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role of calcium
in milk fever
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John Lawlor, ruminant technical manager,Anchor Life Science Ltd, examines the
multifaceted role that calcium plays in milk fever and its associated metabolic issues.
A greater understanding of these factors may be one way to capitalise on the post-
quota opportunities on Irish dairy farms, he writes

Dairy farming in Ireland has seen many changes over the past
10 years, especially since the dawning of the post-quota era.
Milk fever continues to be a major challenge and cost, not only
in terms of cow health and lost productivity, but also in terms
of scarce labour.

Over the past decade, Irish dairy farmers have embraced new
ideas and opportunities to develop their businesses such as:
post-quota expansion; more compact calving patterns; and a
greater focus on milk from grass. However, a compact calving
season when combined with more cows and a lack of skilled
labour, means that the calving season is the most stressful
time of year on most dairy farms. The calving season also
coincides with the period when farms are most exposed to
the second most costly disease on the dairy farm, milk fever. It
is well established that calcium (Ca) plays a major role when
it comes to milk fever and that cows with milk fever are more
prone to other costly metabolic issues (Curtis, 1983). Recent
research has shown that sub-clinical milk fever has a major
unseen cost on farm and is responsible for 80% of the annual
cost of milk fever. Reducing the risk of milk fever, clinical and
sub-clinical, must be a key priority on Irish dairy farms, due

to the large impact it has on herd health, production and
profitability.
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MILK FEVER PREVALENCE AND ECONOMIC COST

Over the years, numerous studies have tried to quantify the
incidence level and cost of clinical milk fever (blood Ca of <5.5mg/
dl). DeGaris and Lean (2009) found that the average incidence
level in 10 European studies was 6.2% (range 0-10). Numerous
other studies have reported clinical milk fever incidence to be

in the order of 5-7% (NAHMS 2002; Goff 2008; Mulligan and
Doherty 2008). In 2011, Oetzel estimated the cost of a single

case of clinical milk fever at $300. Until relatively recently, our
understanding of the incidence level and economic cost of
sub-clinical milk fever (blood Ca 5.5-8.0mg/dl) has not been very
clear. Work by Reinhardt et al (2011) put the scale of the problem
into focus. In this study, Reinhardt found that approximately

50% of second lactation and older cows were in the sub-clinical
range and, perhaps surprisingly, that 25% of first lactation heifers
were also in the sub-clinical range. A more recent French study
(Millemann et al, 2016) found similar results in terms of the level
of subclinical milk fever in multiparous cows at 57% and again an
incidence level in first lactation heifers of 16%. Oetzel (2011) also
found that a case of sub-clinical milk fever costs $125.

Given that many more cows are at risk of sub-clinical milk fever
than clinical, these studies demonstrated that 80% of the annual
cost of milk fever is coming from the sub-clinical milk fever, not
clinical cases.



CALCIUM IN THE COW

Ca is the most abundant mineral in the cow, however 99% of
it is to be found in bones and, as such, is not readily available
to the cow. The cow’s homeostatic mechanism to maintain
normal blood calcium operates efficiently most of the time
with normal blood Ca levels held within a narrow range
(8.5-10mg/dL). The Ca in the cow's bones is in a state of
continuous exchange with the extracellular fluids. There is
about 10-11g of Ca available in the extracellular pool, where

it plays an important role in muscle contraction and nerve
function. A cow can lose 9-13% of her skeletal Ca during the
first month postpartum (Ellenberger et al, 1932).

Of the extracellular Ca pool, there is ~2.5-3.5g of Ca which is
held within the plasma Ca pool, and which is found as protein-
bound Ca, Ca bound in complexes with anions and ionised Ca.
Correct muscle and nerve functions rely on the maintenance
of an adequate and consistent level of ionised Ca. The plasma
pool may need to replenish itself between eight and 10

times per day in early lactation, to support milk production
and maintenance of the cow. The remaining calcium pool

is the intracellular Ca pool. Intracellular Ca plays a key role

in immune function as its signalling is a key early feature in
immune cell activation.

MILK FEVER CAUSES

Milk fever or hypocalcaemia is a common disease of calving
or freshly calved cows. The sudden increase in demand for

Ca at the onset of lactation, presents a major challenge to a
cow's homeostatic control mechanism. The onset of lactation
increases the demand for Ca by several fold. The cow’s normal
reserve pool of Ca is about 2.5-3.5g and cows can only afford
to lose approximately 50% of this pool before a hypocalcaemia
crisis is initiated. With a single litre of colostrum requiring

2.3g of Ca, it is easy to see how a cow can quickly become

Ca deficient. It is not so much the sudden demand for Ca

that causes milk fever but more so the fact that the cow's
homeostatic system can take 24-48 hours post calving to
become fully functional. It is this time-lag that causes the

cow to drain Ca from her plasma pool and as this reserve
decreases so too does the cow's blood Ca status, possibly
bringing about a case of sub-clinical or clinical milk fever.

HOMEOSTATIC MECHANISM

Ca supply during periods of hypocalcaemia is controlled

by two key hormones: parathyroid hormone (PTH) and
vitamin D3. PTH is also produced by the thyroid gland and
its secretion is stimulated by low blood Ca concentrations.
Vitamin D3 itself is quite inactive and must undergo two
chemical processes to become active. In the liver it is
converted to 25-hydroxy-Vit D3 and undergoes a further
chemical conversion in the kidney to 1-25-dihydroxy-Vit
D3. The second conversion is reliant on PTH, while the first
is reliant on magnesium and may be compromised under
conditions of hypomagnesia. As colostrum/milk production
increases rapidly, so too does the drain on the cow's Ca
reserve pool, causing the concentration of blood Ca to fall.
This then triggers the secretion of PTH by the parathyroid
gland and consequently the conversion of 25-hydroxy-Vit D3
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to 1-25-dihydroxy-Vit D3.

Bone Ca mobilisation is now stimulated by both PTH and Vit
D3 but can take up to 48 hours to respond fully. Absorption

of Ca from the intestines is solely under the control of Vit D3
and can take 24 hours of Vit D3 stimulation before calcium
absorption increases significantly. It is this 24-48-hour time lag
that causes blood Ca levels to drop.

OTHER IMPORTANT MINERALS

Magnesium

When it comes to milk fever, the role of magnesium (Mg)
cannot be understated. Mg is critical for the release of PTH
and in the synthesis of 1-25-dihydroxy-Vit D3. Mg stored in
the soft tissues and bone of the cow is unavailable to the cow
and so she requires a continuous dietary supply to meet her
requirements.

Moderate hypomagnesemia reduces the ability of the cow'’s
homeostatic control mechanism to function properly and
hypocalcaemia occurs. Hypomagnesemia can affect Ca
metabolism by:

a) reducing PTH secretion in response to hypocalcaemia; and
b) reducing tissue sensitivity to PTH (Rude, 1978).
Hypomagnesemia can occur in cows either fed an inadequate
amount of Mg in the diet or if the diet contains high levels

of some other factor that prevents adequate absorption of
magnesium, such as potassium.

Potassium

Potassium (K) binds up Mg in the rumen, which can
subsequently inhibit the availability of calcium to the cow.
High levels of dietary K are common in Irish grass silages
particularly second and third cut silage, which may have
received high levels of manure, and which is typically fed to
dry cows and youngstock. The recommended dietary K level
in the diet of a dry cow is £1.8%DM, yet Rogers and Murphy
(2000) report that the mean level in Irish grass silages at
2.35% with a range from 0.63%-5.59%. They also report that
1% of Irish grass silages have a K level exceeding >31%.
Apart from binding Mg, K also has an alkalising effect and can
contribute to metabolic alkalosis, a further risk factor for milk
fever.

Phosphorous

High phosphorous (P) concentrations have been shown

to result in increased milk fever risk. Blood P levels, above
2mmol/L, can inhibit the enzyme converting 25-hydroxy-
Vit D3 to 1-25-dihydroxy-Vit D3. This can compromise the
ability of the cow to produce the hormone necessary for the
activation of intestinal Ca transport, which will impair the Ca
homeostasis of the cow.

OTHER RISK FACTORS

Metabolic alkalosis

Pre-calving diets supply greater levels of cations (K, Sodium
[Na], Ca and Mg) than anions (chlorine [Cl] and sulphate
[SO,] and phosphate [PO,]) cause a greater number of
positively charged cations than negatively charged anions to
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enter the blood, which increases blood pH, resulting in a state
of metabolic alkalosis. Metabolic alkalosis blunts the response
of the cow to PTH (Gaynor 1989; Goff et al, 1991; Phillippo et
al, 1994), which increases the risk of milk fever and subclinical
hypocalcaemia (Craigie and Stoll, 1947).

Age

Older cows have a decreased capacity to mobilise Ca from
their bones (Van Mosel et al, 1993) and possibly a decreased
number of 1-25-dihydroxy-Vit D3 receptors in the small
intestine (Horst et al, 2003). Lean (2006) found that the risk of
milk fever increases by 9% per lactation.

Condition score

Over-conditioned cows (body condition score >3.5 on a 1-5
scale) are at an increased risk of hypocalcaemia (Heuer et al,
1999).

Other common risk factors include: channel island breeds
(Harris, 1981); high-yielding cows; lame cows; and cows with a
previous history of milk fever (Erb et al, 1985).

MULTIFACETED ROLE OF CA

Ca plays a critical role to the transitioning cow and its effect
is broad based, as Ca plays an important role in a number of
key areas for the cow in transition, from muscle and nerve
function, to the physical barriers of the innate immune
response and also the phagocytic response.

Muscle function

As calcium is required for proper muscle function, cows with
low blood calcium levels lose muscle tone and this has a
number of negative effects on key muscular functions of the
cow.

Mobility

One of the classic and early indications of milk fever is a

cow with an unsteady and staggered walk. Hypocalcaemic
cows may be less mobile, leading to lower feed intakes with
possible negative effects on energy status. Hypocalcaemic
cows can be more prone to slipping, falling and injury leading
to higher culling rates.

Impaired rumen activity

Huber et al (1981) found that rumen contractions ceased

well before the onset of signs of clinical milk fever in
artificially induced hypocalcaemia. Such stasis may be an
important factor in the development of hypocalcaemia as
even the temporary alimentary stasis can induce acute
hypocalcaemia through reduced intestinal absorption of Ca
(Moodie and Robertson, 1962). A further study (Jorgensen et
al, 1998) showed the negative effects of hypocalcaemia on
smooth muscle contractility in cows artificially induced with
progressively severe hypocalcaemia. The study demonstrated
a significant reduction of contractility even with mild
subclinical hypocalcaemia (0.78mmol/L ionised Ca). Reduced
feed intakes can lead to an impaired energy status and a
higher risk of displaced abomasum.
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INNATE IMMUNITY - PHYSICAL BARRIERS

Increased mastitis risk

The ability of the teat sphincter muscle to close the teat canal
properly post milking is reduced in hypocalcaemic cows
which may lead to a higher risk of mastitis. (Kimura et al,
2006). Curtis (1983) reported that cows with hypocalcaemia
were eight times more likely to suffer from a case of mastitis.

Tight junction permeability

Ma et al (2000) demonstrated the role extracellular calcium
levels play in the permeability of the intestinal tight junction,
a key physical barrier to infection. The study was designed to
study the role that extracellular Ca++ plays in the modulation
of the intestinal epithelial monolayer tight junction barrier.
The study demonstrated that extracellular Ca++ is crucial for
the maintenance of intestinal epithelial tight junction barrier
function.

A B C D

Figure 1: The removal of Ca++ leads to a rapid drop in
epithelial resistance and an increase of intestinal monolayer
tight junction permeability (B and C). The increase in tight
junction permeability was rapidly reversed by the re-
introduction of Ca++ (D).

INNATE IMMUNITY - PHAGOCYTIC RESPONSE
Parturition places a lot of stress on dairy cows and is

linked with significant immune suppression and increased
susceptibility to infectious disease. The intracellular reserve
of Ca is responsible for signalling within the cell and initiation
of the immune response to bacterial challenges. Kimura

et al, (2006) demonstrated that hypocalcaemia directly
reduces immune cell response to an activating stimulus.

This study suggested that intracellular Ca stores were being
utilised to help sustain extracellular Ca or that when the

cow is struggling to maintain Ca homeostasis, the ability

to keep endoplasmic reticulum Ca stores fully stocked is
compromised. This reduction in intracellular calcium stores
in immune cells could blunt intracellular calcium release
following an activating stimulus, contributing to the immune
suppression seen in hypocalcaemic cows.

A further study by Martinez et al, (2012) demonstrated the link
between immune function and calcium status in freshly calved
cows. This study found that the neutrophil concentration

in blood and the percentage of neutrophils undergoing
phagocytosis and oxidative bursts were all reduced in cows
with subclinical hypocalcaemia (blood Ca of <8.59mg/dl)
compared to normo-calcaemic cows.
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Figure 2:In-vitro (graph A) phagocytosis (% of neutrophils)
and (graph B) oxidative burst (% of neutrophils) in
neutrophils of cows considered to have normocalcaemia (Ca
>8.59mg/dl) or subclinical hypocalcaemia (Ca <8.59mg/dl) in
the first three DIM. For panel A, effect of Ca status (P = 0.21),

day (P <0.01), and the interaction of Ca status x day (P = 0.03).

For panel B, effect of Ca status (P = 0.05),day (P<0.01),and
the interaction of Ca status x day (P = 0.12).An asterisk (*)
indicates daily means differ (P <0.05).

The study reported that, not only did the sub-clinical
hypocalcaemic group have neutrophils with reduced in-vitro
phagocytic and killing activities (graph B) but they also had a
smaller leukocyte population in the blood (graph A) because
of a sharp decline in neutrophils compared to normocalcaemic
cows.

Sub- Sub-
Normo- L Normo- .
clinical clinical
calcae- P— calcae- hypocal-
mic ypoca mic ypoca
caemic caemic
Metritis 14.3% 40.7% 20.0% 77.8%
Puerperal metritis 0% 29.6% 10.0% 53.5%

Martinez et al (2012) also found that sub-clinical
hypocalcaemic cows had a higher risk of metritis and
puerperal metritis compared to normo-calcaemic cows in both
study sub populations. Cows were divided at calving based on
their calving experience and divided into two groups: low-risk
group - cows with a normal calving event; and high-risk group
- cows who calved with dystocia, still birth, retained placenta,
twins or a combination of issues. The study found that the
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risk of metritis decreased by 22% for every Img/dl increase
in blood calcium level recorded over the first three days after
calving.

Practical prevention strategies

There are numerous practical proactive preventative strategies

available that can help to reduce the risk of milk fever at

calving:
Low calcium pre-calving diets - restricted dietary Ca will
prime the homeostatic response. A target level of less than
30g Ca/day (20g of absorbable Ca) is required but can be
difficult to achieve with background levels of Ca in forage;
Anionic salts - addition of anionic salts in the last three
weeks pre-calving will prompt a metabolic acidosis in order
to counteract cationic elements in the diet and will prime
the homeostatic response. This requires two separate
dry-cow groups to administer and needs to be adequately
mixed into the diet, can be hard to achieve without a diet
mixer;
Oral Ca supplementation - Ca boluses given at and 12
hours after calving have become a popular way to support
blood Ca levels in the cow, during the period of highest
demand. The use of oral Ca supplements allows for a
targeted approach of high-risk cow groups within the
herd. Liquid, gel and paste oral Ca supplements are also
available.

CONCLUSION

Ca plays a central role in milk fever and having a clear
management protocol in place can go a long way to keeping
milk fever and its associated metabolic issues at bay. Whilst
Ca and its management are key, it is certainly not the only
risk factor that needs to be addressed. Energy status, body
condition score, and adequate feed barrier space, are just
some of the many management areas that require adequate
attention and action in order to improve the success of the
transition period. Reducing the risk of milk fever, clinical and
sub-clinical, must be a key priority on Irish dairy farms, due
to the large impact it has on herd health, production and
profitability. Optimising Ca status at calving must be a part of
any herd management protocol during calving season.
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