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(57) Abstract

‘| (54) Title: A METHOD AND A SYSTEM FOR DETERMINATION OF PARTICLES IN A LIQUID SAMPLE

The present invention relates to a method for the assessment of quantity and quality parameters of biological particles in a liquid

analyte material.

The method comprises applying a volume of a liquid sample to an exposing domain from which exposing domain

electromagnetic signals from the sample in the domain can pass to the exterior, and exposing, onto an array of active detection elements
such as CCD-elements, a spatial representation of electromagnetic signals having passed from the domain, the representation being detectable
as an intensity by individual active detection elements, under conditions permitting processing of the intensities detected by the array of
detection elements during the exposure in such a manner that representations of electromagnetic signals from the biological particles are
identified as distinct from representations of electromagnetic signals from background signals. The size of the volume of the liquid sample
is sufficiently large to permit the assessment of the quantity and quality parameters to fullfil a predetermined requirement to the statistical
quality of the assessment based on substantially one exposure.
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A method and a system for determination of
particles in a liquid sample

Field of the invention

This invention relates to a method and a system for the determination or
assessment of at least one quantity parameter and/or at least one quality parameter of
biological particles in a liﬁ;uid analyte material. As an important quantity parameter
can be mentioned the number of biological particles in a volume of the analyte
material, such as, e.g., the number of somatic cells in milk or blood, or the number
of bacteria in a urine sample. Another important example of a quantity parameter
whether or not an analyte, such as a liquid analyte derived by selective enrichment
of a food sample, contains a particular bacterial species, such as Salmonella
typhimurium. As examples of quality parameters may be mentioned morphological
properties of biological particles such as size and/or shape, or identification of one
or more types of biological particles in a mixture of more than one types of

biological particles.

Descriptioh of Related Art

Determinations or assessments of the above types have been performed by
various methods. One of these methods is flow cytometry; instrument for
performing flow cytometry are available, e.g., from Becton, Dickinson and
Company, Franklin Lakes, USA . Flow cytometry requires rather elaborate and
high cost equipment, partly because of the high accuracy of flow rate necessary to
give reliable results, and partly because the high sensitivity needed to detect the
weak signals from the particles in question during the relative short period of time

the particle is present in the detector.

Another known method for the determination of somatic cells or bacteria in
milk is based on the detection of signals from particles which are dispersed on the
rim of a polished rotating disc, one such instrument available ﬁom Foss Electric,

Hillerad, Denmark. The accuracy in the assessment of the number of particles using
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this method is dependent on the physical shape of the thin film of sample dispersed on
the disk, and high sensitivity is needed to detect the weak signals from the particles in
question in the course of the relative short period of time the particle is present in the
detector. A

One known method for the determination of somatic cells in milk based on
spreading a film of milk onto a ribbon-like film which is then analysed by the means of a
microscope, of European patent 0 683 395. This method appears to require a complex
mechanical solution in order to work reliably.

Due to the relative high complexity and cost of the instruments used today, most of
the assessments of biological particles are carried out on in a laboratory where skilled

operators operate the instruments.

DESCRIPTION OF THE INVENTION
According to a first aspect of the present invention there is provided a method for
the assessment of at least one parameter of a species of biological particles in a liquid
analyte material, comprising
applying a volume of a liquid sample representing the analyte material and comprising a
plurality of particles, or a plurality of particles isolated from a volume of liquid
sample representing the analyte material, to a sample compartment from which
sample compartment electromagnetic signals from the sample in the compartment

can pass to the exterior, the size of the volume being more than 1 pl,
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performing one exposure of electromagnetic signals from the sample onto an array of

active detection elements forming an image of the plurality of particles, the ratio of
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a linear dimension of the image on the array of detection elements to the original
linear dimension in the sample compartment being from 40:1 to 1:10, when the
size of the particles is between 1/3 pym and 3 pm, and from 3:1 to 1:100, when the
size of the particles is between 3 pm and 100 pm, detecting the image as
intensities by individual active detection elements,

processing the intensities in order to identify the image of electromagnetic signals from
the species of biological particles as distinct from representations of
electromagnetic signals from background signals; and

correlating the results of the processing to at least one parameter of the liquid

analyte material.

According to a second aspect, the present invention provides a system for the
assessment of at least one parameter of a species of biological particles in a liquid
analyte material, comprising
a sample compartment for containing a volume of a liquid sample representing the

analyte material and comprising a plurality of particles, or a plurality of particles

isolated from a volume of liquid sample repfesenting the analyte material, from
which sample compartment electromagnetic signals from the sample in the

compartment can pass to the exterior, the size of the volume being 1 pl or more,
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an array of active detection elements arranged such that electromagnetic signals having
passed from the compartment is detected on the detection elements forming an
image of the plurality of particles, and
a processor for processing the intensities detected by the detection elements.

The present invention offers substantial simplification of the assessment of
quantity parameters and/or quality parameters of biological particles in liquid analyte
materials and therefore makes it possible for operators without any particular skill in this
fields of technique to perform the assessment. In particular, the invention makes it
possible to perform the assessment in the clinic or on the farm where the sample is taken,
thus making the results of the assessment available for the user substantially
immediately after the sample material has been collected.

The physical dimension of an instrument based on the present invention is also
such that the instrument will be well suited for transport, thus making it possible for
medical doctors or veterinarians to transport the instrument to or on a location where the
analysis is needed. The principle of measurement of the present invention provides a
major improvement in the assessment of biological particles, such as DNA containing
particles, e.g. somatic cells or bacteria, or red blood cells, in a liquid analyte material,
such as milk, blood or urine, compared to the methods hitherto used for this purpose.

This invention extends the capabilities of prior devices and methods to enable
more simple and reliable assessment of biological particles in liquid analyte material.

The properties which can be assessed are the number of particles in a
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~ volume of the analyte material, any morphological properties such as size or area of
the particles, or the identification of the type of particle being analysed. In particular

it 1s possible to assess more than one of these properties simultaneously.

At the same time, this invention allows these analysis to be carried out with the

w

use of considerably smaller amounts of chemicals than normally are required to do

these analysis. These chemicals are often considered hazardous, either to humans

and other living organism or to the environment. Furthermore, this invention
presents a solution which minimises the exposure of any hazardous sample or
chemicals used for the analysis by either allowing the analysis to be performed in a
10 closed flow system or by the use of a sealed and disposable sample compartment
which contains all sample material and chemicals used for the assessment and

allows save transport of the sample and any chemicals.

The high cost as well as the mechanical complexity of the instruments hitherto
used for the routine assessment of the number of particles in liquid analyte material
15 has made the instruments impractical to use routinely under condition such as are -
normally present on dairy farms, on milk dairies, or in medical or veterinary clinics.
Such analyses are of great interest, for instance, a dairy farmer can monitor the
somatic cell count or bacterial count of an individual animal in order to follow the
course of clinical or subclinical mastitis or infection, and to control the cell count of
20 the bulk milk delivered to the dairy, thereby minimising the use of antibiotics and
preventing the economical penalty which is often a consequence when the cell count

of bulk milk exceeds predefined limits.

Medical clinics are often in the need to know the count of one or more particles
in blood, uriné or other biological fluids such as somatic cells or bacteria, but since
25 such analysis are usually carried out in a central laboratory, this often delays the

response of such analysis due to transport of the sample.

It was found that this invention allows the analysis of various types of biological
particles, such as DNA-containing particles, red blood cells, blood platelets, yeast
cells, bacteria cells, lipid globules, protein micelles, dust particles, or polymer

30 particles, these particles normally found in liquid biological analyte materal such as
milk, blood, urine, faces, salvia, inflammation, of either human or animal origin, or

samples originating from the petrochemical industry, the pharmaceﬁtical industry,
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feed industry, food industry or the like. The method is also well suited for the
detection of any other biological particle or fragments thereof, such particle being a
part or a fraction of living matter and displaying properties which can be detected

with the detection of electromagnetic radiation.

This invention is particularly suited for the assessment of the number of somatic
cells in milk from human, cow, goat, sheep, buffalo or other animal. In particular,
this invention is suited for the assessment of the number of somatic cells in milk
during milking by integrating the system with the milking equipment, either in-line
where the measurement is taken substantially from the milking system and analysed
by an instrument which is operated synchronised with the milking, or at-line where

the sample is taken before, during or after milking and measured on an instrument in

~ manual operation, in particular it is well suited to obtain an estimate of the number

of somatic cells when the purpose of the analysis is to control the number of somatic
cells in the bulk of milk delivered to the dairy, for instance by directing any milk

which is found to have high cell count to a separate container or outlet.

Methods according to the invention are suited for the on-line or at-line
assessment of the number of somatic cells in milk when the purpose is to establish
information about the health status of animals, such as cows, goats, sheep or

buffaloes, especially in connection with clinical or sub-clinical mastitis.

The method according to the invention is suited for the assessment of the
number of somatic cells in milk when the objective of the analysis it to generate
information used in a heard improvement scheme, or when the objective of the
analysis is to obtain a quality parameter used in a payment scheme. These analyses

are normélly carried out on a central laboratory, by the use of complex instruments.

According to the invention, an array of detection elements can be utilised in
combination with appropriate electronic components, to accomplish the assessment
of biological particles in a analyte material by placing a portion of the analyte
material in a sample compartment, the sample cofnpartment in many embodiments
of this invention being two windows of glass, or other transparent material,
separated by a spacer with inlet and outlet which allows the sample to be replaced
between measurements; in one embodiment, the sample compartment is a tube,

substantially circular, or substantially elliptical in profile. The presence of a particle
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will normally cause the signal from a detection element to deviate from a normal
level, e.g. a base-line level, either towards higher signal intensity or toward lower
signal intensity, but for the sake of clarity in the following it will be assumed that

such deviation is toward higher signal intensity.

The present invention is based on the arrangement of the sample in such a
manner that it extends over a "window" of a substantial area and detection of signals
from the samples in the form of an "image" on an array of detection elements, the
array of detection elements comprising individual elements each of which is capable
of sensing signals from a.part of the sample window area, the array as a whole being
capable of sensing signals from substantially all of the sample window area, or at

least a well defined part of the sample window area.

As will appear from the following, the arrangement of the sample and the
detection elements in this way will allow the determination of the number of the
particles per volume in a much more simple and economic manner, while retaining a
high accuracy of the determination. Also, as will be explained in the following, the
use of an array of detection elements "observing" an exposed area of the sample
makes it possible to use quite simple means for generating signals from the sample

and quite simple and sensitive detection means.

Thus, an aspect of the invention can be expressed as a method for the
assessment of the number of particles in a volume of liquid sample material, the
method comprising arranging a sample of the liquid sample material in a sample
compartment having a wall defining an exposing area, the wall allowing signals
from the sample to pass through the wall and to be exposed to the exterior, forming
an image of signals from the sample in the sample compartment on an array of
detection elements, processing the image on said array of detection elements in such
a manner that signals from said particles are identified as distinct from the sample
background, and, based on the signals from said pmicles identified assessing the

number of particles in a volume of said liquid sample material.

Expressed in another and more general way, this aspect of the invention relates
to a method for the assessment of at least one quantity parameter and/or at least one

quality parameter of biological particles in a liquid analyte matérial, comprising
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applyihg a volume of a liquid sé.mple representing the analyte material, or
particles isolated from a volume of liquid sample representing the analyte material,
to an exposing domain from which exposing domain electromagnetic signals from

the sample in the domain can pass to the exterior,

exposing, onto an array of active detection elements, an at least one-dimensional
spatial representation of electromagnetic signals having passed from the domain, the
representation being one which is detectable as an intensity by individual active
detection elements, under conditi'ons which will permit processing of the intensities
detected by the array of detection elements during the exposure in such a manner
that representations of electromagnetic signals from the biological particles are
identified as distinct from representations of electromagnetic signals from |

background signals,

the size of the volume of the liquid sample being sufficiently large to permit the
assessment of the at least one quantity parameter or the at least one quality
parameter to fulfil a predetermined requirement to the statistical quality of the

assessment based on substantially one exposure,

processing the intensities detected by the detection elements in such a manner
that signals from the biological particles are identified as distinct from background

signals,

and correlating the results of the processing to the at least one quantity

parametef and/or the at least one quality parameter of the liquid analyte material.

The liquid sample representing the analyte material may be a liquid sample
consisting of the liquid analyte material per se (optionally and often preferably with
added chemical substances facilitafing the assessment, such as will be explained in
the following), or it may be a sample thich has been derived from the liquid analyte
material by dilution, concentration, extraction, or other modification. In this
connection it is, of course, normally essential that there is an unambiguous
correlation between the volume of the ‘liquid sample representing the liquid analyte
material and the volume of the liquid analyte material in question, so that the
necessary correlation to a concentration in the liquid analyte can be established. As

| mentioned above, the liquid analyte material may in itself be a derivative of another

material the properties of which are to be analysed using the method of the




15

20

25

30

PCT/DK98/00175

) ~n -

invention; thus, e.g., the liquid analyte may be a liquid enrichment culture derived

from a food product, e.g. poultry.

Alternatively, particles isolated from a volume of a liquid sample representing
the liquid analyte material may be the material from which the exposure onto the
array of detection elements is made. This is the case, e.g., when a liquid sample
representing the liquid analyte material has been filtered through a filter material,
and the filter material with the retained particles, often after addition of chemicals
facilitating the assessment, cf. below, such chemicals having been added before or
normally after the filtration, is arranged in the domain from which the exposure is

made, normally a sample compartment suited for housing the filter.

As mentioned above, the exposure of the electromagnetic signals having passed
from the domain onto the array of detection elements will normally correspond to
forming an "image" of the domain (such as an exposing area of a wall part of a
sample compartment) on a two-dimensional array of detection elements, but it is
also possible to use a one-dimensional spatial representation, obtained by suitable
optical means, in.which case the array of detection elements need not be more than
one-dimensional, such as a linear array of detection elements. In special
embodiments, a linear array of detection elements can also be used for receiving a
two-dimensional image of electromagnetic radiation, provided the area of each
element is sufficient to receive signals from a sufficient volume to allow the quality

requirements to the determination.

The intensity detected by the array of detection elements may be a charge built
up due to the electromagnetic radiation, or it may be, e.g., the intensity of a current

passing through the individual element’as a result of the electromagnetic radiation.

The conditions of the exposure with respect to the various parameters involved,
such as will be explained in greater detail below, are adapted so that the intensities
detected by the array of detection elements can be processed, using suitable
processing means, typically imagé processing means and methods, in such a manner
that the intensiti.es which have been detected as representations of electromagnetic
signals from the biological particles are identified as distinct from representations of

background signals.
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The size of the volume of the liquid sample on which measurement is made, or
“from which the particles are isolated, should be sufficiently large to permit the
assessment of the at least one quantity parameter or the at least one quality
parameter to fulfil a predetermined requirement to the statistical quality of the
5 assessment based on substantially one exposure. As will be explained in the

following, it is a characteristic feature of the present invention that it permits the
gathering of sufficient information in one exposure to allow a high statistical quality
in spite of the fact that the assessment can be performed in an extremely simple
manner. One reason for this is that the method of the invention is normally

10 performed using much smaller enlargements of the image projected onto the array of
detection elements than has hitherto been considered possible, and in some cases
even reductions, in contrast to enlargements. For a number of applications, the
degree of enlargement is just around 1:1, in contrast to most automated microscopy
methods which use larger enlargements and several observations. In connection with

15 the present invention, the term "substantially one exposure" is to be understood as
one exposure or in some cases just a few exposures such as two, three or féur
exposures, but the by far preferred embodiment is to use just one exposure, such as
1s made possible by the invention. The exposure may, under certain ciréumstances,
be performed as a number of sub-exposures before the intensity detected by the

20 array elements is processed, but this is normally not necessary or preferred.

The formation of an image of the sample on the array of detection elements
may be performed by arranging the array of detection elements in close contact or
substantially in close contact with the extc_eriof of the exposing wall of the sample
compartment, or by using an irnage;forrning means, such as a lens comprising one or

25 several elements, arranged in the light path between the exposing wall of the sample

compartment and the array of detection elements.

The wall of the sample compartment defining an exposing area may be a flat or

curved wall.

The sample in the sample compartment can be replaced by the means of a flow
30 system, which is driven by a pump or a pressurised gas, preferably air. In many
embodiments of the present invention the flow in said flow system is controlled by

one or more valves which can adjust the flow speed of the sample.

AMENDED SHEFT
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In maﬁy preferred embodiments of the present invention the wall of the sample
compartment is a plane wall, and the array of detection elements is an array
extending in a plane parallel to the plane of the wall. However, dependent on the
manner in which the image of the sample is formed on the array of detection

5 . elements, the configuration of each of the exposing wall and the array may be
designed in many different ways, such ﬁs where both the exposing wall and the array
are configured as sections of a circular cylinder, such as where the exposing wall is
convex and the array is concave with substantially the same radius, whereby they
can easily be brought in contact or in substantial contact with each other, or where

10 both the exposing wall and the detection array are concave, and a lens is used for
formation of the image of .the sample on the array. Many other configurations are, of
course possiblé, such as where both the exposing wall and the array are sections of

spheres, etc.

The sample compartment may be a chamber which can easily be removed from
15 the instrument when a new sample or sample material is to be measured. Such
removable sample compartment is preferably used for a limited number of
measurements and preferably only one. Apart from allowing a more simple
mechanical construction of an instrument with the absence of any flow system, one
advantage of such removable sample compartment is that it can contain the sample
20 in a closed container before, during anci after analysis, thus allowing more safe
handling of hazardous material. In many embodiments of the present invention such
removable sample compémnent can, prior to the introduction of any sample
material, contain one or more component or device used for chemical or physical

modification of the sample prior to analysis.

25 Electronical devices or a computer equipped with suited software can be used to
condition a signal which originates from any detection element used, preferably in
such a way as to make the quantification of the signal from any detection element
more reliable or less time consuming, for instance by converting one type of signal
to another signal suited for processing, and/or by providing means for the

30 amplification of the sighal. Often it is preferred that the signal from any detection
element is adjusted for any bias, and/or for any variation in sensitivity which might
be present in the signals, this adjustment preferably being performed by taking into

account information from neighbouring detection elements, or by using similar

AMENDED SHEET
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information from a previous measurement. Another useful property of such signal
conditioning is the conversion of a substantially analogue signal to a digitised value
which is better suited for further processing using a digital data processing system;
such digitalisation could be a threshold-like activation of two or more output lines in

such a way that the input level of any signal would cause a change the status of these

w

output lines, preferably in such a way that the level of the input signal could be
estimated. A preferred method of digitalisation is one which allows the level of the

input signal to be converted to a number according to the binary number system.

It is often preferred that the digital representation of the level of any input signal
10 produces a substantially linear function, and in many preferred embodiments of this
invention it is preferred that the digital representation produces a substantially non-
linear function, for instance a logarithmic function, such non-linear function being

preferred when the dynamic range of the input level is high.

In some implementations of this invention, it is preferred to use a one-

15 dimensional array of detection elements, preferably included in one chip, the
identification of a particle present in the sample which is measured being done by
comparing the level of signal from each detection element with a predefined level,
or preferably to a level which is estimate on the basis of the signals from
neighbouring detection elements, preferably on the basis of the signals from

20 previous measurements, and if a signal is found to be above this discriminating level
it is assumed that a particle was present, and a counter is incremented according‘ly.
Furthermore, it 1s possible to detect the presence of two particles measured at once
for instance by comparing the intensity of a signal to a known or determined limits
in such a way that signals above such limit indicate the presence of two particles.

25 More than one such limit can be used to identify any situation where three, four or
more particles are present, or an empirical or theoretical relationship can be
constructed between the total number of particles present, and the possibilities of
signals from two or more particles being detected simultaneously by a detection

element.

30 As mentioned above, it is often preferred that an optical system is used to focus
any signal from the sample onto the detection elements, and in some cases, it is
preferred that such focusing produces an image of a particle with an average size

which is of about the same size as the detection elements used, and in certain cases . .
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preferabl}; smaller, such that the image of the entire particle is substantially within

the boundaries of the detection element.

'In other embodiments of this invention, similar to the one described above using
a one dimensional array of detection elements or a two-dimensional array of
5 detection elements, it is preferred that an optical system is used to focus any signal
from the sample onto the detection elements in such a way as to produce an image
which is of the same size as the detection elements used, or in some cases preferably
greater, the method being used to identify the presence of a particle taking into
account also the extension of the particle in the dimension along the row of detection
10 elements as well as the height of the measured signal from each detection element.
Such embodiment of this invention allows the estimation of some morphological
properties of the particles which are measured, such as the size. Also under thoée
conditions it is possible to detect the presence of two ore more particles which are
focused on substantially the same detection elements, for instance by classifying the

15 signal intensity.

It was surprisingly found that a one dimensional array of detecﬁon elements,
where the width of the array of detection elements was considerably greater than the
height of each detection element, one commercially available from Hamamatzu
(S3902-128Q), could be excellently used for the assessment of the number of _

20 particles and thus enabling the detection of signals from a greater volume of the
sample in each scanning of the detection elements. Furthermore, it was discovered
that the use of even a focusing device which distorts the dimensions of the image,
relative to the original, in such a way that for instance the image of a circle has a
shape which is similar to an ellipse, also gave similar advantage as the use of

25 detection elements with great height, and further it was found that with a
combination of the above-mentioned detection elements and a distorting focusing

device it was possible to obtain a useful assessment on a large detection volume.

The use of a series of one dimensional arrays of detection elements, preferably
incorporated in a single chip, is often found to be useful in the assessment of
30 biological particles present in a sample, one commercially available charge coupled
device (CCD) is available from Sony (ICX 045 BL). Another array of detection
elements suited for many embodiments of this invention is an image sensor based on

CMOS technology which makes detection possible with the use of limited electrical
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effect, as well as offering on-chip integration with other CMOS based technologies
such as signal condition and signal processing, one such has been demonstrated by
Toshiba comprising 1318x1030 elements each about 5.6um x 5,6um in size using

only 30 mW effect in use.

The assessment of biological particles in a sample can be performed by treating
each line of such two dimensional array of detection elements in substantially the

same manner as an array of one dimensional detection elements.

Some embodiments of this invention allow the simulation of high detection
elements by the electronical or computational addition of information from two or
more lines of detection elements into one array of information which is thereafter
treated in the substantially the same manner as a single one dimensional array of
detection elements, thus allowing substantially simpler and less time consuming

interpretation of the measured information.

In some embodiments of this invention the assessment of the number of
particles in a first line of detection elements is based on any results, such as position
and/or intensities observed in a second line of detection elements already being
processed, thus allowing the correction of signals which extend across two or more

lines of detection elements.

The inclusion of a focuéing device for the focusing of a signal from the sample
onto the detection elements in such a manner as to maximise the collection angle,
the collection angle being defined as the full plane angle within which a signal is
detected, has in many situations been found to give improved conditions for an
assessment. Surprisingly it was found that such a wide collection angle, even to the
extent that the objective used in the focusing distorted the aspect ratio of the image
of any particle differently across the plane in which the detection elements were
placed, or produced variation in the focusing across the sample being analysed, or
reduction of the focusing quality, could be used in the assessment of the number of

particles.

It is possible to make the assessment of biological particles in a sample by using
a calculation mean, preferably a digital computer, one commercially available from
Analogue Devices (ADSP 2101), equipped with storage capacity which can only

store information in amount substantially equivalent to a small fraction of the total
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number of detection elements, the assessment of the nurﬁber of objects then being
based on substantially real time processing of data, preferably in such a way that the
measured information from each detection element, or a line of detection elements,
or two or more lines of detection elements, is used for the assessment, substantially
without any delay, such as a delay which would otherwise be caused by storing the

measured information.

However, it is often preferred to store substantially all measured information by
the use of a first calculation mean, preferably a digital computer, beforé the
processing of the information by a second calculation mean, preferably a digital
computer, and thus allowing the measured information to be processed at
substantially the same rate it is obtained, but with a substantial time delay between
the measurement of any information and the proéessing of the same information;
preferably, this is accomplished by using only one calculating mean, préferably a

digital computer, equipped with enough resources to accomplish the task.

When using a sample compartment used for the analysis of more than one
sample material, for instance when the sample is introduced by means of a flow
system, it is often found that one or more of the particles of interest, or fractions of
particles, adhere to the sample compartment in such a way that the flow used to
replace the sample material is not capable of removing said adhering particles. Thus
if such adhering particles are situated in a place which is exposed to the sensing
device, it will be included in two or more observation although the sample has been
substantially replaced between observations. In many embodiments of the present
invention the influence of said adhering particles on the observation can be
substantially eliminated by combining two observations in such a way that the result
from a first observation is adjusted by the result from a second observation, said
second observation being one of many observations taken prior to said first
observation or a combination of more than one of many observations taken prior to
said first observation, preferably an observation taken Substantially immediately
prior to said first observation, said adjustment being a simple subtraction of said
second observation from said first observation. The result of said adjustment then
contains information where»any objects present in said first observation have
positive intensity, and any object present in said second observation has negative

intensity and any object present in both first and second observation hHave
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substantially zero intensity. The task of any method used for the assessment of the
number of objects or the determination of any morphological properties of an object
is then to only treat those intensities which have substantially positive values. In a

similar way it 1s possible to analyse the results of two or more observation taken

w

from different samples from the same sample material by combining those
observations as described above and subsequently to analyse both the positive and
negative signals, for instance by treating all signals as being positive. In this way it
is possible to analyse 2, 4, 6, 8 or more observations simultaneously for instance in
situations where the effort of analysing an observation is greater than the effort of

10 making an observation.

This invention allows the sample material to be a substantially aqueous solution,
or substantially organic solution, or a mixture of two or more immiscible phases,
some of which can be liquid, somé of which can be solid and some of which can be
a suspension, into which the particles of interest are suspended. In many preferred

15 embodiments of this invention the sample material to by analysed has been modified
or its chemical or physical properties substantially changed compared to the analyte
material by either the addition of, or the removal of one or more components, or by
introducing the sample to one or more chemical, mechanical or physical treatments
prior to analysis. Preferably the effect of any such alteration or modification is the

20 enhancement of any measurable signal ﬁsed for the analysis, or a suppression of any
interfering phenomenon, or it has the effect of prolonging the working life of the

sample.

It is often preferred that the signal which is detected is a photoluminescence
signal, originating from a molecule, or a fraction of a molecule having fluorophor

25 properties, naturally contained within or on the particle which is measured.

The particles which are to be detected are often "coloured" with one or several
molecules which bind to fhe particle, are retained Hwithin the particle, or otherwise
interact with the particle, the effect of this "colouring" being the enhancement of any
signal from the particle.,Aor being the direct source of a signal which thereby can be

30 used to detect the particle.

In many aspects of the invention the effect of the "colouring” is to cause, or

enhance, the attenuation of electromagnetic radiation such as visible light, or
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preferably to cause, or enhance, the emission of electromagnetic fadiation such as
chemiluminescénce, or photoluminescence, e. g. fluorescence or phosphorescence,
when exited with radiation which is substantially higher in energy that the emitted
photoluminescence. One such "colouring" is the addition of Ethidium Bromide
5 (EtBr) to the sample, where EtBr interacts wi‘th DNA material present in the sample,

giving rise to fluorescence at approximately 605 nm when exited with light at
approximately 518 nm (Handbook of Fluorescent Probes and Research Chemicals,
page 145). This makes it possible, in the combination with the appropriate set of
optical filters, to count a DNA-containing particle where EtBr can interact with the

10 DNA, such particles are for instance cells containing DNA, in particular DNA

containing somatic cells or bacteria, such as those present in milk, blood or urine.

[t was surprisingly found that it was possible to use concentrations of fluorophor
which were substantially lower than those normally used in system, oﬁen less than
1/10th or 1/100 or even less than 1/1000; in particular this is advantageous where

15 added fluorophor exhibits relatively similar properties in free form as in bound form,
with regard to iﬁtensity and wavelength characteristics. As expected, such condition
inherently reduce any signal emitted from a coloured particle, but surprisingly it was
found that the ratio of the signal intensity in bound form to free fom shifted in
favour of bound signals. In particular it was found that a level of signal from

20 fluorophor in free form in the sample which was comparable, and preferably less, in
intensity to any random electronical signal (noise) and/or comparable in intensity to,

and preferably less than, any other interfering signal was to be preferred.

It is often preferred that the liquid in which particles which are to be measured
are suspended, is substantially at stand-still, where stand-still is defined as the
25 situation where at least a part of the image of a particle does not move any more than
it is contained substanﬁally within the boundary of the same detection elements
during one measurement period. The stand-still situafion is preferably such that at
least a part of the image of a particle does not move any more than it is contained
‘substantially within the boundary of the same detection element during at least two
30 measurement periods, thus allowing the detection of any weak signals which might

indicate the presence of a particle.

In other embodiments of this invention, normally less preferred, the liquid in

which particles which are to be measured are suspended, is substantially moving
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during méasurement, in such a way that at least a part of the image of a particle

gives rise to signal in two or more adjacent detection elements during one |
measurement period, or in such a way that at least a part of the image of a particle
gives rise to signal in two or more adjacent detection elements during at least two

measurement periods.

The liquid in which particles which are to be measured are suspended can be
moving in more than one diréction dim’ng measurement, for instance by controlling
two sources of force, preferably which can be applied perpendicular to each other,
thus giving the opportunity to move the sample in a predefined pattern, which can be
used to improve the performance of any image processing device used to analyse the

measured signal.

i

It is possible to perform more than one measurement and thus allowing a more
accurate and/or sensitive assessment of the number of particles, for instance by
measuring the same portion of the sample more than once and combining the results
in order to improve the signal to noise ratio, and/or to measure more than one
portion of the sample in order to increase the total number of particles which are
counted to reduce the error in the assessment since the error in the particle count will
normally follow count statistics where the relative error is expected to behave
similar to one over the square root of number of counts. However, it is a
characteristic feature of the present invenfion that its general character of detection
based on a relatively large sample volume giving a large amount of information
makes it possible to meet a predetermined statistical standard based on substantially

one exposure.

In sofne embodiments of this invention the number of measurements which are
taken is defined by a real time eétimate of the number of particles already counted
thus performing relatively fewer measurements when the sample contains a high
number of particles and relatively more measurements when the sample contains a

low number of particles, preferably by defining an approximate lower limit for the

total number of counted particles in such a way as an appropriate accuracy in the

measurement 1s obtained.

It is possible to assess the biological particles in a relatively short time thus

allowing a high number of samples to be analysed per hour, often more than 400,
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and even as many as 1000 or more analysis per hour. In many preferred
embodiments of this invention an even higher number analysis per hour is achieved
by including more than one measurement unit, the measurement units working in

parallel in a single instrument.

In many embodiments of this invention the signals which are detected are
attenuation of electromagnetic radiation, for instance caused by absorption or
scattering, and in many preferred embodiments of this invention the signals which
are detected are emitted from the particles or the samples, for instance emission of
photoluminescence (e.g. fluorescence and/or phosphorescence) or raman scatter, and
in other embodiments of this invention the signals which are detected are caused by

scatter.

Often more than one of the previously mentioned signals are detected
simultaneously thus allowing more accurate or sensitive assessment of the number
of particles or the assessment of any morphological property or to allow
classification of a particle present in the sample, preferably by the use of more than

one set of detection elements.

A monochromatic device can be used to separate electromagnetic radiation into
one or more wavelength components before one or several of these wavelength’
components are transmitted onto the sample either one at a time or more than one at
a time, preferably when more than one wavelength component is transmitted onto
the sample simultaneously the wavelength components are transmitted onto different
portions of the sample thus giving an opportunity to obtain qualitative as well as
quantitative'information about particles in the sample. This is in particular of interest
when the Sample confain,s particles which respond differently to different

wavelength components.

Light which can be transmitted onto the sample can be focused by a focusing
system, comprising one or more lenses. The effect of such a focusing system is often
to increase the effective ‘efﬁciency of the light source. As light source it is possible
to use a thermal light source, such as a halogen lamp, or a gas lamp such as a xenon
lamp, a light emitted diode, a laser or a laser diode. It is often preferfed to use more
than one light source for the purpose of increasing the flux of light onto the sample,

for instance by using two or more light emitting diodes. It is also possible to use
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more than one light source where some of the light sources have different

electromagnetic properties.

A monochromatic device can be used to separate electromagnetic radiation
emitted from, or transmitted through the sample into one or more wavelength
components before such electromagnetic radiation is detected by a detection
element, either in such a way that one wavelength is measured at a time or in such a
way that more than one wavelength components are measured at a time. This is in
particular of interest when the sample contains particles which respond differently to -
different wavelength components for instance when a particle is capable of emitting
photoluminescence with different properties dependent on the nature of the particle.
This effect can also be produced by the use of more than one type of light source
which have different wavelength characteristics, preferably in combination with a

monochromatic device.

In many preferred embodiments of this invention electromagnetic radiation,
such as UV or visible light is transmitted onto the sample, in order to give rise to
photoluminescence, in a set-up where the light source, the sample compartment and
the detection elements all are situated approximately on the same axes, preferably
where the sAmple compartment is situated between the light source and the detector
elements. Surprisingly it was found that under these conditions it was possible to
remove substantially all the excitation light which was transmitted through the
sample by means of filters, even in situation where high amounts of energy were
used for the excitation. Further in many preferred embodiments of this invention it
was found that it was possible to increase the efficiency of the electromagnetic
radiation used for excitation by placing a reflecting device between the sample
compartment and the detector which could reflect at least a portion of the energy
transmitted through the sample compartment back towards the sample compartment,
preferably where at least one of the surfaces which define the sample compartment
was reflecting, preferably this reflecting device is one which has different
reflectance properties at different wavelengths, preferably in such a way that it is
substantially transparent to the photoluminescence signal. One such reflecting

device is a dichroic mirror.
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It is often preferable to use one or several state of the art image processing
techniques, such as 2 dimensional filtering or image identification, to assess the

number of particles, or any morphological property of a particle.

As mentioned above, it is a particular feature of the invention that compared to
5 traditional microscopy methods, the enlargement is from relatively small to very
small. Thus, it is often preferred that the spatial representation exposed onto the
array of detection elements is subject to such a linear enlargement that the ratio of
the image of a linear dimension on the array of detection elements to the original
linear dimension in the exposing domain is smaller than 40:1, normally at the most
10 20:1, preferably smaller than 10:1 and in many cases even at the most 6:1 or even

smaller than 4:1.

The enlargement is suitably adapted to size of the particles to be determined.
Thus, for example, when the particles the parameter or parameters of which is/are to
be assessed are of a size of between 1/3 um to 3 um, the above-mentioned ratio is
15 preferably in the range between 40:1 and 1:10, more preferably in the range between
20:1 and 1:10, such as in the range between 10:1 and 1:10. In most embodiments
which have proved to give excellent results in practice, the ratio is in the range

between 6:1 and 2:1.

When the particles the parameter or parameters of which is/are to be assessed
20 are of a size between 3 ;,Lrh and 100 pum, the above-mentioned ratio is normally in
the range between 3:1 and 1:100, preferably in the range between 2:1 and 1:100. In
many practical embodiments, the ratio will be in the range between 2:1 arid'I 2.1t
can be interesting, in particular with small high precision detection elements, to
work with very small rations, such as in the range between 1.4:1 and 1:100, e.g., in

25 the range between 1:1 and 1:100.

Another way of expressing the ratio at which the image should preferably be
formed on the array is to consider the imaging of the individual particle on the
detection elements. It is often preferred that the individual particles the parameter or
parameters of which is/are to be assessed are imaged on at the most 25 detection

30 elements, in particular on at the most 16 detection elements and more preferred at
the most 9 detection elements. It is even more preferred that the individual particles

the parameter or parameters of which is/are to be assessed are imaged on at the most
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5 det_ection elements, or even on at the most 1 detection element. The larger number
of elements per particle will provide more information on the individual particles,
while the smaller number of elements per particle will increase the total count that

can be made in an exposure.

As mentioned above, it is one of the characterising features of the present
invention that a relatively large volume of sample can be exposed to the detection
array. The sample is contained in the interior of the domain or sample compartment,
which normally has an average thickness of between 20 pm and 2000 um, usually
between 20 um and 1000:pm and in many practical embodiments between 20 um
and 200 pm. Normally, the domain or sample compartment has dimensions, in a
direction substantially parallel to the array of detection elements, in the range
between 1 mm by 1 mm and 10 mm by 10 mm, but it will be understood that

depending on the design, it may also be larger and, in some cases, smaller.

The volume of the liquid sample from which electromagnetic radiation is
exposed onto the array is normaily in the range between 0.01 pl and 20 pl. When the
particles the parameter or parameters of which is/are to be assessed are of a size of
between 1/3 um to 3 pm, the volume of the liquid sample from which
electromagnetic radiation is exposed onto the array is normally in the range between
0.01 pl and 1 pl. When the particles the parameter or parameters of which is/are to
be assessed are of a size of between 3 um to 100 um, the volume of the quuid
sample from which electromagnetic radiation is exposed onto the array is normally

in the range between 0.04 pl and 4 pl.

As mentioned above, the sample is preferably at stand still during the exposure.
However, in another embodiment, the sample in the domain or sample compartment
is moved through the domain or sample compartment during the exposure, and the
exposure is performed over a sufficiently short period of time so substantially obtain
stand still condition during the exposure. In either”case, there is a close control of the
volume of the samplé from which the exposure is made, which is one very preferred

feature of the present invention.

When at least a major part of the electromagnetic radiation emitted from the
sample during exposure originates from or is caused by electromagnetic radiation

supplied to the sample from a light source, it is highly preferred that at least a major
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part of thé radiation from the light source having a direction which is transverse to
the wall of the sample compartment or a plane defined by the domain, such as
substantially perpendicularv to the plan-e defined by the domain (or-an increment
plane if the compartment wall is curved), or between perpendicular and 10 degrees,
preferably between perpendicular and 20 degrees, more preferably between
perpendicular and 30 degrees and still more preferably between perpendicular and
45 degrees. This is in contrast to the case where the radiation enters from an edge,
parallel to the plane of the sample compartment, which is considered highly
disadvantageous as it will, for many sample types, give rise to sufficient illumination

of only a small rim part of the sample.

As mentioned above, the size of the volume is suitably adapted to the desired
statistical quality of the determination. Thus, where the determination is the
determination of the number of particlés in a volume, or the determination of the
size and/or shape of particles, the size of the volume of the liquid sample is
preferably sufficiently large to allow identification therein of at least two of the
biological particles. More preferably, the size of the volume of the liquid sample is
sufficiently large to allow identification therein of at least four of the biological
particles. This will correspond to a repeatability error of approximately 50%. Still
more preferably, the size of the volume of the liquid sample 1s sufficiently large to |
allow identification therein of at least 10 of the biological particles. This will
correspond to a repeatability error of approximately 33%. Even more preferably, the
size of the volume of the liquid sample is sufﬁciently‘ large to allow identification
therein of at least 50 of the biological particles. This will correspond to a
repeatability error of approximately 14%. Evidently, where possible, it is preferred
to aim at conditions where the size of the volume allows identification of even
higher numbers. Thus, when the size of the volume of the liquid sample is
éufﬁciently large to allow identification therein of at least 100 of the biological
particles, it will correspond to a repeatability error of approximately 10%, and when
the size of the volume of the liquid sample is sufficiently large to allow
1dentification therein of at least 1000 of the biological particles, it will correspond to

a repeatabilityverror of as low as approximately 3%.

Expressed in another, more specific manner, one main aspect of the present

invention 1s defined as a method for the assessment of at least one quantity
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parameter and/or at least one quality parameter of biological particles in a liquid
analyte material, comprising
applying a volume of between 0.01 ul and 20 pl of a liquid sample representing
the liquid analyte material, or particles isoiated from a volume of a liquid
5 sample representing the liquid analyte material, to an exposing domain from
which exposing domain electromagnetic signals from the sample in the
domain can pass to the exterior,
exposing, onto an array of active detection elements, an at least one-dimensional
spatial representation of electromagnetic signals having passed from the
10 domain, the representation being one which is detectable as an intensity by
individual active detection elements, under conditions which will permit
processing of the intensities detected by the array of detection elements
durning the exposure in such a manner that representations of electromagnetic
signals from the biological particles are identified as distinct from
15 representations of electromagnetic signals from background signals, the
conditions involving such a linear enlargement that the ratio of the image of
a linear dimension on the array of detection elements to the original linear
dimension in the exposing domain is smaller than 10:1, and such that the
individual particles the parametér or parameters of which is/are to be
20 assessed are 'imaged on at the most 25 detection elements of the array of
detection elements,
the sample in the domain or sample compartment being at stand still during the
exposure, and in the case where at least a major part of the electromagnetic
radiation emitted from the sample during expoéure originates from or is
25 caused by el.éctromagnetic radiation supplied to the sample from a light
source, then at least a major part of the radiation from the light source having
a direction Which is transverse to the wall of the sample compartment or a
plane defined by the domain,
processing the intensities detected by the detection elements in such a manner
30 that signals from the biological particles are identified as distinct from
background signals, ‘
and correlating the results of the processing to the at least one quantity
parameter and/or the at least one quality parameter of the liquid analyte -

material.
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As mentioned above, the signal which is detected by the detecting elements
originates from one or several types of molecules of types which bind to, are
retained within, or interact with, the biological particles, such molecules being added
to the sample or the isolated particles before or duriﬁg exposure, the molecules being
molecules giving rise to one or several of the following phenomena: attenuation of
electromagnetic radiation, photoluminescence when illuminated with
electromagnetic radiation, scatter of electromagnetic radiation, raman scatter. In the
presently most preferred embodiments an effective amount of one or more nucleic

acid dyes and/or one or more potentiometric membrane dyes is added.

The duration of the exposure is normally in the range from 100 milliseconds to
5 seconds, in particular in the range of 0.5 to 3 seconds. The exposure may be
performed as multip'le exposures before the intensities detected by the detection
elements are processed, but it is normally preferred that the exposure is performed .

as a single exposure.

One aspect of the invention concerns a method for compression of intensity
information representing distinct objects scattered over an area, an object being
represented by a

variation in the intensity information.

The information existing in the form of varying degrees of measurable intensity
of a physical property distributed over a confined area divided into sub-areas, each
of which sub-areas having assigned thereto an index uniquely identifying the sub-
area. According to the invention the method comprising determination of the

intensity of the physical property.

One such method of determining the intensity of the physical property could be
a read-out of the electrical signal from an array of detection element such as CCD-
elements exposed to electromagnetic radiation radiated from the objects scattered
oven an area. Another such method could be by exposing a photographic film to
electromagnetic radiation radiated from the objects scattered over an area, thereby

generating a “picture” of the intensity of the physical property which then could be

 digitised in such a manner that for instance a number is assigned to a distinct interval

of intensities represented by for instance grey-scale in the "picture”
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—measure vf therate-of-ehange-ina.given-directionrelative-to-a-given-detection
-meimagaaﬂaa-ob}eebﬁhe-di:cwomwcrm;mﬂa—
—be assumed to-bea-dertvatrreof first-order-or-higher—

5 When the determination of the intensity has been done the compression could bz
| performed by the following:
a) defining a sub-area of interest situated in a group of sub-areas compnsing of
at least 2x2 sub-areas situated adjacent to each other,
b) evaluating in said sub-area of interest at least one directional derivative(s) of
19 | the measurable intensity in the sub-area of interest with respect to
predetennined geometnical direction(s) in the plane of the confined area, the
directiona) derivative(s) is (arc) based on measurable intensities in sug-areas
situated adjaccnt to or in proximity of the group of sub-area, .
¢) based on the evaluation of the at least one directional dervative an aitribute is
1S assigned to the value assigned lo said sub-arca of interest; the attribute
represent an adjusted measurable intensity and/or information(s).related to a
predetenmined strategy for adjustment of the measurable intensity in the sub-
area o.!'interest or sub-areas situated adjacent to or in proximity to the sub-

area of interest.

20 The steps a)-c) gan be performed for substantially all sub-areas of the confined

area.

The evaluation of the directional derivatives is uscd 1o give an indication of
where the centre of an object is situated relafivc to the coﬁﬁned area and to givé 2
measure of which of the sub-area in the confined area which is subject to be a sub-
25 area in which information from reighbouring sub-areas should be assigned to. Such

information could be the intensity information.

The steps a)-¢) can be repeated successively for some of the sub-areas or for all

of the sub-areas.

The use of the attribute enables the possibility of storing information of the
0 about the sub-area of interest such that an elliptical, hyperbolical or and parabolic
method (in a mathematical understandin g) can be used as a strategy fer distribution

of intensity information from some of sub-areas to selected sub-areas in the confined
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area, the number of selected sub-areas are lower in number than the sub-areas contained
in the confined area.

A number of embodiment and variants of the invention appear from the figures and
examples which follow, as well as of from the following detailed description of
embodiments.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited to”.

With these and other advantages, which will become apparent to one skilled in the
art as the description proceeds, this invention resides in the novel construction,
combination, arrangement of parts and method substantially as hereinafter described, and
more particularly deﬁned by the appended claims, it being understood that changes in
the precise embodiments of the herein disciosed invention are meant to be included as

come within the scope of the claims.
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Brief Description of the Drawings
FIG. 1 illustrates one embodiment of this invention, particularly suited for the

assessment of particles by the use of fluorescence.

FIGS. 24, 2B, 2C illustrate the effect of varying the initial concentration of

5 fluorescent labelling dye.

FIGS. 3A, 3B illustrate the possible removal of systematic bias by the

subtraction of measured signals.

FIG. 4 illustrates an optical arrangement allowing collection of signals with a

collection angel of approximately 40 degrees.

10 FIG. § illustrates an optical arrangement allowing collection of signals with a

collection angle of approximately 70 degrees.
FIG. 6 illustrates components used for a flow system.

FIG. 7 illustrates a disposable measurement and sampling cell for the

assessment of the number of somatic cells in a volume of milk.

15 FIG. 8 illustrates an instrument for the assessment of the number of somatic

cells in a volume of milk.

FIGS. 9A, 9B are graphs of the assessment of the number of somatic cells in 1ul

of milk plotted against results obtained by a FossoMatic routine instrument.

FIG. 10 is a graph of the number of counted objects in a milk sample vs. the

20 concentration of the fluorochrome.
FIGS. 11A, 11B illustrate the effect of processing two dimensional image.

FIG. 12 illustrates the representations of intensities in the measurement of

bacteria in an aqueous sample.
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Example 1

Detection of fluorescence signals from Ethidium Bromide (EtB'r) bound to
DNA in Somatic Cells in Milk at different initial concentration levels of

Ethidium Bromide.

Tﬁe sample material was cow bulk milk. To each of three portions of the same
sample matenal, used for the below Experiments A, B and C, was added"a buffer in
the ratio of two parts by volume of buffer solution to one part by volume of milk.
The buffer solutions were identical except that they contained different amounts of
EtBr. The buffer solutions were prepared according to the guidelines of Intemational
IDF standard 148A:1995 - “Method C, concerning Flouro-Opto-Electronic Method”
(Expennment A, EtBr concentration 33 pg/ml); for Experiment B, the concentration
of EtBr was 10 % of the prescribed amount, and for Experiment C, it was 1 % of the

prescribed amount.

The resulting sample materials were measured in a set-up as follows (cf. Fig. 1):
A halogen lamp 101 of type OSRAM (41890 SP iZV, 20 W, 10 degree reflector)
was used as a light source emitting electromagnetic radiation onto the sample
contained in a sample compartment 104 through a collecting lens 102 and through
an optiéal filter 103 selectively transmitting light in the waveband between 400 and
550 nm (Ferroperm SWP 550). Any fluorescence signal originating from the sample
was focused using a lens 105 with a collection angle of approximately 10 degrees
and producing an image which was approximately 4 times larger than the source on
a two-dimensional array of detection elements 107, constituted by a CCD of the type
Loral Fairchild (CCD 222). An optical filter 106 selectively transmitting light in a
waveband between 600 and 700 nm (Schott OG590 and KGS, thickness 3mm) was

inserted between the sample compartment and the array.

The final concentration of EtBr in each experiment and the operation of the light

source and the detector elements was as follows:
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Experiment  EtBr (ug/ml) Lamp (Volt) CCD Integration time (ms)

A 33 12 800
B 33 12 800
C 0.33 13 1600

The data from the two dimensional array of detection elements was digitised

and collected on a computer (not shown) for later analysis.

Results

Data from the two dimensional array of detection elements was used to produce
images in which the intensity detected by each element is illustrated as height over a
graphic representation of the array. An illustration of this type of typical signals
from each experiment is shown in Fig. 2, where Fig. 2A is a representation of
intensities as observed in Experiment A, Fig. 2B is a representation of intensities as
observed in Experiment B, and Fig. 2C is a representation of intensities as observed
in experiment C. Peak-like structures in the figures, distinct from representations of
electromagnetic signals from the sample background, are representations of EtBr

bound to DNA in somatic cells contained in the milk samples.

In all cases the figures are the numerically positive result of the subtraction of
one measurement from the sample, from another measurement of a different portion
of the sample, by using the formula: Signalj, = ABS(meas]j-meas2), where i and
j refer to the row and column of the CCD, thus suppressing any systematic bias of .

the measurement system.

In Experiment A, illustrated in Fig. 2A, the signal intensity was such that a
majority of the cells showed signals which caused charge overflow on the CCD,
resulting firstly in the cut-off of the signal due to the fact that the signal was outside

the range of the detector elements, and secondly in broadening of the signal top due

~ to charge transfer from overloaded detection elements to neighbouring detection

elements. In addition it is obvious that the variation in the signals of the background
is high, presumably due to interaction between free EtBr and the sample matrix (for

instance fat globules and protein micelles).
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Fig. 2B.illustrates typical signals as observed in Experiment B. Experiments A
and B were identical apart from the concentration of EtBr used, and the beneficial
effect of the lowering of the EtBr conc'emration on the signal intensity and signal
broadening is evident. In addition, the random variation in the background is about

5 1/2 of the variation observed in Experiment A.

Fig. 2C illustrates typical results from Experiment C. In this experiment, the
intensity of excitation light as well as the integration time of the detection elements
were increased. The result from Experiment C is that the signals are considerably

weaker than in Experiment B, with a background signal of similar magnitude.

10 Conclusion

The above results illustrate that it is possible to detect signals from somatic cells
using concentrations of EtBr which are considerably lower than concentrations

normally used for the fluorescence detection of DNA-containing particles.

One preferred embodiment of this invention is based on an opticai system which
15 has a collection angle of between 40 and 70 degrees, as compared to the 10 degrees
used in the present example; and this will result in the collection of approximately
10 to 300 times as much energy, making it possible to reduce the concentration of

the reagent even further.
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Example 2

Removal of signal bias by combination of measurements from a linear

array of detection elements.

Removal of systematic signal bias can be of interest in the processing of
measured signals. In the present example a linear array of detection elements of the
type Hamamatsu (S3902-128Q) was used in an arrangement similar to the one
illustrated in Fig. 1. Under the conditions used, the array of detection elements gave
a readout which had a systematic bias between detection elements with even index
and detection elements with odd index. A series of 2 measurements was carried out

using water as sample material.

Results

Fig. 3 shows the results of the measurements of water. Fig. 3A shows the result
from the first measurement after the measurement had been adjusted for the mean
bias. From Fig. 3A it is apparent that there is a clear difference in the signal intensity
of odd and even detection elements, in that elements with an odd index have
generally lower signal. Fig. 3B shows the result of scan 1 after the results from scan
2 have been subtracted. What is apparent is that the systematic effect of odd and
even detection elements has been substantially removed, resulting in a signal with a
baseline which can be expected to have variations of more random character; the
amplitude of this noise can be é_xpected to have an amplitude of approximately 1.41

the amplitude of any random noise present In one measurement.

'Conclus_ion

The conclusion from the above result is that it is possible to remove a systematic
bias by subtracting one measurement from another. In addition to variations in the
detecting system, systematic bias can be caused by many other factors, such as
particles adhéring té the wall in a flow system, variations in the intensity of
excitation light from a light source consisting of a plurality of elements such as
light-emitting diodes, etc. Compensation for systematic bias, performed, e.g., as

illustrated in the present example and in Example 1, will enhance the distinction
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between répresentations of electromagnetic signals from the biological particles and
representations of electromagnetic signals from the sample background. However,
for many applications, the inherent distinction obtained using the method of the
present invention will be adequate or more than adequate even without a

5 compensation for systematic bias. The use of disposable sample compartments used
only once will rule out any problems ascribable to adhering particles in a flow

system.
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Example 3

Optical configuration for wide angle collection of signal from a sample

It can be demonstrated that the intensity of any signal collected from a sample is
dependent on the square of the collection angle. In conventional automated
5 microscopy, the collection angle is at the most 20 degrees and normally considerably
lower, such as 1-5 degrees. Because of the low magnification (or no magnification)
which can be used according to the present invention, and the robust processing
made possible thereby, a much larger collecting angle can be used. In the present
example two different optical arrangements are used to obtain a collection angle of

10 approximately 40 and approximately 70 degrees, respectively.

Fig. 4 illustrates an optical arrangement which produces a collection angle of
approximately 40 degrees when collectiﬁg a signal from a sample compartment 401
and projecting it onto detection elements 404, by using two achromatic lenses, one
402 of the type Melles Griot 01 (LAO 014: F=21mm, D=14mm) and another one

15 403 of the type Melles Griot 01 (LAO 111: F=80mm, D=18mm).

* Fig. § illustrates an optical arrangement which produces a collection angle of
approximately 70 degrees when collecting a signal from a sémple compartment 501
and projecting it onto detection elements 506, by using one immersion lens 502 with
radius of approximately S mm and width of approximately 8.3 mm, and one

20 aplanatic meniscus lens 503 with one radius of approximately 12.5 mm and one
radius of approximately 10.5 mm, and two identical achromatic lenses 504 and 505

of the type Melles Griot 01 (LAO 028: F=31mm, D=17.5mm).
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Example 4

Components of a disposable measurement and sampling unit

The components of a flow system which can be used for the assessment of
biological particles according to principles of the present invention are given in
Fig. 6. The components in Fig‘ 6 are as follows: An inlet 601 where the sample is
introduced to the flow system, a pump 602 situated upstream from the sample
compartment, a valve 603 controlling the inlet flow of the sample, means 604
allowing introduction of one or several intentionally added chemical components,
means 605 which allow the mixing of the sample and one or several chemical
components and/or any other mechanical or physical operation such as retaining
particles, a sample compartment 606, a valve 607 controlling the flow from the
sample compartment, a pump 608 situated downstream of the sample compartment,
an outlet 609 from the flow system and a unit 610Ahousing one or several of the

components of the flow system.

Depending on the nature of the sample which is to be analysed and other factors
associated with the sampling and measurement, the prefened flow system would not
always comprise all the components arranged as shown in Fig. 6, or one or more of
the components could be integrated into one component. The present example

discusses several possible constructions.

A — A flow system contained in a disposable unit

Several applications of the present invention can be based oh a flow system
contained in a removable and disposable unit or in a unit which can be fegenera;ed.
Such a system will have a number of advantages, inclﬁ‘ding the following:
Elimination of a stationary flow system that would need maintenance such as
cleéning. The possibility of being able to sample and measure without any further

handling of a sample, which makes the handling of hazardous material more safe.

One such flow system unit 610 is based on following components: An inlet 601
where the sample can be introduced in the flow system unit, preferably a valve 603
close to the inlet or integrated with the inlet and allowing liquid sample to flow only

in one direction, preferably a chemical container 604 for any addition of chemical
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components, preferably a mixing chamber or a manifold 605 allowing the sample
and any chemical components to mix, a sample compartment 606 where a
measurement of any signal from the sample will be made, a valve 607 controlling
the flow of the sample through the sample compartment, preferably a valve which
can allow gas or air to pass freely but which closes substantially irreversibly upon
contact with the sample, and finally a pump 608 capable of moving the sample from

the inlet to or past the valve 607.

‘When it is intended that any sample entering the inlet can be retained within the
flow system unit upon completion of the analysis, an outlet from the flow system
unit through which the sample could leave the system will normally not be provided.
Upon completion of the analysis, such a flow system unit can be safely disposed of
or regenerated regardless of the nature of the sample or any chemical components

added to the sample.

B — A flow system contained in a disposable unit for the sampling of large

volumes analysed by multiple measurements

For some purposes, it may be interesting to be able to measure relatively large
volumes of sample material by multiple measurements of a number of individual
samples taken from a larger volume. This may, for example, apply when assessing
the possible presence and, if present, the concentration, of bacteria which are
objectionable even when being present in very small numbers, such as Salmonella.
In such a case, it may be of interest to perform a small, or a large, series of
measurements of “normal volume” samples taken from a larger, but well-defined,
volume of sample material, and then optionally relating the results from the small or
larger series of volumes to the well-defined larger volume. According to the present
invention, also this can be accomplished using a flow system contained in a

removable and disposable unit or a unit which can be regenerated. There can be

- several advantages of such a system, including: Improved sensitivity and precision

due to multiple measurements and thereby measurement of a larger total volume.
*Elimination of a stationary flow system which would need maintenance such as

cleaning. The possibility of being able to sample once and then measure several

times without any further handling of a sample makes the handling of hazardous

material more safe.
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One such flow system unit 610 can be based on following components: An inlet
601 where the sample can be introduced in the flow system unit, preferably a valve
603 close to the inlet or integrated with the inlet and allowing liquid sample to flow
only in one direction, preferably a chemical container 604 for any addition of
chemical components, preferably a mixing chamber or a manifold 605 allowing the
sample and any chemical components to mix and having volume at least
corresponding to the volume of the large sample with added chemical components,
a sample compartment 606 of a “normal volume” where measurement of any signal
from the sample 1s made sequentially on a series of samples withdrawn from the
large sample, a valve 607 controlling the flow of the individual sample through the
sample compartment, and finally a pump 608 which, in connection with the
individual measurements, is capable of passing at least a portion of the sample
contained in the mixing chamber to the sample compartment for the measurement,
the pump preferably having capacity to retain, in a large sample entering mode, at

least the volume of sample entering the inlet.

The flow system would need the controlling of at least one valve and/or a pump

allowing different portions of the sample to be analysed at a time.

C - A flow system contained in a disposable unit for the sampling of large

volumes analysed by a single measurement

It is often of interest to be able to measure a large volume of sample. Also this
can be accomplished using a flow system contained in a removable and disposable
unit or a unit which can be regenerated. The advantage of such system would
include: Improved sensitivity and precision due to measurement of a large volume.
Elimination of a stationary flow system that would need maintenance such as
cleaning. The possibility of being able to sample and measure without any further

handling of a sample makes the handling of hazardous material more safe.

One such flow system unit 610 could be based on the .following components:
An inlet 601 where the sample is introduced in the flow system unit, preferably a
pump 602 or-a valve 603 close to the inlet or integrated with the inlet and allowing
liquid sample only to flow in one direction, passing the sample to a particle retaining
means 605 preferably containing means to hold at least the volume of sample

entermg the inlet, or connected to an outlet 609 allowmg the sample to leave the
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flow system unit, preferably a chemical container 604 for any addition of chemical
components connected to the particle retaining means, preferably a mixing chamber
of manifold 605 allowing the sample and any chemical components to mix, a sample
compartment 606 where a measurement of any signal from the sample would be
made, a valve 607 controlling the flow of the sample through the sample
compartment, preferably a valve which can allow gas or air to pass freely but closes
substantially irreversibly upon contact with the sample, and finally a pump 608
capable of passing at least a portion of the sample contained in the particle retaining
means through the chemical component container to the sample compartment for the

measurement.

With slight variation in the arrangement of the components it would be possible
to measure the signal from the particles in the sample while still retained on or in the
particle retaining means. One possible arrangement could be to include the particle
retaining means in the sample unit, and passing the sample through the sample unit.
Then preferably fo pass any chemical component through or into the sample
compartment to allow the mixing with any retained particle and finally to perform

the measurement.

D - A stationary flow system for the measurement of several samples

In many applications it would be of interest to be able to measure more than one
sample without the replacement of any part of the flow system between analysis.

Such'a flow system would normally be a stationary part of an analytical instrument.

One such flow system could be constructed as follows: an inlet 601 where the
sample enters the flow system and a pump 602 for the flowing of the sample,
preferably a valve 603 for controlling the flow, preferably a reservoir for chemical
components 604 which can prefefably contain chemical components for the
measurement of more than one sample, preferably a mixing chamber 605 for the
mixing of the sample and any chemical component, a sample compartment 606 for
the measurement of a signal from the sample, preferably a valve 607 controlling the
flow of sample through the sample compartment, and an outlet 609 where the .

sample leaves the flow system.
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Example 5

A disposable measurement and sampling unit for the assessment of the

number of somatic cells in a volume of milk.

The components of a flow system which can be used for the assessment of

somatic cells in milk are shown in Fig. 7:

An inlet 701 where the sample is introduced to the flow system, a compartment
702 containing reagents prior to analysis, a compartment 703 which allows a
substantially homogeneoﬁs mixing of the milk with the reagents, a sample
compartment 704, a valve 705 controlling the flow from the sample compartment, a
piston pump capable of producing vacuum, consisting of a chamber 706 with
connection to the flow system and the exterior and a piston 707 which has such
dimensions that it fits closely in the chamber, thus resulting in a low pressure on the

flow system side of the pump chamber when moved into the chamber.

Prior to analysis, the sample inlet is immersed in the milk sample to be
analysed. While the sample inlet is immersed in the milk sample, the sample is
introduced to the flow system of the disposable measurement and sampling unit by
moving the piston at least partially into the pump chamber. The vacuum produced
should be of such magnitude that the milk sample flows through the reagent
compartment, thus dissolving or suspending at least a portion of the reagents present

in the compartment, and into the mixing compartment.

Preferably, the mixing compartment has a sufficiently large volume to secure
that it becomes only partially filled with the milk and any reagents dissolved or
suspended, thus allowing the content of the mixing compartment chamber to flow

freely in the chamber and thus to be effectively mixed.

After the mixing has been completed, the piston is moved further into the pump
chamber, thus producing vacuum capable of passing the milk sample into the sample
compartment and further into the valve which closes upon contact with the sample

thus substantially stopping the flow of sample through the sample compartment.

The dimension of the reagent compartment should be adequate to allow the
storage of the reagents used, for instance 2 mg Triton X100

(t-Octylphenoxypolyethoxyethanol) and 5ug Propidium lodide (CAS#:-25535-16-
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4). The shape of the void inside of the reagent compartment should preferably be
such as to enhance the solvation or suspension of the reagents contained in the

compartment prior to analysis.

The mixing compartment has a volume of about 200 pl, depending on the total
amount of milk used for the analysis. The shape of the void of the mixing
compartment should be such as to allow any liquid to flow from one boundary to

another thus allowing a thorough mixing.

The sample compartment consists of two substantially parallel planes forming a
void with the approximaté dimensions of 10x10x0.07 mm (height, with, depth).
Depending on the method used for the production of the unit, then either the average
depth of the sample compartment is substantially identical for all individual
disposable measurement and sampling units thus allowing reproducible volumes of
milk to be present in the sarhple compartment during analysis or it is possible to
label each individual disposable measurement and sampling unit, this label
identifying the approximate depth of the sample compartment thus allowing the
instrument to compensate the assessment of somatic cells in milk for the varying

depth of the sample compartment.

The valve used in the disposable measurement and sampling unit is one which is
capable of letting air pass through until a liquid comes in contact with it. When a
liquid has been in contact with the valve it is substantially irreversibly closed thus
allowing neither liquid nor air to pass through it. One such valve can be constructed
by using fibre material from Porex Technologies GmbH, Germany (XM-1378,
EDP#NS-7002).
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Example 6

An instrument for the assessment of the number of somatic cells in a

volume of milk.

Figure 8 illustrates an instrument which can be used for the assessment of the
5 number of somatic cells in a volume of milk sample. The instrument is powered by
either an external power source 801 or by an internal power source such as a lead
acid (12V 2.2Ah) rechargeable battery 803, manufactured by Wetronic Inc. (WE12-
2.2).

The Power supply/battery charger 802 supplies the different units of the
10 instrument. The power supply can use power from either the external or the internal
power source, and is capable of switching between the two sources during operation.

[t is possible to reduce the power consumption when the instrument is in stand-by.

The assessment of the number of somatic cells is performed by detecting a
fluorescence signal originating from a fluorochrome bounded to DNA within
15~ somatic cells present in the sample compartment 807. The sample compartment is
defined by two substantially parallel planes of transmitting material thus forming a

compartment with dimensions of about 10x10x0.07 mm (height, width, depth).

The fluorescence is generated by passing light of high energy (excitati'on light of
wavelength 550 nm or less) through the sample compartment, with direction towards
20 the detection module 811. The source 804 of the excitation light can be either a
halogen lamp of type OSRAM -64255 (SV, 20W Photo Optic Lamp) or a number of
light emitting diodes, for instance 4 or more, of type NSPG-500S or NSPE-590S
(Nichia Chemical Industries Ltd., Japan).

In order to rémove substantially any component from the excitation light with

25 wavelength above 550 nm from reaching the sample compartment, an optical filter
805 is inserted in the light path. This filter of the type Ferroperm SWP550, double

sided interference filter on a 2 mm substrate (Hoya, CM-500) which absorbs infra-

red radiation.

To further preveﬁting infra-red radiation from reaching the sample compartment
a heat absorbing filter 806 is placed in the light path. This filter is of the type Schott
39
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KGS or KG3 (3 mm in thickness). This filter can be omitted if light emitting diodes

are used as light source.

The light emitted from the sample compartment is focused onto the sensors of
the detection module by the use of at least one lens 808. This lens is a standard x4
microscope objective with numerical aperturé 0f 0.10 (Supplied by G. J. Carl
Hansens Eftf., Denmark). The lens is arranged in such a way as to give an image of
an object in the sample compartment on the sensors of the detection module which
has approximately the same size as the original object (magnification approximately

x1).

In order to remove substantially any component from the light emitting from the
sample compartment with wavelength below 575 nm from reaching the detection
module, an optical filter 809 is inserted in the light path. This filter is of the type
Schott OGS590 (thickness 3 mm).

To further prevent infra-red radiation from reaching the detection system a heat
absorbing filter 810 is placed in the light path. This filter is of the type Schott KGS
or KG3 (3 mm in thickness). This filter can be omitted if light emitting diodes are

used as light source.

The filtered light from the sample compartment is detected by a charge couple
device (CCD) 811 of the type GCA325KBL (supplied by L&G Semicon). The CCD
1s equipped with 510 x 492 detection elements.

The electrical information from the CCD is amplified and measured by an

analogue to digital converter module 812 (AD_C).

The operation of the instrument is controlled by the computer unit 813. The
computer is a Motorola DSP56824 16 bit digital signal processor, equipped with
non-volatile storage cépacity for long time storage (EEPROM) as well as volatile
storage capacity (RAM). The computer gathers information about the measured light
intensity of each detection element of the CCD from the ADC module and uses it for
the assessment of the number of somatic cells in the milk sample present in the

sample compartment. The computer module is equipped with a real time clock.

The result of the assessment of the number of somatic cells in the milk sample is

presénted on a display 815 of type MDLS16166-3V (supplied by Varitronix).
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The result of the assessment of the number of somatic cells in the milk sample

can also be transmitted to an external computer (not shown) by the use of the output
port 816.

The user of the instrument can control its operation, and enter relevant
information through a collection of keys forming a key-pad 814. The key-pad is a 16
keys module of type ECO 16250 06 SP.
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Example 7

An instrument for the assessment of the number of bacteria in a volume of

aqueous sample.

Figure 8 illustrates an instrument which can be used for the assessment of the
5 number of bacteria in a volume of aqueous safnple. The instrument is powered by
either an external power source 801 or by an internal power source such as a lead
acid (12V 2.2Ah) rechargeable battery 803, manufactured by Wetronic Inc. (WE12-
2.2).

The Power supply/battery charger 802 supplies the different units of the
10 instrument. The power supply can use power from either the external or the internal
power source, and is capable of switching between the two sources during operation.

[t is possible to reduce the power consumption when the instrument is in stand-by.

The assessment of the number of bacteria is performed by detecting a
fluorescence signal originating from a fluorochrome bounded to DNA within
15 . bacteria present in the sample compartment 807. The sample compartment is defined
by two substantially parallel planes of transmitting material thus forming a ‘

compartment with dimensions of about 10x10x0.7 mm (height, width, depth).

The fluorescence is generated by passing light of high energy (excitation light of
wavelength 550 nm or less) through the sample compartment, with direction towards
20 the detection module 811. The source 804 of the excitation light can be either a
halogen lamp of type OSRAM -64255 (8V, 20W Photo Optic Lamp) or a number of
light emitting diodes, for instance 4 or more, of type NSPG-500S or NSPE-590S
(Nichia Chemical Industries Ltd., Japan).

In order to remove substantially any component from the excitation light with

25 wavelength above 550 nm from reaching the sample corhpartment, an optical filter
805 is inserted in the light path. This filter of the type Ferroperm SWP550, double

sided interference filter on a 2 mm substrate (Hoya, CM-500) which absorbs infra-

red radiation.

To further preventing infra-red radiation from reaching the sample compartment

a heat absorbing filter 806 is placed in the light path. This filter is of the type Schott
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KGS or KG3 (3 mm in thickness). This filter can be omitted if light emitting diodes

are used as light source.

The light emitted from the sample comparfment 1s focused onto the sensors of
the detection module by the use of a lens 808. This lens can be a standard x4
microscope objective with numerical aperture of 0.10 (Supplied by G. J. Carl
Hansens Eftf., Denmark) or a standard x10 microscope objective. The lens is
arranged in such a way as to give an image of an object in the samp'le compartment
on the sensors of the detection module which has approximately four to six times

larger than the original object (magnification approximately between x4 and x6).

In order to remove substantially any component from the light emitting from the
sample compartment with wavelength below 575 nm from reaching the detection
module, an optical filter 809 is inserted in the light path. This filter of the type
Schott OG590 (thickness 3 mm).

To further remove infra-red radiation from reaching .the detection system a heat
absorbing filter 810 is placed in the light path. This filter is of the type Schott KGS
or KG3 (3 mm in thickness). This filter can be omitted if light emitting diodes are

used as light source.

The filtered light from the sample compartment is detected by a charge couple
device (CCD) 811 of the type GCA325KBL (supplied by L&G Semicon). The CCD
1s equipped with 510 x 492 detection elements.

The electrical information from the CCD is amplified and measured by an

analogue to digital converter module 812 (ADC).

The operation of the instrument is controlled by the computer unit 813. The
computer is a Motorola DSP56824 16 bit digital signal processor, equipped with
non—vélatile storage capacity for long time storage (EEPROM) as well as volatile
storage capacity (RAM). The computer gathers information about the measured light
intensity of each detection element of the CCD from the ADC module and uses it for
the assessment of the number of bacteria in a volume of aqueous sample present in

the sample compartment. The computer module is equipped with a real time clock.

The result of the assessment of the number of bacteria in a volume of aqueous
sample is presented on a display 815 of type MDLS16166-3V (supplied by

Varitronix).
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The result of the assessment of the number of bacteria in a volume of aqueous

sample can also be transmitted to an external computer (not shown) by the use of the

output port 316.

The user of the instrument can control its operation, and enter relevant
5 information through a collection of keys forming a key-pad 814. The key-pad is a 16

keys module of type ECO 16250 06 SP.
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| Example 8

The assessment of the number of somatic cells in a volume of milk
according to the present invention compared to the results of a routine

instrument.

5 The result of the assessment of the number of somatic cells in a volume of milk
according the present invention was compared to the results obtained from a

FossoMatic 400 routine instrument (Foss Electric, Denmark).

191 milk samples from individual cows, were measured on the FossoMatic

instrument according to the instructions provided by the producers (Foss Electric,

10 Denmark).

Upon the completion of the measurement on the FossoMatic a 1 ml (£2%)
portion of the remaining sample was taken and mixed with 1 ml (x1%) of aqueous
reagent solution, resulting in a milk solution containing 0.25 % (w/v) Triton X-100
(t-Octylphenoxypolyethoxyethanol) and 25 pg/ml propidium iodide (CAS#:-25535-

15 16-4).

The assessment of the number of somatic cells in a volume of milk was
performed on an instrument according to the present invention, equiApped with an
excitation module comprising a halogen light source, OSRAM -64255 (8V, 20W
Photo Optic Lamp), an optical filter, Ferroperm SWP550 (double sided interference

20 filter on a 2 mm substrate (Hoye, BG-39) which absorbs infra-red radiation) and a
heat absorbing filter, (Schott KGS, 3 mm in thickness), and a detection module
comprising a focusihg lens, standard x4 microscope objective with numerical
aperture of 0.10, arranged in such a way as to give a magnification of approximately
x1 on the sensor elements, an optical filter, (Schott 0G590, thickness 3 mm), and a

- 25 | ‘heat absorbing filter, Schott KGS5 (3 mm in thickness), and a CCD detector, SONY-
CX 045 BL. ‘

A portion of the milk solution was placed between two substantially parallel
plates of glass, placed approximately in the focus plane of the detection module, and
irradiated by excitation light emitted from the excitation module. The distance

30 between the two parallel glass plates was approximately 100 um. The volume being
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detected by the detection module, defined by the size of the CCD, the magnification
used, and the distance between the parallel glass plates was equivalent to

approximately 1ul, thus containing approximately 0.5ul of milk.

The sample compartment was a stationary flow cell. The milk solution was
placed into the sample compartment by the use of a peristaltic pump, situated down-
stream from the sample compartment. In order to reduce the movement of the
sample inside the flow cuvette a valve was placed in the flow system, immediately

adjacent to the sample compartment.

Each observation was based on the measurement of two portions of the milk
solution. The two measurement were treated in such manner that the second
measurement was numerically subtracted from the first measurement discarding all
values having negative result by assigning zero these values. The number of somatic
cells represented in each observation was determined by identifying and counting

the number of "peaks" in the resulting observation.

The assessment of the number of somatic cells in a volume of milk was
presented as the number of counted peaks in two observations from the same sample

solution, thus presented as the number of somatic cells per 1pul of milk.

The results obtained by the two methods are given in F i'gure 9 as a graph of the
assessment accbrding to the present in\;ention (labelled "Cell Counter") vs. results
obtained by the FossoMatic instrument. Figure 9A shows the graph of the result of
the 191 samples. Figure 9B shows the result obtained when considering those

samples having an estimated number of somatic cells of less than 400 cells/pl.

Conclusion

The conclusion from the test described above as shown in Figure 9 is that the
assessment of the number of somatic cells in milk according to the present invention

is, gerierally in good agreement to the results obtained by the FossoMatic instrument.
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Example 9

The effect of the concentration of fluorochrome on the assessment of
biological particles in a scattering biological sample material according to the

present invention.

When performing the assessment of biological particles in biological sample
material according to the present invention it is often of interest to maximise the
volume of the sample solution being analysed. This can for instance be

accomplished by increasing the depth of the sample being analyséd.

Apart from any limitation by effective focusing depth the scattering or
attenuating property of the sample being analysed can limit the effective depth of the

sample.

When analysing samples containing a high number of particles or other
constituents being capable of causing scattering or other attenuation of any signal
being measured this can limit the effective depth of the sample. The cause of this
can be that any signal originating from a particle situated relatively deep in the

sample is attenuated while trawling towards the boundaries of the sample.

One such sample matenal is milk. Milk contains both a high number of fat

globules and protein micelles. As a result of this milk is a highly scattering media.

When assessing the number of somatic cells in a volume of milk by the use of a
method based on the measurement of a fluorescence signal from the sample the
scattering properties of the milk can limit the effective depth of the samf;le being
analysed. This is partly due to the attenuation of any signal originating from cells
situated deep in the sample but also due to the fact that the variations in the

background signal, caused by any fluorochrome molecules on free form, increases,

. thus making it more difficult to identify the signals originating from the somatic

cells.

The present example illustrates the effect of the concentration of the
fluorochrome on the number of somatic cells which can be iden_tiﬁéd in a milk
Samplel The sample was a single-cow sample, preserved with bronopol. The
estimated number of somatic cells in the sample suggested that between 1150 and

1200 objects should be counted under the present conditions.
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The sample was measured in a measuring cell consisting of two substantially
parallel glass plates, separated by a distance of about 100 um, representing the depth
of the sample. Two measurement of different portions of the sample were taken and
the resulting image was constructed by subtracting the later measurement from the

5 first measurement and then muitiplying those results which were negative by the
value -1 thus producing a final image consisting entirely of values larger than or

equal to 0.

Reagents were added to the milk sample, amounting to about 5% of the volume
of the sample being analysed (resulting in an effective thickness of the milk
10 equivalent to about 95 pm). The reagents contained Triton X100
(t-Octylphenoxypolyethoxyethanol) resulting in a final concentration of 0.24% (w/v)
and Propidium Iodide (CAS-25535-16-4) as fluorochrome resulting in final

concentrations ranging between 89 and 2.4 ug/mi.

To compensate for the reduced éignal due to the decreasing concentration of
15 Propidium Iodide the electronical gain of the detection system was adjusted

accordingly.

The result of the experiment is given in Figure 10 which shows a graph of the
number of objects which were counted vs. the concentration of the Propidium
Iodide. '

20 Conclusion

The conclusion from the investigation as described above is that when
measuring samples having scattering properties, it can be possible to extend the
depth of the sample being analysed by reducing the concentration of the

fluorochrome.
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Example 10

Processing of a two dimensional image.

The result of a measurement of signals from particles by an array of detection
elements, such as a charged coupled deceive (CCD), for instance SONY-CX 045
BL, according to the present invention, can be visualised as a two dimensional

‘image where the intensity of each detection element can be represented by a dénsity

or a colour.

Figure 11A gives a presentation of a segment of an image from a measurement
of somatic cells in milk. The intensities on which Figure 11A is based is given in
Table 1 below. In Figure 11 the intensity is represented by shades of grey, such that

low intensity has a lighter shade and high intensity has a darker shade.

Assuming that each somatic cell gives rise to an image which has the size of
approximately 2x2 detection elements we can estimate the number of somatic cells

being represented in Figure 11A to be approximately 10.

The task of having a computer determining the number of particles being
represented in a measurement involves the construction of a set of rules or
instructions for the computer, which when applied to the result of a measurement

gives an estimate of the number objects.

One such simple rule could be to ideﬁtify the number of detection elements
which have intensity above a given threshold value. Assuming that-each object on
average is represented by an intensity in a given number of detection elements the
number of identified detection element can be adjusted to give an estimate of the
number of objects. Such a method is dependent on that an approximately correct

estimate of the size of the image of an object is available.

In the following a pre-processing of the image is presented which makes the
previous method of assessment less dependent on the size of an image of an object.
The effect of the processing is to concentrate the intensity information in a given

region of the image to substantially one number.
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a) ~ The first step of the processing is to define a region which has a size
which is at least the same as the size of the image of an object which is to be
detected. In the present example thisregion is of the size 5x5 detection elements but
regions of different size can be used depending on the nature of the image of the

5 object being analysed. This region is placed in the two dimensional co-ordinate
system defined by the detection elements. In this example this region is initially
placed in the upper left comner of the co-ordinate system. For each of such region a

data value is defined which will hold the value representing the region.

The next step is to adjust the value of the data element representing the region.
10 This is done by firstly considering the intensity gradient around the centre of the
region and secondly by considering the intensities of the detection elements
positioned adjacent to the centre of the region. It is possible to interchange the order

of these steps. This produces different result, depending on the order chosen.

b) The investigation of the gradient around the centre of the region is
15 based on investigating the intensity values of at least two detection elements. In the
present example we estimate the intensity values of three detection elements
including the detection element situated in the centre of the region. A total of 8
gradients originating at the centre of the region and with a direction horizontal,

vertical or diagonal relative to the centre of the region.

20 Assuming the identification of detection elements as follows, where the centre

of the region is identified as A:

1 2 3 4 5
1 I - B - C
2 - Io Be Co -
3 H H, A | D, D
4 - Go | Fo Eo -
5 G - F - E
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The eight different gradients are defined by the following detection elements:

[A,BO)B]) [A)Ci):C], [A,DO,D], [AaEO)E]y [AaFO)F]a [ArGO’G]a [AyHOyH]’ [A’IOyI]-

The value representing the region can be adjusted in different ways depending
on the result of the gradient testing. In the present example the value is adjusted to

5 zero if one of the following gradient test is true, defined as following:

The value of the region is zero if(
(A<B AND A<B,) OR (A<C AND A<C,) OR (A<D AND A<D,) OR
(A<E AND A<E,) OR (A<=F AND A<F,) OR (A<=G AND A<G,) OR)
(A<=H AND A<H,) OR (A<I AND A<L,) )is true

10 The value of the region can either be stored separately for the region or it can be
used to replace the value of the detection element identified as A. In the present
example the value of the region is used to replace the value of A and will be used as

intensity value of the detection element in subsequent analysis.

When the previous step has been completed a new range according to a) is
15 defined. The new range is placed on a different position of the image. In the present
example the position of the new range is defined by moving the range down a
column by two rows. When the end of the column has been reached the next range is
positioned by moving to the first row and two columns to the right. The range is

moved in this way until substantially the entire image has been investigated.

20 c) When substantially the entire image has been investigated according to
b), the second step in defining a value representing the region involves adjusting the
value of each range based on the detection elements which are situated immediately
adjacent to the centre value of the region. In the present example this is done by

assigning the result of the following expressions to the value of each range:
.25 A =if(A>=B & A>=H & A>=] & A>=C & A>=D) then max(A,B,) else A)
A =1f(A>=B & A>=C & A>=D) then max(ALCQ) else A)
A=if(A>=D & A>=B & A>=C & A>=E & A>=F) Vthen max(A,D,) else A)
A =1if(A>D & A>E & A>F) then max(A,E,) else A)
A =if(A>=F & A>D & A>E & A>G & A>H) then max(A,Fo) else A)

A = if(A>F & A>G & A>H) then max(A,Gy) else A)
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A =if(A>=H & A>F & A>G & A>] & A>B) then max(A,H,) else A)
A=1f(A>H & A>] & A>G) th(;,n max(4A,l,) else A)

Value = A

("&" represents the logical operation AND)

5 When the previous step has been completed a new range is defined preferably in

the same manner as was done previously.

The results of processing the data in Table 1 and Figure 11 A according to the

method outlined above is*given in Table 2 below and in Figure 11B.

When both steps b) and ¢) have been completed for substantially the entire
10 range of detection elements the estimation of the number of objects being
represented in the image can be done on the bases of the values estimated for each

range.

The image of each object which signal is represented in a range of detection
elements which is of comparable size to the ranges being used for the processing, or
15 smaller, will substantially result in only one value when both steps b) and c) have
been completed for substantially the entire range of detection elements. This makes
it possible to estimate the total number of objects represented in an image by
comparing the value of each of the réngés to give a threéhold value since each object

is substantially only represented in one value.
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Example 1A1

Assessment of the number of bacteria in an aqueous sample.
Using the instrument described in example 7 the number of bacteria in an
aqueous sample was assessed according to the present invention. The experiment

5 was conducted as follows:

Glucose, in the amount of 0.3g, was added to a portion of 30 ml of Buffered
Peptone Water (LAB03627, Bie & Berntsen, Denmark). This broth was inoculated
with 100l of a raw milk sample containing a natural bacterial microflora. After

inoculation the broth was incubated for 24 hours at approximately 30°C.

10 Following incubation the broth was strongly turbid. Empirically such a culture

contains from 1x10° to 2x10° colony forming units per ml.

A 25 ul portion of the incubated broth was transferred to 1 ml of an aqueous
reagent solution containing 0.13% Triton X-100, 13 pg/ml propidium iodide and
0.5% ethylenediaminetetraacetic acid (EDTA, Sigma E 4884).

15 After mixing a portion of the broth/reagent solution was placed between two
substantially parallel glass plates, placed approximately in the focus plane of the
detection module, and irradiated by excitation light emitted from the excitation

module.

The distance between the two parallel glass plates was approximately 100 pum.
20 The volume being detected by the detection module, defined by the size of the CCD,
the magnification used, and the distance between the i)arallel glass plates was
equivalent to approximately 0.04 ul, thus containing approximately 0.001 pl of the
incubated broth.

Two measurements of different portions of the sample were taken. The result
25 from the second measurement 'was'subtracted from the first measurement,
transforming those values which are below zero to zero by the formula: Signalgj) =
MAX((meas]j-meas2;),0).

33 AMENDED SHEET




5

10

PCT/DK98/00175

Results
The result from the subtraction of the intensities from the two measurements as
described above, is represented in Fig. 12. The result from the subtraction of
intensities are presented by converting the resulting value for each detection element
to the shade of grey, the light shads representing low intensities and the dark shads

representing high intensities.

The number of objects represented in the measurement was counted according
to a method of the present invention, as described in Examplel0 resulted in an

assessment of the number of bacteria in the sample volume was 1601.

The number of counts in one observation was expected to be in the range of
1000 to 2000. Thus it is reasonable to conclude that the instrument described in

example 7 is able to assess the number of bacteria in an a aqueous sample.

56 A\ENDED SHEET




PCT/DK98/00175

Detailed Déscription of Embodiments

While a number of preferred embodiments have been described above, the
present invention can be performed and exploited in a large number of ways. In the
following, a discussion of a number of measures and details relevant to the invention

5 is given, comprising both preferred embodiments and embodiments which illustrate
possibilities of working the invention. Some of the embodiments are given as
numbered items, to be understood as brief indications of possible and preferred

embodiments in the light of the remaining claims and description herein.

In the method of the present invention, the assessment of biological particles in

10 a volume of liquid sample material is made by arranging a sample of the liquid
sample material in a sample compartment having a wall defining an exposing area,
transparent to electromagnetic signals emitted from the sample being exposed to the
extenior, and forming an image of electromagnetic signals from the sample in the
sample compartment on an array of detection elements, and processing the image

15 formed on the array of detection elements in such a manner that signals from the
biological particles are identified as distinct from the sample background, and based
on the signals from the biological particles identified assessing biological particles in

a volume of liquid sample material.

In the present specification and claims, the term “biological particle” designates
20 a particle originating from, or found in living matter, such as somatic cells, red blood
cells, blood platelets, bacteria, yeast cells, fragments of cells, lipid globules, protein

micelles, plankton, algae or fraction thereof.

In the present specification and claims, the term “biological sample material”

designates a liquid sample material of, often biological origin, or material where

25 - biological particles might be found, such as: specimen‘ of humén origin, specimen of
animal origin, drinking water, waste water, process water, sea water, lake water,
river water, ground water, food, feed or components of food and feed, milk or a milk
product, blood or a blood product, urine, faeces, saliva, specimen from an
inflammation, specimen from the petrochemical industry, specimen from the

30 pharmaceutical industry, specimen from the food or feed industry, or product

thereof.
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The method allows a sample of the sample material to be analysed when
practically all components in the sample material are present in the sample during
the measurement on which the assessment is based. This is often practical when the
liquid sample material is a biological sample material, since it is often associated
with considerable difficulties to selectively remove one, or several, or substantially

every component from a sample of sample matenal prior to analysis.

The array of detection elements can be arranged in such a way that they form a
substantially straight line. When using a high number of detection elements they can
be arranged in two directions in such a way that the detection elements form a series
of substantially parallel straight lines, and often the array of detection elements is
arranged in one plane. This plane of detection elements is often arranged parallel to

an inner boundary of the sample compartment.

The signal detected by the detection elements is normally an electromagnetic
radiation and it is therefore preferable to have methods to transform those signals to
‘measu'rable signal, such as voltage, or electrical current. Many such signals have a
varying background signal, or bias, and it is therefore preferable to have methods
which at least partly can eliminate those effects. This can often be accomplished by

using a signal in one or several neighbouring detection elements as reference.

Another useful method is one where any varying intensity of the detection
elements is adjusted, preferably by the use of results from one or several of previous

measurements.

Arrays of detection elements are often made up by a high number of detection
elements, and it can therefore be advantageous to reduce the number of measured
signals prior to assessment, preferably without the loss of any significant
information. One such method is to combine the signal from one or more detection
element to one signal, for instance by combining 2, maybe more than 2 and even as

many as 8 or 16 or 32 or more into one signal.

In some situations e.g. in an analogue-to-digital conversion it could also be of
interest to adjust the level of 2, preferably 3, more preferably 4, more preferably 5,
more preferably 6, more preferably 7, more preferably 8, more preferably more than
8, separate output channels in such a way that one, preferably more than one, of the

output channels has/have substantially different level from the other output
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channel(s), where the identification of which of the output channels, or combination
thereof, has substantially different output level, is correlated to the intensity of said

signal.

“ For the analysis of any measured signal it is often necessary to digitalise the

w

signal, in such a way that a given intensity of any signal is transformed into a digital
representation. This can be done by having a series of channels, were the
information about which of these channels have signal which differs from the other
channels determines the intensity, or even by having more than one of this channels

forming a combination, preferably in a way similar to binary representation.

10 Signals from at least a portion of the sample are focused onto the array of
detection elements, by the use of a focusing mean, preferably by the use of one lens,
more preferably by the use of two lenses, more preferably by the use of more than
two lenses. The number of lenses used for the focusing system can affect the
complexity of any measuring system. A system with two or more lenses is normally

15 preferred while a system with only two or even only one lens is preferable,

The focusing of a signal from the sample onto any detector is dependent on the
position of the sample relative to any detector. When the construction of measuring
system is such, that the relative position of the sample and any detector can vary,

- then there is advantage in being able to:adjust the focusing of the system. This can
20 often be achieved by first taking at least one measurement of any signal from the
sample and then on the bases of is, to adjust the focusing of the system. This
procedure can be repeated a number of times in order to obtain ecceptable focusing.
In the same manner the focusing of signal from the sample or sample material is
adjusted, preferably where the extend of the adjustment is determined by at least one

25 measurement of a signal from the sample.

In order to increase the amount of electromagnetic radiation which is detected
by a detection element, it is often preferable to use one or more lenses to focus the
signal from the sample onto the array of detection elements. The magnification of
such focusing can be different from 1/1, depending on the set-up of other

30 components of the system, or the particles or sample material used. For instance can

enlargement be practical when assessing morphological properties ofa particle.
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In sit\;ations where the particles are relatively small the ratio of the size of a -
biological particle, to the size of the image of the biological particle on the array of
detection elements could be 1/1 or less, preferably less than 1/1 and higher than
17100, and even less than 1/1 and higher than '1/40, or in other preferred situations

less than 1/1 and higher than 1/10, and even in some situations it is preferred the

w

ratio being less than 1/1 and higher than 1/4, more preferably less than 1/1 and
higher than 1/2.

When the particles in question have dimensions which is comparable to the size
of a detection element, it-1s often preferred to have magnification of about 1/1, thus
10 focusing the image of any particle on any one or just few detection elements. This

can under some condition give favourable detection of any signal.

In these situations it is preferred that the ratio of the size of a biological particle,
to the size of the image of the biological particle on the array of detection elements
is in the interval between 5/10 and 20/10, preferably in the interval between 6/10 and

15 18/10, more preferably in the interval between 7/10 and 16/10, more preferably in
the interval between 8/10 and 14/10, more preferably in the interval between 9/10
and 12/10, more preferably substantially equal to 10/10.

When analysing particles which have dimensions which are comparable to, or
bigger than the detection elements used, it is often advantageous to reduce the size
20 of the image of such particle, to a degree where the size of the image is comparable

to the size of a detection element.

In these situations it is preférred that the ratio of the size of a biological particle,
to the size of the image of the biological particle on the array of detection elements
is 1/1 or less, preferably less than 1/1 and higher than 1/100, more preferably less

25 than 1/1 and higher than 1/40, more preferably less than 1/1 and higher than 1/10,
more preferably less than 1/1 and higher than 1/4, more preferably less than 1/1 and
higher than 1/2.

Surprisingly it was found that the aspect ratio of an image can be considerably
distorted on the array of detection elements, without that having considerable

30 negative effect on the assessment of particles. In such a situation it is preferred that
the ratio of the shorter to the longer of the two dimensions of the image of a

biological particle on the array of detection elements is substantially 1 or less,
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preferably 1/2 or less, more preferably 1/4 or less, more preferably 1/10 or less,
more preferably 1/50 or less, more preferably 1/100 or less, more preferably 1/200
or less, relative to the ratio of the corresponding dimensions of the biological
particle. In such situation the ratio of the shorter to the longer of the two dimensions
of the image of a biological particle on the array of detection elements is in certain
circumstances substantially not the same within the area spanned by the array of

detection elements.

The collection angle of a focusing arrangement used can have effect on the
intensity of any signal collected on the array of detection elements. When high
sensitivity is needed it is therefore practical to increase the cbllection angle. The
preferred size of the collection angle can also be determined by other réquirements
which are made to the system, such as focusing depth. In these situations the
collection angle of the focusing means is 15 degrees or less, preferably more than 15
degrees, more preferably more then 30 degrees, more preferably more than 60
degrees, more preferably more than 90 degrees, more preferably more than 120

degrees, more preferably more than 150 degrees.

The size of the detection elements determines to some extend its sensitivity. In
some applications it is therefore of interest to have detection elements of size of
about 1 pm? or less. In certain situations the size of the detection elements in the
array of detection elements is less than 20 um?, preferably less than 10 um?, more
preferably less than 5 pm?, more preferably less than 2 um?, more preferably less
than or equal to 1 um®. In other situations the size of the detection elements in the
array of detection elements is greater than or equal to 5000 pm?, preferably greater
than or equal to 2000 um®, more preferably greater than or equal to 1000 um?’, more
preferably greater than or equal to 500 um?, more preferably greater than or equal to
200 p.mz, more preferably greater than or equal to 100 and less than 200 pm®, more
preferably greater than or equal to 50 and less than 100 p.mz, more preferably greater

than or equal to 20 and less than 50 um?®.

The aspect ratio of the detection elements can be important in the collection of
signals for the assessment of particles. A ratio of about 1/1 is some times preferred,
but under some conditions it can be preferably to use ratio different from 1/1. In
particular when this facilitates detection of signals from increased volume of any

sample, thus allowing simultaneous assessment of more particles. Under those
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circumstances the ratio of the shorter of the height or the width, to the longer of the
height or the width of the detection elements in the array of detection elements is

substantially equal or less than 1, preferably less than 1/2, more preferably less than
1/4, more preferably less than 1/10, more preferably less than 1/50, more preferably

less than 1/100, more preferably less than 1/200.

Storage capacity, for instance used for storing information about measured
signals from the detection elements, is often one of those components which have
considerable effect on the cost of production. It is therefore of interest to be able to
perform the assessment of particles without substantial any use of such storage
capacity, such that the assessment of biological particles in a sample is performed
without the use of substantially any storage capacity means being used to store

measured signals from the detection elements in the array of detection elements.

On the other hand, it is often difficult to accomplish assessment without the use

~ of any storage capacity, but preferably the amount of such storage capacity should

not be more than what is needed to store the information from all measured
detection elements, preferably where only a fraction of the information can be

stored.

In some situations measured signal from the detection elements in the array of
detection elements is stored by means of storage capacity, the storage capacity being
able to store a number of measurements equivalent to, or less than, the number of

detection elements, preferably less than 1/2 the number of detection elements, more

preferably less than 1/4 the number of detection elements, more preferably less than

1/8 the number of detection elements, more preferably less than 1/16 the number of
detection elements, more preferably less than 1/32 the number of detection elements,
more preferably less than 1/64 the number of detection elements, more preferably
less than 1/128 the number of detection elements, more preferably less than 1/256
the number of detection elements, more preferably less than 1/512 the number of
detection elements, more preferably less than 1/ 1024 the number of detection

elements in the array of detection elements.

In other certain cicumstances it is advantageous that the measured signal from
the detection elements in the array of detection elements is stored by means of

storage capacity, the storage capacity being able to store a number of measurements
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greater th;m the number of detection elements, preferably equivalent to, or greater |
than, 2 times the number of detection elements, more preferably equivalent to, or
greater than, 4 times the number of detection elements, more preferably equivalent
to, or greater than, 8 times the number of detection elements, more preferably
equivalent to, or greater than, 16 times the number of detection elements, more
preferably equivalent to, or greater than, 32 times the number of detection elements,
more preferably equivalent to, or greater than, 64 times the number of detection
elements, more preferably equivalent to, or greater than, 128 times the number of
detection elements, more preferably equivalent to, or greater than, 256 times the
number of detection elements, more preferably equivalent to, or greater than, 512
times the number of detection elements, more preferably equivalent to, or greater
than, 1024 times the number of detection elements in the array of detection

elements.

Other, more complicated aspects of the assessment of particles, can require the
use of considerable amount of storage capacity. In this aspect it can therefore be
necessary to have storage capacity which can store more information than is

collected in one measurement of the detection élements used.

A sample compartment, containing the sample being analysed, arranges
preferably as much sample volume as possible in such a way that it can be exposed
to the array of detection elements, thus allowing the analysis of many particles
simultaneously. One method for accomplishing this, is to define the thickness of

-~ sample compartment in a direction which is not parallel to the plane of detection
elements, thus increasing the effective volume per area of sample compartment
exposed to the detection elements. The optimum thickness often being determined

by any effective focus depth of a focusing system.

In such cases the sample compartment limits the dimension of the sample in the
direction which is substantially not parallel to the "plane of array of detection
elements, to a thickness of 20 um or less, preferably to a thickness of more than 20
um, more preferably to a thickness of more than 40 um, more preferably to a
thickness of more than 60 um, more preferably to a thickness of more than 80 um,
more preferably to a thickness of more than 100 pm, more preferably to a thickness

of more than 140 um, more preferably to a thickness of more than 180 pm, more
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preferably to a thickness of more than 250 pm, more preferably to a thickness of

more than 500 pm, more preferably to a thickness of more than 1000 pm.

Similarly, it is advantageous to extend the window of the sample compartment
in a direction parallel to the array of detection elements, thus increasing the effective
5 area of the sample being exposed to the array of 'deteétion elements. For some of
these appications, the length of the dimension being 1 mm or more, preferably 2 mm
or more, more preferably 4 mm or more, more preferably 10 mm or more, more
preferably 20 mm or more, more preferably 40 mm or more, more preferably 100

mm or more, more preferably 200 mm or more, more preferably 400 mm or more.

10 For some applications a tubular sample compartment is used whereby it also is
possible to increase the number of particles being analysed simultaneously by
increasing the radius of such tubular sample compartment. The optimum radius of
such sample compartment is often determined by the arrangement of the various
components of the system, such as focus depth. The tube can in these circumstances

15 have an inner radius of more than 0.01 mm, preferably 0.02 mm or more, more
preferably 0.04 mm or more, more preferably‘ 0.1 mm or more, more preferably 0.2
mm or more, more preferably 0.4 mm or more, more preferably 1 mm or more, more
preferably 2 mm or more, more preferably 4 mm or more, more preferably 10 mm or

more.

20 As mentioned above, the focus depth of the system, is often important for the
determination of optimal dimensions of a sample compartment. Surprisingly it was
found that it was possible to use dimension which exceeded the focus dépth ofa
focusing system, even to an extend where the dimension was greater than 1 times
and less than 1.5 times the focusing depth, more preferably equal to, or greater than

25 1.5 times and less than 2 times said focusing depth, more preferably equal to, or
greater than 2 times and less than 3 times said focusing depth, more preferably equal
to, or greater than 3 times and less than 4 times said focusing depth, more preferably
equal to, or greater than 4 times and less than 6 times said focusing depth, more

preferably equal to, or greater than 6 times said focusing depth.

30 In the present specification and claims, the term “focus depth” designates the
distance an object can move along the axis of a focusing system, without its image is

distorted,'such distortion being defined as when an image, which when in focus
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illuminates a single detection element, illuminates an area extending to 2 detection
elements in one or two directions, when distorted. When two or more detection
elements are combined prior to analysis, the combined detection elements should be

considered in the definition of focus depth.

The aspect ratio of a window region of the sample compartment can vary from
about 1/1, preferably less than 1/2, more preferably less than 1/4, more preferably
less than 1/10, more preferably less than 1/20, more preferably léss than 1/33, more
preferably less than 150, more preferably less than 1/100, more preferably less than
1/200, more preferably less than 1/500, more preferably less than 1/1000, more
preferably less than 1/2000, more preferably less than 1/4000, more preferably less
than 1/10000, depending on a focusing method, or other aspects of other

components of the system

The area of the exposing window can be as little as 0.01 mm? or more,
preferably with an area of 0.1 mm?” or more, more preferably with an area of 1 mm?
or more, preferably with an area of 2 mm? or more, preferably with an area of 4 mm’
or more, preferably with an area of 10 mm? or more, preferably with an area of 20
mm’ or more, preferably with an area of 40 mm® or more, more preferably with an
area of 100 mm” or more, preferably with an area of 200 mm?’ or more, preferably
with an area of 400 mm? or more, preferably with an area of 1000 mm? or more,
preferably with an area of 2000 mm? or more, preferably with an area of 4000 mm’
or more, preferably with an area of 10000 mm? or more. The optimal are of the

window often being defined by one or more aspects of this invention

Generally the volume of the sample being analysed should be as large as
possible. This allows the simultaneous assessment of a higher number of particles,
but the optimal volume is often defined by one or more aspects of this invention. For
some applicétioné according to the invention the sample compartment limits the
boundary of the sample in three directions, in such a way that the volume of the
sample is 0.01 pl or more, preferably 0.02 pl or more, more preferably 0.04 ul or
more, more preferably 0.1 pul or more, more preferably 0.2 ul or more, more
preferably 0.4 ul or more, more preferably 1 ul or more, more preferably 2 ul or
more, more preferably 4 pl or more, more preferably 10 pl or more, more preferably
20 pul or more, more preferably 40 ul or more, more preferably 100 pl or more, more

preferably 200 ul or more, more preferably 400 ul or more.
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In order to increase the effective volume of a sample being measured it can be
possible to include means in the sample compartment which can retain completely
or partly the particles which are present in the sample. In this way it is possible to
analyse a volume which is substantially greater than the physical volume of the

5 sample compartment by sending the sample through the sample compartment prior
to analysis and retaining particles from the sample volume inside the sample
compartment. Such means for retaining particles could be chemically active means,
electronical or magnetic field, or filter. In these circumstances it is preferred that at
least one of the boundarig_s which limit the sample compartment, or a substantially

10 flat surface contained substantially within the boundaries of the sample compartment
is a means which can retain particles being assessed, preferably a chemically binding
means capable of binding particles, more preferably electronic or magnetic field
means capable of withholding particles, more preferably a filtering means capable of

passing liquid sample or sample material and retaining particles.

15 In many preferred embodiments of the present invention, at least one dimension
of the sample compartment could be so small that it could be difficult for the sample
to flow into or through the sample compartment. By using one aspect of the present
invention it is possible to vary at least one of the dimensions deﬁning the sample
compartment in such a way that the dimension is substantially greater during the

20 flowing of the sample into or through tl;e sample compartment than during the
measurement of any signal frdm the sample. One effect of such a variation of at least
one dimension of the sample compartment can be to partly or substantially
completely replace the sample in the sample compartment between the measurement
of any signal from the sample. Such embodiments could be where at least one of the

25 dimensions defining boundaries which limit the sample compartment before or
during the introduction of the sample to the sample compartment, is substantially
different from the dimension during the measurement of any signal from the sample,
preferably where the dimension is substantially greater before or during the
introduction of the sample to the sample compartment than during the measurement

30 of any signal from the sample, preferably where the dimension being varied is
substantially not parallel to the plane of array of detection elements, preferably
where the effect of the difference in the dimension is to replace at least a part of the

sample in the sample compartment with a different part between measurement of
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any signal from the sample, preferably where the effect of the difference in the
dimension is to improve the flowing of the sample into or through the sample

compartment.

Often 1t 1s preferred to analyse a sample of a sample material without
5 substantially any modification of the sample in full or in part. Other conditions are
favoured by imposing one or more modification upon the sample prior to
measurement, for instance by removing interfering components or phenomena, or by

allowing some modification of a particle or a part of a particle prior to measurement.

In other circumstanceés the sample, or parts of said sample, being analysed has
10 been given a chemical, a mechanical or a physical treatment prior to analysis. This
treatment could be one or several of the following: exposure to gravity and/or
centrifugation, filtering, heating, cooling, mixing, sedimentation, solvation, dilution,
homogenisation, sonification, crystallisation, chromatography, ion exchange,
electrical field, magnetic field, electromagnetic radiation. The effects of the
15 treatment will normally be an enhancement of any signal observed from the sample
used in the assessment of biological particles in the sample, and/or suppression of

any interfering signal.

In some of the embodiments of the invention the temperature of the sample can
be controlled, either by addition or removal of heat from the sample and the
20 temperature 6f the szimple during measurement of the biological particle containing
sample is between 0 °C and 90 °C, more preferable between 5 °C and 90 °C, more
preferable between 10 °C and 90 °C, more preferable between 20 °C and 90 °C,
more preferable between 25 °C and 90 °C, more preferable between 30 °C and 90
°C, more i)referable between 35 °C and 90 °C, more preferable between 40 °C and
25 90 °C.

In one situation of assement the temperature of the sample is controlled by the
ambient temperature and the temperature of the sample during measurement of the
biological particle containing sample is between 0 C and 90 °C, more preferable
between 5 °C and 90 °C, more preferable between 10 °C and 90 °C, more preferable

30 between 20 °C and 90 °C, more preferable between 25 °C and 90 °C, more
preferable between 30 °C and 90 °C, more preferable between 35 °C and 90 °C,
more preferable between 40 °C and 90 °C.
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Often the particles in question exhibits properties which facilitate the detection
of a signal which can be used for the assessment, but sometimes it is preferred to add
one or more type of molecules in order to enhance or facilitate any detection of a
signal. The number of different types of molecules added depends on the complexity
of the assessment, and on the nature of the particles and sample material being
analysed. It is for instance often advantageous to use two or more such as 3 or even
4 types of molecules when the assessment concemns the identification of two or more
types of particles, where the different particles interact differently with the different
molecules, for instance by giving rise to a fluorescent signal at different wavelength.
Often the addition of such two or more types of molecules is done simultaneously,
but under some conditions it is preferred to add the molecules at different times,
preferably in such a way that one or more measurements are carried out between the
addition of molecules. These added molecules can interact with the particles for
instance by being retained within them, interacting with them or being prepelled by
them. The molecules being intentionally added to the sample before or during the

measurement, preferably one at a time, more preferably more than one at a time.

It is preferred that at least one of the types of molecules is added to a first
sample of a sample material and at least another of the types of molecules is added
to a second sample of the sample material, preferably where the number of samples
of a sample material is equal or less to the number of said different types of

molecules, and where at least one measurement is taken from each sample.

In situations where an initial measurement is preferred, the initial measurement
is one taken with any intentionally added molecules, a measurement of a sample is
taken before at least one of said molecules have been added to the sample and at
least one measurement of the sample is taken after all said types of molecules have
been added.

The intentionally added molecules can give rise to one or several of the
following phenomena assisting in the assessment of biological particles: attenuation
of electromagnetic radiation, photoluminescence when illuminated with

electromagnetic radiation, scatter of electromagnetic radiation, raman scatter.

The assessment of biological particles can be based on the use of nucleic acid

dye as an intentionally added molecule in an amount of more than 30 nug per ml of
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the sample, more preferable in an amount of less than 30 ug per ml of the sample,
more preferable in an amount of less than 20 pg per ml of the sample, more
preferable in an amount of less than 10 pg per ml of the sample, more preferable in
an amount of less than 5 ug per ml of the sample, more preferable in an amount of
less than 2 pg per ml of the sample, more preferable in an amount of less than 1 pg
per ml of the sample, more preferable in an amount of less than 0.3 pg per ml of the
sample, more preferable in an amount of less than 0.03 ug per ml of the sample,
more preferable in an amount of less than 0.003 ug per ml of the sample, more
preferable in an amount of less than 0.0003 ug per ml of the sample, the nucleic acid
stain being one or several of the following, but not limited to: phenanthridines (e.g.
ethidium bromide CAS#:-1239-45-8, propidium lodide CAS#:-25535-16-4),
acridine dyes (e.g. acridine orange CAS#:-65-61-2/CAS#:-10127-02-3), cyanine
dyes (e.g. TOTO™-1 iodide CAS#: 143 413-84-7 -Molecular Probes, YO-PRO™-1
iodide CAS#: 152 068-09-2 -Molecular Probes), indoles and imidazoles (e.g.
Hoechst 33258 CAS#: 023 491-45-4, Hoechst 33342 CAS#: 023 491-52-3, DAPI
CAS#:28718-90-3, DIPI (4',6-(diimidazolin-2-yl)-2-phenylindole)).

The assessment of biological particles can be based on the use of potentiometric
memﬁrane dye as an intentionally added molecule in an amount of either more than
30 pg per ml of the saniple, or, more pr;ferable in an amount of at the most 30 pug
per ml of the sample, more preferable in an amount of less than 20 pg per ml of the
sample, more preferablev in an amount of less than 10 pg per ml of the sample, more
preferable in an amount of less than 5 ‘pg per ml of the sample, more preferable in an
amount of less than 2 pg per ml of the sample, more preferable in an amount of less
than 1 pg per ml of the sample, more preferable in an amount of less than 0.3 pg per
ml of the sample, more preferable in an amount of less than 0.03 pg per ml of the
sample, more preferable in an amount of less than 0.003 pg per ml of the sample,
more preferable in an amount of less than 0.0003 pg per ml of the sample, the
nucleic acid stain being one or several of the following, but not limited to:
Rhodamine-123, Oxonol V.

In order to assure fast assessment of a sample it is of interest to be able to
perform analysis shortly after the mixing of any chemical components with sample.

This time should therefore be less than 60 seconds, or preferably less than 30
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seconds or even as low as 15 seconds and in other preferred situations as low as 10

seconds, and preferably as short as 2 seconds or less and even shorter than 1 second.

One useful method for the introduction of chemical components to the sample is
to place one or more chemical component in a container. The container should then
be connected to a flow system where the sample flows, and at least a portion of the
sample flown through the chemical container and thus allowing the mixing of the
chemical components with the sample. In order to control the use of chemical
components it is of interest to limit the amount of chemical components to
substantially the amount reeded for the analysis. The chemical components could be
on the form of a liquid solution or suspension, as liquid, or solid. Of particular
interest would be to have the chemical components on a form which would allow
fast mixing with the sample, for instance by using freeze dried matter. The
possibility of being able to replace the chemical container with another chemical
container between analysis is of interest in order to assure reproducible addition of

chemical components in the measurement of each sample.

When performing a quantitative assessment of particles it is normally necessary
to control the addition of any component to the sample, in order not to affect the
result of the assessment. The present invention offers embodiments where such
requirements are less important than under conventional situations. This can be
accomplished by introducing the components on a form which has only limited
effect on the assessment, such as introducihg any component as solid matter, thereby
substantially not altering the volume of any sample being analysed, even though the
final concentration of any added component displays considerable variation. Further
it is possible that the variation in the concentration of one or more intentionally
added component(s) or one or more intentionally added molecules in a sample, is
less than, or equal to 1 %, preferably more than 1 %, more preferably more than 2
%, more preferably more than 5 %, more preferably mo.re than 10 %, more
preferably more than 25 %, more preferably more than 50 %, of the average

concentration of said component when expressed as 1 standard deviation.

In a preferred embodiment of the invention the particles being assessed are
substantially at stand-still during measurement, thus allowing the optimal use of
measurement time in order to improve any signal to noise conditions. This

arrangement also eliminates any error which could be inherent in the assessment of
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particles caused by variation in flow conditions, particularly when an assessment of

a property is a volume related property such as the counting of particles in a volume

of sample.

In other preferred embodiments the particles are moving during measurement,
thus producing the image of a moving particle on the array of detection elements.
This can offer advantage in the assessment of particles, especially when any image
of the movement can be used for the identification of a particle. Such movement of
image can be homogeneous throughout the array of detection elements, or it can be
varying for instance depending on the position of the particle within the sample

compartment.

It is also possible to have movements of image, consisting of more than one
directional component, which can give advantage when it is necessary to distinguish
a particle travelling in a predefined way, from a background signal which is

substantially random.

When épplying a relative movement between the sample and the array of
detecting elements, either by physically moving the sample or by moving the image
of the sample relative to the array by, e.g., optical or computer means, the rate of the
movement will normally be adapted to the effect to be obtained. Thus, e.g., where
the concentration of a type of particle to be counted is very low, it may be
advantageous to pass a large volume of sample through af flow system during one
exposure, in order to increase the chance that one or more particles will in fact be

detected by the array.

The movement of the sample can preferably be accomplished by applying a
positive or negativé pressure difference across the sample compartment. Such
pressure difference can be created by one or several means such as peristaltic pump,

piston pump, membrane pump, or syringe.

When a sample compartment is substantially mechanically fixed in a measuring
system, it is an advantage to make use of a method of flow system, which is capable
to flow the sample, aﬁd/or any other liquid or component into the sample
compartment through an inlet, and out of the sample compartment through an outlet,

possibly using the inlet for outlet and thereby reducing the complexity of any flow
system. Any such flow is often controlled by the use of one or more valves Wh.lCh
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- can control the flow of sample or any other component. Preferably where the flow of
liquid in the sample compartment is brought about by a pump, said pump being
situated either upstream to the sample compartment or downstream to the sample
compartment, the pump being one or several of the following: peristaltic pump,

5 piston pump, membrane pump, centrifugal pump, hypodermic syringe. Other types
of pump could of course be used for this specific topic, but the ones listed above are

the ones normally used.

In other preferred situations the flow of liquid in the sample compartment can
be brought about by a vasuum, the vacuum being applied from a reservoir having a
10 low pressure before the analysis. The vacuum can be established by a mechanical or
physical action creating the vacuum substantially simultaneously with the
introduction of the sample. These mechanical or physical actions can be: a peristaltic
pump, a piston pump, a membrane pump, a centrifugal pump and a hypodermic

syringe.

15 Due to the fact that flow only in one direction is preferred, it is of particular
interest to use valves which substantially only allow the flow in one direction. Such
valves can be placed up- and/or downstream from the sample compartment. One
effect of the use of such valves could be to confine at least a part of the sample in a

flow system.

20 When other components are added to the sample this can be accomplished by

means of a flow system which can mix two or more streams of liquid.

In a preferred embodiment of the invention this flow system allows the mixing
of the sample material with a solid material which preferably is a mixture of two or

more chemical component. The solid material is preferably a freeze dried matenal.

25 After any measurement has been carried out, it is preferred that any sample, or
other component used being directed to a waste reservoir which is substantially
closed to prevent spilling or evaporation from the reservoir whereby a substantially

closed flow system is provided according to the invention.

The outlet from the sample compartment is passed through a flow controlling
30 means, such as a valve, which only allows fluid in gas phase to pass through. One -
such type of valves which often is preferred, is one which allows gas and air to pass

- but:can close when the valve comes in contact with liquid sample.
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Another aspect of the present invention, which is particularly of interest when
the sample, or any component added to the sample can be considered hazardous, or
difficult to handle, is the use of a removable sample compartment. Such sample
compartment is readily removed from the measuring system, allowing another

5 sample compartment to take its place. Preferably such sample compartments can be

reused or regenerated, maybe after rinsing.

One interesting aspect of a replaceable sample compartment is the possibility of
a method for the substantial irreversible closing of the sample compartment after the
addition of a sample or any other components, thus preventing any accidental spill

10 or leakage from the sample compartment during storing or transport.

Such a replaceable sample compartment is preferably with sgbstantially no
connection to the flow system during analysis and the sample compartment can
preferably be removed from the sensing area between observations for the purpose
of replacing the sample within the s‘ample compartment and/or preferably for the

15 purpose of replacing the sample compartment with another sample compahment

which preferably containing another sample.

The sample compartment can in some situations be used for the analysis of
limited number of samples or sample materials, preferably less than 10, more
preferably less than 5, more preferably less than 2, more preferably only 1, before

20  said removable sample compartment being subjected to emptying and/or rinsing

and/or addition of one or more components.

In situations where no spilling is preferred and/or where the removable sample
compartment is intended to be used only for measurement of one sample or sample
material it is preferred that any access to the removable sample compartment 1s

25 substantially irrevegsibly closed prior to, during or after analysis, preferably in such
a way that any part of the sample material, or any component added to the sample
material can not be removed from the removable sample compartment after it .has

been introduced therein.

When the compartment is intended to be destroyed or re-used after use it is
30 preferred that the compartment is made up by a material which allows destruction by
“means such as burning or illumination by electromagnetic radiation. In the situations

where the destruction comprises a re-use of the material from which the
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compartment is magde of, a process of regeneration of the materials is preferred to
comprise one or several of the following steps: emptying the sample compartment
for any sample matenal or any other components, rinsing or washing, removal of

one or more physical component of the sample compartment, replacing of one or

w

more physical component of the sample compartment or addition of one or more

chemical component.

When addition of a chemical to a sample in the sample compartment it is
preferred that the sample compartment can comprise one or more compartments
where chemical or physical components can be stored such that the chemical or

10 physical components can be added to any sample present in the sample compartment
one at a time or more than one at a time. In this way, the sample compartment can be
formed in such a way that it comprises more than one compartments where a portion
of the same sample material, or portions of different sample material, or portion of
other components can be placed. This is also of interest where, for instance, the

15 assessment involve or allow a controlled mixing of liquids.

A sample compartment with more than one compartment could also allow the
analysis of more than one portion of the same sample material, or the analysis of
more than one sample materials by allowing the different compartment to be

exposed to the array of detection elements.

20 One aspect of such removable sample compartment is that more than one
portions of the same sample material can be subjected to analysis by exposure to the
array of detection elements. This can be done by allowing the sample compartment
to be moved, thus exposing a different piortion of the sample compartment, or by
allowing fhe sample within the sample compartment to flow and thereby

25 substantially replace any sample volume exposed with a different sample volume.

This invention offers also methods for the assessment of particles in a
removable sample compartment, where more than one such sample compartments
are loaded with sample and placed in a transport means which can move the
different sample compartment in a position which allows exposure of signals to the

30 array of detection elements. This allows substantial automation of the assessment of

particles since more than one sample can be handled at once.
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One preferred implementation of the method is one which allows the
substantially simultaneous assessment of more than one sample. This can be
accomplished by placing two or more, or even four or more preferably independent
measuring systems, comprising at least one sainple compartment each, in one
disposable samplé unit. The signals from thé two or more sample compartments can

be measured one at a time, or two or more simultaneously.

In the present section and other sections of this part of the description, the term

"sample"” does not necessarily mean the sample present in the compartment, but

rather the sample introduced into a flow system used according to the invention. It is
of interest to minimise the use of sample material and any chemical component used
for the analysis. This can be accomplished by the use of the present invention.
Sample volumes as small as 5 ml or less and even as small as 0.02 ml can be used.
The volume of the sample needed is highly dependent on the number of particles
present in the sample and the predetermined statistical quality parameter sought,
whereby typical volumes applied are less than 5 ml of a liquid sample, preferably 'by
using less than 2 ml of a liquid sample, more preferably by using less than 1 ml ofa
liquid sample, more preferably by using less than 0.5 ml of a liquid sample, more
preferably by using less than 0.2 ml of a liquid sample, more preferably by using
less than 0.1 ml of a liquid sample, more preferably by using less than 0.05 ml of a
liquid sample, more preferably by using less than 0.02 ml of a liquid sample, more
preferably by using less than 0.01 ml of a liquid sample, the volume being defined as
the total volﬁme of any liquid sample introduced to the sample compartment, or any
flow system connected to the sample compartmeht before or after or during the

measurement of the sample.

Preferred embodiments of the present invention make it possible to assess
particles from a considerably large volumes of sample. This can allow the
measurement of samples with only few particles of interest per volume of sample.
Sample volumes larger than 10 ml and even larger than 100 ml can be used for the
analysis. using more than 1 ml of a liquid sample, preferabiy by using more than 2
ml of a liquid sample, more preferably by using more than 3 ml of a liquid sample,
more preferably by using more than 5 ml of a liquid sample, more preferably by
using more than 10 ml of a liquid sample, more préferably by using more than 20 ml

of a liquid sample, more preferably by using more than 50 ml of a liquid smple,
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more preférably by using more than 100 ml of a liquid sample, the volume being
defined as the total volume of any liquid sample introduced to any flow system
connected to the sample compartment before or after or during the measurement of

the sample.

5 Large volume of the sample can be measured by passing the volume of sample
through a particle retaining means, such as filter, electrical field, magnetic field,
gravitational field. When the particles from a large sample are retained, those
particles can be resuspend in a volume which is less than the volume of sample
passed through the particle retaining means, preferably where the volume used for

10 the resuspension is only 1/2 the volume passed through the particle retaining means,
more preferably 1/4 or less the volume passed through the particle retaining means,
more preferably 1/8 or less the volume passed through the particle retaining means,
more preferably 1/20 or less the volume passed through the particle retaining means,
more preferably 1/50 or less the volume passed through the particle retaining means,

15 more preferably 1/100 or less, or even only 1/100 or less the volume which
originally was passed through the particle retaining means. The particle retaining
meahs should preferably be able to retain substantially all particles present in a
sample, or at least a substantially representative fraction of at least one type of

particlés present in the sample.

20 In one embodiment of the present invention a signal from the particles being
analysed is detected while the particles are still substantially retained by a particle
retaining means. In such embodiment the particle retaining means are integrated

with, or in close connection to a sample compartment.

In order to allow optimal assessment of particles it is possible to base such
25 assessment on a number of measurements which are taken from a sample. One
advantage is to make repeated measurement of the same portion of a sample, thus
improving any signal to noise condition by the use of propagation of error. Another
aspect is to increase the total volume of sample which is analysed by taking more

* than one measurements from different portion of a sample.

30 Such preferred method according to the present inventioh, 1s where the
assessment of the biological objects is based on observation from 2, preferably more

than 2 and less than 4, more preferably more than or equal to 4 and less than 8, more
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preferabl)'l more than or equal to 8 and less than 16, more preferably more than or

equal to 16 and less than 32, more preferably more than or equal to 32 and less than

64, more preferably more than or equal to 64 and less than 128, more preferably

more than or equal to 128 and less than 256, more preferably more than or equal to
5 256 and less than 512, more preferably more than or equal to 512 and less than

1024, more pfeferably more than or equal to 1024 measurement periods.

A method where at least one of the measurement periods is divided up into at
least two periods, where in at least one of the periods the array of detection element
1s substantially exposed with signals from the sample and where in at least one of the

10 periods the array of detection elements are substantially not exposed to signals from
the sample is often preferred. The periods are preferably controlled by means which
can activate the transmission of electromagnetic radiation on the sample, or the
emission of, or the transmission of electromagnetic radiation from the sample. The
number of active periods within a measurement period can be 2, preferably 3, more

15 preferably 4, more preferably more than 4 and less than 8, more preferably 8 or more
and less than 16, more preferably .16 or more and less than 32, more preferably 32 or
more and less than 64, more preferably 64 or more. The each detection element can
either measure signéls from the substantially same portion of the sample in two or
more periods or from substantially different portion of the sample in each

20 measurement period.

Under some conditions it can be advantageous to adjust the measurement time,
for instance when the intensity of signals is varying, maybe depending on which

type of particles are being analysed.

Itis ﬁreferred that the duration of the measurement periods is shorter than or
25 equal to 1x10° seconds, preferably longer than 1x107 seconds and shorter than
1x10° seconds, more preferably longer than 1x10 seconds and shorter than 1x10™!
seconds, more preferably longer than lxl‘O'l seconds and shorter than 1 second,
more preferably longer than 1 second and shorter than 10 seconds, more preferably'
longer than 10 seconds. The duration of each of the measurement periods can either

30 be equal, or different.

The present invention offers methods for the assessment of the number of

biological particles in a sample with total error, expressed as relative prediction error
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in per cent of the average number of particles in a volume, which preferably is less
than 30 % and often as low as 10 % or even as low or less than 1 %. This can be

obtained for instance by controlling the volume of sample which is analysed.

The preferred method according to the invention allows detection error of less

than 6 %, more preferably less than 4, more preferably less than 2 %

The method of the present invention allow the assessment of biological particles
at a rate which preferably amounts to 10 or more assessments per hour, and even as
many as 100 or more assessments per hour, even as many as 1000 or more

assessments per hour.

It is also possible to combine more than one more or less identical analysing
systems, in such a way that they work in parallel and thereby constitute a method

which can assess even higher number of samples per hour.

The extensive flexibility of the method of the present invention, makes it
possible to ahalyse volumes, which can allow the assessment of particles in samples
where the total number of such particles per volume is ranging from more than
1x10°® particles per ml sample to less and 1 particle per ml sample, one of the most

important aspect for that purposé being the total volume being analysed.

The present invention facilitate the assessment of biological particles in a
sample to be carried out when the number of biological particles in the sample
material is less than 1x10, more preferably less than 1x10°, more preferably less
than 1x10°, more preferably less than 1x10“, more preferably less than 1x10°, more
preferably less than 1x10%, more preferably less than 10, more preferably less than

0.1, per ml sample.

The signals which the assessment of particles can be based on are virtually any
type of electromagnetic radiation, and in particular where the source of such
electromagnetic radiation or mechanism having influence on it can be
photoluminescence with lifetime of the exited state of less than or equal to 10
seconds, photoluminescence with lifetime of the exited state of garter than 10
seconds, chemiluminescence, rayleigh scatter, raman scatter, attenuation of
electromagnetic radiation, absorption of the electromagnetic radiation, scatter of the

electromagnetic radiation.
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When the signal being detected is an electromagnetic radiation it is preferred to
use a detection element which is sensitive to such radiation. Preferred embodiments
use arrays of detection elements which are sensitive to electromagnetic radiation of
wavelength in one or several of the following regions: 100 nm to 200 nm, 200 nm to
600 nm, 300 nm to 700 nm, 400 nm to 800 nm, 600 nm to 1 pum, 800 nm to 2 pum, 2
pumto 10 um, 5 umto 10 pm, 10 pm to 20 um, 20 um to 40 um.

It is often of interest to separate electromagnetic radiation into séparate
wavelengths or wavebands, especially wheh the source of such radiation emits
energy over a broad spectrum of wavelengths. In methods of assessment of particles
which are based on attenuation of energy, detection of emitted or scattered energy or
the like, the ability of being able to separate energy into separate wavelengths or
wavebands, is important. This applies also to ary electromagnetic radiation which
originates from within the sample, for instance by means of photoluminescence or
chemiluminescence. In some methods of this invention it is possible to use
information obtained when using two or more different wavelengths or wavebands,
for instance to distinguish between two or more types of particles on the bases of

how those react to different energies.

One method of performing such wavelength separation is to illuminate a portion
of a sample with more than one wavelength or waveband simultaneously, preferably
in such a way that different portions of the sample are illuminated with different
wavelengths or wavebands of energy. This is particularly of interest when the
assessment of particles concerns the identification of one or more types of particles
since particles are exposed to different wavelength energy depending on their

position within the sample compartment.

Another method of performing such wavelength separation is to separate any
electromagnetic radiation emitted from the sample, preferably where more than two
detection elements observe signals from substantiélly the same portion of the sample
but due to the wavelength separation these detection elements detect different
wavelengths or wavebands of energy. Thereby it is possible to derive spectral

characteristics of any particle which can be used for its assessment.

One method is the intensity modulation of electromagnetic radiation. When

such modulation is controlled it is possible to use it for the improvement of signal to
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noise ratio, for instance by observing any background signal in a period where the
~ intensity is low or zero, and then correcting any signal measured when the intensity

is high, by the background information.

It is also possible to frequency modulate electromagnetic radiation by the use of
5 an optically active crystals or by the use of an interferometer. The effect of such
modulation could be to obtain spectral information about any particle present in the

sample.

In methods based on attenuation of electromagnetic radiation, or illumination of
the sample it is preferredio use a source of radiation such as light emitting diodes,
10 lasers, laser diodes, thermal light source or gas discharge lamp. When the intensity
of the illuminating energy is of interest it is possible to use more than one energy
source, even when the different light sources have different energy spectrum, for
instance when two different light emitting diodes are used which emit energy in

different wavebands.

15 To improve the efficiency of such light source in illunﬁnating the sample it is

often desirable to use a focusing system for focusing energy onto the sample.

When the electromagnetic radiation is used to illuminate a sample for the
purpose of causing photoluminescence or the like, it is of interest to be able to
increase the efficiency of such radiation source by being able to reflect any energy

20 which is transmitted through the sample back onto the sample, preferably by the use
of a reflecting means, for instance dichroic mirrors, which reflect energy of certain

wavelengths while allowing the transmission of energies at other wavelengths.

In a method of this invention using photoluminescence as sources of detected
signal, itis possible to arrange the light source, relative to the axis of the sample
25 compartment, and particularly relative to an axis which the array of detection
elements and the sample compartment form, in such a way that the angle between

the axis and the light source is between 0 and 180 degrees.

As detection elements, it is possible to use one of several commercially
available arrays of detection elements, such as array of charge coupled devices
30 (CCD) or array of light sensitive diodes (CMOS image sensor). Such arrays of
detection elements can have on-chip integrated signal condition and/or signal

processing facilities.
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At least one embodiment makes use of a calculating means, such as a digital
computer, which at least can be used for the correction of any measured signal for a
systematic or varying bias, for instance by using one or more predetermined variable
to adjust the measured signal. The determination of the predefined variable can be
done on the bases of values form measured signals of one or more reference element
situated close to the element being corrected, or it can be done on the bases of values

from one or several of any other measurements.

In particular it is of interest to subtract one of the other measured signals, often
one of previously measured signals, from the measured signal, thereby removing any
bias effect which also was present in the other measurement. The other measurement
can be another measurement of a different portion of the same sample, or a

measurement of a different sample.

Such calculating means can also be used to correct a measured signal for B
variation in sensitivity, by using one or more predefined variable. The determination
of the predefined variable can be done on the bases of values form measured signals
of one or more reference element situated close to the element being corrected, or it
can be done on the bases of values from one or several of any previous

measurements.

One suitable method for the correction of measured signals is to subtract one
result from an array of detection elements from another results, obtained form a
different portion of the same sample, or from a different sample. Such subtraction
has the effect of -reducing, or removing any systematic variation in baseline levels of
the signals from the array of detection elements, caused by dark-current or possibly
by particlés which are immobilised on the interior of the sample compartment, any
assessment being based on substantially only the positive results of such subtraction.
If the two measurement originate from different portion of the same sample, then it
1s also possible to perform assessment on the bases of the result from the subtraction
by treating any negative result from the subtraction as positive number, thus
effectively performing an assessment of more than one measurement with the same
efforts as when a single measurement is used. In this way it is possible to combine
the result from more than one subtraction, preferably as many.as the actual noise

level allows, for instance by keeping the noise in the combined results less than a

A giveh fraction of the smallest signals which are used for the assessment of particles.
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The present invention is in particular well suited for the assessment of biological
particles in a sample which is used to confirm the presence of any predetermined

biological particles in said sample.

The present invention is well suited for making use of state of the art image
5 processing in the assessment of particles, for instance when the assessment is the

identification of one or more of different types of particles. -

Any instrument constructed according to the present invention can be operated
on electrical power, such as 110 or 220 V AC, by the use of appropriate transformer
system. A béttery or an accumulator can also be used as a source of power, and this

10 is in particular of interest when the instrument is intended for use where the
transport of the instrument is required. Such battery or accumulator can also be one

which can be recharged, thereby making it possible to regenerate and reuse.

The methods according to the present invention is in particular well suited for:
assessment of somatic cells in a liquid sample material of milk, bacteria in a liquid
15 sample material of milk, bacteria in a liquid sample material of blood, somatic cells
in a liquid sample material of blood, bacteria in a liquid sample material of urine,
somatic cells in a liquid sample material of urine, bacteria in a liquid sample
material of water, blood cells in a liquid sample material of blood, blood platelets in

a liquid sample maternial of blood.

20 When the method of the invention is used for the determination of the number
of somatic cells in a volume of milk or a milk product, or the determination of the
number of bacteria in a volume of milk or a milk Aproduct, or the determination of the
types of bacteria in a volume of milk or a milk product, the type of the milk or milk
product is normally one or several of the following: cow milk, goats milk, sheep

25 milk, or buffalo milk. When it is suitable such assessment is carried out substantially
Asimultaneously with the milking, preferably by including the system at-line, more
preferably by including the system in-line with a milking system. Furthermore
where the milk sample is collected during milking, this is preferably conducted in
such a way that the cqmposition of the sample is substantially a representation of the

30 composition of the entire milk being milked, the milk being collected in a container

unit, preferably where the container unit also contains at least one sample
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compartment, the milk sample or a portion of the milk sample being flown into the

sample compartment upon completion of the milking.

When assessing particles in connection with milking, the results of the
assessment are preferably transferred to one or several information storage means,
5 the information storage means preferably also being able to store other information
about the milking, more preferably the information storage means more preferably
also being able to store information about the bulk of milk previously collected. A
preferred embodiment of using the information in the information storage means is
to control means to indicate whether the milk being milked should be directed to one
10 or several of storage facilities or outlet, the indication being based on the assessment
of the number of somatic cells per volume, preferably the indication being based on
the assessment as well as other information present in the information storage means
about milking of individual animals or the bulk of milk, the other information being
one or several of, but not limited to: conductivity, impedance, temperature, fat
15 content, protein content, lactose content, urea content, citric acid content, ketone
content, somatic cell count. The purpose of the direction of any milk being milked to
one or several of storage facilities or outlets is preferably to adjust the properties of
any bulk of milk, preferably with regard to the number of somatic cells per volume.
It is clear that the assessment of particles in a milk sample is preferably carried out
20 substantially simultaneously with the as.sessment of the amount of any constituent in
the milk, preferably by using substantially a same portion of the milk for the
assessment, said constituent being one or several of, but not limited to: fat, protein,
lactose, urea, citric acid, glucose, ketones, carbon dioxide, oxygen, pH, potassium,
calcium, sodium. Such assessment of any chemical constituent can be based on
25 spectrbphotometric measurement, the spectrophotometric measurement being one or
several of, but not limited to; mid-infrared attenuation, near-infrared attenuation,
visible attenuation, ultra-violet attenuation, photoluminéscence, raman scatter,
nuclear magnetic resonance. Furthermore the assessment of any chemical
constituent can be based on potentiometric measurement, preferably by the use of

30 ion selective electrode.

When the sample material is a milk sample, it is preferred that the result of the
assessment is used for heard improvement purposes, or used in a payment scheme.

The milk sample used in the assessment can be taken from one quarter of the udder,
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preferabl); where the purpose of the assessment of biological particles is to

determine the status of health.

Many preferred embodiments according to the present invention concern the

determination of the number of somatic cells or in a volume of blood or a blood

w

product, or the determination of the number of bacteria in a volume of blood or a
blood product, ihe type of the blood or blood product being one or several of the
following: human blood, animal blood, cow blood, goats blood, sheep blood, or
buffalo blood. Furthermore several embodiments concém the determination of the
types of bacteria in a volume of blood or a blood product. Still other embodiments
10 concern methods which allow the assessment of the estimation of rate of

sedimentation of biological particles in a volume of blood or a blood product.

From the above, it becomes evident that many embodiments according to the
present invention are well suited for the assessment of the number of somatic cells in
a volume of urine or a urine product, the type of the urine or urine product being one
15 or several of the following: human urine, animal urine, cow urine, goats urine, sheep
urine, or buffalo urine. Further it is possible to determine the nurhber of bacteriain a
volume of urine or a urine product, or to determine the types of bacteria in a volume
of urine or a urine product, or to estimate the rate of sedimentation of biological

particles in a volume of urine or a urine product.

20 When assessing particles in a sample as described above, the purpose of the
assessment 1s normally to obtain information about the status of health, such as
infection, the assessment preferably being carried out in a medical doctor office,

physician office or veterina.ry office.

According to many preferred embodiments of the present invention the sample
25 being analysed is substantially an aqueous solution or an organic solution, while in
other also preferred methods the sample being analysed contains two or more
phases in suspension, at least one of the phases being immiscible under the

conditions under which the measurements are carried out.

Often the sample being analysed according to the present invention contains
30 dissolved and/or suspendedmaterial in an amount which is substantially more than or
equal 25 %, preférably less than 25 %, more preferably less than 10 %, more

preferably less than 5 %, more preferably less than 1 %, more preferably less than
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0.1 %, mc;re preferably less than 0.01 %, more preferably less than 0.001 %, more
preferably less than 0.0001 %, more preferably less than 0.00001 %, more
preferably less than 0.000001 %, of the total weight of said sample. Often
substantially no components have intentionally been added to the sample being
analysed. Still in other equally preferred mefhods according to the present invention
the sample has been intentionally modiﬁed-by the addition of I solid, liquid,
dissolved or suspended component equivalent to more than or equal to 50 %,
preferably less than 50_%, more preferably less than 35, more preferably less than 20
%, more preferably less than 10 %, more preferably less than 5 %, more preferably
less than 2 %, more preferably less than | %, more preferably less than 0.1 %, more
preferably less than 0.01 %, more preferably less than 0.001 %, more preferably less
than 0.0001 %, more preferably less than 0.00001 %, more preferably less than
0.000001 % of the total weight of the sample. The number of such addition
comprises more than or equal to 10, preferably less than 10, more preferably less
than 6, more preferably less than 4, more preferably less than 3 solid, liquid,
dissolved, or suspended components. The purpose of the addition of said 1 or more
components 1s the enhancement of the signal detected from the objects in a sample.
Also, the purpose can be suppression of one or more signals from the sample which
1s being measured, the signal being a signal interfering with the signal detected from

the biological particles in a sample.

In other embodiments the inténtionally added chemical components have the
effect of adjusting the pH of the sample before or during the assessment, the
chemical component being one or several of the following, but not limited to: citric
acid, citrate, acidic acid, acetate, phosphor acid, phosphate, carbonate, bicarbonate,
boric acid, borate. Preferably the components added for this purpose constitute a
mixture of citric acid and citrate. The addition of the mixture of citric acid and
citrate can also have the effect of enhancing any signal detected from the biological

particles

A chemical added to a sample can have the effect of surfactant, preferably
where the chemical component is one or several of the following groups of
surfactants, but not limited to: anionic surfactant, cationic surfactant, amphoteric
surfactant, nonionic surfactént. In particular it is preferred to add t-

Octylphenoxypolyethoxyethanol (Triton X-100).
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Ofter; 1t Is an advantage to add one or more chemicals which have the effect of
binding one or sevefal of metal ions present in the sample, preferably the chemical
component being one capable of forming a metal ion complex with the metal ion,
such as one or several of the following: EDTA, Oxalic acid, Oxalate, Ethylene

5 glycol-bis(B3-aminoethyl ether) N,N,N',N'-tetraacetec acid (EGTA).

As will be understood by a person skilled in the art the method, according to the
present invention is particularly well suited for the assessment of biological
particles, where the biological particles to be assessed are one or several of the
following, but not limited to: somatic cells, red blood cells, blood platelets, bacteria,

10 yeast cells, fragments of cells, lipid globules, protein micelles, plankton, algae.
Further it will be understood by a person skilled in the art, that methods according to
the present invention are well suited for the assessment of biological particles, where
the biological particles to be assessed comprises polymer beads bound to biological
particles or components in connection with assessment of these biological molecules

15 or components.

Further it will be understood by a person skilled in the art that the method
according to the present invention is well suited for the assessment of biological
particles originating from a sample material, which could be one or several of the
following, but not limited to: specimen-of human origin, a specimen of animal

20 origin, drinking water, waste water, process water, sea water, lake water, river water,
ground water, water used for heating, water used for cooling, water used for
adjusting humidity, water used for washing or bathing, water used in pool or
swimming pool, food, feed or components of food and feed, milk or a milk product,
blood or a blood product, urine, faeces, saliva, a specimen from an inflammation,

25 specimen from the petrochemical industry, a specimen from the pharmaceutical

industry, a specimen from the food or feed industry.

The method according to the present invention is well suited for the assessment
of biological particles, where the biological particles have a size which is less than
0.01 pm, preferably less than 0.1 pm, more preferably less than 1 um, more
30 preferably less than 2 um, more preferably less than 3 um, more preferably less than
4 pm, more preferably less than 6 pm, more preferably less than 10 um, more
preferably less than 20 pm, more preferably less than 50 um, more preferably less

than 100 pm. However, the method of the invention is also suited for the assessment -
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of biological particles which are larger than or equal to 100 um, preferably larger
than 150 pm, more preferably larger than 200 um, more preferably larger than 400

um.

From the above it will become clear to a person skilled in the art that the
5 assessment of biological particles according to the present invention has numerous
practical applications. To mention a few of the preferred applications of the method
of the present invention we can consider the following:
Assessment of somatic cells in milk or a milk sample by the use of the detection
of a fluorescent signal, preferably by the use of the detection of a fluorescent

10 signal from a DNA-staining dye. In particular this is an interesting
application when considering the investigation of the health status of a
milking animal, preferably to obtain information about subclinical or clinical
mastitis. Such analysis can be carried out on-farm e.g. substantially on the
farm where the sample is taken, or in a central laboratory. When the

15 assessment is to carried out on a central laboratory it is of interest to be able
to perform assessment with a frequency corresponding to a time shorter than
30 seconds, preferably shorter than 15 seconds, more preferably shorter than
10 seconds, between each assessment. A pafticularly interesting application
is one where the assessment is performed substantially at the beginning of

20 milking, or during milking, or immediately after milking has taken place.
‘Many of the above-mentioned applications are preferably performed using a
sample compartment which is at least a part of a unit which can be replaced
between substantially every assessment or where each of said units can only
be used for said assessment of one of said sample materials.

25 Assessment of bacteria in milk or a milk sample by thé use of the detection of a
fluorescent signal, preferably by the use of the detection of a fluorescent
signal from a DNA-staining dye. In particular this is an interesting
application when considering the investigation of the health status of a
milking animal, preferably to.obtain information about subclinical or clinical

30 mastitis. Such analysis can be carried out on-farm e.g. substantially on the

- farm where the sample is taken, or in a central laboratory. When the |
assessment is to carried out on a central laboratory it is of interést to be able

to perform assessment with frequency corresponding to time shorter than 30
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seéonds, preferably shorter than 15 seconds, more preferably shorter than 10
seconds, between each assessment. One particularly interesting application is
one where the assessment is performed substantially at the beginning of
milking, or during milking, or immediately after milking has taken place.
Many of the above mentioned applications preferably are performed using a
sample compartment being at least a part of a unit which can be replaced
between substantially every assessment or where each of said units can only
be used for said assessment of one of said sample materials.

Assessment of somatic cells in a blood sample preferably uses the detection of a
fluorescent signal, preferably a fluorescent signal from a DNA-staining dye.
The above mentioned application is preferably performed using a sample
compartment being at least a part of a unit which can be replaced between
substantially every assessment or where each of said units can only be used
for said assessment of one of said sample materials.

Assessment of somatic cells in a urine sample preferably uses the detection of a
ﬂuorescent signal, preferably a fluorescent signal from a DNA-staining dye.
The above mentioned application is preferably performed using a sample
compartment which is at least a part of a unit which can be replaced between
substantially every assessment or where each of said units can only be used
for said assessment of one of said sample materials.

Assessment of bacteria in a urine sample may be made using the detection of a
fluorescent signal, preferably a fluorescent signal from a DNA-staining dye.
The above mentioned application is preferably performed using a sample
compartment which is at least a part of a unit which can be replaced between
substantially every assessment or where each of said units can only be used
for said assessment of one of said sample materials.

Assessment of bacteria in a water sample may be pérformed using the detection
of a fluorescent signal, preferably a fluorescent signal from a DNA-staining
dye. The above mentioned application is preferably performed using a
sample compartment which is at least a part of a unit which can be replaced
between substantially every assessment or where each of said units can only

be used for said assessment of one of said sample materials.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A ﬁcthod for the assessment of at least one parameter of a species of biological

particles in a liquid analyte material, comprising

applying a volume of a liquid sample representing the analyte material and comprising a
plurality of particles, or a plurality of particles isolated from a volume of liquid
sample representing the analyte material, to a sample compartment from which
sample compartment electromagnetic signals from the sample in the compartment
can pass to the exterior, the size of the volume being more than 1 pl,

performing one exposure of electromagnetic signals from the sample onto an array of
active detection elements forming an image of the plurality of particles, the ratio of
a linear dimension of the image on the array of detection elements to the original
linear dimension in the sample compartment being from 40:1 to 1:10, when the
size of the particles is between 1/3 pm and 3 pm, and from 3:1 to 1:100, when the
size of the particles is between 3 pm and 100 um, detcctiﬁg the image as
Intensities by individual active detection elements,

processing the intensities in order to identify the image of electromagnetic signals from
the species of biological particles as distinct from representations of
electromagnetic signals from background signals; and

correlating the results of the proceésing to at least one parameter of the liquid

analyte matenal.
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2. A method according to claim 1, wherein the sample compartment has a wall part
defining an exposing area, the wall part allowing electrdmagnetic signals from the
sample in the compartment to pass through the wall and to be exposed to the exterior.
3. A method according to claim 2, wherein the image of the electromagnetic signals
is a one-dimensional image.
4. A method according to claim 1 or claim 2, wherein the image of the
electromagnetic signals is a two-dimensional image.
5. A method according to any one of the preceding claims, wherein the array of
detection elements is arranged in such a way that a series of detection elements form a
substantially straight line.
6. A method according to claim 5, wherein the array of detection elements is arranged
in two directions in such a way that the detection elements form a series of substantially
parallel straight lines, the series forming a rectangle.
7. A method according to any one of the preceding claims, wherein the exposure of
the image of electromagnetic signals onto the array of detection elements is performed
by focusing an image of electromagnetic signals from at least a part of the exposing
domain onto the array of detection elements by means of a focusing means.
8. A method according to claim 7, wherein the focusing means is a lens consisting of
one or several elements.
9. A method according to any one of claims I to 8, wherein the particles the

parameter or parameters of which is/are to be assessed are of a size of between 1/3 um to

3 um, and the ratio is in the range between 10:1 and 1:10.
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10. A method according to any one of claims 1 to 8, wherein the particles the
parameter or parameters of which is/are to be assessed are of a size between 3 pm and
100 pm, and the ratio is in the range between 2:1 and 1:2.
11. A method according to any one of the preceding claims, wherein the individual
particles the parameter or parameters of which is/are to be assessed are imaged on at the
most 5 detection elements.
12. A method according to any one of the preceding claims, wherein the interior of the
sample compartment has an average thickness of between 20 pm and 200 pm.
13. A method according to any one of the preceding claims, wherein the sample
compartment has dimensions, in a direction substantially parallel to the array of
detection elements, in the range between 1 mm by 1 ;nm and 10 mm by 10 mm.
14. A method according to any one of the preceding claims, wherein the volume of the
liquid sample from which electromagnetic radiation is detected on the array is in the
range below 20 ul.
15. A method according to claim 14, wherein the particles the parameter or parameters
of which is/are to be assessed are of a size of between 1/3 pm to 3 um, and the volume
of the liquid sample from which elcctromagnetic radiation is detected on the array is in
the range of 1 pl.
16. A method according to claim 14, wherein the particles the parameter or parameters
of which is/are to be assessed are of a size of between 3 pm to 100 pm, and the volume
of the liquid sample from which electromagnetic radiation is detected on the array is in

the range below 4ul.
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17. A method according to any one of the preceding claims, wherein the sample in the
sample compartment is at stand still during the exposure.
18. A method according to any one of claims 1 to 16, wherein the sample in the
sample compartment is moved through the sample compartment during the exposure,
and wherein the exposure is performed over a sufficiently short period of time so
substantially obtain stand still condition during the exposure.
19. A method according to any one of the preceding claims, wherein at least a major
part of the electromagnetic radiation emitted from the sample during exposure originates
from or is caused by electromagnetic radiation supplied to the sample from a light
source, at least a major part of the radiation from the light source having a direction
which is transverse to the wall of the sample compartment or a plane defined by the
compartment.
20. A method according to any one of the preceding claims, wherein the parameter to
be assessed is the number of the biological particles per volume of the liquid analyte
material.
21. A method according to any one of claims 1 to 20, wherein the parameter(s) to be
assessed is the size and/or shape of the biological particles in the liquid analyte material.
22. A method according to claim 20 or claim 21, wherein the size of the volume of the
liquid sample is sufficiently large to allow identification therein of at least 100 of the
biological particles.

23. A method according to claim | comprising:
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applying a volume of below 20 pl of a liquid sample representing the liquid analyte

material, or particles isolate_ed from a volume of a liquid surnple representing the liquid

analyte material, to the sample compartment

the sample in the sample compartment being at stand still during the exposure, and in the
case where at least a major part of the electromagnetic radiatiop emitted from the
sample during exposure originates from or is caused by electromagnetic radiation
supplied to the sample from a light source, then at least a major part of the
radiation from the light source having a direction which is transverse to the wall of
the sample compartment or a plane defined by the compartment, and the individual.
particles the paramctcr or parameters of which is/are to be assessed are imaged on
at the most 25 detection elements of the array of detection elements,

24. A method according to any one of the preceding claims, whercein the parameter to

be assessed is the presence or non-presence of a particular type of particles in the liquid

analyte material.

25. A mcthod according to any of thc preccding claims, wherein particles isolated

from a liquid sample representing the analyte are applied to the sample compartment or

arranged in the sample compartment, the particles being retained on a particle retaining

means selected from means chemically binding the particles, means capable of

clectronically or magnetically retaining the particles, and filtering means.

26. A method according to any one of the preceding claims, wherein the signal which

is detected by the detecting elements originates from one or several types of molecules

of types which bind to, arc rctained within, or interact with, the biological particles, such

molecules being added to the sample or the isolated particles before or during exposure,
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the molecules being molecules giving rise to one or several of the following phenomena:
attenuation of electromagnetic radiation, photoluminescence when illuminated with
electromagnetic radiation, scatter of electromagnetic radiation, raman scatter.
27. A method according to claim 26, wherein an effective amount of one or more
nucleic acid dyes and/or one or more potentiometric membrane dyes is added.
28. A method according to any one of the preceding claims, wherein the duration of
the exposure is in the range from 100 milliseconds to 5 seconds.
29. A method according to claim 28, wherein the duration of the exposure is in the
range of 0.5 to 3 seconds.
30. A method according to claim 28 or claim 29, wherein the exposure is performed as
a single exposure.
31. A method according to any one of the preceding claims, wherein compression of
information of the intensities representing distinct objects scattered over an area, an
object being represented by a variation in the intensity information
- said information existing in the form of varying degrees of measurable intensity
of a physical property distributed over a confined area divided into sub-areas, each
of which sub-areas having assigned thereto an index uniquely identifying the sub-
area,
the method comprising
- determining the intensity of the physical property,
(a) defining a sub-area of interest situated in a group of sub-areas comprising

of at least 2x2 sub-areas situated adjacent to each other,
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(b) evaluating in said sub-area of interest at least one directional derivative(s)
of the measurable intensity in the sub-area of interest with respect to
predetermined geometrical direction(s) in the plane of the confined area,
the directional derivative(s) is (are) based on measurable intensities in

5 sub-areas situated adjacent to or in proximity of the group of sub-area,
©) based on the evaluation of the at least one directional derivative an
~ attribute is assigned to the value assigned to said sub-area of interest; the
attribute represent an adjusted measurable intensity and/or information(s)

related to a predetermining strategy for adjustment of the measurable

§ 10 intensity in the sub-area of interest or sub-areas situated adjacent to or in
.: proximity to the sub-area of interest,

:f::,é (d) repeating the step a) - ¢) for substantially all sub-areas of the confined
2.."' area.

7% 32. A method according to any one of the preceding claims, wherein the correlation
';:;: IS comprises:

;:: .; » - identifying and counting substantially all detection elements having intensities

which are distinct from background signals,
- adjusting the result of the counting by a predefined scaling value,
- the scaling value being directly related to the number of detection elements
20 representing a signal from a biological particle,
| - the result of the scaling being correlated to the number of particles represented

€xposure.
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33. A method according to claim 32, where the measured intensities of the detection

elements have been adjusted prior to counting, the adjustment comprising the

steps of:
(a) defining a range of a predetermined size in a co-ordinate system
5 representing the intensity values of the detection elements, the size of the

range being determined such that it is bigger than the representation of a
biological particle having an aVerage extension,
(b) choosing a first detection element, the first detection element being one of

which the intensity is subject to an adjustment,

e 10 (c) positioning the range such that the detection element of which the
ses of intensity is to be adjusted is substantially in the centre of the range,
el (d) adjusting the intensity of the detection element in the centre of the range

based on the result of an investigation of at least one gradient describing

the variation of the signal intensities inside the range and around the

eeet 15 centre of the range by considering intensities of detection elements
R describing the gradient,

and repeating the step b) through c) until a predetermined number of detection
elements has been adjusted a predetermined number of times.
34. A method according to any one of the preceding claims, wherein the sample
20 compartment from which electromagnetic signals from the sample in the sample
compartment can pass to the exterior is adapted to allow the assessment of substantially

only one sample of liquid analyte material.
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35. A method according to claim 34, wherein the sample compartment is connected

with a reagent container, the reagent container containing one or several reagent

component(s).

36. A method according to claim 35, wherein the reagent container contains one or

several reagent component(s) in an amount substantially adequate for substantially only

one assessment.

37. A system for the assessment of at least one parameter of a species of biological

particles in a liquid analyte material, comprising:

a sample compartment for containing a volume of a liquid sample representing the
analyte material and comprising a plurality of particles, or a plurality of particles
isolated from a volume of liquid sample representing the analyte material, from
which sample compartment electromagnetic signals from the sample in the
compartment can ‘pass to the exterior, the size of the volume being 1 pl or more,

an array of active detection elements arranged such that electromagnetic signals having
passed from the compartment is detected on the detection elements forming an
image of the plurality of particles, and

a processor for processing the intensities detected by the detection elements.

38. A system according to claim 37, further comprising means for emitting

electromagnetic radiation onto the sample, electromagnetic radiation giving rise one or

several of the following: attenuation, photoluminescence, scatter, raman scatter.

39. A system according to claim 37 or claim 38 wherein the sample compartment has a

wall part defining an exposing area, the wall part allowing electromagnetic signals from

the sample in the compartment to pass through the wall and to be exposed to the exterior.
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40. A system according to any one of claims 37 to 39 wherein the image of the
electromagnetic signals is a two dimensional image.
41. A system according to any one of claims 37 to 40 wherein the array of detection
elements is arranged such that the series of detection elements form a substantially
5 straight line.
42. A system according to any one of claims 37 to 41 wherein the array of detection
elements is arranged in two directions such that detection elements form a series of
substantially parallel straight lines, the series forming a rectangle.
43. A system according to any one of claims 37 to 42, further comprising means for
.o 10 focussing an image of electromagnetic signals from at least a part of the sample
cees compartment on the array of detection elements.

44. A system according to claim 43, wherein the focusing means is a lens consisting of

one or several elements.

0 45. A system according to claim 43 or claim 44, wherein the ratio of a linear
Teeee” 15 dimension of the image on the array of detection elements to the original linear
dimension in the sample.compartment is smaller than 10:1.

46. A system according to any one of claims 37 to 44, wherein the particles are of a
size of between 1/3 um to 3 um, and the ratio is in the range between 10:1 and 1:10.
47. A system according to any one of claims 37 to 44, wherein the particles are of a

20 size of between 3 um to 100 pum, and the ratio is in the range between 1.4:1 and 1:100.
48. A system according to any one of claims 37 to 47, wherein the individual particles

are imaged on at the most 5 detection elements.
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49. A system according to any one of claims 37 to 48, wherein the interior of the
compartment has an average thickness of between 20 pm and 100 pm.
50. A system accbrding to any one of claims 37 to 49, wherein a light source is
arranged such that at least a major part of the radiation from the light source has a
direction which is transverse to the wall of the sample compartment or a plane defined
by the compartment.
51. A system according to any one of claims 37 to 50, further comprising particle
retaining means selected from means chemically binding the particles, means capable of
electronically or magnetically retaining the particles, and filtering means.
52. A system according to any one of claims 37 to 51, wherein the sample
compartment containing a volume of a liquid sample representing the analyte material is
readily disengaged from the system.
53. A system according to claim 52, wherein the sample compartment is an integrated
part of a device further comprising a reagent container, the reagent container containing
one or several reagent component(s).
54. A system according to claim 53, wherein the reagent container contains one or
several reagent component(s) in an amount substantially adequate for substantially only
one assessment.
55. A method for the assessment of at least one parameter of a species of biological
particles in a liquid analyte material, substantially as herein described with reference to

one or more of the Examples and accompanying figures.
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56. A system for the assessment of at least one parameter of a species of biological
particles in a liquid analyte material, substantially as herein described with reference to
one or more of the Examples and accompanying figures.
DATED this 29th Day of September 2000
Attorney: DAVID A. ADAMTHWAITE

Fellow Institute of Patent and Trade Mark Attorneys of Australia
of BALDWIN SHELSTON WATERS
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