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Summary

Many dairy cows experience a high incidence of health problems during the transition period (TP). The
TP is an intermediate stage of various digestive, metabolic and reproductive functions which determine the
general health status at the time of calving and during the first weeks postpartum. Negative energy balance
due to increased energy demand at parturition and significantly reduced dry matter intake relative to demand
is an important determinant. Consequently, substantial lipid mobilization from adipose tissue, increased
oxidative stress and impaired immunity are associated with higher incidences of periparturient health problems
including ketosis or subclinical ketosis (SCK), which have tremendous economic impact on dairy productivity.
SCK is defined as the presence of increased blood ketone bodies (BHBA: betahydroxybutyric acid, acetone,
acetoacetic acid) without clinical ketosis signs. Varying blood and milk cut-off values have been reported for
BHBA concentrations defining SCK, but the most commonly accepted values are > 1.2 mmol/L and > 200 pmol/L
respectively. This underestimated disease can impact dairy cow productivity through decreased milk production
in the order of roughly 300 kg/lactation and increases the risk of metabolic and reproductive diseases such as
displaced abomasum, retained placenta, metritis, mastitis, prolong oestrus interval and reduces conception
rates. SCK also referred to as ‘profit robber or Kkiller’ can cause productivity and economic losses of between
$200-290 per dairy cow annually. Options for the control and prevention of SCK include controlled-release
monensin capsules, and the injectable combination butaphosphan and cyanocobalamin and oral propylene
glycol. SCK is easy to detect in early lactation using cow-side validated BHBA analysers with high specificity
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and sensitivity.
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The transition period is the most challenging life
period of dairy cattle. This period, also known as the
peripartum period, consists of the 3 weeks before and
after calving. Dairy cattle suffer from an energy im-
balance because of an increasing demand for nutrients
from the foetus and for milk and colostrum production
(12, 38). The transition from the pregnant, nonlactating
state to the nonpregnant, lactating state is an enormous
change and a challenge for metabolic and reproduc-
tive functions. A successful transition period primarily
determines the productivity of the cow during the next
lactation. The energy requirement in early lactation is
higher than the energy intake of the cow, which results
in a negative energy balance (NEB) (23). During early
lactation, almost all dairy cows suffer from NEB, meta-

bolic stress, and loss of body condition score (BCS) due
to fat mobilisation from the body fat depot in response
to increased energy requirements for milk production
(25). In many cases, this leads to the development of
ketosis which is defined by elevated concentrations
of ketone bodies such as acetone, acetoacetate and
betahydroxybutyric acid (BHB) in the blood, milk and
urine(13, 45). Subclinical ketosis (SCK) is manifested
as high blood concentrations of ketone bodies without
clinical signs (1, 13). This is due mainly to NEB in
the transition period. In many cases, SCK is defined
by a blood BHB concentration of > 1.0 mmol/L —
1.4 mmol/L (7, 15, 35, 39, 50, 56, 60, 62). However,
the most accepted threshold of blood BHBA for the
definition of SCK is > 1.2 mmol/L (7, 35, 60, 62). Cows
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with signs of clinical ketosis (CK) such as constipa-
tion, anorexia, rumen dysfunction, reduced rumination,
milk production loss and presence of ketone bodies
in the urine (60) had blood BHBA concentrations of
> 1.4 mmol/L (15), > 2.0 mmol/L (52), > 2.9 mmol/L
(64) and > 3.0 mmol/L (45) in the first and second
week of lactation. More recent reports indicate that
the average prevalence of SCK worldwide is between
21-24% (from minimum 8% to maximum 46%) based
on blood levels of BHBA (7, 62). SCK is associated
with various production parameters. These are milk
production loss, metabolic and reproductive disorders
such as displaced abomasum (DA), retained placenta
(RP), metritis, mastitis, prolonged oestrus interval, low
conception rate, cystic ovaries, long open period and
culling (7, 13, 34, 35, 49, 62). Production loss due to
SCK and associated disorders in dairy farms has been
estimated at $200-290 per cow (18, 36, 37,43, 46, 48).
SCK has also been called ‘a silent profit robber’ (9)
or ‘an underestimated profit killer’ (6) because of this
production loss and associated disorders. The objective
of the present review is to discuss the latest informa-
tion about the transition period, SCK and associated
metabolic, reproductive disorders and their economic
impact as well as prevention and treatment options in
dairy cattle.

The transition period

The transition period (TP) between late pregnancy
and early lactation also known as the periparturient
period consists of around 3 weeks before and after
parturition (12, 23). It is possibly the most challenging
and difficult stage in the life of a dairy cow. Opinion
differ about the timing of TP. McGuffey (38) defines
TP as the time from day 10-14 before calving to day
4-6 after calving. Drackley (12) compared this critical
period to the ancient Chinese curse, “May you always
live in interesting times”. In practical terms, this means
that the transition cow experiences a difficult and chal-
lenging time because of the many infectious, metabolic
and reproductive diseases that occur during this time.
Milk fever, ketosis, SCK, RP, metritis, mastitis and DA
predominantly affect cows during TP (12, 13). Dairy
cows experience TP as a matter of course in order to
give birth and produce milk every year in essence a vi-
cious cycle. In this context, important physiological,
nutritional, reproductive, metabolic, and immuno-
logical changes occur within this time frame. Cows
must adjust metabolically and physiologically to the
significant increase in energy and nutrient requirements
needed to ensure milk production in early lactation
(3, 4). According to Bell (4), cows producing 30 kg
milk daily need 2 times more amino acids, 4.5 times
more fatty acids, and 2.7 times more glucose for lacta-
tion on day 4 postcalving than on day 4 precalving. This
alone is a tremendous metabolic challenge for a dairy
cow in TP which is unavoidable in order to support
a new physiological stage after calving (3) for milk
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production, uterus involution and upcoming concep-
tion. Increased energy demands for the development of
the foetus in the late pregnancy and for the production
of milk in early lactation together with decreased dry
matter intake (DMI) at calving lead to NEB, insulin
resistance, lipid mobilisation, and loss of BCS in dairy
cows (30, 32). There is a significant increase in udder
glucose utilisation, primarily for lactose synthesis at
the start of lactation. This makes glucose an important
molecule during the biological adaptation to early
lactation. High-yielding cows can utilise up to 3 kg
glucose per day, with up to 85% of that utilised by the
mammary glands. Lactose synthesis in the mammary
glands utilises 65 to 70% of the cow’s total glucose
requirement (3). If there is an imbalance between the
availability and demand for glucose at calving and
early lactation, ketosis occurs to provide an adequate
glucose supply for the lactation. This process includes
gluconeogenesis, decreased glucose uptake and use by
adipose tissue and muscle, and a shift in whole-body
nutrient oxidation so less glucose is used as an energy
source (3), ultimately resulting in NEB. Reduced DMI
relative to requirements starting just before parturi-
tion indicates the importance of lipid metabolism in
transition cows. DMI starts dropping especially during
the last 2 to 4 days before parturition and feed intake
may be as low as 0 to 4 kg at parturition (38). In order
to meet energy requirements, large amount of lipids
mobilized from adipose reserves deliver non esterified
fatty acids (NEFA) to the blood which are associated
with higher incidences of postpartum disorders (12)
as well as higher circulating ketone bodies in later
stages (30, 32). As a result of lipid mobilisation due to
NEB in TP, plasma NEFA and BHBA concentrations
increase and plasma triglycerides (TG) and glucose
concentrations decrease between prepartum and day
4 to 28 postpartum. In contrast, liver TG content was
significantly higher on days 4 and 14 postpartum (2).
The liver plays an important role in dealing with the
high influx of NEFA from the blood to meet the asso-
ciated higher energy demand (30, 32). In this context,
the mitochondrial and peroxisomal oxidation of NEFA
has a central role through catabolic enzymes (30). If
the liver is overloaded through higher influx of NEFA,
fatty acids are esterified to TG and stored in the hepa-
tocytes which can result in fatty liver syndrome, unless
TG are excreted from the liver as very-low-density-
lipoproteins (VLDL) (12, 25, 30). Recent research on
blood fructosamine concentration in the first month of
lactation showed a positive correlation with concentra-
tions of plasma glucose and albumin. The plasma fruc-
tosamine level during the first 3-4 weeks of lactation
was a predictor for the energy balance in the transition
period (8). NEB was more influenced by DMI and in-
flammatory conditions than the high milk production
(8). The cow must receive enough energy, protein,
vitamins, and minerals for colostrum and milk produc-
tion at a time when DMI is dropping (38). Transition
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of health problems
from 5 dairy farms
in Michigan in cows
clinically healthy at
the time of drying-off. Various diseases such as ketosis
(7.9%), metritis (7.2%), lameness (6.8%), RP (6.5%),
mastitis (5.4%), DA (2.5%), abortion (1.4%), milk fever
(1.1%) and death (1.4%) were observed in a total 277
cows (68% multiparous) up until day 30 postpartum.
The overall incidence of having at least one disease
and/or adverse outcome was 33.6%. Previous studies
conducted by Jordan and Fourdraine (27) 26 years ago
in 61 dairy farms recorded slightly higher incidences
of postpartum disorders in dairy cows, of 7.2% milk
fever (0-44.1%), 9% RP (0-22.9%), 3.3% DA (0-14%),
3.7% ketosis (0-20%), 12.8% metritis (0-66%), 13%
cystic ovarian (0-58.8%) and 12.8% uterus infection
(0-66%). The reason for these difference might be
improved herd and TP management and better feeding
strategies for drying-off and early lactation developed
in the last 26 years. Increased metabolic and oxidative
stress and impaired immune function (33, 40, 46, 47,
63) are responsible at some extent for the increased
disease incidences during the postpartum period. High
concentration of NEFA and BHBA can have significant
impact on the immune function, especially on white

Vicious Cycle

Fig. 1. Critical life cycle periods of dairy cattle including transition period: a vicious cycle

blood cells (33, 40). Insufficient antioxidant defence
mechanisms are not able to cope with the increasing
generation of reactive oxygen metabolites resulting
in oxidative stress. NEB, elevated concentration of
NEFA, BHBA and haptoglobin can impair the oxida-
tive status which can be associated with peripartum
diseases (46, 63). Cows with greater serum reactive
oxygen metabolites and lower ferric reducing ability
had a greater index of oxidative status and lower milk
yield (—=7%) in the 100 day period postpartum. Those
cows also had a 1.4-fold increase in serum BHBA
concentration (63). Physiological parameters of im-
munity, oxidative status and inflammation biomarkers
of healthy dairy cows were measured on day 6 before
drying-off, at the drying-off and on days 1, 2, 6 and
12 after the drying-oft (47). Inflammation parameters
and indicators of oxidant status such as haptoglobin,
reactive oxygen and nitrogen species, antioxidant po-
tential, and oxidant status index increased during the
transition from late lactation into the early dry period
(47). The transition from late lactation stage to the
dry period and associated feeding changes in far-off,
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tion are challenging moments
which result in a vicious cycle
of metabolic and oxidative
stress throughout the lifetime
of dairy cattle (Fig. 1).

Subclinical ketosis (SCK)

SCK is manifested by in-
creased ketone bodies (such as
BHBA) in the blood and milk
without signs of CK (1, 5, 13,
14). This elevated concentra-
tion is a result of high lipid
mobilisation and consequently
progressive ketogenesis in the
liver (12, 30). However, this
silent disease is still harmful in
terms of metabolic and reproductive health and milk
production (11, 14, 32,41, 49, 55, 56, 59, 62, 64). This
insidiously and progressive disorder causes economic
losses (13, 18, 36,43, 45), to the significant degree that
it is described by some authors as a silent profit robber
(9) or an underestimated profit killer (6). Roche et al.
(52) described 3 different types of etiological reasons
for the development of ketosis in cows. The first is
spontan ketosis due to reduced DMI at calving which
results in lipid mobilisation, the second is in cows that
are obese or fat at the time of calving (BCS > 4) having
been high energy feed at dry-off and the last is silage
ketosis; caused by cows consuming poor-quality silage.
Silage that has undergone secondary fermentation can
increase blood BHBA concentrations and the risk of
ketosis. Clinical ketosis is define by elevated blood
BHBA concentration and signs of reduced rumina-
tion, rumen movement, and milk production, as well
as constipation, anorexia and the presence of ketone
bodies in the urine (60). Ketone bodies originate from
beta-oxidation of large amounts of NEFA generated as
aresult of lipid mobilisation to compensate the energy
requirement (39, 52). Beta-oxidation is a process where
NEFA generated as a result of lipid mobilisation in
the mitochondria or peroxisomes to generate acetyl-
CoA, which then enters the tricarboxylic acid cycle as
well as being used for the production of NADH and
FADH,, mainly used by the electron transport system.
Acetyl-CoA produced in excess can then be used for
the biosynthesis of acetoacetyl-CoA and B-hydroxy-
B-methylglutaryl-CoA (30), resulting in the formation
of acetoacetate, BHBA and acetone known as ketone
bodies. Ketone bodies are important sources of energy
which are transported from the liver to peripheral tis-
sues, especially during fasting or reduced DMI, when
glucose supply is reduced. Generally blood concen-
tration of ketone bodies have been evaluated together
with those of glucose and NEFA (46). There are certain
metabolic predictors that are often used to monitor the
metabolic status of the transition cow such as blood

Long Calving Interval

Fatty liver

Mastitis

disorders

<)

Cystic Ovarian
and prolonged
oestrus interval

Twins
Metritis

Retained Placenta \/

Fat Cows ——2> Subclinical s osis <———> Displaced

Ketosis —> Abomasum

Lameness

Reduced
conception rate

Reduced milk ___ 5 Culling
production

Fig. 2. Association of subclinical ketosis with culling and metabolic and reproductive

concentrations of BHBA, NEFA, glucose, calcium,
BCS and parity (primiparous and multiparous) (17, 32,
46, 54, 69). However, there is currently no practical
validated device for cow-side testing of blood NEFA
concentration available for use on farms. In contrast,
there are several validated devices with high specific-
ity and sensitivity for cow-side testing of blood BHBA
(7, 26, 30, 60, 62). Obese dairy cows (BCS > 3.75)
in the prepartum period have a higher risk for ketosis
and DA. Cows with a moderate (3.25-3.75) or fat (> 4)
BCS prepartum have a higher risk of developing SCK
and CK than thin cows (BCS <3.0) (59, 66). The risk
for developing SCK is higher in multiparous than
primiparous cows (7, 14, 27, 66) and cows with SCK
had reduced rumination than healthy cows (28, 58),
which could then be the reason for reduced DMI. SCK
is defined by the absence of clinical signs and a blood
BHBA concentration threshold of 0.96 mmol/L (50),
1.0 mmol/L (13, 39, 56, 68) or the most accepted level
of > 1.2 mmol/L (1, 7, 14, 16, 62, 60, 64). However,
there are a few studies that report a threshold of serum
BHB > 1.4 mmol/L (13). Other diagnostic tests used
commonly on farm to define SCK include milk BHBA
testing using strips (5, 39) or fourier-transform infra-
red spectrometry (57). The most accepted threshold
to define SCK for milk BHBA is > 200 umol/L (39,
46, 57). Figure 2 shows metabolic and reproductive
interactions associated with SCK.

Prevalence of SCK

Duffield (13) reported that hyperketonaemia was
mostly seen in the first 2 weeks postpartum, which
is consistent with reports from Duffield et al. (14),
McArt et al. (35) and McGuftey (38), while Dohoo
and Martin (11) observed that the peak prevalence
of ketosis determined by milk testing occurred in the
third and fourth week of lactation. Recent studies have
looked at the prevalence of SCK using a blood BHBA
threshold of > 1.2 mmol/L on days 2-21 (7, 14), 14-21
(60), 2-15 (62), 14-21 and 6 weeks (64) postpartum.
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A large scale multicentric study was conducted in 10
European countries (Italy, Germany, Turkey, Croatia,
Serbia, Poland, Slovenia, Hungary and Spain) and
reported an average prevalence of 21.8% in 528 dairy
herds with a total of 5,884 dairy cattle enrolled (62).
Another study (7) showed an average prevalence of
24% in 12 countries worldwide (Argentina, Australia,
Brazil, Chile, China, Colombia, Mexico, New Zealand,
Russia, South Africa, Thailand, and Ukraine). The
highest prevalence worldwide has been reported in
Italy (36.6%) (62) and New Zealand (40.1%) (7).
However, Berge and Vertenten (5) reported an aver-
age prevalence of 39% in European countries (43%
in Germany, 53% in France, 31% in Italy, 46% in the
Netherlands, and 31% in the United Kingdom) using
a threshold of > 100 pmol/L BHBA in milk between
days 7-21 postpartum which is lower than that used by
others of > 200 umol/L (39, 46, 57). A large study was
conducted in Canada (498,310 Holstein cows in 4,242
herds) using Fourier-Transform Infrared Spectrometry
with a milk BHBA cut-off-point of > 200 pmol/L which
reported a prevalence of 22.6% (57). The cut-off points
are a determining factor for the result. The cut-off point
of the respective parameter (milk or blood BHBA)
needs to be taken into account when interpreting the
prevalence results for SCK or any other disease if they
are to be evaluated together.

Milk production losses associated with SCK

A negative effect on milk production in dairy cattle
associated with SCK has been reported by various
authors (11, 13, 14, 24, 41, 46, 49, 56). Cows with
blood BHBA > 1.4 mmol/L to 2.0 mmol/L without
clinical signs in the first week postpartum had reduced
milk production of between 1.4-4.2 kgs/day (13). This
elevated blood BHBA in the first week postpartum can
result in milk losses of between 427-1,281 kg over 305
milking days. Calculated milk production losses over
a lactation due to SCK have been reported as 328 kg
(24), 305-427 kg (11), 390 kg (46) and 251 kg (49).
Sahal et al. (56) reported that cows with SCK (average
blood BHBA at 1.25 mmol/L on days 7-15 postpartum)
not treated with an injectable butafosfan and cyanoco-
balamin combination (B+C), produced 4.7-7.4 kg less
milk daily over 30 days postpartum, compared with
treated animals. In this study, there might be an addi-
tional positive effect of phosphorus and vitamin B, on
the milk production beside of reduced SCK incidence.

Culling, metabolic and reproductive disorders
associated with SCK

It is widely accepted that SCK reduces milk yield,
metabolic and reproductive performance and increases
the risk of culling in dairy cow husbandry (15, 36,
59, 67). SCK may lead to culling of dairy cattle due
to impaired production parameters (13, 49, 51, 64).
In fact, a NEFA concentration of > 0.4 mmol/L at
one week pre-calving and an elevated blood BHBA
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of > 0.7 mmol/L were highly associated with an in-
creased rate of culling with an odds ratio of 1.8 times
likelihood within 60 days post-calving. Higher blood
concentrations of NEFA (> 0.8 mmol/L) and BHBA
(> 1.2 mmol/L) at one week post-calving were also
significantly correlated with an increased culling rate
within 60 days postpartum (odds ratio: 2.0 and 1.8
times respectively) (51). Correlation of SCK with an
increased culling risk has been reported by others as
well, cows with SCK were 3.6 times (4), 1.92 times
(49) more likely to be culled and 26.4% of cows with
SCK was culled (64). Culling on high milk produc-
ing dairy farms was mainly due to reproductive and
metabolic disorders (22, 42, 65). Ulker and Bakir (65)
reported a culling rate of 22.6% due to reproduction
problems in high milk producing dairy farms. DA is
the most frequently observed metabolic disorder as-
sociated with SCK in the first weeks postpartum with
a risk factor of 4-13.6 times more likely (14, 15, 34,
46, 62, 59). Creation of a large abdominal space after
calving (38) and an unfilled rumen due to reduced DMI
at parturition is possibly the most important reason for
DA. Transformation of SCK into CK was frequently
observed with a risk factor of4-10.5 times more likely
(14, 15, 46, 59, 62). Prevalence studies in Europe and
around the world have reported a 1.8 times higher rate
of lameness incidence associated with SCK (62), and
1.8% incidence in subclinically ketotic cows (7). The
time between calving and uterus involution has been
described by Shelton (61) and it can take up to 40 days.
83-88% of multiparous dairy cattle diagnosed with
SCK on day 7-15 postpartum and treated with B+C
had complete uterus involution within 25 days after
calving when compared to untreated cows (44%) with
SCK (blood BHBA of 1.25 mmol/L) (56). A significant
increase in the risk of metritis associated with SCK has
also been reported by various authors, 25% (64) and
5.3% (7). On the other hand, risk factors of 3.3 (15),
1.7 (62), > 4 (46) and 4.7 (69) times were calculated
for metritis in cows with SCK. In association with
the metritis and delayed uterus involution described
above, RP is a frequently observed reproductive dis-
order (7, 34, 59, 62) in SCK. Suthar et al. (62) did not
establish a threshold for blood BHBA in RP and milk
fever because these diseases are observed just 24 72 h
postpartum; nevertheless a risk factor of 2.4 times (milk
fever) and 2.5 times (RP) likelihood has been reported.
In accordance with this, Seifi et al. (59) indicated a risk
factor of 4.7 times and Brunner et al. (7) reported
a4.8% incidence of RP. Cystic ovarian disease associ-
ated with SCK has been observed at a rate of 13.5%
(27) and 1.7% (67) and 5.6 times more likely (11) in
dairy cows. Cattle with blood BHBA > 1400 mmol/L
were more susceptible to developing severe mastitis in
an experimental E. coli study (31). Mastitis occurrence
related to SCK has been reported in a number of studies
(7, 14, 49, 64). Frequency of SCK associated mastitis
was 1.6 times higher (49) and an incidence of 3.4%
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across 12 countries (7) was reported. Suthar et al. (62)
did not find a significant correlation between mastitis
incidence and SCK. High concentration of NEFA and
BHBA can have a significant impact on the immune
function, especially on white blood cells (33, 40). On
the other hand, impaired oxidative status in transition
cows (46, 47, 63) may be an important reason for
increased postpartum infections. The number of days
open associated with SCK has been reported as 130
days (67), 95 days (56). In line with this, the average
number of artificial inseminations increased to 2.8 (55)
and 2.0 (56), and consequently the conception rate was
reduced by 15% (46) and 20% (67). Thus, the time
taken to get pregnant after calving was prolonged by
16-22 days (49) and 8-15 days (56).

Estimated economic impact and prevention of SCK

There are several studies reporting the economic
impact of SCK in dairy husbandry associated with lost
milk production, treatment of diseases, reproduction
losses and culling (13, 18, 36, 37,43, 48, 49). Ghoary et
al. (18) reported a negative effect of SCK on dairy herd
economics in Canada of $203 per cow. The largest part
(35%) of this cost attributed to SCK was due to clinical
diseases such as CK, DA and metritis, but reproduction
problems, milk production loss and culling/death also
contributed 28%, 22% and 13% respectively. A Study
from the Netherlands (43) reported a similar annual
loss of €130 per cow, €83 per 1% parity cow and €175
per 3" parity cow. Thirty-six% of costs were accounted
to a prolonged calving interval, 24% to reduced milk
production, 19% to treatment of clinical diseases, 14%
to discarded milk and 6% to culling. Based on the milk
production loss associated with SCK over 305 d, the
calculated total cost of SCK was €257/cow attributed
to various SCK related diseases like early culling, DA,
RP, CK, prolonged calving interval, mastitis, metritis
and lameness (48). In contrast, the cost of hyperketo-
naemia in early lactation cattle was calculated at $289
per cow (37), mainly associated with reproduction
losses (34%), future milk production loss and death
(26%), culling (6%) and other causes (6%).Use of
in-feed ionophores (monensin) on two dairy farms
reduced the incidence of SCK by 50% which reduced
the associated cost by CAN $50-100 per cow per lacta-
tion (13). Monensin (13, 16, 21, 39), propylene glycol
(PG) (20, 36), and injectable B+C (19, 20, 44, 53, 56)
are some useful options to reduce the economic impact
of subclinical ketotic cows. Cows in their 2™ lactation
with mean blood BHBA concentrations of between
1.76 and 2.15 mmol/L (SCK) on days 7-15 postpar-
tum and treated with two dose-rates of injectable B+C
(5-10 mI/100 kg) for 4 consecutive days had an increase
of total milk production (139-223 kg) in the first 30
day postpartum compared to control cows (mean blood
BHBA of 1.25 mmol/L) and a significant decrease of
blood BHBA within 1-2 weeks (56). To some extent
in agreement with these results, ketotic cows in their

Med. Weter. 2020, 76 (9), 495-502

3" lactation with blood BHBA > 1.2 mmol/L and glu-
cose < 2.2 mmol/L in the 3-16 days postpartum, were
treated with lower dosages of injectable B+C (25 ml
per cow subcutaneously) for 3 consecutive days which
increased milk production by 2.8 kg/day and 3.1 kg/
day without any effect on blood BHBA (19, 20).
Significant decreases of blood BHBA in subclinically
ketotic cows treated with injectable B+C has been re-
ported by others (9, 10, 44, 53, 56), while Gordon et al.
(19, 20) did not report a significant effect. The dosage
and application route used in the study of Gordon et
al. (19, 20) differed from other studies in that B+C was
given intravenously at 10 ml/100 kg for 3 days (44)
and intramuscularly at 5-10 ml/100 kg for 4 days (9).
Rollin et al. (53) found a similar significant effect of
injectable B+C on blood BHBA which has been used in
a dosage of 25 ml subcutaneously at calving and 1 day
later in SCK-cows with lactation number > 3.0. Use
of an intraruminal controlled release capsule (CRC)
of monensin (delivering 335 mg/day) 3 weeks prior
to the expected date of calving in transition cows is
also common in those countries where this product is
registered for this indication. It has been possible to
a certain extent to control the incidence and duration
of SCK by decreasing blood BHBA concentration (16,
21, 39). Significantly reduced incidence and duration
of SCK measured by serum BHBA (> 1.2 mmol/L) in
weeks 1, 2, 4, 6 and 9 post calving was reported after
using CRC of monensin at the beginning of close up
(16, 21). Another study, using a lower threshold of
serum BHBA (= 1.0 mmol/L) including milk BHBA
(=200 pumol/L) to define SCK, showed similar results
for the control of SCK by CRC of monensin within
14 days postpartum (39). Use of monensin results in
a continuous decrease in BHBA flow into the blood by
decreasing butyrate and increasing propionate concen-
trations in the rumen at the same time as decreasing
free fatty acids in the circulation (21). PG usage is also
very common in ketosis or SCK treatment. The positive
effect of PG (300 mL oral for 5 days) on the treatment
of SCK has been reported. It reduced hyperketonemia
incidence and the associated economic impact as well
as increased milk production (20, 35).

Conclusion

The TP in dairy cattle remains a critical period in
terms of the development of detrimental health disor-
ders unless management precautions are taken at differ-
ent times (Fig. 1). To monitor the health status during
the TP especially in the prepartum period, a recent
study by Ruprehter et al. (54) recommended analysis
of prepartum albumin and cholesterol concentrations as
predictors for metritis, RP and mastitis in multiparous
cows with mild NEB in terms of NEFA, BHB and BCS
profiles. Rising levels of NEFA and BHBA during the
dry period and early lactation are significant predic-
tors for culling risk (51). In this context SCK, a silent
and underestimated metabolic disease (6, 9), with an
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average prevalence of 22-24% worldwide (11, 62)
is easy to detect with a cow-side validated BHBA
analyser (26, 29) on farms during calving and in early
lactation. However, there is currently no validated
cow-side device available for the testing of NEFA
and haptoglobin. Taking into account various impacts
such as reduced milk production (roughly 300 kg per
lactation), increased risk for DA, RP, metritis, mastitis,
lameness, prolonged open-period, low conception rate
and culling, reports on transition dairy cattle with SCK
have indicated significant production losses of between
$200-290 per cow per year. Dairy cattle with signifi-
cant reduction in DMI are at higher risk of metabolic,
reproductive and bacterial diseases. As calving nears
(close-up), the percentage of concentrates in the ration
should be increased to support milk and colostrum
production. Preventive actions, monitoring and adap-
tive nutrition should be implemented to avoid reduced
DMI, fat BCS, NEB, hypocalcaemia, inflammation,
oxidative stress and other postpartum diseases associ-
ated with SCK, thus avoiding their economic impacts
in dairy cattle husbandry.
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