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(57) Abstract: Disclosed is an assay device comprising liquid transport means adapted to take up a liquid sample and conduct the
liquid to an analyte detection region operable to provide a test signal indicative of the presence and/or amount of an analyte in the
liquid sample; the assay device further comprising a sample presence signal generation means, which is not generated by means of
an immunoreaction. This sample presence signal generation means can comprise a coloured portion, which is overlaid by a material
(e.g. nitrocellulose) that is opaque, when dry, and translucent or transparent, when wet, to allow the coloured portion to become
visible to the user. In another embodiment the signal generation means comprises a colour changing material which under-goes a
change in its visible properties upon wetting (eg. pH indication). A third embodiment uses a mobilisable detectable which, when
wetted by the sample, is carried along resulting in a streaked line parallel with the flow direction.
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Assay Device for Liquid Sample

Field of the Invention

The invention relates in general to the field of assay devices for measuring an analyte in a
liquid sample and, more particularly, to such assay devices having a sample presence

signal generation means.

Background to the Invention

A number of assay devices for use in the measurement of one or more aﬁalytes in a liquid
sample are known. Some of these are complex devices for use by trained personnel; for
example, sampling devices for industrial liquids, water etc. or laboratory tests on blood,
urine and the like. However, an important category of assay devices includes those
intended for home use by consumers, for example home pregnancy test kits. Home
pregnancy test kits typically function by determining the amount of the hormone human
chorionic gonadotrophin (hCG) in a urine sample, and normally provide a visible

indication as to whether a subject is pregnant.

The specific example of the Clearblue test from Unipath, England (Clearblue is a
registered Trade Mark) as described in EP 291194 and EP 560411 will now be used to
illustrate various issues concerning such devices, although the issues are applicable to a

broad class of assay devices.

EP 291194 discloses a lateral flow assay device whereby sample is introduced onto a
porous carrier such as nitrocellulose which has been pretreated with a mobilisable labelled

ﬁrsf species such as an antibody capable of binding with the analyte of interest. The
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labelled analyte-antibody complex then permeates into an analyte detection region
whereupon it reaches a second species (antibody), immobilised on the porous carrier,
which binds the complex. Typically the second species is immobilised in a stripe across
the carrier such that, in the presence of analyte, a test signal in the form of a line will
appear in the analyte detection region due to concentrating of the label, typically gold or

dyed latex.

Such assay devices are used amongst others by users wishing to tell whether they are
pregnant, i.e. to detect the presence of the pregnancy hormone hCG. Such users may be
using the assay device for the first time or may be a highly emotional state. Furthermore,
the test will normally be carried out and interpreted by someone who typically will not be
clinically trained. Thus, it is advantageous to have an assay device which is both accurate

and reassuring to the user, providing as little ambiguity as possible.

In order to ascertain whether the assay has been carried out properly, a control region is
typically present. For example, in EP 291194, an immobilised species is present which is
able to bind to the labelled first species. Thus, the control region serves to indicate that in
the absence of a positive result, the assay device was both functioning properly and used
correctly. It thus indicates that enough sample had been added and that the labelled
species was present and was able to permeate along the porous carrier, i.e. that there are
no blockages or manufacturing defects etc. The control region is typically downstream of
the test region. However, the strength of the signal formed at the control region will
depend upon the level of analyte present. A high level of analyte will arguably bind more

of the mobilised species leaving less unbound species to reach and bind at the control line.

EP 355244 (Abbott Laboratories) discloses such a control region (e.g. denoted by
reference numeral 32 in Figure 1c) which is configured as a minus sign (see claim 3 and
Figures 1b and 1c) perpendicular to the direction of flow. The minus sign is also designed
to bisect the read (vertical) line such that, in the absence of analyte, only a minus sign is

formed, and in the presence of analyte, a plus sign is formed.
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However, there are drawbacks with using this approach, one of which is that when using a
capture zone such as a line disposed parallel to the direction of flow, binding of the
Jabelled species takes place preferentially at the leading front edge. A strong signal will be
observed at the "beginning" of the line which will fade out along its length. This is
undesirable from the point of view of a consumer, as the consumer will want to be

reassured by the presence of a bold and unambiguous line.

As an alternative, EP 421294 discloses an offset symbol (see Figure 6). In such an
embodiment the test signal and control signal are produced at an angle (denoted by
reference letter “C” in Figure 6) to the direction of fluid flow overcoming the problem of
signal fade out. This however is something of a compromise since an offset cross may not
be instantly recognisable as a “plus” sign indicative of a positive result, nor would an

angled line be necessarily recognisable as a “minus” sign indicative of a negative result.

In the case of EP 291194, the control signal may be a line perpendicular to the direction of
flow, which resembles the test signal. In the presence of analyte, two vertical lines are
seen. However, in the absence of analyte, only the contro] signal line is seen, i.e. no
visible signal is formed in the analyte detection region. The inventors have found that the
absence of a line of any sort in the analyte detection region, following performance of the

assay, is undesirable to consumers.

Summary of the Invention

As an alternative to EP 291194 and related devices, the assay device of the present
invention provides a sample presence signal generation means instead of or as well as a
control signal generation means. Preferred embodiments provide a way to give a visible
signal in the plus/minus format or other formats, including but not limited to those formats
where the test signal and a further signal interact to form a specific symbol free from
signal fadeout without having to resort to character offset. The signal is generated solely
as a consequence of the carrier being wetted by sufficient liquid sample, namely when

taken alone is not indicative of a valid negative result since it provides no indication that
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the test has functioned properly other than that it has been wetted by sufficient liquid
sample. Thus the sample presence signal generation means of the present invention
functions in a different way to a control signal generation means of the type disclosed in
the prior art. In particular, the resulting sample presence signal does mot provide
information as to whether a labelled antibody (which has a role in forming a test and/or
control signal) has been mobilised and permeated along a carrier, nor whether a labelled
antibody is functioning correctly (eg that a particular specific binding property has been
conserved). The sample presence signal generation means may be positioned anywhere
along the carrier although preferably it is positioned downstream from it or more

preferably within the analyte detection region.

A conventional control signal generation means is preferably present in addition, distantly
located from a test signal (e.g. in the form of a read line) and sample presence signal (e.g.

in the form of a sample indicator line).

A preferred embodiment of the invention enables a sample presence indicator line to be
disposed parallel to the direction of flow of the sample without signal diminishment since

the sample presence signal line is not formed by an immunoreation.

Finally, even in the absence of analyte, the user will still be able to see a sample presence
signal, such as a minus sign, as opposed to not seeing any visible signal in the analyte

detection zone as provided by EP291194.

According to a first aspect of the present invention there is provided an assay device
comprising liquid transport means such as a porous carrier adapted to take up a liquid
sample and conduct the liquid to an analyte detection region operable to provide a test
signal indicative of the presence and/or amount of an analyte in the liquid sample;
characterised in that the assay device further comprises a sample presence signal

generation means.
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Preferably, the sample presence signal generation means generates a sample presence

signal in the analyte detection region.

Preferably, also or instead, the sample presence generation means generates a sample
presence signal which interacts with the test signal in the presence of analyte to form an

interactive symbol representative of a positive result.

In this specification, the term “immunoreaction” refers to specific binding reactions
between an antigen and an antibody. Antibodies include proteins designed to bind to
antigens and produced by an animal’s immune system or synthetic immune system
technologies such as phage display or ribosome display, and includes single chain variable

fragments, Fab fragments and other peptides derived from antibodies.

The term “control” as used herein refers to a signal which indicates that a valid assay
result has been achieved. Thus, it must indicate that one or more of the reagents, which
have a role in providing the test and/or control signals, are present in functional form. An
example of such a control is given in EP 0560411, Wherein the control zone contains

immobilised antibody or analyte that can bind to the labelled reagent.

The term “interactive symbol”, when applied to the test signal and sample presence
signals, means that the two signals together form a symbol which a user will typically
understand as an indicator having a semantic meaning as a whole. For example, if the test
signal and sample presence signal together form a cross, this will be perceived as a single
symbol having its own semantic meaning: a positive result. Even if the two signals are not
directly in contact, they may still interact if they are sufficiently close together to be
viewed together. For example, two lines side by side within an analyte detection region or

a picture formed from discrete lines can be interactive.

Thus the present invention provides an assay device which generates a signal indicative of
the addition of a liquid to the device, the signal being formed irrespective of the presence

of absence of the analyte of interest, and wherein the signal does not provide information
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as to whether a labelled antibody has been mobilised and permeated along a carrier in .

correctly functioning form.

Preferably, the assay device has a casing, the casing having a first window therein though
which the test signal and sample presence signal are viewable, when formed. This window
may delimit the analyte detection region, encouraging the user to view the contents of the
window as forming an interactive symbol with a particular semantic meaning; for example,
where a first combination of signals indicate a first outcome of the test and a second

combination of signals indicate a second outcome of the test.

Preferably, the sample presence signal resembles a minus sign. Preferably, the sample
presence signal is oriented parallel to the direction of flow of the liquid sample in the
liquid transporting means. Preferably, the sample presence signal interacts with the test
signal, to form a symbol (such as a “plus” sign) which represents a positive result when
the analyte of interest is present.. Typically, the test signal is in the form of an elongate
patch orthogonal to the direction of fluid flow. Preferably, the test signal intersects the

sample presence signal and so forms a plus sign when the test result is positive.

Preferably, the assay device further comprises a control signal generation means
‘downstream of the analyte detection region adapted to generate a control signal indicative
that one or more reagents present in the assay device are functioning. Where the assay
device has a casing with a first window, the control signal generation means is preferably

located in a second window.

The window may be any means through which the test signal and/or sample presence
signal generation means can be viewed, for example an aperture. Such an aperture may be

open or may have a transparent protective layer in, above and/or underneath the aperture.

The signal generated may be any such that a difference in reading may be easily and

readily ascertained before and after the sample presence indicator means has been wetted
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with sufficient sample. Such means however should not interfere with the assay result

itself.

Preferably, the liquid transporting strip comprises material which, when dry, is
substantially opaque but which, when wet, becomes transparent. The liquid transport
means may advantageously comprise several portions; for example, a wick portion for
initially contacting the liquid sample and a porous nitrocellulose strip portion in fluid
communication with the wick. Conveniently, in such a device, the analyte detection
region and the sample presence signal generation means are located on the liquid

transporting strip means.

Preferably, the liquid transport means comprises a liquid transporting strip, especially a
strip of bibulous material; for example, a porous carrier, such as a nitrocellulose strip.
Preferably, the liquid transporting strip comprises material which, when dry, is
substantially opaque but which, when wet, becomes transparent. The liquid transport
means may advantageously comprise several portions; for example, a wick portion for
initially contacting the liquid sample and a porous nitrocellulose strip portion in fluid
communication with the wick. Conveniently, in such a device, the analyte detection
region and the comtrol sample presence generation means are located on the liquid

transporting strip means.

Preferably, the assay device has a surface visible to the user and the sample presence
signal generation means comprises a coloured portion which is not on the surface visible to
:che user and which is overlaid by a material which, when dry, is substantially opaque and
which initially obscures at least a part (preferably all) of the coloured portion (typically
located within the aperture) but which, when wet, is sufficiently translucent or transparent
to allow at least the initially obscured part of the coloured portion to become visible to the
user. By “coloured” we mean that the coloured portion is any colour which is discernibly
different, to a human observer, to that of the surrounding (and overlying) test strip when

wet.
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The embodiment defined in the previous paragraph enables a visible indication to be
provided which is of particular convenience, as the shape, size, and colour of the coloured
portion may readily be selected for any particular application. Thus, the coloured portion
may be black or one or more colours, a shape or pattern, text, a message, or any other
visible indication. A clear, unambiguous line or other shape can therefore be provided at

any angle or orientation without fadeout.

Preferably, the strength or magnitude of the sample presence signal generation means is
comparable to that of the test signal when a particular result, for example the presence of
analyte, is determined. The fact that a coloured portion may be selected to have specified
optical properties, such as one or more colours, a shape or pattern, text, a message, or any

other visible indication, means that this aim can readily be achieved.

The coloured portion may be part of, or associated with, the liquid transporting strip, for
example in the form of a pre-fabricated or imprinted layer, or a sheet applied or a block in
contact with the liquid transporting strip or sufficiently close to the liquid transporting strip
to be visible therethrough when the strip is rendered transparent by wetting. A sheet may
be attached by adhesive, although in a preferred embodiment, the sheet is a plastics or
other material portion pressed against the liquid transporting strip. The sheet may be
pressed against the liquid transporting strip means by a protruberance from the assay

device casing, which protruberance may be rigid or resiliently deformable.

In preferred embodiments, the liquid transporting strip comprises a nitrocellulose strip
backed with a backing layer, such as mylar. Preferably, the coloured portion comprises a
coloured piece of plastics material in contact with the nitrocellulose layer with the mylar
layer being uppermost in the device window. The piece of plastics material may be part of

the casing of the assay device.

Preferably, the coloured portion presses upon the liquid transporting strip means. It is
perhaps surprising that this works as one would have thought it would interfere with liquid

flow in the liquid transporting strip means.
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Alternatively, the coloured portion may be printed on the backing layer. Alternatively, the
coloured portion may be printed or otherwise formed on a sheet of mylar or other plastics
material which is affixed to the side of the nitrocellulose strip not visible to a user; this
may be the backing layer side but preferably the sheet is in direct contact with the

nitrocellulose.

A line may be printed or otherwise formed or deposited on the side of the nitrocellulose
strip that is not presented to the user using an ink which does not penetrate through the

nitrocellulose strip.

The assay device may be of otherwise conventional construction, similar to that disclosed

in EP 291194 or EP 560411.

The assay device will typically have a porous sample wick intended for the collection of
the liquid sample which is in fluid connection with the liquid transporting strip means.
Thus the sample collected by the porous sample wick flows on the liquid transporting strip

means whereby it travels towards the analyte detection region.

The sample presence signal generation means alternatively comprises a mobilisable
detectable material such as an ink spot or a coloured dye, which is localised on or in the
liquid transport means and which when wetted by the liquid sample, is carried by it along
the liquid transport means resulting in a streaked line generally parallel with the sample
flow direction. This streaked line provides a “minus” sign and again is independent of
any binding reaction and therefore not subject to any signal diminishment. Since the
streaked line will continue to be formed along the liquid transport means as the liquid
sample progresses, the control signal generation means, if present, may be offset from the

flow path of the sample presence signal such that it does not interfere with the control

signal.
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The resulting coloured streak provides a visible indication to a user that sufficient liquid
sample has been taken up. The mobilisable detectable material may comprise a coloured
material such as an ink spot or a coloured dye, or a colour-forming material such as a pH
indicator which changes colour or an enzyme which catalyses formation of a coloured
material. Conveniently, only a localised patch or spot of coloured or colour-forming
material may be located on the liquid transporting strip means, thereby simplifying

manufacture.

Typically, the assay device will further comprise a window through which both the sample
presence signal, such as a coloured streak, when formed, and the test result, when formed
can be seen. Preferably, the patch or spot of coloured or colour-forming material is
located outside of the window, so that the coloured or colour-forming material can only be
seen once the streak has been formed. Alternatively, the patch or spot of coloured or
colour-forming material may be obscured prior to use, e.g. by concealment beneath an

opaque material such as an adhesive sheet or label or the like.

Preferably, the coloured or colour-forming material has appropriate properties and is
present in an appropriate amount to give a coloured sample presence indicator or streak
which is of similar visible appearance to the test signal when a positive test result is

indicated.

A possible problem with such a device, if it also has a control signal generation means,
downstream from the patch or spot of coloured or colour-forming material, is that the
streak may continue to migrate into the control signal generation means, thereby causing a
confusing additional signal to be formed offset from the flow path of the sample presence
indicator streak. Such a problem is preferably solved by providing the control signal
generation means offset from the streak. In a preferred embodiment, the localised patch or
spot is centered on the liquid transporting strip means and the control signal generation
region is off-centre. The control signal generation region may be in a window offset from

the flow path of the sample presence indicator signal or streak.
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In yet another embodiment, the sample presence signal generation means comprises a
material immobilised thereon which is adapted to change a visual property in response to

wetting.

Typically, the visual property which changes is the colour of the material.

The material may be adapted to change a visual property in response to wetting by any
substance or, more preferably, in response to the presence of a liquid (e.g. a sample of

interest) having specific properties.

Accordingly, the sample presence signal generation means can be shaped as is desired to
give a particular indication. A suitable material is a solvatochromic dye, a pH indicator,
or a chromoreactand. Such materials will change colour either in response to wetting, or

to wetting with specific liquids or liquids with specific properties, such as polarity.

An example of a solvatochromatic dye is Reichardt’s dye. Examples of suitable pH
indicators are Bromocresol Green, Phloxine B, Quinalidine Red, Bromophenol Blue etc.
In this respect reference is made to corresponding application no. EP 02250121.7, filed 9
January 2002.

An indicator could be immobilised with a buffer or other substance e.g. acid or alkali to
control its pH and hence its initial colour. The indicator would be selected such that it
would change colour when contacted with the sample e.g. urine. A buffer or other
compound e.g. acid or alkali could be added to the device upstream from the indicator that
would be solubilised by the sample and ensure that the pH of the sample was such that a
dramatic pH change and hence colour change occurred when the sample contacted the

indicator.

Suitable indicators could be immobilised on the membrane by entrapping them within
hydrophilic polymers such as Poly 2-Hydroxy ethyl methacrylate (poly(HEMA)) or poly
Hydroxy Propyl Methacrylate (poly(HPMA)).
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Alternatively it is possible to dye materials with indicators in such a way that the dye does
not leach out when the material is wetted e.g. as is well known in the field of pH indicator
papers or strips. This could be done by selecting a membrane and dye combination that

interact in this way.

Alternatively a water insoluble dye could be applied in a solvent that is then evaporated
off, leaving behind the water insoluble pH indicator dye. Alternatively, some indicator
dyes can be fixed by heat or U.V. irradiation.

Alternatively a dye could be selected that binds to mitro-cellulose via a hydrophobic
interaction (in the same way that proteins bind to nitro-cellulose) or the indicator could be

used to dye a carrier molecule (such as a protein or micro-sphere) that would itself bind to

the nitro-cellulose.

Brief Description of the Drawings

An example embodiment of the present invention will now be illustrated with reference to

the follow Figures in which:

Figure 1 is a cross section through an assay device according to the present invention;
Figure 2 is an enlarged view of part of the assay device shown in Figure 1;

Figure 3 is a plan view of part of the assay device of Figure 1;

Figure 4 is a cross-section through part of an assay device according to an exemplified

embodiment of the invention;

Figure 5 is a cross-section through a part of a further exemplified assay device in

accordance with the invention;
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Figure 6 is a cross.section through a part of a further exemplified assay device in

accordance with the invention;

Figure 7 is a cross section through a part of a still further exemplified assay device in

accordance with the invention;

Figures 8(a)-(d) show photographic images of an assay device in accordance with the
invention (a) without top cover or nitrocellulose strip, (b) in assembled form, (c) indicating

that a sample is present, and (d) showing a positive result;

Figures 9(a)-(c) shows an assay device according to further embodiment of the invention,
(a) before a measurement is made; (b) after a measurement is made, indicating a positive

result; and (c) after contact with a liquid sample, not indicating a positive result;

Figure 10 is a plan view of the nitrocellulose strip of the assay device shown in Figure

8(a);

Figures 11(a) through 11(d) are photographs of sequential development of the sample

present signal in the test device shown in Figures 9 and 10; and

Figure 12 is a plan view of a portion of an assay device in accordance with a further

embodiment of the present invention.

Detailed Description of the Example Embodiments

Example 1

Figure 1 is a cross section through an assay device 1 which measures urinary hCG, for use
as a pregnancy test device. Assay device 1 comprises a case 2, made from a plastics

material and having a result window 4 in the form of an aperture. A second aperture 5
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through which a control signal generation means can be viewed is optiomal. A wick 6
protrudes from the case 2, for drawing up a liquid sample into the device, and a
pitrocellulose strip 10 is in fluid communication with the wick 6. Case 2 has a
protruberance 8 on an inner surface. Protruberance 8 presses against the nitrocellulose
strip 10. Figure 2 is an illustration of part of Figure 1. This shows that the nitrocellulose
strip 10 comprises an initially opaque porous nitrocellulose layer 12, backed by a

transparent mylar layer 14.

Figure 3 is a plan view of the assay device shown in Figure 1 (but to a different scale to
Figure 1), showing that a portion of the nitrocellulose strip 10 is visible through result
window 4. Initially invisible, there are two regions which can be seen through the result
window that may change colour during an assay. Firstly, there is an analyte detection
region 16. Nitrocellulose strip 10 has a labelling region 20 (Figure 1) in which mobile
blue latex - labelled mouse anti-hCG antibodies are present. The analyte detection region

16 has immobilised anti-hCG antibodies.

Secondly, protruberance 8 (Figure 2) is in the shape of an elongate thin bar, shown as 18,
in Figure 3. This is coloured blue, and presses against the mnitrocellulose layer 12. It is

initially invisible, as the nitrocellulose layer 12 is opaque when it is dry.

In use, the wick 6 of the assay device 1 is brought into contact with the fluid sample. In
the present example, the fluid sample is urine. The liqilid sample passes up the wick 6, by
virtue of the wicking action of the wick. The liquid sample then passes along the porous
nitrocellulose layer 12, where it carries along mobile labelled antibody from labelling
region 20. As the fluid sample passes along the nitrocellulose strip, the liquid sample wets
the nitrocellulose progressively. If hCG is present, the labelled anti-hCG antibodies form
a sandwich complex with hCG, giving a visible test signal in the analyte detection region

16.
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As the nitrocellulose strip is wetted, it becomes transparent revealing the blue colour of the
protruberance 8. Therefore, sample presence signal generation means 18 reveals the

protruberance 8, which is now visible and constitutes the sample presence signal.

If hCG is not present, the only visible signal apparent to an observer will be the colour of
the protruberance 8. This sample presence signal on its own resembles a minus sign.
When a sample containing hCG is applied, the analyte detection region 16 will change
colour, by virtue of the retained labelled antibodies, giving the test signal. Therefore, the
symbol apparent to the user will be a plus symbol, formed by both the test signal and the

sample presence signal.

Therefore, the user can be confident that sufficient liquid has been added to the assay
device and that the assay has given a positive result, which, in this case, indicates that the

test subject is pregnant.

The colour of the protruberance 8 is selected so that it corresponds to the colour of the
analyte detection region 16 when it gives a typical positive result. This is not only visually

appealing, but gives an additional level of reassurance to the user.

Figures 8(a)-(d) are a series of photographic images showing (a) a test device, without top
cover or nitrocellulose strip 10, in which a coloured plastic protruberance 8 formed in the
bottom cover can be seen; (b) an assembled device having a result window 4 and,
additionally, an end control window 36 the purpose of which is to provide a sample

presence signal line by retaining labelled antibody in a conventional fashion.

Figure 8(c) shows the device after a test, when no positive result is indicated. As a result
of the wetting of the nitrocellulose layer, which has become transparent revealing the

protruberance 8, a minus sign appears in result window 4.

Figure 8(d) shows device indicating a positive result due to the presence of analyte.

Analyte detection region 16 has also changed colour, hence a plus sign is formed.
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Example 2

Figure 4 illustrates an example embodiment of the assay device. In this embodiment, a
printed mylar layer 24 is applied to the nitrocellulose strip, in contact with the porous
nitrocellulose layer 12. It is held in place by a protruberance 22 supported by the case 2 of
the assay device 1. Conveniently, the use of a mylar strip 24 enables any type of image to
be used merely by printing the image on the mylar strip with conventional printing

technology.

Example 3

Figure 5 illustrates an alternative embodiment in which a visible image is applied to a
mylar layer 26 by means of printing, and the mylar layer is held in contact with the porous
nitrocellulose layer 12 by an adhesive layer 28. No protruberance is required in this

example, but can optionally be provided.

Example 4

Figure 6 illustrates a further example embodiment in which the nitrocellulose strip 10 is
inverted, with the mylar backing layer 14 away from the user. A coloured image is
printed directly onto the mylar layer 14 and simply consists of ink 30 (thickness
exaggerated in the Figure). In this embodiment, an additional protective layer 32 is
provided to protect the nitrocellulose strip. This protective layer 32 is 50 microns thick
Adhesives Research ™ laminate, applied by a hand roller. This was found to slow down
the movement of liquid through the laminated region which can be of benefit. Again, no

protruberance is required but can optionally be provided.
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Example 5

Figure 7 illustrates a further example embodiment in which the nitrocellulose strip is
orientated as before, with the mylar layer 14 towards the user. An ink layer 34 is printed
directly onto the porous nitrocellulose layer 12. It is necessary that this ink does not

penetrate through the nitrocellulose layer, and an appropriate ink must be selected for this

purpose.

Example 6

Figure 9 illustrates in plan view, a schematic of the nitrocellulose strip of an alternative
embodiment. Here, the casing, wick, analyte detection region and label are as before. The
nitrocellulose strip 100 is partly visible through a results window 110. An ink spot 120 is
located on the nitrocellulose strip 100. It is not within the results window 110, and is

therefore obscured initially by the assay device case (not shown).

In use, ink from the ink spot 120 is carried along by the flow of the liquid sample forming
a streak 130 which is visible in the results window 110. The ink spot is made from an ink
selected so that it is neither insufficiently mobile to produce a suitable streak, nor moves

entirely with the solvent front so as to not form a streak.

However, a reaction zone having immobilised anti-hCG antibodies is also present, forming
a coloured bar 140 indicative of a positive result, depending on the presence or amount of
analyte in the liquid sample. Thus, in the event of a positive result, a plus sign is thereby
produced, as shown in Figure 9(b). Figure 9(c) illustrates the coloured bar 140 on its

own, when no positive results is indicated but liquid sample has been added.

Figure 10 illustrates the nitrocellulose strip 100 for use in this invention. The ink spot 120
can be a circular spot, or a rectangular or other shaped mark 120b. The ink spot 120 is

positioned downstream from a region 125 which, when the device is assembled, is in
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contact with the wick. Holes 145, in the nitrocellulose strip, are provided to engage with

formations on the assay device case, holding the nitrocellulose strip in place.
A suitable ink can be applied using an Ostaline (RTM) rollerball 0.5mm pen.

Figure 11 shows the sequential development of the streak using this ink.

Example 7

Figure 12 illustrates the nitrocellulose strip of a further example device. As before, the
nitrocellulose receives a liquid sample from a wick, and is enclosed within a case (not
shown) having a results window 202 through which an analyte detection region, which is
initially uncovered 204 can be viewed. There is additionally provided a sample presence

signal generating region 206.

The sample presence signal generating region 206 comprises a material which changes
colour in the presence of an appropriate liquid sample. For example, a pH indicating dye,
for example, bromocresol green applied in a matrix of cross-linkable poly hydroxy ethyl

methacrylate (poly(HEMA)).

Further modifications and alternations may be made within the scope of the invention

herein described.
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CLAIMS

1. An assay device comprising liquid transport means adapted to take up a liquid
sample and conduct the liquid to an analyte detection region operable to provide a
test signal indicative of the presence and/or amount of an analyte in the liquid
sample; characterised in that the assay device further comprises a sample presence

signal generation means.

2. The assay device of claim 1 characterised in that the sample presence signal
generation means generates a sample presence signal in the analyte detection

region.

3. The assay device of claim 1 or claim 2 wherein the sample presence signal
generation means generates a sample presence signal which interacts with the test
signal in the presence of analyte to form an interactive symbol representative of a

positive result.

4. The assay device of any one of claims 1, 2, or 3 wherein the sample presence

signal is not generated by means of an immunoreaction.

5. The assay device of any one preceding claim wherein the sample presence signal is
in the form of a line oriented substantially parallel with the direction of flow of the

liquid sample.

6. The assay device of claim 5 wherein the test signal is a line oriented substantially
perpendicular to the sample presence line such that the test signal intersects the

sample presence signal.

7. The assay device of claim 5 or claim 6 wherein the test signal is in the form of a

clear, unambiguous line without fadeout.
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10.

11.

12.

13.

14.

20

The assay device of any one preceding claim having a casing, the casing having a
window therein through which the test signal and sample presence signal are

viewable when formed.

The assay device of any one preceding claim further comprising a control signal
generation means downstream of the analyte detection region adapted to generate a
control signal indicative that one or more reagents present in the assay device are

functioning.

The assay device of any one preceding claim having a surface visible to the user,
wherein the sample presence signal generation means comprises a coloured portion
which is not on the surface visible to the user and which is overlaid by a material
which, when dry, is substantially opaque and which initially obscures at least a part
of the coloured portion but which, when wet, becomes sufficiently translucent or
transparent to allow at least the initially obscured part of the coloured portion to

become visible to the user.

The assay device of claim 10 wherein the coloured portion is a surface of a

protruberance from a casing provided around the liquid transport means.

The assay device of claim 10 or claim 11 wherein the liquid transport means
comprises a liquid transporting strip functioning as the material which, when dry, is

substantially opaque but which, when wet, becomes substantially transparent.

The assay device of claim 12 above in the liquid transporting strip comprises a

porous carrier.

The assay device of claim 13 wherein the liquid transporting strip comprises a

nitrocellulose strip.
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15.

16.

17.

18.

19.

20.

21.

22.

23,

21

The assay device of any one of claims 12 to 14 wherein the coloured portion

comprises part of the liquid transporting strip means.

The assay device of any one of claims 12 to 14 wherein the coloured portion

comprises a sheet applied to the liquid transporting strip means.

The assay device of any one of claims 10 to 16 wherein the coloured portion

presses against the liquid transporting strip.

The assay device of any one of claims 1 to 9 wherein the sample presence signal
generation means comprises a mobilisable detectable material localised on or in the
liquid transport means, and which, when wetted by the liquid sample, is carried by
it along the liquid transport means resulting in a streaked line substantially parallel

with the sample flow direction.
The assay device of claim 18 wherein the detectable material is a coloured dye.

The assay device of any one of claims 1 to 9 wherein the sample presence signal
generation means comprises a colour changing material immobilised thereon and

which undergoes a change in its visible properties upon wetting.

The assay device of claim 20 wherein the colour changing material changes colour
in response to wetting by a liquid sample having a specific property to which the

colour change material is responsive

The assay device of claim 20 or claim 21 wherein the colour changing material is a

pH indicator.

A method of performing an assay comprising the steps of: contacting an assay
device according to any one preceding claim with a liquid sample and, if the sample
presence signal is generated, determining whether the test result is positive or

negative by reference to the presence or absence of the test signal.



WO 2004/003559

1

,\f\'

PCT/GB2003/002765

2 4 5
g6 7\ \7 L (\
ﬂ\\\\\\i\\\\\\k\\\}\\\\ ANANANLAVANA NN

vz )9/7‘7?\\

]

-
L

]

|

|

f

| —

153

— o — -

1!
|

.

SUBSTiTUTE SHEET (RULE 26)

Fig. 3



WO 2004/003559 PCT/GB2003/002765
4 .
10

\\\\\\ \\\\\Z\\\\

L L L L L L0 L

x\\\\\\\\\\\\\\\\\\\\\\\\\

12

Fig.4

4.

\‘\\\\ \\\7\\\‘

\\\\\\\\\\\\\\\\\\\\\\

® ™ Fig.5

/f///////i/‘////l

\‘\\\\ \\\\

\\\\\\\\\\\\\\\\\\\\\\\

LLLL L L L L

z“'

\\\\ \\\l\\\ \

\\\ TTEEY

Fig.7

SUBSTITUTE SHEET (RULE 26)



WO 2004/003559 PCT/GB2003/002765

| Fig.8(b)
36/ : \4 .
Fig.8(c)

36" 16 4 Fig.B(d)

SUBSTITUTE SHEET (RULE 26)



WO 2004/003559 PCT/GB2003/002765

100, 100

FLOW

Flg 9(a) Flg 9( b)  Fig.9(c)

145 145
N
120 120b
N
\\6 . ~,
A i
s s’ Fig.10
. zoov/.v 200
‘ | ~---—2‘04
DIRECTION LA
‘ oF | ~
FLOW 206
Fig.12

SUBSTITUTE SHEET (RULE 26)



WO 2004/003559 PCT/GB2003/002765

Fig.11(a) Fig.11(b)

Fig.1(c) Fig. 11(d)

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Internatior splication No

PCT/GB 03/02765

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 GOIN33/558  GOIN33/543

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, whete practical, search terms used)

EPO-Internal, PAJ, WPI Data, MEDLINE, BIOSIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
P,X WO 03 023371 A (QUIDEL CORP) 1-17,23

20 March 2003 (2003-03-20)

abstract

paragraphs

‘00301, °0033!-°0037!,‘01371-°0144!;
figures 2,3

X US 5 110 550 A (STEINBISS JOACHIM ET AL) 1-17,23
5 May 1992 (1992-05-05)

column 2, T1ine 40-46; figures 1,2
column 7, Tine 10 —column 8, T1ine 11

X WO 98 22824 A (ZER AVRAHAM ;ZER TAMAR 1-9,
(IL)) 28 May 1998 (1998-05-28) 18-23
Y abstract; claims 1,12 10-17

page 8, 1ine 9-16
-/—

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents:
Sp g *T* later document published after the international filing date

or priority date and not in conflict with the application but
cited !|o understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance
'E" earlier document but published on or afterthe international *X* document of particular relevance; the claimed invention

fling date cannot be considered novel or cannot be considered to
*L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the intemational filing date but inthe art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual compietion of the international search Date of maifing of the international search report
14 November 2003 28/11/2003
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 3402040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016 " Vadot-Van Geldre, E

Forn PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Internatic \pplication No

PCT/GB 03/02765

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relavant 1o claim No.

X EP 0 560 411 A (UNILEVER NV)
15 September 1993 (1993-09-15)

Y page 4, Tine 28-34; figure 8

X EP 0 421 294 A (ABBOTT LAB)

10 April 1991 (1991-04-10)

cited in the application

abstract

Y column 3, 1ine 54 —column 4, line 1
column 9, line 21-26; figure 3

Y US 4 705 513 A (BUTLER JR JAMES L ET AL)
10 November 1987 (1987-11-10)

column 2, line 10-20

1-9,
18-23
10-17
1-9,

18-23
10-17

10-17

Form PCTASA/210 {continuation of second sheet) Llulv 18921




international appiication No.

INTERNATIONAL SEARCH REPORT PCT/GB 03/02765

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:
because they relate to parts of the international Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. l:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned In the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998)




International Application No. PCT/AB 03 02765

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as foliows:

1. Claims: claims 1-9 (partially), 10-17, 23 (partially)

assay device (and method) whereby the "sample presence
signal generation means" comprises a coloured portion which
is overlaid by a material which when dry is opaque and when
wet, becomes sufficiently transiucent or transparent to
allow the coloured portion to become visible to the user.

1.1. Claims: Claims 1-9 (partially), 18-19, 23 (partially)

assay device whereby the "sample presence signal
generation means” comprises a mobilisable detectable
material, which when wetted by the 1iquid sample is
carried by it resulting in a streaked line.

1.2. Claims: Claims 1-9 (partially), 20-22, 23 (partially)

assay device whereby the "sample presence signal
generation means" comprises a colour changing material
immobilised thereon and which undergoes a change in
its visible properties upon wetting.

Please note that all inventions mentioned under item 1, although not
necessarily linked by a common inventive concept, could be searched
without effort justifying an additional fee.




INTERNATIONAL SEARCH REPORT

Internatic Jpplication No

PCT/GB 03/02765

Information on patent family members

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 03023371 A 20-03-2003 US 2003049167 Al 13-03-2003
Wo 03023371 Al 20-03-2003
US 2003157699 Al 21-08-2003

US 5110550 A 05-05-1992 DE 3826057 Al 01-02-1990
AT 112057 T 156-10-1994
DE 58908389 D1 27-10-1994
EP 0353500 A2 07-02-1990
ES 2061812 T3 16-12-1994
JP 2078934 A 19-03-1990
JP 7104345 B 13-11-1995

W0 9822824 A 28-05-1998 AU 4963897 A 10-06-1998
WO 9822824 Al 28-05-1998

EP 0560411 A 15-09-1993 AT 101721 T 15-03-1994
EP 1248112 A2 09-10-2002
EP 0560410 A2 15-09-1993
EP 0560411 A2 15-09~-1993
GR 3034325 T3 29-12-2000
AT 225509 T 15-10-2002
AT 195022 T 15-08-2000
AU 626207 B2 23-07-1992
AU 1622888 A 02-12-1988
AU 4438697 A 19-03-1998
AU 682071 B2 18-09-1997
AU 8048994 A 09-03-1995
AU 679279 B2 26-06-1997
AU 8049094 A 09-03-1995
DE 3856421 D1 31-08-2000
DE 3856421 T2 14-12-2000
DE 3856542 D1 07-11-2002
DE 3856542 12 30-10-2003
DE 3887771 D1 24-03-1994
DE 8805565 Ul 18-08-1988
DE 1248112 T1 20-03-2003
DE 291194 T1 19-03-1992
DE 560410 T1 20-12-2001
EP 0291194 Al 17-11-1988
ES 2050704 T3 01-06-1994
ES 2184734 T3 16-04-2003
ES 2150428 T3 01-12-2000
FR 2614423 A3 28-10-1988
Wo 8808534 Al 03-11-1988
GB 2204398 A ,B 09-11-1988
HK 140995 A 15-09-1995
IT 214285 72 24-04-1990
JpP 2705767 B2 28-01-1998
JP 6180320 A 28-06-1994
JP 2705768 B2 28-01-1998
JP 6160388 A 07-06-1994
JP 2919392 B2 12-07-1999
JpP 9178748 A 11-07-1997
JP 7046107 B 17-05-1995
JP 1503174 T 26-10-1989
us 5622871 A 22-04-1997
us 5602040 A 11-02-1997
us 5656503 A 12-08-1997

Form PCT/ISA/210 (patent family annex) (July 1992)



INTERNATIONAL SEARCH REPORT

Information on patent family members

Internatio

pplication No

PCT/GB 03/02765

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0560411 A usS 6228660 Bl 08-05-2001
us 6187598 Bl 13-02-2001
US 2001008774 Al 19-07-2001
US 2001041368 Al 15-11-2001
AU 656966 B2 23-02-1995
AU 1704992 A 27-08-1992
AU 656967 B2 23-02-1995

EP 0421294 A 10-04-1991 US 5075078 A 24-12-1991
AT 128235 T 15-10-1995
AU 637830 B2 10-06-1993
AU 6385590 A 11-04-1991
CA 2026843 Al 06-04-1991
DE 69022521 D1 26-10-1995
DE 69022521 T2 25-04-1996
DE 421294 T1 14-08-1991
EP 0421294 A2 10-04-1991
ES 2027215 11 01-06-1992
GR 91300086 T1 10-12-1991
JP 2999238 B2 17-01-2000
JP 3176659 A 31-07-1991

US 4705513 A 10-11-1987  NONE

Form PCT/ISA/210 (patent family annex) {July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

