Displaced Abomasum and Ketosis in Dairy Cows

Blood Profiles and Risk Factors

Lena Stengirde

Faculty of Veterinary Medicine and Animal Science
Department of Clinical Sciences
Uppsala

Doctoral Thesis
Swedish University of Agricultural Sciences
Uppsala 2010



Acta Universitatis agriculturae Sueciae
2010:56

Cover: Curious cows
(drawing: L. Stengirde)

ISSN 1652-6880

ISBN 978-91-576-7469-2

© 2010 Lena Stengirde, Uppsala

Print: SLU Service/Repro, Uppsala 2010



Displaced Abomasum and Ketosis in Dairy Cows. Blood Profiles and Risk
factors

Abstract

High producing dairy cows struggle to meet energy demands and handle various
transitional changes in late gestation and early lactation. Negative energy balance in
early lactation is inevitable and metabolic disorders may follow as a consequence of
a deep negative energy balance. This thesis studies associations between blood
profiles and body condition score (BCS) in dairy cows, and displaced abomasum
(DA) or clinical ketosis, and investigates risk factors for the two diseases at the herd
level.

In study I, blood profiles of cows with and without DA were compared. In
studies II and III, blood of cows was sampled to investigate how blood profiles
differed among herds with a high incidence of DA or clinical ketosis, and between
cows in high-incidence and low-incidence herds, respectively. In study IV,
associations between high or low incidence and factors related to housing, feeding,
management and milk yield were studied to identify herd-level risk factors for DA
and ketosis. The blood profiles included parameters with which to assess energy
metabolism, hepatic cell damage, inflammation, and a metabolic index (RQUICKI)
used in humans to assess insulin sensitivity.

The cows with DA displayed blood profiles indicating a severely altered energy
metabolism (NEFA, BHB, insulin, cholesterol, RQUICKI), liver cell damage (AST,
GD) and inflammatory responses (haptoglobin). At the herd level, energy markers
(NEFA, insulin, glucose, cholesterol, RQUICKI) indicated altered metabolism in
cows in high-incidence herds compared with cows in low-incidence herds. The
markers of liver cell damage and inflaimmation were not different between high-
and low-incidence herds. Among high-incidence herds, BCS and change in BCS,
and one metabolic marker (NEFA) were found most useful to pinpoint herd
problems. Large herd size, high individual milk production level, keeping all dry
cows in one group, and not cleaning the feeding platform daily, were found to be
risk factors for a high incidence of DA or ketosis at the herd level.

In conclusion, the studies confirm a difference in blood profiles between cows
with DA and healthy herd mates as well as a difference at the herd level between
cows in herds with high versus low incidence of DA and clinical ketosis.
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Dedication

To Alice

Just a spoonful of sugar helps the medicine go down
In a most delightful way
Mary Poppins (Richard M. Sherman and Robert B. Sherman)
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1 Background

1.1 The cow

Since the early days of domestication, the great aurochs (Bos primigenius)
have been gradually genetically transformed into today’s domestic cattle (Bos
taurus), through selecting those individuals that served people the best
(Bjornhag et al., 1989). During this genetic transformation, cattle have been
diversified into more specialized breeds suitable for various conditions and
for producing milk, meat, or both. These genetic changes have pushed the
limits of the cow’s metabolism, nutritional requirements and milk
production. Along with genetic changes, changes in housing, feeding, and
management have made it possible to reach today’s high production levels.

1.1.1 Changes in the transition period

The period from three weeks before to three weeks after calving is
considered the transition period (Quiroz-Rocha et al., 2009; Drackley,
1999; Grummer, 1995). During this time, the cow leaves pregnancy and
enters lactation, undergoing numerous physiological adaptations in the
process. Other changes, in housing, feeding, and management, also take
place at this time, and may add to the stress from physiological changes
experienced by the high-producing fresh cow.

The maximum growth-rates of the foetus and the mammary tissue
coincide in the third trimester of gestation (Bauman & Currie, 1980).
Negative energy balance (NEB) and suboptimal mineral levels are common
in the transition period in cows (Goff, 2006a; Bell, 1995), because of higher
needs. Negative energy balance is partially caused by reduced dry matter
intake (DMI) around the time of calving (Grummer et al., 2004).
Furthermore, the cow’s milk output increases faster than its feed intake
capacity, which reach their maxima 4-7 weeks and 8-22 weeks after
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calving, respectively (Ingvartsen & Andersen, 2000; Bell, 1995). An
excessive NEB makes the cow more susceptible to metabolic disorders
(Rukkwamsuk et al., 1999a; Goft & Horst, 1997). To meet energy needs in
the presence of NEB, adipose tissue is mobilized and the nutrient supply to
the calf is ensured by a glucose-sparing state in the dam, in which peripheral
tissue increases its use of ketone bodies and plasma lipids to meet energy
requirements (Bell, 1995). In late gestation, decreased insulin sensitivity in
peripheral tissue is part of this physiological response. Glucose is thus
primarily used for the foetus during late gestation and for milk production in
early lactation (Bell, 1995).

The gastrointestinal tract, as well as internal organs and body tissues (e.g.,
the liver and the adipose tissue), must adapt to higher energy demands in
early lactation. It takes several weeks for the rumen microflora to adapt to
changes in feed composition that normally occur during this period (Goft &
Horst, 1997). The liver is involved in metabolism, immune functions and
detoxification. In dairy cows, the swift adaptation of liver functions during
the transition period is important for successful lactation. Around
parturition, the dairy cow is susceptible to infectious disease, possibly
because of a depression of the immune system (Ingvartsen ef al., 2003; Goff
& Horst, 1997).

1.2 Swedish dairy herds

Dairy farming is currently undergoing rapid structural change in most
industrialized countries. From 1990 to 2009, the number of Swedish dairy
herds declined from 25,921 to 6020 and the number of cows declined from
427,621 to 357,194, while average herd size increased from 22 to 59 cows
(Swedish Board of Agriculture, 2010). Today, one third of Swedish cows
are kept in dairy farms with 100 cows or more, versus 6% of cows in 1988.
Over those 20 years, milk yield has increased by 2000 kg of energy-
corrected milk (ECM) to 9325 kg ECM per cow per year (Swedish Dairy
Association, 2010).

The most common breeds are the Swedish Red (SR; 43%) and Swedish
Holstein (SH; 50%), both highly specialized dairy breeds. In winter, dairy
cows are traditionally housed in tie-stalls, although cubicle housing
dominates in new operations. About half of Swedish herds are kept in
cubicles and over 10% of all herds have automated milking systems. Dairy
cows are generally fed forage-based rations, often along with high amounts
of concentrates.
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Approximately 78% of the herds are enrolled in the Swedish official milk
recording scheme (SOMRS; Olsson ef al., 2001). The total disease incidence
(number of diagnosed cases per 100 completed/interrupted lactations) in
dairy herds participating in SOMRS was 32.3 in the 2007-2008 milk
recording year; examples of disease incidence include mastitis (14.3), milk
fever (3.3), ketosis (1.1) and DA (0.8; Swedish Dairy Association, 2009).

Sweden has a long tradition of eradicating harmful infectious livestock
diseases. In 1763, Peter Hernquist was sent to the world’s first veterinary
school in Nantes, France, to become a veterinarian. He learned methods for
disease control and eradication that he brought back to Sweden and taught
at the veterinary school he founded in Skara in 1775 (Dyrendahl, 1996).
Rinderpest was eradicated from the Swedish cattle population in the
eighteenth century (SVA, 2010). Today, the Swedish dairy cattle population
is free from tuberculosis, paratuberculosis, brucellosis, bovine herpes virus 1
and bovine leukemia virus and almost free from bovine viral diarrhoea virus
(BVDV), as the ongoing programme to eradicate BVDV is nearly finished
(SVA, 2009).

1.3 Herd health

Herd health is an important veterinary field that aims to ensure good animal
health and welfare and high herd productivity. Herd health programmes are
based on preventive healthcare and should include a written herd health
plan stating the health goals of the farm. In such programmes, the incidence
of certain diseases, such as metabolic diseases, mastitis and claw disorders, is
monitored and specific farm recommendations are based on the recorded
findings. Further monitoring tools found useful in these programmes are
milk yield data, clinical examination of animals, biomarkers such as blood
parameters, and body condition score (BCS).

There are large between-country differences in dairy production. The
Swedish situation, in terms of housing of dairy cattle, feed composition,
high milk yield, low disease incidence and freedom from certain contagious
diseases, differs in many respects from that of countries where studies of
biomarkers and risk factors for metabolic disorders have been carried out.
This makes it highly relevant to carry out national-level research to use as a
basis for preventive herd health programs.
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1.4 Metabolic disorders related to energy metabolism

1.4.1 Displaced abomasum

The abomasum is normally located in the right ventral part of the abdominal
cavity in cattle. It is widely accepted that decreased abomasum motility,
followed by disturbed abomasal emptying and gas accumulation, are
prerequisites for dilatation and subsequent displacement (Doll ef al., 2009;
Geishauser, 1995). Abomasal displacement may be left-sided or right-sided
with or without torsion of the abomasum. Most DA are left-sided (Karatzias
& Panousis, 2003; Stengirde & Pehrson, 2002; Coppock, 1974), but a DA
can shift from a left-sided to a right-sided displacement and vice versa
(Geishauser, 1995); the different forms are considered to have a similar
multi-factorial aetiology (Van Winden & Kuiper, 2003; Cameron et al.,
1998; Geishauser, 1995).

One of the first described cases of DA was a Swedish right-sided DA
found in a 15 year-old cow described by the farmer as having good appetite
and production (Lagerlof, 1925b). The dislocation was assumed to be
congenital. Left-sided DA was first described in 1950 (Begg, 1950). Since
then, DA has become a significant disease in dairy cows.

Lactational incidence rates of DA have been reviewed (Doll et al., 2009;
Ingvartsen ef al., 2003) and found to range from 0.6% to 5% in the included
studies. In the USA, incidence has increased, and in 2001, approximately
3.5% of dairy cows were diagnosed with DA (Goff, 2006b). A similar trend
has been observed in Swedish dairy cows, and in 2008, there were 0.8
diagnosed cases of DA per 100 lactations versus 0.3 cases in 1993 (Swedish
Dairy Association, 2009; Swedish Dairy Association, 1994).

Symptoms of DA in cows include inappetence, depressed general
condition, decreased milk production, faecal alterations, dehydration,
recumbency, shock, and death (Radostits et al., 2007a). Diagnosis is based
on symptoms, high-pitched tympanitic ping sounds along with splashing or
tinkling sounds heard at auscultation and percussion of the abdomen, and
rectal palpation. Most cases of DA in dairy cows are diagnosed within the
first month postpartum (pp; Stengirde & Pehrson, 2002; Erb et al., 1984)
However, DA occurs in all lactational stages and occasionally in calves and
steers.

Cows with DA are more likely to have had twins, a stillborn calf,
endometritis, or metritis and puerperal paresis (Stengirde & Pehrson, 2002;
Rohrbach ef al., 1999) than cows that do not develop DA. In addition,
concurrent disease (Stengirde & Pehrson, 2002; Rohrbach ef al., 1999) and
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hepatic lipidosis is found in many cows with DA (Rehage et al., 1996;
Muylle et al., 1990).

Economic aspects of DA include treatment costs, reduced milk
production (Detilleux ef al., 1997) and a shorter life expectancy (Grohn et
al., 1998; Milian-Suazo et al., 1988) in diseased cows.

1.4.2 Ketosis

Ketosis is relatively common in high-producing dairy cows and lactational
incidence rates of 1.1-10% have been reported (Ingvartsen ef al., 2003). In
Sweden, veterinary-treated ketosis incidence is decreasing, reaching 1.1
cases of ketosis per 100 lactations as of 2008 (Swedish Dairy Association,
2009).

Ketosis occurs when adipose tissue is used to meet energy demands and
non-esterified fatty acids (NEFA) are incompletely oxidized into ketone
bodies. There are two principal forms of ketosis, type I and type II
(Holtenius & Holtenius, 1996b). Primary, or type I, ketosis occurs 3—6
weeks pp and affected cows have hyperketonemia and low concentrations of
both glucose and insulin in plasma (Holtenius & Holtenius, 1996b). This
classic form of ketosis was first reported in Denmark in 1886 (Lagerlof,
19252). Andersen called the disease chronic indigestion, and described the
cows as exhibiting anorexia, weight loss, dry faeces, and decreased milk
production. The cows at that time developed ketosis because of poor
feeding; the traditional Swedish name for the condition, smabrukaresjuka,
means “crofter’s disease”, and refers to the poor feeding sometimes practiced
by these small land holders. Primary ketosis is less common today but may
occur in early lactation in high-producing cows in a serious NEB. Symptoms
in dairy cows affected by type I ketosis are inappetence, depressed general
condition, and reduced milk production. Central nervous system symptoms
are present in some cases, for example, muscle fibrillation, incoordination,
excessive licking or chewing, aggression, or bellowing (Radostits et al.,
2007b).

Secondary, or type II, ketosis occurs earlier in lactation than does type I
ketosis and is concurrent with other diseases (Holtenius & Holtenius,
1996b). In type 1I ketosis, cows have hyperketonemia and varying serum
concentrations of glucose and insulin. Affected cows are often
overconditioned, and the traditional Swedish word describing the condition,
herrgardssjuka, refers to rich feed rations on estate farms. The symptoms of
type II ketosis are the same as those of the other concurrent diseases.

Alimentary ketosis has been attributed to intake of fermented feed high
in ketogenic precursors (Kronfeld, 1982). Subclinical ketosis is considered
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present in dairy cows with an elevated concentration of ketone bodies in
blood but without clinical symptoms of ketosis (Andersson, 1988). The
diagnosis of ketosis is based on symptoms, time in lactation, and tests to
detect ketone bodies in milk, urine, or blood.

1.4.3 Hepatic lipidosis

Hepatic lipidosis, an increased amount of triacylglycerol (TAG) in the
hepatocyte cytosol, is common in cows in the first weeks of lactation
(Jorritsma et al., 2001; Grummer, 1993; Emery et al., 1992). Hepatic
lipidosis occurs when the influx of NEFA to the liver exceeds its oxidation
and secretion capacity, causing TAG to accumulate in the hepatocytes (Bobe
et al., 2004; Grum et al., 1996). In addition, the hormonal status of cows in
the transition period and stress that causes release of cortisol or
catecholamines can induce hepatic lipidosis (Goft & Horst, 1997; Holtenius
& Holtenius, 1996a; Luthman & Holtenius, 1972). Hepatic lipidosis can
develop rapidly, even within 24 hours (Holtenius & Holtenius, 1996a;
Luthman & Holtenius, 1972). Hepatic lipidosis has been associated with
other diseases, such as DA, ketosis, and various infectious diseases (Goff &
Horst, 1997; Rehage ef al., 1996). In the transition period, overconditioned
cows may develop fat cow syndrome, a condition caused by hepatic lipidosis
(Rukkwamsuk ef al., 1999a; Morrow, 1976). Cows with fat cow syndrome
will be predisposed to a combination of metabolic, digestive, infectious, and
reproductive conditions, but will respond unfavourably to treatment.

1.5 Risk factors for DA and ketosis

Both DA and clinical ketosis occur mainly the first month pp (Erb et al.,
1984), and may indicate energy-related metabolic disorders in the dairy
herd. The association between DA and ketosis has been identified as
bidirectional (Grohn et al., 1989; Curtis ef al., 1985), and several traits have
been found to predispose cows to both diseases (Constable et al., 1992;
Correa et al., 1990; Grohn et al., 1989). At the cow level, early lactation
(Constable ef al., 1992), higher parities (Rasmussen ef al., 1999), a high body
condition score at calving (Rasmussen et al., 1999; Rukkwamsuk et al.,
1999a), and other diseases (Correa et al., 1990) have been associated with DA
and ketosis. Results concerning whether high milk yield at the individual or
herd levels is associated with DA or ketosis are inconclusive (Fleischer et al.,
2001; Rajala & Grohn, 1998; Grohn et al., 1995; Andersson & Emanuelson,
1985; Coppock, 1974). A low to moderate heritability for DA and ketosis
has been found in some studies (Heringstad et al., 2005), but not in a study
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of ancestry (Martin et al., 1978b). Swedish Holsteins have a higher risk of
DA (Stengirde & Pehrson, 2002) while SR cows have a higher risk of
hyperketonemia (Andersson & Emanuelson, 1985). Detrimental housing
factors include both large (Coppock, 1974) and small herds, cubicle housing
(Simensen et al., 2010), and suboptimal feed bunk management, including
limited bunk space (Cameron ef al., 1998). Feeding factors associated with
DA and ketosis include component and total mixed rations (TMR), and feed
components (e.g., Stengirde & Pehrson, 2002; Ostergaard & Grohn, 2000;
Shaver, 1997; Dawson ef al., 1992; Coppock, 1974). Overfeeding and over-
conditioning during the dry period increase the risk of DA or ketosis
(Rukkwamsuk et al., 1999a). Seasonal factors have been associated with
both diseases; for example, risk is higher in winter than in summer
(Constable et al., 1992; Andersson & Emanuelson, 1985) and weather
change has been associated with a higher risk of DA (Cannas da Silva et al.,
2004).

1.6 Biological markers of metabolic status

Metabolic changes in cattle can be estimated by alterations in blood
parameters and BCS (Ingvartsen & Friggens, 2005). Blood parameters, BCS,
and change in BCS can thus be used to monitor nutrient supply, although
BCS is subjective and retrospective, and thus not as useful in the early
detection of health problems (Ingvartsen et al., 2003). Certain blood
parameters have been used to predict an increased risk of metabolic disease
in individual cows and to identify the acute phases of disease (Ospina et al.,
2010; LeBlanc et al., 2005; Itoh et al., 1998).

Metabolic profiles of cattle first came into use in the seventies, when the
Compton metabolic profile test was developed to monitor production
diseases in dairy herds (Payne et al., 1970). This blood profile test included
measures of blood cells, glucose, protein parameters, and minerals known to
change when metabolic disorders were present. Cows in several lactational
stages were tested. In Sweden, early work on blood profiles in dairy cows
was carried out by Hewett (1974). To improve the usefulness of the blood
tests, the blood parameters included in the test, sampling periods, and
number of cows to test have been modified over time. In addition, indexes
that combine blood parameters have been tested (Trevisi ef al., 2010;
Kaneene et al., 1997).

Blood concentrations of NEFA, beta-hydroxybutyrate (BHB), glucose,
insulin, and cholesterol have been associated with energy metabolism in
dairy cows and may be used as indicators of NEB (Macrae et al., 2006;

17



Oetzel, 2004; Agenis et al., 2003; Ingvartsen et al., 2003; Kim & Suh, 2003;
Kronfeld, 1972). NEFA and BHB have also been used to assess energy
metabolism at the herd level (Herdt, 2000b; Kaneene et al., 1997).
However, Herdt et al. (Herdt et al., 1981a) suggested that neither BHB
concentration nor glucose concentration was a valid indicator of energy
balance, but that BHB could be used to identify herds with a higher
prevalence of ketosis (Herdt et al., 1981b). Liver-related biomarkers include
cholesterol, aspartate aminotransferase (AST), and glutamate dehydrogenase
(GD). Haptoglobin is an inflaimmatory marker.

1.6.1 Body condition score

From the dry period to early lactation, a physiological decline in body
condition can be anticipated as a response to the use of body reserves.
However, extensive decline in condition is negative for the individual and
has been associated with increased incidence of DA and ketosis (Kim & Suh,
2003). Overconditioned dry cows risk a deeper NEB around the time of
calving, as feed depression before calving will be more pronounced than in
cows with lower BCS (Hayirli ef al., 2002; Rukkwamsuk et al., 1999b), In
addition, overconditioned cows will mobilize more adipose tissue before
and after calving than will cows with a lower BCS (Kokkonen et al., 2005).

Body condition scoring is widely used in cattle to evaluate nutritional
status and several scoring charts exist (e.g., Gillund ef al., 1999; Edmonson et
al., 1989; Wildman et al., 1982). Both actual BCS (e.g., at dry off, at calving,
and in early lactation) and BCS change over time may be used (Roche et al.,
2009; Mulligan et al., 2006). Body condition score targets of 3-3.5 at
calving and a maximum loss of 0.5 points over the entire lactation period
have been suggested (Mulligan et al., 2006).

1.6.2 Glucose

The monosaccharide glucose is used as an energy source in body tissue, and
also during lactation as a basis for producing lactose (i.e., milk sugar). The
blood concentration of glucose is strictly regulated through homeostasis
(Bauman & Currie, 1980). Glucose concentrations decrease at parturition
and are lower in the first weeks of lactation than before calving or later in
lactation (Ingvartsen et al., 2003). In addition, dairy cows have lower plasma
glucose concentrations than do young ruminants and non-ruminants
(Kaneko et al., 2008; Coppo, 2001). Glucose concentration in blood can
undergo short-term fluctuations in response to stress hormones as well as
display diurnal variation.
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The ruminal microflora degrades dietary carbohydrates to volatile fatty
acids, and only a small amount of glucose bypasses the forestomachs and is
absorbed from the intestines. Of these volatile fatty acids, which are
transported to the liver, propionate is the substrate for gluconeogenesis.
Cows rely on gluconeogenesis, as most of the glucose demand in dairy cows
is met by glucose synthesis in the liver (Young, 1977). During periods of
high glucose demand, especially in early lactation, amino acids from the
breakdown of muscle tissue are utilized as glucose substrate as well.

Glucose uptake in cells is mediated by glucose transporters. Glucose
uptake in skeletal muscle, adipose tissue, and cardiac muscle is dependent on
insulin, but in the udder, glucose uptake occurs independently of insulin
(Zhao & Keating, 2007a; Zhao & Keating, 2007b; Joost & Thorens, 2001).

1.6.3 Fructosamine

Fructosamines are glycated proteins formed by an irreversible non-
enzymatic reaction between glucose and blood proteins (in cattle, most
commonly with albumin; Armbruster, 1987). The fructosamine
concentration in blood depends on both glucose and total protein
concentrations. The half-life of albumin varies between species, and in
cattle, fructosamine is said to mirror serum concentrations of glucose over
the preceding 1-3 weeks (Jensen et al., 1993; Ropstad, 1987). Fructosamine
is used in retrospective monitoring to detect elevated glucose concentrations
in companion animals and in diabetic humans. A small study of ovine
pregnancy toxaemia and a case report of a dog with insulinoma found lower
concentrations of fructosamine, indicating that fructosamine can be used to
detect periods of low glucose concentrations as well (Mellanby & Herrtage,
2002; Cantley et al., 1991). Fructosamine concentration in dairy cows has
been demonstrated not to change due to short-term fluctuations in glucose
concentration and to display minor diurnal variations (Jensen et al., 1993).
Fructosamine is thus potentially suitable as a marker for monitoring long-
term glucose concentrations in dairy cows.

A positive correlation between fructosamine and glucose has been
established in calves (Coppo, 2001) and in dairy cows pp (Ropstad, 1987).
In lactating dairy cows, a weak positive correlation between blood glucose
and fructosamine was found when glucose was measured 12-30 days prior
to fructosamine (Trivén et al., 2007). However, a study of dairy cows before
and after calving, found no correlation between fructosamine and

retrospective concentrations of total protein or glucose (Sorondo & Cirio,
2009).
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1.6.4 Insulin

Insulin is an anabolic peptide hormone, synthesized and stored in beta cells
located in the islets of Langerhans in the pancreas. Insulin is one of the
hormones that regulate glucose concentration and is released from the beta
cells to the bloodstream in response to increase in levels of nutrients (e.g.,
glucose and propionate) in the serum, gastrointestinal hormones, and
parasympathetic stimuli (Hayirli, 2006). Insulin facilitates the cell uptake of
glucose and downregulates adipose tissue mobilization. Insulin
concentration is high before parturition and decreases to low levels after
parturition (van Knegsel ef al., 2007; Kokkonen et al., 2005). The low
concentration of insulin pp stimulates adipose tissue breakdown to
counteract the NEB in early lactation. The amino-acid sequence of insulin is
species-specific, but varies only slightly between mammalian species. Some
assays to determine insulin concentrations in serum manufactured for one
species may be used to determine insulin concentrations in other species.

1.6.5 Non-esterified fatty acids

Non-esterified fatty acid concentrations rise before calving and peak 1-3
weeks pp (Cavestany et al., 2005; Ingvartsen et al., 2003). The increase in
NEFA is part of the physiological response necessary to meet higher energy
demands at the onset of lactation, but excess NEFA concentrations are
detrimental; for example, high NEFA concentration is toxic to peripheral
tissue and negative affects fertility (Adewuyi ef al., 2005; Leroy et al., 2005).

The main source of NEFA is triglycerides stored in adipose tissue, where
they serve as an energy supply. Non-esterified fatty acids are transported to
the liver and taken up by the hepatocytes to be completely oxidized,
incompletely oxidized, or esterified. Complete oxidation in the citric acid
cycle produces carbon dioxide and energy, whereas incomplete oxidation
produces ketone bodies. The major esterification product is TAG, which is
either redistributed into the bloodstream as part of very-low-density
lipoproteins (VLDL) or stored in the hepatocyte. VLDL formation depends on
apolipoproteins and cholesterol. Because apolipoprotein supply is limited in
cattle, the ruminant liver has a low capacity to secrete VLDL (Grummer,
1993), and overproduction of TAG will accumulate in the hepatocyte
cytosol, causing hepatic lipidosis.

1.6.6 Beta-hydroxybutyrate

The ketone bodies i.e., BHB, acetoacetate, and acetate, are formed by
incomplete oxidation of NEFA in the liver. Another source of BHB in blood
is ruminal butyrate that is oxidized to BHB in the rumen wall. Ketogenesis is
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part of the normal energy metabolism in ruminants. If glucose
concentrations are low, more ketone bodies are produced in the liver to
meet the energy needs of body tissues. Concentrations of BHB increase pp
and peak 2—4 weeks pp (Cavestany et al., 2005; Ingvartsen et al., 2003);
excess is detrimental, and may cause ketosis. In dairy cows, there is an
individual variation in tolerance of elevated ketone bodies (Kessel et al.,
2008). Ketone bodies are excreted through the kidneys and, as well as in
blood and urine, are also found in milk; cow-side tests available for
detecting ketone bodies.

1.6.7 The revised quantitative insulin sensitivity check index

The revised quantitative insulin sensitivity check index (RQUICKI) is a
metabolic index used in humans to assess insulin sensitivity (Rabasa-Lhoret
et al., 2003; Perseghin et al., 2001). RQUICKI is based on fasting plasma
glucose, insulin, and NEFA, and a low value is indicative of decreased insulin
sensitivity. The metabolic index is calculated a follows (Rabasa-Lhoret ef al.,
2003; Perseghin et al., 2001):

RQUICKI = 1/[log,(glucose in mg/dL) + log, (insulin in pU/mL) +
log, (NEFA in mmol/L)]

RQUICKI has been evaluated for lactating dairy cows, in which a negative
linear relationship between body condition and RQUICKI was found
(Holtenius & Holtenius, 2007). However, it is not known how well
RQUICKI reflects reduced insulin sensitivity in lactating dairy cows and there
is no gold standard for assessing insulin sensitivity in them. In calves,
RQUICKI values have been demonstrated to be correlated with the response
to an intravenous glucose tolerance test (Bossaert et al., 2009); however
Kerestes et al. (Kerestes et al., 2009) did not find RQUICKI values to be
correlated with insulin resistance in cows with ketosis and signs of puerperal
metritis. The usefulness of RQUICKI in cows with disease or reduced feed
intake merits further evaluation.

1.6.8 Cholesterol

Cholesterol is produced and degraded in the liver and is a precursor of
steroid hormones, vitamin D, and bile acids. Cell membranes and bile
micelles consist partly of cholesterol. Cholesterol is secreted into the blood
stream as VLDL, and low concentrations of cholesterol may impair the
transport of TAG from the liver (Holtenius, 1989). Cholesterol
concentrations are low at calving and increase slowly over the first weeks
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after calving (van Knegsel ef al., 2007; Cavestany et al., 2005). Low
cholesterol concentrations have been associated with metabolic disorders
(Itoh et al., 1998), hepatic lipidosis (Bobe et al., 2004; Grum et al., 1996),
and feed intake (Janovick Guretzky et al., 2006).

Excessive BCS decline in early lactation is associated with deep NEB. This
is not reflected in glucose concentrations, but cholesterol has been proposed
as a better predictor of energy balance in early lactation (Kim & Suh, 2003).

1.6.9 Aspartate aminotransferase

Aspartate aminotransferase is an enzyme present in the cytoplasm and in
mitochondria of several types of cells (e.g., hepatocytes and skeletal muscle
cells). The enzyme facilitates the conversion of aspartate and 2-oxogltatarate
to oxaloacetate and glutamate (Kaneko ef al., 2008). Only low
concentrations of the enzyme are present in the blood of healthy animals,
but concentrations of AST rise in cows around calving (Cavestany et al.,
2005; Geishauser et al., 1999). When there is cell damage or necrosis of fat-
infiltrated hepatocytes, the enzyme can leak into the bloodstream and
increased AST serum activity may be detected. Aspartate aminotransferase,
although not liver specific, is used to detect liver cell damage in cattle and
has been associated with liver cell damage and hepatic lipidosis (Bobe et al.,
2004; Komatsu ef al., 2002; Rehage et al., 1996).

1.6.10 Gilutamate dehydrogenase

Glutamate dehydrogenase, an enzyme present in hepatocyte mitochondria,
is necessary for urea synthesis in the conversion of glutamate to alpha-
ketoglutarate. In cattle, GD is liver specific and used to detect liver cell
damage (Kaneko et al., 2008). When there is cell damage or necrosis of fat-
infiltrated hepatocytes, the enzyme can leak into the blood stream and
increased serum activity GD of may be detected (Bobe ef al., 2004).
Increased GD concentration has been associated with hepatic lipidosis
(Rehage et al., 1996).

1.6.11 Haptoglobin

Haptoglobin is a species-specific acute-phase protein the levels of which rise
in response to trauma, inflammation, and infection (Earley & Crowe, 2002;
Hirvonen et al., 1999a; Hirvonen et al., 1999b; Skinner et al., 1991). In
healthy cattle, haptoglobin concentration is low and may be undetectable.
Haptoglobin concentrations rise at calving and stay elevated for a period
after calving (Hiss et al., 2009). Haptoglobin is synthesized by hepatocytes in
response to inflaimmatory cytokines. The major role of haptoglobin is to
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bind haemoglobin, thus preventing iron loss, formation of free iron radicals,
and renal damage. The haptoglobin level rises in response to assault and
reaches maximum concentrations within 24—48 hours, thereafter staying
elevated for up to two weeks (Petersen ef al., 2004). In chronic disease,
haptoglobin may be elevated for longer periods of time but at lower
concentrations than in acute disease. In addition to being an inflammatory
marker, haptoglobin has been proposed as an indicator of animal welfare in
pigs, a non-specific indicator of health in cattle, and may also be useful in
monitoring herds for subclinical disease (Hiss ef al., 2009; Pifneiro et al.,
2007; Petersen et al., 2004). Haptoglobin has also been proposed to affect
lipid metabolism or to react to hepatic lipidosis (Katoh & Nakagawa, 1999;
Uchida et al., 1993).
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2 Aims

Opwerall, this thesis aims to gain insight into the potential use of blood
parameters and BCS for cows to identify herds at risk of DA or ketosis and to
investigate herd-level risk factors for these disorders. The first hypothesis is
that there are metabolic differences between cows in herds with higher and
lower incidences of energy-related metabolic disorders. The second
hypothesis is that these metabolic differences should be possible to find by
studying herd means of BCS and blood parameters reflecting energy
metabolism, liver cell damage, and inflammatory processes in cows around
the time of calving and in early lactation. To accomplish this, the specific
aims were:

» to compare blood profiles that reflect energy metabolism, liver cell
damage, and inflammatory processes in dairy cows with and without DA
(Paper 1);

» to study how blood profiles that reflect energy metabolism, liver cell
damage, and inflammatory processes vary over time in relation to calving
in dairy cows with DA (Paper I);

» to assess variation in blood profiles that reflect energy metabolism, liver
cell damage, and inflammatory processes and BCS between dairy herds
with a long-term high incidence of DA or clinical ketosis (Paper II);

» to assess variation in blood parameters that reflect energy metabolism,
liver cell damage, and inflaimmatory processes and BCS over time in
relation to calving in dairy herds with a long-term high incidence of DA
or clinical ketosis (Paper II);
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> to assess the association of long-term high incidence of DA or clinical
ketosis in dairy herds with blood profiles that reflect energy metabolism,
liver cell damage, and inflammatory processes and BCS in the
periparturient period and early lactation (Papers II and III); and

> to assess housing, management, and feeding risk factors related to a high
long-term herd incidence of DA or clinical ketosis (Paper 1V).
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3 Materials and methods

This is an overview of the materials and methods used in the four field
studies included in this thesis, which were conducted between January 2005
and July 2007. Full descriptions of each study are found in papers I-IV.
Study I was an observational study at the individual cow level, studies I and
Il were observational studies at the herd level, and study IV was a case-
control study at the herd level; the same herds were used for studies II (five
herds), 111, and 1v.

Table 1. Overview of the studies included in this thesis. In studies II-IV, displaced abomasum (DA)
and clinical ketosis were used as herd-level indicators of the occurrence of metabolic disorders in the
transition period

Level Herd incidence of DA or ketosis

Study Objective Cow Herd High Low
I Blood profiles and BCS' for X

cows with or without DA 2-56

days pp’
II Blood profiles and BCS over X X

time in healthy cows 4 weeks

ap’ to 9 weeks pp
111 Blood profiles and BCS in cows X X X

4 weeks ap to 7 weeks pp
v Risk factors for DA or ketosis X X X
‘body condition score
*postpartum
‘antepartum
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3.1 Definitions and classification of herds

The following definitions of clinical ketosis, DA, and herd-level incidence of
DA or clinical ketosis were used:

» Clinical ketosis was defined as ketosis diagnosed by a veterinarian. The
diagnosis was most commonly based on case history, clinical
examination, and cow-side testing to verify presence of ketone bodies in
milk.

» Displaced abomasum was defined as a displacement of the abomasum
to the left or right (with or without suspected torsion in the case of
right-displaced abomasum), diagnosed by a veterinarian. The diagnosis
was based on clinical examination, including auscultation to locate the
characteristic metallic ping sounds found in cows with DA.

» A high herd-level incidence of DA or clinical ketosis was defined as
an incidence rate of DA or clinical ketosis (number of cows with either of
the two diagnoses divided by the average number of cows over the year)
above the 3" quartile in the Swedish National Animal Disease Recording
System (NADRS; Mork ef al., 2010; Emanuelson, 1988) during the year
before sampling and in at least one of the preceding two years. The 3"
quartiles were 0.04, 0.04 and 0.03 cases of DA or clinical ketosis per cow
per year for each of the three periods. Likewise, a low herd-level
incidence of DA and clinical ketosis was defined as an incidence rate
of DA and clinical ketosis below the 1" quartile in the NADRS during the
year before sampling and in at least one of the preceding two years. The
1" quartile was 0 cases of DA and clinical ketosis per year for each of the
three periods.

The final classification of herds with a high or low incidence diftered
between studies III and IV. In study III, an additional evaluation of disease
frequency occurred during the farm visit, and the incidence rate of DA and
clinical ketosis in the 12-month period when the farm visit took place
completed the classification. To be classified as a high-incidence herd, a
herd had to have 0.04 or more cases per cow per year of DA or clinical
ketosis in the 12-month period on which the herd was visited, whereas the
low-incidence herds had at most 0.01 cases per cow per year over that
period. Herds that did not meet the disease incidence criteria during the 12-
month period when they were visited, although they had high or low
incidences when selected for inclusion in the study, were classified as
inconsistent herds. In study III, the classification of herds was thus based on
the historical and present incidence of DA and clinical ketosis. In study 1V,
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only the historical incidence over the three year-period for the inclusion
criteria was used to classify the herds as having either a high or a low herd-
level incidence of DA or clinical ketosis.

3.2 Source population

Dairy herds enrolled in SOMRS were eligible for inclusion in all four studies.
In addition, the herds included in study II had to have more than 100 cows
and produce >9500 kg of energy-corrected milk (ECM) per cow annually.
Furthermore, the herds had to be located in either of two Swedish
provinces (Vistergotland and Uppland) and to have at least 6 cases of DA,
clinical ketosis, or both per 100 lactating cows within the year before the
study to be eligible for inclusion. In studies III and IV, herds had to have
more than 50 cows, be located in any of four provinces (Skane, Halland,
Vistergotland, and Uppland), and have either a high or low herd-level
incidence of DA or clinical ketosis, respectively.

In study I, the cows with DA and the controls were chosen by the
practicing veterinarians who did the field work. Fourteen veterinary
ambulatory practices across Sweden participated. In study II, practicing
veterinarians in the two provinces were asked to suggest eligible herds; the
first five eligible herds whose owners were asked to participate and agreed to
do so were enrolled. In studies 1II and IV, owners of all eligible herds were
asked to enroll their herds in the studies; all herds whose owners were
willing to participate were included.

3.3 Data collection and sampling

In all studies information about herd management, housing, and feeding
together with specific information about the sampled cows was gathered by
the visiting veterinarian using standardized questions. Herd-level data on
milk yield, herd size, and disease incidence as well as individual data such as
breed, calving date, parity, and diseases over the study period, were
retrieved from SOMRS and NADRS.

In studies I-III, the cows were clinically examined and blood samples
were drawn. Blood samples were collected from each cow in evacuated
tubes, both without additives and containing FluoridHeparin (BD
Vacutainer Systems, Plymouth, UK), and serum and plasma samples were
frozen within 8 hours and kept frozen until analysis. Both primiparous and
multiparous cows were included in the studies and samples from 1 day ap to
1 day pp were excluded.
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Figure 1. Location of the herds examined in studies I-IV. Triangles: herds in study I, White
circles: low-incidence herds in study IV, Black circles: high-incidence herds in study IV

In study I, dairy cows 2-56 days pp diagnosed with DA (n = 69) and up to
two healthy control cows (n = 104) in the same herds (n = 60) were
included. The body condition of the sampled cows was assessed as thin,
average, or over-conditioned.

Study 1I included 94 cows in five herds with a high incidence of DA and
clinical ketosis. The cows were blood sampled repeatedly at three-week
intervals from 4 weeks ap to 9 weeks pp. Each cow was sampled on at least
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two occasions (n = 326), A minimum of 15 cows were examined in each
herd. The BCS was assessed on a five-point scale with half-point increments
(Edmonson et al., 1989). The ap BCS was defined as BCS four weeks to one
day ap and BCS loss was defined as the difference between BCS ap and BCS
4—6 weeks pp.

In study 11, 943 cows (626 cows per herd) in 19 herds with high
incidence of DA and clinical ketosis, 15 herds with low incidence, and 26
herds with inconsistent incidence were included. The cows were blood
sampled once and their BCS was assessed on a five-point scale (Edmonson et
al., 1989). The samples included 10% of the cows in each herd up to a
maximum of 25 cows. In most herds, all eligible cows were sampled. In the
10 herds that contained more eligible cows than required, cows were
convenience sampled as they were found in the housing systems.

In study 1V, the same herds as in study III were included, classified
according to historical incidence as 40 high- and 20 low-incidence herds.
The study herds were visited during the stable season and the farmers were
interviewed using standardized questionnaires. The questions focused on
long-term housing, feeding, and management practices for the following
groups of animals: heifers in late gestation (i.e., the last 8 weeks before
expected first parturition), dry cows, and cows in the first 8 weeks of
lactation. The questions were similar for all cow groups.

3.4 Statistical analyses

Studies I-1II used linear mixed models for the data analyses and statistical
significance was assessed at p < 0.05. Aspartate aminotransferase, BHB,
cholesterol, GD, glucose, haptoglobin, insulin, and NEFA were used as
outcome variables in studies I-III. In addition, fructosamine was included as
an outcome variable in studies I and II, BCS was included in studies II and III,
and RQUICKI was included in studies I and III. The predictor variables used
in the models in each study were chosen based on biological plausibility.
Study T assessed the association between the blood parameters and cows with
or without DA. In DA cows, additional analyses were performed to evaluate
the effects of symptom duration and medical treatment. Study II assessed the
association of the blood parameters and BCS with time in relation to calving
in five herds with a high incidence of DA or clinical ketosis. Study III
assessed the association of the blood parameters and BCS with a high or low
herd-level incidence of DA or clinical ketosis. The inconsistent herds were
retained in the statistical models to increase the analytical power. Herd
identity was included as a random effect to account for the clustering of
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within-herd observations in studies I and III. In study II, only cows
represented by more than one observation were included and the repeated
with-in cow and with-in herd sampling was accounted for. In addition, the
proportion of cows included in study I (all cows) and study II (cows
sampled within certain timeframes) outside suggested reference ranges for
some of the blood parameters were calculated. In study III, receiver operator
characteristics (ROC) curves were constructed and area under the curve
(AUC) was determined to evaluate the association of glucose, insulin, NEFA,
cholesterol, and RQUICKI with being a high-incidence herd (Dohoo ef al.,
2009). Herd size and herd mean milk yield were tested non-parametrically
by means of a Kruskal-Wallis test.

Study IV used univariable and multivariable logistic regression models to
assess associations between herd-level risk factors and being a herd with a
high or low incidence of DA or clinical ketosis. In the multivariable model,
statistical significance was assessed using Wald’s test at p < 0.05. All one-way
interactions among variables in the final model were tested, but none was
found to be significant. One confounding variable was found and added to
the final model.

All statistical analyses were performed using the SAS statistical software
package (SAS Institute, Cary, NC, USA).
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4 Results

This section presents the main results of studies I-IV are; full presentations of
the study results are found in papers I-1V.

41 Herd characteristics

The mean herd size in study I was 84 cows and the milk production was
9501 kg ECM per cow per year. In study 11, the herds had 150-300 cows and
produced 9500-11,500 kg ECM per cow per year. Recorded cases of DA and
clinical ketosis in the herds varied between 3.0% and 9.4% in the 12-month
period preceding the last herd visit. Two herds had fewer than 6 cases of the
two diseases per 100 cows.

In study 11, high-incidence herds were significantly larger (mean 123
cows) than the low-incidence herds (mean 74 cows). Herd mean milk
production was significantly higher in high-incidence herds than in low-
incidence herds (10,471 and 9077 kg ECM per cow per year, respectively).

In study 1V, high-incidence herds were larger (mean 125 cows) and had a
higher milk production (9818 kg ECM per cow per year) than did the low-
incidence herds (mean 72 cows and 9308 kg ECM per cow per year,
respectively). Most herds were kept in loose housing systems. In the herds
with component ration feeding, concentrates were fed separately 3—12 times
daily. Most herds were SH (32 herds), or consisted of mixed breeds (20
herds), while SR herds (8 herds) were less common (defined as an SH or SR
herd if >80% of the cows were of one breed). Most herds used prophylactic
measures to avoid hypocalcaemia and to increase blood glucose in the
transition period.
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4.2 Clinical signs and treatments in cows with DA

In most of the 69 DA cows examined in study I, general condition was
reported as mildly (n=31) or moderately (n=29) disturbed. A reduced feed
intake was reported in all cows with DA. Thirty-seven per cent of the cows
had symptoms of DA for 1-3 days, 34% had symptoms for 4-7 days, and
28% had symptoms for 8-26 days. Seventy-two per cent of the DA cows had
at least one other disease in the period from 1 week ap to 1 week after
sampling. Seventy-two per cent of the DA cows were treated in the last
week before sampling, i.e., before diagnosis of DA, with one or more of the
following: calcium orally or intravenously, oral infusions to increase blood
glucose, corticosteroids systemically, and antibiotics.

4.3 Body condition score

In study I, body condition was reported as thin (42% DA cows vs. 5%
controls), average (51% DA cows vs. 81% controls), and overconditioned
(6% DA cows vs. 8% controls). In study II, all herds had a mean BCS above
3.5 ap and only 11% of the cows had a BCS of 3 or lower ap. All the cows
with a BCS loss of 1.0 or greater (n = 21) had a BCS of 4 or higher ap except
for two cows. In study III, no differences in mean BCS values between high-
incidence and low-incidence herds were found ap (mean 3.8 for high-
incidence herds and 3.7 for low-incidence herds) or pp (mean 3.1 and 3.0).
The proportion of cows with a BCS of 4.5-5 ap differed (p = 0.04) between
high-incidence herds (20%) and low-incidence herds (8%). The range (10"
to 90" percentiles) of BCS 1-2 weeks ap was 3—4.5 for high-incidence herds
and 3—4 for low-incidence herds. Proportion of cows included in study III
with a BCS above 3.5 ap is shown in Table 2.

4.4 Blood parameters

In study I, DA cows had significantly higher concentrations of NEFA, AST,
GD, and haptoglobin and lower concentrations of insulin and cholesterol
than did control cows. A tendency towards lower RQUICKI (p = 0.056)
values was found, but glucose and fructosamine were not significantly
different between DA cows and controls. For insulin, NEFA, BHB,
cholesterol, AST, GD, and haptoglobin, statistically significant differences in
serum concentrations between DA cows and controls were found in one or
more sampling period. Symptom duration and medical treatment were not
significantly associated with any of the blood parameters.
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In study 11, statistically significant differences between the herds were
found in concentrations of NEFA ap and pp, insulin ap, cholesterol pp, and
haptoglobin pp. In study 1II, glucose concentration ap and cholesterol
concentration pp were significantly higher, and RQUICKI pp was
significantly lower in high- than in low-incidence herds. Tendencies for
concentrations of glucose, NEFA, and insulin to be higher pp in high- than
low-incidence herds were evident. The range (10" to 90" percentiles) of
NEFA 1-3 weeks pp was 0.15 to 1.23 mmol/L for high-incidence and 0.19
to 0.82 mmol/L for low-incidence herds. The proportions of cows in
studies I and III with blood values outside suggested reference ranges are
shown in Tables 2 and 3.

Table 2. Proportions of cows with blood values outside suggested reference ranges, among sampled cows
in herds with high or low incidence of displaced abomasum or clinical ketosis (study III)

Cows in high- Cows in low-

incidence herds incidence herds
Parameter’ Reference range and time span” n % n %
Glucose <3.0 mmol/L day 2-21 pp° 60/108 56 45/80 56
NEFA >0.4 mmol/L day 14-2 ap’ 21/69 30 5/34 15
NEFA >0.7 mmol/L day 10-20 pp 14/58 24 8/40 20
BHB >1.4 mmol/L day 5-50 pp 41/212 19 33/146 23
BCS >3.5 in cows ap 56/98 57 23/52 44
Cholesterol ~ <2.0 mmol/L day 2-21 pp 10/108 9 12/80 15
AST >2.2 pkat/L day 2-21 pp 3/108 3 4/80 5
GD >250 pkat/L day 2-21 pp 9/108 8 7/80 9
Haptoglobin ~ >0.5 g/L day 2-21 pp 34/108 31 30/80 38

‘NEFA, non-esterified fatty acids; BHB, betahydroxybutyrate; BCS, body condition score;
AST, aspartate amino transferase; GD, glutamate dehydrogenase

*Glucose, NEFA pp (Whitaker, 2004)

NEFA ap reference range according to Whitaker (Whitaker, 2004) and time span according
to Oetzel (Oetzel, 2004)

BCS (Edmonson ef al., 1989)

BHB (Oetzel, 2004)

Cholesterol (Van den Top ef al., 2005; Holtenius et al., 1986)

AST (Kaneko et al., 2008)

GD Reference according to Clinical Pathology Laboratory, University Animal Hospital,
SLU, Uppsala (Personal communication B. Jones)

Haptoglobin reference range according to study II

‘Pp postpartum

‘ap antepartum
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Table 3. Proportions of cows with displaced abomasum (DA) and healthy controls with blood parameter
values outside suggested reference ranges. All cows in study I sampled 2—56 days postpartum have been
included

DA cows n=69 Control cows n=104

Parameter’ Reference range’ n % n %
Glucose <3.0 mmol/L 41 59 64 63
Glucose >3.5 mmol/L 16 23 3 3

NEFA >0.7 mmol/L 69 100 26 25
BHB >1.4 mmol/L 44 64 31 30
Cholesterol <2.0 mmol/L 24 35 5 5

AST >2.2 pkat/L 31 45 2 2

GD >250 pkat/L 26 38 24 23
Haptoglobin >0.5 g/L 44 64 21 20

‘NEFA, non-esterified fatty acids; BHB, betahydroxybutyrate; AST, aspartate amino
transferase; GD, glutamate dehydrogenase

*Glucose, NEFA (Whitaker, 2004)

BHB (Oetzel, 2004)

Cholesterol (Van den Top ef al., 2005; Holtenius et al., 1986)

AST (Kaneko et al., 2008)

GD Reference according to Clinical Pathology Laboratory, University Animal Hospital,
SLU, Uppsala (Personal communication B. Jones)

Haptoglobin- reference range according to study II

4.5 Test characteristics for herd-level biomarkers

To evaluate the association of RQUICKI, glucose, insulin, NEFA, and
cholesterol with being a herd having a high incidence of DA or ketosis
(study III), AUC for ROC curves was determined. Before calving, glucose had
an AUC of 0.67. In the first 3 weeks pp, the AUC for RQUICKI was 0.70,
while the AUC for glucose (0.57), insulin (0.57), and NEFA (0.61) were
lower than for RQUICKI. In weeks 4-7 pp, the AUC for RQUICKI and
cholesterol were 0.61 and 0.63, respectively.

4.6 Risk factors for displaced abomasum and ketosis

Herd size was confounded by stall system (classified as tie-stalls, cubicles
with automated milking-systems, cubicles with milk parlour), so stall system
was added to the final logistic regression model. Tendencies for a higher
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maximum daily milk yield in multiparous cows (defined as the highest
amount of milk in kg ECM per day the most high-yielding multiparous cows
produced according to the farmer) and larger herd size (defined as number
of cows in the herd) were associated with being a high-incidence herd,
where the association with maximum daily milk yield was non-linear.
Compared with the overall median herd size in the study (77 cows), the
odds of being a high-incidence herd were 0.4 times lower (95% confidence
interval (CI) 0.2—1.1) at the 25" percentile (58 cows) and 9.8 times higher
(CI 0.9-112) at the 75" percentile (130 cows). At the 25" percentile (50 kg
ECM per cow-day) of maximum daily milk yield among multiparous cows,
the odds of being a high-incidence herd were 0.9 times lower (CI 0.6—1.5)
than at the overall median in the study (53.8 kg), while at the 75" percentile
(60 kg) they were 1.9 times higher (CI 0.1-3.8). Not cleaning the feeding
platform for the heifers daily (classified as daily cleaning or less frequently
than daily cleaning) and keeping all cows in one group in the dry period
(classified as one group or more than one group) were also associated with
being a high-incidence herd. The odds ratio (OR) for being a high-
incidence herd when all cows were kept in one group in the dry period was
8; if the heifer feeding platform was not cleaned daily the OR for being a
high-incidence herd was 12.
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5 Discussion

5.1 Cows with DA

In study I, cows with DA were studied to establish their blood profiles.
Cows with DA and healthy controls were sampled in the same herds, at the
same time, and at the same stage of lactation. In other studies, DA cows have
been sampled after transport to a clinic (Komatsu ef al., 2002; Itoh et al.,
1998; Rehage et al., 1996) while control cows have been sampled in the
original herds or even in other herds (Zadnik, 2003; Itoh ef al., 1998;
Muylle et al., 1990). Therefore, comparisons of blood parameters in cows
with and without DA may not be valid. Some studies have used reference
values for comparisons instead of control cows (Stengirde & Pehrson, 2002;
Hirvonen & Pyorild, 1998; Rehage et al., 1996). Transport, change of
management, and change in feed can affect several blood parameters, and DA
and control cows should therefore be sampled under similar conditions.
Because the cows in study I were sampled in their home herds, effects of
differences in feeding and stress were kept to a minimum. Thus, the
differences noticed in blood parameters between cows with and without DA
will reflect changes due to the disease, and not other stress related factors.

5.1.1 Blood parameters reflecting energy metabolism in DA cows

In study I, a larger variety of blood parameters were also studied compared
with earlier studies, including RQUICKI, insulin and fructosamine. A
tendency for lower RQUICKI was found in cows with DA. The lower values
may indicate decreased insulin sensitivity. However, the cows with DA had
lower concentrations of insulin than control cows, and there was no
difference in glucose and fructosamine concentrations between DA and
control cows. The fructosamine concentrations indicated that glucose
concentrations had been similar for cows with DA and controls prior to the
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diagnosis of DA. Even though there were no differences in mean glucose
concentrations, there was a larger span, and also a larger proportion of cows
with DA with glucose concentrations >3.5 mmol/L, compared with glucose
concentrations for control cows. Presumably, DA may not cause any
consistent changes in plasma glucose concentrations. A reduced feed intake
leads to a rapid decrease in glucose and insulin concentrations (Agenis ef al.,
2003), whereas stress, for example related to pain, may result in high glucose
concentrations. Insulin sensitivity is difficult to assess in cows that are off
feed, and results in insulin, glucose, and fructosamine concentrations do not
contradict that DA cows may have reduced insulin sensitivity.

5.1.2 Effect of time on blood parameters in cows with DA

The effect of time in relation to calving on blood profiles for cows with DA
was also studied (study I). For most blood parameters related to energy
balance, differences between DA and control cows were similar over time.
In early lactation, major alterations in energy related biomarkers for
metabolism may be expected because the drive to sustain lactation is strong
(Herdt, 2000a). Later in lactation, cows instead respond with down-
regulation of milk synthesis in response to disease or deficient nutrient
intake, and this may result in a less pronounced response in metabolic
biomarkers. On the other hand, cows diagnosed later in relation to calving
might have had a longer period of disease before diagnosis and thus a
substantially disturbed blood profile would be expected.

5.1.3 Symptom duration and other diseases in cows with DA

In agreement with another study (Stengirde & Pehrson, 2002), a large
proportion of the cows with DA in study I had symptoms for more than 4
days before day of diagnosis, and 26% of the cows had symptoms already at
calving. In addition, 42% of the cows with DA had a low BCS, also
indicating a long duration of symptoms because extensive weight loss has
been associated with DA (Ostergaard & Grohn, 1999). Symptom duration
was not significantly associated with any of the blood parameters, possibly
because all cows with DA had a reduced feed intake

Seventy per cent of the cows with DA in study I had concurrent or
previous diseases, which is in agreement with other studies (Stengirde &
Pehrson, 2002; Rohrbach ef al.,, 1999). Haptoglobin concentrations were
increased in DA cows compared with control cows and may be useful in
determining if there are other disorders that need treatment. It would be
advantageous to diagnose cows with DA earlier in relation to onset of
symptoms to improve animal welfare and reduce economic losses due to
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BCS loss and milk reduction in cows with DA. Blood analysis of haptoglobin
may be one way to find cows in need of extra attention earlier than with
only animal inspections. This is in accordance with notions to use acute
phase proteins to monitor for subclinical disease (Petersen ef al., 2004).

5.2 Markers of metabolism in herds with DA or clinical ketosis

5.2.1 Blood parameters reflecting energy metabolism

In study 111, differences in metabolism were found between cows in herds
with high incidence of DA or clinical ketosis and cows in herds with low
incidence. These differences were most pronounced in RQUICKI, but were
also found for glucose, NEFA, insulin, and cholesterol. The mean value of
RQUICKI pp was lower for high-incidence herds than for low-incidence
herds. The RQUICKI is used in humans to assess insulin sensitivity and a
lower RQUICKI indicates decreased insulin sensitivity (Rabasa-Lhoret ef al.,
2003; Perseghin et al., 2001). A similar relationship was recently shown in
calves (Bossaert et al., 2009). Few studies in lactating cows have been carried
out. In one study, a negative linear relationship was demonstrated between
RQUICKI and body condition in lactating dairy cows (Holtenius &
Holtenius, 2007) and overconditioned cows have been shown to have a
decreased insulin sensitivity or a reduced insulin response (Holtenius et al.,
2003; Rukkwamsuk et al., 1999¢; Rukkwamsuk et al., 1998). In another
study, the RQUICKI values were not correlated with insulin sensitivity in
cows with ketosis and signs of puerperal metritis (Kerestes et al., 2009).
Results from studies I and II suggest that RQUICKI is most useful in
apparently healthy cows, and could be used both at the individual or at the
herd level to find cows or herds in need of interventions. Further research in
lactating dairy cows to determine the usefulness, and if RQUICKI measures
insulin sensitivity in lactating dairy cows is advocated.

5.2.2 Effect of milk yield and herd size

The herds in study III with a high incidence of DA or clinical ketosis were
larger and had a higher average milk production than the herds with a low
incidence. The metabolic differences may be partially explained by
differences in milk yield, feeding or management factors. In the risk factor
study (1V), herd size, high individual daily milk yield, but not average herd
yield, were found to be risk factors for DA and clinical ketosis. The average
milk yield in high-incidence herds in study Il was higher than the average
milk yield in high-incidence herds in study IV. The average milk yield in
low-incidence herds in study III was lower than the average milk yield in
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low-incidence herds in study IV. The herds included in study III had a one
year longer history of being high- or low-incidence herds than the herds in
study IV, and the apparent difference in association with milk yield in studies
I and IV implies that high average herd milk yield may be a risk factor in
herds with long-term high-incidences of DA or clinical ketosis. On the other
hand, the results in study IV implies that the mean level of herd milk yield
may be of less importance than the maximum milk yield of individual cows,
and a high maximum daily milk yield is most influential in the development
of DA and ketosis. A high maximum daily milk yield will probably result in
a deeper or more long-lasting negative energy balance around calving and
could therefore be more stressful for the cow.

Several studies have found a high milk yield to increase the risk of DA or
ketosis at an individual level (Fleischer et al., 2001; Constable et al., 1992;
Grohn et al., 1989) and herd level (Constable et al., 1992; Grohn et al.,
1989; Coppock, 1974), but others have found no such association
(Rohrbach ef al., 1999; Rajala & Grohn, 1998; Grohn et al., 1995; Martin et
al., 1978a). Conflicting results may be explained by differences in feeding
and management, as well as an effect of the disease on current lactation,
confounding the effect of milk yield.

In study 111, cholesterol concentrations were higher in high- than in low-
incidence herds. This, along with a higher average milk yield in the high-
incidence herds, indicated a higher feed intensity in the high-incidence
herds than in the low-incidence herds. In addition, lower cholesterol
concentrations were found in cows with DA compared with control cows in
study I and variability in cholesterol concentrations was found among high-
incidence herds pp in study II. Cholesterol concentrations have been
associated with feed-intake (Janovick Guretzky et al., 2006). Cholesterol
could potentially be useful as an indicator of feed intake the first weeks of
lactation in herds where it is difficult to determine feed intake, for example
in systems with ad lib feeding strategies and/or TMR, but further research is
needed before specific recommendations can be given.

5.2.3 Proportions of cows outside reference ranges

In other countries, proportions of cows with NEFA and BHB outside
reference ranges are used to evaluate energy balance or to find subclinical
ketosis at the herd level (Oetzel, 2004). In study III, the proportion of cows
outside given reference ranges were different between the herd categories.
Oetzel (2004) have suggested alarm levels at 10% of the sampled cows above
the reference ranges for NEFA ap (0.4 mmol/L) and BHB pp (>1.4 mmol/L),
respectively. A higher overall proportion of cows in high-incidence herds
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were above the suggested reference range for NEFA ap, compared with low-
incidence herds. However, both herd categories had more than 10% of the
sampled cows above the alarm level for prepartum negative energy balance.
Neither mean values nor proportion of cows above reference range diftered
for BHB, between high- and low-incidence herds, but both herd categories
had more than 10% of cows with BHB concentrations above the alarm level
for subclinical ketosis. Determination of BHB is recommended to find herds
with subclinical ketosis (Oetzel, 2004), but seems less useful under Swedish
conditions. Differences in feed composition between Sweden and other
countries may be an explanation to why differences in BHB concentrations
were not detected between high- and low-incidence herds in study III
Reference ranges for NEFA and BHB may need to be established for Swedish
conditions before proportions of cows are applicable in herd health work.

5.2.4 Blood parameters associated with liver cell damage

Mean concentrations of AST and GD were similar in high- and low-
incidence herds (study III) and among high-incidence herds (study 1I). The
blood parameters were thus not useful at the herd level to find herds with
liver cell damage and possible occurrence of hepatic lipidosis. In study I, the
concentrations of AST and GD were elevated in cows with DA, and these
enzymes can be used to find individual cows with liver cell damage, possibly
indicating hepatic lipidosis. In addition, the concentrations of NEFA and BHB
were increased in the cows with DA and increased concentrations of BHB
and NEFA in the blood, have been associated with hepatic lipidosis (Bobe et
al., 2004; Grum et al., 1996).

5.3 Blood parameters and BCS as tools on cow and herd level

Blood parameters and BCS can be used to find herds at risk for subclinical or
clinical manifestations of metabolic disorders, or to monitor energy
metabolism (Quiroz-Rocha et al., 2009; Macrae et al., 2006; Mulligan et al.,
2006; LeBlanc et al., 2005; Eckersall & Conner, 1988). In most countries
national disease data bases are not available and it is uncommon that disease
records are kept in all dairy herds. As a consequence, disease incidence is
unknown. When incidence data are not available or under circumstances
where the validity of disease records is uncertain, blood parameters may be
an alternative way of monitoring herd health. In addition, records of disease
incidence may more be a reflection of the past health status, while
diagnostics based on blood metabolites reflect the current status.
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The usefulness of blood profiles on herd level is, however, influenced by
factors such as disease incidence, management and feeding routines, and
level of milk production.

There is a large between country variability in these aspects which needs
to be considered. Swedish dairy herds have a fairly low disease incidence,
especially of DA and clinical ketosis, a high average milk yield, and cows are
kept indoors during the winter season. The usefulness of blood sampling to
find herds at risk for metabolic disorders may be questionable in a situation
with low disease incidences. In addition, blood sampling must be carried out
by veterinarians under Swedish legislation, and some of the parameters in a
blood profile, for example insulin, may be expensive to analyze because they
are not part of a routine analysis in many laboratories.

5.8.1 Usefulness of blood parameters

Study II showed that there were differences in blood parameters and BCS
among herds with a high incidence of DA or clinical ketosis. Insulin ap,
NEFA ap and pp, cholesterol pp, BCS in dry cows, and body condition loss in
early lactation were found useful to identify problem areas in herds with
metabolic disorders. Elevated NEFA concentrations can be used to pinpoint
problem areas in the herd, and to give advice on in what animal groups to
focus on to improve herd performance. The results in study III indicated
that mean blood values of RQUICKI, glucose, NEFA, insulin, and cholesterol
identified differences in metabolism at the herd level under Swedish
conditions. Mean concentrations of haptoglobin were not different between
the herds in study II or between herd categories in study III. However, cows
with DA had increased haptoglobin concentrations in study I. The studies in
this thesis suggest that haptoglobin can be useful in individual cows to find
cows with an inflammatory response, but less so at the herd level to find
problem herds.

The variability in blood profiles among high-incidence herds indicated
that it may be difficult to assess differences in blood profiles between high-
and low-incidence herds with singles blood parameters. Blood profiles
should be used as a complement to examinations and evaluations of feeding
and management in herd health work.

5.3.2 Usefulness of RQUICKI

In the ROC analysis in study III, the predictive value for RQUICKI for 1-3
weeks pp was higher than for each of the parameters included in the index
(NEFA, glucose, insulin; paper Ii1). This implied that RQUICKI may be a
more sensitive marker of metabolic imbalances than separate evaluations of
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glucose, insulin, and NEFA. The advantage, however, is only slight, as
exemplified by the positive predictive value (i.e. the proportion of test-
positive cows correctly identified as being in a high-incidence herd) of 0.15
for RQUICKI (assuming a prevalence of 10%) versus 0.12 for NEFA (the
second best indicator); the corresponding negative predictive values (i.e. the
proportion of test-negative cows correctly identified as being in a low-
incidence herd) were 0.95 for RQUICKI and 0.94 for NEFA, respectively.
Before the RQUICKI can be used in preventive herd health work, further
research into how to improve the test characteristics, for example by
selecting sub-populations of herds or animals for testing or by targeting
specific periods after calving, is necessary.

By serial interpretation of test results from several cows, sensitivity for
RQUICKI can be improved, although the risk for false positive test results
will increase. Likewise, specificity can be improved, but with an increased
risk of false negative test results, with a parallel interpretation of test results
from several cows. By erroneous classification of cows in a high-incidence
herd, clinical disease may become manifest with consequences for animal
welfare as well as economic losses. The costs due to left-sided DA and ketosis
have been estimated in USA, in 1997, to 340 USD and 145 USD, respectively
(Kelton et al., 1998).

5.4 Risk factors for DA or ketosis

The risk factors for being a herd with a high incidence of DA or ketosis
identified in study IV were all biologically relevant. An increasing milk yield
is something most farmers strive for and herd size is increasing for
economical reasons. These two risk factors are thus not easily influenced
although there are discussions about the most profitable level of milk yield
not necessarily being the highest possible. Larger herd size was not found to
be a risk factor for either DA or ketosis in an earlier study (Erb & Grohn,
1988).

Not cleaning the feeding platform daily increased the odds of being a
high-incidence herd twelvefold. Suboptimal feed bunk management and
feed freshness prepartum have previously been shown to be a risk factor for
DA (Cameron ef al., 1998).

The advice to clean the feeding platform on a daily basis is highly
relevant, easy to explain and possible to implement in all herds. However,
cleaning the feeding platform may also be a proxy for good overall
management. In herds where priority is given to cleaning the feeding
platform, the herdsmen may also strive for good feed hygiene and feed
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availability. In addition, close and frequent observation of cows during the
work day probably facilitates early detection of sick cows and may have a
positive effect on herd health.

Keeping all dry cows in one group increased the odds of being a high-
incidence herd eightfold. It is of utmost importance to ensure proper feed
rations and accessibility to feed for all dry cows. Several factors associated
with overfeeding dry cows have been shown to predispose for DA and
ketosis (Rukkwamsuk ef al., 1999a; Correa ef al., 1990). When keeping dry
cows in one group, there is an obvious risk that far-off dry cows are overfed
and close-up dry cows are underfed because of the higher energy demand
closer to parturition and the common practice to lead-feed close-up dry
cows, thereby giving all cows in the group access to more energy-dense
feed. In addition, feed access may be limited in larger cow groups.
Depending on the housing system, it can be difficult to change number of
groups with dry cows.

Statistical power is a point of concern in studies with a limited number of
study objects. In study 1V, relatively large differences were needed for
statistically significant differences to be found and thus, more subtle
differences in potential risk factors may not have been detected. The lack of
significant associations should therefore be viewed with caution.

5.5 Metabolic disorders

In studies II-1V, DA and clinical ketosis were considered marker diseases for
the complex of energy-related metabolic disorders around calving and in
early lactation. Displaced abomasum and clinical ketosis were chosen
because they require veterinary treatment. Ketosis can be prevented by
prophylactic treatment in dairy herds, but cases of clinical ketosis that need
medical treatment are treated by veterinarians and should be reported to the
NADRS. The incidence of veterinary treated ketosis, however, most likely
underestimates the true incidence of clinical ketosis. Several risk factors are
similar for DA and ketosis and the diseases have been shown to interrelate
and to be associated with other disorders in the transition period (Erb &
Grohn, 1988). Ketosis can be both a risk factor for and a consequence of DA
(Curtis et al., 1985). Examples of other metabolic disorders are hepatic
lipidosis and hypocalcemia (Bobe et al., 2004; Goff & Horst, 1997), and
disorders with a presumed metabolic component are retained placenta,
udder edema, subclinical rumen acidosis and laminitis (Kleen et al., 2003;
Goft & Horst, 1997; Nocek, 1997; Grohn et al., 1989).
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Results from study I confirmed that DA and subclinical ketosis were
common findings in the same herds. The suggested cut-point for excessive
concentrations of BHB in cows with subclinical ketosis varies between
authors (Oetzel, 2004; Whitaker, 2004; Nielen ef al., 1994), but using a cut-
point of 1.4 mmol/L (Duffield ef al., 2009), 64% of the DA cows and 30% of
the healthy controls in study I had a subclinical ketosis. Subclinical ketosis
was found to increase the risk for both DA and clinical ketosis (Duffield et
al., 2009; Duffield, 2000). The assumption to use these two diseases as a
marker for metabolic disorders seems reasonable.

5.6 Change in blood profiles- cause or effect

A point of discussion is whether the disorders with a metabolic component
are caused by a change in metabolism, or if the disease itself causes a change
in metabolism. Studies that show differences in blood parameters before the
disease is clinically manifest indicate that there are differences in markers of
metabolism before the diseases are diagnosed (Quiroz-Rocha et al., 2009).
Increases in concentrations of NEFA, BHB and AST of the same magnitude as
in DA cows in study I have been found in cows that later developed DA
(LeBlanc et al., 2005; Van Winden et al., 2003; Geishauser et al., 1997). This
implies that some of the changes may last over some time, related to other
diseases foregoing the DA or to early stages in the development of DA.
Indeed many of the DA cows in study I had a long duration of symptoms
before the DA was diagnosed. The changes prior to diagnosis in NEFA and
BHB may be caused by excessive NEB (Van Winden et al,, 2003). In
addition, metabolic changes were found at the herd level (papers II and I1I),
indicating that cows in herds where metabolic disorders were more
common indeed had a compromised metabolism.

5.7 Methodological considerations

5.7.1 Assessing blood parameters in dairy cows

When assessing blood parameters in dairy cows, there are several sources of
variation, for example, between animal-handling regimes, between sample-
handling regimes, and between laboratory methods. Thus, comparing blood
parameters between cows and herds, and between studies, is challenging.

To minimize bias, blood sampling procedures and analysis methods were
standardized in each of the studies in this thesis. In study I, DA and control
cows were sampled at the same time, in their own herds. In studies II and
111, the herds were sampled after feeding, as recommended in earlier studies,
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to avoid diurnal variation (Whitaker, 2004; Eicher et al., 1999). These
recommendations apply to herds fed concentrates twice daily; since none of
the herds in studies II and III was fed concentrates only twice daily, diurnal
variation was probably less pronounced. Another recent study of cows fed
TMR found diurnal variation in NEFA concentrations, but less variation in
BHB (Quiroz-Rocha et al., 2010). The authors concluded that consistency in
sampling time relative to feeding time was important to be able to compare
blood results. In addition, glucose, NEFA, and BHB concentrations have been
found to rise in response to the mild stress associated with handling (Leroy et
al., 2009; Nielsen et al., 2003). Cows in studies II and III were confined
immediately before sampling and stress was kept to a minimum.

5.7.2 Selection bias

Misclassification can be present in the studies included in this thesis if there
are discrepancies between farmer records of diseases and those registered at
NADRS for the study herds. In a validation study of disease records for
Swedish herds, overall completeness of the NADRS was estimated to be 71—
75%, though the completeness for metabolic disorders was found to be
higher, and DA incidence rates estimated from farmer records (0.9 cases per
100 cow-years) and from the NADRS (0.8) were not statistically significantly
different (Mork et al., 2010; Mork ef al., 2009). Corresponding incidence
rates for the category clinical ketosis and inappetence were 1.5 cases per 100
cow-years in farmer recordings and 1.4 cases in the NADRS. At the herd
visit, the disease incidences for DA and clinical ketosis were double-checked
with the herdsman and low-incidence herds did not have cases of DA or
clinical ketosis. Hence, for metabolic disorders and DA and clinical ketosis
specifically, the incidences in NADRS can be considered reliable, so high-
and low-incidence herds were most likely classified correctly.

The herds included in studies III and IV had to meet inclusion criteria
based on incidence rates over three years. This limited the possible number
of study herds and all eligible herds whose owners were willing to
participate were included. In addition, in most herds, all eligible cows were
blood sampled. A random selection of herds or cows was not possible in any
of the studies, which may reduce the external validity of studies III and IV.
However, on the basis of geographical location, herd size, and milk
production, the herds examined in all four studies were representative for
Swedish average- to high-producing dairy herds with more than 50 cows.
Such herds will be the dominant future type in Sweden, so inferences to the
target population, i.e., Swedish dairy herds enrolled in SOMRS with more
than 50 cows, can be drawn, but with caution.
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In studies III and IV, there was moderate interest among herd owners to
participate. However, the willingness was similar for both high- and low-
incidence herds, approximately 30%, and should thus not have introduced
any bias.

5.7.3 Information bias

The same investigator visited all the herds in studies 1I-1v, and herd-level
data were collected through interviews and observations to ensure that all
herds were evaluated similarly and that misunderstanding regarding
questions were avoided.

The high-incidence herds examined in studies II-IV could have a
combination of cases of DA and clinical ketosis. It was thus possible for herds
with only one of the two diseases to be included in studies III and IV.
Furthermore, because both DA and ketosis are multi-factorial diseases,
manifest problems in a herd may have various aetiologies. This could have
led to a heterogeneous classification of high-incidence herds, which makes it
less likely to find differences between high- and low-incidence herds. The
diseases used to categorize herds and the variability in risk factors may
contribute to a non-differential misclassification biasing the association
measure towards the null hypothesis.

5.7.4 Statistical methods

Linear mixed models were used in studies I-1II. The use of linear mixed
models made it possible to control for differences in factors such as breed
and parity that may affect the results of blood parameters. In addition,
clustering within herd and within cows (i.e., between repeated sampling
occasions, study II) could be taken into account in the modelling.

All blood parameters and BCS were modelled separately; however, the
parameters likely co-vary because they are somewhat related to the same
biological processes. It is therefore possible that modelling a combination of
parameters is more useful than modelling each parameter separately. An
approach to the statistical modelling where several blood parameters are
included may thus be advantageous and should be addressed in future
research.
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6 Conclusions

>

Opverall, this thesis aims to gain insight into the potential use of blood
parameters and BCS for cows to identify herds at risk of DA or ketosis and
to investigate herd-level risk factors for these disorders.

There were distinct differences in blood profiles between cows diagnosed
with DA and healthy control cows, indicating a severe NEB, liver cell
damage, and an inflammatory response.

In DA cows, no significant differences were found in blood parameters at
different time intervals from calving.

Many cows with DA had a long duration of symptoms before the DA was
diagnosed. They also had other diseases before or at the same time as the
DA were diagnosed.

Mean blood concentrations in cows from dairy herds with a long-term
high-incidence of DA, clinical ketosis or both, differed in parameters
estimating energy metabolism including RQUICKI, NEFA, insulin,
glucose, and cholesterol, in the periparturient period and early lactation
versus in cows in low-incidence herds.

There were variations in BCS and blood profiles among herds with a high
incidence of metabolic disorders, therefore it may be possible to further
pinpoint distinct problem areas within the herd.

The most important time periods to sample cow to assess metabolism

were before calving and in early lactation, in accordance with earlier
work.

51



» RQUICKI may be a tool with which to identify specific problem herds.

» High maximum daily milk yield in multiparous cows, large herd size,
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keeping all dry cows in one group, and not having daily routines to clean
the feeding platform were found to be risk factors for a herd having a
high incidence of DA, clinical ketosis or both.



7 Recommendations for farmers, advisors
and veterinarians

» Both BCS and change in BCS from calving to 6 weeks pp can be used as
monitoring tools the first weeks of lactation.

» Avoid overconditioned dry cows, i.e. BCS 4 or higher.
» Avoid excessive BCS loss from calving to 6 weeks pp.

» For the individual cow, blood parameters such as NEFA, BHB,
cholesterol, AST, GD and haptoglobin can be useful to assess cow health.

» Haptoglobin is an inflammatory marker that may be useful to find cows
that need extra attention in the transition period.

» At the herd level, NEFA concentrations can be used to screen dairy herds
to find cows with a compromised energy metabolism. High
concentrations of NEFA in blood indicate excessive adipose tissue

mobilization.

» A large proportion of cows with DA had symptoms more than 4 days.
Strive for an early diagnosis and treatment.

» Do not keep all cows in one group during the dry period.

» Clean the feeding table daily.
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8 Future research

As dairy farming undergoes changes in housing, management, feed, and the
genetic material of the dairy cows, higher milk production levels than
today’s can be anticipated. In the future, the transition period will become
an even greater challenge for the dairy cows and farmers to get through
without the cow succumbing to diseases related to NEB. Hence, further
research into metabolism, metabolic disorders, and effective prophylactic
measures is needed.

8.1 Studies of biological markers of metabolism

» Further studies to determine whether fructosamine (or other long-term
measures of glucose concentration) is useful in dairy cows for
determining long-term glucose concentrations would be of interest.

» Around the time of calving, decreased insulin sensitivity in peripheral
tissue is part of the physiological adaptation to a glucose-sparing state in
the cow (Bell, 1995). Further studies of detrimental effects of decreased
insulin sensitivity and the usefulness of RQUICKI to detect and possibly
quantify the degree of decreased insulin sensitivity in lactating dairy cows
is advocated.

» By preselecting herds or individuals, the diagnostic value of RQUICKI
may be further improved.

8.2 Studies of metabolic disorders

» The studies in this thesis, as well as earlier studies, indicate that early
changes related to DA may be evident several days before the disease is
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manifested. To learn more about the pathogenesis of DA and other
metabolic disorders, maybe cows should be studied in the dry period or
even in late lactation. It would be of particular interest to sample blood
from cows that later develop a DA or other metabolic diseases. However,
such studies are difficult to carry out in countries with low incidences of
the diseases.

Displaced abomasum is a multifactorial disease with an economic impact
in herds in which the incidence is high. In the USA, the economic losses
due to left-sided DA were estimated to 340 USD as of 1997 (Kelton et al.,
1998). It would be useful to study the productivity and survival of cows
treated for DA and their daughters, to assess whether it is economic to
treat and breed cows diagnosed with DA.

Another area of key interest is depressed immune function in cows
around the time of calving and its relationship to metabolism. Further
studies to elucidate how metabolism and immunology are associated with
reproduction could potentially improve animal welfare in the transition
period.

8.3 Studies of risk factors for metabolic disorders

>
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Future herds will likely be larger than current herds and will be housed
in cubicle systems. Larger herd size implies less time spent per cow and
new solutions for management, feeding, and housing. Sweden has a high
proportion of AMS systems, so it would be useful to identify risk factors
for metabolic disorders in herds managed using AMS. By matching
production level and herd size between high- and low-incidence herds,
further knowledge may be attained.

Feed factors such as suboptimal chemical composition, physical structure
or hygienic quality may all contribute to an increased risk for metabolic
disorders. Further studies to elucidate this area would be very useful.



9 Popularvetenskaplig sammanfattning

Lopmagsfdrskjutning och ketos hos svenska mjélkkor
Blodprofiler och riskfaktorer

9.1 Bakgrund

I samband med kalvningen forindras fSrutsittningarna for kon. Hon gir frin
att vara sinlagd och driktig till att producera mjolk. Efter kalvningen okar
energibehovet flerfaldigt vilket medfor att kon hamnar 1 en negativ
energibalans. Det beror pd att kon inte kan ita tillrackligt for att ticka
energibehovet for underhillet av kroppen och for mjolkproduktionen. For
att ticka energibehovet anvinds reservenergi fran fettdepaer och muskulatur.
En viss negativ energibalans dr normalt men vid kraftig negativ energibalans
Okar risken for att kon skall bli sjuk.

Till idmnesomsittningssjukdomarna  riknas till exempel 16pmags-
forskjutning, ketos, leverforfettning och kalvningstérlamning. Det finns
ocksd sjukdomar som delvis beror pid imnesomsittning, till exempel
kvarbliven efterbérd och livmoderinflammation. Lopmagstorskjutning och
ketos utgor ungefir 2 % av behandlingsorsakerna hos notkreatur.

Alla sjukdomar har stor betydelse for kon. En sjukdom Okar risken for att
hon skall insjukna dven 1 andra sjukdomar. Genom att forebygga sjukdomar
i stillet for att behova akutbehandla sjuka kor okar djurvilfirden och
arbetsinsatserna kan liggas pd andra arbetsuppgifter dn sirbehandling av sjuka
kor.

For att kunna bedriva forebyggande arbete krivs kunskaper om vad som
orsakar dmnesomsittningssjukdomar och en effektiv 6vervakning av
hilsoldget 1 besittningarna. Redan idag anvinds forekomst av sjukdomar och
andra hjilpmedel for att underlitta &vervakningen av hilsoliget 1
besittningen. Syftet med studierna som ingir i denna avhandling var att
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undersdka om blodprofiler och hull gir att anvinda for att utreda
imnesomsittningsstorningar 1 svenska besittningar. Riskfaktorer for
16pmagstorskjutning och ketos pa besittningsniva undersoktes ocksa.

9.2 Sammanfattning av studier och resultat

Studierna utférdes under 2005 och 2006 i svenska mjolkkobesittningar. I tre
av studierna studerades hull och blodvirden som avspeglar energiomsittning,
skador pa leverceller, inflaimmationer och ett amnesomsittningsindex
(RQUICKI) som anvinds pd manniska for att bedéma insulinkinslighet.

I studie I jimfordes blodvirden mellan 69 kor med 16pmagstorskjutning
och 104 friska kor 1 samma besittningar och 1 samma laktationsstadier.
Besittningarna hade 1 medeltal 84 kor och producerade 9501 kg
energikorrigerad mjolk (ECM). Resultaten visade att det var stor skillnad 1
markorer for amnesomsittning hos kor med 16pmagstorskjutning och friska
kontroller. Blodanalyserna visade att kor med [6pmagstorskjutning var i djup
negativ energibalans och mobiliserade stora mingder kroppsfett. Vidare hade
de en okad andel skadade leverceller och en hégre grad av inflammationer i
kroppen. Cirka 70 % av korna i studien hade eller hade haft minst en annan
sjukdom tillsammans med 16pmagstorskjutningen.

Det ir ibland svirt att uppticka 16pmagstorskjutning pd grund av att
symptomen ir ospecifika. Minga av korna hade haft symptom mer in tre
dagar innan de fick sin diagnos. Flera kor var magra och har troligen
minskat 1 vikt under sjukdomen. Det ir viktigt med en tidig diagnos och
behandling av korna for att minimera tiden med stdrd imnesomsittning.
Flera  blodparametrar ~ kan  vara  virdefulla  att  undersoka;
inflammationsmarkéren och markérer for energiomsittning och skadade
leverceller kan anvindas for att beddma kons allminstatus.

[ studie II studerades 5 besittningar med hog forekomst av
16pmagstorskjutning och ketos. Nittiofyra friska kor provtogs var tredje
vecka frin 4 veckor innan kalvning till 9 veckor efter kalvning.
Besittningarna hade frin 3 till 9,4 % 16pmagsforskjutningar och ketoser.
Besittningarna hade mellan 150 och 300 kor och en myjolkavkastning pa
9500-11500 kg ECM. Samtliga besittningar hade sinkor som var Over
medelhull (minst 4 pd en femgradig skala). Dessa kor forlorade mer 4n en
hullpoing frin sinperioden till 4—6 veckor efter kalvning. Det fanns
skillnader 1 blodprofiler mellan besittningarna som visade att kor i vissa
besittningar borjade bryta ner fettreserver redan innan kalvningen medans
andra kor anvinde sina fettreserver forst efter kalvningen. Besittningarna
med kor som borjade bryta ner fett innan kalvningen underutfodrade
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troligen sina kor under sinperioden. Resultaten visade att det gir att anvinda
blodparametrar bade for att hitta och for att forebygga hilsostdrningar 1
besittningar.

[ studie IIT jamfordes medelvirden frin 943 kor 1 besittningar med hog
(19 stycken) eller lig (15 stycken) forekomst av 16pmagsforskjutning eller
ketos. Besittningar med hog forekomst hade minst 4 fall av
16pmagstorskjutning eller ketos per 100 kor och besittningar med lig
forekomst hade som mest 1 fall av sjukdomarna per 100 kor under tva till tre
ir innan studien. Proverna togs under perioden 4 veckor innan kalvning till
9 veckor efter kalvning. Det fanns skillnader i blodprofiler som miter
imnesomsittning hos kor 1 besittningar med hog forekomst av
l6pmagstorskjutning eller ketos jaimfort med besittningar med lig forekomst
av sjukdomarna. Bland annat var RQUICKI ligre de forsta veckorna efter
kalvningen 1 besittningarna med hog forekomst av de tvd sjukdomarna.
Besittningarna med hog forekomst av sjukdomarna hade 1400 kg ECM
hogre medelmjdlkavkastning och fler kor (10471 kg ECM och 123 kor 1
medeltal) dn besittningarna med lig forekomst (9077 kg ECM och 74 kor i
medeltal). Resultaten visade att det fanns skillnader 1 dmnesomsittningen
mellan besittningskategorierna.

[ studie 1V studerades riskfaktorer for hog forekomst av 16pmags-
forskjutning eller ketos. Fyrtio besittningar med hog forekomst och 20
besittningar med lig forekomst &ver en tidsperiod pd tre ar undersoktes.
Personalen besvarade frigor om avkastning, inhysning, utfodring och
skotsel.  Djurgrupperna som frigorna gillde var forstakalvare de sista
veckorna innan kalvningen, sinkor och kor 1 tidig laktation. Besittningarna
med hog forekomst av 16pmagstorskjutning och ketos hade en avkastning pa
9818 kg ECM och i medeltal 125 kor. Besittningarna med lig forekomst
hade en avkastning pid 9308 kg ECM och i medeltal 72 kor. Fyra riskfaktorer
hittades. Hogre daglig toppavkastning hos ildre kor och storre
besittningsstorlek 6kade risken for en besittning att ha hoég forekomst av
16pmagsforskjutning eller ketos. Om alla sinkor holls 1 en grupp 1 stillet for i
flera grupper och om foderbordet inte sopades dagligen for hogdriktiga
kvigor 6kade oddsen for besittningen att vara en hogriskbesittning med 8
respektive 12 ginger. Resultaten visar att skotsel av sinkorna och
foderhygien ir viktiga omraden 1 besittningsarbetet.

9.3 Slutsatser

Blodprofiler kan anvindas pi individnivd for att bedoma graden av
fettnedbrytning, levercellskador och inflammation hos kor. P sd vis gir det
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att hitta individer som behover extra tillsyn. Pi besittningsnivi kan
blodprofiler ge information om och nir eller 1 vilka grupper korna bryter
ner Overdrivna mingder av sina fettreserver. Hull kan vara anvindbart 1
besittningar for att hitta feta kor till exempel under sinperioden eller for att
hitta kor som minskar snabbt 1 hull och som behdver extra omvirdnad.
Riskfaktorerna for hog forekomst av 16pmagstorskjutning eller ketos var
kopplade till storre besittningsstorlek, hogre avkastning och skotselfaktorer
som kan tinkas vara vanligare i stora besittningar dir mindre tid finns per
djur. Daglig rengoring av foderbordet minskade risken. Troligen pd grund
av forbittrad foderhygien. Daglig rengéring av foderbordet ir ett enkelt rad
som kan genomforas i alla Sveriges besittningar. Att hilla alla sinkor i en
grupp Okade risken. Troligen pd grund av bristande foderstyrning vilket
leder till att sinkor blir feta. Eftersom mjolkavkastning och besittningsstorlek
troligen kommer fortsitta att 6ka i Sverige 4r det viktigt att komma fram till
forebyggande dtgirder som kan minska forekomsten av imnesomsittnings-
sjukdomar i perioden kring kalvningen.
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