow 

daily milk yield was negatively associated with milk Hp concentration with a decrease of 0.94 

units (p≤ 0.001). DIM was negatively and quadric DIM was positively associated with Hp 

concentration in cow CMS samples (Table 3).   
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4.4. Receiver operating characteristics analysis 

 

 

Figure 2. Receiver operating characteristics (ROC) analysis of milk dissolved oxygen 

concentration (ppm) and somatic cell count using cut off 200 000 cells /ml.  
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Figure 3. Receiver operating characteristics (ROC) analysis of milk dissolved oxygen 

concentration (ppm) and somatic cell count using cut off 100 000 cells /ml. 

 

Area under the curve was 0.4654 in ROC analysis using somatic cell count cut off 200 000 

cells/ml was (Figure 2) and 0.5090 in in ROC analysis using somatic cell count cut off 100 000 

cells/ml was (Figure 3).  

 

 

 

 

 

 

 

0
.0

0
0
.2

5
0
.5

0
0
.7

5
1
.0

0

S
e
n

s
it
iv

it
y

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.5090



29 
 

 

 

5. DISCUSSION 

 

5.1 . Associations between cow composite milk DOC, haptoglobin and SCC  

 

We aimed to evaluate the associations between cow composite milk DOC and SCC categorised 

into SCC of ≤ 200 000 cells /ml and ≥ 200 0001 cells/ ml. A significant negative association 

between milk DOC and SCC of ≥ 200 0001 cells/ml in cow CMS was identified. When using 

SCC as an indicator of presence of subclinical mastitis based on cow composite milk samples, 

a cut-off ≥ 200 0001 cells/ml is usually used (Dohoo and Leslie, 1991; Reyher and Dohoo, 

2011). However, milk from healthy udder quarters may dilute the milk from infected udder 

quarters, causing falsely low SCC even though cow has subclinical mastitis (Forsbäck et al., 

2009). Hence, no consensus is achieved about the SCC cut-off indicating the presence of 

subclinical mastitis (Reyher and Dohoo, 2011) In general, decreased milk DOC in cow CMS 

with SCC more than 200 001 cells/ml may indicate the presence of udder pathogens in the 

sample, as increased amounts of neutrophils consume the dissolved oxygen (Mayer et al., 1988). 

Increase in SCC is usually caused by udder pathogens (Kalmus et al., 2013). However, as we 

did not evaluate the presence of udder pathogens in cow CMS, we cannot make any assumptions 

about the associations between CMS DOC and the presence of udder pathogens in CMS in 

samples with SCC  ≥ 200 0001 cells/ml.  

 

No significant association was found between cow CMS DOC and Hp concentration. A 

negative, statistically insignificant relationship between CMS DOC and Hp concentration was 

identified. Even though statistically insignificant, this relationship is biologically relevant. 

Higher milk DOC may indicate the absence of udder pathogens leading to low inflammatory 

response and lower milk Hp concentration. On the other hand, a statistically significant positive 

association was identified between CMS lnSCC and Hp concentration, which is in line with 

previous studies. During subclinical mastitis, neutrophils are transported to mammary gland 

causing increase in SCC (Burvenich et al., 1994). Haptoglobin is an acute phase protein (APP), 

which concentration increases during inflammation and infection (Pyörälä et al., 2011). During 
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subclinical mastitis, milk Hp concentration increases as an acute phase response to infection and 

subclinical mastitis (Hiss et al., 2004; Eckersall et al., 2006). Hence, it is logical, that increased 

SCC is associated with higher milk Hp levels. The potential of Hp as an indicator of bovine 

mastitis has been discussed lately (Denholm et al., 2018; Simões et al., 2018). It has been found 

out that clinical mastitis is phenotypically correlated with both milk and serum Hp (0.09 ≤ r ≤ 

0.23) and therefore it is suggested that either milk or serum Hp can be used as a potential 

biomarker of mastitis (Denholm et al., 2018).  

 

Lower Hp concentration in cow CMS was significantly associated with higher cow daily milk 

yield. This may be due to dilution of Hp in milk of high-yielding dairy cows. Additionally, high-

yielding dairy cows may be more susceptible for subclinical mastitis (Hiitiö et al., 2017), 

associating to higher milk Hp concentration. Herd effect was identified statistically significant 

in both models. Herd management practices and milking hygiene are associated with cow udder 

health (Deng et al., 2019). Hence, when interpreting indicators for subclinical mastitis or 

inflammatory response in milk, herd is an important predictor. Additionally, other herd 

management related factors, such as overcrowding, may be associated with more frequent 

transmission of udder pathogens between dairy cows affecting the prevalence of subclinical 

mastitis and cow udder health (Petzer et al., 2016). Additionally, stress may influence Hp 

concentrations in serum (Fazio et al., 2015). However, no specific herd-related factors were 

controlled in the models. Hence, we cannot make any conclusions about the possible herd factors 

affecting CMS DOC or Hp concentration. 

 

 

5.2. Receiver operating characteristics analysis 

 

ROC analysis revealed no discriminatory capacity of milk DOC to distinguish between cows 

with CMS SCC of ≤200 000 cells /ml and cows with CMS SCC of ≥200 001 cells/ml. The same 

was observed using SCC cut-off of 100 000 cells/ml. Hence, milk DOC is not a diagnostically 

reliable indicator for subclinical mastitis. Milk SCC is usually used to diagnose cows with 

subclinical mastitis in mastitis surveillance programmes (Petzer et al., 2016). There is no 

consensus about the optimal SCC level in CMS indicating subclinical mastitis (Reyher and 
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Dohoo, 2011). To determine subclinical mastitis, the limit of 200 000 cells/ml is set in CMS, 

having the best sensitivity (Se). However, in CMS samples the dilution effect must be taken into 

consideration. As CMS contain milk from each of cow’s 4 mammary quarters, infected milk is 

diluted with uninfected milk, decreasing the Se compared to individual quarter samples (Reyher 

and Dohoo, 2011). The dilution effect may explain that there was no significant difference 

between milk DOC levels in cows with SCC ≤200 000 cells /ml and cows with SCC ≥200 001 

cells/ml. 

 

 

5.3. Limitations of the study 

 

The study design was cross-sectional and therefore we cannot make any conclusions about the 

causal relationships between dependent and predictor variables.  

 

The milk DOC was measured with two different Marvet Junior 2000 devices. The calibration 

of the individual devices and measurement accuracy may affect the results. The lids of the CMS 

tubes were opened between measurements and oxygen from air may have dissolved into the 

samples, increasing the DOC. Measurement of DOC with Marvet Junior 2000 devices takes 

approximately 30-60 seconds. Ideally, the time when the lids are open should be as short as 

possible.  

 

Additionally, only clinically healthy cows were included in the study. SCC ≥200 001 cells/ml 

was associated with lower DOC. In clinically healthy cows, the SCC is usually ≤200 000 

cells/ml, therefore the study results can only be interpolated to clinically healthy cows in certain 

circumstances. The cows were milked in a specific group order according to DIM and milk yield 

and the CMS of each cow of each group were placed in one to two boxes of milk recording 

samples. As DOC was measured box by box, the measurement of the Hp concentration from 

samples was not random. To take this into account, the mixed linear regression model for milk 

Hp concentration was built with variable box as fixed effect. 
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6. CONCLUSIONS 

 

Milk DOC is negatively associated with SCC >200 001 cells/ml, but the ROC analysis did not 

reveal discriminatory power for milk DOC. Hence, milk DOC cannot be used as a diagnostic 

indicator for possible presence of subclinical mastitis evaluated by SCC cut-off 100 000 cells/ml 

or 200 000 cells/ml. Milk Hp concentration was not significantly associated with milk DOC in 

cow CMS. Whether there is an association between milk DOC and other inflammatory 

indicators, such as NAGase and Lf and whether milk DOC could be used as a diagnostic 

indicator for clinical mastitis would require further clinical studies.  
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SUMMARY 

 

The aim of this study was to evaluate associations between milk dissolved oxygen concentration 

(DOC) and the presence of subclinical mastitis evaluated by cow composite milk somatic cell 

count (SCC) and haptoglobin (Hp) concentration. 

 

Milk DOC was measured, and CMS collected from dairy cows (n = 1,179) in two Estonian dairy 

herds during regular milk recording. Information about SCC, milk yield (kg), milk fat and 

protein percent and urea concentration (mg/l) was recorded. SCC, milk protein, fat and urea 

concentration were analyzed in Estonian Livestock Performance Recording milk laboratory by 

using Fossomatic milk analysator. Information about cow CMS SCC, milk fat and protein 

percent and urea concentration at the milk recording day, parity and DIM were recorded from 

the database Vissuke of Estonian Livestock Performance Recording Ltd. (Tartu, Estonia). Milk 

Hp concentration was measured using Marvet Junior 2000 device.  

 

For statistical analyses, a multivariable linear regression model and mixed linear regression 

model were used. STATA IC 14 (StataCorp, Texas, USA) software was used for statistical 

analyses. According to the multivariable linear regression model, a statistically significant, 

negative relationship was identified between SCC ≥ 200 001 cells/ml and milk DOC. In the 

mixed linear regression model, no significant association was identified between milk DOC and 

Hp concentration. Area under the curve in receiver operating characteristics analysis was 0.4654 

using somatic cell count cut off 200 000 cells/ml and 0.5090 using somatic cell count cut off 

100 000 cells/ml. The ROC analysis did not reveal discriminatory power for milk DOC. 

 

To our knowledge, this was the first study ever evaluating the associations between cow CMS 

DOC and SCC and Hp concentration to evaluate the usefulness of DOC as an indicator for 

subclinical mastitis. Even though significant association was identified between cow CMS DOC 

and SCC ≥ 200 001 cells/ml, milk DOC cannot be used as an indicator for presence of 

subclinical mastitis identified by SCC. Further studies should evaluate the associations with 
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milk DOC and other inflammatory indicators and udder pathogens to understand the biological 

functions of milk DOC.     
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KOKKUVÕTE 

 

Nisajuha kaudu udarasse sisenenud patogeenid põhjustavad veistel udarapõletikku, mis on 

piimakarjas kõige levinum ja majanduslikult enim kahju toov haigus. Udarapõletiku kulg võib 

olla kas kliiniline või subkliiniline. Udarapõletiku tõrje ja ravi seisukohalt on oluline see kiiresti 

ja tõhusalt avastada. Käesoleva uurimistöö eesmärk oli hinnata lehma üldpiimast määratud 

lahustuva hapniku konsentratsiooni, somaatiliste rakkude arvu ning haptoglobiini sisalduse 

omavahelisi seoseid.  

 

Uurimistöö läbiviimiseks koguti kahest piimakarjast kokku 1179 lehma üldpiimaproovi, millest 

määrati lahustuva hapniku sisaldus, haptoglobiini sisaldus ning somaatiiliste rakkude arv. 

Lisaks registreeriti kontroll-päeva piimatoodang ja valgu-, rasva- ning karbamiidisisaldus. 

Mitme muutujaga lineaarse regressioonanalüüsiga tuvastati seoseid piimalahustuva hapniku 

sisalduse ja somaatiliste rakkude arvu vahel. Piima lahustuva hapniku ja haptoglobiini 

omavahelisi seoseid hinnati lineaarse segamudeliga. ROC-kõver joonistati ennustamaks 

lehmade jaotumist üle või alla 200 000 ja 100 000 somaatilise raku/ml gruppidesse piima 

lahustuva hapniku sisalduse järgi. Statistiline andmeanalüüs teostati statistika programmi 

STATA IC 14-ga.  

 

Statistiliselt oluline negatiivne seos leiti üldpiima lahustuva hapniku konsentratsiooni ja 

somaatiliste rakkude arvu ≥200 001 raku/ml vahel. Statistiliselt olulist seost ei leitud üldpiima 

lahustuva hapniku ja haptoglobiini sisalduse vahel lineaarses segamudelis. ROC-kõvera alune 

pindala oli 0.4654 kasutades somaatiliste rakkude arvu piirväärtust 200 000 raku/ml ja 0.5090 

kasutades somaatiliste rakkude arvu piirväärtust 100 000 raku/ml.  

 

Käesolev uurimistöö on teadaolevalt Eestis ja ka ülemaailmselt esimene, milles hinnatakse 

piima lahustuva hapniku sisalduse kasutamist lehmade udarapõletiku avastamiseks. Kuigi 

statistiliselt oluline seos leiti üldpiima lahustuva hapniku konsentratsiooni ja somaatiliste 

rakkude arvu SCC  



36 
 

≥ 200 001 raku/ml vahel, ei ole võimalik tuvastada subkliinilise udarapõletikku põdevaid loomi 

üldlpiima lahustuva hapniku konsentratsiooni järgi. Täiendavaid kliinilisi uuringuid piimas 

lahustuva hapniku bioloogilisest tähtsusest ja seostest udarapatogeenide ja teiste 

põletikumediaatoritega tuleks teostada, kuid järgmiste tulemuste saamiseni on juba varem 

kasutusel olnud somaatiliste rakkude määramine endiselt tõhusaim viis tuvastada veiste 

subkliiniline udarapõletik farmi tingimustes.  
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