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ABSTRACT

A device for determining the result of an assay may include a computation circuit,
responsive to a signal representing the amount of an analyte or the rate of accumulation of an
analyte, to: compare the signal to a first threshold; compare the signal to a second threshold,
the second threshold being less than the first threshold; generate an output signal if the signal
exceeds the first threshold or the signal 1s less than the second threshold, the output signal
indicative of a first result if the signal exceeds the first threshold, or, alternatively, the output
signal indicative of a second result if the signal is less than the second threshold; and

terminate the assay if the signal exceeds the first threshold or the signal is less than the

second threshold.
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Title: Early Determination of Assay Results

Field of the Invention

The present invention relates to assay reading devices for the measurement of analytes. In

particular it relates to electronic readers for use with assay test-strips which use optical

methods of measurement.

Backgi'ound of the Invention
Analytical devices suitable for home testing of analytes are now widely commercially
available. One lateral flow immunoassay device suitable for this purpose for the

measurement of the pregnancy hormone human chorionic gonadotropin (hCG) is sold by

Unipath under the brand-name CLEARBLUE® and 1s disclosed in EP291194,

In particular EP291194 discloses an immunoassay device comprising a porous carrier
containing a particulate labelled speciﬁc binding reagent for an analyte, which reagent is
freely mobile when in the moist state; and an unlabelled specific binding reagent for the
same analyte, which reagent 1s immobilised in a detection zone or test zone downstream
from the unlabelled specific binding reagent. Liquid sample suspected of containing analyte
1s applied to the porous carrier whereupon it interacts with the particulate labelled binding to
form an analyte-binding partner complex. The particulate label is coloured and is typically
gold or a dyed polymer, for example latex or polyurethane. The complex thereafter migrates
into a detection zone whereupon it forms a further complex with the immobilised unlabelled
specific binding reagent enabling the e—Xtent of analyte present to be detected or observed.
Due to the nature of the binding reactions taking place it is necessary to wait for a particular
period of time to elapse after the test has commenced in order to read the result. This is
particularly important for a visual semi-quantitative type of test whereby the resuit develops
over time as the fluid sample, which is typically in excess, continually flows past the

detection zone resulting in the build-up of captured analyte complex
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Such devices are simple to use, and the result may be determined visually, without the need
for an electronic reader. They are also semi-quantitative, giving rise to either a positive or
negative result. Due to the nature of the test, it 1s necessary to wait for a certain period of
‘time such that a sufficient amount of the labelled analyte complex is captured in the
detection zone. If a result were read too early, it might be interpreted as being negative, even
though analyte were in fact present in the sample. In view of this, instructions requiring the
user to wait for a prescribed period of time after the sample has been applied in order to view
the result often accompany the test. Other methods include a signal that is generated after a
particular peribd of time has elapsed which indicates to the user that a sufficient period of

time has elapsed in order to read the test, as disclosed in our copending application no

- PCT/EP03/00274.

EP653625 discloses a lateral flow assay test-strip for use in combination with an assay
reader the whereby the extent of binding of particulate label is determined optically (i.e. by
assay reader). The reader further incorporates a timing mechanism such that the result is

displayed after a preset period, thus removing the need for the user to time the test.

US5837546 discloses an integrated reader and test-strip wherein the test-strip is provided

with additional electrodes which sense the presence of fluid on the test-strip which generates

a signal to switch on the sensing electronics.

The above tests however, require a preset time to have elapsed before the result is read or
displayed. This is not always convenient, for example in the case wherein the test in used in
an‘ emergency room procedure and the time to result is vital. For instance, some commercial
lateral flow assay-based test kits for markers of cardiaé damage require as much as 15
minutes or so for the assay to be completed. In other cases, such as a pregnancy test, there is

a natural desire on the part of the user to have the result as soon as possible.
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Summary of the Invention

The present disclosure provides assay devices comprising a reader for use with, or in integral
combination with, an assay test strip. The reader can, under certain circumstances,

determine a positive or negative result (i.e., the presence and/or amount of an analyte 1n a

test sample) before an assay has completed.

In some embodimehts, an assay result reading device may include a computation circuit
responsive to a signal representing the amount of an analyte or the rate of accumulation of an
~analyte. The circuit compares the signal to a first threshold and compares the signal to a
second threshold, the second t_hreShold being less than the first threshold. The circuit
generates an output signal indicative of a first result and terminates the assay if the signal
exceeds the first threshold. The circuit generates an output signal indicative of a second

result and terminates the assay if the signal is less than the second threshold.

In some embodiments, a method for determining the outcome of an assay includes
performing the assay to generate a signal representing the amount of an analyte or the rate of
accumulation of an analyte; comparing the signal with first and second threshold values; and

declaring the result of the assay if the determined rate or amount of signal accumulation

exceeds the upper threshold value or is below the lower threshold value.

Brief Description of the Drawings

Figure 1 1s a perspective view of one embodiment of an assay result reading device in

accordance with the present disclosure;

Figure 2 1s a schematic representation of some of the components of the embodiment

illustrated in Figure 1; and

Figure 3 1s a graph of typical results for reading (i.e. signal) against time.
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Detailed Description of the Invention

It 1s preferred, but by no means essential, that the assay i1s a lateral flow type assay, in which
a liquid sample, possibly comprising the analyte of interest, is applied to a liquid transport
means (typically comprising a porous carrier, such as nitrocellulose) and migrates

therealong. Assays of this type are well known to those skilled in the art and are disclosed,
for example, in EP0291194.

 The signal which accumulates during performance of the assay may be anything suitable for
the purpose. Conveniently the signal accumulation comprises formation or accumulation of
a readily detectable substance (ex. g. a coloured reaction product). More especially the assay
preferably comprises accumulation of a labelled reagent, typically deposition or
accumulation of the labelled reagent in the test zone or detection zone of a lateral flow assay
stick. The label may be, for instance, an enzyme, a radiolabel, a fluorochrome, a coloured
particle or the like. In particular the assay conveniently involves the accumulation of a
specific binding reagent in the detection zone of a lateral flow assay stick, the specific

binding reagent being labelled with a particle of gold or a coloured polymer, such as latex.

Generally speaking, presence of the analyte of interest in the sample will tend to cause
accumulation of signal. However, in other formats (especially for example, competition or
displacement formats), it is the absence of the analyte of interest which may cause the

accumulation of the relevant signal.

Again, generally speaking, in those embodiments of the device and method of the present
disclosure where presence of the analyte of interest leads to accumulation of the signal, the
upper threshold value is set such that signal levels below this value are regarded as negative

(1.e. the analyte is not present) and levels above are regarded as positive.

[t after a certain period of time, the rate or amount of signal accumulation has not reached
the lower threshold limit, it is considered that the signal will never reach the upper threshold

even 1f the reaction were allowed to proceed to completion, and an early negative result is
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then displayed. This would represent the case of a fluid sample having a very low analyte

concentration.

Conversely, a result can be promptly displayed if the rate or amount of signal accumulation
crosses the upper threshold limit. In the case of a high analyte concentration, the reading will

cross the upper threshold limit at an earlier time and therefore an earlier than usual result

may be displayed.

In the intermediate case wherein the rate or amount of signal accumulation crosses the lower
thréshold limit before a certain period of time has elapsed but does not exceed the upper
- threshold, the reader will wait until the reading crosses the upper threshold before displaying

a positive result. If the reading does not pass the upper threshold before a further second

period of time has elapsed, a negative result 1s displayed.

Thus the device is able to display the results as soon as conveniently possible rather than
necessarily wait for a preset time to elapse. A device in accordance with the present

disclosure can therefore generally indicate an assay result more quickly, especially where the

analyte concentration is very high or very low.

The reaction which leads to signal accumulation may be any suitable reaction e.g. a
conventional chemical reaction between two chemical entitieé, or an enzyme-catalysed
reaction or reaction requiring some other catalyst, or may be a binding reaction. Preferred
binding reactions will involve the binding of at least one biological molecule. More
especially, the reaction will preferably involve the binding of members of a specific binding

pair (“sbp”). Sbps are well known to those skilled in the art and include, inter alia,

enzyme/substrate, antibody/antigen, and ligand/receptor pairs.

A preferred reaction involves the binding of a labelled analyte/reagent complex to speczﬁc
binding reagent 1mrnoblllsed in a detection zone of a lateral flow assay stick, the signal bemg

accumulation of the label in the detection zone.
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The assay result reader will typically ..comprise an optical detection system to detect
accumulation of the label. Conveniently the reader device will comprise meéns of
generating a signal (typically a digital signal) which i1s proportional to the amount of label
accumulated. Desirably the optical detection system may measure an optical property, such
as the amount of light reflected and/or transmitted from a detection zone in which the label

accumulates. Suitable optical systems are known to those skilled in the art and are disclosed,

for example, in EP 0653625.

The preferred optical detection system will comprise at least one light source and at least one
photodetector (such as a photodiode). Pretferred light sources are light emitting diodes or
LED's. Reflected light and /or transmitted light may be measured by the photodetector. For
the purposes of this disclosure, reflected light 1s taken to mean that light from the light
source is reflected from the porous carrier or other liquid transport means onto the
photodetector. In this situation, the detector is typically provided on the same side of the
carrier as the light source. Transmitted li'ght refers to light that passes through the carrier
and typicdlly the detector is provided on the opposite side of the carrier to the light source.
For the purposes of a reflectance measurement, the carrier may be provided with a backing
such as a white reflective MYLAR® plastic layer. Thus light from the light source will fall
upon the carrier, some will be reflected from its surface and some will penetrate into the
carrier and be reflected at any depth up to and including the depth at which the reflective
layer 1s provided. Thus, a reflectance type of measurement may actually involve

transmission of light through at least some of the thickness of the porous carrier.

In a preferred embodiment the assay result reading device comprises a housing formed from
a light-impermeable material, conveniently a synthetic plastics material such as
polycarbonate, ABS, polystyrene, high density polyethylene, or polypropylene or polystyrol

containing a suitable light-blocking pigment.

The housing of the assay result reader typically comprises an aperture such that a test strip

may be releasably inserted into and (preferably) engaged with the housing. The housing is
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- designed such that ambient light entering the interior of the reader is kept to an absolute
minimum. Desirably suitable alignment and fixing means are provided within the housing
such that the test strip remains in a fixed position when inserted. The light sources are

arranged 1n the housing such that, when the test strip has been correctly inserted, they are

correctly aligned with the respective zone to be measured.

The assay test strip may be any conventional lateral flow assay test strip such as those
disclosed in EP291194 or US6352862. The test strip preferably comprises a porous carfier
containing a particulate labelled specific binding reagent and an unlabelled specific binding
reagent. The light sources and corresponding photodetectors are preferably so aligned such
~ that during use, light frdm the light sources falls upon the respective zones on the porous
carrier and 1s reflected or transmitted to the respective photodetectors. The photodetectors
generate a current proportional to the amount of light falling upon it which is then fed
through a resistor to generate a voltage. The amount of light reaching the photodetector
depends upon the amount of coloured particulate label present and therefore the amount of
analyte. "Thus the amount of analyte present in the sample may be determined. This method

of optically determining the analyte concentration is described more fully in EP653625.

In a typical embodiment, the assay result reading device will comprise one or more of the
following: a central processing unit (CPU) or microcontroller; one or more LED's; one or
more photodetectors; a power source; and associated electrical circuitry. The power source
may be a battery or any other suitable power source (e.g. a photovoltaic cell).

Conveniently the CPU or microcontroller will be programmed so as determine, from the
oﬁtput of the photodetectors, the rate or amount of signal accumulation and to compare this

with the upper and lower threshold values.

In order to declare the assay result the reader will generally possess some manner of
indicating or communicating the result of the assay to a user. This may take the form, for
example, ot an audible or visible signal. Desirably the device will comprise a visual display

to display the assay result. This may simply take the form of one or more LED's or other
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light sources, such that illumination of a particular light source or combination of light
sources conveys the necessary information to the user. Alternatively the device may be
provided with an alphanumeric or other display, such as an LCD. In addition, or as an
alternaﬁve, to displaying the assay result, the device may also display or indicate in some
other way to the user whether or not the result of the particular assay should be disregarded
e.g. because a control result has failéd. If the reading device determines that a particular
assay result should ‘be disregarded it may prompt the user to repeat the assay. Displays

suitable for displaying this sort of information are known to those skilled in the art and

~ disclosed, for example, in WO 99/51989.

For the avoidance of doubt, it is expressly stated that any of the features described herein as
“preferred”, “desirable”, convenient”, “advantageous” or the like may be adopted in an
embodiment in combination with any other feature or features so-described, or may be

adopted in 1solation, unless the context dictates otherwise.

Advantageously the reader device will have some means of determining elapsed time, such

as an integral clock device.

Preferably the reading device is activated when an assay device is inserted into the reader
device. This may be achieved by the user pressing a switch or button but, more preferably,
1s effected automatically, such that insertion of an assay device in the correct orientation and
into the correct position within the reader causes activation thereof. To facilitate this, it is
preferred that the reader and the assay device are shaped and dimensioned so as to provide a
precise three dimensional fit. This concept is disclosed and described in EP 0833145. In
particular activation of the reader and/or insertion of an assay device into the reader may

trigger the reader to commence timing.

Desirably the reader is so programmed as to make a first determination of the rate or amount
of signal accumulation after a predetermined time interval. (Say, for example, 10 seconds

after activation). If the rate or amount of signal accumulation exceeds the upper threshold or
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1s below the lower thieshold, and the control values (if any) are within acceptable limits, the
assay can be safely terminated and the results (positive, negative, or a semi-quantitative
result) indicated to the user. If however the determined rate or amount of signal
accumulation 1s above the lower threshold but below the upper threshold, the assay must be

continued. The signal in this instance may be said to be an intermediate signal.

Typically there 1s an end-point, t., at which the reader device considers the assay complete.
If the signal 1s still below the upper threshold value at t. the result of the assay is negative (in
those formats in which it is the presence of the analyte of interest which leads to formation
of the signal). The end-point of the assay may not necessarily be at completion of the

~ reaction. Indeed, the end-point t, will normally be considered to have been reached before

the reaction 1s complete.

The t. end point may conveniently be determined by the reader by reference to a particular
time point (1.€. t. may be considered to occur a particular amount of time after
commencement bf the assay e.g. a particular interval after activation of the readef and/br
insertion of an assay stick into the reader and/or application of the sample to the test stick).
For the purposes of 1illustration, t. will typically occur between 1 and 10 minutes, preferably

between 1 and 5 minutes after commencement of the assay.

Desirably the assay result reader will be programmed so as to repeat the test measurement if
an intermediate signal is obtained. In a simple embodiment the measurement is repeated at
te. Preferably however the measurement is repeated one or more times before the end point.
Most preferably the reader device is programmed to repeat the measurement at regular
Intervals (say, for instance 1 second or 5 second intervals) until the signal exceeds the upper

threshold or until t., which ever occurs first.

Inclusion of a clock or other timing device in the assay result reader is desirable so that the
reader can automatically take measurements at predetermined time points without further

user mput.
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Thus, for example, the reader may be programmed to take measurements at an initial time
point t, and, if necessary to make repeated measurements at any desired interval thereafter

until the signal exceeds the upper threshold or t. 1s reached, as described above.

In addition, a clock or other timing device facilitates the reading device in determining the
rate of signal accumulation. If measurements of the amount of signal are taken at two or

more time points (with a known temporal separation), then the rate of signal accumulation

may readily be calculated.

It should be noted that the rate or amount of signal accumulation could be measured either in

absolute terms or as a relative valve (e.g. compared to a control or other comparison value,

optionally obtained from a substantially contemporaneous reaction).

Examples

Example 1

An embodiment of an assay result reading device 1s shown 1n Figure 1.

The reading device is about 12¢m long and about 2cm wide and 1s generally finger or cigar-
‘ shaped. In preferred embodiments, the housing is no larger than about 12 cm long, about 2.5
cm wide, and about 2.2 cm tall. Howe\}er, any convenient shape may be employed, such as
a credit card shaped reader. The device comprises a housing 2 forméd from a light-
impermeable synthetic plastics material (e.g. polycarbonate, ABS, polystyrene, high density
polyethylene, or polypropylene or polystyrol containing an appropriate light-blocking
pigment, such as carbon). At one end of the reading device is a narrow slot or aperture 4 by

which a test strip (not shown) can be inserted into the reader.

On its upper face the reader comprises two oval-shaped apertures. One aperture

accommodates the screen of a liquid crystal display 6 which displays information to a user
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e.g. the results of an assay, in qualitative or quantitative terms. The other aperture

accommodates an eject mechanism 8 which, when actuated, forcibly ejects an inserted assay

device from the assay result reading device.

The assay device for use with the reading device 1s a generally conventional lateral flow test
stick e.g. of the sort disclosed in US 6,156,271, US 5,504,013, EP 728309 or EP 782707.
The assay device and a surface or surfaces of the slot in the reader, Into whiéh the assay
‘ device is inserted, are so shaped and dimensioned that (1) the assay device can only be
- successtully inserted into the reader in the appropriate orientation; and (2) there is a precise

three dimensional alignment of the reader and an inserted assay device, which ensures that

the assay result can be read correctly the reader.

A suitable assay device/reader device combination exhibiting this precise three dimensional

alignment 1s disclosed 1n EP 833145.

When an assay device 1s correctly inserted into the reader, a switch is closed which activates
the reader from a “dormant” mode, which is the normal state adopted by the reader, thereby

reducing energy consumption.

Enclosed within the housing of the reader (and therefore not visible in Figure 1) are a

" number of turther components, illustrated schematically in Figure 2.

Reterring to Figure 2, the reader comprises three LED's 10a,b, and ¢. When a test stick is
inserted into the reader, each LED10 is aligned with a respective zone of the test stick. LED
10a 1s aligned with the test zone, LED 10b is aligned with the reference zone and LED 10c is
aligned with the control zone. Respective photodiodes 12 detect light reflected from the
various zones and generate a current, the magnitude of which is proportional to the amount
of light incident upon the photodiodes 12. The current is converted into a voltage, buffered
by buffer 14 and fed into an analogue to digital converter (ADC, 16). The resulting digital

signal 1s read by microcontroller 18.
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In a simple arrangement, a separate photodiode is provided to detect from each zone (i.e. the
number of photodiodes equals the number of zones from which reflected light measurements
are made). The arrangement illustrated in Figure 2 is more sophisticated, and preferred.
Two photodiodes 12 are provided. One photodiode detects light reflected from the test zone
and some of the light reflected from the reference zone. The other photodiode 12 detects
some of the light reflected from the reference zone and the light reflected from the control
zone. The niicrocontroller 18 switches on the LED's 10 one at a time, so that only one of the
three zones 1s 1lluminated at any given time — in this way the signals generated by light

reflected from the respective zones can be discriminated on a temporal basis.

Figure 2 further shows, schematically, the switch 20 which is closed by insertion of an assay
device into the reader, and which activates the microcontroller 18. Although not shown in
Figure 2, the device turther comprises a power source (typically one or two button cells), and

an L.CD device responsive to output from the microcontroller 18.

In use, a dry test stick (i.e. prior to contacting the sample) is inserted into the reader, this
closes the switch 20 activating the reader device, which then performs an initial calibration.
The 1intensity of light output from different LED's is rarely identical. Similarly, the
respective photodetectors are unlikely to have identical sensitivities. Since such variation
could affect the assay reading an initial calibration is effected, in which the microcontroller
adjusts the length of time that each of the three LED's is illuminated, so that the measured
signal from each of the three zones (test, reference and control) is approximately equal and at
a suitable operating position in a linear region of the response profile of the system (such
that a change in intensity of light reflected from the various Zones produces a directly

proportional change in signal).

After performing the initial calibration, the device performs a further, finer calibration. This
involves taking a measurement (“calibration value™) of reflected light intensity for each zone

whilst the test stick is dry — subsequent measurements (“test values™) are normalised by
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reference to the calibration value for the respective zones (i.e. normalised value = test

value/calibration value).

To conduct an assay, a sample receiving portion of the test stick is contacted with the liquid
sample. In this case of a urine sample, the sample receiving portion may be held in a urine
stream, or a urine sample collected in a receptacle and the sample receiving portion briefly
(for about 5-10 secdnds) immersed 1n the sample. Sampling may be performed whilst the
tést stick 1s mnserted 1n the reader or, less preferably, the stick can be briefly removed from

~ the reader for sampling and then reintroduced into the reader.

Measurements of reflected light intensity from one or more (preferably all three) of the zones
are then commenced, typically after a specific timed interval following insertion of the test
stick into the reader. Desirably the measurements are taken at regular intervals (e.g. at
between 1-10 second intervals, preferably at between 1-5 second intervals). The
measurements are made as a sequence of many readings over short (10 milliseconds or less)
periods of time, interleaved zone by zone, thereby minimising any effects due to variation of

ambient light intensity which may penetrate into the interior of the reader housing.

Example 2

Figure 3 shows typical results for three different samples, in terms of amount of signal

(“Reading”, in arbitrary units) against time (in seconds).

The amount of signal is a measure of the light absorbed, or the decrease in light reflected,
from the test zone of a lateral flow test stick as might be determined using the assay result
reader described in the preceding example. In the presence of the analyte of interest, a
coloured particulate labelled binding reagent accumulates in the test zone. The coloured
particulate label absorbs some of the light incident upon the test zone, and this reduces the
amount of light reflected therefrom which is available for detection by a suitably positioned
photodetector. The higher the concentration of analyte, the more rapid the rate of

accumulation of label in the test zone and the stronger the “signal”.
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~ Plot 1 illustrates a typical graph which might be obtained for a liquid sample which contains
a high concentration of analyte. Plot 3 illustrates a typical graph which might be obtained
for a liquid sample which contains a very low concentration of analyte. Plot 2 illustrates a

typical graph which might be obtained for a liquid sample which contains an intermediate

concentration of analyte.

Also shown on the graph are two horizontal hines which indicate the upper threshold (*“U”)

and lower threshold (“L”) values respectively.

Referring to plot 1, the reader is programmed to make an initial reading at t(1), a certain
predetermined length of time after commencement of the assay. The reading obtained is

below the value of “U”, so an early positive result cannot be declared at t(1).

Equally, the reading 1s above the value of “L”, so an early negative result cannot be declared
at (1) either. In this situation, the reader 1s programmed to repeat the measurement after a
further, predetermined period of time has elapsed, at t(2). At t(2) the reading for plot 1 has
just exceeded the value of U, so the reader can promptly indicate that the result is positive,

via the LCD device.

Referring to plot 3, at t(1) the initial reading 1s below the value of L, so the reader can

promptly declare a negative result, since it can be predicted that the value will never exceed

the upper threshold betore the predetermined end-point of the assay t..

Referring to plot 2, the initial reading at time t(1) is, similar to that for plot 1, below the
value of U but above the value of L, so an early positive or negative result cannot be
declared. The same is true at t(2). If desired, the reader can be programmed to make any
number of further readings at t(3), t(4) etc. until the final reading is taken at t.. For plot 2,

the final reading at t, 1s still below the value of U, so the assay result would be negative.
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The following comments apply generally, not just to the example described immediately
above. It should be noted that, rather than measure absolute readings, values may be
calculated with respect to the rate of change of reading with respect to time, or
d(reading)/d(time). Alternatively, the rate of change of slope with respect to time may be
measured or d*(reading/d)time)® or the integral | d(reading) with respect to two or more time
values, namely the afea defined by the curve. This has the advantage that reading is
averaged over time, which smooths any anomalies. Alternatively, the rate of change of slope
with respect to time may be measured or d*(reading/d)time)*. Asa further alternative, all or
some of the above measurements may be made in combination to yield a result. Thus rather
than provide an early result based upon the value of the reading exceeding a lower or upper
threshold, the reader may make this evaluation based upon calculation of a first or second
differential, an integral or combination of one or more th-ererof. Furthermore, an early result
may be promptly declared after the reading has exceeded the lower threshold but the reader

determines that the result will not exceed the upper threshold value before the reading has

reached equilibrium

Furthermore 1t may be noted that the values of the at least upper and lower threshold limits

may be adjusted during the course of the assay reading. This may occur on the basis of the

readings obtained earlier in the course of the assay. It is preferable however that these

values remain constant during the course of an individual assay.

As an alternative tb promptly declaring the result, the reader may wait for a certain defined
period betore declaring a result. This provides an extra control feature, such that for example
a result 1s not déclared betore various control checks have been made on either the assay
strip, the reader or both. Such a situation might occur for a sample having an exceedingly

high or low analyte concentration.
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Example 3
An assay result reading device was created for making pregnancy determinations based on

the concentration of hCG in urine. The test strip includes anti-hCG antibody coupled to a

“chromophore.

The upper threshold was set at 10% attenuation gain (AG) (signal vs reference), and the
lower threshold was set at 6% attenuation gain (control vs ref). 10% AG corresponds to
appfoximately 15mIU hCG for a new test-strip and 25mlIU for an aged test-strip (aging is
believed to cause decay of the antibody, resulting in an apparent increase of signal) and 6% '
AG corresponds to approx. SmlU. In other embodiments, the upper thfeshold can be set

~ between about 10 and about 90% AG, and the lower threshold between about 1% and about

9%, although in principle other value ranges could be chosen.

The initial time reference (t=0) i1s set when the control vs reference signal passes through
zero. This means that the sample ﬂuid has reached the control line. The timer is then started.
The analyte signal 1s compared to the threshold values as described previously. The earliest
time point for a positive (pregnant) result is set at 20 seconds, and the earliest point for a

negative result is set at 60 seconds. In other embodiments, of course, other time periods may

be set.

The disclosed devices and methods may, naturally, be adapted tor use with a wide variety of
analytes. In particular, 1t should be noted that the disclosed devices and methods may be
used in situations in which a negative result is expected only in the absence of analyte, and
aléo In situations where a negative result is appropriate even when the analyte is present in
some amount. An example of the first situation 1s a test for a pathogen, such as HIV or strep
A. However, even in the absence of analyte, a lower threshold is still set and threshold test
employed, because non-specific binding may otherwise result in a false-positive background

reading.
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An example of the second situation is an assay result reader for ovulation that measures
luteinizing hormone (LH), because LH 1s normally present at a basal level and surges shortly

before ovulation; a positive result 1s desired during the surge, and a negative result during

the basal level.

Example 4

The above-described examples refer to assay result reading devices that work as one-time

tests; 1.e., a single test strip 1s assayed for a single test result. The threshold values typically

remain fixed from test to test for reliability and reproducibility.

- However, some embodiments may employ a series of test strips in order to track the amount

of an analyte over time, and to adjust the threshold values from strip to strip in the series

order to provide precise results.

One example of such a system is an assay result reader that measures luteinizing hormone
(LH) over several days to predict ovulation based on detecting the "LH surge" shortly before
ovulation. In a typical procedure, a first measurement is made. If it is above a certain upper
threshold (for example, greater than 16% AG), a positive result indicating "LH surge” is
returned. If the measurement is below this threshold, then the upper threshold for the next
test is adjusted, depending on the level measured. For example, if the signal is lower than
7% AG, the upper threshold is lowered to 13%. If the ineasurement for the first test-strip is

lower than respectively 5% or 3%, values of respectively 12% and 11% are chosen.

Thus, the algorithm chooses the threshold on the basis of the previous day's measurement,
but it could also be an average of the previous days measurements. Thus in general, the

thresholds need not neccessarily be fixed.

Examg le §

In some embodiments, the assay result reading device includes a memory system that stores

prior test results accumulated over a period of time. For example, the device may be
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configured for testing for the presence of a drug of abuse or a metabolite thereof, and the
memory system can store periodic test results. The device also includes a system for
viewing or retrieving test results, such as by a display, and electronic connection, or the like.
Example 6

In some embodiments, the assay result reading device includes a memory system that stores
test profiles for a variety of analytes. A profile can include, for example, the upper threshold
and the lower threshold. The profile can further include time periods for performing

threshold comparisons. In this manner, a single assay result reading device may be used to

- perform a variety of analyte assays.

The device further includes a selection system that selects the appropriate profile for the
desired analyte. In some embodiments, the selection system can be a switch that a user sets
to the desired test. In other embodiments, the selection system detects a feature on an assay
test strip indicative of the analyte to be measured. For example, the test strip may have a bar
code or other optiéal pattern. Altematively, a test strip may be configured so that it remits
light of a certain frequency or in a frequency range that is characteristic for a particular
analyte. The memdry system has a look-up table that the selection system may access to

identify an analyte based on the remitted light frequency.
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Claims

1. A device for determining the result of an assay, comprising:

a computation circuit, responsive to a signal representing the amount of an analyte or the rate

of accumulation of an analyte, to:
compare the signal to a first threshold;

compare the signal to a second threshold, the second threshold being less than the first

threshold;

generate an output signal if the signal exceeds the first threshold or the signal is less than the
second threshold, the output signal indicative of a first result if the signal exceeds the first

~ threshold, or, alternatively, the output signal indicative of a second result if the signal 1s less

than the second threshold; and

terminate the assay if the signal exceeds the first threshold or the signal is less than the

second threshold.

2. A device according to claim 1, wherein the first result is a positive result, and the

second result is a negative resuit.

3. A device according to claim 1 or 2, wherein the computation circuit is further
responsive to the signal to repeat the comparisons and the conditional generation if the signal

i1s between the first threshold and the second threshold.

4, A device according to any one of claims 1, 2 or 3, further comprising an optical

detection system for measuring the signal.

5. A device according to claim 4, wherein the optical detection system comprises at

least one light source and at least one photodetector.

6. A device according to claim 4, wherein the optical detection system comprises at

least three light sources and two photodetectors.
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7. A device according to claim 6, wherein the at least three light sources comprise three

licht emitting diodes, and the at least two photodetectors comprise two photodiodes.

8. A device according to any one of the preceding claims, further comprising a timer

coupled to the computation circuit.

0. A device according to claim 8, wherein the comparisons are pérformed within about

- one second of each other.

10. A device according to claim 8, wherein the comparisons are performed within about

60 seconds of each other.

11. ~ A device according to claim 8, wherein the comparisons are performed at least about

30 seconds apart.

12. A device according to any one of the preceding claims, further comprising a housing

enclosing the computation circuit.

13. A device according to claim 12, wherein the housing is no larger than about 12 cm

long, about 2.5 cm wide, and about 2.2 cm tall.

14. A device according to claim 12, further comprising at least one light source and at
least one photodetector, and wherein:

the housing defines an aperture for receiving at least a portion of a test strip inside the
device, the assay strip having at least one zone, and

the aperture, the light source, and the photodetector are positioned, sized and shaped so that,
upon insertion of the test strip, light emitted from the light source is incident on the zone,
and light emanating from the zone is incident on the photoreceptor, and wherein the

photoreceptor generates a signal representing an amount of an analyte in the zone.
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15. A device according to claim 14, wherein the housing is no larger than about 12 cm

long, about 2.5 cm wide, and about 2.2 cm tall.

16. A device according to claim 14, wherein the at least one light source comprises three

light sources, and the at least one photodetector comprises two photodetectors.

17. A device according to claim 16, wherein the at least three light sources comprise

three light emitting diodes, and the at least two photodetectors comprise two photodiodes.

18. A device according to any one of the preceding claims, further comprising at least
one light source, at least one photodetector, and. a test strip having at least one zone, wherein
the light source, the photodetector, and the test strip are positioned, sized and shaped so that
light emitted from the light source is incident on the zone, and light emanating from the zone
i1s 1ncident on the photoreceptor,- and wherein the photoreceptor generates a signal

representing an amount of an analyte in the zone.

19. A device according to claim 18, wherein the at least three light sources comprise

three light emitting diodes, and the at least two photodetectors comprise two photodiodes.

20. A device according to any one of the preceding claims, further comprising a memory

system for storing assay results.

21. A device according to any one of the preceding claims, wherein the computation

circuit is further responsive to the signal to adjust one or both threshold values.

22.  An assay result reading device for reading the result of an assay to detect the
presence and/or amount of an analyte of interest and wherein the presence or absence, as
appropriate, of the analyte of interest causes a reaction which leads to the accumulation of a

signal in a time-dependent manner, the device comprising:
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means for determining the rate or amount of signal accumulation;
means for comparing the determined rate or amount of signal accumulation with an upper

threshold value;

means for comparing the determined rate or amount of signal accumulation with a lower
threshold value; and \

means for declaring the result of the ass'ay if the determined rate or amount of signal
accumulation exceeds the upper threshold value or is below the lower threshold value or at
such time when it 1s determined that the rate or amount of signal accumulation will not

exceed or is not likely to exceed the lower threshold value before the assay has been

completed.

23. A method for determining the outcome of an assay, comprising: -

performing the assay to generate a signal representing the amount of an analyte or the rate of
accumulation of an analyte;

comparing the signal with a first threshold value;

comparing the signal with a second threshold value; and

declaring the result of the assay if the determined rate or amount of signal accumulation

exceeds the upper threshold value or is below the lower threshold value.

24. A method according to claim 23, wherein comparing is done before the assay reaches

equilibrium.

25. A method of declaring the result or outcome of an assay to detect the presence and/or
amount of an analyte of interest, the method comprising:

performing the assay so as to cause the reaction which leads to the accumulation of a signal
in a time-dependent manner;

determining, typically before the reaction has reached equilibrium, the rate or amount of
signal accumulation,; ‘

comparing the determined rate or amount with an upper and a lower threshold value; and
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declaring the result or outcome of the assay if the determined rate or amount of signal
accumulation exceeds the upper threshold value or is below the lower threshold value or at
such time when i1t 1s determined that the rate or amount of signal accumulation will not

exceed or is not likely to exceed the lower threshold value before the assay has been

compléted.

26. A method according to claim 25, further comprising the step of defining at least an

upper and lower threshold value.
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