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(57) Abstract: The present invention relates to methods and systems for predicting the risk of physiological imbalance in an animal,
including measuring for specific risk indicators, such as glucose and isocitrate, and how information on physiological imbalance can
be used for decision on whether prediction of the risk of the animal entering into a sub-clinical or clinical disease state or reproduct -
ive status is relevant. The present invention is giving the basis for future automated proactive feeding management systems for secur -
ing optimal performance, reproduction and welfare through maintaining physiological balance that will reduce risk of diseases.
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METHOD AND SYSTEM FOR IDENTIFICATION OF PHYSIOLOGICAL
IMBALANCE IN AN ANIMAL

Technical field of the invention

The present invention relates to methods and systems for predicting the risk of
physiological imbalance in an animal. As an example, the animal may be a cow.
The methods and systems of the invention rely on a sample of a body fluid of the

animal, such as urine, blood or milk.

Background of the invention

Animal production systems have been steadily increasing production output over
the past decades. For example, the amount of milk produced per cow per year has
increased continually over recent decades. The increases in animal production
systems are primarily due to improvements in genetics, nutrition, and
environmental management. However, this increase in production has resulted
reduced reproductive performance and increase in e.g. mastitis incidence and the
problem of sub-clinical diseases such as e.g. fatty liver and ketosis is probably as
big as previously. Although management and treatment for diseases has
improved over the past few decades, farmers still lack accurate and reliable
methods for identifying risk animals that will allow the farmer to take preventive
measures, such as e.g. changing input factors (e.g. feeding) to the animal.

A system has been suggested to predict e.g. health state. US2008255763
discloses systems and methods for observing and predicting a physiological state
of an animal. The physiological state of an animal, such as the animal's health
state, is determined from a comparison of a pattern in measured parameters, i.e.
sample values, and a reference pattern (or a reference parameter value) which is
typical for healthy animals and a pattern which is typical for animals suffering
from a certain disease, respectively. Once an aggregation of data covering all
physiological states to be observed or predicted is available, probabilities of a
particular animal belonging to the various states is determined.
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Summary of the invention

Prior art has focused on systems and methods for observing and predicting a
physiological state of an animal. The present invention is focusing on the situation
of marked deviations in physiological parameters may lead to a general increased
risk of disease and reduced performance or reproduction and that prevention of
these deviations will prevent the risk of disease and reduced performance and/or
reproduction for that animal.

The inventors of the present invention have realized that early detection for
physiological imbalance and subsequent prevention of this physiological imbalance
can help prevent an animal from entering into a physiological state that relates to

sub-clinical or clinical diseases or suboptimal performance and/or reproduction.

Thus, an object of the present invention relates to a method for predicting the risk
of physiological imbalance in an animal.

In particular, it is an object of the present invention to provide a system for
predicting the risk of physiological imbalance in an animal.

Thus, one aspect of the invention relates to a method for predicting the risk of
physiological imbalance in an animal, said method comprises the steps of:

(i) repetitively providing at least one sample from a body fluid obtained

from the animal;

(ii) determining the concentration or amount of a first risk indicator present
in the sample, the first risk indicator may be selected from the group
consisting of free glucose, glucose-6-phosphate, glucose-1-phosphate, free
galactose, UDP-glucose, UDP-galactose, glycerol 3-phosphate, beta-
hydroxybutyric acid (BHBA), isocitrate, citrate, malate, , 2-oxo-glutarate,
isocitrate dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde 3-
phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase, lactate,
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cholesterol, non-esterified fatty acids (NEFA), milk protein, milk fat, and

milk lactose;

(iii) determining the rate of change and/or the level of change of the first
risk indicator;

(iv) comparing said rate change and/or level change with one or more
reference patterns of said first risk indicator, in order to predict the risk of
physiological imbalance in the animal.

Another aspect of the present invention relates to a system for predicting the risk

of physiological imbalance in an animal, the system comprising:

a computer comprising a processor and being operatively connected to a
database,

at least one sample providing device for repetitively providing at least one
sample of a body fluid of the animal,

an analysis apparatus for:

(A1) determining the concentration or amount of a first risk
indicator present in the sample, the first risk indicator may be
selected from the group consisting of free glucose, glucose-6-
phosphate, glucose-1-phosphate, free galactose, UDP-glucose, UDP-
galactose, glycerol 3-phosphate, beta-hydroxybutyric acid (BHBA),
isocitrate, citrate, malate, 2-oxo-glutarate, isocitrate
dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
lactate, cholesterol, non-esterified fatty acids (NEFA), milk protein,
milk fat, and milk lactose;

(A2) optionally, determining the concentration or amount of at
least one second risk indicator present in the sample, the at least
one second risk indicator, is different from the first risk indicator and
may be selected from the group consisting of free glucose, glucose-
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6-phosphate, glucose-1-phosphate, free galactose, UDP-glucose,
UDP-galactose, glycerol 3-phosphate, beta-hydroxybutyric acid
(BHBA), isocitrate, citrate, malate, 2-oxo-glutarate, isocitrate
dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
lactate, cholesterol, non-esterified fatty acids (NEFA), milk protein,
milk fat, and milk lactose;

- a data interface for repetitively entering the concentration or amount of the

first risk indicator and, optionally, the at least one second risk indicator in the

database, wherein the database is adapted to store multiple database entries

representing the indicator at various points in time, and wherein the processor

is programmed to:

(P1) determine the rate of change of the first indicator and,
optionally, the at least one second indicator;

(P2) determine the level change of the first indicator and,
optionally, the at least one second indicator and,

(P3) compare said rate change and/or level change with one or
more reference patterns of said first risk indicator and, optionally,
the at least one second risk indicator, in order to predict the risk of
physiological imbalance in the animal.
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Brief description of the figures

Figure 1 shows descriptive statistics for milking data and variables measured in

milk,

Figure 2 shows data for glucose 6-phosphate and free glucose measured in 3232
milk samples from Danish Friesian and Jersey cows. Parity x race significantly
affected the glucose 6-phosphate as well as the free glucose content

(parity x race; p<0.001),

Figure 3 shows the comparisons between a colorimetric and a fluorometric
analytical method. Mean values (uM) and corresponding 0.05-0.95 inter percentile
were 581 (368 - 788) and 552 (363 - 770), for colorimetric and fluorometric
methods, respectively. The colorimetric and the fluorometric results were highly
correlated (r = 0.903),

Figure 4 shows a graphical representation of the concentration of glucose (a) and
glucose 6-phosphate (b) in milk as a function of days in milk (DIM, n = 3233),

Figure 5 shows blood glucose concentrations at weeks relative to parturition
(week = 0) for multiparous (i.e. parity > 1) Danish Red Holstein cows (n = 192)
including weekly mean and the 70% lower confidence limit,

Figure 6 shows weights for selected metabolites to be included in the model to
predict energy balance. Metabolites were weighted at each week via the absolute
value of the estimates generated from the regression model in Figure 9. For each
metabolite, the weight at each week was adjusted to a % relative to 100,

Figure 7 shows weekly Pearson’s correlations between degree of physiological
imbalance and calculated energy balance, milk yield, energy intake, or plasma
NEFA, BHBA and glucose for cows during the periparturient period,
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Figure 8 shows frequency distributions for cows that did or did not develop
disease during wk 1 (WEEK1; i.e. 0 — 7 DIM) or during wk 2 through 9 of lactation
(EARLYLACT),

Figure 9 shows regression coefficient estimates, standard error and the probability
that regression coefficient deviates from 0 for NEFA, glucose and BHBA as well as
information for the regression model selected to predict degree of physiological
imbalance based on between-cow variations in calculated EBAL from wk -4 to 9
relative to parturition.

Figure 10 shows the least square means (LSM), SEM and the standardized
differences (SDiff) for estimated between-cow variations in physiological
imbalance (PI), calculated energy balance (EBAL), and plasma concentration of
NEFA, BHBA and glucose at week -1 relative to development of metritis, retained

placenta or milk fever during the first week after parturition.

Figure 11 shows the least square means (LSM), SEM and the standardized
differences (SDiff) for estimated between-cow variations in physiological
imbalance (PI), calculated energy balance (EBAL), and plasma concentration of
NEFA, BHBA and glucose at week -1 relative to development of all diseases,

lameness, or mastitis during either the first week after parturition.

Figure 12 shows results from Project 3 regarding the differences in plasma
concentrations of glucose (A), non-esterified fatty acids (NEFA; B), beta-
hydroxybutyrate (BHBA; C), milk BHBA (D), milk glucose (E), daily milk yield (F),
liver triacylglycerol (TAG; G), and calculated energy balance (H) at time points
relative to dietary-induced physiological imbalance via nutrient restriction (h = 0-
96) in 47 Holstein cows in early (o), mid-(m), and late (A) lactation. *Differences
(P < 0.05) between cows in early and mid-lactation at any given time point.
*Differences (P < 0.05) between cows in early and late lactation at any given time
point. ©Differences (P < 0.05) between cows in mid- and late lactation at any

given time point,

Figure 13 shows the results from Project 3 regarding differences in percent

change in concentrations of various milk components at time points relative to
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nutrient restriction (h = 0-96) for 47 Holstein cows in early (A) and later lactation

(B),

Figure 14 shows results from Project 3 regarding differences in concentrations of
plasma glucose (A), plasma non-esterified fatty acids (NEFA; B), plasma beta-
hydroxybutyrate (BHBA; C), daily milk yield (D), milk BHBA (E), milk glucose (F),
calculated energy balance ([15]; G), and liver triacylglycerol (TAG; H) at time
points relative to nutrient restriction (0 - 96 h) from 12 Holstein cows in early
(Early; ¢) and mid-(Mid; o) lactation classified as having either the least (Normal;
solid lines) or greatest (Severe; dashed lines) degree of physiological imbalance
based on an index generated from plasma NEFA, BHBA, and glucose. *Differences
(P < 0.05) between normal and severe cows in early lactation at any given time
point. For cows in mid-lactation, no differences (P > 0.05) were observed

between normal and severe cows at any given time point,

Figure 15 shows results from Project 4 regarding the differences in concentration
of blood non-esterified fatty acids (NEFA; A), beta-hydroxybutyrate (BHBA; B),
glucose (C), and liver triacylglycerol (TAG; D) at weeks relative to parturition
(week = 0) for 8 Holstein cows classified as in physiological imbalance based on
liver TAG content at 7 days in milk, and

Figure 16 shows a flow diagram showing the preferred embodiment of the present
invention and the general design.

The present invention will now be described in more detail in the following.

Detailed description of the invention

The prior patent (US2008255763) disclosed systems and methods for observing
and prediction and physiological state of an animal. However, no clear definition
was given for physiological state. The prior art has focused on systems and
methods for observing and predicting a physiological state of an animal. Thus,
body fluids of animals, in particular milk, urine and blood have been analyzed in
order to obtain values of parameters, such as cell count in milk, lactate
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dehydrogenase (LDH), N-Acetyl-[beta]-D-glucosaminidase (NAGase), ketone
bodies such as acetoacetate, beta-hydroxybutyrate (BHBA) and acetone, urea
content, progesterone, or others, each of which by itself or in combination with
others indicates a certain physiological state. For example, a high LDH
concentration usually indicates mastitis, whereas the progesterone content is used
for estrus detection, pregnancy or cysts depending on concentration and changes

over time.

Prior to discussing the present invention in further details, the following terms and
conventions will first be defined:

In the present context, the term "animal characteristics” (characteristics that can
not be changed with time) should be understood as specific characteristics of the
animal, such as e.g. genus, species, breed (e.g. cattle breed), genotype, and sex.

In the present context, the term "physiological state" (characteristics that can
change with time) should be understood as a broad term covering a state of the
body or bodily functions, such as age, and parity, reproductive status (such as
non-estrus vs. estrus, non-pregnant (NP) vs. pregnant (P), productive status
(such as non-lactating (NL) vs. lactating (L)), and production relative to
production capacity (e.g. in relation to maximum genetic potential) and any

combinations of the former.

In the present context, the term environmental factors should be understood as a
broad term covering e.qg. production system, season, diet, regional or national
population differences.

In the present context, the term "physiological imbalance” should be understood
as situation where one or more parameters of an animal of certain animal
characteristics deviate from the normal at a given physiological state, and who
consequently have an increased risk of diseases (clinical or subclinical), reduced
production and/or reduced reproduction (Ingvartsen, 2006; Ingvartsen and
Friggens, 2005).
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A “deviation from the normal” should be understood as e.g. concentrations of
parameters in blood that are above or below the confidence limit (e.g. 70%) at
given physiological state in healthy lactating animals of given animal

characteristics (see example in Figure 5).

The inventors of the present invention have realized that bringing animals in
physiological imbalance in balance can prevent them from developing clinical or
sub-clinical diseases. Hence, contrary to prior art, the present invention focuses
on early identification and prevention of physiological imbalance that can thereby
severely reduce the number of animals developing clinical or sub-clinical diseases,
rather than detecting clinical disease after it has already happened, and acting

subsequently to that.

Furthermore, the inventors of the present invention have identified specific
indicators of physiological imbalance, making it possible to estimate the risk of or

degree of physiological imbalance.

Thus, one aspect of the invention relates to a method for predicting the risk of
physiological imbalance in an animal, said method comprises the steps of:

(i) repetitively providing at least one sample from a body fluid obtained

from the animal;

(ii) determining the concentration or amount of a first risk indicator present
in the sample, the first risk indicator may be selected from the group
consisting of free glucose, glucose-6-phosphate, glucose-1-phosphate, free
galactose, UDP-glucose, UDP-galactose, glycerol 3-phosphate, beta-
hydroxybutyric acid (BHBA), isocitrate, citrate, malate, 2-oxo-glutarate,
isocitrate dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde 3-
phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase, lactate,
cholesterol, non-esterified fatty acids (NEFA), milk protein, milk fat, and
milk lactose;
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(iii) determining the rate of change and/or the level change of the first risk

indicator;

(iv) comparing said rate change and/or level change with one or more
reference patterns of said first risk indicator, in order to predict the risk of
physiological imbalance in the animal.

A risk of physiological imbalance based on combinations of risk indicators may in
certain circumstances be parameterized to describe physiological imbalance better
than any individual risk indicator.

Hence, in one embodiment of the present invention, the method further comprises
the steps of:

(v) determining the concentration or amount of at least one second risk
indicator present in the sample, the at least one second risk indicator, is
different from the first risk indicator and may be selected from the group
consisting of free glucose, glucose-6-phosphate, glucose-1-phosphate, free
galactose, UDP-glucose, UDP-galactose, glycerol 3-phosphate, beta-
hydroxybutyric acid (BHBA), isocitrate, citrate, malate, 2-oxo-glutarate,
isocitrate dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde 3-
phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase, lactate,
cholesterol, non-esterified fatty acids (NEFA), milk protein, milk fat, and
milk lactose;

(vi) determining the rate of change and/or the level change of the at least

one second risk indicator;

(vii) comparing said rate change and/or level change with one or more
reference patterns of said first risk indicator and, optionally, the at least
one second risk indicator, in order to predict the risk of physiological

imbalance in the animal.
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Provided a prediction for the risk of physiological imbalance in the animal, makes
it possible to predict the risk of sub-clinical or clinical disease in an animal.

In one embodiment of the present invention, provided that the prediction, based
on the one or more risk indicator, indicates a risk of physiological imbalance in the
animal, further comprising the step of:

(viii) determining the concentration or amount of at least one disease

indicator present in the sample;

(ix) determining the rate of change and/or the level change of the at least
one disease indicator;

(x) comparing said rate change and/or level change with one or more
reference patterns of said at least one disease indicator, in order to predict
the risk of the animal entering into a sub-clinical or clinical disease state.

The variation in the risk indicator may be influenced by systematic factors such as
e.g. animal characteristics, physiological state, and environmental factors.

The risk of physiological imbalance in an animal may be determined from a
comparison of a pattern in measured parameters, i.e. sample values, and a
reference pattern (or a reference parameter value) which is typical for animals

with certain animal characteristics.

Hence, in another embodiment, the one or more reference patterns are based on

different physiological states.

In yet another embodiment, the one or more reference patterns are based on the
specific animal characteristics.

In a further another embodiment, the one or more reference patterns are based

on environmental factors
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The variation in the risk indicators may also be influenced by variation within a
particular embodiment listed above (e.g. within breed).

In yet another embodiment, the one or more reference patterns are based on

previous data obtained from the same animal.

In another embodiment of the present invention, the animal is selected from the

group of animal species consisting of ruminants.

In one embodiment of the present invention, the animal is selected from the

group of animal species consisting of non-ruminants.

In another embodiment of the present invention, the body fluid is selected from
the group consisting of milk, blood and urine.

As can be deducted from the example section, free glucose and isocitrate have
been identified as risk indicators in milk (Figure 13).

Regardless of stage of lactation, substantial changes (-38%) in milk free glucose
concentration and isocitrate (96%) were observed during nutrient restriction (0-
96 h). Furthermore, changes in milk free glucose and isocitrate were the most
rapid (i.e. significant changes by 24 h after nutrient restriction) when compared to
other milk components (i.e. glucose-6-phosphate and BHBA). In addition, free
glucose and isocitrate in milk were correlated to plasma glucose NEFA and BHBA
that are essentially the most important parameters in the index of physiological
imbalance described based on blood parameters.

Fat was highly correlated in milk (r =0.68; P < 0.001), and changes in milk fat
and milk yield have been associated with other diseases, such as mastitis (Moyes
et al., 2009).

As a direct consequence of free glucose as being a risk biomarker for physiological
imbalance, it is speculated that other parameters (metabolites or enzymes) from
the gluconeogenesis/glycolysis pathway may also function as such. Non-limiting
examples of parameters from the gluconeogenesis/glycolysis pathway are:
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glucose-6-phosphate, glucose-1-phosphate, glycerate 3-phosphate, lactose, UDP-
glucose, and UDP-galactose.

In a similar manner, as a direct consequence of isocitrate being a risk indicator for
physiological imbalance, it is speculated that other parameters (metabolites or
enzymes) from the Citric Acid Cycle (TCA Cycle/Krebs Cycle) or exports from the
TCA-cycle (e.g. citrate) may also function as such. Non-limiting examples of
parameters from the Citric Acid Cycle are: malate, isocitrate dehydrogenase,
malate dehydrogenase, and pyruvate carboxylase.

Other non-limiting examples of parameters relating to physiological imbalance
related to the hydrolysis/synthesis of TAG (glycerol 3-phosphate, milk fat), fatty
acid oxidation (NEFA), cholesterol biosynthesis (cholesterol), the protein
breakdown/synthesis (glutamate dehydrogenase and milk protein), liver damage
(aspartate aminotransferase and aldehyde dehydrogenase), and milk yield.

Risk indicators for physiological imbalance index

Fatty acids (NEFA) are products of lipolysis (i.e. breakdown of fat) and are also
substrates for lipogenesis (i.e. synthesis of fat). During periods of imbalance,
NEFA are released from fat tissue TAG, transported through the bloodstream, and
are used as an energy source by many tissues when glucose is limited. In the
liver, NEFA have 3 fates depending on energy needs, hormone balance, and
substrate availability and include 1) complete breakdown with the release of
energy via the tricarboxylic acid (TCA) cycle, 2) re-synthesized as TAG and stored
within the liver or the newly synthesized TAG are exported into blood to other
tissues, or 3) during periods of low blood glucose, breakdown of NEFA is
incomplete and NEFA are then converted into ketone bodies (i.e. BHBA) which are
released from the liver to the blood and can be used as an alternate energy
source by many tissues (e.g. kidney, heart, and skeletal muscle) when glucose is
low. Concentrations of blood NEFA and BHBA are associated with multiple
diseases. Since most diseases in the dairy industry are multifactorial, the use of
individual metabolites may not be the most optimal method to predict risk of
clinical disease for lactating dairy cows. The use of an index of physiological
imbalance based on a couple or several parameters (e.g. plasma NEFA, BHBA,
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glucose and cholesterol) and/or ratios between parameters, as well as calculated
or predicted energy balance, body weight and weight changes, and body condition
score or changes in body condition score may be more useful as indicators for
degree of physiological imbalance that will more accurately reflect e.g. the overall
metabolic status of cows throughout lactation than using changes in individual

parameters alone.

For results relating to the generation of an index for physiological imbalance, its’
relationship to risk of disease and risk indicators in milk for physiological
imbalance please see the ‘Examples’ section below.

As can be deducted from the examples section, glucose, BHBA, and NEFA have
been identified as risk biomarkers in blood and have been used to generate an
index for degree of physiological imbalance. However, e.g. when considering dairy
cows, these risk indicators are preferably measured in the milk, since samples can
be taken automatically during milking in a non-invasive manner. The inventors
have shown that the levels of glucose and BHBA in blood and milk are correlated.
We have concluded that free glucose and isocitrate in milk are potential
biomarkers for degree of physiological imbalance for cows during lactation.

Based on biochemical pathways coupled with laboratory capabilities, analyses in
blood and milk is expected to be possible for at least 5 proteins for use as
potential risk indicators for physiological imbalance (i.e. isocitrate dehydrogenase,
glutatmate dehydrogenase, malate dehydrogenase, glyceraldehyde 3-phosphate
dehydrogenase, and phosphoglucomutase).

In one embodiment of the present invention, the risk of physiological imbalance is
predicted by measuring free glucose as the first risk indicator.

In another embodiment of the present invention, the risk of physiological
imbalance is further predicted by measuring isocitrate as the second risk
indicator.

In yet another embodiment of the present invention, the animal is a cow predicted
in physiological imbalance based or a first and/or second indicator, and the health
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status such as risk of sub-clinical or clinical disease ketosis is identified by
measuring BHBA as a the second or the third risk indicator.

EMBODIMENTS OF THE PRESENT INVENTION

General Application of the Present Invention

In a preferred embodiment of the present invention the general design are as
shown in Figure 16. The models may have 4 or more major outputs: 1) an overall
risk of physiological imbalance presented to the user; 2) a calculation or indication
of when to take the next sample that feeds back to the analysis apparatus; 3) in
the case of high risk of physiological imbalance (PI; i.e. risk of PI > default risk
limit), additional analysis of disease indicators to determine the risk of a disease
state, e.g. sub-clinical or clinical ketosis; and 4) in the case of low risk of
physiological imbalance (i.e. risk of PI < default risk limit), additional analysis for

e.g. measurements of reproductive status (i.e. Ry; i.e. estrus vs. non-estrus).

Two modules generate these outputs: 1) using the information provided by the
signal(s), i.e. PI; and, optionally, PI,, coming from the analysing apparatus and
other additional risk factors (e.g. day in milk, body weight, and energy balance)
for generation of risk of physiological imbalance (i.e. output 1); and 2) using the
risk assessment generated by output 1 coupled with additional factors to
determine risk of clinical or sub-clinical disease such as e.g. ketosis (i.e. output 2)
or e.g. reproductive status (i.e. output 3). This structural separation is designed
to optimize analyses that reduce false positives for disease and improve
reproductive conception rates.

Another aspect of the present invention relates to a system for predicting the risk

of physiological imbalance in an animal, the system comprising:

- a computer comprising a processor and being operatively connected to a
database,

— at least one sample providing device for repetitively providing at least one
sample of a body fluid of the animal,

— an analysis apparatus for:
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(A1) determining the concentration or amount of a first risk
indicator present in the sample, the first risk indicator may be
selected from the group consisting of free glucose, glucose-6-
phosphate, glucose-1-phosphate, free galactose, UDP-glucose, UDP-
galactose, glycerol 3-phosphate, beta-hydroxybutyric acid (BHBA),
isocitrate, citrate, malate, lactate, 2-oxo-glutarate, cholesterol, non-
esterified fatty acids (NEFA), isocitrate dehydrogenase, malate
dehydrogenase, pyruvate carboxylase, glycogen phosphorylase,
glutamate dehydrogenase, glyceraldehyde 3-phosphate
dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
milk protein, milk fat, and milk lactose;

(A2) optionally, determining the concentration or amount of at
least one second risk indicator present in the sample, the at least
one second risk indicator, is different from the first risk indicator and
may be selected from the group consisting of free glucose, glucose-
6-phosphate, glucose-1-phosphate, free galactose, UDP-glucose,
UDP-galactose, glycerol 3-phosphate, beta-hydroxybutyric acid
(BHBA), isocitrate, citrate, malate, lactate, 2-oxo-glutarate,
cholesterol, non-esterified fatty acids (NEFA), isocitrate
dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
milk protein, milk fat, and milk lactose;

- a data interface for repetitively entering the concentration or amount of the

first risk indicator and, optionally, the at least one second risk indicator in the

database, wherein the database is adapted to store multiple database entries

representing the indicator at various points in time, and wherein the processor

is programmed to:

(P1) determine the rate of change of the first indicator and,

optionally, the at least one second indicator;
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(P2) determine the level change of the first indicator and,

optionally, the at least one second indicator and,

(P3) compare said rate change and/or level change with one or
more reference patterns of said first risk indicator and, optionally,
the at least one second risk indicator, in order to predict the degree

of or risk of physiological imbalance in the animal.

In one embodiment of the present invention, provided that the risk of
physiological imbalance (PI) is higher than the default limit, the processor is
further programmed to:

(P4a) predict the risk of the animal entering into a sub-clinical or

clinical disease state (Figure 16; output 3, e.g. ketosis.).

In another embodiment of the present invention, provided that the risk of
physiological imbalance (PI) is lower than the default limit, the processor is
further programmed to:

(P4b)  predict the reproductive status (Figure 16; output 4, e.q.
estrus detection especially for cows in early lactation).

In yet another embodiment of the present invention, the processor is further
programmed to:

(P4a) predict the risk of the animal entering into a sub-clinical or

clinical disease state.

In still another embodiment of the present invention, the processor is further
programmed to:

(P4b)  predict the reproductive status.
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In another embodiment of the present invention, the analysis apparatus is further

capable of:

(A3a) determining the concentration or amount of at least one
disease indicator present in the sample.

In yet another embodiment of the present invention, the processor is further

programmed to:

(P5a) determine the rate of change of the at least one disease

indicator;

(P6a) determine the level change of the at least one disease

indicator;

(P7a) compare the rate change and/or level of change of the at
least one disease indicator with one or more reference patterns of
said at least one disease indicator, in order to predict the health
status, e.g. the risk of the animal entering into a sub-clinical or
clinical disease state.

In another embodiment of the present invention, the analysis apparatus is further

capable of:
(A3b) determining the concentration or amount of at least one
indicator (e.g. progesterone) of reproductive status present in the
sample.
In yet another embodiment of the present invention, the processor is further
programmed to:
(P5b) determine the rate of change of the at least one indicator
(e.g. progesterone) of reproductive status;
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(P6b) determine the level change of the at least one indicator (e.g.
progesterone) of reproductive status;

(P7b) compare the rate change and/or level of change of the at
least one indicator (e.g. progesterone) of reproductive status with
one or more reference patterns of said at least one indicator of
reproductive status, in order to predict the reproductive status.

The term "univariate data analysis" refers to data analysis in which data relating
to a single variable are analysed. The univariate data analysis may comprise

analysis of correlated univariate variables.

The term "multivariate data analysis" refers to data analysis in which data relating
to at least two variables are analysed.

It should be understood that a result from the univariate or multivariate analysis
may be used as an input for further analysis. The further analysis may be
univariate or multivariate. For example, the output from a Principal Component
Analysis (PCA) may be used as an input for a State Space Model (SSM) or vice
versa or any other multivariate model approach.

In one embodiment of the present invention, the processor is programmed to:
perform at least one mathematical analysis of the at least one sample value, and
compare the at least one mathematical analysis with a pattern in measured
parameters in order to select, the point in time for providing a subsequent sample
and performing a subsequent analysis of said subsequent sample for at least one
of the parameters.

In another embodiment of the present invention, the mathematical analysis is a
statistical analysis.

In yet another embodiment of the present invention, the statistical analysis is a
univariate analysis of the database entries to obtain a first set of data



10

15

20

25

30

WO 2012/163361 PCT/DK2012/050186

20

representing expected sample values of at least one of the parameters at future

points in time.

In still another embodiment of the present invention, the statistical analysis is a
multivariate analysis of the database entries to produce a second set of data
derived from combined analysis of sample values of at least two parameters.

A non-limiting example on how to process the data is as follows:
For each risk indicator, outliers are excluded;

Repetitive data are smoothened to exclude random variation;
Change in slope and/or level is determined;

Change in slope is converted into a SlopeRisk;

Change in level is converted into a LevelRisk;

o u s wbhRE

Univariate risk is calculated based on SlopeRisk and LevelRisk.

If the prediction of risk of physiological imbalance is based on more than one risk
indicator (1-n) then:

Overall risk of physiological imbalance = f(univariate risk 1, ..., univariate risk n).

The inventors have realized that the concentration (molar) in milk of free glucose
and glucose-6-phosphate can be important markers for physiological imbalance in
a mammal. However, the inventors have found that the concentrations in milk of
free glucose and glucose-6-phosphate are not linearly related both under normal
conditions and under physiological imbalance. Hence, it is important to test the
two substrates independently of each other to obtain as much information as

possible.

In one embodiment, the method further comprises the step of combining the
indicator based risk with one or more additional risk factors in order to predict the
risk of physiological imbalance. Such combination may be performed as the sum
of indicator based risk of physiological imbalance and additional risk factor based
risk. Alternatively, multivariate determined risk of physiological imbalance based
on measured indicators and additional risk factors can be performed (see Figure



10

15

20

25

30

35

WO 2012/163361 PCT/DK2012/050186

21

16). Additional risk factor based risk may be predicted using univariate biomodels

or multivariate approaches.

Hence, in one embodiment, the processor in the system is programmed to
combine the indicator based risk with one or more additional risk factors in order
to predict the risk of physiological imbalance.

The Additional Risk Factor (ARF)

The crucial point about the Additional Risk Factor is that the risk of physiological
imbalance included here are not already included in the Indicator Based Risk, i.e.
any factor which can be measured in the body fluid of the animal should not be
included here. The elements that make up the ARF are described below, they
combine to give ARF.

Milk Yield (MY) (kg/day).

Acceleration in Milk Yield (MYAcc)

This is used as an index of the degree of physiological stress that the cow is
experiencing. MYAcc is a way of combining milk yield and days from calving which
we believe crystallises the components of these two factors which are relevant to
the physiological stress being experienced by the cow. MYAcc is highest
immediately after calving and is higher for higher yielding cows.

Given that there is a biometric model for milk yield then, in principle, the slope of
the smoothed milk yield curve i.e., acceleration in milk yield, is readily available.
Additionally, MaxAccM is a scaling constant is needed to give the level of

acceleration which will return a risk of 1.

Current Lactation Disease History (CLDHRiskM)

Here the distinction is made between diseases that indicate increased infection
burden (metritis, teat tramp, acidosis) and those which just add to the general
stress the cow is experiencing e.g. ketosis, milk fever, retained placenta and
other. For each of these, there is an increased risk of physiological imbalance on
the day of occurrence that then decays to zero over time.
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At any one time, there may be more than 1 disease risk in operation, these are
combined in the following way. Within each class of disease (infection vs general)
the greatest DisRiskM is chosen i.e. it is assumed that within class risks are not
additive. The overall current lactation disease history risk (CLDHRiskM) is the sum
of two DisRiskMs, the highest within each class.

Energy Status (EnStat)

In the situation where the nutritional environment is limiting, excessive
mobilisation of body energy reserves may occur putting pressure on the cow’s
physiological balance. Energy Status is a measure of this, it is also the output of
the Energy Status Model. It is expected that poor energy status will increase the
risk of mastitis physiological imbalance (among others). Thus, Energy Status is
included as an ARF.

In one aspect, the aim of the present invention is to provide a method for
determining the concentration of free glucose in a liquid comprising glucose and
glucose-6-phosphate, the method comprising the steps of:

1) bringing into contact with at least one liquid sample A, from a liquid
sample M at least one type of glucose-6-phosphate-dehydrogenase and
NAD(P), thereby producing 6-phosphogluconate and NAD(P)H2, wherein n
is a natural integer of at least 1;

2) bringing into contact with the at least one liquid sample A, at least one
type of NAD(P)H dehydrogenase and a fluorophore/chromophore precursor,
thereby producing a fluorophore/chromophore;

3) determining the concentration of glucose-6-phosphate in the at least
one liquid sample A, by detecting the amount produced of
fluorophore/chromophore and comparing it to a reference;

4) bringing into contact with at least one liquid sample B, from the liquid
sample M at least one type of hexokinase and adenosine triphosphate
(ATP), thereby converting free glucose into glucose-6-phosphate, wherein n
is a natural integer of at least 1;
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5) bringing into contact with at least one liquid sample B, from a liquid
sample M at least one type of glucose-6-phosphate-dehydrogenase and
NAD(P), thereby producing 6-phosphogluconate and NAD(P)HZ2;

6) bringing into contact with the at least one liquid sample B, at least one
type of NAD(P)H dehydrogenase and a fluorophore/chromophore precursor,
thereby producing a fluorophore/chromophore;

7) determining the concentration of glucose-6-phosphate in the at least
one liquid sample B, by detecting the amount produced of
fluorophore/chromophore and comparing it to a reference;

8) indirectly determining the concentration of free glucose in the liquid
sample M by subtracting the concentration in 6) with the concentration in
3).

In another aspect, the aim of the present invention is to provide a dry stick test
device for the determination of free glucose in a liquid sample comprising free
glucose and glucose-6-phosphate (such as a milk sample) by means of a chemical
assay, wherein said dry stick device is constructed in such a manner so as to
determine the amount of both glucose-6-phosphate and free glucose in a liquid
sample. The dry stick test device comprises:

(i) optionally a solid support,

(ii) at least one reagent pad A comprising at least one type of glucose-6-
phosphate-dehydrogenase, NAD(P), at least one type of NAD(P)H dehydrogenase
and a fluorophore/chromophore precursor,

(iii) at least one reagent pad B comprising at least one type of glucose-6-
phosphate-dehydrogenase, NAD(P), at least one type of NAD(P)H dehydrogenase,
at least one type of hexokinase, adenosine triphosphate (ATP) and a
fluorophore/chromophore precursor.
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Nicotinamide adenine dinucleotide, abbreviated NAD, is a coenzyme. The
compound is a dinucleotide, since it consists of two nucleotides joined through
their phosphate groups. One nucleotide contains an adenine base and the other

nicotinamide.

Nicotinamide adenine dinucleotide phosphate, abbreviated NADP, is a coenzyme.

NADP differs from NAD in the presence of an additional phosphate group on the 2'
position of the ribose ring that carries the adenine moiety. In the present context
the term “NAD(P)” means NAD and/or NADP.

In the present context the term “"NAD(P)H dehydrogenase” means NADH
dehydrogenase (EC 1.6.99.3) and/or NADPH dehydrogenase (EC 1.6.99.1).

The glucose-6-phosphate-dehydrogenase according to the present invention is
classified in IUBMB Enzyme Nomenclature as 1.1.1.49.

The hexokinase according to the present invention is classified in IUBMB Enzyme
Nomenclature as 2.7.1.1.

A fluorophore (or fluorochrome, similarly to a chromophore) is a fluorescent
chemical compound that can re-emit light upon light excitation.

A chromophore is the part of a molecule responsible for its color. The color arises
when a molecule absorbs certain wavelengths of visible light and transmits or
reflects others.

In the present context, a fluorophore/chromophore precursor is to be understood
as a molecule that upon reduction with at least one type of NAD(P)H produces a
fluorophore/chromophore.

Examples of fluorophore/chromophore precursors suitable in each specific assay
may be easily recognised by the person skilled in the art and may be introduced
into a dry stick test device according to the present invention.
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In an embodiment of the present invention the fluorophore/chromophore
precursor is selected from the group consisting of a tetrazolium salt; 4-
aminoantipyrine/3,5-dimethoxy-N-ethyl-N-(2-hydroxy-3-sulfopropyl)-aniline
sodium salt; 4-aminoantipyrine/1-naphthol-3,6-disulfonic acid-2-sodium salt; 4-
aminoantipyrine/N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine sodium salt; 4-
aminoantipyrine/1,7-dihydroxynaphthalene; 4-aminoantipyrine/3,5-dichloro-2-
hydroxybenzene sulfonate; Tetrazolium violet; 3,5-dinitrobenzoic acid; Copper
sulfate; N-1-naphthyl-N’-diethylenediamine-oxalic acid; Fast Red TR salt;
Bromocresol green; Bromophenol blue; Arsenazo III; 2-(3,5-dimethoxy-4-
hydroxyphenol)-4,5-bis(4-dimethylaminophenyl)-imidazole; Pyridylazo dye;
Magenta coupler dye; 1,5-bis(2-hydroxy-3,5-dichlorophenyl)-3-cyano formazan;
Copper tartrate; 3-methyl-2-benzothiazolinone hydrazone; N-propyl-4-(2,6-
dinitro-4-chlorobenzyl)quinolinium ethane sulfonate; Hydroxydiaryl imidazole; 2-
methoxy-4-morpholinophenyl diazonium tetrachlorozincate; 3,3’,5,5'-
tetramethylbenzidine; 4-aminophenazone/3,5-dichloro-2-hydroxybenzene
sulfonate; Primaquine diphosphate/3-methyl-2-benzothiazoline hydrazone; 2,5-
dinitrobenzoic acid; 2-(p-indophenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium
chloride; 3-hydroxy-1,2,3,4-tetrahydrobenzo-(h)-quinoline; or any derivative
thereof.

The samples to be analysed

In the present context, the term "a sample" relates to any sample found in the
form of liquid, solid or gas and which may be liquefied at the time of assaying. In
order to wet the porous material used in the development pad and/or in the at
least one reagent pad to permit migration, a liquid sample may be applied.
Furthermore, it is preferred that a minimum number of handling steps, of the
liquid sample is necessary before applying it to the dry stick test device. In the
present context, the term "handling steps” relates to any kind of pre-treatment of
the liquid sample before or after it has been applied to the assay device. This pre-
treatment comprises separation, filtration, dilution, distillation, concentration,
inactivation of interfering compounds, centrifugation, heating, fixation, addition of

reagents, or chemical treatment.

In an embodiment of the present invention the sample may be collected from a
mammal, preferably the mammal is selected from the group consisting of herd
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animals, cows, camels, buffaloes, pigs, horses, deer, sheep, goats, pets, dogs,

cats and humans.

In a preferred embodiment of the present invention, the sample can be derived
from any desirable source, however, it is preferred that the sample is selected
from the group consisting of milk, blood, serum, plasma, saliva, urine, sweat,
ocular lens fluid, cerebral spinal fluid, ascites fluid, mucous fluid, synovial fluid,
peritoneal fluid, amniotic fluid or the like.

Besides physiological fluids, other liquid samples such as various water samples,
food products and the like can be used. In addition, a solid test sample can be
used once it is modified to form a liquid sample, for instance in the form of a

solution, a suspension or an emulsion.

The inventors of the present invention have shown that oxamate inhibited
unspecific production of NAD(P)H most likely originating from the action of lactate
dehydrogenase (LDH, EC 1.1.1.27). Hence, in one embodiment the reagent pad A
and/or B further comprise an inhibitor of lactate dehydrogenase.

Oxamate is a well-known competitive inhibitor of LDH (Larsen, 2005) and it has
been used formerly in comparable assays to suppress LDH activity (Larsen &
Nielsen, 2005). Hence, in one embodiment the reagent pad A and/or B further

comprise oxamate.

In one embodiment, the dry stick test device further comprises a development
pad.

In another embodiment, the at least one reagent pad A and/or B provide a first
environment for said reagent(s), said first environment permitting an improved
storage stability of the reagent(s) and dry stick device when in a non-moistened
state, the dry stick device further comprising a regulating pad being in contact
with the at least one reagent pad A and/or B, wherein the regulating pad creating
a second environment for said reagent(s) when in a moistened state, said second
environment permitting an increased rate of reaction between the analyte and the

reagent(s), and wherein the condition in the first environment is provided by
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adjusting the pH-value to a value that deviates from the optimal pH-value of the
enzyme(s) and wherein the condition in the second environment is provided by
regulating the pH-value to a value that approaches the optimal pH-value of the
enzyme(s) and wherein the different environments have different pH-values.

One aspect relates to the use of a dry stick device according to the present
invention for the determination of free glucose and glucose-6-phosphate in a milk

sample.

Preparation of the dry stick

The dry stick device according to the present invention may be prepared by any
conventional methods provided for the preparation of dry stick devices. In a
preferred embodiment the method for providing a dry stick device according to
the present invention comprises the steps of:

(i) providing a reagent pad A by impregnating a first porous material
with an aqueous solution comprising at least one type of glucose-6-
phosphate-dehydrogenase, NAD(P), at least one type of NAD(P)H
dehydrogenase and a fluorophore/chromophore precursor, the at
least one reagent pad providing a first environment for said
reagent(s),

(ii) thereafter drying the reagent pad A,

(iii) providing a reagent pad B by impregnating a first porous
material with an aqueous solution comprising at least one type of
glucose-6-phosphate-dehydrogenase, NAD(P), at least one type of
NAD(P)H dehydrogenase, at least one type of hexokinase, adenosine
triphosphate (ATP) and a fluorophore/chromophore precursor, the at
least one reagent pad providing a first environment for said
reagent(s),

(iv) thereafter drying the reagent pad B,



10

15

20

25

30

35

WO 2012/163361 PCT/DK2012/050186

28

(v) providing a regulating pad by impregnating a second porous
material with an agueous solution comprising a second environment
for said reagent, when in a moistened state, permitting an increased
rate of reaction between the analyte and the reagent,

(vi) thereafter drying the impregnated second porous material, and

(vii) contacting the reagent pad with the regulating pad, optionally
on a solid support, to obtain the dry stick device.

The at least one reagent pad and the regulating pad may be contacted by
substantially fully overlapping the pads, by partial overlap of the pads or by laying
the regulating pad adjacent to at least one reagent pad. In an embodiment of the
present invention the arrangement of the pads may be selected in such a manner
to avoid precipitation of a sample component on the top face of the device. The
sample components that may precipitate can be selected from the group
consisting of proteins, carbohydrate, fat, cells, or other component present in the

sample.

In a preferred embodiment of the present invention the first environment may be
selected in such a manner as to favour the storage of the reagent(s) capable of
reacting with the analyte and providing a detectable signal — as described earlier.
Furthermore, the second environment may be selected in such a manner as to
favour the performance of the reagent(s) capable of reacting with the analyte and
providing a detectable signal — also as described earlier. Alternatively or
additionally the second environment may be selected in such a manner as to
favour the rate of reaction between the analyte and the reagent(s) capable of
reacting with the analyte providing a detectable signal - as described earlier.

The solid support

The device according to the present invention may be supported by a solid
support. In the present context, the term "solid support" refers to a material,
which has no influence on the migration or on the reaction of the liquid sample or
on reagent(s) or the agents capable of increasing the rate of the reaction. The
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solid support provides a stabilising basis for the assay device and provides
sufficient strength to maintain the desired physical shape and has substantially no
interference with the production of a detectable signal.

In one embodiment of the present invention, the material for the solid support is
selected from the group consisting of tubes, polymeric beads, nitrocellulose strips,
membranes, filters, plastic sheets and the like.

Naturally, synthetic and natural occurring materials that are synthetically modified
can be used as the material of the solid phase. Such materials include
polysaccharides, for instance cellulosic materials such as paper and cellulosic
derivatives, such as cellulose acetate and nitrocellulose, silica- orinorganic
materials, such as, for example, deactivated alumina, diatomaceous earth, MgSQO,4
or other inorganic finely divided material uniformly dispersed in a porous
polymeric matrix, wherein the matrix may comprise one or more polymers such
as homopolymers and copolymers of vinyl chloride, for instance, polyvinyl
chloride, vinyl chloride-propylene copolymer, and vinyl chloride-vinyl acetate
copolymer, cloth, both naturally occurring (for instance, cotton) and synthetic (for
instance, nylon), porous gels, such as silica gel, agarose, dextran, and gelatin,
polymeric films, such as polyacrylamide, and the like.

In an embodiment of the present invention, the solid support may be omitted
from the dry stick test device. In this case the dry stick test device comprises at
least one reagent pad and, optionally, a development pad. When performing a
determination of an analyte using a dry stick test device without a solid support,
the sample may by applied to the dry stick test device on one surface and the
detectable signal may be detected on the same or another surface, thus it is
preferred that any possible precipitation of sample components on the surface
where the detectable signal are to be detected may be limited or avoided.

The reagent pad

In the present context the term “reagent pad” relates to one or more pads
comprising a reagent or a combination of reagents. The reagent or the
combination of reagents may preferably be impregnated into the reagent pad in
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such a manner that the reagent or the combination of reagents is/are immobilised
when in dry state and mobile when in moistened state.

In the present context of the present invention the term “reagent” relates to the
chemical substance that reacts with or participate in or is necessary for the
determination of an analyte, a derivative of said analyte or an indicator compound
for said analyte to provide a detectable signal. A similar definition of the
combination of reagents may be provided which relates more specifically to 2 or
more reagents, such as 3 or more reagents, e.g. 4 or more reagents, such as 5 or

more reagents, e.g. 6 or more reagents.

In an embodiment of the present invention the dry stick test device comprises at
least 2 reagent pads, such as at least 3 reagent pads, e.g. at least 4 reagent
pads, such as at least 5 reagent pads, e.g. at least 6 reagent pads. In this
embodiment the reagents that reacts with or participate in or is necessary for the
determination of an analyte, a derivative of said analyte or an indicator compound
for said analyte to provide a detectable signal may be introduced into different
reagent pads. This may improve stability, storage properties and applicability of
the dry stick device because non-compatible compounds can be included in
different reagent pads of the dry stick device.

The development pad

In the present context, the term “development pad” relates to a pad capable of
regulating the environment and the conditions for the sample comprising the
analyte to an environment that facilitates the determination of the analyte, a
derivative of said analyte or an indicator compound for said analyte.

In an embodiment of the present invention, the development pad may comprise
one or more controlling compounds capable of increasing the rate of the reaction
between the analyte, a derivative of said analyte or an indicator compound for
said analyte present in the sample and the reagent(s). In an embodiment of the
present invention the controlling agent may be an acid or a base.

In yet another embodiment of the present invention, the development pad is in
contact with at least one reagent pad by substantially fully overlapping, by partial



10

15

20

25

30

35

WO 2012/163361 PCT/DK2012/050186

31

overlap or by laying adjacent to at least one reagent pad. In an embodiment of
the present invention the development pad is overlapping the at least one reagent
pad by at least 5%, such as at least 10%, e.g. at least 25%, such as at least
50%, e.g. at least 75%, such as at least 80%, e.g. at least 90%, such as at least
95%. In the present context the term “substantially fully overlapping” relates to
two separate pads (the regulating pad and the at least one reagent pad) being
placed on top of one another. In the present context the term “partial overlap”
relates to two separate pads (the regulating pad and the at least one reagent pad)
being overlapping with only part of the pad(s). A partial overlap of 100% relates
to a full overlap and a deviation of 5% from the 100% full overlap relates to a
substantially full overlap.

In an embodiment of the present invention the development pad and the at least
one reagent pad(s) are laying adjacent to one another. This means that the pads
are placed in contact with each other (touching each other). An overlap of 0%
(but in contact) relates to the term “laying adjacent”, furthermore, an overlap of
less than 5% is considered being within the term of “laying adjacent”, such as an
overlap of at the most 4%, e.g. an overlap of the most 3%, such as an overlap of
the most 2% or e.g. an overlap of the most 1%.

Controlling compound

In the development pad a controlling compound is immobilised. In the present
context the term “controlling compound” relates to a substance that has the
function as a propellant or a fuel in the specific assay for the determination of the
analyte (free glucose and/or glucose-6-phosphate), a derivative of said analyte or
an indicator compound for said analyte. The controlling compound may also be
the chemical substance responsible for the precipitation of sample components or
the chemical compound causes the sample components not to precipitate. In an
embodiment of the present invention the controlling compound may be separated
from at least one of the reagents in order to improve the stability of the dry stick
test device.

In yet another embodiment of the present invention the controlling compound
may be an acidic or an alkaline compound. Preferably, the controlling compound is
an acidic compound capable of providing a pH-value of the sample in the dry stick
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test device, when in a moistened state, below pH 6, such as below pH 5, e.g.
below pH 4, such as below pH 3, e.g. below pH 2, such as below pH 1, e.g. below
pH 0, such as in the range of pH 0-6, e.g. in the range of pH 0-5, such as in the
range of pH 0-4, e.g. in the range of pH 0-3, such as in the range of pH 0-2, e.g.
in the range of pH 0-1, such as in the range of pH 1-6, e.g. in the range of pH 2-
6, such as in the range of pH 3-6, e.g. in the range of pH 4-6, such as in the
range of pH 5-6.

In another embodiment of the present invention the controlling compound may be
an alkaline compound capable of providing a pH-value of the sample in the dry
stick test device, when in a moistened state, of pH 8 or above, such as in the
range of pH 8-14, e.qg. in the range of pH 8-13, such as in the range of pH 8-12,
e.g. in the range of pH 8-11, such as in the range of pH 8-10, e.g. in the range of
pH 8-9, such as in the range of pH 9-12, e.g. in the range of pH 10-13, such as in
the range of pH 10-11.

It should be noted that embodiments and features described in the context of one
of the aspects of the present invention also apply to the other aspects of the

invention.

All patent and non-patent references cited in the present application, are hereby
incorporated by reference in their entirety.

The invention will now be described in further details in the following non-limiting

examples.

Examples

Project 1: Fluorometric determination of free glucose and glucose 6-

phosphate in cow milk and other opaque matrices

SUMMARY: Analyses of free glucose and glucose 6-phosphate in milk has until
now been dependent upon a time consuming and troublesome procedure which
has limited investigations in this area. The present article presents a reliable, new
analytical procedure, based on enzymatic degradation and fluorometric detection,
which enables a laboratory to analyse hundreds of samples daily, without tedious
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pre-treatment of the sample. More than 3,200 milk samples were analyzed in
order to validate the analytical procedure and to demonstrate associations to
other variables and factors that affected free milk glucose and glucose 6-
phosphate. Glucose and glucose 6-phosphate is mutually strongly associated,
however inversely. The concentration of glucose and glucose 6-P in milk is only
marginally correlated to milk yield and time since last milking, strongly suggesting
that these monosaccharides are not just products of lactose hydrolysis in the milk
post secretion, but merely secreted from the producing cells together with lactose
and other constituents. Glucose increases notably the first (roughly) fifty days in
milk, whereas glucose 6-phosphate decreases correspondingly. Danish Friesian
cows produce milk with a much higher concentrations of glucose 6-phosphate
than Danish Jerseys, whereas this is not the matter for glucose. Parity of the cow,
in all instances seems to influence for both breeds. Glucose and glucose 6-
phosphate seems to be negatively and positively correlated, respectively, to the
well established indicator of ketosis, beta-hydroxy butyrate in milk, indicating an
auspicious future for milk glucose and glucose 6-phosphate as indicators of animal
physiological status. The present analytical procedure facilitates further
investigations in milk glucose and glucose 6-phosphate and the significance of this
in connection with established physiological factors used for description of cow
status et cetera.

Project 2: Development of an index for physiological imbalance and its
use as an indicator of risk of disease during early lactation

SUMMARY: From examples below, an index to predict degree of physiological
imbalance was developed (Project 2). Each week from -3 to 9 weeks relative to
calving, all plasma metabolites were individually adjusted to an overall mean = 0
and variance = 1. The normalized variables were included in regression analyses
by week of lactation to identify metabolites that explain the variation in calculated
energy balance (EBAL), as a reflection of degree of physiological imbalance. NEFA,
BHBA and glucose were weighted within each week based on regression
coefficients (i.e. x1-x3) generated from a model to predict EBAL. The weekly
physiological imbalance index was defined as index = (x1 x [NEFA]) + x2 x
[BHBA] - x3 x [glucose])/3. The index was compared to calculated EBAL and
individual metabolites (i.e. NEFA, BHBA, and glucose) for use as an early indicator
for risk of disease. For diseases that developed =2 weeks after calving, no
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variables were associated with risk of diseases. Prepartal physiological imbalance
and plasma NEFA were better predictors of diseases, i.e. metritis, retained
placenta and milk fever, at week 1 than EBAL and plasma BHBA and glucose.

Project 3: Indicators of dietary-induced physiological imbalance in milk
throughout lactation

SUMMARY: From examples below, we observed that nutrient restriction to
experimentally increase physiological imbalance resulted in marked changes in
plasma NEFA, BHBA, and glucose, liver TAG, milk yield, and energy balance and
that stage of lactation plays a pivotal role with regard to the degree of change in
individual parameters. We observed the greatest and most rapid changes in free
glucose and isocitrate in milk after restriction, regardless of stage of lactation.
Therefore, automated sampling on-farm for free glucose and isocitrate in milk
may be potential indicators of degree of physiological imbalance.

Projects 4 and 5: Identification of risk indicator for physiological
imbalance by advanced biotechnology

SUMMARY: Results from Project 3 clearly show that multiple parameters are
affected in physiological imbalance. Therefore, we generated an index for
physiological imbalance similar to that in Project 2. The index was positively
correlated to plasma NEFA, daily milk yield, liver TAG and negatively correlated to
EBAL and plasma glucose. Based on the index generated from blood metabolites
in Project 3, liver samples from a subset of cows in early and mid-lactation with
the greatest (i.e. physiological imbalance cows) and least (i.e. healthy) degree of
physiological imbalance were selected for iTRAQ-based proteomic profiling
(Project 4) and results identified isocitrate dehyrogenase as a potential indicator
for physiological imbalance. Since liver TAG is highly correlated to the
development of several metabolic diseases (e.g. fatty liver and ketosis), liver
samples from a subset of cows at approximately 7 days in milk with the highest (n
= 4) and lowest content of liver TAG (n = 4) were analyzed using iTRAQ-based
proteomic profiling (Project 5). Results identified 4 proteins as potential indicators
of physiological imbalance (glutamate dehydrogenase, malate dehydrogenase,
glyceraldehyde 3-phospate dehydrogenase, and phosphoglucomutase).

Project 6: Biomarkers in milk of physiological imbalance.
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SUMMARY: A meta-analysis was conducted using 3 separate studies consisting of
265 cows of two breeds (Holstein and Jersy) ranging from parities 1 to 5
extending over an entire lactation period (i.e. 0-69 weeks in milk). An index for
physiological imbalance was generated as described in Project 2 based on plasma
glucose, NEFA and BHBA. Free glucose in milk explained most of the variation in
physiological imbalance for cows in early lactation whereas isocitrate in milk
explained most of the variation in physiological imbalance for cows in later
lactation (i.e. > 13 weeks in milk). We identified free glucose and isocitrate in
milk as potential biomarkers for degree of physiological imbalance for cows
throughout lactation. Cows with a greater degree of physiological imbalance
experienced higher isocitrate and lower free glucose in milk when compared to
cows with lower degree of physiological imbalance. Breed and stage of lactation
altered concentrations of free glucose and isocitrate; and free glucose in milk was
affected by parity. Results will be implemented in future biomodels for in-line and
real-time measurement of degree of physiological imbalance on-farm.

Project 1 objective

The objective is to describe a new enzymatic-fluorometric method for
determination of glucose and glucose 6-phosphate.

a) The basic principles are enzymatic oxidation of glucose and glucose 6-
phosphate with concomitant production of NAD(P)H> and a subsequent
reaction where enzymatic coupling of NAD(P)H, to a fluorophore
precursor develops a fluorescent product.

b) Document its’ usefulness in opague matrices like milk without pre-
treatment e.g. high speed centrifugation and acid precipitation of
proteins.

Project 2 objective

The objective for Project 2 was to generate an index for PI based on several
plasma metabolites and to compare the use of this index with calculated energy
balance (EBAL) and individual plasma metabolites in relation to risk of disease
during early lactation. The project comprises the following main activities:
a) develop an index of PI based on blood metabolites (i.e. NEFA. BHBA and
glucose) for cows in early lactation
¢) determine the usefulness of the PI index as an early indicator for risk of
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diseases during early lactation

Project 3 objective

The objective for Project 3 was to identify and validate risk indicators for
monitoring physiological imbalance and individual differences in the response of
cows to changes in the nutrient supply. The project comprises the following main

activities:

a) characterizing the changes in milk components during nutrient restriction for
identification of potential risk indicators for physiological imbalance;

Project 4 objective

The aim of Project 4 was to describe the liver proteome in early and mid-lactation
for cows at different degrees of physiological imbalance with a special focus on
biomarkers and pathways involved in periparturient disease complexes. The

project comprises the following main activities:

a) identification of risk biomarkers for physiological imbalance in liver biopsies by
means of quantitative proteome analysis (LC-MS/MS);

b) applied screening for relevant liver risk indicators in more accessible samples
(milk/blood/urine) via combined mass spectrometry and clinical-chemical analyses

with a view to describing the practical application and value of the risk indicators.

Project 5 objective

The objective for Project 5 was to identify and validate risk indicators for
monitoring physiological imbalance in liver samples from cows 1 week after
parturition (i.e. high risk period for physiological imbalance) by means of
quantitative proteome analysis (LC-MS/MS). The project comprises the following

main activities:

a) identification of risk biomarkers for physiological imbalance in liver biopsies
by means of quantitative proteome analysis (LC-MS/MS);

Project 6 objective
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The objective of was to identify potential biomarkers in milk that relate to degree
of PI as an early warning system for risk of disease on-farm and to quantify the
variation in the biomarkers of interest with regard to systemic effects i.e. breed,
parity and stage of lactation and across different production systems. The project
comprises the following main activites:
a) identify potential biomarkers in milk that relate to degree of PI as an
early warning system for risk of disease on-farm;
b) quantify the variation in the biomarkers of interest with regard to
systemic effects and across different production systems;

Materials and Methods

Project 1:

Glucose 6-phosphate was determined separately by enzymatic oxidation by
glucose 6-P dehydrogenase using NADP* dependent enzyme from Saccharomyces
sp. (EC 1.1.1.49; Roche 10 127 655 001). The sum of free glucose and glucose 6-
phosphate (henceforth denoted total glucose) was determined by enzymatic
oxidation by hexokinase (EC 2.7.1.1; Roche 11 426 362 001) and glucose 6-
phosphate dehydrogenase from Leuconostoc sp. (cofactor NAD* and NADP*; EC
1.1.1.49; Roche 10 165 875 001). Free glucose was consequently estimated as
the difference between the two results.

The enzymatic-fluorometric method of total glucose determination is a
three step enzymatic procedure to obtain the fluorescent product equivalent to
the glucose content. The two first steps are identical to the widely used
hexokinase and glucose-6-phosphatase mediated conversion of glucose to
gluconate-6-phosphatase and NAD(P)H (Bergmeyer et al. 1974). The last step is
an enzymatic coupling of the reducing equivalents from NAD(P)H to the non-
fluorescent compound resazurin mediated by the enzyme diaphorase (EC 1.6.99.-
_). Resazurin is reduced by NAD(P)H and the highly fluorescent substance
resorufin is developed and measured fluorometrically (Larsen and Nielsen, 2005).
Reducing equivalents (NADPH) from the separate glucose 6-phosphate oxidation
is in the same way coupled to resazurin in order to quantify glucose 6-phosphate
fluorometrically.

Reagents, combined glucose and glucose 6-phosphate analyses:
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Reagent 1. Tris-buffer, 100 mM, pH 7.6 with 10 mM Mg**, 3.6 mM Na-
oxamate (MW 111.03), 1.9 mM ATP (Nas-salt, MW 551.2) and 1.9 mM NAD (Nax-
salt, MW 717.5). Immediately before use the solution was supplied with
hexokinase enzyme and glucose-6-phosphatase (Roche 10 737 275 001), 3.1 U
and 1.6 U/ml, respectively.

Reagent 2. Tris-buffer, 60 mM, pH 7.2, with 1.28 mM resazurin (Sigma R-
2127, MW 251.2), 0.01% Triton X-100, and 9.8 U/ml diaphorase (Toyobo
Enzymes DAD-301). 10 drops of Tween 80 were added per 15 ml.

Reagents, glucose 6-P analyses:

Reagent 1. Tris-buffer, 60 mM, pH 7.2 with 3.6 mM Na-oxamate and 1.9
mM NADP* (di-Na-salt, MW 787.4). Immediately before use the solution was
supplied with glucose 6-phosphate dehydrogenase enzyme 1.6 U/ml.

Reagent 2. Similar to the combined glucose and glucose 6-P analyses.

Procedure, both analyses

Dosage and dilution of sample and addition of reagents were performed in
a robotic system (Biomek® 2000; Beckman Coulter). Milk samples (standards and
control samples) distributed in a 96-well micro plate were initially diluted 1:2 with
distilled water. 45 pl diluted samples were transferred to a daughter plate where
50 ul reagent 1 was provided (t = 0; 1. incubation). After 3 minutes, 80 ul of
reagent 2 was added, and the plate transferred to the fluorometer (Fluostar,
Galaxy, BMG Labtechnologies; 2. incubation). At t = 6 min, the samples were
excitated with 544 nm monochromatic light and read at 590 nm light. Each plate
contained 2 * 8 standard solutions (glucose) and 2 * 4 control solutions. The
samples were read against a standard curve; control samples worked as internal
control and day to day check. Standards and control samples were prepared
(independently) from glucose monohydrate (MW 198.2) and glucose 6-P (MW
304.2), respectively (stored in excicator), and water. Standard concentrations
used were 0; 0.24; 0.48; 0.72; 0.96; 1.20; 1.80; and 2.40 mM (combined
glucose and glucose 6-phosphate) and 0; 0.08; 0.16; 0.24; 0.32; 0.48; 0.64; and
0.80 mM (glucose 6-phosphate). Control samples were 0.5; 1.0; 1.5; and 2.0 mM
(combined glucose and glucose 6-phosphate) and 0.15; 0.30; 0.45; and 0.75 mM
(glucose 6-phosphate), respectively.

Validation of the method
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Standards and control material

Measurements of standard curves and control samples from 30 micro
plates analysed different days were gathered. Intra- and inter-assay precision and
accuracy (% bias) was calculated from the control samples; average slope and
correlation coefficient were calculated from the standards.

Intra- and inter assay precision, samples

Total glucose: 144 milk samples were replicated three times within the
same plate and 72 samples were replicated three times between plates.
Glucose 6-phosphate: 72 milk samples were replicated three times within the
same plate and 72 samples were replicated three times between plates.

Total glucose, comparison between two analytical methods

Two hundred and twenty seven fresh milk samples, preserved with 100 mg
Bronopol ® /kg, were analysed for the sum of glucose and glucose 6-phosphate
by two different methods, 1) a reference method, i.e. an enzymatic
spectrophotometric analysis in an autoanalyzer according to standard procedures
(glucose hexokinase, Siemens Diagnostics® Clinical Methods for ADVIA 1650).
However, the procedure was optimised (greater fraction of sample) due to the
expected low concentration of glucose and the analytical window restrained
(standards from 0 - 2.4 mM). Intra- and inter-assay precision as well as accuracy
for the procedure was within 3 (CV)%. The milk samples were initially precipitated
and filtered for protein and fat with Carrez’-solution as recommended by
Boehringer Mannheim (1995); the samples were by this procedure diluted 5 times
compared to the original milk, 2) by the present enzymatic-fluorometric method
with no preceding precipitation of protein and fat.

Glucose 6-phosphate, comparison between two analytical methods

An equivalent comparison was established for glucose 6-P. A
spectrophotometric endpoint analysis was established for glucose 6-phosphate:
Reagent 1 (Ry): Tris-buffer, 60 mM, with 1.9 mM NADP*, pH 7.2; reagent 2 (R>):
Tris-buffer, 60 mM, with 1.9 mM NADP* and 6.7 U Glucose 6-phosphate
dehydrogenase per ml (Roche 10 127 655 001), pH 7.2. Procedure: 25 ul
undiluted sample was incubated with 55 ul Ry for 5 min. Baseline was read at 340
nm (unspecific reaction). 10 ul of R, was added and the absorbance was read at t
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= 10 min (specific reaction). The absorbance was compared with a standard curve
(0 - 0.8 mM). The spectrophotometric analyses were performed using an
autoanalyzer (ADVIA 1650, Siemens Diagnostics®). Intra-assay precision and
accuracy (bias %) were both within 2% for samples and control samples,
respectively (0.15; 0.30; 0.45; and 0.75 mM). One hundred and six samples
treated by the Carrez-procedure were analysed by this spectrophotometric
method and compared with the fluorometric method.

Total glucose and glucose 6-phosphate, the effect of addition of Na-oxamate

One hundred and seven milk samples were analysed by the fluorometric
method for both total glucose and glucose 6-phosphate with and without Na-
oxamate in the reaction medium (1.9 mM during 1. incubation and 1.0 mM during
2. incubation).

Spiking of milk samples with glucose and glucose 6-phosphate

Ninety six samples were analysed (in duplicate) for total glucose and
glucose 6-phosphate according to the described procedure. Furthermore, the
samples were spiked with 0.48; 0.72; 0.96; or 1.20 mM glucose and 0.32; 0.48;
or 0.64 mM glucose 6-phosphate. The recovery of the glucose and the glucose 6-P

addition was calculated.

Total glucose and glucose 6-phosphate, effect of storage of samples

To investigate the effect of storage, one hundred and nine milk samples
were analysed for total glucose and glucose 6-phosphate three times separated by
24 h at 4 °C and 4 h at room temperature.

The association between milk glucose, milking data and other milk variables

More than 3,200 milk samples from a local herd were used to investigate
the relationship between selected milking data, basic milk parameters and udder
health indicated by milk somatic cell counts (SCC). The milking system is a robotic
system, where representative milk samples are taken in a 10 ml tube, pre-dosed
with the preservative Bronopol ® to obtain 100 mg/kg sample. The samples were
stored at 4 °C and brought to the laboratory every morning. The milk samples
were analysed immediately upon arrival for a period of 2 months.
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Milk citrate, lactose, fat and protein were determined by IR-spectroscopy
(CombiFoss 4000, Foss Electric Ltd., Hillergd, DK). Determination of somatic cell
counts (SCC) was performed at a commercial laboratory (Eurofins, Holstebro, DK)
using standard Fossomatic cell counter (EN ISO 13366-3; Foss Electric Ltd.,
Hillergd, DK). B-hydroxybutyrate, BOHB, was determined by an endpoint
fluorometric method according to Larsen and Nielsen (2005).

Project 2:
A total of 634 lactations from 317 cows consisting of 3 breeds ranging from

parity 1 to 4 were used. Weekly blood samples were analyzed for selected
metabolites i.e. urea nitrogen, albumin, cholesterol, NEFA, glucose, and BHBA.
Energy intake and energy balance (EBAL) were calculated. Veterinary treatment
records and daily composite milk somatic cell counts were used to determine
incidence of disease. Data were adjusted for numerous fixed effects (e.q., parity,
breed and week around calving) before further statistical analysis. The time of
disease (TOD) was recorded as the day in which the signs of disease were
observed (TOD = 0). Week prior to and after TOD was + n week relative to TOD
= 0. Each week, all plasma metabolites were individually adjusted to an overall
mean = 0 and variance = 1. The normalized variables were included in regression
analyses by week of lactation to identify metabolites that explain the variation in
calculated EBAL, as a reflection of degree of physiological imbalance. NEFA, BHBA
and glucose were weighted within each wk based on regression coefficients (i.e.
x1-x3) generated from a model to predict EBAL. Data from week -1 relative to
TOM were analyzed using a mixed linear model to relate degree of physiological
imbalance and metabolites in blood to risk of disease. The weekly physiological
imbalance index was defined as physiological imbalance = (x1 x [In(NEFA)] + x2
x [In(BHBA)] - x3 x [glucose])/3.

Project 3:
Forty-seven healthy Holstein dairy cows in early (E; n=14; 22-86 days in

milk), mid (M; n=15; 100-217 days in milk) and late (L; n=18; 235-355 days in
milk) lactation were used. Of these, 26 cows were primiparous and 21 cows were
multiparous (=2nd lactation). At the beginning of the study, all cows were fed a
standard total mixed ration for ad libitum intake. After 5-d (five days), all cows
were nutrient restricted to induce physiological imbalance by providing about 40%
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of net energy for lactation requirements based on body weight, milk production
and composition by supplementing the standard total mixed ration with 60%
wheat straw. After 4-d of nutrient restriction, cows returned to full feed. Clinical-
biochemical analyses were performed on blood (i.e. glucose, insulin, NEFA, and
BHBA), liver (i.e. glycogen and TAG) and milk samples (i.e. fat, protein, lactose,
glucose, BHBA, and citrate). Energy balance was calculated for all cows
throughout the study period based on National Research Council requirements
(2001). For each cow, the change in each variable before and during nutrient

restriction was calculated.

Project 4:
A subset of cows from Project 3 in early and mid-lactation were used to

calculate a physiological imbalance index using average plasma NEFA, BHBA and
glucose concentrations from the period prior to nutrient restriction.

The index for physiological imbalance was generated similar to Project 2: index =
[In(NEFA)] + [In(BHBA)] - [glucose]. Within stage of lactation, a subset of 6 cows
classified as having either the greatest (n = 3; severe) or least (n = 3; normal)
degree of physiological imbalance were analyzed using iTRAQ based proteomic
profiling for cows in both early (n =6) and mid- (n = 6) lactation. The inventors
have suggested including cholesterol as it is correlated with milk glucose as well
as including calculated energy balance, body weight, and/or body condition score.
In addition, the value of ratios to predict physiological imbalance and the
identification of indicators from body fluids will also be assessed.

Project 5:
A subset of liver samples (n =8) collected 1 week after parturition from

cows with the highest (22.9%) and lowest (7.1%) liver TAG content were
analyzed using iTRAQ based proteomic profiling to identify potential indicators in
liver for physiological imbalance.

Project 6:
Two hundred and sixty-five cows consisting of two breeds (202 Holstein

and 63 Jersey), with 85 primi- and 180 multiparous cows ranging from 0 to 69
weeks in milk were used. Blood samples (n = 534) were collected weekly via
coccygeal veni-puncture. Plasma was collected and analyzed for NEFA, BHBA,
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glucose, albumin, cholesterol, triglycerides, total protein and plasma urea
nitrogen. Daily milk yield and feed intake was recorded. An index for physiological
imbalance was generated as described in Project 2. Composite milk samples were
collected (n = 2,308) periodically for all cows and analyzed for % fat,
protein,lactose and concentration of free glucose, glucose-6-phosphate, BHBA
and isocitrate.

Results and Discussion

Project 1: Determination of free glucose and glucose-6-phosphate in milk

Standards and control material

The total glucose analysis: The intra-assay precisions were 2.6; 2.0; 2.1; and 2.9
CV% respectively for the 0.50; 1.00; 1.50; 2.00 mM control samples (n = 30).
The corresponding figures for the inter-assay precision were 5.9; 3.3; 4.0; and
4.0 CV% (n = 30). Bias were equivalently -6.7; -3.7; -0.5; and +4.8 % (n = 30).
The glucose 6-phosphate analysis: The intra assay precisions were 2.3; 2.3; 2.7;
and 2.6 CV% respectively for the 0.15; 0.30; 0.45; 0.75 mM control samples (n =
30). The corresponding figures for the inter assay precision were 6.2; 5.1; 4.7;
and 4.9 CV% (n = 30). Bias were equivalently +4.6; +4.7; +4.7; and +7.2 % (n
= 30).

The average slope and correlation coefficient (r) of the standard curves was 1.000
and 0.998, respectively (n = 30), both for total glucose and for glucose 6-
phosphate analysis.

Intra- and inter assay precision, milk samples

Intra and inter plate precision was respectively 3% (CV; n = 3, N = 144) and
3.4% (CV; n = 3, N = 72) for total glucose and 3.3% and 4.4% respectively (CV;
n = 3, N = 72) for glucose 6-phosphate.

Total glucose, comparison between two analytical methods

Mean values (M) and corresponding 0.05-0.95 inter percentile were 581 (368 -
788) and 552 (363 - 770), for colorimetric and fluorometric methods,
respectively. The colorimetric and the fluorometric results were highly correlated
(r = 0.903), fig. 3.

Glucose 6-phosphate,, comparison between two analytical methods
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Mean values (UM) and corresponding 0.05-0.95 inter percentile were 151 (5 -
410) and 75 (24 - 164), for colorimetric and fluorometric methods, respectively.
The colorimetric and the fluorometric results were highly correlated (r = 0.978).
The straight line regression between the two set of observations was: Glu 6-
phosphate, mM (fluorometric) = 0.32 mM (spectrophotometric) + 0.03 mM.

Total glucose and glucose 6-phosphate, the effect of addition of Na-oxamate

Total glucose in the 107 milk samples was on average 540 uM without addition of
oxamate (0.05 - 0.95 inter percentile 384 — 675) and 521 .M (0.05 - 0.95 inter
percentile 398 - 653) with addition of oxamate in the reaction medium, i.e. on
average 3.7 % less with oxamate (Toxamate” = 0.94 x “without oxamate” + 0.01;
r = 0.962). Correspondingly, glucose 6-phosphate concentration was on average
74 uM (0.05 - 0.95 inter percentile 24 - 164) without oxamate in the reaction
medium, while 69 uM (0.05 - 0.95 inter percentile (19 - 158) was obtained with
oxamate, i.e. 14.6 % less with oxamate ("oxamate” = 1.00 x “without oxamate” -
0.01; r = 0.998).

Spiking of milk samples with glucose and glucose 6-phosphate

The obtained results for samples spiked with 0.48; 0.72; 0.96; or 1.20 mM
glucose were on average 1.37 mM whereas the expected outcome was calculated
to 1.41 mM (n = 96), i.e. 2.0% less than expected. The association between
measured values and expected value is by correlation: measured value = 0.90 x
expected + 0.10; r = 0.984, p<0.001). The corresponding results for the 0.32;
0.48; or 0.64 mM glucose 6-phosphate spiking was on average 0.51 mM (n = 96)
versus the expected value, 0.58 mM, i.e. 13.4 % less than expected. The
association between measured values and expected value is by correlation:
measured value = 1.14 x expected - 0.15; r = 0.965, p<0.001).

Total glucose and glucose 6-phosphate, effect of storage of samples

The durability of total glucose and glucose 6-phosphate in milk was tested in 109
non-preserved random samples. The samples were analysed just after arrival
from the farm (A), after 24 h storage at 4 °C (B) and after incubation for 4 h at
room temperature (C). Storage for 24 h at 4 °C only marginally changed the
obtained results, i.e. average of total glucose decreased 5 %, and average of
glucose 6-phosphate increased 16 %, whereas 4 h of incubation at room
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temperature reduced the mean total glucose by 14 % and increased the glucose
6-phosphate by 11 %. All comparable correlations were highly significant.

The association between milk glucose, milking data and other milk variables
Simple correlations between the concentration of milk glucose and glucose 6-
phosphate and other observations are given in Figure 1. Days in milk (DIM) is
significantly and negatively associated with glucose 6-phosphate content in milk
and positively associated with glucose content in milk, Figure 4. Milk yield is not
correlated with glucose 6-phosphate and glucose; time since last milking is
inversely correlated with glucose and glucose 6-phosphate. The concentration of
fat correlates negatively with free glucose, while it correlates positively to glucose
6-phosphate, the reverse situation, is valid for milk lactose. The association
between glucose and glucose 6-phosphate to milk protein is insignificant. Both
glucose and glucose 6-phosphate correlate negatively with milk citrate, for milk
BHBA the correlation was positive with glucose 6-phosphate and negative with
glucose. A strong negative correlation was observed between glucose 6-phosphate
and glucose.

The concentration of glucose 6-phosphate in milk was affected by breed of the
animal (Danish Friesian vs. Jersey), parity and the interaction between these
variables (p<0.001), Figure 2. Free glucose was significantly affected by parity
and the interaction between breed and parity (p<0.001).

Discussion

The present enzymatic-fluorometric methods for determination of free glucose and
glucose 6-phosphate in milk are reliable analytical methods. The determination of
free glucose and glucose 6-phosphate responds linearly to standards, to the
indigenous monosaccharide content of milk, and to spiking of milk samples with
the respective monosaccharides. The precision of the assay is acceptable for
analytic as well as descriptive use.

The assays work without time or material consuming pre-treatment of the
samples, and it is in this context a “high throughput” assay, i.e. hundreds of
samples may be analysed daily in automated laboratories.

In the present study, 1.0-1.9 mM of oxamate inhibited unspecific production of
NAD(P)H most likely originating from the action of lactate dehydrogenase (LDH,
EC 1.1.1.27), however, other NAD(P)H producing enzymes may be present.
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Oxamate is a well-known competitive inhibitor of LDH (Larsen, 2005) and it has
been used formerly in comparable assays to suppress LDH activity (Larsen &
Nielsen, 2005).

LDH is a well-documented indigenous enzyme in milk. The activity originates
mainly from somatic cells, leucocytes and invading microorganisms, and
therefore, mastitic milk is associated with higher LDH activities (e.g. Chagunda et
al, 2006 a; Chagunda et al, 2006 b; Friggens et al. 2007) just as endotoxins like
E. coli lipopolysaccharides (LPS) infused in milk quarters increase the activity
(Larsen et al, 2010). LDH will mediate the conversion of lactate to pyruvate
(oxidative direction) with a concomitant production of NAD(P)H from NAD(P)*.
Thus a basic level of lactate and the presence of LDH are likely to interfere with
the present assay for glucose and glucose 6-phosphate. L-lactate is present in
non-mastitic milk (approx. 0.1 - 0.2 mM) and increases up to 30-fold during
mastitis (SCC; Davis et al, 2004) or experimental inflammations (Silanikove et al,
2011). However, the pH in the present reaction mixture (pH 7.2-7.6) does not
favour the lactate to pyruvate direction mediated by LDH and subsequent
production of NADH - on the contrary (Vassault, 1995; Wahlefeld, 1995).
However, less favourable pH conditions may serve when basic ingredients are
available. Increased lactate concentration and higher activity of LDH during
mastitis, should be — with all things being equal - background for a positive
correlation between log SCC and NADH production in a reaction mixture of a non-
inhibited system. The association between log SCC and glucose was however
weak and negative (log SCC = -0.024 x total glucose + 0.47; r = 0.09, n = 3003)
indicating that unspecific reactions by LDH are not strongly interfering the present
assay of glucose in milk. The negative correlation between glucose and SCC has
previously been described by Marschke and Kitchen (1984), who included NAGase
activity in milk (also a mastitis indicators).

The free glucose level in milk obtained in the present study, i.e. mean 340 uM, Ps
- Pgs inter percentile 128-567 uM (n = 3261) is in good accordance with
investigations carried out within the last decades. Marschke and Kitchen (1984)
reported a range from 20 to 570 uM (mean 220 yM; n = 188) of glucose after
centrifugation and precipitation of samples. Lemosquet et al (2004) reported on
average between 480 - 580 uM; Rigout et al (2002) between 430 - 570 uM;
Hurtaud et al. (1998 and 2000) between 720 - 830 uM and 510 - 650 uM,
respectively; and Faulkner and Pollack (1989) between 350 - 580 uM. Most of
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these studies are based on a relatively limited number of analyses and animals;
and most of the studies use both centrifugation and precipitation as pre-treatment
before analyses (enzymatic determination of glucose, colorimetry), although in
some instances, it is difficult to tell if precipitation of protein has been conducted
before colorimetry or not or if the glucose 6-phosphate fraction of the total
glucose has been considered separate when the “hexokinase assay” has been
used.

Most estimations of glucose 6-phosphate in milk are based on precipitation of
protein and fat (perchloric acid precipitation) and subsequent colorimetric
determination; and most studies find a concentration between 20 and 140 uM
(e.g. Hurtaud et al. 1998 and 2000; Rigout et al. 2002 and 2003; Faulkner 1980;
Faulkner and Pollock, 1989) that are marginally lower than the present enzymatic-
fluorometric determination but within the same range for a milk metabolite.

The fact that milk yield and hours since last milking are weakly correlated to free
glucose and glucose 6-phosphate (hours since last milking even inversely
correlated), is from an analytical and physiological point of view very important. If
free glucose in milk was a consequence of hydrolysis of lactose post secretion,
longer deposition in the udder would increase hydrolysis resulting in higher
concentrations of free glucose. However, that is not the case suggesting the free
glucose in milk originated prior to secretion by epithelial cells.

The positive correlation between free glucose and lactose may reflect intra-cellular
conditions; i.e. uptake of glucose from circulation, the utilization of glucose in
lactose synthesis (various steps) and the secretion of lactose and glucose to the
milk. The inverse correlation between glucose 6-phosphate and lactose may be
related to lactose synthesis and milk production because glucose 6-phosphate is
an intermediate in the pentose phosphate cycle, developing reducing equivalents
(NADPH) used for reductive biosynthesis of milk fat especially.

The measured milk variables in the present study show several interesting
connections to glucose 6-phosphate and free glucose, e.g. positive correlations
between the well-established indicator of ketosis, BOHB and glucose 6-phosphate
and a negative correlation between BOHB and glucose. The correlations reveal a
connection between the constituents and indicate that milk glucose and glucose 6-
P could be important markers of physiological status together with other
indicators in milk, although additional statistical analyses based on physiological

considerations are needed.
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The average concentration free glucose in milk is not significantly different
between Danish Holstein and Jersey breeds, 0.343 mM vs. 0.339 mM (n = 2717
and 515, respectively), whereas the concentration of glucose 6-phosphate is
significantly different (0.130 vs. 0.090 mM). However, parity seems to affect the
glucose level and the glucose 6-phosphate level, i.e. older Danish Friesian cows
have lower concentrations of glucose and glucose 6-phosphate, whereas the
opposite was observed for Jersey cows. These results are un-explainable and
warrants further investigation into the relationship between glucose in milk and
parity for dairy cows during lactation. In addition, the higher concentration of
glucose 6-phosphate and a lower concentration of glucose in colostrum are, to our
knowledge, unknown.

A relatively limited number of studies have focused on free glucose in milk in
association with metabolism and health of the animal and the impact of external
factors. Faulkner et al. (1981) showed that milk glucose concentration in goats fell
considerably during starvation. Faulkner and Pollock (1989) observed an increase
in milk glucose when cows were fed unprotected soybean free fatty acids.

Furthermore, Faulkner (1999) reported that milk glucose concentration increased
considerably due to sub-cutaneous injections of growth hormone in lactating
goats. A number of studies have investigated the effect of duodenal infusion of
glucose on milk glucose concentration, i.e. Hurtaud et al (1998, 2000), Rigout et
al. (2002), Lemosquet et al. (2004) in order to establish a relationship between
energy status and milk glucose.

Future experiments may elaborate on factors affecting milk glucose and glucose
6-phosphate and elucidate mechanisms behind these monosaccharides in milk.
The presented enzymatic-fluorometric determination of both monosaccharides,
avoiding pre treatment of samples, might facilitate future research in this area.

Project 2: Index for physiological imbalance and risk of disease

Adjusting for fixed effects eliminates known factors that cause variation in the
parameters of interest (i.e. blood NEFA, BHBA and glucose). This, in turn,
reduces the correlation between EBAL and blood metabolites. For example, the
correlation between raw data for EBAL and NEFA is r = -0.50 (P < 0.001) whereas
after adjustments for fixed effects the correlation is reduced tor = -0.35 (P <
0.001).
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In this study we generated an index for physiological imbalance based on
normalized (average=0; variance=1) concentrations of between-cow variations in
NEFA, BHBA and glucose in blood during the periparturient period. The regression
model selected to predict degree of physiological imbalance based on between-
cow variations in calculated EBAL from wk -4 to 9 relative to parturition revealed
that plasma NEFA, BHBA and glucose explained the majority of the variation in
EBAL. Therefore, plasma NEFA, BHBA and glucose were weighted (Figure 6)
based on regression coeffients and used to generated an index for physiological
imbalance where index = (x1 x [In(NEFA)] + x2 x [In(BHBA)] - x3 X
[glucose])/3 (Figure 9). After parturition, negative correlations were observed
between degree of physiological imbalance and EBAL and plasma concentration of
glucose whereas energy intake was not significantly correlated with degree of
physiological imbalance indicating that degree of naturally occurring physiological
imbalance is independent from energy intake (Figure 7). Milk yield as well as
plasma concentration of NEFA, BHBA were positively correlated with physiological
imbalance during early lactation. Degree of physiological imbalance was
significantly correlated with total lipid (r = 0.39; P < 0.001), TAG (r = 0.40; P <
0.001) and glycogen (r = -0.38; P < 0.001) content in liver at 1 week postpartum
with similar patterns observed at week 4 postpartum. This provides support for
the use of the physiological imbalance index as a predictor of metabolic function
of the liver associated with the uptake, utilization and secretion of lipids by the
liver.

An index for PI, based on plasma NEFA, BHBA and glucose, related to risk for
most diseases, i.e. metritis, milk fever, retained placenta, lameness and mastitis
(Figures 8, 10 and 11), and is therefore a better predictor for risk of disease
during early lactation than EBAL, glucose and BHBA. The study showed that
prepartal degree of PI was a good predictor of disease after calving and may
potentially be related to health problems that occurred in the previous lactation
(Ingvartsen, 2006). Calculated EBAL failed to predict risk of all diseases during
early lactation, except milk fever. However, higher prepartum NEFA was also
associated with incidence of diseases such as metritis, mastitis and RP.
Interestingly, prepartal BHBA was not associated with the incidence of any disease
after parturition. Our results indicate that prepartal NEFA are a better indicator of
risk for disease than BHBA. NEFA explained the majority of the variation in



10

15

20

25

30

35

WO 2012/163361 PCT/DK2012/050186
50

physiological imbalance and suggests that changes in NEFA more accurately
reflect metabolic status and risk of disease than BHBA.

Project 3: Risk indicators in milk for dietary-induced physiological imbalance

throughout lactation

Nutrient restriction increased degree of physiological imbalance via increased
plasma BHBA and NEFA and liver TAG and decreased glucose and liver glycogen
content (Figure 12). Regardless of stage of lactation, greater changes in isocitrate
(96%) and free glucose (-23%) concentration in milk were observed during
nutrient restriction (0-96 h) when compared BHBA (8%) and glucose-6-phosphate
(1%; Figure 13). In addition, greater changes in fat (36%) and milk yield (-32%)
were observed during restriction. However, milk fat and milk yield have been
associated with other diseases, such as mastitis (Moyes et al., 2009), and
therefore, may lack specificity as general risk indicators for physiological
imbalance. Furthermore, changes in free glucose and isocitrate in milk were the
most rapid (i.e. significant changes by 24 h after nutrient restriction) when
compared to other milk components (i.e. fat, glucose-6-phosphate and BHBA;
Figure 13). Stage of lactation did not effect changes in isocitrate during nutrient
restriction but free glucose and glucose-6-phosphate in milk were lower for cows
in early than cows in later lactation. In addition, free glucose in milk was
positively correlated to plasma glucose (r = 0.38) and liver glycogen content (r =
0-60) and negatively correlated to plasma NEFA (r = -0.17), BHBA (r = -0.38).
Interestingly, glucose-6-phosphate in milk was negatively correlated with free
glucose in milk (r = -0.45). Our results indicate that free glucose and isocitrate in
milk as potential general risk indicators for physiological imbalance for cows
during lactation.

Since plasma glucose and free glucose in milk were lower for cows in early
lactation whereas no differences in lactose or milk yield were observed when
compared to cows in mid- and late lactation, the inventors hypothesize that cows
in early lactation had increased uptake of blood glucose by the mammary gland

for lactose synthesis.

Project 4: Risk indicators in liver for dietary-induced physiological imbalance

throughout lactation
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Similar to Project 3, results suggest an increased mammary uptake and
conversion of plasma glucose to lactose in milk for severe compared to normal
cows in early lactation. Cows in physiological imbalance had higher plasma BHBA,
NEFA, and liver TAG and lower plasma glucose then cows with a lower degree of
physiological imbalance (Figure 14). Based on biochemical pathways coupled with
laboratory capabilities, analyses in blood and milk is expected to be possible for at
least 1 enzyme (i.e. isocitrate dehydrogenase —TCA cycle) for use as potential risk
biomarkers for physiological imbalance.

Project 5: Risk indicators for naturally-occurring physiological imbalance in liver

after parturition

Cows with higher liver TAG had higher plasma BHBA than cows with lower liver
TAG (Figure 15). Based on biochemical pathways coupled with laboratory
capabilities, analyses in blood and milk is expected to be possible for at least 4
enzymes (i.e. glutamate dehydrogenase, malate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, and phosphoglucomutase) for use as potential risk
biomarkers for physiological imbalance. These enzymes are involved in the
conversion of amino acids to energy (glutamate dehydrogenase),
glycolysis/gluconeogenesis (glyceraldehyde 3-phoshate dehydrogenase), glycogen
synthesis/degradation (phosphoglucomutase), and the TCA cycle (malate

dehydrogenase).

Results from all projects identify a potential coping mechanisms utilized by cows
in severe physiological imbalance and identified pathways and specific parameters
altered by physiological imbalance that provides information into new avenues
linking physiological imbalance and risk of disease thereby improving animal
health and productivity during lactation.

Project 6: Identification of biomarkers in milk for physiological imbalance.

Regression analyses showed that free glucose in milk explained most of the
variation (R? = 0.24) in degree of physiological imbalance for cows in early
lactation when compared to other metabolites in milk. For cows > 13 weeks in
milk, isocitrate in milk explained most of the variation (R? = 0.22) in degree of
physiological imbalance. Regardless of stage of lactation, both free glucose and
isocitrate in milk explained most of the variation (R? = 0.24) in degree of
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physiological imbalance throughout lactation. The R? values are based solely on
metabolites in milk and therefore exclude other parameters known to cause
variations in milk components i.e. feed intake, milk yield and changes in
hormones and metabolites in blood.

Analysis of variance showed that breed, parity and stage of lactation altered
concentrations of isocitrate, free glucose and glucose-6-phosphate in milk. For
isocitrate, parity did not alter concentration of isocitrate in milk whereas Jersey
cows had higher (0.22 + 0.01; P < 0.001) concentrations than Holsteins (0.16 +
0.01) and cows in early lactation had higher (0.20 + 0.01; P < 0.001)
concentrations when compared to cows in later lactation (0.18 + 0.01). For free
glucose, multiparous cows had higher (0.37 + 0.01; P < 0.001) concentrations
when compared to primiparous cows (0.32 £ 0.01), Jerseys had lower (0.33 +
0.01; P < 0.001) concentrations when compared to Holstein cows (0.36 £ 0.01; P
< 0.001) and cows in early lactation had lower (0.28 £ 0.01; P < 0.001)
concentrations when compared to cows in later lactation (0.41 + 0.01).

Cows with the greatest degree of physiological imbalance, based on > 75%
quartile, had higher isocitrate and lower free glucose than cows with a lower
degree of physiological imbalance, based on < 25% quartile. This study provided
evidence for the use of free glucose and isocitrate in milk as biomarkers for
degree of physiological imbalance. Results will be implemented in future
biomodels for in-line and real-time measurement of degree of physiological

imbalance on-farm.
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Claims

1. A method for predicting the risk of physiological imbalance in an animal, said

method comprises the steps of:

5

10

15

20

25

30

(i) repetitively providing at least one sample from a body fluid obtained

from the animal;

(ii) determining the concentration or amount of a first risk indicator present
in the sample, the first risk indicator may be selected from the group
consisting of free glucose, glucose-6-phosphate, glucose-1-phosphate, free
galactose, UDP-glucose, UDP-galactose, glycerol 3-phosphate, beta-
hydroxybutyric acid (BHBA), isocitrate, citrate, malate, 2-oxo-glutarate,
isocitrate dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde 3-
phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase, lactate,
cholesterol, non-esterified fatty acids (NEFA), milk protein, milk fat, and

milk lactose;

(iii) determining the rate of change and/or the level change of the first risk

indicator;

(iv) comparing said rate change and/or level change with one or more
reference patterns of said first risk indicator, in order to predict the risk of

physiological imbalance in the animal.

2. A method according to claim 1, further comprising the steps of:

(v) determining the concentration or amount of at least one second risk
indicator present in the sample, the at least one second risk indicator, is
different from the first risk indicator and may be selected from the group
consisting of free glucose, glucose-6-phosphate, glucose-1-phosphate, free
galactose, UDP-glucose, UDP-galactose, glycerol 3-phosphate, beta-
hydroxybutyric acid (BHBA), isocitrate, citrate, malate, 2-oxo-glutarate,



WO 2012/163361 PCT/DK2012/050186
57

isocitrate dehydrogenase, malate dehydrogenase, pyruvate carboxylase,

glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde 3-

phosphate dehydrogenase, aspartate aminotransferase, aldehyde

dehydrogenase, phosphoglucomutase, triosephosphate isomerase, lactate,
5 cholesterol, non-esterified fatty acids (NEFA), milk protein, milk fat, and

milk lactose;

(vi) determining the rate of change and/or the level change of the at least

one second risk indicator;

10
(vii) comparing said rate change and/or level change with one or more
reference patterns of said first risk indicator and, optionally, the at least
one second risk indicator, in order to predict the risk of physiological
imbalance in the animal.

15

3. A method according to any one of claims 1-2, provided that the prediction,
based on the one or more risk indicator, indicates a risk of physiological imbalance

in the animal, further comprising the step of:

20 (viii) determining the concentration or amount of at least one disease

indicator present in the sample;

(ix) determining the rate of change and/or the level change of the at least
one disease indicator;

25
(x) comparing said rate change and/or level change with one or more
reference patterns of said at least one disease indicator, in order to predict
the risk of the animal entering into a sub-clinical or clinical disease state.

30 4. A method according to any one of claims 1-3, wherein the one or more
reference patterns are based on different animal characteristics and/or their

physiological states.

5. A method according to any one of claims 1-4, wherein the one or more
35 reference patterns are based on previous data obtained from the same animal.
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6. A method according to any one of claims 1-5 wherein the animal is selected

from the species consisting of ruminants.

5 7. A method according to any one of claims 1-6, wherein the body fluid is selected

from the group consisting of milk, blood and urine.

8. A method according to any one of claims 1-6, wherein the risk of physiological
imbalance is predicted by measuring free glucose as the first risk indicator.

10
9. A method according to claim 8, wherein the risk of physiological imbalance is

further predicted by measuring isocitrate as the second risk indicator.

10. A method according to any one of claims 3-9, wherein the sub-clinical or
15 clinical disease state is ketosis, and the disease indicator is beta-hydroxybutyric
acid (BHBA).

11. A system for predicting the risk of physiological imbalance in an animal, the
system comprising:
20 - a computer comprising a processor and being operatively connected to a
database,
— at least one sample providing device for repetitively providing at least one
sample of a body fluid of the animal,

— an analysis apparatus for:

25
(A1) determining the concentration or amount of a first risk
indicator present in the sample, the first risk indicator may be
selected from the group consisting of free glucose, glucose-6-
phosphate, glucose-1-phosphate, free galactose, UDP-glucose, UDP-
30 galactose, glycerol 3-phosphate, beta-hydroxybutyric acid (BHBA),

isocitrate, citrate, malate, 2-oxo-glutarate, isocitrate
dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, aspartate aminotransferase, aldehyde
35 dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
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lactate, cholesterol, non-esterified fatty acids (NEFA), milk protein,
milk fat, and milk lactose;

(A2) optionally, determining the concentration or amount of at
least one second risk indicator present in the sample, the at least
one second risk indicator, is different from the first risk indicator and
may be selected from the group consisting of free glucose, glucose-
6-phosphate, glucose-1-phosphate, free galactose, UDP-glucose,
UDP-galactose, glycerol 3-phosphate, beta-hydroxybutyric acid
(BHBA), isocitrate, citrate, malate, 2-oxo-glutarate, isocitrate
dehydrogenase, malate dehydrogenase, pyruvate carboxylase,
glycogen phosphorylase, glutamate dehydrogenase, glyceraldehyde
3-phosphate dehydrogenase, aspartate aminotransferase, aldehyde
dehydrogenase, phosphoglucomutase, triosephosphate isomerase,
lactate, cholesterol, non-esterified fatty acids (NEFA), milk protein,
milk fat, and milk lactose;

- a data interface for repetitively entering the concentration or amount of the

first risk indicator and, optionally, the at least one second risk indicator in the

database, wherein the database is adapted to store multiple database entries

representing the indicator at various points in time, and wherein the processor

is programmed to:

(P1) determine the rate of change of the first indicator and,

optionally, the at least one second indicator;

(P2) determine the level change of the first indicator and,

optionally, the at least one second indicator and,

(P3) compare said rate change and/or level change with one or
more reference patterns of said first risk indicator and, optionally,
the at least one second risk indicator, in order to predict the risk of

physiological imbalance in the animal.
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12. A system according to claim 11, wherein the processor is further programmed

to:

(P4a) predict the risk of the animal entering into a sub-clinical or

clinical disease state;

optionally, wherein the analysis apparatus is further capable of:

(A3a) determining the concentration or amount of at least one

disease indicator present in the sample.

13. A system according to claim 12, wherein the processor is further programmed

to:

(P5a) determine the rate of change of the at least one disease

indicator;

(P6a) determine the level change of the at least one disease

indicator;

(P7a) compare the rate change and/or level of change of the at
least one disease indicator with one or more reference patterns of
said at least one disease indicator, in order to predict the health
status, e.g. the risk of the animal entering into a sub-clinical or

clinical disease state.

14. A system according to claim 11, wherein the processor is further programmed

to:

(P4b) predict the reproductive status;

optionally, wherein the analysis apparatus is further capable of:

(A3b) determining the concentration or amount of at least one

indicator of reproductive status present in the sample.
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15. A system according to claim 14, wherein the processor is further programmed

to:

(P5b) determine the rate of change of the at least one indicator of

reproductive status;

(P6b) determine the level change of the at least one indicator of

reproductive status;

(P7b) compare the rate change and/or level of change of the at
least one indicator (e.g. progesterone) of reproductive status with
one or more reference patterns of said at least one indicator of
reproductive status, in order to predict the reproductive status.

16. A method for determining the concentration of free glucose in a liquid
comprising glucose and glucose-6-phosphate, the method comprising the steps

of:

1) bringing into contact with at least one liquid sample A, from a liquid
sample M at least one type of glucose-6-phosphate-dehydrogenase and
NAD(P), thereby producing 6-phosphogluconate and NAD(P)H2, wherein n

is a natural integer of at least 1;

2) bringing into contact with the at least one liquid sample A, at least one
type of NAD(P)H dehydrogenase and a fluorophore/chromophore precursor,

thereby producing a fluorophore/chromophore;

3) determining the concentration of glucose-6-phosphate in the at least
one liquid sample A, by detecting the amount produced of
fluorophore/chromophore and comparing it to a reference;

4) bringing into contact with at least one liquid sample B, from the liquid
sample M at least one type of hexokinase and adenosine triphosphate
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(ATP), thereby converting free glucose into glucose-6-phosphate, wherein n

is a natural integer of at least 1;

5) bringing into contact with at least one liquid sample B, from a liquid
sample M at least one type of glucose-6-phosphate-dehydrogenase and
NAD(P), thereby producing 6-phosphogluconate and NAD(P)HZ2;

6) bringing into contact with the at least one liquid sample B, at least one
type of NAD(P)H dehydrogenase and a fluorophore/chromophore precursor,

thereby producing a fluorophore/chromophore;

7) determining the concentration of glucose-6-phosphate in the at least
one liquid sample B, by detecting the amount produced of
fluorophore/chromophore and comparing it to a reference;

8) indirectly determining the concentration of free glucose in the liquid
sample M by subtracting the concentration in 6) with the concentration in
3).

17. A dry stick device for the determination of free glucose and glucose-6-

phosphate in a milk sample comprising:

(i) optionally a solid support,

(ii) at least one reagent pad A comprising at least one type of glucose-6-
phosphate-dehydrogenase, NAD(P), at least one type of NAD(P)H dehydrogenase

and a fluorophore/chromophore precursor,

(iii) at least one reagent pad B comprising at least one type of glucose-6-
phosphate-dehydrogenase, NAD(P), at least one type of NAD(P)H dehydrogenase,
at least one type of hexokinase, adenosine triphosphate (ATP) and a

fluorophore/chromophore precursor.

18. A dry stick device according to claim 17, wherein reagent pad A and/or B

further comprise an inhibitor of lactate dehydrogenase.
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19. A dry stick device according to any one of claims 17-18, wherein the at least
one reagent pad A and/or B provide a first environment for said reagent(s), said
first environment permitting an improved storage stability of the reagent(s) and
dry stick device when in a non-moistened state, the dry stick device further
comprising a regulating pad being in contact with the at least one reagent pad A
and/or B, wherein the regulating pad creating a second environment for said
reagent(s) when in a moistened state, said second environment permitting an
increased rate of reaction between the analyte and the reagent(s), and wherein
the condition in the first environment is provided by adjusting the pH-value to a
value that deviates from the optimal pH-value of the enzyme(s) and wherein the
condition in the second environment is provided by regulating the pH-value to a
value that approaches the optimal pH-value of the enzyme(s) and wherein the
different environments have different pH-values.

20. Use of a dry stick device according to any one of claims 17-19 for the
determination of free glucose and glucose-6-phosphate in a milk sample.
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