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(57) A method of analyzing a sample for one or more
analytes of interestincludes: providing an elementhaving
a base layer; a layer containing streptavidin; a spreading
layer, wherein the streptavidin may or may not be in the
spreading layer; providing immunocomponents and la-
beled immunoreactants which may be in the spreading
layer or may be combined with the sample; dispensing
the sample, and optionally the immunocomponents and
a labeled immunoreactant onto the spreading layer at
three or more areas, wherein each center of the three or
more areas is substantially equidistance to the center

Mutiple immunochemistry assays on an element

formed by the three or more areas, and wherein each
area contacts an adjacent area such that wash fluid flow
in any direction will contact sample; washing the sample
and label by directing the wash fluid at the center formed
by the three or more areas, whereby the wash fluid equal-
ly flows over each of the three or more areas; and taking
ameasurement at each three or more areas to determine
the presence or concentration of the one or more analyte.
In a preferred embodiment, the element is a dry slide
used on a diagnostic analyzer.
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Description

BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to multiple immu-
nochemistry assays on a single element. In particular,
the present invention relates to a dry slide containing
multiple assays used in a diagnostic analyzer.

[0002] Known diagnostic analyzers include clinical
chemistry analyzers such as the Vitros® 5,1 FS, sold by
Ortho-Clinical Diagnostics, Inc. All such analyzers are
collectively called diagnostic analyzers. These diagnos-
tic analyzers can use dry slides, such as those described
in 4,258,001, 4,670,381, and 4,997,772, all of which are
incorporated by reference in their entireties.

[0003] Slides contain an antigen or antibody reactive
to the analyte of interest. The various structures of anti-
gen or antibody anchoring in the immune complexes are
described in Gosling, Immunoassays, Oxford University
Press, 2000, pages 7-15, incorporated herein by refer-
ence. A patient sample (e.g., serum or urine) is deposited
onto the slide having the label already on the slide. A
short incubation follows which enables the analyte being
measured to be captured, a portion of the element so
deposited with sample is washed to remove uncom-
plexed labeled immunoreactant and to also add an acti-
vator, such as peroxide. A further incubation follows.
Thereafter, aportion ofthe washed portionis read several
times with a measurement device as it is incubated fur-
ther, such as a densitometer or reflectometer to deter-
mine the rate of color development, and this rate is com-
pared to calibrated results that are predictive of the con-
centration of the analyte-e.g., DGXN, PHYT or CRP.
[0004] As described above, it is known in the field of
immunoassays using dried test elements, that uncom-
plexed labeled immunoreactants (i.e., antigen or anti-
body) need to be separated and removed from bound or
complexed labeled immunoreactants, prior to detection.
This is done by applying, after the sample is added, a
wash liquid to the test element after the complexing re-
action has occurred, to cause separation of the free la-
beled immunoreactants from those that are bound. Such
separation, in theory, leaves a volume in the test element
in which the bound labeled immunoreactants can be read
free of the interference of the uncomplexed ones that are
now washed away. The process is exemplified by U.S.
Pat. Nos. 5,620,860 and 5,641,860, both of which are
incorporated by reference in their entireties.

[0005] Suchimmunoassays testelements are typically
constructed to test for only a single analyte. Such a con-
struction inherently slows down the throughput of an an-
alyzer by requiring a different test element for each assay
desired.

[0006] For the foregoing reasons, there is a need for
an immunochemistry assay element that is capable of
supporting more than one assay.
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SUMMARY OF THE INVENTION

[0007] The presentinventionis directed to meeting the
need for an immunoassay test element capable of sup-
porting more than one assay, particularly on a dry slide.
[0008] One aspect of the invention is directed to a
method of analyzing a sample for one or more analytes
of interest. The method includes: providing an element
having a base layer; a layer containing streptavidin; a
spreading layer, wherein the streptavidin may or may not
be in the spreading layer; providing immunocomponents
and labeled immunoreactants which may be in the
spreading layer or may be combined with the sample;
dispensing the sample, and optionally the immunocom-
ponents and a labeled immunoreactant onto the spread-
ing layer at three or more areas, wherein each center of
the three or more areas is substantially equidistance to
the center formed by the three or more areas, and where-
in each area contacts an adjacent area such that wash
fluid flow in any direction will contact sample; washing
the sample and label by directing the wash fluid at the
center formed by the three or more areas, whereby the
wash fluid equally flows over each of the three or more
areas; and taking a measurement at each three or more
areas to determine the presence or concentration of the
one or more analyte. In a preferred embodiment, the el-
ement is a dry slide used on a diagnostic analyzer.
[0009] Furtherobjects, features and advantages of the
present invention will be apparent to those skilled in the
art from detailed consideration of the preferred embodi-
ments that follow.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Figure 1 is a schematic diagram of a slide having
four assays arranged around a center point where
wash fluid is directed.

Figure 2 is a schematic diagram of a slide having
four assays and the order in which sample and op-
tionally labeled immunoreactant and other immuno-
components are applied.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0011] The present invention is directed to an immu-
noassay element that allows multiple assays to be per-
formed on a single element. One advantage of such a
format is that it allows a "menu" of different analytes to
be measured on the same element. For example, an in-
fectious screening menu commonly used in blood donor
screening will commonly test for HIV, Hepatitis A, Hep-
atitis B and Hepatitis C. Prior to the present invention,
blood donor screening required large, e.g., 96 well, mi-
crotiter plates that had the same analyte performed in all
wells. Thus, to simply screen for these four diseases
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would require four microtiter plates. If all the wells in the
plates are not used, this leads to considerable waste and
expense. With the present invention, a single donor can
be tested on a single element as opposed to numerous
microtiter plates.

[0012] Another advantage of the present invention is
the ability to have a calibrator (e.g., reference) on the
same element. For example, in one embodiment of the
present invention, the element can have multiple num-
bers of the same assay on a single element. One of the
assay locations on the element can include a calibrator
or reference. This provides an increased element stabil-
ity, since the calibrator will be subject to the same storage
and use conditions as the actual assays on the element.
[0013] The present invention provides a panel of as-
says on the same element, e.g., slide structure. This im-
proves the system throughput without a substantial in-
vestment in new hardware. It also reduces the cost per
test because it only would use one test element for mul-
tiple results.

[0014] As used herein, "labeled immunoreactant”
means any labeled antibody or antigen that is used to
detect a target analyte, such as an antigen or antibody,
whether the assay be via a competitive assay in which a
target antigen, for example, competes with a labeled ver-
sion of the antigen, or a sandwich assay in which a target
antigen, for example, forms a sandwich between a cap-
ture antibody and a labeled antibody (the labeled immu-
noreactant). The label in turn can be any useful detect-
able direct or indirect indicator, e.g., a fluorophor or an
enzyme such as HRP, respectively. As used herein, "im-
munocomponents” refers to all other reactive species,
e.g., capture or linking antibodies or antigens, biotin, etc.
employed, except for the labeled immunoreactant.
[0015] An example of preparing such a multi assay el-
ement is as follows:

(1) A base layer made of a clear material such as
polyester or Mylar is provided.

(2) A buffer layer is then provided on the base layer.
(3) A support and absorbing layer made of gelatin or
a polymer with a leuco dye is provided. Antioxidants
are mixed in with the dye to slow down the age related
spontaneous conversion of the dye from white to
colored.

(4) A spreading layer is prepared containing polysty-
rene beads held together with a water soluble latex
adhesive.

(5) Included in the spreading layer or as a separate
layer below the spreading layer are streptavidin coat-
ed beads.

[0016] Applications of these layers is preferably ap-
plied to the entire element. However, the layers can also
be applied to each of the areas of the element that will
contain an assay. Now each different assay is prepared
by one of the embodiments described below.

[0017] The process for completing the test element
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and for assaying an analyte on such a test element is as
follows. Depending on the assay to be performed the
labeled immunoreactant and immunocomponents (the
components for N different assays) can be applied in
several different embodiments described below. (There
will be at least N different locations spotted onto the el-
ement. More than N different locations will be spotted if
multiple spots of the same assay are performed, such as
to verify calibration or control):

1. All the immunocomponents and labeled immuno-
reactants for each N assay are homogeneously coat-
ed in the spreading layer during manufacture. The
sample(s) are then spotted onto the element (e.g.,
the spreading layer of a dry slide).

2. N immunocomponents and labeled immunoreac-
tants above are coated in N different layers for each
N assay resulting in an X/Y but not Z uniformity. N
samples are then spotted onto the element (e.g.,
spreading layer of a dry slide).

3. All components are separately coated to form N
different assays. The N different assays are then
joined on the test element during the manufacturing
process. The process of joining may be through
splicing the separate components together. Sample
(s) are then spotted onto the element (e.g., spreading
layer of a dry slide).

4. All immunocomponents for the N assays are
mixed with the sample and the sample is subdivided
into N aliquots. Labeled immunoreactant, e.g., HRP
label, for each analyte is added to each of the N
aliquots. Each of these mixtures of sample and la-
beled immunoreactant is then spotted on the slide
in N locations.

5. The sample is aliquoted into N containers and
mixed separately with the immunocomponents for
each N assay and also the labeled immunoreactant,
e.g. HRP. This mixture is spotted on the element
(e.g., spreading layer of a dry slide) in N different
locations. This is the most preferred embodiment.
6. A combination of embodiments 1 and 5. All N im-
munocomponents for N different assays are coated
homogenously into the spreading layer. The sample
is aliquoted into N containers and then it is mixed
with the labeled immunoreactants for each N assay
and then spotted onto the element in at least N sep-
arate locations. The drawback of this embodiment
is that it may loose specificity of the assays since
both ends of the sandwich will not be linking to por-
tions of the analyte we are trying to measure.

[0018] Forexample, attached covalently to the strepta-
vidin coated beads in the entire element or the areas for
each assay are immobilized anti-antigen antibodies,
such as anti-phenobarbital antibody or anti-TSH antibod-
ies, orimmobilized antigens. Preferably, these are added
with the sample such as in Embodiment 5, described
above. The labeled immunoreactant, e.g., antigen per-
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oxidase conjugate which competes with the target ana-
lyte in the sample for binding sites on the immobilized
antibodies or antigens. This labeled immunoreactantide-
ally should be included as a known amount with the sam-
ple and applied to the element at the same time as the
sample. This first assay on the slide is labeled as A in
Figure 1

[0019] Another type of immobilized anti-antigen anti-
bodies or antigens is deposited adjacent to the first assay
and immobilized on the streptavidin. The same continues
for a third and fourth assay each containing a different
immobilized anti-antigen antibodies or antigens. These
are labeled in Figure 1 as B, C and D, respectively. These
can be a panel of assays, such as Hepatitis A, B, C and
HIV or a cardiac panel, such as Troponin, CKMB My-
oglobin and proBNP or a fertility panel HCG, LH, FSH.
There is no limit to the number of assays that can be
included on each element. The only limiting factors are
that the center of each assay spot must be equidistant
from the wash center as will be explained in more detail
below and that the sample spots must all touch so that
there is no dry spreading layer between sample where
wash fluid can preferentially flow. This contact between
samples is shown by reference letters F, G, H, lin Figures
1 and 2. Thus, an element could contain 3, 4, 5, 6, etc.
assays arranged around a central wash spot E as shown
in Figure 1. Thus, on a single element, it is possible to
perform multiple different assays on a single sample, or
different assays on multiple samples. While the above
description has been described as each assay being dif-
ferent, it is entirely possible that each assay spot is for
the same analyte. That is, each immobilized anti-antigen
antibody or immobilized antigen is the same. This would
allow multiple samples to be assayed for the same ana-
lyte. However, a single sample could be run on the same
assays and placed in all four locations enabling the sys-
tem to average the results and provide a more reliable
estimate or a calibration or control fluid can be spotted
along with the patient spot to calibrate each result. The
same would be true when only two assays are requested,
only then both assays would be run in duplicate on the
slide and deposited from the same tip in the same me-
tering cycle. The inclusion of multiple assays on a single
element would allow one or more of the additional spots
to contain a control or calibrator fluid.

[0020] In practice, a drop of patient sample is metered
on each assay on the element and evenly distributed by
the spreading layer. The analyte in the sample competes
with the labeled immunoreactant for a limited number of
binding sites during the first incubation capture (for com-
petitive assays) or links between the SAC bond and the
anti-antigen and the label bond through an anti-antigen
for the sandwich assays.

[0021] A short incubation follows which enables the
analyte being measured to be captured, a portion of the
element so deposited with sample is washed to remove
uncomplexed labeled immunoreactant. An additional
wash is carried out containing an activator, such as a
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peroxide and further incubation follows.

[0022] Thereafter, a portion of the washed portion is
read several times with a measurement device as it is
incubated further, such as a densitometer or reflectom-
eter to determine the rate of color development, and this
rate is compared to calibrated results that are predictive
of the concentration of the analyte-e.g., CKMB or My-
globin.

[0023] The labeled immunoreactant can be attached
to the analyte of interest for competitive assays, or to an
antibody for sandwich assays, either process being of
use in this invention.

[0024] The presentinvention provides a method of per-
forming multiple assays on a single element where the
sample and label are placed on the element in three or
more areas, e.g., fourormore areas. Animportant feature
is that the center of the three or more areas is substan-
tially equidistance to the center formed by the combined
three or more areas and that there are no dry wedges or
gaps of spreading layer between the spots.

[0025] In the preferred example where there would be
four locations or areas, there is four metering events to
place sample at each of the four locations plus one "dual”
wash. Dual meaning that the first wash is a bound free
separation with no activator, e.g., peroxidase, added so
there is no activation step, while in the second wash the
activation chemical is also present. Prior to the present
invention, no design has been able to deal with all of the
issues associated with fabrication, integration on the an-
alyzer and maintaining an effective wash process with
multiple assays or different samples on the same slide.
[0026] Animportant feature of the presentinvention is
to structure the metering process on the element so that
each one of the four sample and label spots can be de-
posited on the slide during the same metering cycle or
in subsequent metering cycles. This is enabled by the
insensitivity of this method to incubation time on the slide
because of the very fast binding that will occur with
streptavidin coated (SAC) type system.

[0027] Washing is an important part of the invention,
because it is necessary that each assay on the element
receives the same amount of wash fluid to ensure com-
plete and equal separation of the unbound labeled im-
munoreactant from the bound labeled immunoreactant.
A ramped wash as described in U.S. Patent No.
5,620,860, incorporated herein by reference in its entire-
ty, enables the wash in the center point E of the group
of assays as shown in Figure 2. This wash in the center
point of the group of assays maintains wash fluid in all
assay areas of the element (even if only one result is
required) which allows the wash to work with the multiple
assay spots on the element. If the center spot of the as-
says is not surrounded by assays in all directions, the
result would be a short circuiting of the wash process
where the wash fluid would preferentially flow into dry
spreading layer where an assay is not present. As both
Figure 1 and Figure 2 clearly show, wash fluid that is
deposited in the center of the assays, would necessarily
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encounter assay as the wash fluid flows away from the
center towards to the periphery of the element. This will
require the wash fluid to equally contact and interact with
each of the assays on the element, thus ensuring a con-
sistent wash for all assays.

[0028] Figure 2 depicts one preferred metering order
that could be used. As shown in Figure 2, the diagonal
metering method reduces the fluid interaction during the
metering process allowing the sample (and optionally the
immunocomponents and labeled immunoreactant) fluid
to be absorbed before adding sample (and optionally im-
munocomponents and labeled immunoreactant) to adja-
cent assays. As explained above, after metering a first
incubation is performed to allow, e.g., the antigen and
labeled immunoreactant to competitively attach to the
anchored antibody. The element is then metered with
another wash fluid and again incubated to allow color
development of the leuco dye. The color development
can be rate measured or measured at an endpoint. Both
of these techniques are well known in the art. The ele-
ment, e.g., slide may be ideally read using an image cap-
ture device for example using a CCD as the capture el-
ement in a reflectometer to remove the positional sensi-
tivity between the read and the metering processes.
[0029] Advantages of using multiple assays onasingle
slide include the following:

* Improved throughput;

¢ Reduced cost per test;

*  Capability of reluctant analysis using an internal ref-
erence that could reduce issues associated with sta-
bility which in turn allows an inherently less expen-
sive analyzer and lower quality manufacturing proc-
ess to have acceptable performance.

[0030] The basic test structure can be performed on
existing diagnostic platforms with some minor modifica-
tions at most.

[0031] The test element can be any suitable structure
including a variety of solid supports including test tube
walls, plastic cups, beads, plastic balls and cylinders and
papers and plastic balls. In a particularly preferred em-
bodiment, the test element is a slide such as that used
in the Vitros® brand analyzer. Such slides are described
in U.S. Patent No. 4,258,001, which is incorporated by
reference in its entirety.

[0032] The presentinvention can also be used in blood
donor screening assays because of the batch nature of
that business, i.e., a microtiter plate is used instead of a
slide element. The multi-test approach coupled with the
potential of doing a reference or control on each slide
helps fulfill the usual requirements for blood banking as-
sociated with throughput, reliability and cost. The current
process for blood banking is a microtiter plate, which al-
ways has calibrators or controls on the same plate. The
multi-assay element of the present invention (e.g., 3 as-
says and three controls) has the capability of doing half
of the panel of assays required for blood banking on each
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slide and have reference values for each assay on the
same slide along with the result to assure that the test is
correct or provide greater assurance which is necessary
in this type of testing environment. It is desirable to have
all the results for a particular patient or in this case, unit
of blood come out at the same time but this is not possible
with the current microtiter plate design. Also if one only
needs to run 10 results on a plate the rest of the plate
can be wasted. This is substantial cost since each cell
on the plate costs about three dollars.

[0033] Theincorporation of aninternal referencein the
multi-assay element, has the potential to enable this tech-
nology to move to reduced or "factory" calibration. Fac-
tory calibration opens up applications in the veterinary
and point-of-care (POC) fields because calibration re-
quires a higher skill level than just running the analyzer.
This is because calibration requires getting the fluid in
the correct order, some times reconstitution is required,
and there are several steps that are needed to be done
by the operator. Then the calibration needs to be
checked/verified. In a veterinary and POC field often they
do not have the time or training needed to do calibration
so an automated or factor calibration enables testing to
be done in these markets where otherwise it would have
to be moved to a central lab.

[0034] The method for washing a multi-assay slide el-
ement can be implemented by a computer program, hav-
ing computer readable program code, interfacing with
the computer controller of the analyzer as is known in
the art.

[0035] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
compounds, compositions and processes of this inven-
tion. Thus, it is intended that the present invention cover
such modifications and variations, provided they come
within the scope of the appended claims and their equiv-
alents.

[0036] The disclosure of all publications cited above
are expressly incorporated herein by reference in their
entireties to the same extent as if each were incorporated
by reference individually.

Claims

1. A method of analyzing a sample for one or more
analytes of interest, comprising:

providing an element having a base layer; a lay-
er containing streptavidin; a spreading layer,
wherein the streptavidin may or may not be in
the spreading layer;

providing immunocomponents and labeled im-
munoreactants which may be in the spreading
layer or may be combined with the sample;
dispensing the sample, and optionally the im-
munocomponents and a labeled immunoreac-
tant onto the spreading layer at three or more
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areas, wherein each center of the three or more
areas is substantially equidistance to the center
formed by the three or more areas, and wherein
each area contacts an adjacent area such that
wash fluid flow in any direction will contact sam-
ple;

washing the sample and label by directing the
wash fluid at the center formed by the three or
more areas, whereby the wash fluid equally
flows over each of the three or more areas; and
taking a measurement at each three or more
areas to determine the presence or concentra-
tion of the one or more analyte.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the immunocomponents comprise a capture of link-
ing antibody or antigen.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the element comprises a dry slide used on a diag-
nostic analyzer.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the three or more areas are four areas having one
of hepatitis A, hepatitis B, hepatitis C and human
immunodeficiency virus assay.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the three or more areas include a cardiac panel which
includes Troponin, CKMB, Myoglobin and proBNP.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the three or more areas include a fertility panel which
includes HCG, FSH and LH.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the three or more areas are four areas and further
comprising an incubation period before the wash
step.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the immunocomponents and labeled immunoreac-
tant for each different analyte are in the spreading
layer before the sample is added.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 8, wherein
the immunocomponents comprise the capture or
linking antibodies/antigens.

10. A method of analyzing a sample for one or more
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1.

12,

13.

14.

15.

16.

17.

analytes of interest as claimed in claim 1, wherein
the immunocomponents for each different analyte
are in different layers.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 10, wherein
the immunocomponents comprise the capture or
linking antibodies/antigens.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the immunocomponents for each different assay are
mixed with the sample and the sample is then divided
into three or more aliquots, and further wherein a
labeled immunoreactant for each analyte being de-
tected/measured is added to one of the aliquots.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 12, wherein
the immunocomponents comprise capture or linking
antibodies/antigens.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the sample is separated into different aliquots and
immunocomponents and labeled immunoreactant
for each different assay are mixed with the sample
in a different aliquot.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 14, wherein
the immunocomponents comprise capture or linking
antibodies/antigens.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 1, wherein
the immunocomponents for each different analyte
are in the spreading layer before the sample and
labeled immunoreactant are added.

A method of analyzing a sample for one or more
analytes of interest as claimed in claim 16, wherein
the immunocomponents comprise capture or linking
antibodies/antigens.
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