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(57) ABSTRACT 

A test Strip is provided for determining the presence or 
quantity of an analyte in a liquid by inserting the Strip into 
an optical reading apparatus. The test Strip is provided with 
an orientation indeX Zone having a reflectance that contrasts 
with the reflectance of areas contiguous thereto and Such 
orientation indeX Zone is employed to affirm that the test 
Strip has not been inserted upside down with respect to the 
apparatuS. 
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OPTICALLY READABLE STRIP FOR ANALYTE 
DETECTION HAVING ON-STRIP ORIENTATION 

INDEX 

FIELD OF THE INVENTION 

0001. The present invention relates to a test device and 
method for the optical determination of analytes in aqueous 
fluids, particularly whole blood. In one preferred embodi 
ment it concerns a test device and method for optically 
measuring the concentration of glucose in whole blood. 

BACKGROUND OF THE INVENTION 

0002 The quantification of chemical and biochemical 
components in colored aqueous fluids, in particular colored 
biological fluids Such as whole blood and urine and biologi 
cal fluid derivatives Such as blood Serum and blood plasma, 
is of ever-increasing importance. Important applications 
exist in medical diagnosis and treatment and in the quanti 
fication of exposure to therapeutic drugs, intoxicants, haz 
ardous chemicals and the like. In Some instances, the 
amounts of materials being determined are either So minus 
cule-in the range of a microgram or leSS per deciliter- or 
So difficult to precisely determine that the apparatus 
employed is complicated and useful only to skilled labora 
tory perSonnel. In this case the results are generally not 
available for Some hours or days after Sampling. In other 
instances, there is often an emphasis on the ability of lay 
operators to perform the test routinely, quickly and repro 
ducibly outside a laboratory setting with rapid or immediate 
information display. 
0003. One common medical test is the measurement of 
blood glucose levels by diabetics. Current teaching counsels 
diabetic patients to measure their blood glucose level from 
two to Seven times a day depending on the nature and 
severity of their individual cases. Based on the observed 
pattern in the measured glucose levels, the patient and 
physician together make adjustments in diet, exercise and 
insulin intake to better manage the disease. Clearly, this 
information should be available to the patient immediately. 
0004 Currently a method widely used in the United 
States employs a test article of the type described in U.S. Pat. 
No. 3,298,789 issued Jan. 17, 1967 to Mast. In this method 
a sample of fresh, whole blood (typically 20-40 ul) is placed 
on an ethylcellulose-coated reagent pad containing an 
enzyme System having glucose oxidase and peroxidase 
activity. The enzyme System reacts with glucose and releases 
hydrogen peroxide. The pad also contains an indicator which 
reacts with the hydrogen peroxide in the presence of per 
oxidase to give a also proportional in intensity to the 
Sample's glucose level. 
0005 Another popular blood glucose test method 
employs Similar chemistry but uses, in place of the ethyl 
cellulose-coated pad, a water-resistant film through which 
the enzymes and indicator are dispersed. This type of System 
is disclosed in U.S. Pat. No. 3,630,957 issued Dec. 28, 1971 
to Rey et al. 
0006. In both cases the sample is allowed to remain in 
contact with the reagent pad for a specified time (typically 
one minute). Then, in the first case, the blood Sample is 
washed off with a Stream of water while in the Second case, 
it is wiped off the film. The reagent pad or film is then blotted 
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dry and evaluated. The evaluation of the analyte concentra 
tion is made either by comparing color generated with a 
color chart or by placing the pad or film in a diffuse 
reflectance instrument to read a color intensity value. 

0007 While the above methods have been used in glu 
cose monitoring for years, they do have certain limitations. 
The Sample size required is rather large for a finger Stick test 
and is difficult to achieve for Some people whose capillary 
blood does not express readily. 

0008. In addition, these methods share a limitation with 
other simple lay-operator colorimetric determinations in that 
their result is based on an absolute color reading which is in 
turn related to the absolute extent of reaction between the 
Sample and the test reagents. The fact that the Sample must 
be washed, blotted or wiped off the reagent pad after the 
timed reaction interval requires that the user be ready at the 
end of the timed interval and wipe or apply a wash Stream 
at the required time. The fact that the reaction is stopped by 
removing the Sample leads to Some uncertainty in the result, 
especially in the hands of the home user overwashing, 
overblotting or overwiping can give low results and under 
Washing can give high results. 

0009. Another problem that often exists in simple lay 
operator determinations is the necessity for initiating a 
timing Sequence when blood is applied to a reagent pad. A 
user will typically have pricked his or her finger to obtain a 
blood Sample and will then be required to Simultaneously 
apply the blood from the finger to a reagent pad while 
Starting a timer with his or her other hand, thereby requiring 
the use of both hands simultaneously. This is particularly 
difficult Since it is often necessary to ensure that the timer is 
Started only when blood is applied to the reagent pad. All of 
the prior art methods require additional manipulations or 
additional circuitry to achieve this result. Accordingly, Sim 
plification of this aspect of reflectance reading instruments is 
desirable. 

0010 Great improvements have been achieved upon the 
introduction of the systems described in U.S. Pat. Nos. 
5,179,005, 5,059,394, 5,049,487, and 4,935,346 wherein an 
apparatus is provided for accepting a test Strip having a test 
pad, one Surface of which comprises a reaction Zone adapted 
to be optically readable by Said apparatus. The test Strip is 
inserted into the apparatus, the apparatus is started and then 
whole blood is applied onto the test pad. At least a portion 
of Such blood is allowed to permeate to the reaction Zone 
whereby any analyte present therein will react with color 
producing reagents in the test pad to alter the light reflec 
tivity characteristics of the reaction Zone. The reflectivity of 
the reaction Zone is then a measure of the presence and/or 
quantity of analyte present in the blood Sample. AS described 
in the aforementioned patents, this System does not require 
a large Sample of blood nor does it require the user to 
undertake timed manipulations with respect to the beginning 
or end of the reaction. Instead, because the Strip is first 
inserted into the apparatus prior to the application of the 
Sample, a Standard reflectance reading of the reaction Zone 
in the dry State may be obtained. The beginning of the 
reaction can be detected by the first “breakthrough” of the 
liquid Sample onto the reaction Zone by monitoring the 
reflectance and comparing the reading to the Standard reflec 
tance of the dry reaction Zone. A reflectance reading taken at 
a predetermined time after the reaction has begun and 
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compared to the Standard reflectance, i.e., the dry reaction 
Zone reading, will be indicative of the quantity of analyte 
present in the Sample. 
0.011 While the above described system does indeed 
solve the problems of the prior art and relieves the user of 
the burden of measurement and timing, it does require that 
the user apply a Sample of blood onto the Strip while the Strip 
is in the apparatus. For the most part this represents no 
problem to the vast majority of users. However, certain users 
Suffer from handicaps Such as poor vision or impaired motor 
coordination So that the accurate application of blood from 
Such users pricked fingers to the Strip, in place on the 
apparatus, represents a hardship. Further, for institutional 
users, for example, there is the possibility that Some quantity 
of blood remains on the device from a prior user, Since the 
Systems necessitate applying one's pricked finger to the 
device. In Such instances there is the need to disinfect the 
device between users. 

0012. Accordingly, for the above reasons, in the case of 
at least Some users, it would be preferable to first apply the 
blood Sample to the Strip prior to inserting the Strip into the 
apparatus. Unfortunately, by doing So the apparatus no 
longer has the capability of reading reflectance of the dry, 
unreacted, reaction Zone, i.e., at no time is the dry reaction 
Zone presented to the apparatus. This reading was necessary 
in the prior devices to provide a calibration Standard for 
determining the reflectance change as a result of the reaction 
and hence the presence and/or quantity of the analyte in the 
Sample. 
0013 In a commonly assigned, copending U.S. patent 
application filed today entitled “Optically Readable Strip 
For Analyte Detection Having On-Strip Standard”, bearing 
our internal docket number LFS-32 and incorporated herein 
by reference, there is described a Strip, apparatus, and 
methodology for allowing the user to apply a Sample to the 
Strip before inserting it into the reading apparatus while also 
providing a calibrated Standard. This above-referenced 
patent application teaches a Strip which comprises a portion 
for having the liquid applied thereto, this portion having an 
optically visible Surface (i.e., at least with respect to the 
optics of the apparatus to be employed with the Strip) 
defining a reaction Zone. The reaction Zone is Such that its 
reflectance varies as a function of the quantity of analyte 
present in the applied liquid. Preferably, Such is accom 
plished by the analyte, if present, reacting with reactants to 
produce a color change of the reaction Zone. The test Strip 
further comprises an optically visible Standard Zone of high 
reflectance, relative to the reflectance of the reaction Zone. 
The Standard Zone is positioned on the Strip So as to lead the 
reaction Zone as the Strip is inserted into the apparatus. 
0.014. Accordingly, the apparatus may be provided with 
optical means for Sequentially determining the reflectance 
value of the Standard Zone as the Strip is being inserted into 
its fully inserted position in the apparatus and the reflectance 
value of the reaction Zone after the Strip has been inserted. 
Additionally, the apparatus is provided with means for 
calculating the presence and/or quantity of the analyte in 
question as a function of the Standard Zone reflectance and 
the reaction Zone reflectance. 

0.015. Owing to the configuration of the strip as described 
and Specifically, the provision of a Standard Zone leading the 
reaction Zone, the aforementioned apparatus need be pro 
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Vided with only one set of optics, e.g., one light emitting 
diode and one light detector for reading the reflection at a 
Single position along the path of the Strip. 
0016. In operation, the user turns on the apparatus, 
applies the Sample to a fresh Strip and then inserts the Strip 
fully into the apparatus and reads the results. Without 
intervention of the user, the Strip, configured as described, 
allows the apparatus to read the reflectance of light incident 
upon the Standard Zone as it passes the optics of the 
apparatus as the Strip is inserted. This reading is then 
calibrated to account for variations owing to changes in the 
apparatus from the factory condition and to lot-to-lot varia 
tions in the strip. The fully inserted strip thereafter presents 
the reaction Zone to the optics of the apparatus and the 
reflectance of this Surface may be read. Means are provided 
for the apparatus to calculate and report the analyte presence 
or concentration as a function of these readings. 
0017. The above-described system has gone a long way 
toward easing the user's task in determining analyte con 
centration. It will be appreciated, however, that it is funda 
mental to the Successful optical reading of a Strip on which 
liquid has been applied, that the Strip be properly oriented 
when inserted into the apparatus. 
0018 Specifically, in a surprising number of cases, the 
Strip is improperly introduced upside down with a resultant 
erroneous reading. At best, Such an error, if not caught 
immediately, requires discarding the Strip, which can be 
contaminated or otherwise altered in the erroneous attempt 
to use it upside down and repeating the process with a fresh 
Strip. Obviously, in the case of a blood Sample requiring 
another finger pricking, this is highly undesirable. In the 
Worst case, the erroneous results may be accepted by the 
user with potentially adverse consequences. 
0019 Aprior art device sold by the Boehringer-Man 
nheim Company under the trademark Accutrende) is pro 
vided with a black band on the trailing end of the strip. The 
apparatus for use with Such a Strip appears to be provided 
with two Sets of optics, one to read a first Zone and the 
Second to read the black band. It appears that the apparatus 
is provided with microprocessing means for recording the 
absence of detection of such black band by the second set of 
optics. Such absence would be indicative of the Strip having 
been inserted upside down. Unfortunately, the System adds 
great complexity and costs to design and manufacture of the 
apparatus in that two Sets of optics are required. Moreover, 
any detection of an improperly inserted Strip occurs only 
after the entire operation; i.e., insertion of the Strip, has been 
completed; that is to Say, at the last possible moment. 
0020. Accordingly, there is a need to provide a system 
wherein the upside down insertion of a Strip is immediately 
detected and to accomplish this without the need for expen 
Sive modification of the Strip reading apparatus. 

SUMMARY OF THE INVENTION 

0021. In accordance with the teachings of this invention, 
a Strip, method and apparatus are provided for determining 
the presence or quantity of analyte or liquid by inserting the 
Strip into an optical reading apparatus wherein means are 
provided for rapidly and Simply affirming that the Strip has 
not been inserted upside down with respect to the optics of 
the apparatus. 
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0022 Specifically, the strip comprises a portion for hav 
ing a liquid (e.g. blood) applied thereto. This portion has an 
optically visible area on a major Surface of the Strip defining 
a reaction Zone which varies in reflectance as a function of 
the quantity of analyte present in the applied liquid. The test 
strip is further provided with an optically visible area on the 
Same major Surface which defines an orientation indeX Zone 
and is positioned within that portion of Such major Surface 
leading the reaction Zone as the Strip is inserted into the 
apparatus. The orientation indeX Zone is Selected to have a 
contrasting reflectance relative to the areas of the major 
Surface contiguous with this orientation indeX Zone. Accord 
ingly, the apparatus, utilizing the same optics provided to 
read the reflectance of the reaction Zone once the Strip is 
fully inserted, may also employ Such optics to Sequentially 
determine the reflectance value of the portion of the major 
leading Surface of the Strip as the Strip is being inserted into 
the apparatus. Such optics will experience a sharp change in 
reflectance as the interface between the orientation indeX 
Zone and the areas of the major Surface contiguous therewith 
pass over the optics, Such change being indicative of a 
properly inserted Strip. Microprocessing means may be 
provided in the apparatus for processing the reflectance 
experienced by the optic System and for either detecting the 
presence of the orientation indeX or for reporting its absence. 
0023. In view of the above teachings, it can be seen that 
merely by positioning an orientation indeX Zone on the 
leading portion of the Surface to be read, the detection of an 
upside down Strip can be made at the earliest possible 
moment as the Strip is being inserted with no need for 
additional optical equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The present invention can be more readily under 
stood by reference to the following detailed description 
when read in conjunction with the attached drawings 
wherein: 

0.025 FIG. 1 is an exploded, perspective view of a strip 
and apparatus embodying the teachings of this invention; 
0.026 FIG. 2 is a partial, longitudinal, cross-sectional 
view taken along line 2-2 of FIG. 1 and illustrating the strip 
fully inserted into the apparatus, 
0.027 FIG. 3 is a partial, transverse, cross-sectional view, 
taken along line 3-3 of FIG. 1 and illustrating the strip fully 
inserted into the apparatus, 
0028 FIG. 4 is a fragmented perspective view illustrat 
ing the leading portion of the major Surface of a first 
embodiment of the strip of this invention; 
0029 FIG. 5 is a perspective view illustrating a major 
Surface of a Second embodiment of the Strip of this inven 
tion; 
0030 FIG. 6 is a graphical depiction of the detection of 
reflected light as the strip of FIG. 4 is inserted into an optical 
reading apparatus, and 
0.031 FIG. 7 is a cross-sectional view of a strip passage 
way of an embodiment of an apparatus employing the 
teachings of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.032 Turning now to the drawings, FIG. 1 illustrates an 
exploded, perspective view, a Strip 10 for applying a Sample 
thereon and for inserting Such Sample laden Strip 10 into an 
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optical reading apparatus 12. The embodiments of the Strip 
10 and apparatus 12 will generally be described hereinafter 
in terms of detection and quantification of glucose but it will 
be understood by those skilled in the art that the teachings 
herein are not limited to glucose determinations, and instead 
may be applied to other analyte determinations. Further, for 
the purposes of Simplification and clarity, the Strip 10, the 
apparatus 12 and their respective component parts Shall all 
be described as being in the orientation shown in the 
drawings and terms such as “the bottom' and “the top” shall 
be employed consistent with such orientation. It will be 
appreciated, however, that this method of description is 
merely convenient and that in no way is the invention 
restricted to Such orientation and, in fact, the Strip and Strip 
holder may be rotated through any angle relative to the 
apparatus and the teachings herein shall Still apply. 

0033 AS can be seen in FIG. 1, the strip 10 is adapted to 
be inserted longitudinally, into an opening 14 of a Strip 
holder 16 carried on apparatus 12. Strip holder 16, shown in 
more detail in FIGS. 2 and 3, is preferably removable from 
apparatus 12 for cleaning. The apparatus 12 is provided on 
its visible Surface with a Screen 18 on which messages, 
instructions, error warnings, and most importantly, results 
may be displayed by means Such as liquid crystal displays as 
are well known in the art. Such information may be con 
veyed by letters, words, numbers or icons. Additionally, 
apparatus 12 is provided with a power Switch for activating 
the apparatus, preferably with batteries and Such power 
Switch is shown as push button 20 on the drawings. 

0034) Referring now to FIGS. 2 and 3, illustrated therein 
in longitudinal and transverse cross-sectional views respec 
tively, is the removable strip holder 16 with a strip 10 fully 
inserted therein, together with fragmentary views of the 
adjacent parts of the apparatus 12. The Strip holder 16 is 
comprised of an upper guide 22 and a lower guide 24 which 
together form a channel or Strip passageway 26 into which 
the Strip is inserted via opening 14. The extent of insertion 
of the strip is determined by strip impeding wall 31. It should 
be noted that the passageway 26 is canted at an angle with 
respect to the plane of the bottom 28 of the apparatus 12, So 
as to facilitate the insertion of Strip 10 into the apparatus 
when the apparatus is Sitting on a flat Surface. 
0035) The lower guide 24 is provided with an aperture 30 
through which the bottom surface 11 of the strip 10 can be 
“seen” by the optics located below lower guide 24. As will 
be understood hereinafter, the aperture 30 is positioned 
along the lower guide 24 So as to “See” the bottom Surface 
of a reaction Zone of strip 10 when the strip 10 is fully 
inserted into passageway 26. 

0036) The optics for the apparatus are located in optic 
block 32 affixed to apparatus 12. Optic block 32 contains a 
light emitting diode (LED) 36 capable of directing light 
through aperture 30, upon a Surface Such as the lower 
surface 11 of the strip. The light emitting diode is preferably 
one which emits light of essentially a uniform wavelength in 
rapid bursts, hereinafter referred to as “chops', for a period 
of time, each time it is activated. For the purposes of glucose 
determination it has been found preferable to employ two 
Such LEDs, each emitting light at a different wavelength 
and preferably at 660 and 940 nanometers (LED 660 and 
LED 940, respectively). The optic block 32 also comprises 
a photodetector 38, a device capable of intercepting light 
reflected from the surface upon which the LED’s focus and 
converting Such light into a measurable Voltage. 
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0037 Incorporated into the upper guide 22 is bias means 
40 which is adapted to be biased toward the upper surface 42 
of the lower guide in the area of the aperture 30 so as to 
ensure that the portion of the strip 10 lying over the aperture 
30 is flat and presents an optically consistent Surface to the 
optics. AS illustrated in the drawings, bias means 40 com 
prises an elastomeric membrane having, on its Surface 
opposing the aperture, a ring-like projecting gasket 44 which 
is adapted to bear against the Strip when in place and hold 
the Strip flat to the aperture. Centered within the ring-like 
projection is a colored target, preferably gray, hereinafter 
referred to as the “gray target'45. The gray target 45 
presents to the optics a Surface for assuring the correct 
calibration of the apparatus before the Strip is inserted. 
Additionally, it is the gray target that is “seen” by the optics 
once the apparatus is turned on and before a Strip is inserted. 
0.038. The bias means 40 may take forms other than that 
of an elastomeric membrane. For example, a leaf Spring can 
be used as Such bias means. In a copending, commonly 
assigned U.S. patent application filed today and bearing our 
internal docket number LFS-34 (incorporated herein by 
reference), Such alternative bias means are described and 
include a particularly useful means in which the passageway 
26 is designed in a Serpentine configuration which in com 
bination with a Strip having Spring properties Serves to 
function as a bias means. Such a passageway is illustrated in 
FIGS. 7 wherein upper guide 22 and lower guide 24 are 
illustrated. 

0.039 Table 1, below, recites preferred dimensions for the 
angles, distances and radii; all based on the X,Y coordinates 
shown in the Figure. 

TABLE 1. 

DIMENSIONS FOR FIG. 7 

ANGLES (Degrees) 

26 
17 f 

DISTANCES (Inches) 

L1 O.562 
L2 O.467 
L3 O.184 
L4 O.O13 

CURVATURE 

RADIUS (Inches) CENTER (X, Y In) 

R O.2 0.207, 0.179 
R O.347 0.391, O.300 
Rs O.1OO 0.417, 0.006 
R 2.63.5 0.412, 0.2603 

0040. Referring now to FIG. 4 illustrated therein is a 
perspective view of the bottom major surface 43 of the lead 
end of a Strip 46 embodying the teachings of this invention. 
0041. In the embodiment described herein for detecting 
glucose in whole blood, the Strip 46 comprises an elongate 
and generally rectangular Support 47 onto which is attached 
a test pad 48 containing reactants and provided with an 
overlying transport medium 50. In use the sample is to be 
applied to the top surface of the transport medium 50 
overlying the test pad 48. A portion of the Sample penetrates 
through the test pad and any glucose present reacts with the 
reactants therein to produce a color change which is visible 
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on the bottom Surface of the test pad. A Support aperture 52 
is provided through the Support for aligning with aperture 30 
in the lower guide of the apparatus when the Strip is fully 
inserted therein, So that a portion of the bottom of the Surface 
of the test pad will be visible to the optics of the apparatus 
(Such portion hereinafter, the reaction Zone). 
0042. Details of these components of the strip are 
described in copending U.S. Ser. No. 881,970, filed on May 
12, 1992 and incorporated herein by reference. Briefly, the 
transport medium 50 comprises pores which draw the 
Sample therethrough by capillary action. The transport 
medium may be composed of natural fiberS Such as cotton or 
paper, as well as Such Synthetic fibers as polyesters, polya 
mides, polyethylene and the like. 
0043. The transport medium has pores having an effec 
tive diameter in the range of about 20 microns to about 350 
microns, preferably about 50 to about 150 microns, e.g., 100 
microns. The transport medium is generally hydrophilic or 
may be rendered hydrophilic by treatment with surfactants 
compatible with red blood cells. One such compatible Sur 
factant is MAPHOSTM 66 sold by Mazer Chemical, a 
division of PPG Industries Inc. Chemicals of Gurnee, Ill. In 
a preferred embodiment, the transport medium is capable of 
absorbing blood samples of up to about 20 to about 40 
microliters e.g., 30 microliters. 
0044) The transport medium may be for example, a filter 
paper or Sintered plastic material, Such as those porous 
polyethylene materials commonly available from the Porex 
Corp. of Fairburn, Ga. The transport medium is generally 
fabricated to have a thickness of about 0.022 inch, with 
about 0.25 inch width and about 1.0 inch length. The 
transport medium is treated with a red blood cell compatible 
surfactant solution. Since only about 3 to about 5 microliters 
of blood are required to Saturate the testing pad, the transport 
medium will preferably possess a Small Void Volume in 
order not to require large Volumes of blood. ExceSS blood 
applied to the reagent Strip is absorbed and held in the 
portion of the transport medium which extends beyond the 
test pad. 
004.5 The test pad and its preparation are also set forth in 
detail in U.S. Pat. No. 4,935,346 and need not be described 
in detail herein. ESSentially, the test pad is a hydrophilic 
porous matrix to which reagents may be covalently or 
non-covalently bound. Examples of a Suitable material 
include polyamides, which are conveniently condensation 
polymers of monomers of from 4 to 8 carbon atoms, where 
the monomers are lactams or combinations of diamines and 
dicarboxylic acids, polysulfones, polyesters, polyethylene, 
and cellulose based membranes. Other polymeric composi 
tions may also be used. Further, the polymer compositions 
may be modified to introduce other functional groups. So as 
to provide for charged structures, So that the Surfaces may be 
neutral, positive, or negative, as well as neutral, basic, or 
acidic. The material of choice is a hydrophilic, anisotropic 
polysulfone having pores varying in size from large to Small 
through the thickness of the matrix. The preferred matrix is 
obtained from the Memtec America Corporation of Mary 
land and has an average pore size ranging from 0.34 to 0.4 
micrometers e.g., 0.37 and a thickness of from about 125 to 
about 140 micrometers e.g., 130 micrometers. The ratio of 
the average diameter of the large to the Small pores is about 
100. 

0046 Transport medium 50 is attached to the test pad 48 
by an adhesive (not shown). Suitable adhesives for this 
purpose, including acrylic, rubber, and ethylene Vinyl 
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acetate (EVA) based formulations. Particularly useful are the 
hot melt adhesives known in the art. The adhesive may be 
placed in continuous Stripes located only near the perimeter 
of the test pad, leaving a central portion of the receiving 
Surface of the test pad Substantially unobstructed. 
0047 Alternatively, when the transport layer is composed 
of a material that fuses at industrially practical temperatures, 
the transport layer may be attached directly to the test pad by 
an application of heat and preSSure. The transport layer is 
heated until it begins to melt and then pressed against the 
testing pad and cooled. Direct attachment of the transport 
layer to the testing pad by fusion obviates any need for a 
distinct adhesive layer. 
0.048. The adhesive layer connects the transport medium 
to the Sample receiving Surface of the test pad. The transport 
medium is adapted to accept a whole blood Sample and 
transport a detectable portion of the Sample to the receiving 
Surface by capillary action. The transport medium preferably 
extends past one or more ends of the test pad So as to form 
a reservoir for holding excess amounts of blood Sample 
which may be present during actual use. It is usually more 
desirable to retain Such exceSS amounts of the blood Sample 
in the transport medium, rather than allowing the exceSS to 
drip upon the user or upon the viewing means in an 
uncontrolled fashion. Accordingly, it is preferred that the 
transport medium be capable of holding from about 20 to 
about 40 microliters of blood, preferably about 30 microli 
ters of blood and of passing from about 3 to about 5 
microliters of blood to the test pad. 
0049. The test pad is impregnated with a color forming 
reagent System specific to an analyte. Typical analytes are 
glucose, cholesterol, urea, and many others which will 
readily occur to those skilled in the art. Preferably, the color 
forming reagent System includes an enzyme which Selec 
tively catalyzes a primary reaction with the analyte of 
interest. A product of the primary reaction may be a dye 
which undergoes a change in color that is detectable at the 
reaction Zone. Alternatively, the product of the primary 
reaction may be an intermediate which undergoes another 
reaction, preferably also enzyme catalyzed, and participates 
in a Secondary reaction which, directly or indirectly, causes 
a dye to undergo a change in color which is detectable at the 
reaction Zone. 

0050. An exemplary color-forming reagent system is the 
System which is specific to glucose and contains glucose 
oxidase, a peroxidase, and an oxidizable dye. Glucose 
oxidase is an enzyme, usually obtained from Aspergillus 
Niger or Penicillium, that reacts with glucose and oxygen to 
produce gluconolactone and hydrogen peroxide. The hydro 
gen peroxide So produced, catalyzed by a peroxidase 
enzyme Such as horseradish peroxidase, oxidizes a dye. The 
resulting chromophore (the oxidized dye) exhibits a color 
that may be observed at the reaction Zone. Many suitable 
oxidizable dyes are known in the art including, for example, 
those set out in U.S. Pat. No. 5,304,468, incorporated herein 
by reference. One particularly useful oxidizable dye is the 
3-methyl-2 benzothiazolinone hydrazone hydrochloride/8- 
amilino 1-naphthalenesulfonate dye couple (MBTH/ANS 
couple) described in copending U.S. patent application Ser. 
No. 245,940, filed. May 19, 1994 (LFS-30). Many other 
Suitable color-forming reagent Systems Specific to particular 
analytes are known in the art. A dye couple of choice is a 
derivative of NBTH, meta3-methyl 2-benzothiazolinone 
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hydrozone N-sulfonyl benzenesulfonate monosodium 
coupled with ANS. This combination is described in detail 
in U.S. patent application Ser. No. . (our internal 
docket number LFS-35) filed today and incorporated herein 
by reference. 
0051. The Support 46 may be of a material that is suffi 
ciently rigid to be inserted into the apparatus without undue 
bending or kinking. Preferably, Such Support comprises 
materials Such as polyolefins (e.g., polyethylene or polypro 
pylene), polystyrene or polyesters. A preferred material is 
the polyester available from the Imperial Chemical Indus 
tries, Ltd. of the United Kingdom, sold by them under the 
trademark Melinex 329 and having a thickness of about 
0.014 inches. 

0.052 Referring to FIG. 4, the bottom surface of the strip 
(i.e., the Surface to be inserted in face-to-face relationship 
with the aperture 30 of the lower guide of the apparatus and 
hence the Surface “seen” by the optics of the apparatus), 
presents a reaction Zone 54 comprising the portion of the test 
pad 48 visible through the Support aperture 52. The reaction 
Zone 54 is longitudinally placed between the leading edge 56 
of the Strip (leading with respect to insertion into the 
apparatus) and the opposite edge. In accordance with the 
teachings of this invention, the portion of the major Surface 
43 leading the reaction Zone 54 includes an optically visible 
area; (i.e., visible to the optics of the apparatus 12 as the Strip 
is inserted therein) defining an orientation index Zone 58. AS 
illustrated in FIG. 4, preferably this orientation index Zone 
58 is located at the extreme leading edge of the leading 
portion of the major Surface 43. The orientation indeX Zone 
58 is characterized as having a low reflectance relative to 
that of the area of the major Surface 43 contiguous to the 
orientation index Zone 58. Thus, when interface 60, between 
the orientation indeX Zone 58 and the area contiguous 
thereto, passes over the optics of the apparatus as a Strip is 
inserted, the optics will detect a sharp rise in reflected light. 

0053 FIG. 5 illustrates an alternative embodiment 62 of 
the strip. As in the prior described embodiment, the strip 62 
comprises a Support 64 having a major Surface 66 with an 
aperture 68 therethrough for viewing a reaction Zone 70 of 
a test pad 72. The test pad is again provided with a transfer 
medium 74. In this embodiment, an orientation index Zone 
76 is placed on the leading portion of a major surface 66 but 
in this instance adjacent to the aperture 70. Again the 
orientation indeX Zone 76 is characterized as having a low 
reflectance relative to that of the areas of the major Surface 
66 contiguous thereto. Thus, for this embodiment, when 
interface 78 between the orientation index Zone 76 and the 
area contiguous thereto passes over the optics of the appa 
ratus as the Strip is inserted therein, the optics will detect a 
Sharp decrease in reflected light. 

0054 The desired low relative reflectance of the orien 
tation indeX Zone may be achieved on a major Surface of a 
Strip of this invention by any number of ways as will occur 
to one skilled in the art. For example, the Support may have 
laminated to it, in a desired region, a layer having the 
requisite reflectance. Alternatively, the material comprising 
the Support may have incorporated therein a coloring mate 
rial imparting the proper reflectance to the region compris 
ing the orientation indeX Zone. AS further alternatives, the 
coloring material may be printed or painted onto the appro 
priate region. 
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0.055 While the method chosen for accomplishing the 
contrasting reflectance values between the orientation indeX 
Zone and the contiguous area of the major Surface is not 
critical, it is important that a minimal change in reflectance 
is exhibited across the interface between these areas. 
Accordingly, for the embodiment shown in FIG. 4 the 
reflectance of the contiguous portion of the major Surface 
should be at least 1.5 times that of the reflectance of 
orientation index Zone 58. Preferably, the reflectance should 
be at least two times as high. Similarly, for the embodiment 
shown in FIG. 5, the reflectance of the orientation Zone 
should be no more than two thirds of the reflectance of the 
contiguous portion of the major Surface. Preferably, the 
reflectance should be only half that of the contiguous 
portion. 
0056. In a preferred embodiment, the microprocessor of 
the apparatus may be programmed to Sense the difference 
between the reflectance of an empty passageway, i.e., the 
reflectance of the gray target in the embodiment illustrated 
herein, and that of the orientation indeX Zone. In Such case, 
the reflectance of the orientation Zone, should be less than 
0.9 times the reflectance of the gray target. Preferably this 
value is less than 0.5 times. 

0057. It will be understood that these relative reflectance 
values are those detected by the Specific apparatus using 
light having a wavelength of 940 nanometers. 
0058. Further, it will be understood that the length of the 
orientation indeX Zone must be Sufficient in the direction of 
insertion So as to provide the optics with adequate time to 
produce a number of readings and, hence, experience the 
change in reflectance across the interface. It has been found 
that a length in the direction of insertion of from about 0.05 
to about 0.4 inches is adequate and preferably Such length 
should be from about 0.15 to about 0.25 inches. 

0059. In accordance with the teachings of our copending 
U.S. patent application LFS-32, referred to above and incor 
porated herein by reference, the area of the major Surface 
leading the reaction Zone comprises a Standard Zone exhib 
iting high reflectance. AS is well described in the referenced 
patent application, the reflectance of this standard Zone is 
calibrated and used together with reflectance of the reaction 
Zone to calculate the quantity of analyte present in a Sample. 
In the embodiments illustrated in FIGS. 4 and 5, the 
portions of the major Surface leading the reaction Zone 
(other than the orientation index Zone) are provided to have 
Such high relative reflectance and, hence, may serve as the 
Standard Zone in accordance with the teachings of the 
above-referenced patent application. It will be understood, 
however, that the teachings of this invention are not limited 
to being used together with the Standard Zone described 
above, but instead may be employed in other test Strips. 
0060 AS described in conjunction with the drawings, the 
Strip is “read” by the apparatus as it is being inserted into the 
apparatus and the various areas of the leading major Surface 
pass over the aperture 30 of the apparatus making Such areas 
Visible to the optics. In its final position, the reaction Zone 
overlies the aperture 30 and is read. Reading is accom 
plished by directing light from a light emitting diode onto 
the visible Surface and detecting the light reflected from Such 
Surface. When employing the teachings of this invention to 
detect glucose in blood, for example, LEDS emitting light at 
wavelengths of 660 and 940 nanometers are preferred. 
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0061 AS stated, the reflectance of the surface presented 
to the optics is measured in multiple readings as the Strip is 
inserted into the apparatus. These multiple readings are 
taken as the Strip moves continuously through various 
positions in Spaced periods of time. Each Such reading 
comprises a number of bursts of energy imparted to the LED 
in response to directions from a microprocessor. These 
bursts, referred to as chops, control the amount of light 
energy directed to the Surface for each reading, i.e., at a 
constant power level, the greater the number of chops the 
greater amount of light energy incident upon the Surface 
being measured. The light energy reflected by the Surface 
during each reading is captured by a photodetector and 
converted into a measurable Signal by a dual Slope analog to 
digital converter. 
0062 FIG. 6 is a plot of the counts or quantity of detected 
light reflected from the Surface presented to the aperture as 
a function of time as the apparatus is turned on and then the 
strip of FIG. 4 is inserted therein. As can be seen, when the 
apparatus is first turned on, the measured reflectance is that 
of the gray target which is chosen to be of moderately low 
reflectance value. Immediately upon the Strip being inserted, 
the reflectance measured is that of the orientation index 
Zone; e.g., Zone 58 in FIG. 4. As seen in FIG. 6, this results 
in a sharp detected drop in reflectance. The microprocessor 
of the apparatus may be programmed to accept a Strip 
causing Such a sharp initial drop as a properly inserted Strip 
and, hence, continue with the operation of the instrument or, 
failing to detect Such a drop, report that the Strip has been 
inserted improperly. Alternatively, the reading of the reflec 
tance may continue as the orientation Zone passes over the 
aperture. Upon the orientation indeX Zone passing beyond 
the aperture, the contiguous Zone of the leading major 
Surface become visible to the optics, and a sharp increase in 
the reflectance is exhibited. At this point, the microprocessor 
may be programmed to accept the Strip causing Such a Sharp 
increase as a properly inserted Strip and to continue with the 
operation of the instrument. Again, failing to detect Such 
increase, the microprocessor can report that the Strip has 
been inserted improperly. 
0063 Assuming detection of the proper orientation of the 
Strip, the reflectance of the white Zone and the reflectance of 
the reaction Zone are read and the analyte concentration is 
determined as a function of these values. 

0064. The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that modifications 
and changes may be made thereto without departing from 
the Spirit and Scope of the present invention. 

What is claimed is: 
1. A test Strip for determining the presence or quantity of 

an analyte in a liquid by inserting Said test Strip into an 
optical reading apparatus, Said test Strip comprising: 

a portion, for having liquid applied thereto, Said portion 
having an area on a major Surface of the Strip defining 
a reaction Zone, Such reaction Zone varying in reflec 
tance as a function of the quantity of analyte in the 
applied liquid; 

Said test Strip further comprising an area on Said major 
Surface defining an orientation indeX Zone, Said orien 
tation indeX Zone being positioned to lead Said reaction 
Zone as Said Strip is inserted into Said apparatus; 
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Said orientation indeX Zone having a contrasting reflec 
tance relative to that of the areas of the major Surface 
contiguous to the orientation indeX Zone; 

whereby Said apparatus may be provided with optical 
means for Sequentially determining reflectance values 
of the major Surface as the Strip is inserted into the 
apparatus and with microprocessing means for detect 
ing the presence of the orientation indeX Zone or for 
reporting its absence. 

2. The Strip of claim 1 wherein Said orientation indeX Zone 
is positioned on Said major Surface to lead Said contiguous 
area as the Strip is to be inserted into Said apparatus. 

3. The strip of claim 2 wherein the reflectance of said 
contiguous area is at least 1.5 times the reflectance of Said 
orientation indeX Zone. 

4. The strip of claim 3 wherein the reflectance of said 
contiguous area is at least two times the reflectance of Said 
orientation indeX Zone. 

5. The strip of claim 2 wherein the reflectance of said 
contiguous area is no more than about 0.67 times the 
reflectance of Said orientation indeX Zone. 

6. The strip of claim 5 wherein the reflectance of said 
contiguous areas is no more than about 0.5 times the 
reflectance of Said orientation indeX Zone. 

7. The strip of claim 1 wherein the orientation index Zone 
reflects no more than 0.9 times the light reflected when no 
Strip is present in the apparatus. 

8. The strip of claim 7 wherein the orientation index Zone 
reflects no more than 0.5 times the light reflected when no 
Strip is present in the apparatus. 

9. The strip of claim 1 wherein the orientation index Zone 
reflects at least 1.1 times the light reflected when no Strip is 
present in the apparatus. 

10. The strip of claim 9 wherein the orientation index Zone 
reflects at least two times the light reflected when no Strip is 
present in the apparatus. 

11. An apparatus for determining the presence or quantity 
of an analyte in a liquid applied to a test Strip and inserted 
into Said apparatus, wherein Said test Strip comprises: 

a portion for having Said liquid applied thereto, Said 
portion having an area on a major Surface of Said Strip 
defining a reaction Zone, Said reaction Zone varying in 
reflectance as a function of the quantity of analyte in the 
applied liquid, and an orientation indeX Zone positioned 
to lead Said reaction Zone as Said Strip is inserted into 
Said apparatus, Said orientation indeX Zone having a 
contrasting reflectance relative to that of the areas of 
the major Surface contiguous to the orientation indeX 
ZOne, 

Said apparatus comprising: 
a longitudinally extending Strip passageway having an 
open end for receiving Said Strip and an opposed end; 

optics comprising a light Source for directing light into 
Said passageway at a position between said open end 
and Said opposed end and a light detector for detect 
ing light reflected from Said passageway; 

conversion means for converting Said detected reflected 
light into a Signal; 

microprocessing means for receiving Said Signal to 
detect the presence or absence of the orientation 
indeX Zone in the passageway. 

Mar. 13, 2003 

12. The apparatus of claim 11 wherein Said orientation 
indeX Zone has a lower reflectance than Said contiguous 
areas and Said orientation indeX Zone is positioned to lead 
Said contiguous areas as the Strip is inserted into the pas 
Sageway and the microprocessor is programmed to detect 
the passage of the orientation indeX Zone by a signal 
indicating an increase in reflectance when the orientation 
indeX Zone passes beyond Said passageway position. 

13. The apparatus of claim 11 wherein Said contiguous 
areas have a lower reflectance than Said orientation index 
Zone and Said contiguous areas are positioned to lead Said 
orientation indeX Zone as the Strip is inserted into Said 
passageway and the microprocessor is programmed to detect 
the presence of the orientation indeX Zone by a signal 
indicating an increase in reflectance when the orientation 
indeX Zone enterS Said position. 

14. The apparatus of claim 11 wherein Said orientation 
indeX Zone has a higher reflectance than Said contiguous 
areas and Said orientation indeX Zone is positioned to lead 
Said contiguous areas as the Strip is inserted into the pas 
Sageway and the microprocessor is programmed to detect 
the passage of the orientation indeX Zone by a signal 
indicating a decrease in reflectance when the orientation 
indeX Zone passes beyond Said passageway position. 

15. The apparatus of claim 11 wherein Said contiguous 
areas have a higher reflectance than Said orientation index 
Zone and Said contiguous areas are positioned to lead Said 
orientation indeX Zone as the Strip is inserted into Said 
passageway and the microprocessor is programmed to detect 
the presence of the orientation indeX Zone by a signal 
indicating a decrease in reflectance when the the orientation 
indeX Zone enterS Said passageway position. 

16. In a System for determining the presence or quantity 
of an analyte in a liquid applied to a test Strip and inserted 
into an apparatus, a method for determining that the Strip has 
been properly oriented in Said apparatus, Said method com 
prising: 

inserting Said Strip into Said apparatus, Said Strip com 
prising a portion having liquid applied thereto, Said 
portion having an area on a major Surface of Said Strip 
defining a reaction Zone, Said reaction Zone varying in 
reflectance as a function of the quantity of analyte in the 
applied liquid and Said Strip further comprising an 
orientation indeX Zone positioned to lead Said Strip as it 
is inserted into Said apparatus, Said orientation index 
Zone having a contrasting reflectance relative to that of 
the area of the major Surface contiguous to the orien 
tation indeX Zone; 

determining the reflectance of the major Surface of the 
Strip by directing light at a fixed position the pathway 
of the Strip as it is inserted and detecting the reflected 
light; 

detecting the presence or absence of reflected light cor 
responding to the passage of Said orientation index 
Zone past Said fixed position as the Strip is inserted into 
Said passageway. 


