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The invention relates to a method for determining the number of
living cells in a test fluid, to an apparatus for such a method and to the use
thereof.

An important quantity in the research field of cell biology and
microbiology is cell density. This quantity, expressed in cellsiolume unit,
greatly determines the effects of cell populations perceptible to humans. An
algal bloom, for instance, is defined as the visible manifestation of free
floating algae or discernible coloring of surface water and/or a cell density of
algae higher than 2,000 cells/ml of water. These high densities inter alia
cause problems for surface water at the moment the bloom ends since
microbial degradation makes the. water virtually anoxic.

The importance of cell density does not only play a role in water
quality monitoring but also in the cut flower trade. The bacterial
contamination of stems and vascular systems and the density of bacterial
cell populations in the vase water greatly affect the duration of the vase life
of cut flowers.

Further, a rapid determination of cell densities is generally desired as
a part of product quality control, hygiene monitoring, wastewater
purification, horticultural practice, toxicological (soil) research and HACCP
process monitoring and food safety. .

As a measure for the cell density of a cell suspension, one can choose,
for instance, the light extinction or light transmission through a cell
suspension. Such an approach results in a method in which extinction or
tramnsmission of light of a specific wavelength (e.g. 550-600 nm) is used to

determine the turbidity of a cell suspension.
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However, at low cell densities and/or with very small cells and/or
presence of other particles, the interaction with the light beaﬁa is not
sufficient. Therefore, bacterial cell 'suspensions having densities of less than
107 cells/ml cannot be tested in this manner.

In the past decades, many methodologies have been developed to
determine the density of microorganisms. In this context, it is important to
realize thuat there is a difference in urgency between determining densities
of cells as with the above-described method for determining the turbidity of
a sample, and densities of living cells, which cannot be determined by
means of turbidity measurements.

Foods which contain bacteria are, in most cases, only
health-threatening if the bacteria are alive. However, the latter is by no
means always the case. If a food with high bacterial cell density has been
pasteurized, still, many bacterial cells can be found in it by means of
microscopic methods, but these hardly constitute a hazard to health.
Although it is undesired from the viewpoint of hygiene and quality control
that large numbers of dead cells are present in a food, in most cases, only
the number of living cells is of interest to the researcher.

Bacteria, or more in general, microorganisms, are generally found at

_relatively low population densities of 103 — 107 cells/ml in the ambient

environment, but can already be health-threatening even at these and even
lower densities.

A very suitable method for determining the number of living cells at
low cell density makes use of a culture method. Examples of this are the
MPN (most probable number) method and plate count method. Both have
the disadvantage that the incubation period needed for growth makes the
method vexy slow. Therefore, a determination of the number of living cells
at low den sity by means of culture techniques takes a very long time and

improvements are much desired.
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If it ‘were possible for determinations of the number of living cells at
low cell denisity to be done in a rapid manner, a possible contamination
could already be determined at an early stage and measures could already
be taken at an early stage.

Another method for determining the cell density of living cells makes

use of epifluorescence microscopic techniques or a flow cytometric method in

‘which indiwvidual cells can be counted and can also be specifically stained to

determine the viability and/or the identity. Disadvantages of these methods
are that the determinations require a very high level of expertise, that the
equipment required for these is very costly, and that the methods are very
sensitive to interfering, in particular particulate, substances in the test
fluid, so that only bacterial populations with an initial density of more than
105 cells/m]1 can be analyzed.

From the state of the art, methods are also known in which the
presence of living cells can be determined by making use of a specific
biolumiﬁescence reaction between luciferin/luciferase and ATP. Here, the
presence of ATP exclusively found in living cells is determined by means of
a luminometer. The amount of light released during the reaction reflects the
level of the microbial load present. By using a microscopic system in
combination with the capture of the microorganisms on a filter, it is possible
to carry out accurate counts of living cells. However, a disadvantage of this
ATP biocluminescence method is that it is costly due to the reagents
required. In addition, the intracellular ATP is not available for the
luciferase and needs to be released from the cells before it can be measured.
This is achieved by means of lysis of the cells by means of a suitable
detergent. Therefore, this method is destrﬁctive. '

A general problem of the methods for determining the number of

living cells in a test fluid is that they are time-consuming and/or expensive.
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It is an object of the present invention to provide a rapid and
inexpensive method for determining the number of living cells in a test
fluid.

. Thus, the present invention provides a method for determining the
number of living_ cells in a test fluid, in which, prior to measuring a
metabolic rate -oi;- these cells by means of at least one measurement, the cells
are concentrated in a reduced volume of the test fluid.

The present invention also provides an apparatus for determining the
number of living cells in a test fluid by means of a method according to the
invention.

Figs. 1 and 2 show embodiments of an apparatus for determining the
number of living cells in a test fluid according to the invention.

Fig. 3 shows an example of how a signal of a measurement in an
apparatus according to the invention can be obtained.

Fig. 4 shows a graph resulting from a measurement of oxygen

" consumption on a test fluid before and after concentration of a bacterial cell

suspension.

In a first aspect, the present invention relates to a method for
determining the number of liviﬁg cells in a test fluid. According to the
invention, such a method comprises the step of concentrating cells in a
reduced volume of the test fluid. Contrary to the methods from the state of
the art, this step has the advantage that the cells are not necessarily
separated from their original growth environment. A result of this is that
not just the potential activity of the cells is measured, but that also the
actual activity of the cells in their environment can be determined.

Concentrating the cells in a reduced volume of the test fluid according
to the invention is preferably done using a filtration device, hereinafter to
be referred to as a concentrator. A suitable concentrator comprises a fluid
container and a plunger, which plunger is provided, at its end, with a filter

impermeable to the cells. The step of concentrating according to a method of
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the invention can be carried out by placing a test fluid in the fluid container
and pressing the filter through the test fluid by means of the plunger. The
positive pressure forces a part of the test fluid through the filter, with the
cells being left behind in the reduced volume of the test fluid.

Preferably, the step of concentrating the cells in a reduced volume of
the test fluid is carried out to a concentration of 2 to 100,000 times the
original density, more preferably to a concentration of 100 to 10,000 times
the original density.

A method according to the invention further comprises the step of
measuring a metabolic rate of the cells by means of at least one
measurement in the reduced volume of the test fluid.

For determining a metabolic rate of the cells, a measurement can be
carried out for a large number of parameters. For instance, very suitably,
the form ation of acid can be determined by measuring the pH. Also, the

conversion rate or absorption rate of a natural or synthetic food substrate

) canbe determined. A person skilled in the art is capable of choosing suifable

(food) substrates which can be used to determine the metabolic rate of the
cells. Fox this purpose, inter alia fluorescent analogs of enzyme 'substrates
are commercially available. Preferably, the respiration rate is determined
by measuring the changing oxygen content in the reduced volume of the test
fluid.

Since, in many cases, it is possible to determine the initial value of
the parameter to be measured in a manner other than by means of
measurement, a metabolic rate can, in principle, already be determined by
carrying out only.one measurement. ‘ |

Such a measurement can comprise an electrical measurement, as a
conductivity measurement, an electrochemical measurement, as by means
of a pH measurement, an optical measurement, such as a fluorescent or
chemiluminescent measurement or an optochemical measurement.

Preferably, an optochemical measurement is used in the present invention.
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It is generally known that, for determining the metabolic rate of the
cells by means of optical measurement, specific dyes can be used. For
instance, the dehydrogenase activity of the cells can be determined by
means of a tetrazolium salt, such as 5-cyano-2,3-ditolyl tetrazolium chloride
(CTC), 2-(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyl tetrazolium chloride
(INT), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT),
3-(4, 5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
9H-tetrazolium (MTS) or 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetra zolium-5-carboxanilide (XTT). It is also possible to use, for instance, an
intracellular esterase assay with fluorescein diacetate (FDA) to determine
the metabolic rate of the cells. Also, discoloration of methylene blue or
trypan blue, a fluorescent fatty acid probe such as 11-dansylamino
unde canoic acid (DAUDA) or a redox indicator such as resazurin can be
used. A comprehensive description of suitable dyes can be found inter alia in
the product catalog of Molecular Probes, Inc., Eugene, OR, .US. In general,
prior to the measurement, suitable dyes are added to the test fluid in an .
amount prescribed by the manufacturer. There is a great deal of literature
available on the use and the manner of using dyes for determining
metabolic rates and activities. |

Preferably, extracellular pH indicators or oxygen indicators in
combination with an opticall measurement according to the invention are
used to determine the rate of acid formation or the respiration rate as a
measure for the metabolic rate of cells.

Great preference is given to a method for determining a metabolic
rate of cells in which an optochemical or chemo-optical sensor is used to
determmine a change in the chemical cbmposition of the test fluid as a result
of the metabolic activity of the cells. Here, the optical sensor needs to be in

contact with the reduced volume of the test fluid.
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An optochemical sensor can be used to measure, for instance, the
oxygen content, the glucose concentration or the pH or another suitable
chemical parameter of the test fluid.

Optochemical sensors are known to a person skilled in the art. For
instance, optochemical sensors as described in US 5,541,118, US 5,611,998,
US 5,866,433, EP 1 199 556, or US 6,254,829 can be used. Preferably, an
optochemical sensor as described in WO 01/69243 is used and a
measurement according to the invention comprises the measurement of the
oxygen content or a change thereof in a reduced volume of the test fluid.

A method according to the invention further comprises the step of
calculating the number of living cells in the test fluid. For calculating the
number of living cells in the test fluid with a first volume, the present
invention provides a method step in which a value for the metabolic rate of
the cells in the reduced volume is detérmined This value can be determined
by comparing the measured metabolic rate in the reduced volume with a
correspondmg value in a pr1011y made calibration curve. In this calibration
curve, the value of the metabolic rate of the cells is plotted as a function of
their density in a reference fluid.

An example of such a calibration curve comprises values for the

_ respiration rate or for another metabolic rate of cells such as they are found

or such as they are expected to be found in the sample to be tested. The
calibration curve needs to comprise metabolic rates such as they will be
determined in the test situation. To carry out this method step according to
the invention, a parameter of the test fluid which will be measured needs to
be determined or chosen in advance.

In a method according to the invention, the calibration curve shows
the reference values for the metabolic rate to be measured as a function of
the density of the cells. Therefore, a calibration curve can be drawn up very
suitably by measuring metabolic rates at different cell densities. The

calibration curve will comprise at least the metabolic rate measured at two



10

15

20

25

30

WO 2004/015413 PCT/NL2003/000569

8

cell densities. Preferably, the calibration curve also comprises values for the
metabolic rate in the vicinity of the cell density to be expected in the
reduced volume of the test fluid.

When drawing up a calibration curve, use can be made of the same
test fluid as that in which the test measurement takes place, but another

suitable fluid in which a metabolic rate can be measured can also serve as a

 reference fluid for drawing up a calibration curve. Preferably, the test fluid

itself is used when producing a calibration curve.

In principle, a method according to the invention can be carried out
with all cell types. Both of human cells and animal and plant cells, as well
as of cell organelles (such as for instance mitochondria), but also of protozoa,
fungi, yeasts, archaea or bacteria, the nuimber of living cells in a test fluid
can be determined. The present invention is eminently suitable for use in
microbiological fields. Therefore, in a method according to the invention,
preferably, the numbers of living bacteria are determined.

In a second aspéct, the invention relates to an apparatus for
determining the number of living cells in a test fluid by means of an
above-described method.

Possible embodiments of such an apparatus are shown in Figs. 1
and 2. The apparatus comprises a concentrator (1) and a measuring
device (7). The concentrator (1) itself comprises a fluid container (2) for
receiving a test fluid with cells. The container (2) is provided with a
bottom (3) and adjoining walls (4). A suitable volume of the fluid
container (2) can vary between approximately 10 pl and approximately
1 liter. Preferably, the volume of the ﬂuid_ container (2) is between
approximately 1 ml and approximatelyﬂ?g‘O ml, more preferébly between
10 ml and 60 ml.

In case of use of an optochemical sensor which is in contact with the
reduced volume, an optochemical sensor can be very suitably arranged on

the bottom (3) of the fluid container (2). In that case, the measuring
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device (7) will be positioned in relation to the bottom (3) of the fluid
container (2) as visible in Fig. 1.

However, an optochemical sensor can also be arranged at other
positions in a fluid container (2) according to the invention, as long as there
is contact betvgf‘e,_eh the sensor and the reduced volume of the test fluid. In
that case, the measuring device (7) will be correspondingly positioned in
relation to the optochemical sensor.

In all cases in which a measurement on a reduced volume of the test
fluid is carried out by use of optical methods, fluid container (2) needs to be
at least partly optically transpaxent to enable an optical measurement by
means of measuring device (7).

In case of use of a dye for measuring a metabolic rate of cells in a
reduced volume of the test fluid, in most cases, the dye will be
homogeneously distributed over the reduced volume of the test fluid. For
carrying out an optical measurement, at least a part of fluid container (2)
can have the character of a cuvette (9) with optical properties, for instance
in that, in at least a part of the walls (4) and/or the bottom (3), a quartz
glass is used (see Fig. 2). For this purpose, in principle, any
light-transmitting material can be used. Also, in some cases, it can be useful
to arrange the fluid container (2), at the position where measurement on the
reduced volume of the test fluid is done, such that an optical path of
optionally known length is provided.

The concentrator (1) further comprises a plunger (5) which can be
introduced into the fluid container (2) and which is movable in a fluid -closed
manner along the walls (4) of the fluid container (2) in the direction of the
bottom (3) of the fluid container (2). The plunger (5) is provided with a
filter (6) impermeable to the cells. The filter (6) needs to be transmissive to
the test fluid. This makes it possible to concentrate the cells in a decreasing
volume. of the test fluid. Depending on the size of the cells whose metabolic

rate will be measured, the pore size of the filter can be adjusted.
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In a method according to the invention, it is important that the
plunger (5) is not moved all the way to the bottom (3) of the fluid
container (2). By keeping the plunger (5) with filter (6) at some distance
from bottom (8), a reduced volume of the fluid is realized. The degree to
which the test fluid can be concentrated can be very suitably defined by
stopping the movement of the plunger (5) at a predefined fixed distance
from the bottom (3). For this purpose, for instance, projections (8) can be
provided in the walls (4) of the fluid container (2) or to the plunger (5) itself
(see Fig. 2). Preferably, the movement of the plunger (5) along the walls (4)
of the fluid container (2) is limited to such a distance from the bottom (3)
that a reduced volume of between 1 ul and 10 ml, preferably between 10 pl
and 1 ml, more preferably between 50 pl and 150 ml is left.

In addition to the fact that, in a method according to the invention,
an apparatus as described hereinabove can be used in which the fluid flow

relative to the filter is substantially perpendicular, an alternative

- embodiment can comprise, for instance, the use of tangential flow filtration

for the concentration of cells in a reduced volume of the test fluid. In this
manner, a very large amount of fluid of 10 — 100 liters can be concentrated
within a very short time and be further processed according to a method of
the invention. ‘

Filters which can be used in a method or apparatus according to the
invention are capable of separating cells from fluid. Suitable filters are, for
instance, membrane filters of polycarbonate, polyethylene terephthalate
(PET), cellulose acetate, nitrocellulose or Teflon, optionally in combination
with a coarse pre-filter, such as a glass fibef filter, or in combination with a
support filter, such as a polycarbonate filter with an underlying
nitrocellulose membrane.

Depending on the size of the cells to be concentrated, the pore size
can be chosen by a person skilled in the art such that a separation between

cells and fluid takes place.



10

15

20

25

30

WO 2004/015413 PCT/NL2003/000569

11

A filter suitable for measurement of bacteria will have a pore size of
between 0.05 and 5 pm. Preferably, for measurement of bacteria, a filter
with a pore size of 0.1 to 1 pm, more preferably between 0.25 and 0.4 um, is
used.

According to an alternative embodiment of an apparatus according to
the invention, it is possible to use filters with different pore sizes at a fixed
distance from each other, which can result in different compartments with
different cell sizes therein. By measurement of the metabolic rate of the
cells in different compartments, cell numbers of different organisms can be
determined.

In case of optical measurement, the measuring device (7) comprises
optical conversion instruments for converting light from the test fluid to a
measuring signal corresponding to a predetermined parameter of the test
fluid which determines the metabolic rate of the cells.

The measuring device (7) preferably measures the consumption of
oxygen as a metabolic parameter using a fluorescent oxygen-sensitive |
coating as an optochemical sensor. This coating can consist of, for instance,
a gas-permeable polymer with a fluorescent dye embedded therein. The
fluorescence of this dye can, for instance, be very suitably inversely
proportional to the oxygen pressure in the fluid to be measured. The
fluorescent dye can, for insfance, act according to the principle of dynamic
quenching. Without wishing to be bound to any theory, this principle works
such that the fluorescent molecules in the excited state return to the ground
state after collision with the oxygen molecule ‘Without fluorescent radiation
being released. The more oxygen molecules, the higher the chances of
collision and the lower the measured fluorescence.

In a method and apparatus according to the present invention, it is
possible to determine the fluorescence intensity of the fluorescent dye in the
fluorescent oxygen-sensitive coating or optochemical sensor. However, more

preferably, the fluorescence lifetime is determined. In the case of use of, for
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instance, dynamic quenching in combination with a fluorescent
oxygen-sensitive coating, the ﬂuorescence lifetime is also invérsely
proportional to the oxygen concentration. Measuring the fluorescence
lifetime has the advantage that this embodiment is less susceptible to
interference.

In a measuring arrangement for determining, for instance, oxygen
metabolism, the oxygen-sensitive coating which can be used for this purpose
could be very suitably arranged in the part of the concentrator where the
bacteria are concentrated, that is, in that paxt of the fluid container (2)
which is in contact with the reduced volume of the test fluid.

For carrying out a measurement, the concentrator (1), or that part on
which the measurement can take place very suitably, can be contacted with
a measuring device (7). Preferably, this measuring device (7) is capable of
measuring the change in oxygen concentration in the reduced volume of the
test fluid. Preferabiy, a measuring device (7) comprises a light source for
this purpose, for instance a LED,' and a detector; for instance a Si
photodiode. Such a measuring device is described inter alia in WO 01/69243.
The light from the light source can be administered continuously, but can

also be very suitably administered in a pulsed manner to, for instance, an

. optochemical sensor present in the concentrator (1). A person skilled in the

art is supposed to be familiar with the different optical techniques to carry
out fluorescence measurements on an optochemical sensor as used in a
method and apparatus according to the invention. For instance, pulsed light
from the light source can irradiate an oxygen-sensitive coating via a
so-called excitation filter to measure fluorescence h'feﬁme. The fluorescence
light emitted by the fluorescent oxygen-sensitive coating can be intercepted
by the detector via an emission filter. By means of electronics intended for
this purpose and a centrai data processing unit, this intercepted.light can be
very suitably used to determine a change in, for instance, the oxygen

concentration, and from this, for instance, a bacterial cell density. An
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example of how a signal can be obtained from such a measurement is shown
in Fig. 3.

A method and apparatus according to the invention can be used for
determining the number of living cells in a solid substance, such as a meat
product, a flower stem, a soil sample, a sediment, a biofilter or reactor bed
or a flour product.

A method and apparatus according to the invention can also be used
for determining the number of living cells in a semi-solid substance, such as
a pudding, a tooth paste, a butter, but also in a fluid such as an oil or a
watery fluid.

In the case of a solid substance, a semi-solid substance or an oil, it
will be desirable to prepare a test fluid which can be used in the present
invention from these samples to be tested. A person skilled in the art is
familiar with methods to prepare a test fluid for use in the present
invention from the different samples. In many cases, the cells will be
extracted from a solid‘or semi-solid phase with a suitable amount of test
fluid. A very usable method makes use of a stomacher for this purpose, but
other manners of extraction, such as shaking, blending, mashing or mixing
with water or with a test fluid, optionally in combination with a filtration
step in which the cells to be tested can pass through the filter and end up in
the filtrate to separate them from larger polluting particles such as sand,
can also be used to prepare a test fluid containing the cells to be tested.

In most cases, it will be possible to use the test substance as a test
fluid in the present invention without further processing. Especially water
samples such as seawater, surface water or groundwater samples, flower
water samples or water from a WasteWiitér purification plarit or a growth
medium can be used directly without substantial processing. If required, a
coarse filtration can be carried out to reduce the suspended fraction to the
freely suspended cells as much as possible. However, this is not necessary

and therefore it is possible to also determine the numbers of cells adhering
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to detritus or to other material by means of a method according to the
invention.

If a sample to be tested is a solid or semi-solid test substance or oil, a
test fluid according to the invention preferably comprises a watery fluid
which is an extract of such a sample. If a sample to be tested is a watery
test substance, the test substance can be used directly as a test fluid in a
method according to the invention.

The test substance, or the sample to be tested as it is processed to a
test fluid which can be used in a method or apparatus according to the
invention, can contain between 1 and 101! cells per ml or gram of the test
substance. A test fluid containing between 102 and 105, preferably between
108 and 104 cells per ml of test fluid is very suitable for use in a method and
apparatus according to the invention. A person skilled in the art is
considered to be familiar with the numbers of cells to be expected as they
can be found in the samples tested in his technical field. Therefore, a person
skilled in the art will be capzible of choosing a suitable volume of test
substance to prepare a test fluid for use in a method and apparatus
according to the invention on the basis of this.

At any moment before or during the method, compounds or
substances can be added to a first or reduced volume of the test fluid. For
instance, prior to the concentration step, dyes can be added to the test fluid.
Also, certain growth substrates or growth inhibitors can be added to test
their effect on the metabolic rate of the cells. This can especially be
important if it is desired to determine the numbers of a specific
subpopulation of cells in a»test fluid by means of a method according to the
invention. For instance, numbers of .anaerobic cells can be determined by
using substances which inhibit the metabolism of aerobic cells. A person
skilled in the art will be capable of carrying out suitable variations of the
method according to the invention, which variations are considered to fall

within the scope of the present invention.
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Embodiments of methods and the apparatus of the present invention
find application in inter alia product quality control, hygiene monitoring,
water quality monitoring, wastewater purification, horticultural practice,
cut flower trade, toxicological assays (for instance in soil research), scientific
research, process monitoring as a part of a HACCP program in multifarious
industries, including the pharmaceutical, cosmetics and toiletry industries,
the food, dairy and beverage industries, and in water and environmental
research.

The invention will now be illustrated in and by the following

examples, which should not be construed as being limitative.
Example 1.

A suspension of 105 Escherichia coli bacteria per ml was placed in the

fluid container in an apparatus according to Fig. 1 e.g. a Uniprep filter

* from Whatman company). On the bottom of the fluid container, a K

oxygen-sensitive fluorescent dye was provided. Without pressing the
plunger downwards, the oxygen content in the suspension was measured in
time. For this purpose, a fluorescence lifetime measurement was used. The
dye and the manner of measurement were as described in WO 01/69243.
The course of the oxygen concentration decrease due to oxygen consumption
of the bacteria is shown in Fig. 4 (dotted line).

After this, this experiment was repeated with a same suspension
(105 bacteria/ml), but now the cell suspension was concentrated to 107 per
m) by pressing downwards the plunger provided with a filter impermeable
to said cells. After this, the course of the oxygen concentration in the test
fluid was again measured. The continuous line in Fig. 4 shows that, in this
case, the oxygen level decreases much faster than in the unconcentrated
suspension. This illustrates that the principle of concentrating the

suspension in combination with the measurement of a metabolic parameter
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can be used to determine the relation between metabolic activity and initial

cell density more rapidly and more accurately.



10

15

20

25

WO 2004/015413 PCT/NL2003/000569
17

CLAIMS

1. A method for determining the number of living cells in a test fluid,
wherein, prior to the measurement of a metabolic rate of said cells by means
of at least one measurement, the cells are concentrated in a reduced volume
of the test fluid.

2. A method according to claim 1, wherein the number of living cells in
the test fluid is determined by comparison of the measured metabolic rate
with a priorly made calibration curve, in which the value of said metabolic
rate of said cells is plotted as a function of their density.

3. A method according to claim 1 or 2, wherein said cells are human
cells, animal cells, plant cells, cell organelles, protozoa, fungi, yeasts,
archaea or bacteria.

4. A method according to claim 1 or 2, wherein said cells are bacteria.

5. A method according to ény'one of the preceding claims, wherein said
at least one measurement comprises an optical measurement.

6. A method according to any one of the preceding claims, wherein said

metabolic rate comprises the respiration rate, or the conversion rate or

. absorption rate of a natural or synthetic substrate or a dye.

7. A method according to claim 5 or 6, wherein the optical measurement
comprises a fluorescent or chemiluminescent measurement.

8. A method according to any one of claims 5-7, wherein an optical
sensor is used which is in contact with said reduced volume of said test
fluid.

9. A method according to claim 8, wherein said optical sensor comprises
a chemo-optical substance.

10. A method according to any one of the preceding claims, wherein

oxygen is measured.
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11.-  An apparatus for determining the number of living cells in a test fluid
by means of a method according to any one of claims 1-10, comprising a
concentrator (1) and a measuring device (7), which concentrator (1)
comprises a fluid container (2) for receiving a test fluid with cells, which
fluid container (2) is provided with a bottom (3) and adjoining walls (4),
which concentrator (1) further comprises a plunger (5) which can be
introduced into the fluid container (2) and which is movable in a
fluid-closing manner along the walls (4) of the fluid container (2) in the
direction of the bottom (3) of the fluid container (2) and is provided with a
filter (6) impermeable to said cells, which measuring device (7) comprises
optical conversion elements for converting light from the test fluid to a
measuring signal which corresponds to a predetermined parameter of the
test fluid.

12.  Use of an apparatus or method according to any one of the preceding
claims in product quality control, hygiene monitoring, water quality
monitoring, _Wastewatér purification, horticultural practice, cut flower trade,
toxicological assays (for instance in soil research) or in process monitoring

as a part of a HACCP program.
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