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O action, capture, separation of bound and free fractions,and signal measurement. A combined capture-signal read zone is provided to
maximise the capture of signal linked binding member, and signal measurement within the capture zone.
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HETEROGENOUS ASSAY

The present invention relates to a sample testing device for conducting a heterogenous
assay, for example an ELISA assay, in a capillary lumen. The present invention also
provides a method of conducting a heterogenous assay, for example an ELISA assay, in a
capillary lumen of a sample testing device. Also provided is a combined capture and

signal-measurement zone for use in combination with a sample testing device.

Background

The Point-of-Care (PoC) sector encompasses all assays performed in a non-laboratory
setting, including satellite laboratories in hospitals, A&E departments, ambulances,
doctor’s surgeries and homes. PoC assays are becoming increasingly important for in vitro
diagnostics (IVD) because of the advantages they offer, particularly with regard to the time
from patient sampling to result. By obtaining early results, clinical decisions can be made
more rapidly, and suitable treatment can be initiated earlier or therapy adjusted. This
result in overall cost savings by releasing patients sooner, avoiding inappropriate therapy,

and improving patient outcomes.

Currently, the immunoassay PoC sector is dominated by tests utilising membrane-based
lateral flow technology (LFT), as exemplified by the widely-known pregnancy test. With
these tests, all of the reagents necessary for performing the test are positioned along a
bibulous strip. Patient sample (e.g. urine) is added to one end of the membrane and flows
along the strip by capillary action, reconstituting reagents as it passes and reacting with
them. The label is usually a chromophoric particle (e.g. gold sol, coloured latex). In the
presence of analyte, the signal reagent becomes bound to an immobilised antibody
capture zone. Although these tests meet some of the requirements for PoC tests (e.g. low
cost, can be performed by non-skilled personnel, are self-contained, etc) they are primarily
qualitative (yes/no) tests. However, relatively few medical conditions can be diagnosed or
monitored by a qualitative assay. The majority require a quantitative estimation of the level
of a biomarker specific for the disease, or detection of an increase/decrease in the level of
analyte.

Although attempts have been made to quantify lateral flow technology assays using
readers to measure the immobilised signal (usually reflectometers), the drawbacks of the
technology frequently result in poor precision and reduced sensitivity. The main problems
arise from the use of bibulous membranes as the capillary matrix as they have inherently
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variable fluid flow and it is difficult to accurately control the fluid. Fluid control is a pre-
requisite for precise, controlled assays.

Sensitivity in immunoassays is in part dependant on signal intensity. The higher the
intensity of the signal, the greater the assay sensitivity. A variety of labels have been
employed in known assays, including radionuclides, and fluorophores. However, these
typically require the use of sophisticated instrumentation for their measurement.

An alternative approach has been to use an amplification system to generate a signal that
can be measured using relatively simple detection systems. Enzyme-linked
immunosorbent assays (ELISA) are analytical tools for determining the presence,
absence, or amount of analyte in a sample. There are several formats of ELISA but all are
based on the same underlying principle, namely that one component of the reaction is
labelled (i.e. coupled to) with an enzyme which can act upon a substrate to generate a
coloured signal which is related to analyte concentration. As measurement of colour only
requires a relatively simple instrument, the cost and complexity are reduced yet assay
sensitivity is maintained by virtue of the signal amplification. The 2-site assay format (or
sandwich ELISA) is based upon using a first binding partner immobilised on a solid phase
to capture analyte from a sample, and using a second binding partner with enzyme
attached thereto, to bind to the captured analyte. The enzyme causes a colour change
upon reaction with its substrate, which is added in a final step of the assay, such that the
intensity of colour produced is directly proportional to analyte concentration. A competition
assay format typically employs an immobilised binding reagent in conjunction with an
enzyme-labelled analyte-analogue which competes with analyte for binding sites on the
immobilised binding reagent. When substrate is added, the colour generated by enzyme
action upon substrate is inversely proportional to the analyte concentration. Other formats
include the 1-site immunometric assay, specific antibody tests using immobilised analyte
analogue, and antibody class capture assays (ACCA).

ELISA’s have become a widely adopted in IVD, facilitating quantitative assays with high
sensitivity and specificity. However, these assays require a complex protocol with multiple
reagent additions and separations (wash steps) for the various stages of the assay.
Accurate volume additions and precise timing of steps is essential if accurate and
reproducible results are to be obtained. This either requires skilled operators and
laboratory equipment, or expensive fully-automated assay systems. Because of this, they
have not been widely adopted for the Point-of-Care (PoC) segment of the IVD market,
where the requirement is for simple protocols which can be performed by unskilled staff
with no equipment and which are fool-proof.
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Disposable devices have been disclosed that include some features of an integrated
system, but none include all the features necessary for performing a quantitative fully-

integrated device for performing immunoassays.

US patent 5,837,546 (Allen et al, Metrika) describes a fully-integrated system based on
lateral flow technology with an in-built reflectometer and data reduction capability. The
system uses chromogenic particles as signal, and has no capability for performing assays
based on signal amplification (e.g. enzyme labels used in conjunction with a substrate).
The read-out is an LCD screen, so the output is only transiently readable whilst the battery
has capacity to power the device.

Because of the drawbacks with current systems, heterogenous assays are still primarily
performed in centralised laboratories. There exists therefore a requirement for a low-cost,
self-contained system which can deliver quantitative results with minimal operator

intervention or skill.

The present invention aims to overcome or ameliorate problems associates with the prior
art.

Brief summary of the Invention

In a first aspect of the invention, there is provided a sample testing device for performing a
heterogeneous assay, wherein the device comprises:

(i) a capillary passage having a lumen;
(i) a combined capture and signal measurement zone fluidly connected to the capillary
passage; and
(i) an optical pathway across the combined capture and signal measurement zone;
wherein the combined capture and signal measurement zone includes a plurality of
elongate fins projecting substantially perpendicularly from a base, where each elongate fin
has a length that is substantially parallel to the base, the elongate fins being arranged so
that:
the lengths of the plurality of elongate fins are substantially parallel to one another;
the plurality of elongate fins are aligned along a line that is substantially
perpendicular to the lengths of the fins; and
the lengths of the plurality of elongate fins are substantially perpendicular to said
optical pathway;
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said plurality of elongate fins permitting optical transmission therethrough along
said optical pathway and defining a plurality of fluidic channels therebetween along
the base for receiving fluid from said capillary pathway.

The sample testing device may comprise a capillary passage having a lumen, and serving

to fluidly connect in series:

(1) a fluid application region at an upstream end of the capillary passage;
(i) a reagent zone;
(iii) a combined capture and signal measurement zone, wherein the combined capture and
signal measurement zone comprises means for directing an optical pathway across the
combined capture and signal measurement zone; and wherein the combined capture and
signal measurement zone includes a plurality of elongate fins projecting substantially
perpendicularly from a base, where each elongate fin has a length that is substantially
parallel to the base, the elongate fins being arranged so that:
the lengths of the plurality of elongate fins are substantially parallel to one another;
the plurality of elongate fins are aligned along a line that is substantially
perpendicular to the lengths of the fins; and
the lengths of the plurality of elongate fins are substantially perpendicular to said
optical pathway;
said plurality of elongate fins permitting optical transmission therethrough along
said optical pathway and defining a plurality of fluidic channels therebetween along
the base for receiving fluid from said capillary pathway; and

(iii) an outlet and/or fluid sump.

The capillary passage may be designed for one way flow of sample, from the fluid
application region toward the outlet and/or fluid sump. By provision of reagent in the
reagent zone, the device is suitable for conducting a heterogeneous assay without the
need for external steps, for example addition of reagent. The capillary passage is
designed to allow for sufficient time for each stage of a heterogeneous assay to take place
during flow from the fluid application region toward the outlet and/or fluid sump. Thus, the
length of capillary passage which fluidly connects the reagent zone and capture zone
(referred to as a reaction zone) is determined by the time required for reaction between
sample and reagents. Knowing the time required, a skilled person can calculate the
necessary minimal dimensions of the capillary passage of the reaction zone.
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Similarly, the length of capillary passage which fluidly connects the capture zone and the
outlet and/or fluid sump at a downstream end of the capillary passage may be referred to
as a wash zone. The dimensions of the capillary passage defining the wash zone
determines, at least in part, the amount of washing e.g. the volume of wash buffer, and/or
the time allocated for washing. Thus, by knowing the amount of time or the volume
required for washing a skilled person can calculate the necessary dimensions of the

capillary passage of the wash zone.

The capillary passage may comprise a widened portion for housing the combined capture
and signal measurement zone, to aid flow along the capillary passage and through the
combined capture and signal measurement zone. The capillary passage may widen
immediately upstream and/or immediately downstream of a capture and/or signal
measurement zone in the capillary passage, such that the sides of the capillary passage
align with the sides of a capture and/or signal measurement zone. Thus, in combination
the widened portions and combined capture and signal measurement zone form a widened
portion with elongate sides, with the capture and signal measurement zone extending
across the portion, perpendicular to the elongate sides. The widened portion may be an
oval, trapezoidal or diamond shaped portion. The widened portion allows for a larger
optical window.

All or part of a widened portion may comprise microstructures (for example, micropillars),
to aid flow of liquid across the combined capture and signal measurement zone.
Preferably, microstructures are provided immediately upstream and/or downstream of a
capture zone, or combined capture and signal measurement zone. In an embodiment, the
micropillars are elongated in cross section. In an embodiment, the micropillars project
from the base and are elongated, where one dimension of each micropillar exceeds a
perpendicular dimension of the micropillar in the cross section that is parallel to the plane
of base. Preferably, the longer direction of each micropillar is orientated substantially
parallel to the intended direction of flow of liquid across the combined capture and signal

measurement zone.

The capillary passage may be arranged relative to the plurality of elongate fins to permit
sequential flow through the plurality of fluidic channels. In an embodiment, the capillary
passage fluidly connects adjacent individual fluidic channels so that said sequential flow
occurs through individual ones of the plurality of fluidic channels. This is in contrast to the
embodiment where a widened portion of a capillary passage is provided as described
above, where the formation of the capillary passage allows for simultaneous flow through
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each of the fluidic channels. In this embodiment for sequential flow, the capillary passage
includes a series of looped portions that direct fluid travelling along the capillary passage
sequentially through adjacent fluidic channels defined by the fins. Looped portions may
extend alternately upstream and downstream. The looped portions of the capillary
passage may form a single fluidic pathway, which provides a fluid path between adjacent
fluidic channels. Downstream, the capillary pathway provides a fluid path away from the

signal measurement zone.

One or more of the fins may be formed as an insert for integration with the device, or they
may be formed integrally with one or more other components of the sample testing device.
In such an embodiment, without the fins present, the device comprises an open space (or
cavity) between the reagent zone and wash zone. Thus, it may include a series of
disjointed looped portions, which together with one or more inserted fins forms a capillary
passage, for example of serpentine configuration.

Where the capillary passage provides for sequential flow through the fluidic channels it
provides a longer path length for the fluid and so increases contact time with the fins, and
may improve washing by minimising so-called “dead-spaces”, where adequate mixing and
reaction does not occur

A combined capture and signal measurement zone may comprise means to capture bound
fraction of signal linked binding member. A capture zone may comprise a member of a
binding pair, for example applied to a surface thereof. The captured (“bound”) fraction of
signal linked binding member is directly or indirectly proportional to the amount of analyte
in the sample. The member of a binding pair may be an analyte-specific receptor, such as
an antibody or antigen.

Alternatively, a binding member may be linked to the surface of the capture zone, for
example by use of a biotin-labelled binding member and streptavidin or avidin immobilised
on the surface of the capture zone.

The device may comprise a second capture zone, for example for retaining or capturing
the “free” fraction of signal linked binding member (i.e. that fraction which was not captured
in the first capture zone). Measurement of the “free” fraction in a second capture zone
may be useful in the measurement of the amount of analyte.

The assay is preferably an ELISA assay. In such an embodiment, the signal is an

enzyme.
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The sample testing device may comprise means for metering a volume of sample. Thus, a
sample testing device of the present invention may comprise a first inlet at an upstream
end of the capillary passage, and which is fluidly connected to the fluid application region.
A second inlet is provided, to enable the application of a buffer or other non-sample fluid to

the capillary passage, after the sample.

The device may comprise a second capture zone for example for for control or correction
of results, (for example,for capture of a “free” fraction (the signal linked binding member
which is not captured in the first capture zone).

The sample testing device may comprise flow control means, preferably in the form of
outlet sealing means. Flow control means may be optionally provided on a control

element.

The sample testing device may comprise fluid dispensing means.
The sample testing device may comprise signal processing means.
The sample testing device may comprise a display.

In a second aspect of the invention, there is provided a method of performing a
heterogeneous assay in a capillary lumen of a sample testing device, for detection of
analyte in a sample, wherein the method comprises the steps of:

(a) providing a sample testing device comprising:-
() a capillary passage having a lumen, and serving to fluidly connect, in series:

i. afluid application region at an upstream end of the capillary passage;
ii. areagent zone comprising a signal-linked binding member;
lii. a capture zone comprising means to capture the signal linked binding member (a
“bound” fraction);

(b) adding sample to the fluid application region and causing it to flow downstream by
capillary action through the reagent zone, thus creating a mixture of sample and reagent
including signal linked binding member;

(c) adding a wash buffer and causing it to flow downstream in the capillary passage
following the sample, such that any sample or reagent which is not retained by the capture
zone (the “free fraction”) passes downstream through the capture zone;

(d) detecting any signal of the captured signal linked binding member in the capture zone
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as a measure of the amount of analyte present in the sample.

Preferably, the capture zone is also a signal measurement zone, for example a combined

capture and signal measurement zone, for example as described herein.

The method of the invention has the advantage that all steps of a heterogeneous assay
are performed within a single capillary passage of a device, during one way flow from one
end of the capillary to the other. Thus, external operator steps are minimised.

Preferably, the method comprises providing a device of the first aspect. As discussed
above, such a device may be configured such that dimensions of the capillary passage in
the reaction and wash zones allow sufficient time for reaction and/or separation to take
place.

The device may comprise a second capture zone, which may be used for assay control
purposes, or for correction or normalisation of results to compensate for variation in
ambient temperature, reagent degradation on storage or shipping, etc. Thus, the method
may comprise the step of capturing the “free” fraction (the signal linked binding member
which is not captured in the first capture zone). The method may comprise the step of
measuring the amount of signal linked binding member in the second capture zone. The
method may comprise the step of measuring the total amount of signal bound to both
capture zones and calculating the percentage of the total signal captured by the first or
second or both capture zones.

The method of the invention may include any heterogeneous assay, including
measurement of direct signal (e.g. where signal is not amplified such as coloured particles
or fluorescence based assays) and generated signal, e.g. where signal is developed
and/or amplified, for example by a catalyst or enzyme.

The assay is preferably an ELISA assay. In such an embodiment, the signal is an
enzyme. The method may comprise the step of providing to the capture zone a substrate
for the enzyme. The substrate may be provided to the capture zone prior to detection of
the signal; and more preferably, with or subsequent to the wash buffer.

Where the signal is an enzyme or catalyst, the reaction predominantly takes place in the
capture zone, where signal linked binding member is retained.

The signal may be an enzyme. In an embodiment, the enzyme substrate may be provided
in the wash buffer or as a separate substrate solution. The enzyme may cause a change
in the substrate, which is detected in the capture zone. For example, the change may be a
change in colour of the substrate, which may be detected by any suitable method, for
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example light absorption. Alternatively, the enzyme or catalyst may react with the
substrate to generate a fluorescent compound, which may be detected by any suitable
means. In an embodiment, excitation light may be directed through the capture zone, and

the fluorescence detected.

The method may comprise providing a sample testing device comprising a combined
capture and signal measurement zone. In an embodiment, the combined capture and
signal measurement zone may comprise means for directing an optical pathway across the
combined capture and signal measurement zone. In an embodiment, the combined
capture and signal measurement zone includes a plurality of elongate fins projecting
substantially perpendicular from a base, where each elongate fin has a length that is
substantially parallel to the base, the fins being arranged so that:

the lengths of the plurality of elongate fins are substantially parallel to one another;

the plurality of elongate fins are aligned along a line that is substantially perpendicular
to the lengths of the fins; and

the lengths of the plurality of elongate fins are substantially perpendicular to said optical
pathway;

said plurality of elongate fins permitting optical transmission therethrough along said
optical pathway and defining a plurality of fluidic channels therebetween along the base
for receiving a fluid from said capillary pathway.

In a third aspect of the invention, the present invention provides a kit comprising

i) a sample testing device comprising a capillary passage having a lumen;

i) a combined capture and signal measurement zone including a plurality of
elongate fins projecting substantially perpendicular from a base, where each
elongate fin has a length that is substantially parallel to the base, the fins being
arranged so that:

the lengths of the plurality of elongate fins are substantially parallel to one
another;

the plurality of elongate fins are aligned along a line that is substantially
perpendicular to the lengths of the fins; and

the lengths of the plurality of the elongate fins are substantially
perpendicular to said optical pathway;

said plurality of elongate fins permitting optical transmission therethrough
along said optical pathway defining a plurality of fluidic channels
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therebetween along the base for receiving fluid from said capillary pathway.

The sample testing device and combined capture and signal measurement zone may be

provided as separate components in a kit, for assembly by a user.

The capillary passage may comprise a widened portion into which combined capture and
signal measurement zone is inserted. Alternatively, the capillary passage does not form a
continuous fluid path and instead includes a series of disjointed looped portions. When the
combined capture and signal measurement zone is inserted, the looped portions of the
capillary passage and the fluidic channels between adjacent fins together form a single
fluidic channel, for example of serpentine configuration. The embodiments described in
relation to the first aspect, apply also to this aspect.

Thus, a capillary passage of a sample testing device of a kit may be disjointed, comprising
two or more separate portions which upon insertion of the combined capture and signal
measurement zone, form a single fluidic channel.

A kit may alternatively comprise a sample testing device according to the first aspect of the
invention, instructions for use and a control sample.

A kit may additionally comprise, materials and apparatus mentioned herein such as
buffers, fluid filled capsules, detectable particles, application means (for example pipettes),
instructions, charts, desiccants, control samples, dyes, batteries, signal processing means
and/or display means.

In a fourth aspect, there is provided a combined capture and signal measurement zone,
wherein the combined capture and signal measurement zone comprises means for
directing an optical pathway across the combined capture and signal measurement zone;
and wherein the combined capture and signal measurement zone includes a plurality of
elongate fins projecting substantially perpendicular from a base, where each elongate fin
has a length that is substantially parallel to the base, the fins being arranged so that:

the lengths of the plurality of elongate fins are substantially parallel to one another;

the plurality of elongate fins are aligned along a line that is substantially

perpendicular to the lengths of the fins; and

the lengths of the plurality of elongate fins are substantially perpendicular to said

optical pathway;
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said plurality of elongate fins permitting optical transmission therethrough along
said optical pathway and defining a plurality of fluidic channels therebetween along

the base for receiving fluid from said capillary passage.
Description of the drawings

Embodiments of the invention are further described hereinafter with reference to the

accompanying drawings, in which:

Figure 1 is a diagrammatic representation of a typical standard ELISA assay procedure,
where numbers 1-11 in the schematic represent the following steps. 1. Preparation of
reagents and samples, 2. Addition of samples and calibrators to microtitre plate, 3.
Incubation at room temperature for 1 hour (to allow binding of analyte to plate via capture
antibody), 4. Washing of microtitre plate to remove unbound sample components (repeat 3
times), 5. Addition of HRP-labelled signal antibody to plate, 6. Incubation at room
temperature for 30 mins (to allow binding of signal antibody to analyte), 7. Washing of
microtitre plate to remove unbound signal antibody (repeat 3 times), 8. Addition of TMB
chromogenic substrate to plate, 9. Incubation at room temperature (in darkness) to allow
signal to develop, 10. Addition of stop solution to halt reaction and convert chromogen
from blue to yellow colour, 11. Quantitation of signals using a spectrophotometer at
450nm;

Figure 2 is a diagrammatic representation of a capillary based heterogenous assay;

Figure 3 shows a cross section through a sampling testing device having a finned section
across the light path, and micropillars either side thereof;

Figure 4; shows an embodiment of a combined capture and signal measurement zone;
Figure 5 shows a plan view of the underside of a sample testing device, showing a
capillary passage and side passage for sample metering;

Figure 6 shows a perspective view of a device of the invention with a control element;
Figure 7 shows fluidic control aspects of a device of the invention from above;

Figure 8 shows a perspective view of a device of the invention with fluid dispensing

means;

Figure 9 shows assembly of a control element;

Figure 10 is a detail of a combined capture and signal measurement zone;

Figure 11 shows transmittance spectra of TMB and enzyme over time;

Figures 12 shows absorbance of TMB and enzyme reaction over time at 3 wavelengths;
Figure 13 shows reflection of TMB and enzyme reaction over time;

Figure 14 shows the signal obtained at 370nm using a spectrophotometer over 30 minutes
development time;
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Figure 15 shows the results of a simultaneous fluid phase immune reaction, measured at
370nm over 30 minutes development time;

Figure 16 shows a typical Optical Transmission Curves for 2 wavelengths;

Figure 17 shows a part of a device of the invention, where a fluid sump adjoins and
overlies a fluid outlet; Figure 17B shows the fluid sump with the absorbent pad;

Figure 18 shows a perspective view of an embodiment of a capillary pathway device in
accordance with an aspect of the present invention;

Figure 19A shows a detailed view of the combined capture and signal measurement zone
of the device of Figure 18; and

Figure 19B shows the detailed view of Figure 19A with the finned insert of the combined
capture and signal measurement zone removed.

Figure 20 shows a dose-response relationship between pi-GST concentration and assay
signal (rate of generation of blue colour at 632nm) (Example 6).

Figure 21 shows the underside of a device with consecutive fluid inlets and a spiral fluid
sump.

Figure 22 shows a device with a serpentine capture/signal measurement zone.

Detailed Description of the invention

The present invention has the advantage that it provides a sample testing device and
method for performing a heterogeneous assay in a capillary passage having a lumen,
using one way flow of sample and wash buffer to move the reaction through the necessary
binding, separation and signal measurement steps, thus minimising external intervention.
The ability to perform a heterogeneous assay in a capillary passage lumen is enabled by
the provision of a sample testing device comprising a capillary passage whose dimensions
are configured to allow sufficient time within different zones for reaction, capture,
separation of bound and free fractions, and signal measurement. Preferably, the passage
comprises a combined capture-signal read zone which is designed to maximise the
capture of signal linked binding member, whilst allowing separation of unbound signal
linked binding member, and enabling signal measurement within the capture zone.

The device of the present invention enables a heterogeneous assay to be conducted in a
point of care environment, by unskilled persons. It may either have the advantage of
giving a permanent or semi-permanent readout. The invention is particularly suited to
performance of an ELISA assay, but can equally be applied to a variety of other
heterogeneous assays.
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A combined capture and signal measurement zone of the present invention has the
advantage that it addresses the problem of different competing requirements. Specifically,
for efficient and rapid capture the requirement is for as large a surface area as possible,
with a maximal surface:volume ratio. For rapid and efficient washing, a smooth surface
with minimal “dead zones” is required. To maximise sensitivity of measurement, the signal
is preferably concentrated in minimal volume. A combined capture and signal
measurement zone of the present invention offers a design which is able to satisfy these

conflicting requirements of the different assay activities within a single zone.

The prior art has made attempts to resolve this issue, but the majority (as exemplified by
Allen/Metrika, supra) use a porous strip, with a capture zone through which the fluid flows
for washing and where the signal accumulates. However, these systems are not ideally
suited for enzyme-linked signal systems (where signal needs to accumulate in a
constrained, defined volume) and require a reflectance measurement to be made. Such
measurements in a porous strip are less accurate and reproducible as they can be
influenced by variations in the underlying substrate (variations in reflectivity, uneven
surface can scatter light, etc) and the reflectivity can be adversely affected by variable
drying of the substrate (e.g. nitrocellulose is white when dry, translucent when wet; see US
4,025,310, International Diagnostic Technologies). Other systems (e.g. Biosite Triage,
Response Biomedical RAMP) similarly use reflectance measurements but are based on
the use of a separate chip and reader.

The present invention is particularly suited for use in assaying a sample liquid for a
particular component. Whilst it may be suited to biological and non-biological applications,
it is particularly suited to the former. Thus, the present invention is preferably for use in
assaying a biological sample for a particular component, for example an analyte, using a
heterogeneous assay, for example an ELISA assay. The assay may be quantitative or
qualitative, preferably quantitative. The present invention may be suitable for use with any
liquid or fluid sample. Preferred samples for assay using the present invention are blood
(whole blood or serum/plasma) and urine. Herein, the terms liquid and fluid may be used
interchangeably.

The invention finds particular application in sample testing devices having one or more
capillary passages for testing for the presence of a component of interest in a liquid
sample, e.g. blood or serum/plasma or other body fluid, as is well known in the art, e.g.
diagnostic assays.
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The sample testing device may comprise a moulded plastics component, e.g. in the form
of a generally planar element having grooves in one surface thereof to define a capillary
passage having a lumen, when sealed by a cover member. Capillary passages having a
lumen formed in other ways are also included.

The present invention is typically applicable to a sample testing device in which fluid flow is
passive, i.e. it is not reliant upon an external propulsive force.

A heterogeneous assay is defined as an assay that incorporates a signal system and
where a bound and unbound fractions of signal-linked binding member are separated prior
to measurement of a signal. A heterogeneous assay may be an ELISA assay, for example
a competition or sandwich ELISA assay.

Capillary passages

The sample testing device comprises a capillary passage having a lumen. A capillary
passage is a tube, which comprises a lumen. A capillary passage of the sample testing
device may fluidly connect, in series, zones or stations for performing one or more steps of
an assay. A capillary may be formed as a groove, moulded in a planar thermoplastic chip,
sealed by a foil or sheet to form the lumen. Any suitable thermoplastic may be used
including, but not limited to, polystyrene, polycarbonate, ABS, etc. Preferably,
polycarbonate is used. Any suitable foil or sheet can be used to complete the capillary.
Preferably a thin foil of polycarbonate is used. The foil or sheet can be sealed to the chip
by any means, including adhesives, ultrasonic welding, laser welding, etc. The use of laser
welding is preferred as it gives a controllable seal and avoids the use of adhesives which
may interfere with the reagents and/or flow characteristics of the device. Other methods of
forming the capillary passage are included within the scope of the invention and are known
to persons skilled in the art.

If a hydrophobic material is used, such as polycarbonate, it may be desirable to treat the
surface to ensure uniform and consistent flow characteristics. Any suitable treatment can
be employed, such as plasma treatment, corona discharge, surfactants and the like.
Surfactants are preferred, for example Tween-20. Alternatively, components may be
incorporated into the formulation of the material before molding to reduce hydrophobicity.

A capillary passage may have any suitable geometry, typically dictated by the type. It may
be linear. All or part of a passage may be straight, curved, serpentine, spiralled, U-
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shaped, etc. A capillary passage comprising a serpentine configuration through all or part
of a capture and/or signal measurement zone is preferred. A capillary passage having a

fluid sump in the form of a spiralled capillary passage may be preferred.

The cross-sectional configuration of a capillary lumen may be selected from a range of
possible forms, e.g. triangular, trapezoidal, square, rectangular, circular, oval, U-shaped,
etc. Most preferred is a V-section as this is suitable for economic and consistent
manufacture, and such a shape has been found to promote effective mixing of sample and
reagent and to exert a strong capillary “pull”. By careful selection of materials, capillary
shape, surface treatment, seal and sealing means it is possible to produce a capillary
which facilitates even and consistent fluid flow, with good reproducibility between devices,
without the requirement for any additional or external sources of fluid propulsion.

A capillary passage may have any suitable dimensions. A capillary passage referred to
herein is microfluidic. Typical dimensions of a capillary passage for use in the invention is
a lumen depth of 0.1mm to 1mm, more preferably 0.2mm-0.7mm. The width of a lumen
may be of similar dimensions to the depth. Where the lumen is V-shaped, for example, the
profile may be that of an equilateral triangle, each side having a length of between 0.1 and
1mm, more preferably between 0.2 and 0.7mm.

The dimensions of each zone of a capillary passage will dictate the volume of reagent or
buffer required; the dimensions and shape will dictate the reaction time for that zone (e.g.
curves slow flow). Dimensions may be readily calculated by a person skilled in the art,
based upon knowledge of the reaction time required.

Each capillary passage may consist of one or more capillary segments, joined to form a
pathway from a fluid application region to an outlet. Segments of capillary passage may
be interposed with a section selected from a capture zone, a signal measurement zone, a
combined capture and signal measurement zone, a reagent zone, a reaction zone, a wash
zone, a fluid application region, and an outlet and/or fluid sump. Any of these sections
may have a shape and configuration different to the capillary segment to which it is
adjoined.

In the present invention, a device may include more than one (i.e. two, three, four, five or
more) capillary passages, preferably one or more being as described herein.

Where more than one capillary passage is provided in a device, the geometry and
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dimensions of each may be independently selected, and two or more may be the same or
different. Two or more capillary passages may be connected to a common fluid

application region or outlet/sump.

Preferably, each capillary passage is fluidly connected to a first inlet, for introduction of

sample to the capillary passage, and an outlet and/or sump.

In an embodiment, a capillary passage of the invention may fluidly connect, in series, a
reagent zone, a reaction zone, a combined capture and signal measurement zone, a wash
zone and a fluid sump. Preferably, the capillary passage is fluidly connected to a fluid
application region at an upstream end. Preferably, the capillary passage comprises an inlet
for sample, upstream of the reagent zone, and an outlet at, or downstream of, the fluid
sump.

Thus, in combination the widened portions and combined capture and signal measurement
zone form a widened portion with elongate sides, with the capture and signal
measurement zone extending across the portion, perpendicular to the elongate sides. The
widened portion may be an oval, trapezoidal or diamond shaped portion. The widened
portion allows for a larger optical window.

A capillary passage may comprise parts or sections which are not in the form of a capillary
passage, or may be interrupted by such sections. For example, a capillary passage may
widen immediately upstream and/or downstream of a capture and/or signal measurement
zone, such that the sides of the capillary passage align with the sides of the capture and/or
signal measurement zone to smooth flow between these sections. This may be the case
where a capture and/or signal measurement zone is not in the form of a capillary passage,
but comprises a plurality of fluidic channels fed simultaneously by a capillary passage.
Thus, an open mouth of a capillary passage immediately upstream and/or downstream of
a capture and/or signal measurement zone may be widened or tapered, for example
defining a triangular or semi-circular portion. The upstream and downstream widened
portions may be the same shape or different, but preferably the capture and/or signal
measurement zone and capillary passage immediately upstream and downstream is
symmetrical about the optical pathway.

All or part of a widened portion may comprise microstructures (for example, micropillars),
to aid flow of liquid, for example across a capture and/or signal measurement zone and
minimise formation of bubbles. Preferably, microstructures are provided immediately
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upstream and/or downstream of a capture zone, or combined capture and signal
measurement zone. Microstructures include for example micropillars, or roughened
sections of capillary, bumps, lines, hatches, etc. Suitable structures for aiding capillary
flow through a non-capillary section interrupting a capillary passage will be known to
persons skilled in the art. Micropillars are preferred. In an embodiment, the micropillars
are elongated in cross section. The micropillars may project from the base and are
elongated, where one dimension of each micropillar exceeds a perpendicular dimension of
the micropillar in the cross section that is parallel to the plane of base. Preferably, the
longer direction of each micropillar is orientated substantially parallel to the intended
direction of flow of liquid across the combined capture and signal measurement zone. The
micropillars may be any suitable cross section, for example circular. Preferred micropillars
have a height matching the depth of the capillary and a diameter of between 0.3 and
0.5mm. Microstructures and micropillars are known in the art.

Widened or tapered portions may be provided in a capillary passage where appropriate,
for example upstream and/or downstream of fluid application regions, sumps etc or any
other non-capillary portion which interrupts the capillary passage. Microstructures as
described herein may be provided in any one or more of these portions.

Surface treatment

A capillary passage of the device may be treated to improve flow of fluid therethrough,
preferably by providing a surface coating on the internal surface of the passage. Any
suitable method may be used, for example dip tweening or passing a treatment fluid
through the passage followed by drying.

Thus, a capillary passage of the device may comprise a coating on the inner surface
thereof, of a treatment fluid.

The coating may act by minimising any repulsion between the inner surface of a passage
and sample or other fluid such as buffer, whilst preferably not actively binding or
substantially reacting or binding therewith. The surface coating may increas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>