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Description

[0001] This invention relates to an apparatus and
method of testing a biological fluid.
[0002] It is known to test milk produced by dairy cows
and other mammals to determine whether the animal is
suffering from mastitis. For example, laboratory testing
of milk samples taken by milk collection operatives is
regularly carried out.
[0003] Known such tests involve either determining
the number of bacteria cells in the sample for a direct
indication of the presence of mastitis, or determining the
number of somatic cells, e.g. tissue, blood or other cells,
in the sample to provide an indirect indication of the
presence of mastitis in the animal. This latter test relies
on the fact that in an animal with an infection such as
mastitis white blood cells (leukocytes) produced by the
animal's immune system will be transferred into the an-
imal's milk to combat the pathogens. So a high level of
somatic cells in the sample will indicate that an infection
is present in the animal.
[0004] A problem with known laboratory based testing
is that there is inevitably a delay between when the sam-
ple is taken and when the test results are available. Mas-
titis can progress rapidly and so the test results may not
be accurately indicative of the state of the disease when
for example the animal is next milked. Also a laboratory
based test on a sample taken by a collection operative
(tanker driver), is most likely to include milk produced
by a plurality of animals. Thus such tests, whilst being
of some use in determining milk quality from a particular
farm, are not useful in advising a dairyman for example,
as to which of his animals is suffering from mastitis.
[0005] Thus a dairyman needs to be able to perform
tests on individual animals which will give a rapid result,
so that the dairyman can be alerted to an animal which
is suffering from mastitis. In response, the dairyman
may decide to dispose of an individual animal's milk so
as not to lower the quality of milk from the herd, and may
make a decision either to treat the animal e.g. with an-
tibiotics, or to allow the animal's own immune system to
combat the infection.
[0006] In each case, early diagnosis of mastitis is im-
portant to enable the dairyman proactively to maintain
the quality of the herd's milk provided for production, and
to provide for timely, appropriate treatment of individual
animals in the herd.
[0007] Milk tests are known which are intended to be
performed by a dairyman, which are known as the Cal-
ifornian Mastitis Test (CMT) and the conductivity test.
However to perform such tests, the tester needs to make
subjective judgements which a dairyman may not be
sufficiently skilled to make. Also such tests exhibit a lack
of sensitivity for detecting subclinical mastitis, and the
CMT lacks accuracy at somatic cell count levels re-
quired by current rules and regulations. Such tests do
not readily lend themselves to use in the context of a
cowshed where cows may be milked.

[0008] In situ hygiene testing methods and apparatus
for detecting levels of bacteria on surfaces such food
preparation counter surfaces are known, for example
from UK patent application GB2281966A and Interna-
tional application WO98/37229.
[0009] In the method disclosed in GB2281966A a pre-
moistened swab is removed from a protective tube,
wiped over a surface to be tested, dipped into an en-
zyme solution for a pre-determined time period, and
then returned to its protective tube. The protective tube
and swab may then be inserted into a luminometer to
commence test measurements. Similarly, in the method
disclosed in W098/37229, a liquid reagent is applied to
the testing surface and a test swab wiped over the sur-
face to collect a sample. The sample reacts with a rea-
gent immobilised on the swab or on the bottom of a
counting tube to produce light.
[0010] Portable biological fluid testing kits are known,
for example from US patent US-A-5827675 but these
are complex to use and do not lend themselves readily
for use by say, a dairyman, in the field. For example, in
the apparatus and method disclosed in US-A-582675,
it is necessary to manually force a swab on which a sam-
ple is retained, through a rupturable membrane to con-
tact a reagent sealed in a chamber of a sample tube,
detach the swab from a sample tube, and insert the sam-
ple tube into a luminometer in order to commence test
measurements.
[0011] According to one aspect of the invention we
provide an apparatus for testing a biological sample
from an animal for the presence of disease in the animal,
the apparatus including a container, a dipstick and a lu-
minometer, an end of the dipstick being adapted to be
inserted into the sample so that a predetermined
amount of the sample becomes attached to the dipstick
and takes part in a reaction in the container which pro-
duces light emissions, the luminometer being adapted
to receive the container and to be operated whereby a
determination of the level of bacteria and/or somatic
cells in the sample and hence of the disease in the an-
imal is made, by sensing light emissions from the con-
tainer.
[0012] The invention has been primarily but not exclu-
sively developed for use in testing raw milk.
[0013] Thus utilising an apparatus in accordance with
the invention, milk from an individual milk producing an-
imal can be tested by, for example, a dairyman as soon
as or soon after the milk is produced, simply, and be-
cause the luminometer is capable of measuring light
emissions from the container, testing does not rely on
subjective determinations.
[0014] In order that a luminometer may be used, it is
essential that the milk or other fluid attached to the dip-
stick reacts with an agent on the dipstick and/or the re-
agent in the container to create a light producing reac-
tion. The amount of light produced preferably is deter-
mined by the number of somatic cells in the milk at-
tached to the dipstick whereby the test is an indirect test,
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i.e. the presence of disease in the animal is indicated
by the number of somatic cells in the sample rather than
the number of bacterial cells in the sample. However the
invention may be applied to direct testing methods
which test for bacterial cells in the sample, using a suit-
able reagent.
[0015] Preferably the container contains an extractant
and the contents of the somatic cells in the milk or other
fluid attached to the dipstick is released on contact with
the extractant. The extractant may be contained in a
chamber of the container prior to testing and the end of
the dipstick may be supported in the container out of
contact with the extractant until testing is performed. For
example, a chamber may be provided in the container
between a closed end of the container and a membrane
within the container, and the membrane may be rup-
tured to enable the milk or other fluid attached to the
dipstick, and the extractant, to be brought into contact
during testing. The membrane may be of plastic, or a
metal or a combination of these such as for example
only, metalized Mylar.
[0016] The dipstick may be moveable within the con-
tainer from a position in which the dipstick is supported
out of contact with the membrane, and a position in
which the end of the dipstick is in contact with the ex-
tractant, such movement rupturing the membrane.
[0017] In one arrangement the dipstick may be sup-
ported by a cap which closes an open end of the con-
tainer until removed, the cap including a frangible con-
nection which is broken to enable the dipstick to move
within the container to rupture the membrane. Thus the
dipstick and the container are adapted for single use.
[0018] The cap of the container may include indicia
means so that the container can be uniquely identified
and readily indexed with an animal which produces the
milk or other biological fluid sample. In one arrange-
ment, such indicia means may include one or more
wings on which information may be provided e.g. by writ-
ing.
[0019] The container is preferably tubular, but prefer-
ably is of a non-circular cross section and is receivable
in a corresponding non-circular opening of the luminom-
eter so that the container is constrained to a desired ori-
entation in the opening e.g. to maximise light collection
from the container.
[0020] The extractant may typically be a lysate, which
ruptures the somatic cells in the fluid, on contact. Thus
to facilitate the reaction, preferably the dipstick includes
a reagent such as an enzyme to react with cellular com-
ponents in the milk or other biological sample.
[0021] The dipstick most conveniently is made of a
plastic material. To prevent neutralisation of the enzyme
or other reagent carried on the dipstick by the material
from which the dipstick is made, preferably a barrier is
provided between the agent and the material of the dip-
stick. In one arrangement, the agent may be carried on
an absorbent pad which is adhered or otherwise se-
cured to the dipstick. One such pad is an absorbent fab-

ric pad made of cotton or other natural fibres for exam-
ples. Such a pad may be configured to absorb a known
amount of milk or other fluid, so that a known amount of
fluid is used in the test. The dipstick may be configured
to encourage excess fluid not to attach to the dipstick.
For example the end of the dipstick may be pointed.
[0022] One suitable reagent is firefly luciferin together
with the enzyme luciferase.
[0023] The luminometer may be configured to count
all photons emitted as a result of the luciferin/luciferase
reaction or only photons in a particular frequency range.
Thus all photons or only photons specific to the luciferin/
luciferase chemical reaction may be sensed by the lu-
minometer as desired.
[0024] According to a second aspect of the invention
we provide a method of testing a biological sample from
an animal for the presence of disease in the animal, the
method including inserting an end of a dipstick into a
sample of the biological fluid whereby a predetermined
amount of the sample is attached to the dipstick, insert-
ing the dipstick into a container whereby the predeter-
mined amount of the sample takes part in a reaction in
the container which produces light emissions, inserting
the container into the luminometer and operating the lu-
minometer to sense light emissions from the container
and determining a level of bacteria in the sample and
providing an output from the luminometer
[0025] The method of the second aspect of the inven-
tion may utilise any of the features of the apparatus of
the first aspect of the invention.
[0026] According to a third aspect of the invention we
provide a dipstick assembly for use in an apparatus ac-
cording to the first aspect of the invention, the assembly
including a dipstick having a free end which is adapted
to be dipped into a biological fluid sample, and to attach
to the dipstick a predetermined amount of the sample
for use in a subsequent reaction, characterised in that
the sample is milk and the dipstick carries an agent
which takes part in the subsequent reaction to provide
light emissions.
[0027] The dipstick of the assembly may have any of
the features of the dipstick of the apparatus of the first
aspect of the invention.
[0028] According to a fourth aspect of the invention
we provide in combination a container containing a test
reagent and a biological fluid sample to be tested, and
a luminometer device, the reagent and the sample re-
acting to produce light emissions, the luminometer be-
ing adapted to receive the container and to sense the
light emissions, and wherein the container and the lu-
minometer are adapted so that the container, when re-
ceived in the luminometer, is received in a preferred ori-
entation.
[0029] The reagent may be contained within the con-
tainer by virtue of being attached to the dipstick.
[0030] For example the container may be elongate
and of non-circular cross section, and the luminometer
may include an opening of cross section corresponding
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to the cross section of the container. Thus the container
may be orientated to maximise light collection and to en-
sure test consistency between different samples.
[0031] The container and/or the luminometer may
have any of the features of the container and/or lumi-
nometer of the apparatus of the first aspect of the inven-
tion.
[0032] The invention will now be described with refer-
ence to the accompanying drawings in which:-

FIGURE 1 is an illustrative view of a milk testing ap-
paratus in accordance with the invention;
FIGURE 2 is a detailed side view of part of the ap-
paratus of figure 1;
FIGURE 3 is a plan view of the part of the apparatus
shown in figure 2.

[0033] Referring to the drawings there is shown an ap-
paratus 10 for testing milk to determine whether an an-
imal which has produced the milk is suffering from a dis-
ease, particularly, mastitis.
[0034] The apparatus 10 includes a container 12
which receives a dipstick assembly 13 prior to use. The
dipstick assembly 13 includes a dipstick 14 which in use
of the apparatus 10 as described below, is dipped into
a milk sample, is replaced in the container 12 and the
container 12 containing the dipstick 14 is then placed in
a luminometer 15 which senses light emissions from the
container 12.
[0035] The container 12 in this example is a test-tube,
made of a transparent material such as a suitable plastic
or glass. Within the container 12 there is a membrane
16 which separates a closed end 17 of the container 12
from the remainder of the container 12 which has an
open end 18.
[0036] Within a chamber 20 provided between the
closed end 17 and the membrane 16, there is provided
an extractant 21 in liquid form, the chemical make up
and function of which will become apparent hereinafter.
The extractant 21 is thus retained within the chamber
20, and preferably there is a space 22 within the cham-
ber 20 which is un-filled with extractant 21, but contains
air or an inert gas. In the example of suitable reagent to
be described, it is preferred for the reagent to be oxygen
saturated, and so if desired, the space 22 may contain
an oxygen enriched gas, or even pure oxygen.
[0037] The membrane 16 may be made of a material
which can readily be punctured/ruptured, for example a
suitably thin plastic, metal or combination material such
as metalised Mylar, polyethylene or polypropylene, for
examples and only the membrane 16 is preferably po-
sitioned within the container 12 and sealed relative to
the container 12, for example using an ultra-sonic seal-
ing technique. Further alternatives, the membrane may
be made of metal materials or even wax or cellulose ac-
etate.
[0038] The container 12 is preferably of a non-circular
configuration, but may otherwise be adapted as indicat-

ed below, so that the container 12 may be placed in a
preferred orientation within the luminometer 15.
[0039] The open end 18 of the container 12 receives
the dipstick assembly 13 which has a cap 25 which has
a closure part 26 which serves both to mount the dipstick
14, and to co-operate with the container 12 to close the
open end 18 thereof. Thus the closure part 26 of the cap
25 may be made of a suitable resilient plastics material
and is preferably a push fit into the open end 18 of the
container 12. The cap 25 includes in this example an
indicia means 27 which is adapted to be labelled, e.g.
by writing thereupon that the container 12 can be refer-
enced with an animal whose milk is to be tested.
[0040] The indicia means 27 has in this example two
wings 28, 29 which extend sideways from the closure
part 26 and as well as providing a surface for labelling,
may be adapted to co-operate with the luminometer 15
as described hereinafter to support the container 12 in
the luminometer 15 during light emission sensing.
[0041] The closure part 26 of the cap 25 is attached
to the indicia part 27 by means of a frangible connection
30, which retains the closure part 26 so that the dipstick
14 supported thereby is normally supported so that a
free end 31 thereof is above the level of the membrane
16. However, the frangible connection 30 may be broken
by applying pressure to the closure part 26 in the direc-
tion indicated by arrow A in figure 2, so that the free end
31 of the dipstick 14 may be pushed through the mem-
brane 16 into contact with the reagent 21 within the
chamber 20 at the closed end 17 of the container 12.
[0042] The dipstick 14 supported by the closure part
26 is preferably made of a suitable plastic material, but
could be made of another suitable material as desired.
The dipstick 14 is preferably adhered within an opening
of the closure part 26, or may be retained as an inter-
ference fit only, or in another example. the dipstick 14
could be integrally made with the closure part 26 of the
dipstick assembly 13.
[0043] The free end 31 of the dipstick 14 is of a pointed
configuration. This is so that the free end 31 may easily
puncture the membrane 16 when required. and also so
that when the dipstick 14 is dipped into a milk sample,
excess milk is encouraged to drip from the free end 31,
so that only a predetermined amount of milk is used in
testing.
[0044] The dipstick 14 carries a reagent which takes
part in a chemical reaction during the test as hereinafter
described. Typically the reagent includes an enzyme.
Most preferably the reagent is a mixture of firefly luciferin
and the enzyme luciferase.
[0045] Because the enzyme can be de-natured and
neutralised if the enzyme comes into contact with the
plastic material of the dipstick 14, preferably the agent
is carried by a neutral carrier such as a fabric pad 36
which may be adhered, and/or mechanically secured
and/or secured by heat staking relative to the dipstick
14. For example the pad 36 may be secured to the dip-
stick 14 by double sided adhesive tape. By such an ar-
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rangement, although any enzyme or other agent which
is in intimate contact with the plastic of the dipstick 14
and/or with the adhesive of the double sided tape may
be neutralised, a sufficient amount of the enzyme or oth-
er agent will be isolated to take part in the chemical re-
action of the test.
[0046] In one arrangement the dipstick 14 may be
made of a transparent plastic material such as transpar-
ent polycarbonate, so reducing the amount of light
blockage caused by the dipstick, during luminometer 15
reading. Also the fabric pad 36 is flat thus presenting a
maximum surface area to the light detecter in the lumi-
nometer 15.
[0047] Because enzymes particularly but other
agents too can degrade in the presence of oxygen, it is
preferred for the closed container 12 above the mem-
brane 16 to contain a neutral atmosphere. The container
12 above the membrane 16 may thus be at least partly
evacuated although this could make removal of the dip-
stick assembly 13 from the container difficult, or the con-
tainer 12 may contain an inert gas, such a nitrogen, or
at least an inert gas rich gas. Thus the membrane 16
needs to be gas impermeable so that the oxygen rich
gas in the space 22 of the closed end 17 does not per-
meate through or past the membrane 16 into the inert
atmosphere in the remainder of the container 12.
[0048] This provides for improved shelf life and prod-
uct stability. It is important that the activity of the enzyme
is maintained so that consistent results can be obtained
over the life of the product, which is expected typically
to be a year or so.
[0049] The test method will now be described.
[0050] First the container 12 is opened by removing
the dipstick assembly 13, using the wings 28, 29 of the
indicia means 27 of the assembly 13 as handle, as re-
quired. This causes a break in a seal (not shown) be-
tween the closure part 26 and the container 12 to pro-
vide an obvious visual/tactile signal that the dipstick as-
sembly 13 has been used, thus minimising the possibil-
ity of the dipstick 14 being inadvertently used a second
time before being measured. Removal of the closure
member 26 will release the inert atmosphere above the
membrane 16 and expose the enzyme or other agent
carried by the dipstick 14 to the atmosphere and thus
this method step is preferably performed immediately
before the other method steps. The free end 31 of the
dipstick 14 is then dipped into a sample of milk to be
tested. The sample is preferably obtained during milk-
ing, and thus is preferably specific to a single animal, as
identified on the indicia means 27. Where desired the
sample may be specific to a particular teat.
[0051] In each case, excess milk is allowed to drip
from the dipstick 14, which preferably is retained in a
free end 31 pointing downwards orientation, so that ex-
cess milk is encouraged to drip from the pointed free
end 31.
[0052] The size of the fabric pad 36 carried by the dip-
stick 14 is arranged to ensure that a predetermined

amount of milk becomes attached to the dipstick 14 and
in contact with the enzyme or other agent on the pad 36.
[0053] Next the dipstick 14 is returned to the container
12, and the closure part 26 of the cap 25 is inserted into
the container 12 with the free end 31 of the dipstick 14
to which the milk is attached, still out of contact with the
reagent in the closed chamber 20 of the container 12.
[0054] A dairymen or other tester may collect samples
from plurality of animals, and perform the method steps
described above on each sample, using a different dip-
stick assembly 13 and container 12 for each sample.
When all the samples required have been collected, and
when convenient for the tester e.g. at the end of milking,
the next method step may be performed.
[0055] For each container 12, the frangible connec-
tion 30 of the cap 25 may be broken to cause the pointed
free end 31 of the dipstick 13 to puncture the membrane
16 and cause the attached milk and enzyme or other
agent, to come into contact with the extractant 21. The
container 12 being of generally constant cross section
throughout the majority of its length, and the closure part
26 of the cap 25, will continue to co-operate as the dip-
stick 14 is moved to puncture the membrane 16, and to
continue to support the dipstick 14 in its new position in
the container 12.
[0056] The extractant 21 is a lysate and therefore,
when the milk attached to the dipstick comes into con-
tact with the extractant 21. (as it will, provided the con-
tainer is maintained in a generally upright orientation),
the somatic cells in the milk are lysed and ruptured.
Lysis of the somatic cells results in a release of, among
other things, adenosine triphosphate (ATP) from the
cells. Each somatic cell contains approximately the
same quantity of ATP and therefore the quantity of ATP
released into the extractant 21 is dependent upon the
number of somatic cells in the milk sample. The ATP,
and the oxygen in the space 22 are catalysed by the
luciferase to react with the firefly luciferin and emit pho-
tons
[0057] The reaction will continue for some time, and
so where the membrane 16 is punctured outside the lu-
minometer 15, the container 12 may be placed in the
luminometer 15 after the reaction begins.
[0058] Preferably though, the membrane 16 is punc-
tured by the dipstick 14 in the luminometer 15. The lu-
minometer 15 has an opening 40 therein to receive the
container 12. The opening 40 is configured so that the
container 12 may only be received in the luminometer
15 in a preferred orientation. In the example shown, the
container 12 is generally elliptical or oval in cross section
over a majority of its length, with the opening 40 of the
luminometer 15 being of a corresponding configuration.
Thus one of the sides 41, 42 of the container 12 may be
located close to a light sensor within the luminometer
15, and being flatter that a conventional round test-tube,
light collection efficiency is maximised. Also, by arrang-
ing for the flat of the fabric pad 36 of the dipstick 14 to
be aligned with the longer axis of the eliptical tube 12,
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the pad 36 will be orientated in the liminometer 15 with
the flat of pad 36 facing the detector, to maximise the
efficiency of light detection.
[0059] The wings 28, 29 of the indicia means 27 of the
cap 25 are located in corresponding slots 48, 49 of the
luminometer 15
[0060] As lid 50 of the luminometer 15 is then closed
preferably this action causes the dipstick 14 to be
pushed down through the membrane 16. This may for
example be achieved by the lid 50 having a pin or the
like which pushes down on the centre of the closure
member 26. Thus the cap design may be such as to
make it difficult for a user manually to puncture the mem-
brane 16 with the dipstick 14. As shown, preferably the
lid 50 is hinged to a body 51 of the luminometer 15, and
closing of the lid 50 also actuates a switch 53 whereby
a light sensing sequence is initiated.
[0061] The luciferin/luciferase reaction is extremely
sensitive and specific to the presence of ATP in the so-
lution. Therefore, the intensity of light emitted as a result
of the chemiluminescent reaction is directly related to
the quantity of ATP in the solution. Since the quantity of
ATP in solution is, in turn, directly related to the number
of somatic cells in the milk sample, the intensity of the
light emitted is directly related to the quantity of somatic
cells in the milk sample. Because the fabric pad 36 car-
ried by the dipstick 14 is arranged such that a predeter-
mined amount of milk is attached to the pad 36, the con-
centration of somatic cells in the sample is also related
to the intensity of the emitted light.
[0062] The luminometer 15 may be arranged to give
a visual and/or aural indication when the light emission
sensing commences and/or when the luminometer 15
has finished its sensing sequence. Preferably the lumi-
nometer 15 is calibrated to give an immediate indication
of the results of the test. For example the luminometer
15 may include a display 60 of red, 61, amber 62, and
green 63 lights, one of which lights up to indicate the
test result. When green light 63 light up this may indicate
that light emissions have been below a first predeter-
mined level which indicates that only a low, normal, level
of somatic cells are present in the milk sample, so that
it may be concluded that the animal from which the milk
has come does not have mastitis. When the amber light
62 lights up, this may indicate that the light emissions
have been above the first predetermined level, but not
above a second predetermined level which would indi-
cate that a high level of somatic cells are present. Thus
upon an amber readout, re-testing or further more de-
tailed testing would be advisable. When the red light 61
lights up, this would indicate an abnormal number of so-
matic cells above the second predetermined level are
present in the milk sample, which would indicate dis-
ease in the animal. Because the milk is from a teat, the
most likely disease indicated is mastitis. Upon a "red"
result, the dairyman or other tester, can administer anti-
biotic treatment and/or seek expert help from a vetenary
practitioner.

[0063] Further features of the invention are as follows.
[0064] It will be appreciated that because the contain-
er 12 is sealed until the cap 25 is removed, and the cap
25 is sealed with the container 12 immediately after dip-
ping, the risk of ingress of unwanted matter into the con-
tainer 12 is minimised. Thus a tester can dip the dipstick
13 into a milk sample and return the dipstick to the con-
tainer 12 quickly and easily, even in the conditions of a
cowshed, without substantial risk of test contamination.
The connection between the closure part 26 and the in-
dicia means 27 may enable the closure part 26 to be
removed from the container 12 by a simple pinching op-
eration which may be performed one handed with the
container 12 supported e.g. in a holster or the like which
may conveniently be worn by the tester.
[0065] Because in the example described, a frangible
connection 30 is broken to enable the free end 31 of the
dipstick 14 to be brought into contact with the reagent
21, there is no risk of the container 12 of the apparatus
10 being inadvertently re-used, as it will immediately be
apparent to the tester that the container 12 has already
been used and it is not readily possible to return the dip-
stick 14 to its pre-testing position within the container 12.
[0066] If desired, the indicia means 27, or the contain-
er 12 otherwise, may be adapted to enable a specific
milk sample to be identified automatically in the lumi-
nometer 15, so that the luminometer 15 may automati-
cally index test results and provide a print out or elec-
tronic data output for use in a computer for example.
[0067] In the example shown, the indicia means 27
includes a plurality of notches 55, in the present exam-
ple four notches 55. One or some or all of these notches
55 may be present or removed, and the luminometer 15
may include means to sense the presence and absence
of notches 55 so that a particular indicia means 27 can
be automatically identified. Other arrangements includ-
ing bar coding, electronic tagging and the like may be
used so that a correlation can be made by the luminom-
eter 15 or in a computer to which data is transferred,
between a test result and a test sample.
[0068] For example, the container 12 need not be of
the particular non-circular in cross section configuration
described, but could be of an alternative non-circular or
even circular configuration as desired. The cap 25 need
not have an indicia means as shown at 27, but some
other means of indexing a particular test container 12
with a particular animal to be tested may be used.
[0069] Instead of a frangible connection 30 between
the closure part 26 and the remainder of the cap 25, oth-
er arrangements are possible which enable the dipstick
14 to be supported out of contact with the reagent 21 in
the closed space of the container 12 until it is desired to
perform testing.
[0070] In the example described, milk is attached to
the dipstick 14 by means of the absorbent fabric pad 36
which also serves to isolate the enzyme or other agent
carried by the dipstick 14, but the milk may otherwise
be attached to the dipstick 14, although the arrangement
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described is preferred. By using an alternative chemilu-
minescent reaction dependant upon a cellular compo-
nent of the somatic cells of the milk and a reagent on
the dipstick, the use of an extractant in the container 12
may be avoided altogether. Alternatively, in another
such chemical reaction, the use of a reagent 21 on the
dipstick 14 may not be required, but a suitable reagent
may be provided in the container 12 so that there is a
reaction between the reagent and a cellular component
of somatic cells in the milk, which produces light emis-
sions for sensing using a luminometer 15.
[0071] The membrane 16 could in another example
be wax, cellulose actuate, or metal such as aluminium
or stainless steel.
[0072] The luminometer 15 may be adapted to handle
several containers 12 at once, rather than a single con-
tainer 12 as shown. The luminometer 15 may simply
count photons of light emitted as a result of the chemical
reaction between a reagent and a cellular component of
somatic cells in the milk, or may differentiate between
photons of different frequency so that only photons with-
in a particular frequency/ range emitted during a partic-
ular chemical reaction relevant to identifying somatic
cells in the milk sample may be counted.
[0073] In another arrangement, rather than the indi-
rect test described in which the level of somatic cells in
a milk sample is used in an indicator of the level of bac-
teria in the milk, the apparatus 10 described above may
be used, with appropriate reagent(s), to perform a direct
test in which light emissions arising as a result of a
chemical reaction between cellular components of bac-
terial cells and the reagent(s) are sensed.
[0074] The invention has been particularly but not ex-
clusively developed for testing animals and may be ap-
plied not only to dairy cows but to any other milk pro-
ducing mammal where it is desired to test the milk for
signs that the animal is suffering from disease.
[0075] The invention may be adapted for the testing
of other biological samples such as saliva, blood or
urine, particularly where such tests are to be preferred
routinely away from a laboratory environment.
[0076] It will be appreciated that throughout this spec-
ification the term "cellular component" is intended to
mean not only proteins, but other components such as
nucleic acids, oligosaccharides, fatty acids and any con-
glomerations or constituents of these or other cell con-
tent molecules and elements.

Claims

1. An apparatus (10) for testing a biological sample
from an animal for the presence of disease in the
animal, the apparatus including a container, (12) a
dipstick (14) and a luminometer (15) having a lid
(50), an end (31) of the dipstick (14) being adapted
to be inserted into the sample so that a predeter-
mined amount of sample becomes attached to the

dipstick (14), wherein the container (12) includes a
chamber (20) containing a reagent (21) which dur-
ing testing reacts with the sample attached to the
dipstick (14) to produce light emissions, the cham-
ber (20) being provided in the container (12) be-
tween a closed end (17) of the container (12) and a
membrane (16) within the container (12), the dip-
stick (14) being movable within the container (12)
from a first position in which the dipstick (12) is sup-
ported in the container (12) out of contact with the
membrane (16) and a second position in which the
end (31) of the dipstick (14) with attached sample
is in contact with the reagent (21), the membrane
(16) being ruptured as the dipstick (12) moves from
the first position to the second position, the lumi-
nometer (15) being adapted to receive the container
(12), and the lid (50) being adapted, on being
closed, to cause the dipstick to be moved from the
first position through the membrane (16) to the sec-
ond position, whereby a determination of the level
of bacteria and/or somatic cells in the sample and
hence of the disease in the animal is made by sens-
ing light emissions from the container (12).

2. An apparatus according to claim 1 characterised
in that the lid (50) is further adapted, on being
closed, to activate the luminometer and commence
sensing of the light emissions from the container
(12).

3. An apparatus according to claim 1 or 2 character-
ised in that the dipstick (14) further includes a re-
agent and this reagent takes part in a reaction with
sample attached to the dipstick to create a light pro-
ducing reaction.

4. An apparatus according to any preceding claim
characterised in that the reagent contained in the
chamber (20) of the container (12) is an extractant
(21) to lyse cells in the biological sample and re-
lease the cell contents, the reaction being depend-
ent upon one or more components of the cell con-
tents.

5. An apparatus according to any preceding claim
characterised in that the dipstick (14) is supported
by a cap (25) which closes an open end (18) of the
container (12) until removed, the cap (25) including
a frangible connection (30) which is broken to ena-
ble the dipstick (14) to move within the container
(12) to rupture the membrane (16), the cap (25) of
the container (12) further including an indicia means
(27) so that the container (12) can be uniquely iden-
tified and readily indexed with an animal which pro-
duces the sample, the indicia means (27) including
one or more wings (28,29) on which information
may be provided.
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6. An apparatus according to any one of the preceding
claims characterised in that the container (12) is
generally tubular and of a non-circular cross section
and is receivable in a corresponding non-circular
opening (40) of the luminometer (15).

7. An apparatus according to any one of claims 3 to 6
characterised in that to facilitate the light produc-
ing reaction, the reagent on the dipstick (14) in-
cludes a mixture of luciferin and luciferase the luci-
ferin being catalysed by the luciferase to react and
emit light, in the presence of ATP, and that to pre-
vent neutralisation of the reagent carried on the dip-
stick (14) by the material from which the dipstick
(14) is made, a barrier is provided between the re-
agent and the material of the dipstick (14).

8. An apparatus according to claim 7 characterised
in that the reagent is carried on an absorbent pad
(36) which is adhered or otherwise secured to the
dipstick (14).

9. An apparatus according to any preceding claim
characterised in that the end (31) of the dipstick
(14) is pointed.

10. A method of testing biological fluid from an animal
for the presence of disease in the animal, the meth-
od including inserting an end (31) of a dipstick (14)
into a sample of the biological fluid whereby a pre-
determined amount of the fluid sample is attached
to the dipstick (14), inserting the dipstick (14) into a
container (12), the container (12) including a cham-
ber (20) provided between a closed end (17) of the
container (12) and a membrane (16) within the con-
tainer (12), inserting the container (12) into the lu-
minometer (15), and closing a lid (50) of the lumi-
nometer (15), the closing of the lid (50) causing the
dipstick (14) to move within the container (12)
through the membrane (16), thus rupturing the
membrane (16), into the chamber (20), thus permit-
ting the sample of biological fluid to react with a re-
agent contained within the chamber (20), the reac-
tion producing light emissions, and operating the lu-
minometer (15) to sense light emissions from the
container (12) and determining a level of bacteria
and/or somatic cells in the sample and providing an
output from the luminometer (15).

11. A method according to claim 10 using an apparatus
(10) according to any one of claims 1 to 9.

Patentansprüche

1. Vorrichtung (10) zum Testen einer biologischen
Probe von einem Tier bezüglich des Vorliegens ei-
ner Erkrankung in dem Tier, wobei die Vorrichtung

einen Behälter (12), einen Eintauchstab (14) und
ein Luminometer (15) mit einem Deckel (50) ein-
schließt, wobei ein Ende (31) des Eintauchstabs
(14) angepaßt ist, um in die Probe insertiert zu wer-
den, so daß eine vorgegebene Probenmenge an
den Eintauchstab (14) angefügt wird, wobei der Be-
hälter (12) eine Kammer (20) einschließt, die ein
Reagens (21) enthält, welches während des Te-
stens mit der an dem Eintauchstab (14) angefügten
Probe reagiert, um Lichtemissionen zu erzeugen,
wobei die Kammer (20) in dem Behälter (12) zwi-
schen einem geschlossenen Ende (17) des Behäl-
ters (12) und einer Membran (16) innerhalb des Be-
hälters (12) bereitgestellt ist, wobei der Eintauch-
stab (14) innerhalb des Behälters (12) aus einer er-
sten Position, in welcher der Eintauchstab (12) in
dem Behälter (12) außer Kontakt mit der Membran
(16) gehalten wird, zu einer zweiten Position, in wel-
cher das Ende (31) des Eintauchstabs (14) mit an-
gefügter Probe mit dem Reagens (21) in Kontakt
ist, bewegbar ist, wobei die Membran (16) zerrissen
wird, wenn sich der Eintauchstab (12) von der er-
sten Position zu der zweiten Position bewegt, wobei
das Luminometer (15) angepaßt ist, um den Behäl-
ter (12) aufzunehmen, und der Deckel (50) ange-
paßt ist, wenn er verschlossen ist, um zu bewirken,
daß der Eintauchstab aus der ersten Position durch
die Membran (16) zu der zweiten Position bewegt
wird, wodurch eine Bestimmung des Gehalts an
Bakterien und/oder somatischen Zellen in der Pro-
be und somit der Erkrankung in dem Tier durch
Messen von Lichtemissionen aus dem Behälter
(12) durchgeführt wird.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daß der Deckel (50) ferner angepaßt ist,
wenn er verschlossen ist, um das Luminometer zu
aktivieren und das Messen der Lichtemissionen aus
dem Behälter (12) zu beginnen.

3. Vorrichtung nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, daß der Eintauchstab (14) ferner
ein Reagens einschließt und dieses Reagens in ei-
ner Reaktion mit einer an dem Eintauchstab ange-
fügten Probe teilnimmt, um eine lichterzeugende
Reaktion zu schaffen.

4. Vorrichtung nach einem der vorangehenden An-
sprüche, dadurch gekennzeichnet, daß das Rea-
gens, das in der Kammer (20) des Behälters (12)
enthalten ist, ein Extraktionsmittel (21) ist, um die
Zellen in der biologischen Probe zu lysieren und die
Zellinhalte freizugeben, wobei die Reaktion von ei-
ner oder mehreren Komponenten der Zellinhalte
abhängig ist.

5. Vorrichtung nach einem der vorangehenden An-
sprüche, dadurch gekennzeichnet, daß der Ein-
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tauchstab (14) durch eine Kappe (20) gestützt ist,
welche ein offenes Ende (18) des Behälters (12)
verschließt, bis sie entfernt wird, wobei die Kappe
(25) eine zerbrechliche Verbindung (30) ein-
schließt, die aufgebrochen wird, um es dem Ein-
tauchstab (14) zu ermöglichen, sich innerhalb des
Behälters (12) zu bewegen, um die Membran (16)
zu zerreißen, wobei die Kappe (25) des Behälters
(12) ferner ein Anzeigemittel (27) einschließt, so
daß der Behälter (12) eindeutig identifiziert und mit
einem Tier leicht indexiert werden kann, welches
die Probe erzeugt, wobei das Anzeigemittel (27) ei-
nen oder mehrere Flügel (28, 29) einschließt, auf
denen Information bereitgestellt werden kann.

6. Vorrichtung nach einem der vorangehenden An-
sprüche, dadurch gekennzeichnet, daß der Be-
hälter (12) im allgemeinen röhrenförmig und von ei-
nem nicht-kreisförmigen Querschnitt ist und in einer
entsprechenden nicht-kreisförmigen Öffnung (40)
des Luminometers (15) aufnehmbar ist.

7. Vorrichtung nach einem der Ansprüche 3 bis 6, da-
durch gekennzeichnet, daß, um die lichterzeu-
gende Reaktion zu erleichtern, das Reagens auf
dem Eintauchstab (14) eine Mischung von Luciferin
und Luciferase einschließt, wobei das Luciferin
durch die Luciferase katalysiert wird, um zu reagie-
ren und Licht zu emittieren, in der Gegenwart von
ATP, und daß, um eine Neutralisation des auf dem
Eintauchstab (14) getragenen Reagens durch das
Material, aus dem der Eintauchstab (14) hergestellt
ist, zu verhindern, eine Barriere zwischen dem Rea-
gens und dem Material des Eintauchstabs (14) be-
reitgestellt ist.

8. Vorrichtung nach Anspruch 7, dadurch gekenn-
zeichnet, daß das Reagens auf einer Absor-
benseinlage (36) getragen ist, welche an dem Ein-
tauchstab (14) angeklebt oder anderweitig befestigt
ist.

9. Vorrichtung nach einem der vorangehenden An-
sprüche, dadurch gekennzeichnet, daß das Ende
(31) des Eintauchstabs (14) angespitzt ist.

10. Verfahren zum Testen eines biologischen Fluids
von einem Tier bezüglich des Vorliegens einer Er-
krankung in dem Tier, wobei das Verfahren ein Ein-
setzen eines Endes (31) eines Eintauchstabs (14)
in eine Probe des biologischen Fluids, wodurch ei-
ne vorgegebene Menge der fluiden Probe an dem
Eintauchstab (14) angefügt wird, Einsetzen des
Eintauchstabs (14) in einen Behälter (12), wobei
der Behälter (12) eine Kammer (20) einschließt, die
zwischen einem geschlossenen Ende (17) des Be-
hälters (12) und einer Membran (16) innerhalb des
Behälters (12) bereitgestellt wird, Einsetzen des

Behälters (12) in das Luminometer (15) und Ver-
schließen eines Deckels (50) des Luminometers
(15), wobei das Verschließen des Deckels (50) be-
wirkt, daß sich der Eintauchstab (14) innerhalb des
Behälters (12) durch die Membran (16) in die Kam-
mer (20), bewegt, wodurch die Membran (16) zer-
rissen wird, wodurch es ermöglicht wird, daß die
Probe des biologischen Fluids mit einem Reagens,
das innerhalb der Kammer (20) enthalten ist, rea-
giert, wobei die Reaktion Lichtemissionen erzeugt,
und Betreiben des Luminometers (15) einschließt,
um Lichtemissionen aus dem Behälter (12) zu mes-
sen und einen Gehalt an Bakterien und/oder soma-
tischen Zellen in der Probe zu bestimmen und eine
Ausgabe aus dem Luminometer (15) bereitzustel-
len.

11. Verfahren nach Anspruch 10 unter Verwendung ei-
ner Vorrichtung (10) nach einem der Ansprüche 1
bis 9.

Revendications

1. Appareil (10) pour tester un échantillon biologique
d'un animal pour la présence d'une maladie chez
l'animal, l'appareil incluant un conteneur (12), une
jauge (14) et un luminomètre (15) ayant un couver-
cle (50), une extrémité (31) de la jauge (14) étant
adaptée à s'insérer dans l'échantillon de sorte
qu'une quantité prédéterminée d'échantillon reste
attachée à la jauge (14), dans lequel le conteneur
(12) comporte une chambre (20) contenant un réac-
tif (21) qui, pendant le test, réagit avec l'échantillon
attaché à la jauge (14) pour produire des émissions
de lumière, la chambre (20) étant prévue dans le
conteneur (12) entre une extrémité fermée (17) du
conteneur (12) et une membrane (16) à l'intérieur
du conteneur (12), la jauge (14) étant mobile à l'in-
térieur du conteneur (12) à partir d'une première po-
sition dans laquelle la jauge (12) est supportée dans
le conteneur (12) hors de contact de la membrane
(16), vers une seconde position dans laquelle l'ex-
trémité (31) de la jauge (14) avec l'échantillon atta-
ché est en contact avec le réactif (21), la membrane
(16) étant rompue quand la jauge (12) se déplace
de la première position vers la seconde position, le
luminomètre (15) étant adapté à recevoir le conte-
neur (12), et le couvercle (50) étant adapté, lorsqu'il
est fermé, à entraîner le déplacement de la jauge
de la première position à travers la membrane (16)
vers la seconde position, une détermination du ni-
veau de bactéries et/ou de somatocytes dans
l'échantillon et, de là, de la maladie chez l'animal
étant réalisée en détectant les émissions de lumière
à partir du conteneur (12).

2. Appareil selon la revendication 1,

15 16



EP 1 181 348 B1

10

5

10

15

20

25

30

35

40

45

50

55

caractérisé en ce que le couvercle (50) est de plus
adapté, lorsqu'il est fermé, à activer le luminomètre
et à commencer la détection des émissions de lu-
mière du conteneur (12).

3. Appareil selon la revendication 1 ou 2,
caractérisé en ce que la jauge (14) comporte de
plus un réactif et ce réactif prend part à une réaction
avec l'échantillon lié à la jauge pour créer une réac-
tion produisant de la lumière.

4. Appareil selon une quelconque revendication pré-
cédente,
caractérisé en ce que le réactif contenu dans la
chambre (20) du conteneur (12) est un solvant d'ex-
traction (21) pour lyser les cellules dans l'échan-
tillon biologique et libérer le contenu cellulaire, la
réaction étant dépendante d'un ou de plusieurs
composants du contenu cellulaire.

5. Appareil selon une quelconque revendication pré-
cédente,
caractérisé en ce que la jauge (14) est supportée
par un bouchon (25) qui ferme une extrémité ouver-
te (18) du conteneur (12) jusqu'à ce qu'il soit retiré,
le bouchon (25) incluant une liaison frangible (30)
qui est brisée pour permettre à la jauge (14) de se
déplacer dans le conteneur (12) pour rompre la
membrane (16), le bouchon (25) du conteneur (12)
incluant de plus des moyens d'indices (27) de sorte
que le conteneur (12) peut être identifié d'une ma-
nière unique et indexé facilement avec un animal
qui produit l'échantillon, les moyens d'indices (27)
incluant une ou plusieurs ailes (28, 29) sur lesquel-
les des informations peuvent être prévues.

6. Appareil selon une quelconque des revendications
précédentes,
caractérisé en ce que le conteneur (12) est géné-
ralement tubulaire et a une section transversale non
circulaire et peut être reçu dans une ouverture non
circulaire correspondante (40) du luminomètre (15).

7. Appareil selon une quelconque des revendications
3 à 6,
caractérisé en ce que, pour faciliter la réaction pro-
duisant la lumière, le réactif sur la jauge (14) com-
porte un mélange de luciférine et de luciférase, la
luciférine étant catalysée par la luciférase pour réa-
gir et émettre de la lumière, en présence de ATP, et
en ce que, pour empêcher la neutralisation du réac-
tif porté sur la jauge (14) par la matière à partir de
laquelle la jauge (14) est réalisée, une barrière est
prévue entre le réactif et la matière de la jauge (14).

8. Appareil selon la revendication 7,
caractérisé en ce que le réactif est porté sur un
tampon absorbant (36) qui. adhère ou est autre-

ment fixé à la jauge (14).

9. Appareil selon une quelconque revendication pré-
cédente,
caractérisé en ce que l'extrémité (31) de la jauge
(14) est pointue.

10. Procédé pour tester un fluide biologique d'un animal
pour la présence d'une maladie chez l'animal, le
procédé consistant à introduire une extrémité (31)
d'une jauge (14) dans un échantillon du fluide bio-
logique par quoi une quantité prédéterminée de
l'échantillon de fluide est attachée à la jauge (14),
introduire la jauge (14) dans un conteneur (12), le
conteneur (12) comportant une chambre (20) pré-
vue entre une extrémité fermée (17) du conteneur
(12) et une membrane (16) à l'intérieur du conte-
neur (12), introduire le conteneur (12) dans le lumi-
nomètre (15), et fermer un couvercle (50) du lumi-
nomètre (15), la fermeture du couvercle (50) provo-
quant le déplacement de la jauge (14) à l'intérieur
du conteneur (12) à travers la membrane (16), en
rompant ainsi la membrane (16), dans la chambre
(20), en permettant ainsi à l'échantillon de fluide
biologique de réagir avec un réactif contenu dans
la chambre (20), la réaction produisant des émis-
sions de lumière, et à faire fonctionner le luminomè-
tre (15) pour détecter les émissions de lumière à
partir du conteneur (12) et à déterminer un niveau
de bactéries et/ou de somatocytes dans l'échan-
tillon et prévoir une sortie à partir du luminomètre
(15).

11. Procédé selon la revendication 10 utilisant un ap-
pareil (10) selon une quelconque des revendica-
tions 1 à 9.
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