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Abstract

Milk fever and subclinical hypocalcemia are the
most important macro-mineral metabolic disor-
ders that affect transition dairy cows. Many studies
have shown that cows with subclinical hypocalce-
mia are also prone to many diseases and disorders.
The drain of Calcium (Ca) during early lactation
represents a significant increase in Ca demand
over that for late fetal growth and physiological
maintenance. The requirements of the mammary
gland for Ca often exceeds the ability of the cow to
replenish the plasma Ca pools. Blood Ca concen-
trations remarkably decline in dairy cows around
calving, with the lowest concentrations occurring
about 12 to 24 hours after calving. To maintain
Ca homeostasis after calving, at the start of lacta-
tion, Ca compensating mechanisms are activated.

These mechanisms involve a coordinated effort
among the hormones 1,25-dihydroxyvitamin D3,
parathyroid hormone (PTH), and calcitonin. Hy-
pocalcemia is associated with an increased risk of
several important health conditions such as mas-
titis, retained placenta, metritis, abomasum dis-
placement and immune insufficiency, particularly
in transition period. The incidence of subclinical
hypocalcemia approaches 40-50% in multiparous
cows after calving in dairy herds. In spite of devel-
opments in preventive approaches, tremendous
economical impact of hypocalcemia on health,
production and fertility of dairy cows is a major
concern for dairy herd owners. The paramount
advances in dairy health have been the paradigm
shift from treatment of clinical illness to disease
prevention and redefining disease more broadly,
to include subclinical conditions. Herd-based tests
are now available for use in routine herd monitor-
ing and for investigating dairy herds with metabol-
ic subclinical problems. This review provides the
criteria for hypocalcemia monitoring and interpre-
tation of the results in dairy herds.
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Abbreviations

Ca: Calcium

PTH: Parathyroid Hormone

DCAD: Diatary Cation-Anion Difference
BHBA: Beta-Hydroxybutyrate;

NEFA: Non-Esterified Fatty Acids

Introduction

During the last decade, dairy industry has un-
dergone a wide range of major changes. Milk pro-
duction has steadily risen in average production
per cow and substantially in greater total annual
milk production. The modern high-producing
dairy cow will produce about 40 to 50 kg of milk
per day in early lactation; and production as high
as 60 kg/d is not uncommon [1]. This sharp and
tremendous increase in milk yield has imposed
great impact on metabolic capacities of dairy cows
[2]. Metabolic disease incidence typically esca-
lates as milk production rises and as herds become
larger [3]. Metabolic diseases of dairy cows are
manifestation of the cow’s ability to cope with the
metabolic demands of high milk production. The
etiology of those metabolic diseases can be traced
back to insults that occurr during transition peri-
od.

The biggest advance in dairy health in the
last 25 years has been the paradigm shift from
treatment of clinical illness to disease prevention.
Health management has been defined as the pro-
motion of health, improvement of productivity,
and prevention of disease in cows within the eco-
nomic framework of the owner and industry. An-
other major advance has been redefining disease
more broadly, to include subclinical conditions
(e.g., subclinical hypocalcemia, subclinical masti-
tis, ketosis) [4].

Milk fever and subclinical hypocalcemia (to-
tal blood Ca < 2.0 mmol/L) are the most import-
ant macro-mineral metabolic disorders that affect
transition dairy cows [5]. On average 5-10% of
dairy cows succumb to clinical milk fever [6], with
the incidence rate of subclinical hypocalcemia has
been recorded at 30-50% on the day of calving [7,
8]. Both forms are associated with an increased
risk of mastitis, retained placenta, endometritis,
slower uterine involution, delayed first ovulation
after calving, ketosis, displaced abomasum and
reduced gastrointestinal motility [5]. Therefore
increased incidences of these conditions suggest
there may be a Ca problem in transition cows. The

objective of this review article is to cast light upon
the recent advances and findings in physiopathol-
ogy and consequences of hypocalcemia and also
will focus on strategies for testing and monitoring
subclinical subclinical hypocalcemia.

Calcium homeostatic mechanisms

Ca is essential for life in animals. It is involved
in many fundamental biological processes in the
body, such as bone formation, muscle contrac-
tion, nerve transmission, and blood clotting, and
it serves as a second messenger regulating the ac-
tions of many hormones. Therefore, it is of major
importance that Ca concentration is regulated
within a narrow range [9, 10]. In mammals, this
process involves a coordinated effort among the
hormones 1,25-dihydroxyvitamin D3, parathyroid
hormone (PTH), and calcitonin [10]. Homeostatic
control of Ca concentrations in blood is so strong
that variations are small and do not reflect dietary
intake at all [11].

The skeleton of a 600-kg cow contains approx-
imately 8.5 kg of Ca. There are 3 g Ca in the plasma
pool and only 8 to 9 g Ca in all the extracellular
fluids of a 600-kg cow. Blood Ca in the adult cow
is maintained between 2.1 and 2.5 mmol/L (8.5
and 10 mg/dL) and is slightly higher in young an-
imals [12]. About 50% of the blood Ca is bound
to proteins such as albumin, less than 10% is in
mineral complexes with inorganic phosphates and
the remainder exists in the ionized form [13]. The
ionized Ca concentration is the biologically active
form of the Ca in blood [14] and is most import-
ant for immediate metabolic function [15]. During
acidosis, larger numbers of protons compete with
Ca (and with other cations) for binding to anion-
ic sites of plasma proteins such as albumin. This
drives more protein-bound Ca into solution,
thereby increasing the ionized Ca concentrations.
Conversely, alkalosis decreases the ionized Ca
concentrations [13]. Cows that are alkalotic from
upper gastrointestinal obstruction or other condi-
tions may have normal total Ca while exhibiting
clinical signs of hypocalcemia [15]. Under acidic
conditions, the ionized portion of Ca in the blood
is closer to 48%; under alkaline conditions, it is
closer to 42% ionized. The final 3% to 7% of Ca
in blood is bound to soluble anions, such as ci-
trate, phosphate, bicarbonate, and sulfate [12]. If
total serum proteins are greatly reduced (hypoal-
buminemia), it is possible to have low total Ca in
the blood and relatively normal levels of ionized
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Ca in the blood. Appropriately measured ionized
Ca is the gold standard to evaluate physiologically
active forms of Ca in a patient. Adjusted formulas
were suggested to correct Ca concentrations in re-
gard to albumin or total protein variations in dairy
cows, when total Ca is measured [16]. However,
serum total Ca concentration has routinely been
the primary source for evaluation of Ca abnormal-
ities in dairy cows.

Dairy cows in early lactation producing co-
lostrum (containing 1.7-2.3 g Ca per kg) or milk
(containing 1.2 g Ca per kg) [9] typically secrete 30
to 40 g of Ca each day. The total amount of Ca in
plasma and extracellular fluids is estimated to be
12 g. Thus, body experiences negative Ca balance
with initiation of lactation in dairy cows.

Blood Ca concentration remarkably declines
in dairy cows around calving, with the lowest con-
centrations occurring about 12 to 24 hours after
calving [17, 18]. Blood samples obtained at this
time can reveal the extent of hypocalcemia expe-
rienced by a dairy herd [12,19].

The drain of Ca during early lactation (30-50
g/day) represents a significant increase in Ca de-
mand needed for late fetal growth (10-15 g/day)
[20, 21]. During the dry period, the supply of Ca
through the diet is usually more than require-
ments of dam and fetus. Thus, passive Ca transfer
from intestine is adequate to maintain homoeosta-
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sis without activating the Ca mobilization system,
which is usually not activated until parturition [12,
19]. The main site for Ca absorption is assumed
to be the small intestines, at least at moderate Ca
intakes [22]. The capacity for cows to absorb Ca
through the rumen and abomasum is uncertain
[23, 24].

The demand of the mammary gland for Ca of-
ten exceeds the ability of the cow to replenish the
plasma Ca pools, resulting in an acute decrease in
the plasma Ca concentration in most cows [20].
To maintain Ca homeostasis after calving, at the
start of lactation, Ca-maintaining homeostatic
mechanisms are activated. These mechanisms in-
clude: increased Ca reabsorption in the kidneys,
increased Ca absorption in the intestine and Ca
withdraw from bone [17]. Two hormones, 1,25 di-
hydroxy cholecalciferol (1,25(OH), D3) and para-
thyroid hormone (PTH) are involved in each of
these processes (Figure 1).

Parathyroid hormone (PTH) - As Ca concen-
trations in the plasma decline below 10 mg/dL, the
parathyroid glands are stimulated to secrete PTH
[10]. PTH is an 84 amino acid peptide that binds
to receptors located on the surface of its target tis-
sues. The primary target cells are bone osteoblasts
and osteocytes as well as renal tubular epithelial
cells [12].

Bone Ca mobilization and renal tubular ab-

Milk YIELD

Ca homeostatic mechanisms in dairy cows in response to Ca outflow into milk during very early lactation (illustration by

Taraneh Ebnalnassir).
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sorption is enhanced by PTH. Release of PTH
quickly promotes renal tubular reabsorption of
Ca from the glomerular filtrate. But only small
amounts of Ca are lost in urine (<1 to 2 g/day in
the cow), so this action of PTH is sufficient to re-
store normal blood Ca concentration only if the
Ca deficit is small [17]. PTH receptors are found
on the osteoblasts that line all bone surfaces. Larg-
er Ca deficits cause prolonged secretion of PTH
(hours to days), which stimulates osteoclastic re-
sorption of bone Ca to use skeletal Ca to make up
the deficit [19]. The osteoblasts respond to PTH by
secreting cytokine factors [25], which cause pre-
existing osteoclasts to begin to resorb bone colla-
gen to release Ca and cause osteoclast progenitor
cells to differentiate and become new osteoclasts.
It generally takes several days for osteoclastic bone
resorption to become fully active [26].

The dairy cow is programmed to go into a state
of lactational osteoporosis, mobilizing bone Ca to
help her achieve normocalcemia in early lactation
[17]. This will typically result in loss of 9-13% of
her skeletal Ca in the first month of lactation [27],
which is reversible in later months of lactation.

Vitamin D - A second hormone, 1,25(0OH),
D3, is required to stimulate the intestine to efhi-
ciently absorb dietary Ca. Two modes of intestinal
Ca absorption have been proposed: one is a pas-
sive and paracellular mode that occurs at luminal
concentrations of Ca > 2 - 6 mmol/L and the oth-
er mode is an active transcellular process via the
action of the active form of vitamin D [28]. This
hormone is made from vitamin D by the kidneys -
but only in response to an increase in blood PTH
[17]. The final hydroxylation of vitamin D in the
kidney is regulated by PTH [21]. PTH -elevated
la hydroxylase enzyme activity in kidney and this
enzyme have important roles in the conversion of
25(0OH), D3 to 1,25(0OH), D3. In addition to PTH,
low blood Ca, can activate mitochondrial 1o-hy-
droxylase in the kidney to convert 25(OH), D3
into 1,25(0OH), D3 [19]. On the other hand, high
level of blood inorganic phosphorus (IP) inhibits
the action of la-hydroxylase and production of
active form of vitamin D. During late gestation,
1,25(0OH), D3 is elevated 2- to 3-fold in most spe-
cies [29-31] and, during early lactation in the bo-
vine, can reach concentrations 10-fold above nor-
mal for 2-3 days postpartum [32].

Metabolic adaptation mechanisms for Ca are
not rapid enough at the onset of lactation; cows
require about to 1 to 2 days to maximize Ca in-

flow from the gastrointestinal tract and from bone
to the mammary gland. Consequently, almost all
cows experience some degree of hypocalcemia
during the first days after calving but plasma Ca
concentration returns to normal within 2 to 3 days
[9, 12, 19].

Factors disrupting Ca homeostasis

Age - Age has a profound effect on susceptibil-
ity of dairy cows to hypocalcemia. Older cows are
affected by hypocalcemia more common and more
severe than young cows. The Ca output, however,
does not explain the increase in prevalence of hy-
pocalcemia within multiparous cows with increas-
ing age as their colostrum yield is not different
[33]. The age and parity-associated susceptibility
might be related Ca homeostatic mechanisms.
With increasing age, the hemostasis process is
impeded and results in moderate to severe hypo-
calcemia. It has been assumed that the number of
vitamin D receptors in intestines decline with in-
creasing age [34]. In addition, as animals age in-
crease, the number of receptors for PTH on target
tissues decline [35].

Metabolic alkalosis - Current evidence sug-
gests that milk fever and hypocalcemia may occur
in cows as a result of excessive dietary cations.
The typical ration of dairy cows are rich in cat-
ions (primarily potassium and sodium) and has
lower amounts of anions (chloride and sulfur).
These cations induce a metabolic alkalosis in the
cow that impairs Ca homeostatic mechanisms via
attenuated responsiveness of tissues to PTH [36-
39]. It has been shown that cows in a more aci-
dotic state, which can be measured by the pH in
the urine, have a decreased risk of developing milk
fever [40].

In cows fed diets rich in cations, a greater num-
ber of positively charged cations enter the blood
than negatively charged anions and results in an
electrical disparity. To restore electroneutrality to
this positively charged blood, a positive charge in
the form of a hydrogen ion (H*) is lost from the
blood compartment and the pH of the blood is
increased. Adding readily absorbable anions to
the diet increases the total negative charges in the
blood, allowing more H* to exist and a decreased
blood pH, restoring tissue sensitivity to PTH [9].

Under normal conditions, PTH released in re-
sponse to hypocalcemia interacts with its receptor,
located on the surface of bone and kidney cells.
This stimulates G-proteins and adenylate cyclase
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resulting in production of cyclic AMP, which acts
as a second messenger within the cytosol of target
cells. This initiates mechanisms such as bone Ca
resorption and renal production of 1,25(0OH), D3
to restore blood Ca concentration to normal lev-
els. In alkalotic conditions induced by high cation-
ic 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 pro-
ducing cyclic AMP. Furthermore, Mg is required
for full function of the adenylate cyclase complex
[17].

Hypomagnasemia - Hypomagnesemia affects
Ca metabolism by reducing PTH secretion in re-
sponse to hypocalcemia, and by reducing ability
of PTH stimulated cells to produce cyclic AMP,
resulting in failure to activate the target tissues to
PTH [9, 17]. On the contrary, serum Ca and mag-
nesium concentrations are negatively associated.
Cows suffering from hypocalcemia have higher se-
rum magnesium concentration [33]. In a period of
low serum Ca concentration, PTH is secreted into
the blood. PTH secretion raises the threshold for
renal magnesium excretion, resulting in a higher
serum magnesium concentration [17, 41].

High dietary Ca - Before calving, the approx-
imate daily requirement for Ca is only 30 g, com-
prising 15 g in fecal and urinary loss and 15 g to
fetal growth [21]. 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 fetus. Therefore, active hemo-
static mechanisms of absorption and resorption of
Ca become depressed. As a consequence, at calv-
ing when sudden massive demands for Ca occur,
the cow is unable to rapidly return to hemostatic
mechanisms and is susceptible to severe hypocal-
cemia until these mechanisms can be activated,
which may take several days [42].

High dietary phosphorus - In dry cows, high
dietary levels of phosphorus (more than 0.5% dry
matter intake) increase the serum level of inor-
ganic phosphorus, which has inhibitory effect on
the renal enzyme (lo-hydroxylase) that catalyzes
the conversion of vitamin D into its active form
(1,25(0OH), D3) and thereby predisposes cows to
hypocalcemia [43-45]. High dietary phosphorus
has also been reported to have a negative affect on
intestinal magnesium absorption, which further
makes periparturient cows susceptible to hypocal-
cemia [9, 46].

Definition and incidence of hypocalcemia

Hypocalcemia may be clinical or subclinical.
Clinical hypocalcemia, also known as milk fever, is
a particular concern in the newly calved cow. Most
of cases of milk fever occur within 24-48 hours of
calving. Generally, cows with milk fever are re-
cumbent and are unable to rise as a result of low
blood Ca, whereas cows with subclinical hypocal-
cemia have no clinical signs [47].

The diagnosis of subclinical hypocalcemia is
usually based on serum levels of Ca, and cut-oft
points at total Ca levels of 2.0 mmol/L (8 mg/dL)
[8] and 1.88 mmol/L (7.5 mg/dL) [26] have been
suggested. Such levels commonly occur in dairy
cows soon after calving [8].

The overall incidence of milk fever found from
a national dairy study in United States was 5% [8,
12]. Other field studies reporting incidence of
milk fever from 1977 to 2007 found that the in-
cidence in 10 North American studies was 3.45%
(range 0-7%), in 10 European studies it was 6.17%
(range 0-10%), and for 10 Australasian studies it
was 3.5% (range 0-7%) [21]. Clinical milk fever
was prevalent in 1, 4, 6, and 10% of first, second,
third, and > fourth lactation cows, respectively
[48]. Prevalence of clinical milk fever in a recent
German study was higher (13.4, 15.0, and 21.7%
for fourth, fifth, and sixth parity, respectively) [33].
It is assumed that preventive strategies are more
common in the United States. German farmers
favored oral Ca supplementation more than an-
ionic salts as a preventive strategy. They supple-
mented Ca subcutaneously or orally in 46.1% of
the herds and only 8.7% of the herds used anionic
salts to prevent hypocalcemia [33]. Based on the
US agriculture ministry report, 68.9 and 27.6% of
the herds used Ca products and anionic salts, re-
spectively. The same report indicated that 20.7%
of heifers and 27.6% of cows were fed anionic salts
[49].

The incidence of subclinical hypocalcemia -
blood Ca values between 2 and 1.38 mmol/L (8
and 5.5 mg/dL) during the periparturient period
- is around 50% in older cows [50]. In a recent
German study, 47.6% of multiparous cows suf-
fered from subclinical hypocalcemia (less than 2
mmol/L) within 48 h after parturition [33]. This
finding is in agreement with previous studies [8,
51, 52]. Subclinical hypocalcemia increased with
age and was present in 41%, 49%, 51%, 54%, and
42% of 2nd-6th lactation cows, respectively (Fig-
ure 2) [8].
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Forty percent of multiparous cows were sub-
clinical hypocalcemic (blood Ca concentration of
2.0 mmol/L) in a five-year study on commercial
dairy farms in Iran, which had annual milk pro-
duction ranged from 10600 to 13000 kg (Figure 3).
All the cows received anionic-supplemented ra-
tions in close-up period and sampled between 12
to 48 hours after calving (Seifi, HA; unpublished
data).

In contrary to multiparous cows, there are
conflicting reports on the prevalence of hypocal-
cemia in primiparous cows. Reinhardt et al. (2011)
observed a prevalence of 25% from 480 herds in
the United States [8]. However, hypocalcemia was
infrequently found in primiparous cows (5.7%) in
a German study [33], which is in agreement with a
previously described prevalence of 2% for primip-
arous cows from 7 herds in Canada using the same
threshold [52].

Pathophysiology of hypocalcemia

Ca is necessary for proper function of a wide
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Figure 3

Percentage of subclinical hypocalcemic cows (with two cut-
off levels) in Iran diary herds. All the cows received anion-
ic-supplemented rations in close-up period and sampled
between 12 to 48 hour after calving (Seifi, HA; unpublished
data).

variety of systems in the body from structural
functions such as bone and other tissues to intra-
cellular processes as a second messenger. Extracel-
lular Ca is necessary for muscle contraction, nerve
impulses, blood clotting, and is a component of
milk and bone. Intracellular Ca is involved in sec-
ond messenger systems for a wide variety of pro-
cesses [53]. Hypocalcemia is considered as a gate-
way disease (Figure 4) and predisposes the cow to
various metabolic and infectious disorders in early
lactation [17] such as metritis [54], mastitis [55],
abomasal displacement [56], and reproduction
disturbances [57].

Immune suppression - It is well documented
that nearly all dairy cows experience some degree
of immune suppression during the transition peri-
od [58-61]. Contributing factors for immune sup-
pression in transitional period consist of decreased
polymorphonuclear leukocytes, glycogen stores,
decreased blood Ca concentration and increased
non-estrified fatty acids (NEFA) and 3-hydroxyl
butyrate (BHBA) [58].

Ca is critical for proper immune cell function,
which is very important in transition dairy cows.
In a study by Martinez et al. (2012), numbers of
neutrophils were reduced and their ability to un-
dergo phagocytosis and oxidative burst was im-
paired in cows affected by hypocalcemia, which
might in part explain the increased risk for infec-
tious diseases [54]. Hypocalcemia is associated
with decreased intracellular Ca stores in periph-
eral mononuclear cells [18]. This is the cause of
a blunted intracellular Ca release response to an
immune cell activation signal [18, 62]. Kimura et
al. (2006) concluded that intracellular Ca stores
decreases in peripheral blood mononuclear cells
before parturition and development of hypocal-
cemia. This decrease contributes to periparturi-
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ent immune suppression [18]. Ca 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 in-
flammation [63].

Feed intake and Weight loss - It has been
shown that cows with subclinical hypocalcemia
have impaired rumen and abomasum motility and
depressed feed intake [64-66]. This reduction in
ruminal and abomasal motility will likely cause a
reduction in feed intake [47] and increased weight
loss in early lactation [67]. Therefore, hypocalce-
mia may well exacerbate negative energy balance
in cows that are already underfed [47].

Ketosis - Hypocalcemia has been attributed
to the occurrence of ketosis [55]. Rodriguez et al.
(2017) showed that hypocalcemic cows demon-
strate 5.5 greater odds of having ketosis than nor-
mocalcemic cows [68]. The exact mechanism is
unknown, however, the hypocalcemia impact on
feed intake and resulting negative energy balance
may be a factor in promoting of ketosis. Cows with
naturally occurring hypocalcemia at parturition
and experimentally induced hypocalcemia had
elevated concentrations of NEFA and BHBA as in-

dicators of increased lipid mobilization [8, 54, 62].

Lipolysis - Ca is also important in adipocytes
for regulating lipid metabolism and triglyceride
storage [69]. In studies with rat and human adipo-
cytes, increased intracellular Ca has been shown to
have antilipolytic effects [53, 70]. It can be specu-
lated that hypocalcemia may deplete adipocyte Ca
stores, resulting in increased lipolysis.

Abomasal displacement - It has been shown
that hypocalcemia increases the risk for displace-
ment of abomasum [56, 71]. Abomasal atony due
to hypocalcemia seems to be a logical risk factor
for abomasal displacement. Hypocalcemia may re-
duce abomasal tone and result in gas accumulation
(65, 72, 73]. It was reported that 82% of the cows
with displaced abomasum had Ca values equal or
less than 2.0 mmol/L in the first week after calving
[74]. There is also a report from one herd that sub-
clinical hypocalcemia at calving was a risk factor
for left displacement of abomasum [72]. Seifi et al.
(2011) showed that the odds of the development of
displacement of abomasum were 5.1 times great-
er in cows with serum Ca concentrations equal or
less than 2.3 mmol/L in the first week post-par-
tum [56]. Reduced Ca concentrations have been
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associated with a reduction in rumen and aboma-
sal motility, which in turn is thought to increase
the risk of abomasal displacement [65]. It is likely
that Ca concentration is an indicator of inadequate
dry matter intake, which most likely contributes to
the development of displacement of abomasum
[71]. However, Leblanc et al. (2005) did not find
a direct relationship between Ca concentrations
and left displacement of abomasum incidence and
suggested that subclinical hypocalcemia may be a
function of decreased feed intake, resulting in oth-
er diseases such as left displacement of abomasum
and subclinical ketosis [75].

Dystocia, uterine prolapse and retained pla-
centa - Cows with clinical and subclinical hypo-
calcemia are at increased risk of dystocia, retained
placenta and metritis [5, 47, 76]. The loss of muscle
tone in the uterus due to hypocalcemia increases
the incidence of dystocia, uterine prolapse and re-
tained placenta [5]. It has been reported that milk
fever affected cows are up to three times more like-
ly to develop dystocia [47]. In some cases the in-
creased odds of dystocia were reported as six times
in hypocalcemic cows than that of normal ones
[55, 76, 77]. Furthermore, dystocia can increase
the risk of occurrence of retained placenta.

The association of retained placenta and hy-
pocalcemia has been reported [5, 78]. Erb et al.
(1985) determined that cows with hypocalcemia
were two times as likely to have retained placen-
ta [76]. Another study showed that cows with re-
tained placenta had lower plasma concentrations
of Ca at parturition and up to 7 days after parturi-
tion than cows without retained placenta [79]. In
addition, it has been reported that cows suffering
from uterine prolapse have a lower serum Ca con-
centration than normal cows [80].

It is worthy to bear in mind that retained pla-
centa is a multi-etiological condition with many
risk factors. Therefore, any association does not
mean causal relationship. On the other hand, the
pathogenic process leading to retained placenta
is initiated before parturition [81] and the serum
level of Ca, after parturition cannot be considered
a risk factor for retained placenta.

Metritis and endometritis — Subclinical hy-
pocalcemia has been related to metritis [55, 82].
Because under hypocalcemic conditions, immune
function may be impaired and muscle contraction
diminished [83], metritis is more prone to occur
[54]. Martinez et al. (2011) studied 110 cows in
one herd in Florida, and demonstrated that cows

with Ca <2.14 mmol/L at least once between 0 and
3 days in milk had 4.5-fold increased odds of me-
tritis [54]. In a recent study, multiparous cows with
subclinical hypocalcemia had 4.85 greater odds of
having metritis compared with normocalcemic
multiparous cows [68]. A significantly higher in-
cidence rate of endometritis was observed in UK
cows that suffered clinical hypocalcemia in com-
parison to normocalcemic cows [84].

Mastitis — It was reported that cows with
clinical milk fever were eight times more likely to
develop mastitis than normal cows [55]. Hypocal-
cemia reduces teat sphincter contraction, thus, an
open teat canal invites environmental pathogens
to enter the mammary gland. On the other hand,
hypocalcemic cows tend to spend more time ly-
ing down than do normocalcemic animals, which
could increase teat end exposure to environmental
opportunist organisms [47, 57, 85]. In addition,
hypocalcemia has deleterious effect on peripheral
blood mononuclear cells function and this exacer-
bates periparturient immunosuppression [18].

Reproduction performance —The association
of clinical hypocalcemia and decreased fertility
was reported in several studies [47, 68, 86]. Some
reports showed that there are no differences in the
incidence of uterine diseases, services per concep-
tion, or days open when comparing hypocalcemic
cows with normocalcemic ones [87]. However,
there are plentiful evidence indicated that hypo-
calcemia may cause infertility.

A UK study reported an increased number
of services per conception, an increased calving
to first service interval and an increased calving
to conception interval for clinical hypocalcemic
dairy cows [86]. Martinez et al. (2012) found that
pregnancy rate and interval between calving and
pregnancy were reduced under hypocalcemia
[54]. It has been suggested that clinical hypocal-
cemia results in reduced fertility in dairy cows
due to its effect on uterine muscle function, slower
uterine involution [47, 86] and reduced blood flow
to the ovaries [88]. Cows with clinical hypocalce-
mia had a greater diameter of the gravid uterine
horn and non-gravid uterine horn between 15 and
45 days post-partum (indicative of slower uterine
involution) and a significantly reduced likelihood
of having a corpus luteum (indicative of ovulation
since parturition) than normal cows [84].

Furthermore, subclinical hypocalcemia af-
fected reproductive performance such as estrous
cyclicity [89-90] and pregnancy rate to first Al
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[91]. The odds of expressing estrus before 60 days
in milk were lower in subclinical hypocalcemic
cows than in normocalcemic ones [68]. Caixeta
et al. (2017) reported that cows with normocalce-
mia were 1.8 times more likely to return in estrus
by the end of the voluntarily waiting period than
cows classified as having subclinical hypocalcemia
[90].

Higher Ca concentrations from week -1
through week 3 relative to calving were associat-
ed with increased odds of pregnancy. The odds
of conceiving was 1.5 times higher for cows with
pre-calving Ca >2.3 mmol/L, and 1.3 times high-
er for cows with Ca >2.2 mmol/L in week 1, >2.3
mmol/L in week 2, and >2.4 mmol/L in week 3 rel-
ative to calving [91].

In addition, it was reported that subclinically
hypocalcemic cows have fewer ovulatory sized fol-
licles at days 15, 30 and 45 post-partum and small-
er follicles at first ovulation than normal cows [92].

It should be emphasized that trying to im-
prove fertility in dairy herds without first having
an appropriate hypocalcemia prevention strategy
will bring only limited improvements.

Culling - An increased culling risk was re-
ported for cows with hypocalcemia [56, 93]. Cows
with serum Ca concentrations less than or equal
to 1.8 mmol/L and not diagnosed with milk fe-
ver were approximately 3 times more likely to be
culled in the first 60 days of lactation [59]. Seifi et
al. (2011) also showed that Ca concentrations at
weeks 1 and 2 post-calving were associated with
subsequent culling during the early lactation pe-
riod. The odds of culling in early lactation were
2.4 and 5.3 times greater in cows with serum Ca
concentrations < 2.2 and < 2.3 mmol/L in the first
and second weeks after calving, respectively [56].
Moreover, it was shown that culling risk were 4.
57% and 27.6% for cows fed anionic and control
diets, respectively [94].

Milk production - An association between
low pre- and post-calving Ca concentrations and
milk loss was found. The optimal Ca cut-off level
was 2.1 mmol/L at week -1 and 1 relative to calv-
ing. It is likely that lower Ca concentrations are
an indicator of inadequate dry milk intake rather
than metabolic disease [91]. Hutjens (2003) has
reported that the average loss due to milk fever per
animal was the loss of 500 kg of milk [95].

The relationship between hypocalcemia and
milk yield are inconsistent. Rajala-Schultz et al.
(1999) found when the cows’ own mid-lactation

milk yield was used as a reference level, milk fever
was associated with milk losses during the first 4-6
weeks of lactation [96]. On the other hand, several
studies have indicated that there is no significant
difference in milk yield, milk components and so-
matic cell count between hypocalcemic and nor-
mocalcemic cows [97-98].

In addition, it has been shown that milk pro-
tein content was lower in hypocalcemic cows at 21
and 35 DIM, but there was no difference in somat-
ic cell count, percent milk fat, solids-non-fat, and
milk yield [87].

Herd based monitoring of hypocalcemia

Herd-based tests are now available for use
in routine herd monitoring and for investigating
dairy herds with metabolic subclinical problems.
It has been suggested that 12 multiparous cows to
be sampled within 48 hour after calving. And, the
results to be interpreted as the proportion of cows
below the cut points of Ca [3, 33].

Besides defining the appropriate cut points for
tests evaluated as proportion outcomes, it is also
necessary to determine the alarm level for the pro-
portion of animals below the described cut point.
Because of normal biologic variation, a few indi-
vidual cows are expected to be below the biologic
threshold in any dairy [3].

Ca cut-off levels - Cows with a serum Ca con-
centration less than 2.0 mmol/L were considered as
hypocalcemic [8, 21, 99]. Either pre- or post-par-
tum cows with serum total Ca below 2.0 mmol/L
were four times more likely to have post-partum
disease problems [100]. Although this is a conser-
vative threshold, it is well accepted in research and
clinical practice [8, 21, 99].

Recently higher thresholds were associated
with a negative health outcome such as displace-
ment of abomasum and metritis [54, 91] or an
increased culling risk [56, 93]. These associations,
however, found in a longer risk period before
or after calving [54, 56]. Neves et al. (2017) has
shown that prepartum cows with Ca concentra-
tions <2.4 mmol/L at approximately 1 week before
calving to have an increased risk of being classified
as subclinical hypocalcemia at parturition [101].
Martinez et al. (2012) showed that cows with sub-
clinical hypocalcemia, as defined by serum Ca less
than 2.15 mmol/L within 72 hour after parturi-
tion, had reduced concentrations of neutrophils
in the blood, impaired neutrophil function, and
increased incidences of metritis and puerperal

Subclinical Hypocalcemia in Dairy Cows

IJVST 2017; VOLUME 9; NUMBER 2 9



metritis compared with normocalcemic cows [54].

Furthermore, Van Saun (2000) considered
serum Ca concentration below 2.25 mmol/L as a
cut-off level for interpretation of hypocalcemia in
a group of fresh cows whereas it would be consid-
ered normal in an individual [102]. Further evalu-
ations are necessary to define the most appropriate
threshold of hypocalcemia within any given time
during transition period [33].

Interpretation of the herd based Ca testing -
Because the duration of parturient hypocalcemia
is extremely short (about the first 48 hours after
calving), its incidence is monitored instead of its
prevalence [103]. Limited data are available to as-
sist in determining an alarm level for parturient
hypocalcemia [3]. In regard to incidence of hypo-
calcemia, it was suggested that 30% hypocalcemia
is a reasonable alarm level in multiparous Holstein
cows [3].

In authors’ experience, the best time to collect
blood samples is about 12 to 24 hours. Some re-
searchers suggested cows to be sampled within 48
hours after calving [33]. Further studies are need-
ed to determine the best sampling time and the ac-
curate and precise cut-off level for either sampling
time.

Herds were categorized based on the pro-
portion of positive samples (i.e., blood Ca below
threshold) into negative (0 to 2 out of 12 cows),
borderline (3 to 5 out of 12 cows), or positive (= 6
cows out of 12) [3, 33]. Such classification is based
on the assumptions provided by Oetzel (2004) us-

Number of Hypocalcemic Cows

0% 10% 20% 30% 40% 50% 60%
M =Hypocalcemic cows

=Normocalcemic COws

Figure 5

ing a 75% confidence interval and an alarm level of
30% (Figure 5). The cows sampled within 48 hour
after parturition and serum Ca below 2.0 mmol/L
were considered as hypocalcemic [33]. It is needed
to emphasize that this alarm level is considered to
predict clinical hypocalcemia. Therefore, for pre-
dicting subclinical hypocalcemia, the alarm lev-
el may be lower. Some herds may be classified as
borderline. In such cases, Venjakob et al. (2017)
advise to draw more samples to classify the herd
more appropriately [33].

Conclusion

Clinical and subclinical hypocalcemia are of
great economic impact on dairy industry. Recent
studies indicated that the incidence of inapparent
hypocalcemia is 8-10 times greater than clinical
hypocalcemia [8, 33, 48, 52]. The high prevalence
of subclinical hypocalcemia should be viewed as a
potential health risk to the transition cow. Culling,
health problems, complications of parturition, loss
of milk production and low fertility are common
outcomes of hypocalcemia in dairy cows. There-
fore, the economic loss due to subclinical hypocal-
cemia is estimated to be tremendous.

Postpartum blood Ca is below the normal
range in many more cows than we have previously
appreciated [8], and this is in spite of recent de-
velopments in hypocalcemia prevention. It should
be highlighted that trying to improve dairy herds
management without an effective prevention strat-
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70% 80% 90% 100%

Classification of blood Ca concentrations using 75% confidence interval and an alarm level of 30% for test results from 12
cows sampled from a group of 100 cows. This calculation illustrates the association between positive blood samples in the
cohort and prevalence of hypocalcemia in the tested herd, adapted from data of Venjakob et al. (2017) [33].
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egy will not be fulfilling.

Milk fever and subclinical
hypocalcemia can, to a large ex-
tent be prevented by good dry
cow management and appropri-
ate nutrition. Appropriate pre-
vention strategy includes precise
monitoring of urine pH and ad-
justing DCAD of diets of close-
up cows on the basis of urine pH
results. It should be noted that
the incidence of hypocalcemia is
lower in primiparous than mul-
tiparous cows around calving.
However, feeding anionic diets
to primiparous cows seems to be
beneficial, as well.
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