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ASSAY DEVICES AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 12/615,723 ?led Nov. 10, 2009, Which is a 
continuation of US. application Ser. No. 11/773,325, ?led 
Jul. 3, 2007, Which is a continuation of US. application Ser. 
No. 10/741,416, ?led Dec. 19, 2003,noW U.S. Pat.No. 7,239, 
394, Which claims the bene?t of GB application Ser. No. 
03128154, ?led Jun. 4, 2003, and is also a continuation of 
US. application Ser. No. 10/742,459, ?led Dec. 19, 2003, 
Which claims the bene?t of GB application Ser. No. 0312801 . 
4, ?led Jun. 4, 2003, and is also a continuation ofU.S. appli 
cation Ser. No. 10/816,216, ?led Apr. 1, 2004, Which claims 
the bene?t of GB application Ser. No. 03128022, ?led Jun. 4, 
2003. Each of the aforementioned U.S. applications claims 
the bene?t of US. Provisional Patent Application Ser. No. 
60/508,001, ?led Oct. 2, 2003. Each of the aforementioned 
US. and GB applications is hereby incorporated herein by 
this reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] FIG. 1 is a perspective vieW of one embodiment of 
an assay result reading device in accordance With the present 
disclosure. 
[0003] FIG. 2 is a schematic representation of some of the 
components of the embodiment illustrated in FIG. 1. 
[0004] FIG. 3 is a graph of typical results for reading (i.e. 
signal) against time. 
[0005] FIGS. 4-6 are schematic representations of an 
embodiment incorporating a preferred light source/photode 
tector arrangement. 
[0006] FIG. 7 is a plan vieW of certain internal components 
shoWing an embodiment of one arrangement. 
[0007] FIG. 8 is an elevation vieW of certain internal com 
ponents shoWing an embodiment of one arrangement and 
exemplary optical paths. 
[0008] FIG. 9 is an exploded top perspective vieW of a 
baf?e element and a circuit board of an exemplary embodi 
ment. 

[0009] FIG. 10 is a top plan vieW shoWing an exemplary 
baf?e arrangement. 
[0010] FIG. 11 is a bottom perspective vieW shoWing an 
exemplary baf?e arrangement. 
[0011] FIG. 12 is abottom planvieW shoWing an exemplary 
baf?e arrangement. 
[0012] FIG. 13 is an exploded cross-sectional side vieW 
taken at line 10-10 in FIG. 10 shoWing an exemplary baf?e 
arrangement, circuit board, and a test strip. 
[0013] FIG. 14 is a transverse cross-sectional vieW taken at 
line 11-11 in FIG. 13 shoWing an exemplary baf?e arrange 
ment and a test strip. 
[0014] FIGS. 15-17 are graphs shoWing various signals 
returned from different portions of a test stick, inserted into 
the reading device illustrated in FIGS. 1-2, and their variation 
With time. 

DETAILED DESCRIPTION 

[0015] The present disclosure concerns, among other 
things, assay devices for use With test strips. 
[0016] For the avoidance of doubt, it is expressly stated that 
any of the features described herein as “preferred”, “desir 
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able”, 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 isola 
tion, unless the context dictates otherWise. 
[0017] 1. Early Determination of Assay Results 
[0018] It is preferred, but by no means essential, that the 
assay is a lateral ?oW 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. 
[0019] The signal Which accumulates during performance 
of the assay may be anything suitable for the purpose. Con 
veniently the signal accumulation comprises formation or 
accumulation of a readily detectable substance (eg a 
coloured reaction product). More especially the assay prefer 
ably comprises accumulation of a labelled reagent, typically 
deposition or accumulation of the labelled reagent in the test 
Zone or detection Zone of a lateral ?oW assay stick. The label 

may be, for instance, an enZyme, a radiolabel, a ?uoro 
chrome, a coloured particle or the like. In particular the assay 
conveniently involves the accumulation of a speci?c binding 
reagent in the detection Zone of a lateral ?oW assay stick, the 
speci?c binding reagent being labelled With a particle of gold 
or a coloured polymer, such as latex. 

[0020] Generally speaking, presence of the analyte of inter 
est in the sample Will tend to cause accumulation of signal. 
HoWever, in other formats (especially for example, competi 
tion or displacement formats), it is the absence of the analyte 
of interest Which may cause the accumulation of the relevant 
signal. 
[0021] Again, generally speaking, in those embodiments of 
the device and method of the present disclosure Where pres 
ence 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 (i.e. the analyte is 
not present) and levels above are regarded as positive. 
[0022] If 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 if the reaction Were alloWed to proceed to 
completion, and an early negative result is then displayed. 
This Would represent the case of a ?uid sample having a very 
loW analyte concentration. 
[0023] 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. 
[0024] In the intermediate case Wherein the rate or amount 
of signal accumulation crosses the loWer threshold 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 
is displayed. 
[0025] 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. 
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[0026] The reaction Which leads to signal accumulation 
may be any suitable reaction eg a conventional chemical 
reaction betWeen tWo chemical entities, or an enZyme-cataly 
sed 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 espe 
cially, the reaction Will preferably involve the binding of 
members of a speci?c 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. 
[0027] A preferred reaction involves the binding of a 
labelled analyte/reagent complex to speci?c binding reagent 
immobilised in a detection Zone of a lateral ?oW assay stick, 
the signal being accumulation of the label in the detection 
Zone. 

[0028] The assay result reader Will typically comprise an 
optical detection system to detect accumulation of the label. 
Conveniently the reader device Will comprise means of gen 
erating a signal (typically a digital signal) Which is propor 
tional to the amount of label accumulated. Desirably the 
optical detection system may measure an optical property, 
such as the amount of light re?ected 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. 
[0029] The preferred optical detection system Will com 
prise at least one light source and at least one photodetector 
(such as a photodiode). Preferred light sources are light emit 
ting diodes or LED’s. Re?ected light and/ or transmitted light 
may be measured by the photodetector. For the purposes of 
this disclosure, re?ected light is taken to mean that light from 
the light source is re?ected from the porous carrier or other 
liquid transport means onto the photodetector. In this situa 
tion, the detector is typically provided on the same side of the 
carrier as the light source. Transmitted light refers to light that 
passes through the carrier and typically the detector is pro 
vided on the opposite side of the carrier to the light source. For 
the purposes of a re?ectance measurement, the carrier may be 
provided With a backing such as a White re?ective MYLAR® 
plastic layer. Thus light from the light source Will fall upon the 
carrier, some Will be re?ected from its surface and some Will 
penetrate into the carrier and be re?ected at any depth up to 
and including the depth at Which the re?ective layer is pro 
vided. Thus, a re?ectance type of measurement may actually 
involve transmission of light through at least some of the 
thickness of the porous carrier. 

[0030] 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. 
[0031] 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 designed such that ambient light entering the inte 
rior of the reader is kept to an absolute minimum. Desirably 
suitable alignment and ?xing means are provided Within the 
housing such that the test strip remains in a ?xed position 
When inserted. The light sources are arranged in the housing 
such that, When the test strip has been correctly inserted, they 
are correctly aligned With the respective Zone to be measured. 
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[0032] The assay test strip may be any conventional lateral 
?oW assay test strip such as those disclosed in EP291194 or 
U.S. Pat. No. 6,352,862. The test strip preferably comprises a 
porous carrier containing a particulate labelled speci?c bind 
ing reagent and an unlabelled speci?c binding reagent. The 
light sources and corresponding photodetectors are prefer 
ably so aligned such that during use, light from the light 
sources falls upon the respective Zones on the porous carrier 
and is re?ected or transmitted to the respective photodetec 
tors. 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 par 
ticulate 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. 

[0033] 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 (eg a photovoltaic 

cell). 
[0034] Conveniently the CPU or microcontroller Will be 
programmed so as determine, from the output of the photo 
detectors, the rate or amount of signal accumulation and to 
compare this With the upper and loWer threshold values. 
[0035] In order to declare the assay result the reader Will 
generally possess some manner of indicating or communicat 
ing the result of the assay to a user. This may take the form, for 
example, of 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 light 
sources, such that illumination of a particular light source or 
combination of light sources conveys the necessary informa 
tion to the user. Alternatively the device may be provided With 
an alphanumeric or other display, such as an LCD. In addi 
tion, or as an alternative, 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 eg because a control result has failed. 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. 
[0036] Advantageously the reader device Will have some 
means of determining elapsed time, such as an integral clock 
device. 
[0037] 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, is 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 facili 
tate this, it is preferred that the reader and the assay device are 
shaped and dimensioned so as to provide a precise three 
dimensional ?t. This concept is disclosed and described in EP 
0833145. In particular activation of the reader and/or inser 
tion of an assay device into the reader may trigger the reader 
to commence timing. 

[0038] Desirably the reader is so programmed as to make a 
?rst determination of the rate or amount of signal accumula 
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tion after a predetermined time interval. (Say, for example, 10 
seconds after activation). If the rate or amount of signal accu 
mulation exceeds the upper threshold or is below the loWer 
threshold, and the control values (if any) are Within accept 
able 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 is 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. 
[0039] Typically there is an end-point, te, at Which the 
reader device considers the assay complete. If the signal is 
still beloW the upper threshold value at te 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 te Will nor 
mally be considered to have been reached before the reaction 
is complete. 
[0040] The te end point may conveniently be determined by 
the reader by reference to a particular time point (i .e. te may be 
considered to occur a particular amount of time after com 
mencement of the assay eg a particular interval after activa 
tion of the reader and/or insertion of an assay stick into the 
reader and/or application of the sample to the test stick). For 
the purposes of illustration, te Will typically occur betWeen 1 
and 10 minutes, preferably betWeen 1 and 5 minutes after 
commencement of the assay. 
[0041] Desirably the assay result reader Will be pro 
grammed so as to repeat the test measurement if an interme 
diate signal is obtained. In a simple embodiment the measure 
ment is repeated at te_ Preferably hoWever the measurement is 
repeated one or more times before the end point. Most pref 
erably the reader device is programmed to repeat the mea 
surement at regular intervals (say, for instance 1 second or 5 
second intervals) until the signal exceeds the upper threshold 
or until te, Which ever occurs ?rst. 

[0042] Inclusion of a clock or other timing device in the 
assay result reader is desirable so that the reader can auto 
matically take measurements at predetermined time points 
Without further user input. 
[0043] Thus, for example, the reader may be programmed 
to take measurements at an initial time point to and, if neces 
sary to make repeated measurements at any desired interval 
thereafter until the signal exceeds the upper threshold or te is 
reached, as described above. 
[0044] In addition, a clock or other timing device facilitates 
the reading device in determining the rate of signal accumu 
lation. 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 calcu 
lated. 
[0045] 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 com 
parison value, optionally obtained from a substantially con 
temporaneous reaction). 
[0046] 2. Optical Arrangements 
[0047] The optical arrangements for assay readers 
described herein promote simplicity and economy. The 
manufacturing cost of the device is an especially important 
consideration if the reader is intended to be disposable; the 
photodetectors themselves, being relatively expensive com 
ponents, form a signi?cant part of the overall cost. 
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[0048] A further advantage is that the arrangement can 
provide greater accuracy and reduce the need for accurate 
positioning of the test strip relative to the reader. Suppose, for 
example, a test strip Were provided With tWo separate, but 
closely spaced, control Zones and a photodetector Were posi 
tioned in the reader so as to be betWeen the tWo control Zones. 
If the test strip Were slightly misaligned, laterally, relative to 
the assay reader device, the signal from one of the control 
Zones Would be less intense as the Zone in question Would be 
further from the photodetector. HoWever, the other control 
Zone Would necessarily be closer to the photodetector by a 
corresponding amount, and Would therefore provide a stron 
ger signal to compensate for the Weaker signal from the other 
Zone. Furthermore it has been observed that the amount of 
bound material present at a particular Zone Will vary along the 
length of the Zone in the direction of liquid ?oW. Preferential 
binding of the analyte takes place at the leading boundary 
edge and diminishes along the length of the Zone in the 
direction of liquid ?oW. Thus any misalignment may result in 
a greater error than might have been expected if the analyte 
Were captured in a uniform fashion. U.S. Pat. No. 5,968,839 
discloses an electronic assay reader for use With a test strip, 
Wherein it is attempted to compensate for this non-uniform 
binding by the provision in the relevant binding Zone of a 
plurality of deposits of immobilised capture reagent, the den 
sity of Which deposits increases from the leading boundary to 
the trailing edge of the Zone. 
[0049] Similarly, some of the arrangements described 
herein also reduce the requirement for precise relative posi 
tioning of the test strip and the assay result reading device: 
there is an in-built signal compensation for any misalignment 
betWeen the test strip and the as say result reader for any Zone 
Which is commonly read by the tWo or more photodetectors, 
because relative movement of the commonly read Zone aWay 
from one of the photodetectors Will necessarily (Within cer 
tain limits) involve movement by a corresponding amount 
toWards the other photodetector/ s. 
[0050] The light emanating from the Zone or Zones, as 
appropriate, may be light Which is re?ected from the test strip 
or, in the case of a test strip Which is transparent or translucent 
(especially When Wet e. g. folloWing the application of a liquid 
sample), light Which is transmitted through the test strip. For 
the purposes of the present speci?cation, light incident upon 
a particular Zone of a test strip from a light source, and 
re?ected by the strip or transmitted therethrough, may be 
regarded as “emanating” from the strip, although of course 
the light actually originates from the light source. 
[0051] The preferred light sources are light emitting diodes 
(LED’s), and the preferred photodetector is a photodiode. 
[0052] Re?ected light and/or transmitted light may be mea 
sured by the photodetector. For the present purposes, 
re?ected light is taken to mean that light from the light source 
is re?ected from the test strip onto the photodetector. In this 
situation, the detector is typically provided on the same side 
of the test strip as the light source. Transmitted light refers to 
light that passes through the test strip and typically the detec 
tor is provided on the opposite side of the test strip to the light 
source. For the purposes of a re?ectance measurement, the 
test strip may be provided With a backing such as a White 
re?ective MYLAR® plastic layer. Thus light from the light 
source Will fall upon the test strip, some Will be re?ected from 
its surface and some Will penetrate into the test strip and be 
re?ected at any depth up to and including the depth at Which 
the re?ective layer is provided. Thus, a re?ectance type of 
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measurement may actually involve transmission of light 
through at least some of the thickness of the test strip. Gen 
erally, measurement of re?ected light is preferred. 
[0053] It is especially preferred that the reading device of 
the second aspect comprises a plurality of light sources, each 
light source being incident upon a respective Zone of the test 
strip. 
[0054] In principle, an assay result reading device in accor 
dance With the present disclosure may comprise any number 
of light sources and any number of photodetectors. For 
example, one embodiment includes three light sources, each 
illuminating a respective Zone of a test strip, and a single 
photodetector Which is shared by all three Zones. In practice it 
is dif?cult to arrange for more than three Zones to share a 
single photodetector, because the photodetector Will have 
trouble in detecting a su?iciently strong signal from those 
Zones Which are furthest aWay. 

[0055] In preferred embodiments, an assay result reader 
feature both “shared” photodetectors as Well as “commonly 
read” Zones; i.e., a single photodetector can receive light 
emanating from more than one Zone, and light emanating 
from a single Zone is received by more than one photodetec 
tor. In this instance, the reader Will typically include a plural 
ity of light sources and a smaller plurality of photodetectors. 
In particular, Where the reader comprises x light sources for 
illuminating the test strip, it Will comprise x—1 photodetec 
tors. The number of detectors required might be reduced still 
further by sharing of the photodetectors betWeen the respec 
tive light sources, eg using three photodetectors to detect 
light emanating from an assay test strip that has been illumi 
nated by ?ve light sources. 
[0056] More speci?cally, a preferred embodiment of an 
assay result readers includes ?rst, second and third light 
sources, each light source illuminating respective ?rst, sec 
ond or third Zones of a test strip. Conveniently the ?rst light 
source illuminates a test Zone or detection Zone; the second 

light source illuminates a reference Zone; and the third light 
source illuminates a control Zone. The test or detection Zone 

is a Zone of the test strip in Which an optical signal is formed 
(e.g. accumulation or deposition of a label, such as a particu 
late coloured binding reagent) in the presence or absence, as 
appropriate, of the analyte of interest. (By Way of explanation 
some assay formats, such as displacement assays, may lead to 
the formation of signal in the absence of the analyte of inter 
est). The control Zone is a Zone of the test strip in Which an 
optical signal is formed irrespective of the presence or 
absence of the analyte of interest to shoW that the test has been 
correctly performed and/ or that the binding reagents are func 
tional. The reference Zone is a Zone Wherein, typically, only 
“background” signal is formed Which can be used, for 
example, to calibrate the assay result reading device and/or to 
provide a background signal against Which the test signal may 
be referenced. 
[0057] In this particular preferred embodiment, the reader 
also includes tWo photodetectors. The ?rst photodetector is 
substantially adjacent to or primarily associated With the ?rst 
light source and is intended to detect light emanating the Zone 
of the test strip illuminated by the respective light source. 
HoWever, the photodetector is so positioned as to be also 
capable of detecting some of the light emanating from the 
second Zone of the test strip, illuminated by the second light 
source. 

[0058] The second photodetector is substantially adjacent 
to or primarily associated With the third light source and is 
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intended to detect light emanating from the Zone of the test 
strip illuminated by the respective light source. HoWever the 
photodetector is so positioned as to be also capable of detect 
ing some of the light emanating from the second Zone of the 
test strip, illuminated by the second light source. 
[0059] Accordingly, this embodiment features a “shared” 
photodetector, because it includes a plurality of light sources 
and a photodetector Which detects light emanating from at 
least tWo spatially separated Zones of the test strip. In addi 
tion, this embodiment has “commonly read” Zones, because it 
comprises tWo photodetectors, both of Which are able to 
detect some of the light emanating from a Zone of the test strip 
(in this instance, tWo photodetectors are able to detect light 
emanating from the second Zone of the test strip). 
[0060] It is preferred that, When the assay strip is correctly 
inserted into a reader device, a commonly read Zone Will be at 
a position intermediate betWeen the tWo photodetectors, such 
that (Within certain limits) a lateral movement aWay from one 
of the photodetectors Will inevitably involve a corresponding 
lateral movement toWards the other photodetectors, so as to 
alloW for the desired signal compensation effect. Typically, 
but not essentially, the commonly read Zone Will be approxi 
mately equidistant from the tWo photodetectors When the test 
strip is correctly positioned Within the reader. 
[0061] It is also preferred that, Where an assay result read 
ing device includes a plurality of light sources, these are 
advantageously arranged such that a particular Zone is illu 
minated only by a single one of the plurality of light sources. 
For example, optical baf?es may be provided betWeen or 
around the light sources so as to limit the portion of the test 
strip illuminated by each light source. 
[0062] 3. FloW Rate Sensing 
[0063] In describing the various embodiments, “?uid 
sample” refers to any liquid material suspected of containing 
the analyte of interest. Such samples may include human, 
animal or man-made samples. Typically, the sample is an 
aqueous solution or biological ?uid. 
[0064] Examples of biological ?uids include urine, blood, 
serum, plasma, saliva, interstitial ?uid and so on. Other 
samples Which can be used include Water, food products, soil 
extracts and the like for the performance of industrial, envi 
ronmental, or food production assays as Well as medical 
diagnostic assays. In addition, a solid material suspected of 
containing the analyte can be used as the test sample once it is 
modi?ed to form a liquid medium Which may include further 
treatment in order to release the analyte. 
[0065] Any suitable analyte or analytes of interest may be 
measured. Analytes that are particularly of interest include 
proteins, haptens, immunoglobulins, hormones, polynucle 
otides, steroids, drugs, infectious disease agents (eg of bac 
terial or viral origin) such as Streptococcus, Neisseria and 
Chlamydia, drugs of abuse, and biological markers such as 
cardiac markers and so on. 

[0066] Typically the disclosed assay result reading devices 
and methods are adapted to perform a diagnostic assay i.e. to 
provide information about the health status of a mammalian 
(typically a human) individual subject. 
[0067] It is preferred to calculate the rate of progress of the 
liquid sample (rather than the extent thereof) along the liquid 
transport carrier. 
[0068] Conveniently the ?oW rate is calculated betWeen 
tWo Zones on the liquid transport carrier, such that the pres 
ence of the liquid sample at, or passage thereof through, a 
?rst, upstream Zone is detected, and likeWise the present of 
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the liquid sample at, or passage through, a second, doWn 
stream Zone is detected. If the distance between the tWo Zones 
is ?xed and/ or known, the relative or absolute ?oW rate of the 
liquid sample can be readily calculated by measuring the 
amount of time Which elapses betWeen detection of the liquid 
sample at the ?rst and second Zones. 
[0069] In principle, the ?rst and second Zones may be any 
Where on the liquid transport carrier so, for example, the ?rst 
Zone could be at the extreme upstream end and the second 
Zone could at the extreme doWnstream end. The distance 
betWeen the tWo Zones (and therefore the time travel of ?uid 
sample) may be chosen to be any that is convenient and is 
likely to depend upon the nature of the analyte to be deter 
mined and the physical dimensions and characteristics of the 
liquid transport carrier. For example the liquid transport car 
rier may comprise one or more micro?uidic channels option 
ally containing one or more various micro?uidic elements 
such as a red-blood cell separation means, time-gates, or ?uid 
rate controlling means, all of Which Will in?uence the rate of 
travel of sample. In practice, it is desirable that the tWo Zones 
are at a separation such that, at normal ?oW rates, a su?i 
ciently accurate ?oW rate may be calculated Within the time 
frame of the assay, so as not to delay the assay process or 
assay result determination. For an assay for the detection 
and/or quanti?cation of the pregnancy hormone hCG, for 
example, a desirable time Would be betWeen 5 and 60 sec 
onds. 
[0070] Advantageously the presence of the liquid sample 
at, or passage through, one or more additional Zones on the 

liquid transport carrier is detected. This alloWs for a more 
accurate calculation of the ?oW rate. A larger number of ?oW 
rate calculation Zones may be advantageous When the accept 
able range of ?oW rates is rather narroW, or Where the ?oW rate 
may vary at different portions of the liquid transport carrier 
(e. g. Where there are portions With different ?oW character 
istics, for instance, due to the incorporation of micro?uidic 
elements). 
[0071] In addition the provision of a plurality of “check 
Zones” alloWs for checking that the liquid sample progresses 
through each of the Zones in the expected sequence, thereby 
alerting the user to an abnormal ?oW pattern if the liquid 
sample is detected at a doWnstream Zone in advance of detec 
tion at a particular upstream Zone. Such abnormal ?oW pat 
terns can occur for instance When a porous carrier is ?ooded 
by liquid samples (“oversampling”). 
[0072] If the calculated ?oW rate is outside of the predeter 
mined acceptable limits, then the result of the assay may be 
declared invalid. Thus the ?oW rate calculation can act as a 
control feature. If the calculated ?oW rate is too high, due to 
?ooding of the porous carrier (eg as a result of oversam 
pling; or a result of a faulty assay device due to defects in 
manufacture, or damage in storage or in use) the user can be 
alerted and the assay result disregarded. Equally, if the cal 
culated ?oW rate is too loW (eg due to undersampling) the 
assay result can be disregarded. Thus, errors due to, for 
example, over- or undersampling, may be avoided. 

[0073] In principle any property of the liquid sample could 
be measured in order to calculate the rate and/or extent of 
progress of the liquid, such as its electrical capacitance, con 
ductivity or resistivity. The porous carrier or other liquid 
transport carrier may comprise a substance Which undergoes 
a detectable change in the presence of the liquid sample. For 
example nitrocellulose, commonly used as a porous carrier in 
lateral ?oW assay strips, is opaque (or substantially so) When 
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dry, but its opacity is signi?cantly reduced upon Wetting. 
Thus measurement or detection of the change in optical 
re?ectance or transmissivity of a nitrocellulose carrier upon 
Wetting by a liquid sample may be su?icient to detect the rate 
and/or extent of progress of the liquid sample. 

[0074] Preferably the means for calculating the rate and/or 
extent of the progress of the liquid sample applied to the 
liquidtransport carrier comprises an optical detection system. 
Such an optical detection system Will typically generate one 
or more signals (advantageously, electrical signals) in a man 
ner responsive to the rate and/or extent of the progress of the 
liquid sample. In a preferred embodiment, a suitable optical 
system comprises at least tWo light sources and at least one 
photodetector, or conversely at least one light source and at 
least tWo photodetectors, so as to be able to make optical 
measurements at least tWo spatially separated Zones of the 
liquid transport carrier. 
[0075] In principle the light source could be external to the 
assay result reader e.g. ambient light. HoWever, this is 
extremely likely to introduce variation, and it is therefore 
greatly preferred that: (a) the assay result reading device is 
provided With at least one integral light source (LED’s are 
found especially convenient in this regard); and (b) the assay 
result reading device is provided With a housing or casing 
Which substantially excludes, or at least greatly restricts, 
ambient light from entering the interior of the reading device. 
For present purposes, a housing or casing Will be considered 
to substantially exclude ambient light if less than 10%, pref 
erably less than 5%, and most preferably less than 1%, of the 
visible light incident upon the exterior of the device pen 
etrates to the interior of the device. A light-impermeable 
synthetic plastics material such as polycarbonate, ABS, poly 
styrene, polystyrol, high density polyethylene, or polypropy 
lene containing an appropriate light-blocking pigment is a 
suitable choice for use in fabrication of the housing. An 
aperture may be provided on the exterior of the housing Which 
communicates With the interior space Within the housing: a 
test strip or similarporous carrier may be inserted through the 
aperture so as to perform an assay. 

[0076] The liquid sample per se may have an optical prop 
erty (e.g. colour) Which renders it amenable to optical detec 
tion and/ or monitoring of its progress along the liquid trans 
port carrier. For example, a blood sample Will absorb strongly 
in the range 400 nm to 600 nm, due to the presence of hae 
moglobin. Alternatively the liquid sample may be doped, 
prior to application to the liquid transport carrier, With a 
readily detectable substance (eg a dye, ?uorochrome or the 
like) Which Will not interfere With the performance of the 
assay but Will facilitate detection (especially optical detec 
tion) of the rate and/or extent of the progress of the liquid 
sample. 
[0077] In yet another arrangement, the liquid transport car 
rier is provided With a readily detectable substance Which is 
transported by the liquid sample. Again, a dye, ?uorochrome 
or the like may be suitable in this regard. The readily detect 
able substance may conveniently be releasably immobilised 
on a porous carrier or the like, so as to be released upon 
contact With the liquid sample. The readily detectable sub 
stance may be eg a coloured substance Which does not 
interfere With the assay. In a preferred embodiment the 
readily detectable substance is a particulate label Which is 
attached to a mobiliZable speci?c binding reagent (having 


















