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1. [bookmark: _Toc24403487][bookmark: _Toc24405801]Introduction
The postpartum interval in dairy cattle is a highly critical period which can affect the future fertility and productivity of the cow. Consequently, special attention should be given during that period to the feeding and general management practices in order to avoid circumstances that will lead to subfertility or even infertility and decrease in the performance of the animal. Some of the most common complications after parturition are the uterine diseases due to microbial infections of the female genital tract after calving that can lead to clinical metritis and clinical or subclinical endometritis during the first month of postpartum period. According to different studies, postpartum microbial disease is particularly common in Bos taurus dairy cattle and less common in beef breeds of Bos taurus and in Bos indicus cattle. This can be partly explained if we take into consideration the important factor in the lifetime performance of a dairy cattle which is the milk production. Milk production requires high amounts of energy, as well as valuable micronutrients to be deposited from the cow’s organism, a situation that put the cow under constant negative energy balance which leads to decreased immunity and increased susceptibility to infections. One of the most important minerals that is used by the body in order to produce milk is calcium. Due to that fact, dairy cattle are more prone to hypocalcaemia during the first days after parturition as the body tries to compensate the high milk yield by withdrawal of calcium from the calcium deposits.
Calcium is not only important for the function of the udder in order to produce milk, but has a role in many other organ systems like the bones, muscles and the reproductive system. During the postpartum period, the uterine involution takes place which requires a certain amount of calcium in order to have the optimal uterine contractions and expel the foetal membranes and any fluid or debris remained due to calving. In high producing dairy cows, calcium depletion can occur and the procedure of uterine involution may be affected negatively leading to different complications such as retention of foetal membrane, metritis and endometritis.
The aim of this thesis is to explore the effect of the low calcium levels on uterine diseases during the postpartum period of dairy cattle and evaluate the correlation of hypocalcaemia with factors such as the dystocia level of the calving, the position in which the calf was presented during parturition, in which parity the mother is present and the culling rate in case of a diseased animal. In the first chapters we are going to have an overview on the theoretical background of the main events that take place during the postpartum period while also referring to the most often encountered postpartum uterine diseases. Following these, we are going to discuss the main theory behind the term of hypocalcemia and the consequences of it to a dairy cattle especially during the first days postpartum. Furthermore, we are going to do a statistical analysis on measurements of the calcium levels from samples that were being collected from several dairy cows during the day of calving, the first and the fifth postpartum day in a dairy herd. At the end of this project, we will evaluate the results from the data analysis and make conclusions about the effect of hypocalcaemia in a postpartum dairy cattle.


[bookmark: _Toc24403488][bookmark: _Toc24405802]2. Review of literature

[bookmark: _Toc24403489][bookmark: _Toc24405803]2.1 The postpartum period and risk factors associated with uterine diseases and subfertility in dairy cow

Postpartum days are considered to be a highly critical period of time for a dairy cow during which several important facts take place such as the involution of the postpartum uterus and the beginning of lactation. The main reproductive events that are required after parturition to foster optimal future fertility are: prompt expulsion of foetal membranes followed by uterine involution, timely return of ovarian cyclical activity, regeneration of the endometrium and efficient control of bacteria in the uterus. Multiple species of bacteria are found in the postpartum uterus of cattle. However, as with most infections, disease depends on the balance among the microbes, the environments, and host defences. Most beef breeds and Bos indicus cattle are exposed to the same microbes as dairy cattle, yet clinical disease of the uterus is more common in dairy cows.
Fifty years ago, dairy cows tolerated bacteria bloom found in the uterus after parturition, and uterine diseases developed relatively rarely. Now, 20% to 40% of cattle develop uterine disease each year (Sheldon et al. 2009). This increased incidence of disease coincides with intensification of farming and breeding dairy cattle for increased milk yields over the last 50 years. Modern cows simply cannot consume enough food to meet the metabolic demand of producing more than 35 L/milk/d. Typical metabolic energy requirements have risen from about 100 MJ/d to more than 240 MJ/d (Chagas et al. 2007, Keresztes et al. 2009). Consequently, these animals have reduced blood glucose, glutamine, minerals and metabolic hormones. Uterine disease is associated with changes in metabolism after parturition or diseases that disrupt metabolism such as left displaced abomasum which pathophysiology is connected with the low calcium levels after calving. So, as a result, dairy cows are often constantly under metabolic stress after parturition because they cannot consume enough food to meet the substantial extra demand for nutrients that are required for lactation. At the whole animal level, the metabolizable energy required every day to produce 40 litres of milk is about 200 MJ, three times the 65 MJ needed for normal resting metabolism. Consequently, postpartum dairy cows lose weight as tissues are broken down to satisfy the dietary energy and protein deficits. An important parameter that can be used in order to control the excess loss of body condition, is the use of the body condition score system with a scale from 1 to 5. It reflects the changes of body condition more precisely than weighing the BW of the cow. Cows should be scored regularly to reflect changes in fat reserves in each stage of lactation. Ideally all cows should be scored at the beginning and the end of their dry period and at least 4- or 5-times during lactation. Condition scores range from 1, a very thin cow with no fat reserves, to 5, a severely over conditioned cow. Ideal condition scores fall in the range of 3.0-4.0 at dry off and calving and 2.5-3.5, at peak lactation, with no cows changing by more than 1 condition score class over any lactation period.
Metabolic stress in postpartum dairy cows may compromise their peripheral blood immune cell function as well (Cai et al.1994, Hammon et al. 2006) Various defects in neutrophil function are reported in cows with diseases and disorders, including metritis, after parturition. Cows that developed uterine disease also had a lower intracellular PMN glycogen level, which was associated with a greater degree of negative energy balance (Galvao et al. 2010) The ability to counter pathogenical microbes depends on an organism’s immunity and resilience and in case of a cow under metabolic stress, both factors are getting weaker with the result being the increased susceptibility of the animal to different diseases. 

[bookmark: _Toc24403490][bookmark: _Toc24405804]2.2 Involution of the uterus

Involution of the uterus is the term used to describe the physical reduction in the size of the uterus and cervix after parturition. Involution is thought to be driven by uterine muscular contractions, turnover of the extracellular matrix, necrosis and sloughing of the uterine caruncles, and regeneration of the endometrium (Gier and Marion 1968). The time required for involution depends on the type of placenta. Since cattle have a cotyledon ARY placenta, the process of involution is complex & requires some time. Inserting a hand through the cervix is usually difficult in normal animals by 24 hours after parturition and the cervix often only admits two fingers by 96 hours postpartum.  A minimum 3 of weeks are required and time for complete, physiological involution is usually around 40-50 days after calving. By about 3 weeks postpartum, the entire genital tract is usually palpable per rectum. The previously gravid horn can still be identified because it is wider and longer than the previously non-gravid uterine horn. In parallel with the changes in dimensions, there is a remarkable change in the tissues with catabolism, repair, and regeneration. In the first 30 days postpartum the weight of the uterus decreases from about 9 kilograms at parturition to about 1 kilogram. The time required for involution depends on the type of placenta. (Okano and Tomika 1987, Tian and Noakes 1991b, Risco et al. 1994)
The progress of uterine involution can be monitored by repeated estimation of the size of the uterus after parturition. The most critical techniques to evaluate the size of the uterus are transrectal palpation and transrectal ultrasonography. It should be noted that dimensions estimated by transrectal palpation are often about 1 to 2 cm greater than ultrasound measurements, presumably because operators include the thickness of the rectal wall when using the former to estimate the diameter of the uterus. The size discrepancy between the previously gravid and non-gravid uterine horns is present up to 4 weeks postpartum. However, the changes in uterine horn diameter are almost imperceptible beyond 4 weeks postpartum and are probably complete by 6 weeks. 
An on-time uterine involution is an essential precondition in order to ensure future fertility and a quick return to oestrus cycle with successful ovulations. According to studies delayed involution is associated with subsequent impaired fertility. The factors that delay involution include dystocia, hypocalcaemia, retained foetal membranes, metritis and endometritis (Fonseca et al. 1983)

[bookmark: _Toc24403491][bookmark: _Toc24405805]2.3 Postpartum uterine diseases

Uterine disease is most common in Bos taurus dairy breeds that have high milk yields, such as Holstein-Friesian cows. Heritability seems to play a role to this fact, many other factors like environment, general hygiene of the herd as well as highly increased daily requirements for energy and nutrients contribute to that. The most often encountered postpartum uterine diseases that we are going to discuss are the retained foetal membranes, metritis and endometritis.


2.3.1 Retained foetal membranes (RFM)

RFM are a common complication of bovine parturition. The predisposition to infections of the uterus means that RFM are an important contributor to bovine infertility. Occurrence of RFM is associated with the failure of the normal processes of dehiscence and expulsion. Hence the factors that cause RFM are those that interfere with the detachment of the foetal microvilli from the maternal cotyledons and those that interfere with the patterns of uterine contractility, particularly of third stage labour (Gross et al. 1986).
The main etiological factors associated with RFM are summarized in Table 1.

Table 1. Common factors associated with RFM
	· Abortion, especially when the cause is associated with placentitis

	· Abnormal gestation length, either prolonged or shortened

	· Dystocia, primary uterine inertia, delivery by C-section

	· Fatty liver, possibly because it predisposes to uterine atony

	· Deficiencies of selenium/vitamin E or, possibly vitamin A

	· Failure of placental maturation usually due to twin births or induced-calvings

	· Secondary inertia caused by hypocalcaemia which is probably because of the association of both with dystocia




Cows that fail to expel the membranes within 24 hours or so are likely to retain them for 7 to 10 days. Myometrial contractions largely cease from 36 hours after birth of the calf, so if the membranes have not been expelled by this time, freeing of the foetal villi from the maternal crypts eventually occurs as a result of bacterial putrefaction. Surveys of the incidence of RFM usually report an incidence of 4% to 8% except in animals with dystocia, in which the incidence is higher. The effect of RFM depends largely upon the degree of uterine infection that takes place. Uncomplicated cases may be of little more consequence than the inconvenience of foul-smelling membranes interfering with milking, although morbidity, as denoted by some temporary impairment of appetite and reduction of milk yield, has been estimated to occur in 55% to 65% of cases. Mortality caused by RFM is usually associated with metritis and applies to 1% to 4% of cases (Roberts 1986).
The treatment of animals with RFM has long been a contentious subject. A number of approaches have been taken to animals with this condition, including:
· No treatment
· Manual removal: The techniques used range from externally applied gentle traction through to forced extraction, with manual separation of each cotyledon and caruncle. Although, it is considered an easy and comfortable solution, it may have little benefit or even be detrimental for the animal (Drillich et al. 2006b).
· Administration of ecbolic agents: such agents can be oxytocin or PGF2a (Miller and Lodge 1984).
· Treatment for metritis but no specific treatment for retention itself. All cows that had RFM require examination and treatment for endometritis before the upcoming breeding. Usually, this treatment is preferred when the cow is presented with signs of metritis, such as, pyrexia, inappetence, or reduced milk yield. Intrauterine antibiotics are recommended in these cases (Drillich et al. 2006a,b).
· Collagenase: a solution of collagenase into the stumps of the umbilical arteries of the retained membranes has proved an effective means of treatment, although licensed for use only in the mare (Eiler and Fecteau 2007, Beagley et al. 2010).

2.3.2 Metritis

Metritis is most common within 10 days of parturition. Metritis is characterized by an enlarged uterus and a watery red-brown fluid to viscous off-white purulent, uterine discharge, which often has a fetid odour. It usually follows an abnormal first or second stage of labour, especially when there has been a severe dystocia that has required prolonged traction or resulted in damage to the vulva and/or birth canal. The condition is also associated with uterine inertia, premature calving including abortion or induced calving, twin births, and RFM. Bacteria colonise and proliferate in the uterus and may cause pyemia. Toxins produced by these bacteria are also absorbed from the uterus, resulting in toxaemia.
The severity of disease is categorized by the clinical signs that are presented by the animal. Affected animals show both local and general symptoms, and the severity informs the metritis grade.


Table 2. Grades of metritis suggested by Drillich et al. (20101), Sheldon et al. (2006) and Földi et al. (2006) 

	Grade 1
	Abnormally enlarged uterus and a purulent uterine discharge. No systemic signs.

	Grade 2
	Abnormally enlarged and atonic uterus and a fetid red-brown watery uterine discharge. Clinical signs of systemic illness such as decreased milk yield, dullness and fever.

	Grade 3
	Also called puerperal metritis or toxic metritis. Abnormally enlarged uterus and a fetid red-brown watery uterine discharge, with additional signs of toxaemia such as inappetence, cold extremities, depression, and/or collapse.



The temperature of affected cows may be elevated to 40C to 41C. The vulva and vagina are typically swollen and deeply congested. The cotyledons are swollen and the foetal membranes often remain firmly attached. The uterus contains a large volume of pus. Whereas off-white, mucopurulent material is often an encouraging signs, red-brown, watery, fetid, reddish, serous exudate that contains fragments of degenerating foetal membranes and other detritus warrants a more guarded prognosis. Many animals with grade 3 metritis also develop mastitis, particularly if they are recumbent, and many also have concurrent hypocalcaemia. The treatment and prognosis of metritis, depends on the grade of the disease and requires a different management in every case (Zwald et al. 2004). 
Grade 1 cases are often undiagnosed and untreated. Routine examination of postpartum cows is used in some herds to identify these animals. However, whether treatment is warranted is unclear. Parenteral antibiotic may help resolve the clinical signs but probably has little effect on health or subsequent fertility.
Grade 2 cases may require the parenteral administration of broad spectrum antibiotics, in combination with other supportive and symptomatic treatments, as appropriate to the severity of the condition. These grade 2 cases warrant treatment, not least because metritis is painful (Stojkov et al. 2015). Oxytocin may be of some benefit, but only within 72 hours of calving. Prostaglandin F2a is of little or no benefit despite a short-term ecbolic effect. If the uterus contains an abundance of pus, uterine lavage and drainage can be attempted. Physiological saline is flushed into the uterus using a wide-bore tube inserted through the cervix, with the end of the tube guarded by the operator’s hand. Relatively small amounts of saline would be infused at a time as the uterus is too friable to cope with any build-up of pressure. Intrauterine antibiotics are inadequate as the sole route of antibiotic administration, although there may be some advantage to the infusion of soluble antibiotics, such as 5 g oxytetracycline in 100 to 500 mL normal saline, once uterine flushing is completed. 
Even if animals are not treated, it is important to record the presence of disease because even grades 1 and 2 metritis cows should be examined for clinical endometritis 21 days or more after parturition.
Grade 3 cases of metritis are serious, ant the prognosis should be guarded. Prognosis is poor if the animal is collapsed or if peritonitis is present. In this situation, before initiating treatment, a decision should be made whether the animal has a reasonable chance of recovery or whether it would be more cost effective, in some commercial production systems or from a welfare perspective, to slaughter the animal. Treatment requires both good nursing care and vigorous medication. As for most cases of sepsis, supporting the animal’s physiology is more probably more important than trying to kill the pathogens. The cow should be kept warm, in a comfortable and calming place with access to fresh water and food. Usually the first step for this grade 3 cases, is to stabilize the circulatory system by giving fluids and non-steroidal anti-inflammatory drugs such as flunixin-meglumine which is commonly preferred (Smith 2005). Calcium should be given to treat or prevent secondary hypocalcaemia. Foetal membranes should not be removed and vaginal examination should be very cautious. Parallel, parenteral antibiotic therapy should be initiated immediately, as for any case of sepsis, and continued for 3 to 5 days. Broad spectrum penicillins and cephalosporins are the most efficacious choices (Drillich et al. 2006a). Return of animals with grade 3 metritis is marked by a return of appetite, cessation of diarrhoea and a change in the contents of the uterus to a less fetid, thicker, more obviously purulent material. The major sequelae of this condition include localized or generalized peritonitis, ascending infection of the urinary tract (cystitis or pyelonephritis), pyosalpinx, and ovariobursal adhesions. Other complication of metritis includes pneumonia, polyarthritis and endocarditis. In pyemic cases, abscesses may develop subsequently in the lungs, liver, kidney, or brain. The fertility of cows that recover from the condition is likely to be impaired, so animals should be monitored for subsequent endometritis and ovarian dysfunction.


2.3.3 Endometritis

Clinical endometritis is defined as the presence of a purulent uterine discharge detectable in the vagina of cattle 21 days or more postpartum or a mucopurulent discharge detectable in the vagina after 26 days postpartum. The volume of the discharge is variable but frequently increases at the time of oestrus, when the cervix dilates and there is copious vaginal mucus. Affected cows do not show signs of systemic illness. Subclinical endometritis is characterized by inflammation of the endometrium, typically associated with neutrophils in uterine luminal fluid, but without visible purulent material (Borsberry and Dobson 1989).
Unlike metritis, endometritis does not affect the general health of the cow, although it does impair fertility. Most of the specific pathogen causing infertility, such as Campylobacter fetus subsp. Venerealis and Trichomonas fetus, do so because of endometritis that they produce. However, the most common initiating cause of endometritis is a polymicrobial growth of bacteria in the uterus during the period around the time of calving, with the subsequent overgrowth of pathogens such as T. pyogenes, usually in association with F. necrophorum and/or Prevotella species.
The presence of endometritis can be determined by transrectal palpation of the uterus, examination of the vagina and cervix for the presence of purulent discharge, and examination of cervical swabs for the presence of neutrophils. A simple grading system based on the character of the vaginal mucus and the presence of pathogenical organisms, is readily used to evaluate cows with clinical endometritis (Sheldon and Noakes 1998, Sheldon et al. 2009).
Although clinical endometritis is not considered a severe health condition for the cow, unfortunately there are not possible guaranteed treatments that can ensure the rapid and complete healing of the animal. In some cases, there is spontaneous “self-cure”, which has been estimated to be between 33% (Steffan et al. 1984) and 46% (Griffin et al. 1974a). In general, treatment should be delayed until at least 3 weeks post calving as it is difficult to diagnose the presence of endometritis parallel with the uterus involution (LeBlanc et al. 2002b). Unfortunately, there is little merit in preforming routine swabbing and bacterial sensitivity tests before treatment. Intrauterine infusion of antiseptics is of limited value and, at worst, injuries to the uterus and as a consequence rational therapy is based upon either hormonal stimulation of uterine defences or the use of antibiotics. Unfortunately, for the treatment of subclinical endometritis, there is little agreement about whether or how animals with subclinical endometritis should be treated. On the basis that physiological mechanisms usually aim to restore homeostasis, the most rational treatment is to administer PGF2a (or analogue) to animals with a CL. Other suggestions are the intrauterine infusion of antimicrobials or antiseptics or to flush the uterus as if performing an embryo collection (Wagener et al. 2017).
Despite the fact that endometritis is not a threatening disease for the cow’s health, it does affect the fertility by reducing the chances of conception. Consequently, there is an increase in the calving-conception interval, the number of services per pregnancy, and the proportion of cows that fail to conceive. Extensions of the calving-conception interval has been shown to be an average of 12 days (Tennant and Peddicord 1968), 10 days (Bretzlaff et al. 1982) and 31 days (Borsberry and Dobson 1989). Endometritis therefore reduces the profitability of a dairy enterprise, and the cost can be calculated by relating it to the increase in the calving-conception interval. Apart from that, losses are referring also to increased culling rates, reduced milk yield, and the cost of treatment (Kossaibati and Esslemont 1997). Most of these losses are preventable by instigating effective treatment of affected animals before the end of the voluntary waiting period or start of the breeding season.

[bookmark: _Toc24403492][bookmark: _Toc24405806]2.4. Hypocalcaemia in the dairy cow

2.4.1 Role and regulation of calcium in the body

Calcium is one of the major divalent cations in the body. Approximately 99% of body calcium is found in bone, where it provides the strength and stability for the skeletal system and serves as an exchangeable source to maintain extracellular calcium levels. Most of the remaining calcium (approximately 1%) is located inside cells, and only 0.1%–0.2% is present in the ECF. Serum calcium exists in three forms: (1) protein bound, (2) complexed, and (3) ionized. Approximately 40% of serum calcium is bound to plasma proteins, mostly albumin, and cannot diffuse or pass through the capillary wall to leave the vascular compartment. Another 10% is complexed (i.e., chelated) with substances such as citrate, phosphate, and sulphate. This form is not ionized. The remaining 50% of serum calcium is present in the ionized form. It is the ionized form of calcium that is free to leave the vascular compartment and participate in cellular functions. The total serum calcium level fluctuates with changes in serum albumin and pH (Essentials of pathophysiology: Concepts of Altered Health States).
Ionized calcium serves a number of functions. It participates in many enzyme reactions; exerts an important effect on membrane potentials and neuronal excitability; is necessary for contraction in skeletal, cardiac, and smooth muscle; participates in the release of hormones, neurotransmitters, and other chemical messengers; influences cardiac contractility and automaticity by way of slow calcium channels; and is essential for blood clotting. Calcium is also essential for optimum milk production and growth rate so consequently, maintaining the appropriate calcium level in a dairy cow is of vital importance in order to ensure a good lifetime performance in terms of reproduction and milk production. Although milk production and growth seem to be the most important functions of calcium in a dairy cow, it is a mineral of vital importance during calving and later at the involution of the uterus due to its contractile action (Essentials of pathophysiology: Concepts of Altered Health States).
Calcium is mainly regulated through the action of three hormones, the parathyroid hormone, the calcitonin and the vitamin D. It enters the body through the gastrointestinal tract where it is absorbed from the intestines under the influence of vitamin D which is responsible for increasing the calcium absorption, is stored in bone and finally excreted by the kidney. Parathyroid hormone, a major regulator of serum calcium and phosphate, is responsible for maintaining the calcium concentration in the ECF by promoting release of calcium from bone, increasing the activation of vitamin D and stimulating calcium conservation by the kidney while increasing phosphate excretion. Calcitonin acts by removing calcium from the circulation (Essentials of pathophysiology: Concepts of Altered Health States).
Normal calcium levels are dependent on the state of the dairy cow. This means, that the requirements are changing according to pregnancy, lactation or dry-off period. In the following table (Table 3) we can see the demands in calcium in a dairy cow that weights approximately 250 kg, during different phases of her life.





Table 3. Calcium requirements for the dairy cow during different 
	Stage of production
	Calcium (g/day)

	Calving
	36

	Early lactation
	38

	Mid gestation
	15

	Late gestation/Dry off period
	23



The transition period is considered the most challenging time during the production cycle of a dairy cow. One of the major determinants of whether a cow transitions properly is to maintain normal blood calcium concentrations of more than 2.125 mmol/L. The metabolic and physiological demands for calcium increases dramatically as calving approaches. The calving process, colostrum production and milk synthesis all have requirements for calcium and collectively may exceed the available levels in circulation, leading to either subclinical hypocalcaemia or clinical milk fever.

2.4.2 Pathophysiology and causes of hypocalcaemia

Hypocalcaemia is a rather common situation in a dairy cow especially during parturition and early lactation. It is considered as a gateway disease and it is suggested that it predisposes the cow to various metabolic and infectious disorders in early lactation such as metritis, mastitis, abomasal displacement and reproduction disturbances. In order to avoid it, we have to understand the main pathophysiology behind this clinical state. Hypocalcaemia may be clinical or subclinical. Clinical hypocalcaemia, also known as milk fever, is a particular concern in the newly calved cow. In most cases milk fever occurs within 24-48 hours of calving. Generally, cows with milk fever are recumbent and are unable to rise as a result of low blood Ca, whereas cows with subclinical hypocalcaemia have no clinical signs The diagnosis of subclinical hypocalcaemia is usually based on serum levels of Ca, and cut-off points at total Ca levels of 2.0 mmol/L (8 mg/dL) and 1.88 mmol/L (7.5 mg/dL) have been suggested. Such levels commonly occur in dairy cows soon after calving (LeBlanc and Lissemore 2006).
Calcium homeostasis can be disrupted from several factors, especially during the transition period. Age has a profound effect on susceptibility of dairy cows to hypocalcaemia with older cows being more commonly and more severely affected than young cows. Although, this statement is not fully understood; it is suggested that as haemostasis process is impeded in older cows and vitamin D receptors as well as the number of receptors for PTH decline with increasing age, calcium homeostatic mechanisms are affected (Horst and Goff 1990).

Nutrition in the transition period plays the most important role in the pathomechanism of hypocalcaemia. Current evidence suggest that milk fever and hypocalcaemia may occur in cows as a result of excess dietary cations. The typical ration of dairy cows is rich in cations (primarily potassium and sodium) and has lower amounts of anions (chloride and sulphur). These cations induce a metabolic alkalosis in the cow that impairs Ca homeostatic mechanisms via attenuated responsiveness of tissues to PTH. It has been shown that cows in a more acidotic state, which can be measured by the pH in the urine, have a decreased risk of developing milk fever. Furthermore, in alkalotic conditions induced by high cationic diets, the shape of the PTH receptor protein is changed so that it is less able to recognize and bind PTH, resulting in failure to activate the cell by producing cyclic AMP. Hypomagnesemia is another important parameter of nutrition that may lead to clinical hypocalcaemia (Dishington 1974). It affects Ca metabolism by reducing PTH secretion in response to hypocalcaemia, and by reducing ability of PTH stimulated cells to produce cyclic AMP, resulting in failure to activate target tissues to PTH. On the contrary, serum Ca and magnesium concentrations are negatively associated. Cows suffering from hypocalcaemia have higher serum magnesium concentration (Phillippo and Reid 1994).
High dietary calcium during the dry period, is another factor that may severely affect the incidence of hypocalcaemia. Before calving, the approximate daily requirement for Ca is only 30 g, comprising 15 g in faecal and urinary loss and 15 g to foetal growth. When supplying Ca far in excess of the daily requirements at dry period, the passive transfer of Ca is sufficient to overcome the needs of the cow and the foetus. Therefore, active haemostatic mechanisms of absorption and resorption of Ca become depressed (Constable and Hinchcliff 2016). As a consequence, at calving when sudden massive demands for Ca occur, the cow is unable to rapidly return to haemostatic mechanisms and is susceptible to severe hypocalcaemia until these mechanisms can be activated, which may take several days. Along with high dietary calcium, high dietary phosphorus may contribute to lower calcium levels later as well. In dry cows, high dietary levels of phosphorus (more than 0.5% dry matter intake) increase the serum level of inorganic phosphorus, which has inhibitory effect on the renal enzyme (1a-hydroxylase) that catalyses the conversion of vitamin D into its active form and thereby predisposes cows to hypocalcaemia. High dietary phosphorus has also been reported to have a negative effect on intestinal magnesium absorption, which further makes periparturient cows susceptible to hypocalcaemia (Goff et al. 2004).

2.4.3 Consequences of hypocalcaemia on the dairy cow

Calcium is a mineral of vital importance for the organism and as it was referred earlier is necessary for the proper function of a wide variety of systems in the body. Consequently, hypocalcaemia has a great impact on the development of several metabolic and infectious disorders especially during early lactation period.
Immunosuppression is one of the consequences of hypocalcaemia that may lead to further serious health problems. Calcium is critical for proper immune cell function, which is very important in transition dairy cows. Hypocalcaemia is associated with decreased intracellular calcium stores in the peripheral mononuclear cells, which is a fact that seems to contribute to periparturient immunosuppression (Kimura 2006). Calcium also regulates cell polarity which is required for directional cell killing, and it is also involved in the migration of leukocytes toward chemokines in the area of inflammation.
It has been shown that cows with subclinical hypocalcaemia have impaired rumen and abomasum motility and depressed feed intake. This reduction in ruminal and abomasal motility will likely cause a reduction in feed intake and increased weight loss in early lactation. Therefore, hypocalcaemia may well exacerbate negative energy balance in cows that are already underfed. Hypocalcaemia has been attributed to the occurrence of ketosis (Curtis 1983). A recent research showed that hypo calcaemic cows demonstrate 5.5 greater odds of having ketosis than normocalcaemic cows. The exact mechanism is unknown, however, the hypocalcaemia impact on feed intake and resulting negative energy balance may be a factor in promoting of ketosis (Rodríguez 2017). Cows with naturally occurring hypocalcaemia at parturition and experimentally induced hypocalcaemia had elevated concentrations of NEFA and BHBA as indicators of increased lipid mobilization (Reinhardt 2011). Another interesting fact about hypocalcaemia is that it has been shown that increases the risk for displacement of abomasum. Abomasal atony due to hypocalcaemia seems to be a logical risk factor for abomasal displacement. Hypocalcaemia may reduce abomasal tone and result in gas accumulation (Seifi and LeBlanc 2011).
The association of clinical hypocalcaemia and decreased fertility was reported in several studies. Some reports showed that there are no differences in the incidence of uterine diseases, services per conception, or days open when comparing hypocalcaemic cows with normocalcaemic ones. However, there are plentiful evidence indicated that hypocalcaemia may cause infertility. Cows with clinical and subclinical hypocalcaemia are at increased risk of dystocia, retained placenta and metritis (LeBlanc and Lissemore 2006). The loss of muscle tone in the uterus due to hypocalcaemia increases the incidence of dystocia, uterine prolapse and retained placenta. Because under hypocalcaemic conditions, immune function may be impaired and muscle contraction diminished, metritis is more prone to occur 
Udder health seems also to be affected in a hypocalcaemic cow. It was reported that cows with clinical milk fever were eight times more likely to develop mastitis than normal cows. Hypocalcaemia reduces teat sphincter contraction; thus, an open teat canal invites environmental pathogens to enter the mammary gland. On the other hand, hypocalcaemic cows tend to spend more time lying down than do normocalcaemic animals, which could increase teat end exposure to environmental opportunist organisms (Goff 2003). In addition, hypocalcaemia has deleterious effect on peripheral blood mononuclear cells function and this exacerbates periparturient immunosuppression.

2.4.4 Prevention of hypocalcaemia in the herd

The most critical period in the production lifetime of a dairy cow, is the periparturient and after calving interval. Common management mistakes may easily lead to negative energy balance as well as hypocalcaemia during that time. Nutrition and general management practices are really important in order to ensure a normal calving, minimising dystocia cases and furthermore preventing diseases of the uterus and the udder in the dairy cow later.  
As it concerns the nutrition of the cow, special attention should be given to the selected ratio. The proportion of the micronutrients like calcium, phosphorus and magnesium are the key in order to prevent clinical and subclinical hypocalcaemia. In order to create a ratio that covers all the energy and micronutrient needs we need to know the daily requirements of a dairy cow the given period as the requirements change according to the phase of pregnancy. For example, different requirements have to be met during the last weeks of pregnancy compared to those during the early lactation. Additional supplements may also help to maintain a balanced diet that covers all the animal’s needs. Some of them are listed below:
· The use of protected amino acids like methionine
· The use of liver-protecting vitamins like nicotinic acid and choline
· The use of extra vitamin E and selenium as well as some extra vitamin D 
· If required, some acidifiers can be added to the feed during the last two weeks of pregnancy.

[bookmark: _Toc24403493][bookmark: _Toc24405807]3. Study analysis

[bookmark: _Toc24403494][bookmark: _Toc24405808]3.1 Aim of the study

The aim of this study was to investigate the effect of calcium concentrations on uterine diseases during the postpartum period on dairy cows. 

[bookmark: _Toc24403495][bookmark: _Toc24405809]3.2 Materials and methods 

A total of 296 postparturient Holstein-Friesian cows (primiparous: n = 83 and multiparous: n = 213) were studied at a large-scale dairy farm). Blood samples were withdrawn from the coccygeal vein into 9-ml S-Monovette tubes (Sarstedt, Nümbrecht-Rommelsdorf, Germany) immediately after calving (sample d0), 24 h after calving (sample d1) and on 5 DIM (sample d5). Samples were immediately centrifuged and the serum was stored at –18 °C until biochemical measurement (AU640 chemistry immune analyzer, Olympus) of serum calcium concentration in the laboratory of the Department and Clinic for Production Animals, Üllő. 
The cows were being observed for the following 49 days in order to examine the presence of clinical metritis or endometritis. Furthermore, the presence of retained foetal membranes after calving as well as the foetal presentation and the dystocia score in each parturition was noted. 
[bookmark: _Toc24403496][bookmark: _Toc24405810]3.3 Statistical analysis

3.3.1. Descriptive statistical analysis
The sample was consisted of 296 cows. For each cow, blood calcium concentration was measured during the day of calving (day 0), the first day after calving (day1) and the fifth day after calving (day 5). Furthermore, the dystocia score was evaluated for every cow using the 1-5 scale, as well as the foetal presentation was demonstrated by using number 1 for the anterior presentation, number 2 for the posterior presentation and number 3 for a twin pregnancy. The number of parities that each cow had was also indicated. During the postpartum period the cows were being observed for the presence of the following diseases and number 1 was used in case of presence of disease whereas number 0 was used in the case of absence of the given disease: retained foetal membranes, clinical metritis during days 0-5, 6-10, 11-20, clinical endometritis during days 21-28 and 42-49. All statistical tests conducted were made on a P<0.05 significance level.
The distribution of the cows according to the parity presented in table 4, shows that for most of the cows had first and second parity (55.3%).

Table 4. Distribution of the sample per parity number
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	1
	83
	28.0
	28.3
	28.3

	
	2
	79
	26.7
	27.0
	55.3

	
	3
	52
	17.6
	17.7
	73.0

	
	4
	45
	15.2
	15.4
	88.4

	
	5
	19
	6.4
	6.5
	94.9

	
	6
	6
	2.0
	2.0
	96.9

	
	7
	4
	1.4
	1.4
	98.3

	
	8
	4
	1.4
	1.4
	99.7

	
	9
	1
	.3
	.3
	100.0

	
	Total
	293
	99.0
	100.0
	

	Missing
	System
	3
	1.0
	
	

	Total
	296
	100.0
	
	





a) tCa 

Calcium concentration was measured on calving day, one day after calving and five days later. On calving day Ca concentration had a mean value of 1.95 (SD=0.23), one day later the mean Ca concentration has decreased to 1.91 (SD=0.27) and 5 days later it had an increase, reaching a mean of 2.10 (SD=0.26) (Table 5).

Table 5. Ca concentration descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	tCa_samplig_day_0
	291
	1.18
	2.46
	1.95
	.23

	tCa_samplig_day_1
	281
	1.01
	2.69
	1.91
	.27

	tCa_samplig_day_5
	275
	.87
	4.45
	2.10
	.26

	Valid N (listwise)
	268
	
	
	
	



A paired-sample t-test was conducted, in order to examine if the differences of the calcium concentration on different days were significant. The results showed that there were significant differences for all combinations: 
· between days 0 and 1 the mean difference for tCa is 0.037 (t=2.733. p=0.007)
·  between days 1 and 5 is -0.195 (t=-10.340. p=0.000)
· between days 0 and 5 the mean difference is -0.157 (t=-8.690. p=0.000) 









Table 6. Paired samples test for tCa differences
	
	Paired Differences
	t
	Sig. (2-tailed)

	
	Mean
	SD
	SE Mean
	95% Confidence Interval of the Difference
	
	

	
	
	
	
	Lower
	Upper
	
	

	Pair 1
	tCa_samplig_day_0 - tCa_samplig_day_1
	.037
	.228
	.0136
	.010
	.064
	2.733
	.007

	Pair 2
	tCa_samplig_day_1 - tCa_samplig_day_5
	-.195
	.310
	.01884
	-.232
	-.158
	-10.340
	.000

	Pair 3
	tCa_samplig_day_0 - tCa_samplig_day_5
	-.157
	.296
	.01802
	-.192
	-.121
	-8.698
	.000





b) Dystocia 

Dystocia scores were measured on a 5 point scale, with 1 denoting the easiest delivery and 5 the most difficult. The distribution of the sample according to this difficulty scale showed that there were no cases with value 5 (i.e. extremely difficult), and most of the cases were indicative of an easy parturition (values 1 or 2 on the scale), with these two values accounting for 74.1% of the cases (Table 7). 

Table 7. Dystocia score distribution
	

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	1-easy
	104
	35.1
	35.5
	35.5

	
	2
	113
	38.2
	38.6
	74.1

	
	3
	58
	19.6
	19.8
	93.9

	
	4-difficult
	18
	6.1
	6.1
	100.0

	
	Total
	293
	99.0
	100.0
	

	Missing
	System
	3
	1.0
	
	

	Total
	296
	100.0
	
	





c) Foetal presentation

Regarding the foetal presentation, as it is shown in table 8, most of the cases refer to anterior presentation (92.2%), 3% to posterior presentation, and 3.7% to twin birth, while for 3 cases there were no data (table 8).



Table 8. Foetal presentation distribution (anterior-1, posterior-2, twin-3)
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	anterior
	273
	92.2
	93.2
	93.2

	
	posterior
	9
	3.0
	3.1
	96.2

	
	twin
	11
	3.7
	3.8
	100.0

	
	Total
	293
	99.0
	100.0
	

	Missing
	System
	3
	1.0
	
	

	Total
	296
	100.0
	
	




d) Uterine disease distributions

The distributions of the measurements for the studied diseases are presented in table 9, where it is clear that the dominating value is “0”, with higher frequencies for clinical metritis, which means that for most of the cases, there has been no pathological measurements (since frequency is 0).

Table 9. Distributions of disease metrics

	Disease metrics
	 
	0
	1
	2
	3
	Total
	Missing
	Total

	RFM
	N
	196
	98
	 
	 
	294
	2
	296

	
	%
	66.2
	33.1
	 
	 
	99.3
	.7
	100.0

	RFM_1
	N
	186
	93
	 
	 
	279
	17
	296

	
	%
	62.8
	31.4
	 
	 
	94.3
	5.7
	100.0

	RFM_5
	N
	183
	93
	 
	 
	276
	20
	296

	
	%
	61.8
	31.4
	 
	 
	93.2
	6.8
	100.0

	Clinical metritis
	N
	201
	90
	 
	 
	291
	5
	296

	
	%
	67.9
	30.4
	 
	 
	98.3
	1.7
	100.0

	Metritis Days 0-5
	N
	233
	57
	 
	 
	290
	6
	296

	
	%
	78.7
	19.3
	 
	 
	98.0
	2.0
	100.0

	Metritis Days 6-10
	N
	259
	6
	24
	 
	289
	7
	296

	
	%
	87.5
	2.0
	8.1
	 
	97.6
	2.4
	100.0

	Metritis Days 11-20
	N
	247
	27
	7
	5
	286
	10
	296

	
	%
	83.4
	9.1
	2.4
	1.7
	96.6
	3.4
	100.0

	Clinical endometritis
	N
	210
	35
	 
	 
	245
	51
	296

	
	%
	70.9
	11.8
	 
	 
	82.8
	17.2
	100.0

	Endometritis Days 21-28
	N
	214
	21
	9
	1
	245
	51
	296

	
	%
	72.3
	7.1
	3.0
	0.3
	82.8
	17.2
	100.0

	Endometritis Days 42-49
	N
	216
	2
	3
	 
	221
	75
	296

	
	%
	73.0
	0.7
	1.0
	 
	74.7
	25.3
	100.0



3.3.2 Results and discussion

The statistical analysis of the data was based on 6 main research questions in order to examine the relationship of every given variable with each other and be able to make a conclusion about the effect of calcium concentration on the uterine diseases.
The first research question was how dystocia score related to calcium concentration (tCa). Hypocalcaemia is usually linked to dystocia with the term primary  uterine inertia during the first stage of parturition. Hypocalcaemia is usually the most common cause of this condition in dairy cows, with the animal showing signs of milk fever as calving is about to begin. The pathophysiology behind this situation is based on the fact that although the cervical dilation occurs and the foetus is in normal presentation, position and posture, it is not delivered due to lack of uterine contractions and as it was referred in the previous chapters, calcium is the most important mineral for the smooth muscle contractions. Based on the data analysis from the given study, the results about the correlation of calcium concentration and hypocalcaemia are presented in table 10. A Spearman's RHO test conducted to examine this relationship, revealed that no significant correlations were found between dystocia scores and calcium concentration (P>0.05).










Table 10. Spearman's RHO correlation test between tCa and dystocia

	
	tCa_samplig_day_0
	tCa_samplig_day_1
	tCa_samplig_day_5
	dystocia score

	Spearman's RHO
	tCa_samplig_day_0
	Correlation Coefficient
	1.000
	
	
	

	
	
	Sig. (2-tailed)
	.
	
	
	

	
	
	N
	291
	
	
	

	
	tCa_samplig_day_1
	Correlation Coefficient
	.616**
	1.000
	
	

	
	
	Sig. (2-tailed)
	.000
	.
	
	

	
	
	N
	278
	281
	
	

	
	tCa_samplig_day_5
	Correlation Coefficient
	.360**
	.410**
	1.000
	

	
	
	Sig. (2-tailed)
	.000
	.000
	.
	

	
	
	N
	270
	271
	275
	

	
	dystocia score
	Correlation Coefficient
	.088
	.080
	-.011
	1.000

	
	
	Sig. (2-tailed)
	.135
	.181
	.860
	.

	
	
	N
	291
	278
	272
	293

	**. Correlation is significant at the 0.01 level (2-tailed).




Proceeding to the second research question, the frequency of any disease in relation to dystocia cases was being examined. Based on different studies, many risk factors have been associated with postpartum uterine diseases in dairy cows and one of them is dystocia. When a cow’s delivery requires assistance, usually this has an impact on the postpartum health status of the uterus. One of the most common consequences is the RFM which can further contribute to the appearance of uterine diseases such as clinical metritis and endometritis. The results of the given study, showed that dystocia was significantly and positively correlated (P=0.000) with RFM_1, RFM_5, clinical metritis,  metritis Days 0-5 and metritis Days 6-10, with correlation coefficients rating from 0.326 to 0.522 (table 11). 



Table 11. Spearman's RHO correlation test between dystocia and disease frequency

	Spearman's RHO
	 
	dystocia score

	RFM_1
	Correlation Coefficient
	.469**

	
	Sig. (2-tailed)
	0.000

	
	N
	276

	RFM_5
	Correlation Coefficient
	.484**

	
	Sig. (2-tailed)
	0.000

	
	N
	273

	Clinical metritis
	Correlation Coefficient
	.427**

	
	Sig. (2-tailed)
	0.000

	
	N
	291

	Metritis Days 0-5
	Correlation Coefficient
	.522**

	
	Sig. (2-tailed)
	0.000

	
	N
	290

	Metritis Days 6-10
	Correlation Coefficient
	.326**

	
	Sig. (2-tailed)
	0.000

	
	N
	289

	Metritis Days 11-20
	Correlation Coefficient
	0.036

	
	Sig. (2-tailed)
	0.545

	
	N
	286

	Clinical endometritis
	Correlation Coefficient
	0.002

	
	Sig. (2-tailed)
	0.970

	
	N
	245

	Endometritis Days 21-28
	Correlation Coefficient
	0.004

	
	Sig. (2-tailed)
	0.952

	
	N
	245

	Endometritis Days 42-49
	Correlation Coefficient
	0.027

	
	Sig. (2-tailed)
	0.687

	
	N
	221

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).




Another variable relationship that was examined under this data analysis was whether and at which direction calcium concentration was affected by parity number. It is common that multiparous cows have continuously increased milk yields compared to the primiparous ones, which means greater demands for calcium and phosphorus. Furthermore, some studies have revealed that calcium deposition in colostrum is greater as the parity number of the cow is increasing. In our study, this is explored with the use of one way ANOVA analysis, where Ca concentration mean was calculated and compared for each parity group. The results of the test demonstrate that for calcium concentrations measured on calving day (day=0) and on day 1, there were significant differences among parities, while this was not the case for those calcium concentrations measured on day 5 (F(2.282)=14.644 P=0.000 for day 0. F(8.269)=6.897. P=0.000 for day 1). The test results are presented in table 12 and the calcium concentration means per parity value for days 0 and 1, which had a significant impact. In addition, Graph 1 and Graph 2 depict these differences in calcium concentration per parity number. In principle, the results show that calcium concentration has lower values for higher parity numbers. This is mainly valid for parity up to 5, since the sample with parity ≥6 is very small. Summing up, the answer to the research question, is therefore, that parity number, mainly up to 5 births, significantly affects calcium concentration at day 0 and day 1, but not calcium levels measured on day 5. In addition to that, the sign of the relationship was negative, since for larger parity group the calcium concentration values showed a decrease. 

Table 12. One way ANOVA for tCa per parity number 
	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	tCa_samplig_day_0
	Between Groups
	4.373
	8
	.547
	14.644
	.000

	
	Within Groups
	10.526
	282
	.037
	
	

	
	Total
	14.899
	290
	
	
	

	tCa_samplig_day_1
	Between Groups
	3.368
	8
	.421
	6.897
	.000

	
	Within Groups
	16.422
	269
	.061
	
	

	
	Total
	19.790
	277
	
	
	

	tCa_samplig_day_5
	Between Groups
	.854
	8
	.107
	1.615
	.120

	
	Within Groups
	17.374
	263
	.066
	
	

	
	Total
	18.228
	271
	
	
	



Table 13. Descriptive measures for tCa per parity for day-0 and day-1

	Descriptive

	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	tCa_samplig_day_0
	1
	82
	2.1038
	.18202
	.02010
	2.0638
	2.1438
	1.41
	2.46

	
	2
	78
	1.9696
	.17746
	.02009
	1.9296
	2.0096
	1.57
	2.40

	
	3
	52
	1.9025
	.19761
	.02740
	1.8475
	1.9575
	1.31
	2.28

	
	4
	45
	1.8664
	.21478
	.03202
	1.8019
	1.9310
	1.26
	2.28

	
	5
	19
	1.6568
	.22086
	.05067
	1.5504
	1.7633
	1.18
	2.15

	
	6
	6
	1.7600
	.28135
	.11486
	1.4647
	2.0553
	1.26
	2.00

	
	7
	4
	1.8750
	.18699
	.09350
	1.5775
	2.1725
	1.62
	2.07

	
	8
	4
	1.8525
	.07632
	.03816
	1.7311
	1.9739
	1.76
	1.92

	
	9
	1
	1.7000
	.
	.
	.
	.
	1.70
	1.70

	
	Total
	291
	1.9509
	.22666
	.01329
	1.9247
	1.9770
	1.18
	2.46

	tCa_samplig_day_1
	1
	75
	2.0392
	.19874
	.02295
	1.9935
	2.0849
	1.40
	2.59

	
	2
	77
	1.9562
	.22715
	.02589
	1.9047
	2.0078
	1.16
	2.35

	
	3
	51
	1.8347
	.23261
	.03257
	1.7693
	1.9001
	1.31
	2.27

	
	4
	45
	1.8131
	.30761
	.04586
	1.7207
	1.9055
	1.01
	2.42

	
	5
	18
	1.6817
	.31253
	.07366
	1.5263
	1.8371
	1.10
	2.17

	
	6
	5
	2.0040
	.44680
	.19981
	1.4492
	2.5588
	1.45
	2.69

	
	7
	4
	1.6850
	.28302
	.14151
	1.2347
	2.1353
	1.38
	2.04

	
	8
	2
	1.9700
	.09899
	.07000
	1.0806
	2.8594
	1.90
	2.04

	
	9
	1
	1.6900
	.
	.
	.
	.
	1.69
	1.69

	
	Total
	278
	1.9115
	.26729
	.01603
	1.8799
	1.9430
	1.01
	2.69
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Figure 1. tCa means per parity for day-0

[image: ] Figure 2. tCa means per parity for day-1

The fifth research question was whether parity affects a disease occurrence. According to studies, interestingly multiparous cows have increased bacterial contamination approximately 50 days after calving compared to primiparous cows (Galvao et al. 2009b). Milk production has a detrimental effect on leukocyte function, therefore, leukocytes from multiparous cows are expected to be more severely affected because of greater milk yields. In fact, phagocytic activity of neutrophils in older cows is more markedly reduced after calving compared to younger cows (Kehrli et al. 1989, Gilbert et al. 1993). Therefore, increased levels of proinflammatory cytokine production in the uterine endometrium might help to prevent metritis; however, because multiparous cows have greater demands for milk yield, they might be less able to clear an infection completely and therefore might be more likely to have endometritis. The fact that is referred above, is examined by a non-parametric correlation test (Spearman’s RHO) in the given data, which is used in order to identify if there are significant correlations between parity and the examined diseases. The results of the test, presented in table 14, show that there were significant positive correlations, (though not strong), between parity and RFM (rs=0.191, P=0.001), parity and RFM_1 (rs=0.185, P=0.002) and parity and RFM_5 (rs=0.177, P=0.003).  The rest of the diseases did not reveal significant correlation with parity. In conclusion, according to the results, greater parity may make the cow prone to RFM and not clearly affect the susceptibility of the cow to the rest of the uterine diseases. 

Table 14. Spearman’s RHO correlation test between parity and diseases

	Spearman's rho
	 
	Parity

	RFM
	Correlation Coefficient
	0.191**

	
	Sig. (2-tailed)
	0.001

	
	N
	291

	RFM_1
	Correlation Coefficient
	0.185**

	
	Sig. (2-tailed)
	0.002

	
	N
	276

	RFM_5
	Correlation Coefficient
	0.177**

	
	Sig. (2-tailed)
	0.003

	
	N
	273

	Clinical metritis
	Correlation Coefficient
	0.061

	
	Sig. (2-tailed)
	0.297

	
	N
	291

	Metritis Days 0-5
	Correlation Coefficient
	0.115

	
	Sig. (2-tailed)
	0.051

	
	N
	290

	Metritis Days 6-10
	Correlation Coefficient
	0.087

	
	Sig. (2-tailed)
	0.139

	
	N
	289

	Metritis Days 11-20
	Correlation Coefficient
	-0.054

	
	Sig. (2-tailed)
	0.363

	
	N
	286

	Clinical endometritis
	Correlation Coefficient
	-0.049

	
	Sig. (2-tailed)
	0.441

	
	N
	245

	Endometritis Days 21-28
	Correlation Coefficient
	-0.077

	
	Sig. (2-tailed)
	0.229

	
	N
	245

	Endometritis Days 42-49
	Correlation Coefficient
	0.060

	
	Sig. (2-tailed)
	0.374

	
	N
	221

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).




With regard to the sixth research question, we were interested in investigating which interval of the postpartum period has the higher chance for disease occurrence. Postpartum metritis usually develops after an abnormal first or second stage of labour, especially when there has been severe dystocia that required prolonged traction or resulted in damage to the vulva and/or birth canal. The condition is also associated with uterine inertia, premature calving, including abortion or induced calving, twin births and RFM. According to facts, clinical metritis usually occurs within 10 days of parturition and this is also confirmed by the data analysis of our study. The analysis includes two sets of paired samples t-tests.  The first set is for clinical metritis during three periods, 0-5 days, 6-10 days and 11-20 days. The means of clinical metritis occurrences within the periods do not demonstrate really significant differences, (t-test of paired samples P>0.05), although suggesting that probabilities for disease occurrence during the periods 0-5 days and 6-10 days are higher than in the 11-20 interval (table 15). 
The incidence of endometritis during the postpartum period is varied and sometimes may stay undiagnosed due to the absence of clinical signs on the cow, especially with subclinical endometritis. It usually occurs after the first 21 days postpartum and in the case of clinical endometritis it may increase the interval to first insemination by approximately 11 days (Borsberry and Dobson 1989). Similarly, a paired samples t-test was performed for clinical endometritis during two periods: days 21-28 and days 42-49. The test revealed significant differences for endometritis occurrence between the two periods (t=3.699, P=0.000), indicating that the period from days 42 to 49 has significantly lower probability of the disease occurrence (table 15). 

Table 15. Paired samples t-test for metritis

	
	Mean
	N
	SD
	Mean Difference
	t
	p

	Pair 1
	Metritis Days 0-5
	.20
	289
	.399
	.010
	.377
	.706

	
	Metritis Days 6-10
	.19
	289
	.565
	
	
	

	Pair 2
	Metritis Days 6-10
	.17
	286
	.547
	-.021
	-.543
	.588

	
	Metritis Days 11-20
	.20
	286
	.559
	
	
	

	Pair 3
	Metritis Days 0-5
	.19
	286
	.395
	-.003
	-.096
	.924

	
	Metritis Days 11-20
	.20
	286
	.559
	
	
	



Table 16. Paired samples t-test for endometritis

	
	Mean
	N
	SD
	Mean Difference
	t
	p

	Pair 3
	Endometritis Days 21-28
	.17
	221
	.471
	-.003
	3.699
	.000

	
	Endometritis Days 42-49
	.04
	221
	.250
	
	
	




Another interesting fact to explore, was whether the foetal presentation affects the calcium concentrations during the early postpartum days (1-5) and disease occurrence in general. Analysis of variance was deployed to investigate the question. With regard to Ca concentration, the analysis resulted that there were no significant differences per foetal presentation on the mean values of Ca concentration-sampling of day 0 (F=0.013, P=0.987) and similarly, no significant variations were found for Ca concentration-sampling days 1 and 5 (F=0.043, P=0.958 and F=0.185, P=0.831) (Table 16). On the contrary, significance values were so close to one (1) that it was evident that Ca concentration values for all three days measured were very close, regardless the foetal presentation (anterior, posterior or twin). It is therefore concluded that foetal presentation has no significant effect on Ca concentration.






Table 17. One-way ANOVA tCa per foetal presentation

	
	N
	Mean
	SD
	95% Confidence Interval for Mean
	F
	p

	
	
	
	
	Lower Bound
	Upper Bound
	
	

	tCa_samplig_day_0
	anterior
	271
	1.9514
	.22570
	1.9244
	1.9784
	.013
	.987

	
	posterior
	9
	1.9500
	.23027
	1.7730
	2.1270
	
	

	
	twin
	11
	1.9400
	.26818
	1.7598
	2.1202
	
	

	
	Total
	291
	1.9509
	.22666
	1.9247
	1.9770
	
	

	tCa_samplig_day_1
	anterior
	258
	1.9116
	.26627
	1.8789
	1.9442
	.043
	.958

	
	posterior
	9
	1.8911
	.21322
	1.7272
	2.0550
	
	

	
	twin
	11
	1.9264
	.34630
	1.6937
	2.1590
	
	

	
	Total
	278
	1.9115
	.26729
	1.8799
	1.9430
	
	

	tCa_samplig_day_5
	anterior
	252
	2.1095
	.26167
	2.0770
	2.1419
	.185
	.831

	
	posterior
	9
	2.0656
	.26125
	1.8647
	2.2664
	
	

	
	twin
	11
	2.0800
	.21698
	1.9342
	2.2258
	
	

	
	Total
	272
	2.1068
	.25935
	2.0759
	2.1378
	
	



Referring to the effect of foetal presentation to cows’  postpartum  diseases, the analysis showed that there were significant effects with regard to RFM (F=6.479, P=0.002), RFM_1 (F=6.504, P=0.002), RFM_5 (F=6.354, P=0.002), clinical metritis (F=7.247, P=0.001), and metritis Days 0-5 (F=4.546, P=0.011), but had no significant effect on metritis Days 6-10, metritis Days 11-20, clinical endometritis, endometritis Days 21-28,  endometritis Days 42-49 (P>0.05) (Table 16). Consequently, we can conclude that foetal presentation along with the assistance that requires, clearly affects the presence of diseases such as RFM and clinical metritis especially during the first 5 days postpartum, a fact that it is also confirmed by the literature, as it is emphasized that one of the major causes of metritis may be an abnormal foetal presentation that increases the dystocia level and the presence of RFM that follow after this situation usually.




Table 18. One way ANOVA disease frequencies per foetal presentation

	
	N
	Mean
	SD
	95% Confidence Interval for Mean
	F
	p

	
	
	
	
	Lower Bound
	Upper Bound
	
	

	RFM
	anterior
	271
	.31
	.465
	.26
	.37
	6.479
	.002

	
	posterior
	9
	.44
	.527
	.04
	.85
	
	

	
	twin
	11
	.82
	.405
	.55
	1.09
	
	

	
	Total
	291
	.34
	.473
	.28
	.39
	
	

	RFM_1
	anterior
	256
	.31
	.464
	.26
	.37
	6.504
	.002

	
	posterior
	9
	.44
	.527
	.04
	.85
	
	

	
	twin
	11
	.82
	.405
	.55
	1.09
	
	

	
	Total
	276
	.34
	.474
	.28
	.39
	
	

	RFM_5
	anterior
	253
	.32
	.466
	.26
	.37
	6.354
	.002

	
	posterior
	9
	.44
	.527
	.04
	.85
	
	

	
	twin
	11
	.82
	.405
	.55
	1.09
	
	

	
	Total
	273
	.34
	.475
	.28
	.40
	
	

	Clinical metritis
	anterior
	271
	.29
	.454
	.23
	.34
	7.247
	.001

	
	posterior
	9
	.33
	.500
	-.05
	.72
	
	

	
	twin
	11
	.82
	.405
	.55
	1.09
	
	

	
	Total
	291
	.31
	.463
	.26
	.36
	
	

	Metritis Days 0-5
	anterior
	270
	.18
	.386
	.14
	.23
	4.546
	.011

	
	posterior
	9
	.22
	.441
	-.12
	.56
	
	

	
	twin
	11
	.55
	.522
	.19
	.90
	
	

	
	Total
	290
	.20
	.398
	.15
	.24
	
	

	Metritis Days 6-10
	anterior
	269
	.18
	.551
	.11
	.24
	.584
	.558

	
	posterior
	9
	.22
	.667
	-.29
	.73
	
	

	
	twin
	11
	.36
	.809
	-.18
	.91
	
	

	
	Total
	289
	.19
	.565
	.12
	.25
	
	

	Metritis Days 11-20
	anterior
	266
	.18
	.542
	.12
	.25
	2.335
	.099

	
	posterior
	9
	.11
	.333
	-.15
	.37
	
	

	
	twin
	11
	.55
	.934
	-.08
	1.17
	
	

	
	Total
	286
	.20
	.559
	.13
	.26
	
	

	Clinical endometritis
	anterior
	228
	.15
	.357
	.10
	.20
	.690
	.502

	
	posterior
	7
	.00
	.000
	.00
	.00
	
	

	
	twin
	10
	.10
	.316
	-.13
	.33
	
	

	
	Total
	245
	.14
	.351
	.10
	.19
	
	

	Endometritis Days 21-28
	anterior
	228
	.18
	.504
	.11
	.25
	.564
	.570

	
	posterior
	7
	.00
	.000
	.00
	.00
	
	

	
	twin
	10
	.10
	.316
	-.13
	.33
	
	

	
	Total
	245
	.17
	.491
	.11
	.23
	
	

	Endometritis Days 42-49
	anterior
	206
	.04
	.258
	.00
	.07
	.168
	.846

	
	posterior
	6
	.00
	.000
	.00
	.00
	
	

	
	twin
	9
	.00
	.000
	.00
	.00
	
	

	
	Total
	221
	.04
	.250
	.00
	.07
	
	




Bonferroni post hoc Multiple Comparisons conducted to examine between which foetal presentations cases present the most significant differences on disease level, showed that:
· For RFM and  RFM on day 1, there was a significant difference between anterior presentation and twin birth (P=0.001)
· For RFM on day 5 there was also a significant difference between anterior presentation and twin birth (P=0.002)
· For clinical metritis there was also a noticed difference between anterior presentation and twin birth (P=0.001)
· For metritis on Days 0-5 (P=0.009) was also the same case.  
In conclusion, the results show that twin foetal presentation is connected with higher disease occurrence than anterior presentation but not than posterior presentation (table 19).
Table 19. Bonferroni post hoc multiple comparisons for disease frequencies per foetal presentation

	Dependent Variable
	(I) Foetal present. (anterior-1, posterior-2, twin-3)
	(J) Foetal present. (anterior-1, posterior-2, twin-3)
	Mean Difference (I-J)
	Sig.

	
	
	
	
	

	RFM
	anterior
	posterior
	-.131
	1.000

	
	
	twin
	-.505*
	.001

	
	posterior
	anterior
	.131
	1.000

	
	
	twin
	-.374
	.224

	
	twin
	anterior
	.505*
	.001

	
	
	posterior
	.374
	.224

	RFM_1
	anterior
	posterior
	-.132
	1.000

	
	
	twin
	-.506*
	.001

	
	posterior
	anterior
	.132
	1.000

	
	
	twin
	-.374
	.223

	
	twin
	anterior
	.506*
	.001

	
	
	posterior
	.374
	.223

	RFM_5
	anterior
	posterior
	-.128
	1.000

	
	
	twin
	-.502*
	.002

	
	posterior
	anterior
	.128
	1.000

	
	
	twin
	-.374
	.226

	
	twin
	anterior
	.502*
	.002

	
	
	posterior
	.374
	.226

	Clinical metritis
	anterior
	posterior
	-.046
	1.000

	
	
	twin
	-.530*
	.001

	
	posterior
	anterior
	.046
	1.000

	
	
	twin
	-.485
	.054

	
	twin
	anterior
	.530*
	.001

	
	
	posterior
	.485
	.054

	Metritis Days 0-5
	anterior
	posterior
	-.041
	1.000

	
	
	twin
	-.364*
	.009

	
	posterior
	anterior
	.041
	1.000

	
	
	twin
	-.323
	.205

	
	twin
	anterior
	.364*
	.009

	
	
	posterior
	.323
	.205





The last research question that we were interested in examining on these data, was if there is a significant correlation between Ca concentration and the diseases under study, which happens to be the main topic of this whole conversation. According to the review of the literature in the previous pages, calcium is a really important mineral in terms of defence of the organism against to infections as well as in muscle contraction and milk production. Blood calcium levels on dairy cows are severely affected due to parturition and due to the high milk yield after delivery, so consequently this fact can make the animals prone to infections and impaired milk production and fertility. In our study, a nonparametric test Spearman RHO was conducted (preferred over a parametric equivalent, due to the nature of the values), in order to examine this relationship. The test was performed for the measurements of Ca concentration on day 0, on day 1 and on day 5 (after calving). The results revealed significant, weak positive correlations only for day 1 between Ca concentration and “metritis Days 11-20” (RS=0.123, P=0.043) and between Ca concentration and “endometritis Days 42-49” (RS=0.182, P=0.007). The rest of the measurements and diseases had no significance differences (table 20). 

Table 20. Spearman's rho correlation test between tCa and disease metrics
	Spearman's rho
	 
	tCa_day_0
	tCa_day_1
	tCa_day_5

	RFM_0
	Correlation Coefficient
	-0.09
	-0.039
	0.024

	
	p
	0.125
	0.519
	0.694

	RFM_1
	Correlation Coefficient
	-0.09
	-0.040
	0.033

	
	p
	0.135
	0.509
	0.587

	RFM_5
	Correlation Coefficient
	-0.106
	-0.047
	0.031

	
	p
	0.081
	0.442
	0.612

	Clinical metritis
	Correlation Coefficient
	0.028
	0.016
	-0.054

	
	p
	0.640
	0.796
	0.377

	Metritis Days 0-5
	Correlation Coefficient
	-0.053
	-0.058
	-0.063

	
	p
	0.369
	0.335
	0.304

	Metritis Days 6-10
	Correlation Coefficient
	-0.031
	-0.057
	-0.114

	
	p
	0.602
	0.344
	0.06

	Metritis Days 11-20
	Correlation Coefficient
	0.116
	0.123*
	-0.044

	
	p
	0.051
	0.043
	0.475

	Clinical endometritis
	Correlation Coefficient
	0.013
	-0.046
	-0.033

	
	p
	0.845
	0.478
	0.608

	Endometritis Days 21-28
	Correlation Coefficient
	0.063
	0.01
	-0.062

	
	p
	0.324
	0.873
	0.338

	Endometritis Days 42-49
	Correlation Coefficient
	-0.123
	-0.182**
	0.028

	
	p
	0.069
	0.007
	0.684

	**. Correlation is significant at the 0.01 level (2-tailed).
	

	*. Correlation is significant at the 0.05 level (2-tailed).
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As it is summarized from both the literature and the above study results, hypocalcaemia affects many aspects of the reproductive life of a dairy cow. Not only it is connected with diseases related to muscle and bone function, but may predispose the animal to other diseases that have to do with the reproductive system as well. Consequently its supplementation especially during periods that the cow is in great need of nutrients and minerals like in pregnancy, is considered necessary. It is apparent from the different studies that calcium is one of the most important minerals during the postpartum period, which can play a great role in minimizing or even better avoiding certain diseases that the cow is susceptible to during that period; retained foetal membranes, clinical metritis, clinical endometritis are the most common ones. This fact is based mainly on the participation of calcium in so many different functions in the body; first of all in milk production as it is the mineral in the highest quantity in milk, in the immune system as it plays major role in the transmission of signals throughout the body and finally in the contraction of skeletal as well as smooth muscles like the muscles of uterus. Uterine muscle contractions are considered really important during the postpartum period for the uterine involution, in order to expel any foetal membranes, fluids and in general any debris remained due to the previous delivery, and be ready for a new safe and successful conception. We can conclude from the above, that without calcium, the reproductive tract cannot function properly and the postpartum period may be complicated.
The prevention of such diseases is the key in order to ensure a healthy, fertile and productive life especially for the dairy cows where fertility and optimal milk production is the most important factor in dairy farming. Avoiding such diseases, is not only beneficial in financial terms for the farmer, but also better for the health of the animals, as many of those pathological situations may affect the future reproductive life of the cow. For this reason, special attention should be given to the management of hygiene and feeding systems in the farms, in order to ensure the best quality for the life of the animals with the minimum possible losses.
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