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Description
Field of invention
[0001] The present application relates to a conductivity measurement cell.

Background of invention

[0002] It can be useful to measure the concentration of a preselected biomarker, or analyte, in a body-fluid such as
urine. However, depending on the level of hydration of the patient, urine may be relatively dilute or concentrated and
this variability in urine dilution can substantially affect the measured analyte concentration, preventing accurate diagnosis.
In order to reduce the effect of the variability of urine sample dilution on the measured analyte concentration, the measured
analyte concentration can be normalised by the urine dilution factor, which can be determined from its electrical con-
ductivity.

[0003] Electrical conductivity, hereafter referred to as conductivity, is a physical property of materials. The conductivity
of a particular material is usually temperature dependent and is therefore usually quoted at 25 degrees Celsius. The
conductivity of a given material at 25 degrees Celsius will be referred to as the material’s temperature corrected con-
ductivity.

[0004] The conductance of a given sample of a given material is related to the conductivity of the material by the length
and cross sectional area of the material sample. Conductivity is expressed in Siemens/cm. Conductance is expressed
in Siemens and is the inverse of resistance.

[0005] US 2006/0073606 A1 discloses a urine analyser which determines urine dilution by measuring the level of
creatinine (a coloured substance) by optical colorimitry, and corrects an analyte (in this case, albumin, a protein, which
is indicative of kidney disease) concentration measurement with the urine dilution factor. However, the apparatus required
for measuring creatinine concentration by optical means is cumbersome and expensive. The analyser relies upon a
temperature controller having a heater and thermistor, is bulky, power hungry and unsuitable for adapting to a hand held
disposable assay device.

[0006] WO 2006/087697 A2 discloses a method of measuring urine dilution by measuring the electrical conductivity
of the urine sample. The electrical conductivity of urine is known to be related to its dilution. A measured analyte
concentration (in this case, thromboxane, which is indicative of heart disease) is then corrected using the measured
electrical conductivity. However, electrical conductivity of a sample is known to vary with sample temperature, therefore
a temperature dependent error exists in the corrected analyte concentration result.

[0007] In a related area it is also known that the hematocrit, or packed cell volume, of a blood sample is related to the
electrical conductivity of the sample. The conductivity of blood varies by about 2% per degree Celcius. US 3,648,160
discloses an apparatus which comprises two conductivity cells, each having a pair of electrodes, and analogue signal
processing means for correcting a measure of blood sample conductivity using a measure of conductivity of a reference
blood plasma which has had the blood cells removed. The disclosure is unsuitable for use in a convenient point of care
device, such as a disposable assay device, since its features render it relatively expensive and unsuitable for interfacing
to a microprocessor. The disclosed device is also susceptible to errors in temperature compensation if the blood sample
and the reference are not maintained at the same temperature as each other. In addition, the performance of the
apparatus changes over time requiring repeated calibration against a known standard.

Brief description of the invention

[0008] The invention is set out in the claims.

[0009] As a result of the features set out a number of advantages are available. By deriving temperature relying on
inherent, reference and sample conductance the temperature measure can be obtained quickly and accurately. In order
to compensate full temperature variation during the measurement process, conductance can be repeatedly measured
and the temperature derived when successive ratio calculations differ by less than an error amount meaning that the
temperature has settled. By providing a membrane between the sample and reference, the temperature can be matched
rapidly. By providing shared electrodes in parallel across the referencing sample the number of components required
can be minimised enabling a simplified circuit with two electrodes. By using individual meters and test strips these can
be individually calibrated prior to carrying out a test enabling any variation in manufacture between respective test strips
and meters to be compensated for.

[0010] Embodiments of the invention will now be described in detail with reference to the attached Figures.
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Figures

[0011]

Fig. 1 shows schematically a substance having a conductivity.

Fig. 2 shows a conductivity measurement test strip connected to a conductivity measuring device comprising an
electronic circuit for generating a frequency output.

Fig. 3 shows a body of a conductivity measurement test strip.

Fig. 4 and Fig. 5 show the component parts of a conductivity measurement test strip.

Fig. 6 shows an assembled conductivity measurement test strip.

Fig. 7 is a plan view of a conductivity measurement test strip, showing features on the underside of the test strip.

Fig. 8 is a cross-sectional view through a central vertical line through Fig. 7.

Fig. 9 is a circuit diagram of an electrical circuit for generating a frequency output which is related to a conductance.

Fig. 10  is a graph of gain versus conductance for a circuit similar to that shown in Fig. 9

Fig. 11 is a graph of normalised gain versus conductance for a circuit similar to that shown in Fig. 9

Fig. 12  is a circuit diagram of an electrical circuit for generating a frequency output which is related to a conductance,
further incorporating multiple tri-stateable inverters.

Fig. 13 is a flow chart showing a method of deriving a ratio R for use in deriving a temperature corrected measure of
electrical conductivity, incorporating iterative measurement steps.

Fig. 14 is a graph of hematocrit (packed cell volume) versus blood conductivity.

Fig. 15 is a graph of conductivity versus time for a conductivity measurement test strip where the sample container
contains a reagent and bubbles are formed by the reaction of the reagent with an analyte in the sample.

Fig. 16  is a graph of creatinine versus conductivity for urine samples from diabetic sample donors.

Fig. 17 is a graph of creatinine versus conductivity for urine samples from healthy sample donors.

Detailed description

[0012] Inorderto calculate temperature corrected conductivity, two measurements are commonly required; conductivity
(uncorrected for temperature) and the temperature at which the uncorrected conductivity was measured. A significant
proportion of the cost associated with devices for measuring temperature corrected conductivity can be attributed to the
extra components required for the accurate measurement of temperature. Significant cost savings can result if the need
to measure temperature is eliminated. The present invention compensates for temperature without measuring temper-
ature, and neither does it require the use of an on-board reference of known conductivity in order to calculate temperature.
[0013] The presentinvention provides increased accuracy over known devices which measure conductivity but do not
correct for temperature. The present invention also improves over known methods of compensating for temperature
variability in conductivity measurements without measuring temperature, and more specifically provides savings in cost
and increases in accuracy, by reducing component count, and by improving temperature matching between the sample
being measured and the temperature compensating reference. An example operating temperature range for the invention
is between 10 and 40 degrees Celsius.

[0014] Fig. 1 shows a sample of material with length L, and cross sectional area A (defined by width W and depth d).
The dimensions are relevant to measurement of the properties as discussed in more detail below.

As shown in Fig. 2, the present invention is designed around a conductivity measurement test strip (260). In an embod-
iment, the test strip (260) incorporates two containers (otherwise herein referred to as cells). A first cell (210), called a
sample cell, preferably comprises a container suitable for containing a sample or sample fluid (for example a liquid, or
suspension) and means (such as a hole) for filling it. A second cell (220), called a reference cell, comprises a container
suitable for containing a reference or reference material (which can be a solid, fluid, liquid, gel, powder or an electrical
component). The reference (for example, KCl-potassium chloride solution) has a known conductivity and a similar
coefficient of temperature induced conductivity variation to that of the sample fluid. The reference can be sealed into
the reference cell (220) during manufacture, or means for filling it when in use can be provided, such as a reference
introduction hole (345).

[0015] A pair of spaced electrodes (240, 245), extend into both the sample cell (210) and into the reference cell (220).
The electrodes (240, 245) are arranged such that an electrically conductive portion of each electrode (240, 245) acts
as a node exposed within both the sample cell (210) and the reference cell (220). The electrodes connect the two cells
electrically in parallel. Thus, the electrodes (240, 245) are shared by the sample cell (210) and the reference cell (220).
Each electrode is provided with an electrode connection point (250, 255) for connecting to the first and second nodes
(271, 272) of a measurement means (270) of a device for deriving a temperature corrected measure of electrical con-
ductivity (200). Thus, there is provided a simple two-wire interface between the test strip (260) and the measurement
means (270).
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[0016] Optionally, the measurement means can incorporate a third node (273) (described with reference to Fig. 12
below) to which a third electrode of the test strip (260) can connect. In such embodiments, the second electrode (240)
is shared by the sample cell (210) and the reference cell (220), and the first electrode (245) and third electrode are
dedicated to each of the sample cell (210) and reference cell (220).

[0017] The device (200) comprises measurement means (270), such as a meter, the measurement means (270)
comprising a first, inherent conductance (230) (so named because it is inherently a part of the measurement means)
and an electronic circuit (280) arranged for generating a frequency output (f), the frequency output (f) having a frequency
which is related to a conductance between a first node (271) and a second node (272).

[0018] The frequency output (f) is preferably fed into a microcontroller (290), which can incorporate indicating means
such as a display or an LED, and can incorporate control input means such as a switch or a keyboard.

[0019] As shown in Fig. 3, the diagnostic or conductivity measurement test strip (260) comprises a body (300), two
locations for electrodes (310, 315), a sample container (210) and a reference container (220). In the embodiment shown,
the sample container (210) and the reference container (220) are separated by a coincident membrane (320). The
sample container is associated with a sample application zone comprising a sample introduction hole (340) and this
hole (340) is fluidically connected to the sample container (210) by a capillary feed tube (350). A capillary drain tube
(355) leads from the sample container (210) to the atmosphere and is terminated by a capillary break (365). In some
embodiments, the reference container (220) is associated with a reference introduction hole (345). In other embodiments,
the reference material is sealed in the reference container (220) and there is no reference introduction hole (345).
[0020] Figs. 4 and 5 show an exploded view of the main components of the conductivity measurement test strip (260).
The first and second electrodes (400, 405) are arranged in the electrode locations (310, 315), and can incorporate
chamfers (401, 406) on the edge which is coincident with the sample container (210) and reference container (220).
Sealing sheets (410,420) are bonded to the body (300). Each sealing sheet comprises electrode connection holes (430,
435,440, 445). The upper sealing sheet (410) also comprises a sample introduction access hole (450) and can comprise
a reference introduction access hole (455). The positioning of the containers in a sandwich configuration allows the use
of two electrodes to measure the conductivity of both reference and sample. This saves cost over using two cells mounted
side by side, which would require at least 3 electrodes and connective pathways.

[0021] Fig. 6 shows the assembled conductivity measurement test strip (260). As shown, the lower sealing sheet (420)
seals the bottom of the reference introduction hole (345). The electrode chamfers (401, 406) can be seen in this Figure.
The electrodes (400, 405) comprise the ends of the sample container (210) and of the reference container (220).
[0022] Fig. 7 shows in plan view the conductivity measurement test strip. The reference introduction hole (345) is
connected to the reference container (220) by a reference capillary feed tube (370), and the reference container (220)
is connected to the atmosphere by a reference capillary drain tube (372). The reference capillary drain tube (372) is
terminated at the atmosphere side by a capillary break (375).

[0023] Fig. 8 shows a sectional view through the body (300) of the conductivity measurement test strip (260). The
sample container (210) is separated from the reference container (220) by a membrane (320).

[0024] Fig. 9 shows an electronic circuit suitable for use in the measurement means (270) and which produces a
frequency output (f) having a frequency which is related to the conductance between first and second nodes (271, 272).
Three CMOS or low voltage CMOS inverter logic gates (g1, g2, g3) are arranged in series, with the first inverter output
feeding the second inverter input, and the second inverter output feeding the third inverter input. The first inverter input
is connected to a first terminal of the conductance (230) and to a first node (271). The third inverter output is connected
to the second node (272) and to a second terminal of a conductance (230). A first capacitor (C1) connects the second
inverter output to the first inverter input. A second capacitor (C2) connects the first inverter input towards ground, and
optionally either to ground or to a network (N1) which is connected to ground. The network N1 preferably comprises a
third capacitor (C3) and resistor (R3) in parallel. The frequency output (f) is connected to the second inverter output. A
fourth capacitor (C4) is connected between the power supply and ground. When power is removed, the circuit ceases
to operate and draws negligible current from the power source.

[0025] Inoverview, whenin use, the electrodes (240, 245) connect the reference (220) and the sample (210) electrically
in parallel. The electrode connection points (250, 255) allow connection and disconnection of the test strip with the
measurement means at the first and second nodes (271, 272) or the measurement means (270). This can be by virtue
of relative physical movement bringing the electrical parts into electrical connection. Alternatively the arrangement can
be ready assembled or integral, and electrical connection made by virtue of electrically or electronically switching the
various components into the circuit.

[0026] The circuit (280) of the measurement means (270) continuously outputs a signal (f) having a frequency which
is proportional to the parallel (total or aggregate) conductance between the first node (271) and the second node (272).
The output signal (f) is preferably a digital signal with 1 bit resolution and is thus suitable for directly inputting to a
microcontroller (290) without the need for an expensive Analogue to Digital Converter (ADC).

[0027] In operation a first measurement (f1) is taken with the test strip (260) disconnected from the measurement
means (270) to obtain a measure of the first, inherent conductance. Alternatively the measure of conductance can be
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obtained or stored during a calibration or storage stage, and the measure obtained by retrieving the stored value.
[0028] The reference is sealed into the reference cell during manufacture, or can be introduced into the reference cell
(220) via the reference introduction hole (345). A second measurement (f2) is taken with the test strip (260) connected
to the measurement means (270) and with the reference present in the reference cell (220) and with the sample cell
(210) empty to obtain a measure of the second conductance.

[0029] A sample is then introduced into the sample cell (210), preferably via the sample introduction hole (340). The
action of the capillary feed tube (350) and capillary drain tube (355) aids the complete filling of the sample cell (210)
when a sample is applied to the sample introduction hole (340). A third measurement (f3) is taken with the test strip
(260) connected to the measurement means (270) and with the reference present in the reference cell (220) and with
the sample cell (210) filled with a sample fluid to obtain a measure of the third conductance.

[0030] Although the above example sets out the three measurements (f1, 2, f3) being taken in the order f1, f2, f3, the
measurements can be taken in any order and/or can be repeatedly taken and optionally averaged.

[0031] A microcontroller calculates the conductivity of the sample from first, second and third measurements (f1, f2,
f3) of the frequency output (f). The microcontroller can incorporate a display or indicator (such a Light Emitting Diode)
which it can use to direct a user to connect the test strip (260) to the measurement means (270), to disconnect the test
strip (260) from the measurement means (270), to introduce a sample into the sample container (210) or other actions
as necessary. The microcontroller can optionally detect the attachment of the test strip (260) or the introduction of the
sample into the sample container (210) by the change in frequency of the frequency output (f).

[0032] The frequency of the circuit (280) output signal (f) is given by:

f=axG

[0033] Where a is the interface gain term, which is dependent on the circuit (280) design, and G is:

1.G =GR The conductance of the interface circuit (280) when the test strip is not connected (termed the
"first, or inherent conductance" of the circuit).
2. G =GR+ Gg The parallel conductance when the test strip is connected but no sample is present (the "second

conductance").
3.G=GRr+ G+ The parallel conductance when the test strip is connected and a sample is present (the "third
Gm conductance").

[0034] The sample cell and reference cell conductances are given by:

o
Gyy =285 fu(T)
M

and

o
Gy == 2 By (T)
ref

[0035] Where 6), and 6, are the cell constants of the sample cell and the reference cell respectively (which are related
to the cell dimensions), By,(T) and B,(T) are the temperature coefficients, SM@25 is the conductivity of the sample at 25
degrees Celsius and o,¢1go5 is the conductivity of the reference at 25 degrees Celsius. The reference is selected so
that its temperature coefficient matches, as closely as possible, that of the sample, that is By (T) = Be(T).

[0036] If the temperature of the sample cell (210) and the reference cell (220) are the same then the B(T) terms, in
the ratio of sample cell conductance Gy, to reference cell conductance G, cancel giving the following equation for the
sample conductivity at 25°C in terms of the known reference conductivity at 25 °C. which is independent of measurement
temperature.

G, x6
Omas = MM X0 or@2s
Grej’ X gref
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[0037] Gy, and Gref are measured while the ratio of cell constants is known from the test strip design.
[0038] The ratio of sample conductance to reference conductance can be found in terms of the frequency output
measurements (f1, f2, f3) as follows:

[ f3-f2) 6
Ou@is _(f2—f1 XQZI X0 s @25

[0039] Where f1 is the frequency measured before the strip is connected, f2 is the frequency measured with the strip
connected but no sample present, and f3 is the frequency measured with the sample added. Since this is a ratiometric
measurement the exact value of the interface gain term o is not important so long as it is constant and is not a function
of conductance.

[0040] Ifthe sample cell (210) and reference cell (220) constants are equal then the cell constant ratio term disappears.
In practice it is more likely that the cell constants will be different so that the full dynamic range of the interface circuit
(280) can be utilised. Any cell dimension errors that are common to both cells are rejected by the cell constant ratio.
Since the reference conductivity and cell constants are known, the sample conductivity can be calculated from the three
frequency measurements f1, f2, f3.

[0041] A sample can be introduced into the sample introduction hole (340) shown in Fig. 3 by a user, or by equipment
under the control of the microcontroller. The sample, which is preferably a liquid, is drawn through the capillary feed
tube (350) by capillary action and into the sample container (210). As the sample passes through the capillary feed tube
(350), it is brought to substantially the same temperature as the test strip (260) and the reference, due to the relatively
high ratio of surface area of the capillary feed tube (350) to the volume of the capillary feed tube (350).

[0042] It is important that the sample and reference are brought to and maintained at the same temperature before
and during measurement, otherwise the temperature coefficient terms of the equation described previously, B(T), will
not be cancelled completely. An example case in use is with the test strip (260) at room temperature and the sample at
body temperature. The reference will be at the same temperature as the test strip (260), having either been sealed into
the test strip (260) during manufacture of the test strip (260), or having been introduced to the test strip (260) earlier and
having been given time to reach temperature equilibrium with the test strip (260). The test strip (260) is designed to
rapidly make convergent the sample and test strip (260) temperatures. This is achieved by the following features:

1. The surface area to volume ratio of the sample cell (210) is maximised so that the sample can rapidly reach the
temperature of the test strip (260).

2. The thermal resistance between the sample cell (210) and the reference cell (220) is minimised by the two cells
(or containers) (210, 220) sharing a base area. The sample cell (210) and reference cell (220) have either the same
base area, or the base area of the sample cell (210) can be smaller than the reference cell (220) area. The two cells
(210, 220) are positioned in the test strip (260) such that in plan view the cell base areas are coincident and/or
overlapping. The cells (210, 220) are separated by a membrane (320) which is typically moulded as part of the cell
body (300) and is typically less than 1mm thick to further minimise the thermal resistance between the cells..

3. The thermal mass of the sample is small compared to the thermal mass of the test strip (260). This is achieved
by minimising the sample volume.

4. The temperature of the sample is further brought closer to the temperature of the test strip (260) (and therefore
to the temperature of the reference) by passing the sample through a capillary feed tube (350). The capillary feed
tube (350) is of a sufficient length to ensure the sample fluid has as much time as possible to assume the temperature
of the test strip (260) and therefore also the temperature of the reference.

[0043] As the sample is drawn into the sample container (210) by capillary action, it fills the sample container (210)
and expels air from the sample container (210) which exits via the capillary drain tube (355). When the sample reaches
the capillary drain tube (355), the sample is drawn down the capillary drain tube (355) until it reaches the capillary break
(365) whereupon capillary action ceases. The sample container (210) is thus completely filled with sample fluid. A similar
principle applies when the reference container (220) is filled in use. When the reference container is pre-filled and sealed
during manufacture, no such reference filling procedure is necessary in use. As a result a rapid conductivity measurement
is available without the requirement for a temperature sensor.

[0044] Fig. 12 shows a variation on the electronic circuit of Fig. 9, where the third inverter (g3) is of the type comprising
a tri-stateable output, that is an output which can be driven to logic 0, driven to logic 1, or un-driven (high impedance).
A fourth inverter having a tri-stateable output (g4) can be incorporated in the circuit, and the fourth inverter output
connected to a second terminal of a second conductance (235) and to a third node (273), the first terminal of the second
conductance (235) being connected to the first inverter input and to the second node (272). Using the circuit of Fig. 12,
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more than one test strip (260) can be connected and selected between using the tri-state enable inputs to the tri-stateable
inverters (EN_CELL1, EN_CELL2). Alternatively, a test strip having two cells and three electrodes, one electrode common
to both cells and connected to the second node (272), and each of the other two electrodes dedicated to each of the
cells and connected to the first ndoe (271) and third node (273), can be employed. Using this arrangement, it is possible
to selectively measure the conductivity of one or other of the cells under control of the tri-state control inputs (EN_CELLA1,
EN_CELL2).

[0045] A variation on the method of taking three frequency measurements (f1, f2, f3) follows and is illustrated in Fig.
13. At step 1300, a settling error, e, is determined, for example by being copied from a memory store or being inputted
by a user. At step 1310 a temporary store, M, is zeroed. At step 1320, a first measurement (f1) of the frequency output
(f) is taken with the reference and sample cells (220, 210) disconnected. At step 1330, a measurement (f2) of the
frequency output (f) is taken with only the reference cell connected. This is conveniently done using the circuit of Fig.
12 and selecting one only of the tri-state enable controls (EN_CELL1, EN_CELL2). At step 1340, a measurement (f3)
of the frequency output (f) is taken with only the sample cell connected. Again this is conveniently done using the circuit
of Fig. 12 and selecting one only of the tri-state enable controls (EN_CELL1, EN_CELL?2). At step 1350, the ratio R=(f3-
f1)/(f2-f1) is calculated. At step 1360 the calculation |1-M/R] is evaluated and compared with the settling error, e. If the
result is greater than or equal to the settling error, e, then the ratio, R, is stored in the temporary store, M, and the steps
from step 1330 to 1360 are iterated. If the result is smaller than the settling error, e, then the ratio, R, is outputted from
the method and can be further used to calculate the conductivity of the sample.

Note if the temperature of the strip is stable the ratio R is equivalent to the ratio of the first method.

[0046] The iterative method above reduces errors due to temperature settling of the sample after it is introduced to
the test strip (260). As the temperatures of the sample and the reference equalise, the result of the calculation |1-M/R|
tends towards zero.

[0047] In use, the test strip (260) can be connected to the first and second nodes (271, 272) of the measurement
means (270) through the electrode connection holes (430, 435). The test strip (260) can be slid into and out of connection
with contacts associated with the measurement means, or removably connected in other known ways.

[0048] In use, the electronic circuit (280) of Fig. 9 oscillates such that the frequency output (f) continuously switches
between a logic '1’ and a logic '0’ state. The frequency of this oscillation depends upon the value of the conductance
(230) and the capacitance of first and second capacitors (C1, C2) and is substantially proportional to the parallel com-
bination of conductances between the first node (271) and the second node (272). The three-gate circuit chosen reduces
jitter when compared to a circuit comprising only two gates. The three inverting gate topology applies positive feedback
through the first capacitor (C1) before negative feedback is applied via the circuit conductance (230). This generates
clean, low jitter, switching transitions.

[0049] The fixed, or inherent, circuit conductance (230) enables the circuit to oscillate without a conductivity meas-
urement test strip (260) connected to the measurement means (270). This allows the oscillator to settle and allows a
microcontroller to perform self-tests on the oscillator before a test strip (260) is connected.

[0050] Theinherentconductance (230) also provides a direct current path to the input of the first inverter (g1) to enable
biasing of the input. This is necessary because the sample and reference cells become polarised if a non-alternating
(d.c.) voltage was applied across them, at which point they would cease to conduct direct current. The cells cannot
therefore provide ad.c. path and the inherent conductance (230) provides this instead. By virtue of the oscillator continually
reversing the direction of the voltage between the first and second nodes (271, 272), an alternating voltage (a.c.) is
applied across the cells (210, 220), further aiding the prevention of cell polarisation.

[0051] To consider how the circuit operates, and in particular its special features, it is helpful to consider a point in
time when the input to the first inverter (g1) is rising past its switching threshold point (Vt), which is about half the power
supply voltage. As the first inverter (g1) switches, the second inverter (g2) output shortly switches from 0V to the power
supply voltage. The right hand plate of the first capacitor (C1) begins to charge to the power supply voltage Vs, and as
it does so its left hand plate which is connected to the input of the first inverter (g1) also rises in voltage. Since this
terminal is already at the threshold voltage Vt (about half the supply voltage), the input to the first inverter would rise
above the supply rail (to about Vs + Vi) if it were not for the second capacitor (C2) which acts as a potential divider
towards ground. The second capacitor (C2) divides the voltage at the input of the first inverter (g1) thus preventing it
from exceeding the supply voltage. Similarily when the voltage at the input of inverter (g1) is falling, capacitor (C2)
prevents the voltage falling below 0V.

[0052] It is important that the voltage at the input to the first inverter (g1) does not rise above the power supply rail
voltage or fall below the OV rail because most CMOS gates incorporate reverse biased diodes on their inputs and outputs.
[0053] These diodes are typically connected from ground to the input and from the input to the power supply rail. The
same arrangement is also usually present on the gate outputs. Normally, these diodes never conduct because the power
supply rail is always at a higher voltage than the input and the input is always at a higher voltage than ground. However
in such an oscillator circuit as in Fig. 9, if the second capacitor (C2) were not present (as in prior art oscillators) then the
voltage at the input of the first inverter (g1) would periodically rise about the power supply rail voltage due to the charge
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pumping effect of the first capacitor (C1). In such prior art oscillators, the CMOS input protection diodes would conduct,
wasting power by allowing large currents to flow and adversely affecting circuit linearity. In order to prevent circuit linearity
being adversely affected, prior art oscillators usually incorporate a resistor in series with the input of the first inverter
(g1) so as to limit the current flowing into and out of the first inverter (g1) input, however this resistor would adversely
affect jitter by increasing the impedance in series with the input of the first inverter (g1) and would reduce the linearity
of the circuit in response to the conductance between the first (271) and second nodes (272). The second capacitor
(C2) of the present invention allows the removal of this series resistor used by prior art oscillators. This allows the
conductance (230) to be directly connected to the input of the first inverter (g1), increasing the sensitivity and accuracy
of the conversion of conductance to a frequency output (f) by the circuit (280).

[0054] Furthermore this allows the possibility of replacing the third inverter (g3) with an inverter having a tri-stateable
output as shown in Fig. 12. Without the second capacitor (C2), the arrangement of Fig. 12 would not be possible because
the output protection diodes of the disabled third or fourth tri-stateable inverters (g3, g4) would periodically conduct and
would affect the accuracy of the frequency output (f).

[0055] Although CMOS logic gates are specifically mentioned, this aspect of the invention will provide advantages in
conjunction with any logic gate family which has approximately symmetrical switching thresholds, and incorporates input
or output protection diodes, for example Low voltage CMOS (LVCMOS) or any CMOS family of gates.

[0056] Ideally, the gate (g3) output impedance should be less than 1% of the inherent conductance (230).

[0057] In use, the nominal output frequency (f) of the circuit is determined as follows:

f= G
2CLog,(2K +1)

1

K=—r.
[0058] Where G is the total circuit conductance, C = C1 + C2 and Cl+C2
1

a = .
[0059] The nominal interface gain is therefore given by 2CLog. (2K +1)
[0060] Capacitance C=C1+C2 is selected to optimise the performance of the circuit for a given range of possible
conductances between first node (271) and second node (272). With only the inherent conductance (230) present in
the circuit (for example when no test strip is connected), the selected value of capacitance will produce a nominal
oscillation frequency. If the nominal frequency is too low then the circuit will suffer from increased jitter (Jitter is the
uncertainty in the timing of transitions in the oscillator output signal). This results because the signal at the input to the
first inverter (g1) passes through the threshold voltage slowly and therefore is susceptible to noise.
[0061] Conversely, if the nominal frequency is too high, the propagation delays of the inverter gates (g1, g2, g3)
become significant and introduce error, degrading circuit linearity.
[0062] The network N1 can be designed so as to improve the accuracy of the frequency output (f). As can be seen
from Figs. 10 and 11, the sensitivity of the circuit tends to drop off as the value of the conductance (230) tends towards
1mS (due to the inherent impedances in the circuit and propagation delays of the gates). Fig. 10 shows the gain (1050)
of the circuit of Fig. 9 in Mhz per milliSiemen, against Conductance (1060) in milliSiemens. Fig. 11 shows the gain
normalised to 0.1 mS (1160) versus conductance (1050), and illustrates the linearity of the circuit across three decades
of conductivity. The network N1 can be designed to boost the frequency output at low conductances and thereby
compensate for reduced sensitivity at higher conductances, resulting in overall improved linearity.
[0063] According to an embodiment a circuit can be constructed with the following component values:

1. g1, g2 and g3: 74LVC04 (Low voltage CMOS)
2.GRr: 0.1MS

3. C1: 680pF plastic film or ceramic (COG/NPQO)
4. C2: 1nF plastic film or ceramic (COG/NPO)

5. N1: 47Q in parallel with 220pF

[0064] With these component values a nominal interface gain of a = 502 KHz/mS would be expected, independent of
cell conductance. Therefore, with an inherent conductance (230) of 0.1mS, the output frequency, f, with no cell connected
across nodes 271 and 272 can be expected to be nominally f = 50.2 KHz. The actual prototype circuit oscillated at 50.9
KHz with no cell connected.

[0065] In use, a circuit with the above component values performed well over 3 decades of conductivity (from 0.001mS
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to 1mS).

[0066] The interface gain, a in Figs. 10 and 11, has slight sensitivity with supply voltage. Fig. 10 shows this with the
three lines (1000, 1010, 1020) which correspond to a supply voltage of 3V, 2.2V and 2V respectively. Fig. 11 shows this
with the three lines, normalised to 0.1mS, (1100, 1110, 1120) which correspond to supply voltages of 3V, 2.2V and 2V,
respectively. This sensitivity to supply voltage is not an important factor in practical use, since all the test measurements
of the conductivity measurement method are expect to be made with a substantially constant supply voltage (for example,
it can be expected that the power supply battery voltage will not change substantially throughout the time taken to record
the three frequency measurements of the aforementioned method).

[0067] The test strip (260) is preferably composed of an injection moulded assembly (electrodes over moulded with
the cell substrate). The reference cell (220) and the sample cell (210) have the same surface dimensions and are located
one above the otherin plan view. Since the length and width of each cell are the same, the ratio of cell constants is given by:

O _d'_d

gref dM

[0068] Where d,; is the depth of the reference cell (220) and d), is the depth of the sample cell (210). The depth of
each cell is determined by the fluidic requirements of filling the cell through capillary action. In the sectional view shown
in Fig. 8, the reference cell (220) depth d, is greater than the sample cell (210) depth dy, and the cell constant ratio will
be greater than unity. The cells could however be of equal depth, or the sample cell depth could be greater than the
reference cell depth. It is important that the sample completely fills the sample cell (210) as any air bubbles will introduce
an error into the cell constant ratio.

[0069] The cells (210, 220) are sealed using a laminate on both the upper and lower surfaces of the assembly. In
another embodiment the lid may comprise a thin section of the same or compatible polymer material as the cell substrate
so that it can be laser welded to form a sealed device. The sample cell (210) is filled by capillary action. The reference
material, if a liquid, can be filled by capillary action. Alternatively, if either a liquid or a gel it can be filled by direct
dispensing, prior to sealing in manufacture. In this latter case, the capillary channels associated with the reference cell
(370, 372) and the reference introduction hole (345) are not required.

[0070] The design incorporates two electrodes (240, 245) which are shared by the two cells (210, 220). The electrodes
(240, 245) are manufactured from either a carbon or metal loaded polymer of suitable (high) conductivity, but could be
metal or other material with suitable (high) conductivity.

[0071] A minimum exposed electrode surface area is required for each cell, in order to minimise errors caused by
electrode polarisation impedance. This requirement, together with the cell depth, defines the overall size and aspect
ratio of the cells. However, it is also desirable to maximise the cell base area in order to maximise heat transfer between
the reference cell and the sample cell. These conflicting requirements can be reconciled to some extent if the exposed
electrode area is increased without increasing the cell cross-sectional area by roughening the electrode surface finish
and/or the addition of a chamfer on the edge of the electrode facing the cell.

[0072] The circuit can be constructed by known printed circuit board manufacturing and assembly techniques, or by
other known electronic circuit manufacturing and assembly techniques such as hybrid construction, or can be at least
partially incorporated in an Application Specific Integrated Circuit (ASIC) or a programmable logic gate device.

[0073] An example application for the present invention is the measurement of conductivity of urine. Urine has a
conductivity of between 1mS/cm and 40mS/cm. If a reference cell (220) having a cell constant of 50cm-1 and a reference
liquid with conductivity of 1.5mS/cm is used, then the reference cell (220) will have a 0.03mS conductance. The sample
cell (210) having a cell constant of 150cm-1 will add a further 0.27mS with urine at 40mS/cm. Therefore, the conductance
dynamic range of the circuit, required in this example, is between 0.03mS to 0.3mS, and an accuracy of better than +
or - 1% would be obtained using a circuit as provided by the present invention. The cell dimensions in this example
would be 12mm long (the dimension between the electrodes) by 4mm wide, with dy;=0.2mm and d,,=0.6mm (where d,
is the depth of the sample cell, and d, is the depth of the reference cell). In this example, the ratio of cell constants is
3. The measured temperature corrected conductivity of urine, obtainable by the present invention, can be used to correct
measurements of analyte concentration in urine for urine dilution.

[0074] In another example of use, the flow of urine (which in this case will be the sample) from a patient could be used
to heat the test strip (260) so that the reference assumes the same temperature as the sample.

[0075] Another example application for the present invention is the measurement of blood hematocrit (or packed cell
volume). Measurements of conductivity were taken using the present invention, and were made on blood collected from
10 donors. Each blood sample was diluted or concentrated using its own plasma or cells to provide samples with
substantially different hematocrit values. The manipulated samples were measured using a reference equipment (a
Hemocue Hb201+). The Hemocue makes a measurement of the haemoglobin content of a blood sample, by lysing the
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blood cells using a surfactant, and making an optical absorbance measurement of the resulting solution to determine
the concentration of free haemoglobin. The concentration of haemoglobin in the sample is directly proportional to the
number of blood cells and therefore directly proportional to the hematocrit of the sample. Conductivity measurements
were made in duplicate using the same samples and the results plotted in the graph of Fig. 14. The graph shows a
substantially linear relationship (1400) between blood hematocrit (1420) and blood conductivity (1410), thus demon-
strating the usefulness of conductivity measurements for determining blood hematocrit, as a simple linear equation
relates conductivity to hematocrit. The "R2" value shown is a measure of the goodness of fit of the fitted line to the data
and has a value of 1 when the fit is perfect.

[0076] A further variation on the technique presented using the method and apparatus of the present invention follows.
If the sample cell is provided with a reagent, which is reactive with an analyte in the sample liquid so as to form a gas
as one of its reaction products, bubbles will be formed in the sample cell at a rate proportional to the analyte concentration.
As bubbles are formed, the cell conductivity will decrease because gas is generally less conductive than the sample.
Fig. 15 shows a graph of time (1510) versus conductivity (1500). As can be seen, the four lines 1550, 1540, 1530 and
1520 correspond to successively greater analyte concentrations in the sample. By selecting an appropriate reagent for
provision in the sample cell, it is possible to detect the concentration of a wide range of possible analytes. The reference
cell could be filled with the same sample liquid, but contains no reagent so no bubbles form in it. In this way, the sample
liquid serves as its own reference for temperature correction of the measured conductivity.

[0077] Existing methods for normalising urine analyte concentration for dilution use a measure of the concentration
of creatinine. However, the measurement of creatinine concentration requires an enzyme cascade which is not stable
and is difficult to format into a small lateral flow device.

[0078] The use of conductivity as an alternative means of concentration correction has been investigated. A 30 day
study of 20 volunteers provided the raw data for statistics to develop a conversion algorithm allowing an analyte, NTx
(Crosslinked N-telopeptides of type | collagen), normalised by creatinine, to be compared to the same analyte (NTx)
normalised by conductivity.

NTx
log
CRN

=1.088+ 0.483(log NTx
CON

[0079] Additionally, a trial was conducted in which volunteers followed a low, normal or high sodium diet. Raw NTx
levels appear to be higher during periods of high sodium intake. Conductivity normalisation is not adversely effected by
changes in sodium intake. Dietary sodium intake appears to have little influence upon conductivity corrected NTx meas-
urements.

[0080] Further, a panel of 362 randomly selected patients from the diabetic clinic were analysed. Chronic kidney
disease typically effects 6-27% Type 1 diabetes, or 25-50% Type 2 diabetes patients. The results shown in Fig. 16 were
obtained using urine samples from diabetic patients, whereas Fig. 17 shows results obtained using urine samples from
healthy volunteers. Both Figs show creatinine concentration 1600 (y axis) versus conductivity 1610 (x axis). The line of
best fit 1620 of Fig. 16 and the line of best fit 1700 of Fig. 17, when compared, show that very little difference was
observed in the relationship between creatinine and conductivity dependent on diabetes incidence. Poor kidney function
does not appear to have a detrimental effect on analyte (NTx in this case) measurement.

It will be noted that features of the different embodiments can be combined or juxtaposed as appropriate. For example
although the sample and reference are shown as sharing electrodes in another embodiment separate electrodes may
be provided and in parallel or series. Similarly although the reference and sample are shown as being separated by a
membrane, they can be located in non-coincident parts of the device. The device and strip can be separate or integral.
[0081] The methods described and claimed herein can be performed in any appropriate order and are not limited to
the order in which they are described.

[0082] Although the discussion above is presented in relation to samples including urine and blood, other samples
such as saliva can be analysed. For example as discussed above, the device can be used to measure a conductivity
per se and this value used as a direct correlation of for example % hematocrit (the volume of red blood cells in blood)
since % hematocrit is directly related to the conductivity.

[0083] Alternatively the device can be used for measurement of an analyte and used to provide a corrected analyte
concentration on the basis of a temperature corrected conductivity measurement, wherein the conductivity is principally
a measure of the amount of dilution (i.e. water) in the sample.

[0084] In addition to urine, other bodily fluids can vary in their degree of hydration. For example serum osmolality
(concentration of chemicals in blood) is controlled partly by a hormone called antidiuretic hormone (ADH). When serum
osmolality increases, ADH isreleased. This increases the amount of water in the blood and helps restore serum osmolality
to normal levels.

[0085] Hence serum osmolality varies with water concentration in urine and hence bodily hydration levels and can be
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analysed.

[0086] Analytes of interest include, but are not limited to, toxins, organic compounds, proteins, peptides, microorgan-
isms, bacteria, viruses, amino acids, nucleic acids, carbohydrates, hormones, steroids, vitamins, drugs (including those
administered for therapeutic purposes as well as those administered for illicit purposes), pollutants, pesticides, and
metabolites of or antibodies to any of the above substances. The term analyte also includes any antigenic substances,
haptens, antibodies, macromolecules, and combinations thereof. Drugs of abuse include amphetamine based drugs of
abuse such as MDA (3,4-methylenedioxyamphetamine), MDMA also known as "Ecstasy" (3,4-methylenedioxy-N-meth-
ylamphetamine), MDEA (3,4- methylenedioxy-N-ethylam phetamine), BDB (3,4-methylenedioxyphenyl-2-butanamine),
MBDB (3,4-methylenedioxyphenyl-N- methylbutanamine), and MDPA (3,4-methylenedioxy-N-propylamphetamine); opi-
ates such as morphine and codeine, as well as their synthetic analogues which includes heroin, hydromorphone, hy-
drocodone, oxycodone and oxymorphone; lysergic acid diethylamide (LSD) as well as metabolites thereof; tetrahydro-
cannabinol and cocaine; toxic drugs such as diazepam, nicotine, acetaminophen, caffeine, risperidone and phenobarbitol.
[0087] The assay device may comprise a binding reagent for an analyte of interest, namely a member of a binding
pair, i.e., two different molecules wherein one of the molecules specifically binds with the second molecule through
chemical or physical means. The two molecules are related in the sense that their binding with each other is such that
they are capable of distinguishing their binding partner from other assay constituents having similar characteristics. The
members of the specific binding pair are referred to as ligand and receptor (antiligand), a binding pair member and
binding pair partner, and the like. A molecule may also be a binding pair member for an aggregation of molecules; for
example an antibody raised against an immune complex of a second antibody and its corresponding antigen may be
considered to be a binding pair member for the immune complex.

[0088] In addition to antigen and antibody binding pair members, other binding pairs include, as examples without
limitation, biotin and avidin, carbohydrates and lectins, complementary nucleotide sequences, complementary peptide
sequences, effector and receptor molecules, enzyme cofactors and enzymes, enzyme inhibitors and enzymes, a peptide
sequence and an antibody specific for the sequence or the entire protein, polymeric acids and bases, dyes and protein
binders, peptides and specific protein binders (e.g., ribonuclease, S-peptide and ribonuclease S-protein), and the like.
Furthermore, specific binding pairs can include members that are analogues of the original specific binding member.
[0089] Other potential applications of the device and method described herein include: professional diagnostic appli-
cations such as NTX bone marker measurement using urinary concentration correction; pre-eclampsia marker meas-
urement in both whole blood (used as a heamatocrit volume correction) and urine (with urinary concentration correction);
and improved quantitative hCG assays for high risk pregnancies such as ectopic pregnancy.

[0090] Consumer diagnostic applications include next generation fertility and contraceptive hormone monitors using
urinary concentration correction, a hematocrit meter for the home testing of anaemia, an electrolyte imbalance monitor
(Lithium treatment monitor etc), bubble detection in assays where bubble formation is linked to analyte presence/con-
centration, and kidney function tests.

[0091] Yetfurther,ion selective permeable membranes can be used to test, for example, for Na, K, Ca. Assays involving
binding of non-conductive particles (e.g. latex) as a method of changing conductivity and giving a result can be performed
and in the case of cystic fibrosis, the conductivity of baby sweat can give an indication of disease state. For erythrocyte
sedimentation rate, an infection may be measured using this technology.

[0092] Other applications include a dehydration monitor using tears, sweat, saliva low volume and bacterial vaginosis
(BV) assays using changes in conductivity of vaginal mucus containing BV.

Claims

1. A conductivity measurement test strip (260) having a body, a sample cell (210) and a reference cell (220), and at
least two electrodes (240, 245) arranged in the sample cell and the reference cell, characterised in that the sample
cell and the reference cell are separated by a coincident membrane (320).

2. Atest strip according to claim 1 wherein the membrane (320) is less than 1 mm thick.

3. A test strip according to claim 1 or 2 in which the sample cell (210) and reference cell (220) are arranged so as to
maximise the ratio of membrane surface area to sample cell volume.

4. Ateststrip according to claims 1 to 3 wherein the electrodes comprise a first electrode (240) and a second electrode
(245), wherein the first and second electrodes are spaced apart and arranged so that in use they connect electrically

in parallel across the reference cell (220) and the sample cell (210).

5. A test strip according to claims 1 to 3 wherein the electrodes comprise a first electrode, a second electrode and a
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third electrode, the first and second electrodes spaced apart and arranged so that in use they connect across the
reference cell (220), and the second and third electrodes arranged so that in use they connect across a sample
contained in the sample cell (210).

6. A test strip according to claims 1 to 5 comprising a sample application zone (340) which fluidically connects the
sample cell (210) via a capillary channel (350).

7. Atest strip according to claims 1 to 6 wherein the reference cell (220) is sealed and contains a reference liquid, gel
or solid.

8. Theteststripaccording to claim 7 wherein the reference cell (220) contains a gel which comprises potassium chloride.

9. Atest strip according to claims 1 to 8 wherein the sample cell (210) surrounds the reference cell (220) on more than
one side.

10. The test strip according to claims 1 to 9 further comprising a binding reagent for an analyte of interest.

11. A test strip according to claims 1 to 10 wherein the electrodes (240, 245) have a chamfered edge (401, 406) in
contact with the sample and/or reference, or the electrodes have surface features which increase their contact
surface area with the reference and/or sample.

12. A test strip according to claims 1 to 11 wherein the electrodes (240, 245) are over-moulded.

13. Akit for deriving a temperature corrected measure of electrical conductivity of a sample and/or measurement of the
concentration of an analyte in the sample, comprising a conductivity measurement test strip (260) according to
claims 1 to 12 and a device comprising a measurement means (270).

14. An assay device comprising a conductivity measurement test strip (260) according to claims 1 to 12 and a meas-
urement means (270).

15. A kit according to claim 13 or an assay device according to claim 14 wherein the test strip (260) is as defined in
claim 4 and the first and second electrodes (240, 245) of the test strip are arranged to connect to, or connected to,
respective first (271) and second (272) nodes of the measurement means (270).

16. Use of a test strip (260) according to claims 1 to 12 for deriving a temperature corrected measure of electrical
conductivity of a sample and/or measurement of the concentration of an analyte in the sample.

Patentanspriiche

1. Leitfahigkeitsmessteststreifen (260), der einen Kérper, eine Probenzelle (210) und eine Referenzzelle (220), und
mindestens zwei Elektroden (240, 245), die in der Probenzelle und der Referenzzelle angeordnet sind, aufweist,
dadurch gekennzeichnet, dass die Probenzelle und die Referenzzelle durch eine deckungsgleiche Membran
(320) getrennt sind.

2. Teststreifen gemal Anspruch 1, worin die Membran (320) weniger als 1 mm dick ist.

3. Teststreifen gemaR Anspruch 1 oder 2, worin die Probenzelle (210) und die Referenzzelle (220) derart angeordnet
sind, dass das Verhéltnis des Membranoberflachenbereichs zum Probenzellenvolumen maximiert ist.

4. Teststreifen gemal den Ansprichen 1 bis 3, worin die Elekiroden eine erste Elekirode (240) und eine zweite
Elektrode (245) umfassen, worin die erste und die zweite Elektrode voneinander beabstandet und derart angeordnet
sind, dass sie in Verwendung lber die Referenzzelle (220) und die Probenzelle (210) elektrisch parallel geschaltet
sind.

5. Teststreifen gemaR den Anspriichen 1 bis 3, worin die Elekiroden eine erste Elektrode, eine zweite Elektrode und

eine dritte Elektrode umfassen, wobei die erste und die zweite Elektrode voneinander beabstandet und derart
angeordnet sind, dass sie in Verwendung Uber die Referenzzelle (220) verbunden sind, und die zweite und die dritte

12



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

EP 2 382 458 B1

Elektrode derart angeordnet sind, dass sie in Verwendung Uber eine in der Probenzelle (210) enthaltene Probe
verbunden sind.

Teststreifen gemaf den Anspriichen 1 bis 5, umfassend eine Probenaufbringungszone (340), welche die Probezelle
(210) tber einen Kapillarkanal (350) fluidisch verbindet.

Teststreifen gemaf den Anspriichen 1 bis 6, worin die Referenzzelle (220) abgedichtet ist und eine Referenzflis-
sigkeit, ein Gel oder einen Feststoff enthalt.

Teststreifen gemaf Anspruch 7, worin die Referenzzelle (220) ein Gel enthalt, das Kaliumchlorid umfasst.

Teststreifen gemal den Anspriichen 1 bis 8, worin die Probenzelle (210) die Referenzzelle (220) auf mehr als einer
Seite umgibt.

Teststreifen gemal den Anspriichen 1 bis 9, ferner umfassend ein Bindungsreagens fiir einen zu untersuchenden
Analyt.

Teststreifen gemal den Anspriichen 1 bis 10, worin die Elektroden (240, 245) eine abgeschragte Kante (401, 406),
die in Kontakt mit der Probe und/oder der Referenz ist, aufweisen, oder worin die Elektroden Oberflachenmerkmale
aufweisen, die ihren Kontaktoberflachenbereich mit der Referenz und/oder der Probe vergrobern.

Teststreifen gemaf den Anspriichen 1 bis 11, worin die Elektroden (240, 245) tibergeformt sind.

Einrichtung zum Ableiten einer temperaturkorrigierten Messung von elektrischer Leitfahigkeit einer Probe und/oder
einer Messung der Konzentration eines Analyten in der Probe, die einen Leitfahigkeitsmessteststreifen (260) gemafn
den Anspriichen 1 bis 12 und eine ein Messmittel (270) umfassende Vorrichtung umfasst.

Analysevorrichtung, umfassend einen Leitfahigkeitsmessteststreifen (260) gemal den Anspriichen 1 bis 12 und
ein Messmittel (270).

Einrichtung gemaf Anspruch 13 oder Analysevorrichtung gemaf Anspruch 14, worin der Teststreifen (260) wie in
Anspruch 4 definiert ist, und die erste und die zweite Elektrode (240, 245) des Teststreifens angeordnet sind, sich
mit dem jeweiligen ersten (271) und zweiten (272) Knoten des Messmittels (270) zu verbinden, oder mit diesen
verbunden zu sein.

Verwendung eines Teststreifens (260) gemafl den Anspriichen 1 bis 12 zum Ableiten einer temperaturkorrigierten
Messung von elektrischer Leitfahigkeit einer Probe und/oder einer Messung der Konzentration eines Analyten in
der Probe.

Revendications

Bande de test de mesure de conductivité (260) comportant un corps, une cellule d’échantillon (210) et une cellule
de référence (220), et au moins deux électrodes (240, 245) agencées dans la cellule d’échantillon et la cellule de
référence, caractérisée en ce que la cellule d’échantillon et la cellule de référence sont séparées par une membrane
coincidente (320).

Bande de test selon la revendication 1, dans laquelle la membrane (320) a une épaisseur inférieure a 1 mm.

Bande de test selon la revendication 1 ou 2, dans laquelle la cellule d’échantillon (210) et une cellule de référence
(220) sont agencées de maniere a augmenter a un maximum le rapport entre I'aire de surface de la membrane et
le volume de la cellule d’échantillon.

Bande de test selon les revendications 1 a 3, dans laquelle les électrodes comprennent une premiére électrode
(240) etune deuxieme électrode (245), dans laquelle les premiére et deuxiéme électrodes sontespacées et agencées
de sorte qu’en utilisation elles sont connectées électriquement en paralléle a travers la cellule de référence (220)
et la cellule d’échantillon (210).
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Bande de test selon les revendications 1 a 3, dans laquelle les électrodes comprennent une premiere électrode,
une deuxieéme électrode et une troisieme électrode, les premiére et deuxiéme électrodes étant espacées et agencées
de sorte qu’en utilisation elles sont connectées a travers la cellule de référence (220), et les deuxiéme et troisieme
électrodes étant agencées de sorte qu’en utilisation elles sont connectées a travers un échantillon contenu dans la
cellule d’échantillon (210).

Bande detest selon lesrevendications 1a 5, comprenantune zone d’application d’échantillon (340) qui est connectée
de maniere fluidique a la cellule d’échantillon (210) par l'intermédiaire d’un canal capillaire (350).

Bande de test selon les revendications 1 a 6, dans laquelle la cellule de référence (220) est fermée hermétiquement
et contient un liquide, un gel ou un solide de référence.

Bande de test selon la revendication 7, dans laquelle la cellule de référence (220) contient un gel qui comprend du
chlorure de potassium.

Bande de test selon les revendications 1 a 8, dans laquelle la cellule d’échantillon (210) entoure la cellule de
référence (220) sur plusieurs cotés.

Bande de test selon les revendications 1 a 9, comprenant en outre un réactif de liaison pour une substance a
analyser présentant un intérét.

Bande de test selon les revendications 1 a 10, dans laquelle les électrodes (240, 245) ont un bord chanfreiné (401,
406) en contact avec I'échantillon et/ou la référence, ou les électrodes ont des caractéristiques de surface qui
augmentent leur aire de surface de contact avec la référence et/ou I'échantillon.

Bande de test selon les revendications 1 a 11, dans laquelle les électrodes (240, 245) sont surmoulées.

Kit pour déduire une mesure corrigée en température de la conductivité électrique d’'un échantillon et/ou une mesure
de la concentration d’'une substance a analyser dans I'échantillon, comprenant une bande de test de mesure de
conductivité (260) selon les revendications 1 a 12 et un dispositif comprenant des moyens de mesure (270).

Dispositif d’essai comprenant une bande de test de mesure de conductivité (260) selon les revendications 1 a 12
et des moyens de mesure (270).

Kit selon la revendication 13 ou dispositif d’essai selon la revendication 14, dans lequel la bande de test (260) est
telle que définie dans la revendication 4 et les premiére et deuxiéeme électrodes (240, 245) de la bande de test sont
agencées pour se connecter a, ou sont connectées a des premier (271) et deuxieme (272) noeuds respectifs des
moyens de mesure (270).

Utilisation d’'une bande de test (260) selon les revendications 1 a 12 pour déduire une mesure corrigée en température

de la conductivité électrique d’'un échantillon et/ou une mesure de la concentration d’une substance a analyser dans
I'échantillon.
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