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Abstract: 

Calcium (Ca) levels decrease in blood and cytosol at the time of calving, altering nerve 

impulse transmission, muscle contraction, and immune cell activity. In the nervous system, 

Ca participates in the conduction of stimuli. In the muscular system, it decreases contractions, 

causing alterations in smooth muscle, uterus and mammary gland. In the uterus, there is 

retention and storage of uterine fluids and waste, with bacterial complications. In the immune 

system, the function of neutrophils is important, and it manifests itself with a decrease in 

cells engaged in phagocytosis, predisposing to mastitis and metritis. In bovine hypocalcemia, 

two manifestations are distinguished: clinical and subclinical. In the clinical one (Ca values 

less than 5.5 mg/dl), homeostasis alters, with loss of appetite, decubitus and lethargy. 
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Subclinical hypocalcemia is more common (Ca between 8.0 and 5.5 mg/dl), and homeostasis 

does not alter, but muscle contraction and immune function decrease. The treatment is based 

on the application of calcium orally in standing cows, and intravenously in prostrate cows. 

Prevention depends on the inclusion of rations that contain anionic salts, which favors the 

stimulus to maintain blood Ca levels to control the level of cations and anions. In addition, 

Ca can be administered orally. Calcium homeostasis in lactation is regulated by the serotonin 

hormone, which stimulates the parathyroid hormone and bone resorption in osteoclasts. 
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Introduction 

 

 

The transition period of the dairy cow comprises 3 wk before and 3 wk after calving(1) and 

several physiological changes occur in the obtaining of nutrients for the calving process, 

expulsion of fetal membranes and production of colostrum and milk. Therefore, circulating 

levels of calcium (Ca) decrease in blood and cytosol(2,3). Homeostasis or self-regulation of 

Ca normally uses the following feedback mechanism: it decreases the concentration of 

ionized calcium (iCa2+), stimulating the parathyroid gland to secrete the parathyroid hormone 

(PTH). PTH binds to its hormone receptors in kidneys and bone tissue. In the kidneys, PTH 

increases renal reabsorption of Ca as well as the increase in production of 1,25-

dihydroxyvitamin D, the active form of vitamin D(4). Vitamin D stimulates the epithelial cells 

of the intestine to increase the active transport of Ca(5). If the calcium in the diet is insufficient 

to generate homeostasis, the mechanism is directed to bone tissue(4). Dairy cows slowly begin 

the reabsorption of Ca from bone tissue, but the accelerated demand of the mammary gland 

induces clinical hypocalcemia(2). The parathyroid gland (PTH) participates in the 

homeostasis of Ca, but there is also the function of the parathyroid hormone-related protein 

(PTHrP), secreted in the mammary gland(6). The serotonin hormone is responsible for 

stimulating the production of the PTHrP protein(7). 

 

Serum Ca is present in three forms: ionic (iCa2+) or free calcium (50 % of total calcium), 

bound to proteins (approximately 40 %) and in the form of complexes with anions (10 %). 

iCa2+ is the only biologically active calcium. Calcium participates in nerve, muscle and 

immune functions(8-10). At the nervous level, it participates in the conduction of stimuli. At 
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the muscular level, in muscle contraction, and in the immune part, with the function of 

immune cells. Therefore, cows with hypocalcemia alter these functions depending on the 

severity in the decrease in calcium. There are two types of hypocalcemia: 1) clinical and 2) 

subclinical. The purpose of this review is to succinctly evaluate the incidence of 

hypocalcemia, as well as its consequences on immune function, metritis and mastitis(11-13). 

 

 

Hypocalcemia 

 

 

Hypocalcemia is a metabolic-nutritional disease, caused by the decrease in blood Ca. It 

usually occurs after calving, its manifestation can be clinical and subclinical. 

 

 

Clinical hypocalcemia 

 

 

Clinical hypocalcemia, also known as milk fever or puerperal paresis, is characterized by a 

momentary imbalance in the regulation of the concentration of calcium (Ca) in the blood 

between 48-72 h postpartum. Serum Ca levels decrease to 5.5 mg/dL, with the subsequent 

alteration in homeostasis(14-15). This disease causes great economic losses in dairy production 

units, mainly due to the cost of treatments, secondary complications and the deaths it 

causes(13). Among the risk factors for hypocalcemia, the following are considered: 1) The age 

of the cow, 2) The high demand for Ca to produce colostrum and milk, 3) The diet consumed 

during the transition period. Animals recovered from puerperal hypocalcemia produce 5 to 

15 % less milk in that lactation(14-15). That is, the homeostasis of Ca(16) alters, mainly affecting 

highly producing cows, showing loss of appetite, decubitus and lethargy. Its incidence varies 

from 5 to 7 %(14-21) and increases as lactations progress. Calcium is related to muscle 

contraction. During milk fever, muscle contraction and tone in the gastrointestinal and 

cardiovascular systems are not maintained, and it can cause the death of the animal. Immune 

function decreases(2,22), and the risk of postpartum diseases such as mastitis, fetal membrane 

retention (FMR), metritis and abomasum displacement increases(11-14,23-26). The clinical signs 

of hypocalcemia are divided into three phases(11). In phase I, the cow does not show paresis, 

it may even go unnoticed, its signs are tenuous and transient; it is hypersensitive, nervous, 

excitable, with muscle tremors, anorexia, ataxia and general weakness. Some cows lose 

weight quickly and drag their hind limbs. The animal avoids walking or moving, does not 

feed, body temperature can be normal, and it can remain several hours in that state. Some 

cows show clinical signs of hypocalcemia similar to those described, but without having 

calved. This alteration usually occurs after periods of stress or decrease in dry matter 

consumption. This condition is more common in cows in estrus or heat, with severe digestive 
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disorders or severe toxic mastitis. Transient hypocalcemia may occur in cows with anorexia 

and low intestinal motility(17). 

 

Phase II, (prodromal), it exhibits moderate to severe depression, partial paralysis and the 

characteristic sign of lying down with the neck bent and with the head directed towards the 

flank. The tetany observed in the first phase progresses to impossibility to get up, paresis and 

prolonged decubitus, cold extremities, dry muzzle and temperature higher than normal (36.5 

to 38 °C); weak arterial pulse, heart sounds, barely audible, and moderate heart rate (80/min). 

Absence of rumen movements is detected, which can lead to states of secondary exhaustion. 

 

Phase III is the most severe. The animal exhibits complete lateral decubitus. Severe cardiac 

depression, irregular pulse (almost imperceptible), decreased shallow breathing. Animals 

without an established therapy die in a few hours, with the manifestation of a state of shock. 

The diagnosis of milk fever is based on the history of the animal, age of the mother and serum 

calcium concentration. The decrease in serum magnesium and phosphorus levels may be 

associated with eosinopenia and lymphopenia (adrenal hyperactivity), but the latter are not 

specific. It is necessary to make the differential diagnosis with hepatic steatosis, septic 

endometritis, mastitis and acute rumen acidosis. 

 

 

Subclinical hypocalcemia 

 

 

It occurs when blood Ca decreases to levels less than 2.00 to 1.38 nM, but homeostasis 

continues(14). The normal concentration of Ca is 8.5 to 10 mg/dL (2.1 - 2.5 nM). It can start 

12-24 h after calving, when the lowest concentration of Ca is recorded, and increases with a 

greater number of lactations, affecting up to 50 % of cows(2,14,20,27-28). That is why subclinical 

hypocalcemia is more expensive(29-30). The decrease in blood Ca is related to the transmission 

of nerve impulses that lead to less muscle contraction; with lower rumen and abomasal 

motility, with the subsequent displacement of the abomasum and lower food 

consumption(14,31). For example, with the reduction of the blood level of Ca to 7.5 and 5 

mg/dl, the abomasal motility of cows decreases by 30 to 70 %, respectively(32). Its effects on 

muscle contraction also prevent the effective closure of the mammary nipple duct (teat), 

which contributes to the occurrence of mastitis, and its biological and economic 

consequences(13-14). In addition to the relationship of Ca with muscle contraction, Ca also 

affects immune function and insulin secretion(12). The function of neutrophils decreases, as 

the cytosolic concentration of ionized calcium (iCa2+) in peripheral blood mononuclear cells 

decreases(2,33). Therefore, the severity of the problem will manifest itself with secondary 

disorders related to production and reproduction, such as retention of fetal membranes and 

metritis(12,30-33). iCa2+ corresponds to approximately 50 % of total calcium, the rest is bound 
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to proteins and is biologically inactive. Cows with subclinical hypocalcemia decrease insulin 

secretion and increase blood glucose concentration(3,33-35). Because the entry of glucose into 

peripheral tissues reduces, as happens in the period of insulin resistance during the 

postpartum period of the dairy cow(36). The cytosol of pancreatic cells requires iCa2+, which 

decreases during hypocalcemia, for the release of insulin(35-37). The decrease in insulin allows 

the release of the lipase hormone, responsible for participating in lipolysis. This increases the 

plasma concentration of non-esterified fatty acids (NEFAs)(12,20,23,27,37-39) with its 

corresponding risk of ketosis(23-25) due to the increase of ketone bodies: acetone, β-

hydroxybutyrate and acetoacetic acid in the bloodstream. 

 

 

Immune function 

 

 

The immune system contains cells and molecules with the ability to recognize and eliminate 

invading or foreign microorganisms; it is regulated by the cytosolic concentration of ionic 

calcium(8-10). The [Antigen-Receptor] binding of the immune cell triggers a series of events 

characterized by the increase of iCa2+ in the cytosol and depletion of iCa2+ reserves in the 

endoplasmic reticulum; this continues with the obtaining of additional iCa2+ from the 

extracellular space(40). Hypocalcemia reduces the cytosolic concentration of iCa2+ in the 

mononuclear cells of the blood, also reducing immune function(2). The ATPase pumps for 

iCa2+ of the sarcoplasmic and endoplasmic reticula regulate the entry and replacement of 

iCa2+ in the endoplasmic reticulum(41). The cytosolic increase of iCa2+ is needed for the 

adhesion of neutrophils to endothelial cells, their transmigration into tissues, chemotaxis and 

phagocytosis(42). This could be altered in cases of the decrease in extracellular iCa2+. In 

addition, control in the magnitude, amplitude and duration of the destination of iCa2+ in the 

immune cell is also required for the functions of immune cells(43). Immunity can be innate 

and specific. 

 

 

Innate immunity 

 

 

Innate immunity is activated quickly and constitutes the first immune defense when the 

infection begins. It depends on phagocytes such as polymorphonuclear neutrophils, 

macrophages and mammary epithelial cells. Macrophages identify and recognize foreign 

pathogens, produce cytokines (interleukin-1γ, interleukin-6 and tumor necrosis factor-α) to 

begin the immune response, they also recruit polymorphonuclear neutrophils. In addition, 

they phagocytize and eliminate invading pathogens and constitute a bridge between the 

innate response and the specific response through the major histocompatibility complex class 
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II, to prepare T cells(44). After the start of the inflammatory response, the predominant cells 

are polymorphonuclear neutrophils, which, through blood circulation, are directed by 

chemotaxis to locate the site of invasion(45). Polymorphonuclear neutrophils, as well as 

macrophages, engulf and eliminate foreign microorganisms. In activated phagocytes, 

oxidative burst (respiratory burst) is triggered by the activation of the nicotinamide-adenine-

dinucleotide phosphate (NADPH) enzyme that catalyzes the reduction of oxygen to the 

superoxide anion, extremely toxic to foreign microorganisms. Finally, foreign 

microorganisms are eliminated by exocytosis. In hypocalcemia(12,22), the function of 

neutrophils reduces, the percentage of neutrophils engaged in phagocytosis decreases(3,12,22,33-

34), the mononuclear cellular response to the antigen-activated stimulus weakens(2) and the 

oxidative burst response reduces after incubation with pathogenic bacteria(3). In neutrophils 

of cows with subclinical hypocalcemia, it has been observed that the cytosolic level of iCa2+ 

decreases more rapidly than in normocalcemic cows, therefore the influx of calcium is not 

sufficient to maintain and use the cytosolic iCa2+, or replenish endoplasmic reticulum 

deposits, or both. This leads to a decrease in their ability to phagocytize and eliminate 

pathogenic bacteria(3). The reduction of the immune response leads to the manifestation of 

other infections of bacterial origin such as mastitis(23-24) and metritis(12,46-48). 

 

 

Specific immunity 

 

 

It depends on antibodies, macrophages and T and B lymphocytes that recognize specific 

microorganisms(47). This immunity is activated if the infection persists. T cells are subdivided 

into helper T lymphocytes and cytotoxic T lymphocytes. Helper cells produce cytokines, 

such as interleukin (IL-2) and interferon gamma (IFN-γ), crucial in the immune response. 

Cytotoxic T cells recognize and eliminate cells infected with an antigen, as well as 

predecessor immune cells or damaged cells, which, when present, increase the susceptibility 

of infection. B lymphocytes differentiate into plasma cells that produce antibodies or 

immunoglobulins (Igs): IgG1, IgG2 and IgM, or memory cells(47). 

 

 

Metritis 

 

 

Metritis (puerperal metritis) is a postpartum bacterial complication that can be caused by less 

contraction of the uterine muscle (myometrium), facilitating the entry and proliferation of 

bacteria in the uterus, or by less activity of immune cells. Both factors caused by 

hypocalcemia. This infection can lead to negative consequences on reproductive function 

during the postpartum period(48-49). In the first 65 d postpartum, the percentage of gestation 
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at first service has been found in 39.4 % in cows diagnosed with metritis, 38.7 % in cows 

with clinical endometritis and 51.4 % in cows without uterine infection(50). Immune function 

is compromised before metritis. Circulating neutrophils in these cows have shown a decrease 

in glycogen at the time of calving, and monocytes stimulated by the bacterium Escherichia 

coli have reduced the expression of tumor necrosis factor-α(51). 

 

Metritis is characterized by an increase in uterine size, dark red and foul-smelling aqueous 

uterine discharges, associated with decay, loss of appetite, high heart rate, fever and decrease 

in milk production(52-54). There are predisposing factors such as fetal membrane retention 

(FMR)(55), fetal maceration and dystocia(53-58). The incidence of metritis ranges from 2.2 % 

to 37.3 %(59). At the herd level, the factors of greatest risk for the occurrence of metritis are 

the size of the herd (greater in large herds), time of year (greater in November and April), 

number of calving (greater in animals of three calvings or less), dystocia and placental 

retention(60-61). The process of infection is as follows: after calving, the cervix and cervical 

canal remain open for a few days for the expulsion of fluids and waste from the uterus, 

through the contraction of the uterine muscles(62-65). This process is more efficient in 

normocalcemic vs hypocalcemic cows(60,66-69). Hypocalcemic cows are more prone to 

retention and stagnation of uterine fluids and waste, and therefore to a greater risk of bacterial 

complications(60,66-69). Stagnation of fluids and waste is an excellent medium for bacterial 

multiplication(70-73). The opening of the cervix allows bacteria to enter the uterus, although 

their presence will not necessarily develop the infection. Bacteria have been isolated in most 

cows after calving(60,74-75), but it is controlled by the action of neutrophils and other 

leukocytes(57-60,67,76-79). They migrate to the uterine lumen in response to the presence of 

bacteria and are generally able to control bacterial populations until the infection is 

eliminated. The cow remains healthy and has a normal postpartum period: milk production, 

and a new conception and gestation. The above, however, does not always happen. In some 

cows with subclinical hypocalcemia(12), neutrophils do not stop the infection, bacterial 

populations grow, and females have purulent and fetid discharges, characteristic of 

metritis(80-81). In the diagnosis of gestation by rectal palpation, the uterus presents an increase 

in size and its inflammation suppresses postpartum follicular growth and development(79-82). 

The cows have a fever and remain depressed and inappetent. The lack of adequate food 

consumption predisposes to the presence of other disorders such as abomasum displacement 

and the fatty liver complex/ketosis. If the inflammation continues, it usually progresses to 

endometritis, which greatly compromises the cow’s fertility. Cows with subclinical 

hypocalcemia had a lower gestation rate and a longer interval from calving to conception 

compared to normocalcemic cows; the risk of metritis decreases with high levels of Ca in the 

blood(12). 
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Mastitis 

 

 

Two models of mastitis transmission are recognized: environmental mastitis and contagious 

mastitis(83). 

 

 

Environmental mastitis 

 

 

Some normal microorganisms in the environment such as Escherichia coli, Klebsiella spp., 

Enterobacter spp., Serratia spp., Pseudomona spp., Proteus spp., and some gram-positive 

bacteria such as Streptococcus uberis and Streptococcus dysgalactiae, are the ones involved 

in causing environmental mastitis(84-87). The cow uses innate immunity to combat 

environmental mastitis, with physical barriers such as the teat sphincter; chemical barriers 

such as keratin and lactoferrin, and immune system components such as macrophages, 

dendritic cells, mast cells, neutrophils, eosinophils and natural killer cells (NKCs)(88-93). 

Hypocalcemia affects the teat canal and neutrophils. It can influence the immune system 

through the secretion of cortisol during calving. The teat canal is the first line of defense 

against mastitis because it is the pathway by which pathogens can enter the mammary gland. 

The canal is sealed between milkings and during the dry period by a keratin plug derived 

from the lining of the stratified epithelium of the canal. Probably, the main function of this 

waxy plug is to establish a physical barrier to prevent bacterial penetration. The teat has 

muscles in its sphincter that keep it closed between one milking and another. After milking, 

it takes two hours for the contraction of the sphincter and closure of the teat canal(94). Calcium 

decreases at the time of calving, both in the blood circulation and in the internal deposits of 

blood cells(2). Normally, the calcium recovers within a few days. In cows with hypocalcemia, 

this decrease is accentuated, which leads to other alterations linked to Ca. In cows with 

subclinical hypocalcemia, probably the teat sphincter remains distended for longer due to 

inefficient muscle contraction caused by Ca deficiency. In addition, when starting lactation, 

cows remain prostrate for long periods, compared to normocalcemic cows. This facilitates 

the entry of environmental pathogens through the teat canal, which reach the cistern of the 

mammary gland, where they proliferate and consequently induce mastitis(95). Lactoferrin is a 

protein that exerts different functions related to innate immunity, is synthesized in 

neutrophils(96), and has a high affinity for iron (Fe; chelating activity), so it binds to free iron 

and reduces it. Microorganisms require Fe for their growth(97-99), its bacteriostatic effect 

prevents bacterial proliferation(100-101), although lactoferrin can also act as a bactericide(102). 

In hypocalcemia, the function of neutrophils reduces(3,22), and the activity of lactoferrin 

decreases, generating a higher incidence of mastitis in hypocalcemic cows. 
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Hypocalcemia can reduce immune function through cortisol at the time of calving. The fetus 

starts the calving in the cow, stimulating the hypothalamic-pituitary-adrenal axis and 

increasing the secretion of cortisol. Cortisol changes the steroidogenic pathway, instead of 

directing it towards the synthesis of progesterone (P4), it directs it towards the synthesis of 

estradiol (E2). As a result, the synthesis of progesterone reduces and the synthesis of estradiol 

increases, inducing calving. Cortisol secretion increases considerably in cows with 

hypocalcemia. Cortisol secretion is higher in hypocalcemic cows than in normocalcemic 

cows(103). In addition, cortisol is considered a very potent immunosuppressive agent and 

probably increases the immunosuppression observed in the cow during peripartum(104), with 

the subsequent risk of occurrence of mastitis. 

 

 

Contagious mastitis 

 

 

The microorganisms involved in contagious mastitis are: Staphylococcus aureus, 

Streptococcus agalactiae, Arcanobacterium pyogenes, Mycoplasma spp.(105-106). The spread 

of the bacterium responsible for the infection occurs during milking, due to practices such as 

the shared use of towels to wash and dry udders, through contaminated hands of milkers and 

use of teatcups of mechanical milking without disinfecting between cow and cow. The use 

of individual gloves or towels, as well as the milking separately and milking of infected cows 

to the end, with prior disinfection of the milking units, helps to prevent infection(107-109). 

 

 

Treatment 

 

 

Treatment should be applied immediately. The best option is to apply calcium orally to cows 

that are still standing. The blood calcium level increases over the course of 30 min after 

administration(110) and remains elevated for 4 to 6 h(110-111). Intravenous treatment rapidly 

increases blood calcium levels, but this increase can be extreme and potentially dangerous, 

and can cause fatal cardiac complications, so it is not advisable to administer it in cows that 

are still standing(112). After intravenous treatment, the level of blood Ca decreases again to 

lower than normal concentrations; consequently, the cow again shows hypocalcemia in a 

period of 12 to 18 h(112-113). Even the dosage of Ca intravenously suspends the animal’s ability 

to mobilize the necessary Ca and meet the requirements at critical times(111-113). 

Experimentally, atropine-induced arrhythmia has been reversed by alternating states of 

hypercalcemia and hypocalcemia in dairy cows(114). For cows in phases II and III of clinical 

disease, 500 ml of 23 % calcium gluconate solution should be administered immediately 

slowly intravenously. This provides 10.8 g of elemental calcium, which is enough to correct 
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the total calcium deficiency in the cow (4-6 g). The administration of Ca intravenously is 

little recommended(115). In cows that respond favorably to treatment, it is important to 

reinforce it with oral administration 12 h after recovery, to avoid relapses(111). 

 

 

Prevention 

 

 

Hypocalcemia is prevented by manipulating the diet and administering calcium orally(113-119). 

 

 

Diet manipulation 

 

 

Low-calcium diets (LCDs) are administered, and the ration is adjusted to meet nutritional 

needs considering the dietary cation-anion difference (DCAD). Feeding with LCDs leads to 

transient hypocalcemia, with subsequent reabsorption from bone tissue and increase in 

absorption from the small intestine and increases in calcium availability(120). Rations with 8 

to 10 g of calcium per day produce favorable effects for the aforementioned purpose(120). The 

use of anionic salts to reduce hypocalcemia is based on their acidogenic nature, which causes 

digestive and metabolic acidity, and generates optimal conditions for the circulation of Ca in 

the body(121-122). Another dietary strategy to reduce the occurrence of hypocalcemia consists 

of providing a ration deficient in Ca before calving. This causes a negative Ca balance in the 

cow before calving and stimulates the secretion of parathyroid hormone (PTH) and 1,25-

dihydroxyvitamin D, promoting Ca homeostasis at calving. In the field, it is recommended 

to provide prepartum rations with reduced levels of Ca (approximately 0.5 % of Ca)(123-124). 

The acidification of the pH in the rumen and intestine leads to the increase of the 

solubilization of Ca; acidosis promotes the activation of parathormone (PTH), and this in 

turn participates in the absorption of intestinal Ca(124-125). Acidity increases the function of 

osteoclasts, responsible for bone resorption, transferring iCa2+ from the bones to the blood 

circulation and increasing the excretion of Ca in the urine(125-127). Cows fed a negative DCAD 

diet in the prepartum increase the blood concentration of iCa2+(127). Under normal conditions, 

the body maintains a pH between 7.35 and 7.45(128), through various physical-chemical 

regulatory mechanisms, such as: the buffer systems of the plasma (bicarbonates and proteins) 

and bone tissue. There are other physiological regulators such as the elimination of CO2 by 

respiratory route to the detriment of bicarbonates, the elimination of acids through the 

kidneys and the reabsorption of bicarbonates. The concentration of ions (milliequivalents) 

establishes an equality in the different media, the sum of anions (negatively charged ions 

with acid nature) is equal to the sum of cations (positively charged ions with basic nature). 

Based on the fact that Na+, K+ and Cl- ions (bioavailable ions that cannot be metabolized in 
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simpler forms) determine the acid-base balance of the plasma medium and the acidogenic 

function of sulfates (SO=; they directly acidify biological fluids)(129), these four ions are taken 

into account for the calculation of the cation-anion balance of the raw material and the 

formulation of diets for dry cows(117-118,125). By calculating the dietary cation-anion difference 

(DCAD), the diet can be formulated on the ionic balance and pH of the plasma medium(117-

118). DCAD is defined as the difference between cations and anions. Feeding cows with a 

negative DCAD diet to dry cows at the end of gestation increases anions (SO4= and Cl-), so 

the blood buffer capacity alters, and the blood acidifies(125). In response, the body releases 

cations (H+) to neutralize anions and maintain electroneutrality. This causes the pH to 

decrease and generates acidity in the urine and greater excretion of Ca; the level of iCa2+ in 

the blood circulation reduces and stimulates the secretion of PTH and this in turn participates 

in the active formation of 1,25 dihydroxyvitamin D3 (1,25(OH)2 D3) and in the mobilization 

of bone Ca(4,130) with the increase in the concentration of iCa2+ in the blood(123-125,130). In 

addition, cows fed negative DCAD diets increase their concentrations of serotonin(127), which 

is important for the function of the mammary gland during lactation. Based on the above, the 

use of DCAD reduces the incidence of hypocalcemia(34,116-118,124,131-132), with the subsequent 

increase in leukocyte function and reproductive health(34). A problem with anionic salts is 

their low palatability, as they reduce feed consumption and predispose to other eating 

disorders such as low energy intake in the transition period. Fortunately, the new DCAD are 

more palatable and avoid this situation. Another disadvantage is their cost, but the cost-

benefit of their use must be analyzed(133-137). 

 

 

Oral administration of calcium 

 

 

The favorable effect of oral calcium for the prevention of hypocalcemia in dairy cows has 

been demonstrated, even having access to rations with anionic salts or in herds with low 

incidence of milk fever cases(119). When the animal consumes less Ca than required, the 

absorption of Ca increases. On the contrary, when the animal consumes more Ca than 

required, the absorption of Ca decreases(138). Events that cause changes in efficient absorption 

of Ca begin with changes in plasma Ca but depend on the control of the active metabolite of 

vitamin D3, known as 1-25 dihydroxyvitamin D3 [1-25-(OH)2 D3]. Although there is 

evidence of pre-duodenal absorption of Ca, the greatest absorption of Ca occurs in the 

duodenum or upper part of the small intestine(139). The transfer of Ca through the intestinal 

villi occurs by facilitated transport and is initiated by 1,25-(OH)2 D3, which enters the 

enterocyte by means of cell diffusion and binds to its receptor in the cellular cytoplasm(140). 

The 1,25-(OH)2 D3 receptor complex moves to the chromatin fraction in the cell nucleus and 

this hormone-receptor complex synthesizes more messenger RNA and specific proteins that 

regulate Ca transport. 
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There are several components that limit the bioavailability and absorption of Ca. Oxalates, 

which could reduce the amount of Ca in hays and alfalfas, or low levels of phosphorus (P) in 

the diet, as well as high levels of magnesium fluoride, concentration of lipids in the diet, or 

by nucleic acids produced by bacteria or bacterial cell walls(138). There are compounds such 

as calcium chloride (CaCl3) that have the ability to maintain the concentration of blood 

calcium(110-111), this is due to its bioavailability and its ability to stimulate the acid response 

in the cow, which increases its own mobilization of calcium(110). Good absorption is obtained 

with 50 g of elemental calcium dissolved in 250 ml of water. However, care should be taken 

with the dosage of calcium. There is a risk of inhalation, and it is very caustic for the tissues 

of the upper airways(110). Calcium propionate is absorbed slowly, probably because it does 

not increase acidity. The administration of 75 to 125 g dissolved in water and propylene 

glycol offers good results(110-111). Calcium carbonate dissolved in water is another 

presentation that has been evaluated, without satisfactory results since it does not increase 

the level of blood calcium(110), probably due to its low bioavailability. In addition, calcium 

carbonate produces an alkalogenic response, which acts in the opposite way to anionic salts 

and prevents the mobilization of bone calcium. To facilitate the dosage of calcium, the use 

of boluses with calcium chloride and sulfate has been studied. The bolus is administered 

immediately after calving and 12 h after. With this treatment, the ionic concentration of 

plasma calcium has been increased(134-136). This bolus has the advantage of being palatable, 

Ca is not wasted, there are no risks of inhalation, and the release of calcium is slower and 

more effective. The application of calcium subcutaneously is not recommended because it 

causes irritation and necrosis in the tissues(11). 

 

 

Serotonin 

 

 

Serotonin regulates the physiology of the mammary gland during lactation. It is synthesized 

in various tissues of the body from the L-tryptophan amino acid, by the action of the 

tryptophan hydroxylase (TPH) enzyme to transform it into 5-hydroxytryptophan (5-HTP). 

Decarboxylase converts 5-HTP into serotonin(137-140). In rodents, serotonin is synthesized in 

the intestine and other tissues(141-144), travels through the bloodstream and acts on the 

mammary gland. The mammary gland has receptors for serotonin(145-148). In addition, it 

expresses the TPH enzyme(147) and synthesizes serotonin during lactation(148-151). Serotonin 

stimulates the synthesis and secretion of parathyroid hormone-related protein (PTHrP) in the 

mammary gland(145-146,151-157) and participates in the expression of calcium-sensitive 

receptors (CaSRs) during lactation(158-160). PTHrP is secreted into the maternal circulation 

and acts on bone cells to stimulate bone resorption in osteoclasts, releasing calcium into the 

systemic circulation(142), destined for the mammary gland(160). The addition of 5-HTP, the 

precursor of serotonin, to the feed ration, during the gestation-lactation transition period in 
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rodents, increases the circulating concentration of serotonin, PTHrP and Ca, as well as the 

content of Ca in milk(151). PTHrP, unlike PTH, acts as a paracrine regulator and is located in 

the circulation during lactation or humoral hypercalcemia(160). Therefore, like PTH, PTHrP 

acts as a hormonal regulator of Ca and is important for the homeostasis and mobilization of 

Ca during calving and lactation(161-162). In addition, PTHrP is detected in blood only during 

lactation. It decreases its production, plasma concentration and the preservation of bone 

mass(159). The zero serum concentration of PTHrP during lactation is restored with the 

application of 5-HTP over the course of 1 h(146). This demonstrates the importance of 5-HTP 

in the production of PTHrP during lactation and in the increase of blood Ca(152-153). CaSR 

identifies variations of extracellular free calcium, its ions bind, and the link for cellular 

response is established in various organs(163-167). During lactation, the production of PTHrP 

is inhibited and the transport of calcium to milk is stimulated, it is activated with the increase 

of calcium in the circulation(158,168). Therefore, the mammary gland acts as a calcium-

sensitive organ during lactation, which responds to changes in its extracellular concentration, 

mainly through the calcium-sensitive receptor. Which identifies the concentration of Ca in 

the blood circulation and together with the PTHrP regulates its level in the blood(159). 

Serotonin helps maintain calcium homeostasis in lactation. PTHr releases calcium from bone 

tissue into the circulation, and activates CaSRs, which have negative feedback on PTHrP. 

Consequently, the stimulation on the osteoclasts is suspended, that is, their release from bone 

tissue is decreased. CaSR also promotes the transport of blood calcium to milk. 

Consequently, it reduces Ca in the blood and causes greater secretion of PTHrP in the 

mammary epithelial cells, increasing calcium reabsorption. Therefore, the mammary gland 

regulates its own calcium requirements under a negative feedback system(159) that allows it 

to maintain its calcium requirements during milk production. In dairy cattle, a process similar 

to that of rodents may occur. There is expression of serotonin receptors in the mammary 

epithelium(144,169). The circulating concentration of serotonin on the first day of lactation has 

been positively correlated with the circulating level of Ca in dairy cows(153-156), as well as 

throughout most of lactation(170). The intravenous application of 5-HTP, the precursor of 

serotonin, administered at the end of lactation in non-pregnant Holstein cows(157) and at the 

end of gestation in pregnant cows(148-151) has increased the systemic level of serotonin and 

calcium, and has decreased the elimination of calcium in the urine, increasing the 

concentration of calcium in milk and colostrum. The effect of serotonin is independent of 

parathyroid hormone(151). In addition, PTHrP has been previously identified in the cow’s 

circulatory system(170-172). 
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Conclusions 

 

 

Hypocalcemia can occur in the peripartum due to alterations in calcium homeostasis when 

the blood and cytosolic concentration of Ca decreases. Hypocalcemia can occur clinically 

and subclinically. The reduction of calcium leads to a decrease in immune function and in 

smooth muscle contractions, increasing the risk of metritis and mastitis, among other 

alterations. Clinical hypocalcemia is treated with intravenous calcium and subclinical 

hypocalcemia with oral calcium. Prevention requires the addition of anionic salts in the ration 

and the addition of calcium orally. In addition to inducing mild prepartum hypocalcemia to 

stimulate the secretion of parathyroid hormone (PTH) and of 1,25-dihydroxyvitamin D and 

thus induce Ca homeostasis after calving. Efficient absorption of Ca depends on the plasma 

Ca level and on the active metabolite of vitamin D3, called 1,25-dihydroxyvitamin D3 [1-25-

(OH)2 D3]. During lactation, serotonin participates in maintaining calcium homeostasis 

through the synthesis and secretion of parathyroid hormone-related protein (PTHrP), and this 

effect is independent of the action of parathyroid hormone. 

 

Literature cited: 

1. Drackey JK. Biology of dairy cows during the transition period the final frontier? J Dairy 

Sci 1999;82:2259-2273. 

2. Kimura K, Reinhardt TA, Goff JP. Parturition and hypocalcemia blunts calcium signals in 

immune cells of dairy cattle. J Dairy Sci 2006;89:2588-2595. 

3. Martinez N, Sinedino LDP, Bisinotto RS, Ribeiro ES, Gomes GC, Lima FS, et al. Effect 

of induced subclinical hypocalcemia on physiological responses and neutrophil function 

in dairy cows. J Dairy Sci 2014;97:874-887. 

4. Horst RL, Reinhardt TA. Vitamin D metabolism in ruminants and its relevance to the 

periparturient cow. J Dairy Sci 1983;66:661-678.  

5. Goff JP. Calcium and magnesium disorders. Vet Clin North Am Food Anim Pract 

2014;30:359-381. 

6. Moseley JM, Kubota M, Diefenbach-Jagger H, Wetthenhall RE, Kemp BE, Suva LJ, et al. 

Parathyroid hormone-related protein purified from a human lung cancer cell line. Proc 

Natl Acad Sci USA 1987;84:5048-5052. 

7. Horseman ND, Hernandez LL. New concepts of breast cell communication to bone. Trends 

Endocrinol Metab 2014;25:34-41.  



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1039 

8. Saris NE, Carafoli E. A historical review of cellular calcium handing, with emphasis of 

mitochondria. Biochem (Mosc) 2005;70:187-194. 

9. Parekh AB. Cell biology. Cracking the calcium entry code. Nature 2006;441:163-165. 

10. Vig M, Kinet JP. Calcium signal in immune cell. Nat Immunol 2009;10:21-27. 

11. Goff JP. Treatment of calcium, phosphorus, and magnesium balance disorders. Vet Clin 

North Am Food Animal Pract 1999;15:619-639. 

12. Martinez N, Risco CA, Lima FS, Bisinotto RS, Greco LF, Ribeiro ES, et al. Evaluation 

of peripartal calcium status, energetic profile, and neutrophil function in dairy cows at 

low or high risk of developing uterine diseases. J Dairy Sci 2012;95:7158-7172. 

13. Doehring C, Sundrum A. The informative value of an overview on antibiotic 

consumption, treatment efficacy and cost of clinical mastitis at farm level. Prevent Vet 

Med 2019;165:63-70. 

14. Goff JP. The monitoring, prevention, and treatment of milk fever and subclinical 

hypocalcemia in dairy cows. Vet J 2008;176:50-57. 

15. DeGaris PJ, Lean IJ. Milk fever in dairy cows: a review of pathophysiology and control 

principles. The Vet J 2008;176(1):58-69. 

16. Goff JP, Horst RL. Effects of addition of potassium or sodium, but not calcium, to 

prepartum rations on milk fever in dairy cows. J Dairy Sci 1997;80:176-186. 

17. Esslemont RJ, Kossaibati MA. Incidence of production diseases and other health 

problems in a group of dairy herds in England. Vet Rec 1996;139:486-490. 

18. Hansen SS, Ersboll AK, Blom JY, Jorgensen RJ. Preventive strategies and risk factors 

for milk fever in Danish dairy herds a questionnaire survey. Prev Vet Med 2007;80:271-

286. 

19. Mulligan FJ, Doherty ML. Production diseases of the transition cow. The Vet J 

2008;176(1):3-9. 

20. Reinhardt TA, Lippolis JD, McCluskey BJ, Goff  JP, Horst RL. Prevalence of subclinical 

hypocalcemia in dairy herds. Vet J 2011;188:122-124. 

21. Bhanugopan MS, Lievaart J. Survey on the occurrence of milk fever in dairy cows and 

the current preventive strategies adopted by farmers in New South Wales, Australia. 

Aust Vet J 2014;92:200-205. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1040 

22. Ducusin RJ, Uzuka Y, Satoh E, Otani M, Nishimura M, Tanabe S, Sarashina T. Effects 

of extracellular Ca2+ on phagocytosis and intracellular Ca2+ concentrations in 

polymorphonuclear leukocytes of postpartum dairy cows. Res Vet 2003;75:27-32. 

23. Curtis RA, Erb HN, Sniffen CJ, Smith RD, Powers PA, Smith MC, White ME, Hillman 

RB, Pearson EJ. Association of parturient hypocalcemia with eight periparturient 

disorders in Holstein cows. JAVMA 1983;183:559-561. 

24. Curtis RA, Erb HN, Sniffen CJ, Smith RD, Kronfeld DS. Path analysis of dry period 

nutrition, postpartum metabolic and reproductive disorders, and mastitis in Holstein 

cows. J Dairy Sci 1985;68:2347-2360. 

5. Goff JP, Horst RL. Physiological changes at parturition and their relationship to metabolic 

disorders. J Dairy Sci 1997;80:1260-1268. 

26. Mulligan FJ, O’Grady L, Rice DA, Doherty ML. A herd health approach to dairy cow 

nutrition and production diseases of the transition cow. Anim Reprod Sci 2006;96(3-

4):331-353. 

27. Horst RL, Goff JP, McCluskey B. Prevalence of sub-clinical hypocalcemia in US dairy 

operations. US Departament of Agriculture (USDA) Agr Res Serv. Washington, DC. 

2003a. 

28. Horst RL, Goff JP, McCluskey BJ. Prevalence of subclinical hypocalcemia in US dairy 

operations. J Dairy Sci 2003b;86 (Suppl 1):247. 

29. Guard CL. Fresh cow problems are costly: culling hurts the most. Hoard’s Dairyman 

1996;141:8-11. 

30. Chapinal N, Carson ME, LeBlank SJ, Leslie KE, Godden S, Capel M, Santos JE, Overton 

MW, Duffield TF. The association of serum metabolites in the transition period with 

milk production and early-lactation reproductive performance. J Dairy Sci 

2012;95:1301-1309. 

31. Chapinal N, Carson M, Duffield TF, Capel M, Godden S, Overton M, Santos JE, LeBlank 

SJ. The association of serum metabolites with clinical disease during the transition 

period. J Dairy Sci 2011;94:4897-4903. 

32. Daniel RCW. Motility of the rumen and abomasum during hypocalcemia. Can J Comp 

Med 1983;47:276-280. 

33. Martinez N, Sinedino LDP, Bisinotto RS, Ribeiro ES, Gomes GC, Lima FS, et al. Effect 

of induced subclinical hypocalcemia on physiological responses and neutrophil function 

in dairy cows. J Dairy Sci 2014;97(2):874-887. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1041 

34. Martinez N, Rodney RM, Block E, Hernandez LL, Nelson CD, Lean IJ, Santos JEP. 

Effects of prepartum dietary cation-anion difference and source of vitamin D in dairy 

cows: Health and reproductive responses. J Dairy Sci 2018;101:2563-2578. 

35. Hayirili A. The role of exogenous insulin in the complex of hepatic lipidosis and ketosis 

associated with insulin resistance phenomenon in postpartum dairy cattle. Vet Res 

Commun 2006;30:749-774. 

36. Witzel DA, Littledike ET. Suppression of insulin secretion during induced hypocalcemia. 

Endocrinol 1973;93:761-766. 

37. Rorsman P, Braun M, Zhang Q. Regulation of calcium in pancreatic α- and β-cells in 

health and disease. Cell Calcium 2012;51(3-4):300-308. 

38. Spain J, Vogel RJ, Sampson JD. The effects of supplemental anionic salt fed during the 

periparturient period: Implications of milk production and feed intake for high 

producing dairy cows. J Dairy Sci 2004;87(Suppl 1):345.   

39. Chamberlin WG, Middleton JR, Spain JN, Johnson GC, Ellersieck MR, Pithua P. 

Subclinical hypocalcemia, plasma biochemical parameters, lipid metabolism, 

postpartum disease, and fertility in postparturient dairy cows. J Dairy Sci 

2013;96(11):7001-7013. 

40. Bréchard S, Tschirhart EJ. Regulation of superoxide production in neutrophils: role of 

calcium influx. J Leuk Biol 2008;84(5):1223-1237. 

41. Burgos RA, Conejeros I, Hidalgo MA, Werling D, Hermosilla C. Calcium influx, a new 

potential therapeutic target in the control of neutrophil-dependent inflammatory diseases 

in bovines. Veterin Immunol Immunopathol 2011;143(1-2):1-10. 

42. Cohen MS. Molecular events in the activation of human neutrophils for microbial killing. 

Clin Infect Dis 1994;18:S170-S179. 

43. Quah BJ, Parish CR. New and improved methods for measuring lymphocyte proliferation 

in vitro and in vivo using CFSE-like fluorescent dyes. J Immunol Meth 2012;379(1-

2):1-14. 

44. Rainard P, Roillet C. Innate immunity of the bovine mammary gland. Vet Res 2006;37: 

369-400. 

45. Suriyasathaporn W, Daemen AJ, Noordhuizen-Stassen EN, Dieleman SJ, Nielen M, 

Schukken YH. β-hydroxibutirate levels in peripheral blood and ketone bodies 

supplemented in culture media affect the in vitro chemiotaxis of bovine leukocytes. Vet 

Immunol Immunopath 1999;68:177-186. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1042 

46. Ribeiro ES, Lima FS, Greco LF, Bisinotto RS, Monteiro AP, Favoreto M, et al. 

Prevalence of periparturient diseases and effects of fertility of seasonality calving 

grassing dairy cows supplemented with concentrates. J Dairy Sci 2013;96:5682-5697. 

47. Sordillo LM, Shafer-Weaver K, DeRosa D. Immunology of the mammary gland. J Dairy 

Sci 1997;80:1851-1865. 

48. Kasimanickam R, Duffield T, Foster R, Gartey C, Leslie K, Walton J, Johnson W. 

Endometrial cytology and ultrasonography for the detection of subclinical endometritis 

in postpartum dairy cows. Theriogenology 2004;62:9-26. 

49. Dobson H, Walker SL, Morris MJ, Routly JE, Smith RF. Why is it getting more difficult 

to successfully artificially inseminate dairy cows? Animal 2008;2(8):1104-1111.  

50. Santos J, Bisinotto R, Ribeiro E, Lima F, Greco L, Staples C, Thatcher W. Applying 

nutrition and physiology to improve reproduction in dairy cattle. Soc Reprod Fertil 

2010;67(Suppl):387-403. 

51. Galvao K, Felippe M, Britttin S, Sper R, Fraga M, Galvao J, Caixeta L, Guard C, Ricci 

A, Gilbert R. Evaluation of cytokine expression by blood monocytes of lactating 

Holstein cows with or without postpartum uterine diseases. Theriogenology 

2012;77:356-372. 

52. Benzanquen ME, Risco CA, Archbald LF, Melendez P, Thatcher MJ, Thatcher WW. 

Rectal temperature, calving-related factors, and their incidence of puerperal metritis in 

postpartum dairy cows. J Dairy Sci 2007;90:2804-2814. 

53. Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. Defining postpartum uterine diseases in 

cattle. Theriogenology 2006;65:1516-1530. 

54. Sheldon IM, Wathers DC, Dobson H. The management of bovine reproduction in elite 

herds. Vet J 2006;171:70-78. 

55. Arechiga CF, Ortiz O, Hansen PJ. Effect of prepartum injection of vitamin E and 

selenium on postpartum reproductive function of dairy cattle. Theriogenology 

1994;41(6):1251-1258. 

56. Földi J, Kulcsar M, Pecsi A, Huyghe B, De Sa C, Lohuis J, Cox P, Huezenicza G. 

Bacterial complication of postpartum uterine involution in cattle. Anim Reprod Sci 

2006;96:265-281. 

57. Kimura K, Goff JP, Kehrli ME Jr, Reinhardt TA. Decreased neutrophil function as a 

cause of retained placenta in dairy cattle. J Dairy Sci 2002;85:544-550. 

58. Gunnink JW. Pre-partum leucocytic activity and retained placenta. Vet Q 1984;6:52-54. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1043 

59. Kelton DF, Lissemore KD, Martin RE. Recommendations for recording and calculating 

the incidence of selected clinical diseases of dairy cattle. J Dairy Sci 1998;81:2502-

2509. 

60. Sheldon IM, Dobson H. Postpartum uterine health in cattle. Anim Reprod Sci 

2004;82/83:295-306. 

61. Bruun J, Ersboll AK, Alban L. Risk factors for metritis in Danish dairy cows. Prev Vet 

Med 2002;54:179-190. 

62. Bajcsy AC, Szenci O, Doornenbal A, van der Weijden GC, Csorba C, Kocsis L. Szucs I, 

Ostgard S, Taverne AM. Characteristics of bovine early puerperal uterine contractility 

recorder under farm conditions. Theriogenology 2005;64:99-111. 

63. Burton MJ, Dziuk HE, Fahning ML, Zemjanis R. Myometrial activity during natural and 

dexamethasone-induced parturition in the cow. Am J Vet Res 1987;48:37-44. 

64. Gajewski Z, Thun R, Faundez R, Boryczko Z. Uterine motility in the cow during 

puerperium. Reprod Domest Anim 1999;34:185-191. 

65. Paisley LG, Mickelsen WD, Anderson PB. Mechanisms and therapy for retained fetal 

membranes and uterine infection of cows: a review. Theriogenology 1986;25:353-381.  

66. Kamgarpour R, Daniel RCW, Fenwick DC, McGuigan K, Murphy G. Postpartum 

subclinical hypocalcemia and effects on ovarian function and uterine involution in a 

dairy herd. Vet J 1999;158:59-67. 

67. Lewis GS. Uterine health and disorders. J Dairy Sci 1997;80:984-994. 

68. Al-Eknah MM, Noakes DE. A preliminary study on the effect of induced hypocalcemia 

and nifedipine on uterine activity in the parturient cow. J Vet Pharmacol Ther 

1989;12:237-239. 

69. Martin LR, Williams WF, Russek E, Gross TS. Postpartum uterine motility measurement 

in dairy cows retaining their fetal membranes. Theriogenology 1981;15:513-524. 

70. Peter AT, Bosu WTK, Lucker CV. Plasma endotoxin and concentrations of stable 

metabolites of prostacyclin thromboxane A2 and prostaglandin E2 in postpartum dairy 

cows. Prostaglandins 1987;34:15-28. 

71. Peter AT, Bosu WTK, Gilbert RO. Absorption of E coli endotoxin (lipopolysaccharide) 

from the uteri of postpartum dairy cows. Theriogenology 1990;33:1011-1020. 

 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1044 

72. Dohmen MJW, Joop K, Sturk A, Bols PEJ, Lohuis JACM. Relationship between 

intrauterine bacterial contamination, endotoxin levels and the development of 

endometritis in postpartum cows with dystocia or retained placenta. Theriogenology 

2000;54:1019-1032. 

73. Mateus L, Lope de Costa L, Diniz P, Ziecik AJ. Relationship between endotoxin and 

prostaglandin (PGE2 and PGFM) concentrations and ovarian function in dairy cows with 

puerperal endometritis. Anim Reprod Sci 2003;76:143-154. 

74. Hussain AM, Daniel RCW, O’Boyle D. Postpartum uterine flora following normal and 

abnormal puerperium cows. Theriogenology 1990;34:291-302. 

75. Elliot L, McMahon KJ, Gier HT, Marion GB. Uterus of the cow after parturition: bacterial 

content. Am J Vet Res 1968;29:77-81. 

76. Cai TQ, Weston P, Lund LA, Brodie B, McKenna D, Wanger WC. Association between 

neutrophil functions and periparturient disorders in cows. Am J Vet Res 1994;55:934-

943. 

77. Lewis GS. Steroidal regulation of uterine immune defenses. Anim Reprod Sci 

2004;82/83:281-294. 

78. Bondurant RH. Inflammation in the bovine reproductive tract. J Dairy Sci 1999;82(Suppl 

2):101-110. 

79. Mateus L, Lope de Costa L, Robalo Silvia J. Influence of puerperal uterine infection on 

uterine involution and postpartum ovarian activity in dairy cows. Reprod Domest Anim 

2002;37:31-35. 

80. Kim IH, Na KJ, Yang MP. Immune response during the peripartum period in dairy cows 

with postpartum endometritis. J Reprod Dev 2005;51:757-764. 

81. Hammon DS, Evjen IM, Dhiman TR, Goff JP, Walters JL. Neutrophil function and 

energy status in Holstein cows with uterine health disorders. Vet Immunol 

Immunopathol 2006;113:21-29. 

82. Sheldon IM, Noakes DE, Rycroft AN, Pfeiffer DU, Dobson H. Influence of uterine 

bacterial contamination after parturition on ovarian dominant follicle selection and 

follicle growth and function in cattle. Reproduction 2002;123:837-845. 

83. Zadoks R. Understanding the sources, transmission routes and prognoses for mastitis 

pathogens. WCDS Adv Dairy Technol 2014;26:91-100. 

84. Smith KL, Hogan JS. Environmental mastitis. Vet Clin North Am Food Anim Pract 

1993;9:489-498. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1045 

85. Hogan J, Smith KL. Coliform mastitis. Vet Res 2003;34:507-519. 

86. Seegers H, Fourichon C, Beaudeau F. Production effects related to mastitis and mastitis 

economics in dairy cattle herds. Vet Res 2003;34(5):475-491. 

87. Muñoz MA, Welcome FL, Schukken YH, Zadoks RN. Molecular epidemiology of two 

Klebsiella pneumonia mastitis outbreaks on a diary farm in New York State. J Clin 

Microbiol 2007;45:3964-3971. 

88. Craven N. Do rising fat-globules assist microbial invasion via the teat duct between 

milking? Kieler Milch Forschung 1985;37:554-558. 

89. Craven N, Williams MR. Defenses of the bovine mammary gland against infection and 

prospects for their enhancement. Vet Immunol Immunophatol 1985;10:71-127. 

90. Riollet C, Rainard P, Poutrel B. Cells and cytokines in inflammatory secretions of bovine 

mammary gland. Biol Mamm Gland 2000;480:247-258. 

91. Kelley J, Walter L, Trowsdale J. Comparative genomics of natural killer cell receptor 

gene clusters. PLoS Genetics 2005;1:129-139. 

92. O’Connor GM, Hart OM, Gardiner CM. Putting the natural killer cells in its place. 

Immunol 2006;117:1-10. 

93. Werling D, Piercy J, Coffey TJ. Expression of TOLL-like receptors (TLR) by bovine 

antigen-presenting cells-potential role in pathogen discrimination? Vet Immunol 

Immunopath 2006;112:2-11. 

94. Schultze WD, Bright SC. Changes in penetrability of bovine papillary duct to endotoxin 

after milking. Am J Vet Res 1983;44(12):2373-2375.  

95. Goff JP, Horst RL, Jardon PW, Borelli C, Wedam J. Field trails of an oral calcium 

propionate paste as an aid to prevent milk fever in periparturient dairy cows. J Dairy Sci 

1996;79:378-383.  

96. Harmon RJ, Newbould FHS. Neutrophil leukocyte as a source of lactoferrin in bovine 

milk. Am J Vet Res 1980;41:1603-1606. 

97. Rainard P. Bacteriostasis of Escherichia coli by bovine lactoferrin, transferrin and 

immunoglobulins (IgG1, IgG2, IgM) acting alone or in combination. Vet Microbiol 

1986;11:103-115. 

98. Olever SP, Bouche T. Growth inhibition of Escherichia coli and Klebsiella pneumonae 

during involution of the bovine mammary gland: relation to secretion composition. Am 

J Vet Res 1987;48:1669-1673. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1046 

99. Legrand D, Elass E, Pierce A, Mazurier L. Lactoferrin and host defence: an overview of 

its immune-modulating and anti-inflammatory properties. Biometals 2004;17:225-229. 

100. Smith KL, Schanbacher FL. Lactoferrin as a factor of resistance to infection of the 

bovine mammary gland. J Am Vet Med Assoc 1977;170:1224-1227. 

101. Rainard P. Bacterioestatic activity of bovine milk lactoferrin against mastitic bacteria. 

Vet Microbiol 1986;11:387-392. 

102. Orsi N. The antimicrobial activity of lactoferrin: current status and prespectives. 

Biometals 2004;17:189-196. 

103. Horst RL, Jorgensen NA. Elevated plasma cortisol during induced and spontaneous 

hypocalcemia in ruminants. J Dairy Sci 1982;65(12):2332-2337. 

104. Kehril ME Jr, Nonnecke BJ, Roth JA. Alterations in bovine lymphocyte function during 

periparturient period. Am J Vet Res 1989;50:215-220. 

105. Bradley A. Bovine mastitis: an evolving disease. Vet J 2002;164:116-128. 

106. White LJ, Lam TJGM, Schukken YH, Green LE, Medley GF, Chappell MJ. The 

transmission and control of mastitis in dairy cows: a theoretical approach. Prev Vet Med 

2006;74(1):67-83. 

107. Halasa T, Huijps K, Østerås O, Hogeveen H. Economic effects of bovine mastitis and 

mastitis management: a review. Vet Quart 2007;29(1):18-31. 

108. Venjakob PL, Borchardt S, Heuwieser W. Hypocalcemia-Cow-level prevalence and 

preventive strategies in German dairy herds. J Dairy Sci 2017;100(11):9258-9266. doi: 

10.3168/jds.2016-12494. 

109. Contreras GA, Rodriguez JM. Mastitis: comparative etiology and epidemiology. J 

Mamm Gl Biol Neoplasia 2011;16:339-356. 

110. Goff JP, Horst RL. Oral administration of calcium salts for treatment of hypocalcemia 

in cattle. J Dairy Sci 1993;76:101-108. 

111. Goff JP, Horst RL. Calcium salts for treating hypocalcemia: carrier effects, acid-base 

balance, and oral versus rectal administration. J Dairy Sci 1994;77:1451-1456. 

112. Thilsing-Hansen T, Jorgensen RJ, Ostergaard S. Milk fever control and principles: a 

review. Acta Vet Scand 2002;43:1-19. 

113. Curtis RA, Cote JF, McLennan MC, Smart JF, Rowe RC. Relationship of methods of 

treatment of relapse rate and serum levels of calcium and phosphorus in parturient 

hypocalcemia. Can Vet J 1978;19:155-158. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Venjakob%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=28865859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borchardt%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28865859
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heuwieser%20W%5BAuthor%5D&cauthor=true&cauthor_uid=28865859
https://www.ncbi.nlm.nih.gov/pubmed/28865859


Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1047 

114. Littledike ET, Glazier D, Cook HM. Electrocardiographic changes after induced 

hypercalcemia and hypocalcemia in cattle: reversal of the induced arrhythmia with 

atropine. Am J Vet Res 1976;37(4):383-388. 

115. Doze JG, Donders R, van der Kolk JH. Effects of intravenous administration of two 

volumes of calcium solution on plasma ionized calcium concentration and recovery 

from naturally occurring hypocalcemia in lactating dairy cows. Am J Vet Res 

2008;69:1346-1350. 

116. Oetzel GR, Olson JO, Cartis CR, Fettmen M. Ammonium chloride and ammonium 

sulfate for prevention of parturient paresis in dairy cows. J Dairy Sci 1988;71:3302-

3309. 

117. Tucker WB, Houge JF, Waterman DF, Swenson TS, Xing Z. Role of sulfur and chloride 

in the dietary cation-anion balance equation for lactating dairy cattle. J Anim Sci 

1991;69:1205-1213. 

118. Moore SJ, Vandehaar MG, Sharma BK. Effects of altering dietary cation-anion 

difference on calcium and energy metabolism in peripartal cows. J Dairy Sci 

2000;83:2095-2104. 

119. Oetzel GR, Miller BE. Effect of oral calcium bolus supplementation on early lactation 

health and milk yield in commercial dairy herds. J Dairy Sci 2012;95:7051-7065. 

120. Horst RL, Goff JP, Reinhardt TA, Buxton DR. Strategies for preventing milk fever in 

dairy cattle. J Dairy Sci 1997;80:1269-1280. 

121. Block E. Manipulation of dietary cation-anion difference on nutritionally related 

production diseases, productivity, and metabolic responses of dairy cows. J Dairy Sci 

1994;77:1437-1450. 

122. Block E. Manipulating dietary cations and anions for prepartum dairy cows to reduce 

incidence of milk fever. J Dairy Sci 1984;67:2939-2948. 

123. Goff JP. The monitoring, prevention, and treatment of milk fever and subclinical 

hypocalcemia in dairy cows. The Vet J 2008;176(1):50-57. 

124. Goff JP, Koszewski NJ. Comparison of 0.46% calcium diets with and without added 

anions with a 0.7% calcium anionic diet as a means to reduce periparturient 

hypocalcemia. J Dairy Sci 2018;101(6):5033-5045. 

125. Muhammad SH, Muhammad AS, Mahr-Un-Nisa, Muhammad S. Dietary cation anion 

difference: impact on reproductive and productive performance in animal agriculture. 

Afr J Biotechnol 2010;9:7976-7988. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1048 

126. Goff JP, Horst RL. Role of acid-bas physiology on the pathogenesis of parturient 

hypocalcemina (milk fever)-the DECAD theory in principal and practice. Acta Vet 

Scand 2003;97:51-56. 

127. Rodney RM, Martinez N, Block E, Hernandez LL, Celi P, Nelson CD, Santos EP, Lean 

IJ. Effects of prepartum dietary cation-anion difference and source of vitamin D in dairy 

cows: vitamin D, mineral, and bone metabolism. J Dairy Sci 2018;101:2519-2543. 

128. Nagy O, Kovác G, Seidel H, Weissová T. The effect of arterial blood sampling sites on 

blood gases and acid-base balance parameters in calves. Acta Vet Hung 2001;49:331-

340. 

129. Whiting SJ, Drapper HH. Effect of a chronic acid load as sulfate or sulfur amino acid 

on bone metabolism in adult rats. J Nutr 1981;111:1721-1726. 

130. Horst RL, Littledike ET, Patridge TA. Plasma concentrations of 1,25-dihydroxivitamin 

D, 1,24R,25-trihydroxivitamin D3 and 1,25,26-trihydroxivitamin D3 after 

administration to dairy cows. J Dairy Sci 1983;66:1455-1460. 

131. Gaynor PJ, Mueller FJ, Miller JK, Ramsey N, Goff JF, Horst RL. Parturient 

hypocalcemia in Jersey cows fed alfalfa haylage based-based diets with different cation 

to anion ratios. J Dairy Sci 1989;72:2525-2531. 

132. Goff JP, Horst RL, Mueller FJ, Miller JK, Kiess GA, Dowlen HH. Addition of chloride 

to a prepartal diet high in cations increases 1,25-dihidroxivitamin response to 

hypocalcemina preventing milk fever. J Dairy Sci 1991;74:3863-3871. 

133. Lean IJ, DeGaris PJ, McNeil DM, Block E. Hypocalcemia in dairy cows: meta-analysis 

and dietary cation anion difference theory revisited. J Dairy Sci 2006;89(2):669-684. 

134. Lean IJ, Santos JEP, Block E, Golder HM Effects of prepartum dietary cation-anion 

difference intake on production and health of dairy cows: A meta-analysis. J Dairy Sci 

2019;102(3):2013-2133. 

135. Santos JEP, Lean IJ, Golder H, Block E. Meta-analysis of the effects of prepartum 

dietary cation-anion difference on performance and health of dairy cows. J Dairy Sci 

2019;102(3):2134-2154. 

136. Charbonneau E, Pellerin D, Oetzel GR. Impact of lowering dietary cation-anion 

difference in nonlactating dairy cows: A meta-analysis. J Dairy Sci 2006;89(2):537-548. 

137. Goff JP. The monitoring, prevention, and treatment of milk fever and subclinical 

hypocalcemia in dairy cows. The Vet J 2008;176(1):50-57. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1049 

138. Horst RL. Regulation of calcium and phosphorus homeostasis in the dairy cow. J Dairy 

Sci 1986;69(2):604-616. 

139. Braithwaite GD. Calcium and phosphorus metabolism in ruminants with special 

reference to parturient paresis. J Dairy Res 1976;43(3):501-520. 

140. Wasserman RH, Fullmer CS. Vitamin D and intestinal calcium transport: facts, 

speculations and hypotheses. The Journal of Nutrition 1995;125(suppl 7):1971S-1979S. 

141. Sampson JD, Spain JN, Jones C, Castensen L. Effects of calcium chloride and calcium 

sulfate in an oral bolus given as a supplement to postpartum dairy cows. Vet Ther 

2009;10:131-139. 

142. Wang L, Erlandsen H, Haavik J, Knappskog PM, Stevens RC. Three-dimensional 

structure of human tryptophan hydroxylase and its implications for the biosynthesis of 

the neurotransmitters serotonin and melatonin. Biochem 2002;41:12569-12574. 

143. Ormsbee HS, Fondacaro JD. Action of serotonin on the gastrointestinal tract. Proc Exp 

Biol Med 1985;178:333-338. 

144. Berger M, Gray JA, Roth BL. The expanded biology of serotonin. Annu Rev Med 

2009;60:1514-1529. 

145. Wysolmerski JJ. Parathyroid hormone-related protein: an uptake. J Clin Endocrinol 

Metab 2012;97:2947-2952. 

146. Wyler SC, Lord CC, Lee S, Elmqist JK. Liu C. Serotonergic control of metabolic 

homeostasis. Front Cell Neurosci 2017;11:277. 

147. Hernandez LL, Limesand SW, Collier JL, Horseman ND, Collier RJ. The bovine 

mammary gland expressed multiple functional isoforms of serotonin receptors. J 

Endocrinol 2009;203:123-131. 

148. Hernandez LL, Gregerson KA, Horseman ND. Mammary gland serotonin regulates 

parathyroid hormone-related protein and other bone-related signals. Am J Physiol 

Endocrinol Metab 2012;302:E1009-1015. 

149. Matsuda M, Imaoka T, Vomachka AJ, Gudelsky GA, Hou Z, Mistry M, Bailey JP, 

Nieport KM, Walter DJ, Bader M, Horseman ND. Serotonin regulated mammary gland 

development via an autocrine- paracrine loop. Dev Cell 2004;6:193-203. 

150. Weaver SR, Prichard AP, Endres EL, Newhouse SA, Peters PL, Crump PM, Akins MS, 

Crenshau TD, Bruckmaier RM, Hernandez-Castelam LL. Elevates of circulating 

serotonin improves calcium dynamics in the prepartum dairy cows. J Endocrinol 

2016;230:105-123. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1050 

151. Weaver SR, Jury NJ, Gregerson KA, Horseman ND, Hernandez L. Characterization of 

mammary-specific disruptions for Tph1 and Lrp5 during murine lactation. Scientific 

Reports 2017;7:151-155. 

152. Hernández-Castellano LE, Hernandez LL, Sauerwein H, Bruckmaier RM. Endocrine 

and metabolic changes in transition dairy cows are affected by prepartum infusion of a 

serotonin precursor. J Dairy Sci 2017;100(6):5050-5057. 

153. Hernández-Castellano LE, Hernandez LL, Weaver S, Bruckmaier RM. Increased serum 

serotonin improves parturient calcium homeostasis in dairy cows. J Dairy Sci 

2017;100:1580-1587. 

154. Laporta J, Peters TL, Weaver SR, Merriman KE, Hernandez LL. Feeding 5-hydorxi-l-

tryptophan during transition from pregnancy to lactation increases calcium mobilization 

from the bone in rats. Domest Anim Endocrinol 2013;44:176-184. 

155. Laporta J, Moore SAE, Peters NW, Peters TL, Hernandez LL. Short communication: 

circulating serotonin (5-HT) concentrations on day 1 of lactation as a potential predictor 

of transition-related disorders. J Dairy Sci 2013;96:5146-5150. 

156. Laporta J, Keil KP, Vezina CM, Hernandez LL. Peripheral serotonin regulates maternal 

calcium trafficking in mammary epithelial cells during lactation in mice. PloS One 

2014a 9:E110190. 

157. Laporta J, Keil KP, Weaver SR, Cronick CM, Prichard AP, Crenshaw TD, et al. 

Serotonin regulates calcium homeostasis in lactation by epigenetic activation of 

hedgehog signaling. Mol Endocrinol 2014;11:1866-1874. 

158. Laporta J, Gross JJ, Creshaw TD, Bruckmaier RM, Hernandez LL. Short 

communication: Timing of first milking affects serotonin concentrations. J Dairy Sci 

2014;97:2944-2948. 

159. Laporta J, More SAE, Weaver SR, Cronick CM, Olsen M, Pichard AP, et al. Increasing 

serotonin (5-HT) alters calcium and energy metabolism in late-lactation dairy cows. J 

Endocrinol 2015;226:43-55. 

160. VanHoulten JN, Dann P, McGeoch G, Browen EM. Calcium sensing receptor regulates 

mammary gland parathyroid hormone-related protein production and calcium transport. 

J Clin Invest 2004;113:598-608. 

161. VanHoulten JN. Calcium sensing by the mammary gland. J Mammary Gland Biol 

Neoplasia 2005;10:129-139. 

162. Wysolmerski JJ. Interactions between breast, bone, and brain regulate mineral and 

skeletal metabolism during lactation. Ann NY Acad Sci 2010;1192:161-169. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1051 

163. Rakoupoulos M, Vargas SJ, Guillespie MT, Ho PW, Diefenbach-Jagger H, Leaver DD, 

et al. Production of parathyroid hormone-related protein by the rat mammary gland in 

pregnancy and lactation. Am J Physiol 1992;263:E1077-E1085. 

164. Ratcliffe WA, Thompson GE, Care AD, Peaker M. Production of parathyroid hormone 

related protein by the mammary gland of the goat. J Endocrinol 1992;133:87-93. 

165. Brown EM, Gamba G, Riccardi D, Lombardi M, Butters R, Kifor O, Sun A, Hediger 

MA, Litton J, Hebert SC. Cloning and characterization of an extracellular Ca(2+)-

sensing receptor form bovine parathyroid. Nature 1993;366:575-580. 

166. Hoffer AM, Brown EM. Extracellular calcium sensing and signaling. Nat Rev Mol Cell 

Biol 2003;4:530-538. 

167. Brown EM, Conigrave AD. Regulation of cellular signal transduction pathway by 

extracellular calcium-sensing receptor. Curr Pharm Biol 2009;10:270-281. 

168. Quinn SJ, Kifor O, Kifor I, Butters RR Jr. Role of the cytoskeleton in extracellular 

calcium-regulated PTH release. Biochem Biophys Res Comm 2007;354:8-13. 

169. Brennan SC, Thiem U, Roth S, Agarwal A, Fetahu ISh, Tennakon S, et al. Calcium 

sensing receptor signaling in physiology and cancer. Biochem Biophys Acta 

2013;1833:1732-1744. 

170. Ardeshirpour L, Dann P, Polland M, Wysolmerski J, VanHulten J. The calcium-sensing 

receptor regulates PTHrP production and calcium transport in the lactating mammary 

gland. Bone 2006;38:787-793. 

171. Suárez-Trujillo A, Argüello A, Rivero MA, Capote J, Castro N. Differences in 

distribution of serotonin receptor subtypes in the mammary gland of sheep, goats, and 

cows during lactation and involution. J Dairy Sci 2019;102(3):2703-2707. 

172. More SA, Laporta J, Crenshaw TD, Hernandez LL. Plasma of circulating serotonin and 

related metabolites in multiparous dairy cows in the peripartum period. J Dairy Sci 

2015;98:3754-3765. 

173. Corbellini CN. Etiopatogenia e controle da hipocalcemia e hipomagnesemia em vacas 

leiteiras. Seminário internacional sobre deficiências minerais em ruminantes, 1998;28. 

174. Beede DK, Wang C, Donovan GA, Archbald LF, Sanchez WK. Dietary cation-anion 

difference (electrolyte balance) in late pregnancy. In: Florida Dairy Production 

Conference Proc 1991:1-6. 



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1052 

175. Hernández EGS, Bouda J, Cecilio AA, Doubek J, Forero FHV. Efecto de la aplicación 

de prostaglandina F2α en las primeras horas posparto sobre las concentraciones séricas 

de calcio en vacas lecheras. Vet Méx 2014;1(2):1-13. 

176. Albornoz L, Albornoz JP, Cruz JC, Fidalgo LE, Espino L, Morales, et al. Estudio 

comparativo de los niveles de calcio, fósforo y magnesio durante el periparto en vacas 

lecheras en diferentes sistemas de producción en Uruguay y España. Veterinaria 

(Montevideo), 2017;53(205):1-11. 

177. Wittwer F, Heuer G, Contreras PA, Böhmwald TM. Valores bioquímicos clínicos 

sanguíneos de vacas cursando con decúbito en el sur de Chile. Arch Med Vet 

1993;15:83-88. 

178. Wagemann C, Wittwer F, Chihuailaf R, Noro M. Estudio retrospectivo de la prevalencia 

de desbalances minerales en grupos de vacas lecheras en el sur de Chile: a retrospective 

study. Arch Med Vet 2014;46(3):363-373. 

179. Sánchez JM, Saborío-Montero A. Hipocalcemia e hipomagnesemia en un hato de vacas 

Holstein, Jersey y Guernsey en pastoreo. Agronom Costarric 2014;38(2):55-65. 

180. Ceballos-Márquez A, Villa NA, Betancourth TE, Roncancio DV. Determinación de la 

concentración de calcio, fósforo y magnesio en el periparto de vacas lecheras en 

Manizales, Colombia. Rev Colomb Cienc Pec 2004;17(2):125-133. 

181. Sánchez JM, Saborío-Montero A. Prevalencia de hipocalcemia en cuatro hatos Jersey 

en pastoreo en Costa Rica. Agronomía Costarricense 2014;38(2):33-41 

182. Reinhardt TA, Lippolis JD, McCluskey BJ, Goff JP, Horst RL. Prevalence of subclinical 

hypocalcemia in dairy herds. The Vet J 2011;188(1):122-124. 

183. Reyes C, Mellado M. Ocurrencia de desórdenes derivados del parto y mastitis en vacas 

Holstein, en función del número de partos y meses del año. Vet Méx 1994;25(2):133-

135. 

 

 

  



Rev Mex Cienc Pecu 2022;13(4):1025-1054 
 

1053 

Table 1: Blood levels of calcium (Ca) in dairy cows exposed to different treatments and 

conditions of the production system 

Country Treatment No. of 

animals  

Ca 

(mg/dl) 

Subclinical 

hypocalcemia 

Clinical 

hypocalcemia 

FMR1 

(%) 

Fallen 

cows 

(%) 

Ref2 

Argentina Control  240 7.11   9.4  12.5  173 

 Treatment3 280 9.32   6.0  0.6   

         

United 

States of 

America 

Control4  3.8   82 %   174 

Treatment5  4.3   30 %    

Mexico Control 10  80 % (8/10) 0 % (0/10)   175 

 Treatment 10  40 % (4/10)  0 % (0/10)    

         

 System:        

Spain and 

Uruguay 

Intensive 256 10.96 + 

0.06 

    176 

Silvopastoral 354 9.35 + 

0.09 

     

Chile   76 2.0-2.6 

mmol/L 

 51 %  26  177 

 Prepartum:       178 

 1986-20026 471 2.37 + 

0.14 

     

 2003-2011 270 2.29 + 

0.18 

     

 Postpartum:        

 1986-2002 1041 2.35 + 

0.14 

     

 2003-2011 766 2.27 + 

0.12 

     

Costa Rica Breed:        

   Holstein 49 7.85 27 (55 %) 2 (4 %)   179 

 Jersey 62 7.49 31 (50 %) 8 (13 %)    

 Guernsey 41 8.06 18 (44 %) 0 (0 %)    

         

Colombia Dairy 

production: 

Stage:      180 

 Low Prepartum 2.14 + 

0.10 

     

  Postpartum 2.39 + 

0.10 

     

 High Prepartum 2.42 + 

0.11  

     

  Postpartum 2.40 + 

0.12 

     

1FMR= Fetal membrane retention (%). 
2Ref= Bibliographic references. 

3Treatment: mixture of mineral salts (150g Cl2Ca, 150g NHSO4, 29g MgO2). 
4Control= Diet with +50 meq/kg; 

5Diet with -250meq/kg. 
6Periods (years). 
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Table 2: Comparison of incidence of cases of subclinical hypocalcemia and clinical 

hypocalcemia in dairy herds in different countries. 

Country Breed No. of 

animals 

(n=) 

Plasma 

levels of 

calcium 

(mg/dL) 

Subclinical 

hypocalcemia 

(%) 

Clinical 

hypocalcemia 

(%) 

Ref.1 

Costa Rica Holstein 49 7.85 27 (55) 2 (4) 180 

(Grazing) Jersey 62 7.49 31 (50) 8 (13)  

 Guernsey 41 8.06 18 (44) 0 (0)  

       

Costa Rica : 
No. of 

animals  

No. of 

calvings 

Subclinical 

hypocalcemia 

(%) 

Clinical 

hypocalcemia 

(%) 

181 

(Grazing) Jersey 454 1 25 1  

  447 2 41 4  

  291 3 49 6  

  166 4 51 10  

  72 5 54 8  

  32 6 42 13  

       

United States  Holstein  No. of 

calvings 

Subclinical 

hypocalcemia 

(%) 

Clinical 

hypocalcemia 

(%) 

182 

(Housed)   1 53 6  

   2 42 13  

   3 78 2  

   4 44 29  

   5 47 29  

   6 63 25  

       

    Risk indices  

Mexico Holstein  No. of 

calvings 

FMR2 Hypocalcemia 183 

(Housed)   1-2 0.68 0.31  

   3-4 1.33 0.32  

   5-6 1.57 5.80  

   7-8 1.65 3.37  

   >9 1.12 2.14  
1Ref= Bibliographic reference. 

2FMR=fetal membrane retention. 

 


