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TWO STEP LATERAL FLOW ASSAY
METHODS AND DEVICES

RELATED APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §120 of U.S. Application Ser. No. 11/438,882 filed
May 23, 2006 and claims priority under 35 U.S.C. §119 of
U.S. Application Ser. No. 60/683,702 filed May 23, 2005.

FIELD OF THE INVENTION

[0002] The present invention is directed to two step lateral
flow assay methods and devices for detecting a first member
of a specific binding pair in a sample. The methods and
devices are particularly advantageous for detecting a first
member of a specific binding pair in a sample which contains
a plurality of nonspecific binding pair members. In specific
embodiments, the methods and devices are advantageous for
identifying specific IgE antibodies in a sample.

BACKGROUND OF THE INVENTION

[0003] Many lateral flow assay devices and methods are
known in the art. Typically, the devices and methods allow for
application of a sample to a lateral flow matrix. The sample
flows along the lateral flow matrix, and one or more analyte
components to be detected in the sample react with at least
one reagent which is provided in or added to the lateral flow
matrix. At least one reagent is typically immobilized in the
device for reaction with the analyte component to be detected
or a reagent thereof, and labels are typically employed to
measure the extent of reaction with an immobilized reagent.
[0004] For example, the Dafforn et al U.S. Pat. No. 4,981,
786 discloses an assay device for capturing a first member of
a specific binding pair in a zone and for allowing liquid to be
carried by capillary action away from the zone. A liquid
reagent for conducting the assay, for example comprising a
specific binding pair member, members of a signal producing
system, ancillary reagents, or the like, is added. Dafforn et al
disclose the specific use of their assay device and method for
detecting the presence of human chorionic gonadotrophin
(HCG).

[0005] To facilitate use of lateral flow assay devices by
laboratory personnel and by non-laboratory medical person-
nel and consumers, for example in “point of care” applica-
tions, and to obtain quicker detection techniques, much atten-
tion has been directed to improving one-step assay devices
and methods. For example, the May et al U.S. Pat. Nos.
5,602,040, 5,622,871, 5,656,503, 6,187,598 and 6,228,660
disclose devices, kits and methods which facilitate one-step
lateral flow assay methods. A test strip is provided with a
dried labeled reagent which is released into a mobile form by
a liquid biological sample. The labeled reagent specifically
binds with the analyte to be detected to form a complex, and
the migration of the liquid sample along the lateral flow
matrix conveys the complex by capillary action to a detection
zone.

[0006] The Hubscher et al U.S. Pat. No. 6,528,325 dis-
closes a more specific device and method for detection of
antibodies in human serum by use of a lateral flow assay
which facilitates one step techniques. A test sample obtained
from bodily fluids reacts with a gold labeled antigen and the
resulting complex travels across a membrane and along a
lateral flow strip. Red colored lines formed in specific loca-
tions along the test strip indicate the presence of class specific
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antibodies in the test specimen. In a more specific embodi-
ment disclosed by Hubscher et al, the lateral flow assay serves
as an immunochromatographic screening test for the detec-
tion of allergen-specific IgE antibodies in human serum. Test
sample reacts with gold labeled anti-IgE antibody and the
resulting complex travels across the membrane where immo-
bilized allergens capture the allergen specific IgE complex.
Colored lines are formed in the test areas to indicate the
presence of allergen-specific IgE antibodies.

[0007] Detection of specific allergies in an individual is
important in allowing medical personnel to prescribe safe and
effective allergy treatment. Common techniques for allergy
detection typically involve skin prick testing to expose an
individual to various allergens and/or complex and expensive
laboratory testing. Because of the trauma, cost and/or incon-
venience of commonly employed techniques, many medical
personnel prescribe allergy treatments based only on an indi-
vidual’s symptoms, without testing to determine what spe-
cific allergies the individual may have. Such prescriptions
obviously can be dangerous, wasteful and/or ineffective as
individuals can be prescribed treatment medicines which are
not proper for their allergy conditions. Accordingly, it would
be advantageous to use lateral flow assay techniques for
detection of IgE antibodies of an individual for accurate diag-
nosis of allergy in an individual. However, detection of spe-
cific IgE antibodies is often difficult. That is, biological
samples such as blood contain a plurality of nonspecific bind-
ing members which interfere with reactions necessary for
accurate labeling and detection of specific IgE antibodies.
[0008] More particularly, determination of a specific
allergy requires identification of an IgE antibody having a
variable region which binds to a specific allergen epitope.
Bodily fluids typically contain thousands of antibodies of
different IgE variable region specificities, and therefore,
determination of a specific allergy by assay requires selective
reaction of a single antibody type from the thousands of IgE
antibody specificities. Detection conjugates readily bind to
the constant regions of such IgE antibodies, i.e., the detection
conjugates typically do not differentiate between different
IgE specificities, and identification of a particular IgE anti-
body is difficult using conventional assay and label tech-
niques. In practice, it has been difficult to conduct lateral
assays using techniques as disclosed in the priorart to reliably
identify IgE of an individual for diagnosing allergy. Typically,
an immunoassay based on allergens bound on a solid phase,
employing a detection conjugate binding to the non-variable
region of IgE antibodies in the assay, will be sensitive to
non-specific binding of IgE in the assay. Accordingly, a need
exists for improved assay devices and methods, particularly
for facilitating detection of specific IgE antibodies.

SUMMARY OF THE INVENTION

[0009] Accordingly, it is an object of the present invention
to provide improved lateral flow assay devices and methods.
It is a related object to provide lateral flow assay devices and
methods which are advantageous for the detection of specific
IgE antibodies and which therefore can assist in diagnosing
allergy in an individual.

[0010] These and additional objects are provided by the
present invention. In one embodiment, the invention is
directed to a two step lateral flow assay method for identify-
ing IgE antibodies in a sample. The method comprises apply-
ing a sample, for example whole blood or serum, to a sample
port of a device which is adapted to deliver the sample to a
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lateral flow matrix having a plurality of IgE antigen species
immobilized at respective positions at a first location. The
device is optionally adapted to filter the sample to deliver a
filtered sample, for example substantially free of red blood
cells, to the flow matrix. The method further comprises allow-
ing the sample to travel along the lateral flow matrix through
the immobilized plurality of IgE antigen species to a second
location downstream of the first location, applying liquid
buffer to the lateral flow matrix to mobilize labeled reagent
which is adapted to bind IgE antibody and which is dried on
the lateral flow matrix at a location upstream of the delivery of
the sample to the lateral flow matrix, and allowing labeled
reagent mobilized by the liquid buffer to travel along the
lateral flow matrix through the immobilized plurality of IgE
antigen species to a location downstream of the first location.

[0011] The invention is further directed to a lateral flow
immunoassay device for identifying IgE antibodies in a
sample. The device comprises a housing provided with a
sample port, a buffer port upstream of the sample port, aresult
window downstream of the sample port, and, optionally, a
control window downstream of the result window. The device
further comprises a buffer well upstream of the sample port
and adapted to receive a quantity of liquid buffer applied
through the buffer port, a lateral flow path within the housing,
extending from the buffer well to a downstream location, for
example the control window, if included, and comprising a
lateral flow matrix, dried, labeled reagent adapted to bind IgE
antibody, arranged on the lateral flow matrix downstream of
the buffer well and upstream of the sample port, wherein the
labeled reagent is adapted to be mobilized in the lateral flow
matrix by liquid buffer passing from the buffer well along the
lateral flow matrix, and a plurality of IgE antigen species
immobilized at respective positions on the lateral flow matrix
at a first location visible through the result window. The
device may optionally further comprise unlabeled IgE or
antimouse antibody immobilized on the lateral flow matrix at
a second location separate and downstream from the first
location and visible through the control window, if included
in the housing.

[0012] In an alternate embodiment, the device comprises a
housing provided with at least one sample port, at least one
buffer port upstream of the sample port, at least one result
window downstream of the sample port, and, optionally, at
least one control window downstream of the result window, a
buffer well upstream of the sample port and adapted to receive
aquantity of liquid buffer applied through the buffer port, and
atleast two lateral flow paths within the housing, each extend-
ing from the buffer well to a downstream location, for
example at least one of the control windows, if included, and
comprising a lateral flow matrix. The device further com-
prises dried, labeled reagent adapted to bind with IgE anti-
body, arranged on each lateral flow matrix downstream of the
buffer well and upstream of the sample port, wherein the
labeled reagent is adapted to be mobilized in the lateral flow
matrix by liquid buffer passing from the buffer well along the
lateral flow matrix, and a plurality of IgE antigen species
immobilized at respective positions on each lateral flow
matrix at a first location visible through at least one of the
result windows. The device may optionally include unlabeled
1gE or anti mouse antibody, immobilized on each lateral flow
matrix ata second location separate and downstream from the
first location and visible through at least one of the control
windows, if included in the housing.
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[0013] 1Inyet further embodiments, the present invention is
directed to lateral flow assay devices and methods for detect-
ing a first member of a specific binding pair in a sample which
comprises a plurality of nonspecific binding pair members.
The device comprises a housing provided with one sample
port, one buffer port upstream of the sample port, at least one
result window downstream of the sample port, and optionally
at least one control window downstream of the result window,
a buffer well upstream of the sample port and adapted to
receive a quantity of liquid buffer applied through the buffer
port, and at least two lateral flow paths within the housing,
each extending from the buffer well to a downstream location,
for example at least one of the control windows, and com-
prising a lateral flow matrix. The device further comprises a
dried, labeled reagent capable of binding with the first mem-
ber of the specific binding pair, the labeled reagent being
arranged on each lateral flow matrix downstream of the buffer
well and upstream of the sample port, wherein the labeled
reagent is adapted to be mobilized in the lateral flow matrix by
liquid buffer passing from the buffer well along the lateral
flow matrix, and a second member of the specific binding pair
immobilized on each lateral flow matrix at a first location
visible through at least one of the result windows. The device
may optionally include a quantity of the first member of the
specific binding pair, unlabeled and immobilized on each
lateral flow matrix at a second location separate and down-
stream from the first location and visible through at least one
of the control windows.

[0014] Inanother embodiment. a two step lateral flow assay
method according to the invention for detecting a first mem-
ber of a specific binding pair in a sample which comprises a
plurality of nonspecific binding pair members comprises
applying the sample to a lateral flow matrix having a second
member of the specific binding pair immobilized at a first
location, allowing the sample to travel along the lateral flow
matrix through the immobilized second member of the spe-
cific binding pair to a second location downstream of the first
location, applying liquid buffer to the lateral flow matrix to
mobilize labeled reagent dried on the lateral flow matrix at a
location upstream of the delivery of the sample to the lateral
flow matrix, the labeled reagent being capable of binding with
the first member of the specific binding pair, and allowing
labeled reagent mobilized by the liquid buffer to travel along
the lateral flow matrix through the immobilized second mem-
ber of the specific binding pair to a location downstream of
the first location. The invention is also directed to a lateral
flow assay device for conducting such a method.

[0015] The devices and methods of the present invention
are advantageous in many respects. For example, as the
sample is contacted with the immobilized reagent prior to its
contact with labeled reagent, the labeled reagent does not
interfere with reactions between sample analyte and immo-
bilized reagent. Surprisingly, this has been found to be par-
ticularly important when the sample analyte comprises a plu-
rality of nonspecific binding pair members, for example when
the sample comprises IgE antibodies and detection of indi-
vidual IgE antibody types is desired. Unexpectedly, the
present methods and devices provide significantly improved
IgE detection. Additionally, the devices and methods allow
convenient and efficient detection of a plurality of analytes in
a sample using a single device, and the devices and methods
of the invention may be easily and accurately used by medical
personnel to allow point of care testing.
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[0016] These and additional objects and advantages will be
more fully apparent in view of the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWING

[0017] The following detailed description will be more
fully understood in view of the drawing in which:

[0018] FIG. 1 is a schematic top view of a housing in one
embodiment of a device according to the present invention
containing two lateral flow matrices;

[0019] FIG. 2 is a schematic top view of a lateral flow
matrix of a device according to FIG. 1 in combination with a
blood separation system in another embodiment according to
the present invention;

[0020] FIG. 3 isa cross sectional view taken along line 3-3
in FIG. 2;
[0021] FIG.41isaschematic exploded side view ofa device

according to the present invention;

[0022] FIG. 5isa cross sectional view taken along line 5-5
of F1IG. 4, of the device according to the present invention in
assembled form;

[0023] FIG. 6 is a schematic top view of a housing in
another embodiment of a device according to the invention
containing one lateral flow matrix;

[0024] FIG. 7 is a schematic top view of a lateral flow
matrix of the device of FIG. 6 according to the invention
containing one lateral flow matrix; and

[0025] FIG. 8 is a schematic side view of the lateral flow
matrix of the device of FIG. 7.

[0026] The embodiments set forth in the drawing are illus-
trative in nature and are not intended to be limiting of the
invention defined by the claims. Moreover, individual fea-
tures of the drawing and the invention will be more fully
apparent and understood in view of the detailed description.

DETAILED DESCRIPTION

[0027] The present invention is directed to two step lateral
flow assay devices and methods. The methods and devices are
particularly suitable for conducting immunoassays to deter-
mine, qualitatively or quantitatively, if a sample contains a
first member of a specific binding pair. While specific devices
and methods described herein are indicated as useful and
advantageous for identifying IgE antibodies in a sample, for
example whole blood, or a blood component it is equally
within the scope of the inventive devices and methods to be
used for detecting other analytes in various biological fluid
samples, including plasma, serum, urine, saliva or the like.
Examples of other analytes which may be detected according
to the present devices and methods include, but are not limited
to, various proteins, including, but not limited to, proteins
having particular biological functions such as antibodies and
other proteins found in human plasma, proteins related to
specific microorganisms, particularly disease-causing micro-
organisms, protein hormones, and the like.

[0028] Inoneembodiment, the device of the present inven-
tion comprises a housing provided with a sample port, a
buffer port upstream of the sample port, a result window
downstream of the sample port, and, optionally, a control
window downstream of the result window, a buffer well
upstream of the sample port and adapted to receive a quantity
of liquid buffer applied through the buffer port, and a lateral
flow path within the housing, extending from the buffer well
to a downstream location, for example, the control window,
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and comprising a lateral flow matrix. The device further com-
prises a dried, labeled reagent, for example, labeled anti-IgE
antibody, capable of binding with the first member of the
specific binding pair, for example IgE antibodies, the labeled
reagent being arranged on the lateral flow matrix downstream
of the buffer well and upstream of the sample port, wherein
the labeled reagent is adapted to be mobilized in the lateral
flow matrix by liquid buffer passing from the buffer well
along the lateral flow matrix, and a second member of the
specific binding pair, for example, a plurality of IgE antigens,
immobilized on the lateral flow matrix at a first location
visible through the result window. The device may optionally
include a quantity of unlabeled reagent capable of binding
with the labeled reagent, conveniently unlabeled first member
of the specific binding pair, for example, unlabeled IgE anti-
body, immobilized on the lateral flow matrix at a second
location separate and downstream from the first location and
visible through the control window, if included.

[0029] In a specific embodiment, the device comprises a
plurality of IgE antigen species immobilized at respective
positions on the lateral flow matrix at the first location, and
provides point of care testing for the detection of IgE anti-
bodies against a range of potential IgE allergens from a blood
sample. The blood sample may comprise whole blood, or a
separated blood component, for example serum or plasma.

[0030] FIG. 1 shows a schematic top view of a housing ofa
device 10 according to one embodiment of the invention. The
housing may be formed of any suitable material, an example
of which comprises molded plastic, and is preferably suffi-
ciently rigid to provide support and stability for the lateral
flow path or paths housed therein. A single oval-shaped
sample port 12 is provided in the housing top 13, together
with a single oval-shaped buffer port 14 upstream of the
sample port 12. Although additional sample and/or buffer
ports may be provided, it is preferred that the housing include
only one of each in order to facilitate easy and convenient use
of the device. In the embodiment of FIG. 1, two result win-
dows 16 and 18 are provided in the housing top 13 down-
stream of the sample port 12 and over respective detection
zones 20 and 22 in respective lateral flow paths, and two
control windows 24 and 26 are provided in the housing top 13
downstream of the result windows 16 and 18 and over respec-
tive control zones 28 and 30 in respective lateral flow paths.
The result windows 16 and 18 and the control windows 24 and
26 may be composed of merely openings in the housing top,
or, alternatively, a transparent covering may be provided in
one or more of the openings. While the device shown in FIG.
1 comprises two result windows and two control windows, it
should be understood that a single result window and/or a
single control window may be employed, or, alternatively,
additional result windows and/or control windows may be
provided as desired. In the embodiment of FIG. 1, a lateral
flow path is associated with one result window and one con-
trolwindow, although such a one to one correspondence is not
required. It is equally within the scope of the present inven-
tion to omit the control windows 24 and 26 from the housing
and to omit the control zones 28 and 30 from the respective
lateral flow paths, if not is not desired to provide a visual
control signal in the device.

[0031] Thehousing top 13 as described fits together with a
housing bottom to enclose two lateral flow paths therein. As
set forth above, the device may alternatively comprise one
flow path, or three or more lateral flow paths, as desired. FIG.
2 sets forth a top view of the two lateral flow paths contained



US 2011/0076691 A1l

within the housing of the device, in combination a blood
separation system. FIG. 3 is taken along line 3-3 of FIG. 2 and
shows the combination in further detail. With reference to
FIGS. 2 and 3, parallel lateral flow paths 32 and 34 include
upstream portions 32a and 34a which are upstream of blood
separation system 36 and downstream portions 325 and 345
which are downstream of the blood separation system 36.

[0032] Theblood separation system 36 is adapted to under-
lie the sample port 12 in the housing top and to extend
between the sample port and the lateral flow paths. The blood
separation system may include at least one layer of material
adapted to aggregate red blood cells therein so that the sample
that passes to the lateral flow paths will be substantially free
of red blood cells. The blood separation system 36 comprises
atop glass fiber filter paper layer 38, a middle glass fiber filter
paper layer 40, and a bottom glass fiber filter paper layer 42.
At least one of, and preferable both of, the top and middle
filter paper layers 38 and 40 contain an aggregating agent
therein. Numerous aggregating agents are known in the art
and are suitable for use herein. For example, the aggregating
agent may comprise, but is not limited to, a sugar such as
mannitol, sorbitol or inositol, one or more red blood cell-
binding antibodies, lectins, or the like. In the assembled lat-
eral flow assay device, the layers 38 and 40 are arranged under
the sample port 12 and are large enough to receive a sample
from the sample port, but do not extend laterally to the lateral
flow paths 32 and 34. The bottom layer 42 is arranged below
layer 40 and extends laterally to contact each of two lateral
flow strips. The bottom filter paper layer 42 may also com-
prise a red blood cell aggregating agent if desired. This layer
may also contain one or more additives to facilitate flow of the
filtered sample received from layers 38 and 40 to the lateral
flow paths 32 and 34. For example, in one embodiment, the
layer 42 comprises polyvinyl alcohol bound to the glass
fibers. To facilitate flow along the lateral flow matrix in the
downstream direction, contact between the bottom layer 42
and the lateral flow paths is limited at the upstream side by
arrangement of thin, liquid impervious layers 44 and 46
between the layer 42 and the lateral flow paths 32 and 34,
respectively. For example, layers 44 and 46 may be formed of
a lamination tape or the like. The downstream edge of each of
the layers 44 and 46 is shown by a phantom line 48 in FIG. 2,
illustrating the area downstream of the edges 48 where the
layer 42 contacts the lateral flow paths 32 and 34.

[0033] The blood separation system 36 may be included in
the inventive device when it is desirable to use a sample which
is desirably filtered to remove components which may inter-
fere with a visual signal, i.e., a whole blood sample wherein
red blood cells are desirably removed. On the other hand, the
blood separation system may be omitted if the intended
sample does not require filtering of any components there-
from, i.e., a serum sample. Alternatively other blood or
sample separation systems may be included in the inventive
devices as desired.

[0034] FIG. 4 shows an expanded side view of a device
according to the invention, while FIG. 5 shows a cross-sec-
tional view of the device taken along line 5-5 once the device
has been assembled within the device housing. With refer-
ence to FIG. 4, lateral flow path 32 is described. However,
lateral flow path 34 includes similar features as described
with respect to lateral flow path 32 although the lateral flow
path 34 is not shown in the side view of FIG. 4. Each lateral
flow path of the device of the illustrated embodiment includes
a lateral flow matrix 50 which is porous or bibulous and
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promotes lateral flow of liquids applied thereto by capillary
action. The lateral flow matrix 50 shown in FIG. 4 comprises
amain strip 52 which extends from a position upstream of the
sample port 12 and the blood separation system 36 to a posi-
tion downstream of the corresponding result window 16, 18.
The main strip 52 may be formed of any desirable flow
material, including, but not limited to, cellulosic materials
and materials derived from cellulose, such as filter paper,
nitrocellulose, and cellulose acetate, or a polymer, including,
but not limited to nylon, silicone, or the like. The pores of the
material must be sufficiently large to allow flow therethrough
of the sample and labeled reagent described in further detail
below. Suitable pore sizes are typically in the range of from
about 0.4 to about 1000 microns, with pore sizes in the range
of from about 0.4 to about 100 being suitable in many
instances. In a specific embodiment, the main strips 52 are
formed of nitrocellulose. Each main strip 52 is in fluid flow
communication with the blood separation system 36 via a
portion of the bottom glass fiber filter layer 42, although
contact therebetween is limited by, for example, a lamination
tape layer 44.

[0035] Each mainstrip 52 ofthe lateral flow paths 32 and 34
includes, at a first location, respective detection zones 20 and
22 which are visible through the corresponding result win-
dows 16 and 18. Each detection zone has immobilized
thereon at least one second member of the specific binding
pair for reaction with and immobilization of the first member
contained in the sample. In a specific embodiment as dis-
closed herein, the detection zone of each main strip contains
aseries of IgE allergens specific for a series of IgE antibodies
desired for detection. The antigens are applied such that each
type of antigen is immobilized at a separate location within
the detection zone. Various combinations of IgE antigens may
be employed as desired. For example, IgE antigens suitable
for immobilization within the detection zones include, but are
not limited to, pollens, for example, Timothy, cultivated rye,
birch, alder, hazelnut, mugwort, English plantain, ragweed,
and/or nettle, dust allergens, for example, D. farinae, D.
pteronyssinus, and/or house dust, molds, for example, Alter-
naria tenuis, Aspergillus fum., Cladosporium, and/or Penicil-
lium not, animal epithelium, for example, cat dander, dog
dander, horse dander, and/or goose feathers, foods, for
example, dairy, cereals, nuts, seafoods, and/or legumes,
inhalant mixes, for example, pollen I (grasses), pollen II
(weed/tree), animal mix, dust mix, and/or mold mix, and the
like. The IgE allergens, or other second specific binding pair
member(s), are attached to the main test strip at the detection
zone in any manner known in the art which is sufficient to
immobilize the member(s) in the flow matrix and to maintain
the immobilization under the assay conditions.

[0036] In one embodiment, the IgE allergens are immobi-
lized in the flow matrix by attaching the respective allergens
to particles which are, in turn, immobilized in the pores of the
flow matrix. Such immobilizing particles are known in the art
and include, for example, silicon dioxide particles and
organic polymer particles such as synthetic addition poly-
mers, synthetic condensation polymers and biopolymers,
optionally synthetically cross linked. The particles are suit-
ably of asize which can be received and maintained within the
pores of the flow matrix. In one embodiment, the immobiliz-
ing particles have a diameter smaller than a smallest inner
dimension of flow channels of the lateral flow matrices in the
first location of the detection zones. Examples of suitable
particles include those as taught in the published Pharmacia
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Diagnostics AB PCT application WO 99/36780, which is
incorporated herein by reference. In one embodiment, the
immobilizing particles are formed of synthetic polymer latex,
for example, polystyrene homopolymer or copolymer latex
particles, and have been treated with hydrophilic groups such
as alcoholic hydroxyl groups to improve the immobilization
and reaction of the antigens or other second specific binding
pair member, as also taught in the aforementioned published
Pharmacia Diagnostics AB PCT application WO 99/36780.

[0037] As shown in FIG. 1, the outer surface of the housing
top 13 may be provided with indicia 15 adjacent each result
window in order to distinguish the locations of the respective
species of IgE antigens which are immobilized in the respec-
tive detection zones. The indicia may comprise text, graphics,
icons, or any combinations thereof. These indicia may then
assist medical personnel in reading any positive results which
are presented once the device has been employed to conduct
an assay.

[0038] Each lateral flow matrix 50 further includes an
upstream lower wick 54 which is in fluid flow communication
with the upstream end of the main strip 52, and a downstream
upper wick 56 which is in fluid flow communication with the
downstream end of the main strip 52. When the housing is
provided with control window(s), the upper wick may be
arranged under the respective control window. Thus, as
shown in FIG. 4, each upper wick 56 is arranged under the
respective control window 24, 26. The upper and lower wicks
54 and 56 are formed of any desirable flow material, includ-
ing, but not limited to, cellulosic materials and materials
derived from cellulose, such as filter paper, nitrocellulose,
and cellulose acetate, nylon and the like. In a one embodi-
ment, the wicks are formed of glass fiber filter paper.

[0039] At alocation upstream of its contact point with the
main strip 52, each lower wick 54 includes a dried labeled
reagent 58. The labeled reagent is adapted to be mobilized for
flow through the lateral flow matrix once a liquid buffer is
applied to the device as will be described in further detail
below. The labeled reagent must be able to react with the first
member of the specific binding pair at a binding site different
from that with which the first specific binding pair member
reacts with the immobilized second specific binding pair
member. Additionally, the labeled reagent either includes a
visibly detectable label or is reactive with a visibly detectable
label. In a specific embodiment, the labeled reagent includes
a visibly detectable label. Such labels are well known in the
art and include, but are not limited to, chromophores, fluoro-
phores, radioactive compounds, enzymes and the like, and
any such label may be employed on the labeled reagent. The
labeled reagent may comprise particles to facilitate its use in
accordance with techniques known in the art, including, but
not limited to metal sol particles. In one embodiment, the
labeled reagent is adapted to bind with IgE antibody. In a
more specific embodiment, the labeled reagent comprises
labeled anti-IgE antibody. In a more specific embodiment, the
labeled reagent comprises gold sol-labeled anti-IgE antibody
and is provided, for example, on the lower wick by spraying
a solution of gold sol particles having anti-IgE antibody
thereon onto the glass fiber filter paper and allowing the
sprayed solution to dry.

[0040] Each upper wick 56 may optionally include a con-
trol zone 28, 30 under the respective control window 24, 26.
Each control zone is provided with a dried control reagent
comprising a quantity of unlabeled reagent capable of bind-
ing with the labeled reagent. In one embodiment, the unla-
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beled reagent comprises the first member of the specific bind-
ing pair. The dried control reagent is immobilized in the
lateral flow path at a second location in the control zone which
is downstream from the first location in the detection zone and
which is visible through at least one control window. This
immobilized first member is unlabeled and, as will be dis-
cussed below, may be used to confirm that the assay device
has operated properly. For example, in one embodiment, each
control zone comprises unlabeled, immobilized IgE or anti
mouse antibody.

[0041] In a further embodiment, each control zone is ini-
tially provided with at least one visible marking of water
soluble dye which is visible through a control window. The
visible marking of water soluble dye may be in any form, for
example a line 17 as shown in FIG. 1. As will be described
below, this marking may be used to confirm that a sample has
been properly applied to the assay device during use and as a
signal to complete the assay procedure by application of
liquid buffer. In one embodiment, the water soluble dye mark-
ing is of a color which is different from any visible colorofthe
labeled reagent label, and/or the water soluble dye marking is
of a shape which is different from the shape or pattern of the
control reagent applied in the control zone. As a result, a user
will be able to easily distinguish between the water soluble
dye marking and any marking which subsequently appears in
the control zone as a result of labeled reagent binding therein.
[0042] The downstream end of the upper wicks 56 may
optionally be in contact with a sink for collecting excess
liquid from the lateral flow matrices. Such a sink may further
assist in promoting lateral flow along each matrix.

[0043] As shown in FIGS. 4 and 5, the device further
includes a bottom housing 60 which is provided with a buffer
well 62. The buffer well 62 is arranged under the buffer port
14 for receiving a liquid buffer applied to the device through
the buffer port 14. The buffer well is of a size which is
sufficiently large to hold aquantity of buffer liquid, i.e. saline,
which is effective to mobilize the dried labeled reagent on
each lower wick 54 and transport the mobilized labeled
reagent along each lateral flow matrix to the respective con-
trol zone 28, 30 on the respective upper wick 56. The buffer
well extends laterally across the device so that the upstream
end of each lower wick 54 of each lateral flow path will be in
fluid flow contact with the liquid buffer in the well once the
buffer is applied to the device. Thus, a single application of
the buffer liquid will activate lateral flow in each lateral flow
path. To facilitate lateral flow of the buffer liquid from the
buffer well 62 and along each lower wick 54, the downstream
wall of the buffer well may be sloped as shown at 64.

[0044] Additionally, a liquid impervious layer or support
may be provided to underlie the lateral flow matrix. As shown
in FIG. 4, a liquid impervious layer 59 is provided under the
portion of the lower wick 54 extending from the buffer well
62, the main strip 52, and the upper wick 56. In a specific
embodiment, the layer is formed of an adhesive coated plastic
film which is assembled with the adhesive facing the lateral
flow matrix to assist in maintaining the lateral flow matrix in
position on the lateral flow path.

[0045] FIGS. 4 and 5 also show that the housing may
include one or more pressure bars, supports and/or locating
pegs for arranging the various layers and strips in the housing
and maintaining them in position in the assembled device. For
example, the housing top 13 is provided with a pressure bar 66
for maintaining the upstream portion of the lower wicks 54 in
place at the buffer well and a pressure bar 68 for maintaining



US 2011/0076691 A1l

the downstream ends of the lower wicks 54 and the upstream
ends of the main strips 52 in contact with one another and in
place in the assembled device. In the area of the blood sepa-
ration system 36, the housing top 13 is provided with a pres-
sure bar 70 for maintaining the layers 38 and 40 in position
below the sample port 12 and with pressure bars 72 on each
side of the pressure bar 70 for maintaining the layer 42 and
thin layers 44 in contact with the main strips 52 of the lateral
flow paths 32 and 34. Further, the housing top includes a
pressure bar 73 for maintaining the downstream ends of the
main strips 52 and the upstream ends of the upper wicks 56 in
contact with one another and in place in the assembled device.
In one embodiment, these pressure bars may be formed inte-
grally with the housing top 13, for example when the housing
top is formed of molded plastic. Alternatively, one or more of
the pressure bars may be provided as separate components. In
aspecific embodiment, the housing top is free of any pressure
bars in the area of the result windows to prevent any pressure
application in the area of the detection zones.

[0046] Thehousing bottom 60 may be provided with one or
more supporting or locating structures. In the embodiment
shown, the housing bottom 60 includes a support bed 74
which assists in maintaining the blood separation system 36
in position under the sample port 12 and aligned with the main
strips 52. In the region adjacent layers 38 and 40, the support
bed 74 includes upstream and downstream flanges 76 and 78
to facilitate sample flow to the underlying layer 42 and the
main strips 52 and/orto further assist in maintaining the blood
separation system in position. Further, the housing bottom 60
includes an upstream locating peg 80 to assist location of the
upstream end of the lower wicks 54 at the buffer well, and
downstream peg 82 to assist location of the downstream end
of the upper wicks 56 in the region of the control zones. Each
wick and/or strip optionally may be provided with one or
more notches, perforations or holes for receiving a locating
peg or a portion of a locating peg to further assist in main-
taining the strip in position.

[0047] FIGS. 6-8 are directed to another embodiment of a
device according to the present invention, which device con-
tains a single lateral flow matrix. More particularly, the hous-
ing is similar in construction to that described in further detail
in connection with FIG. 1, and includes a housing top 113
which is provided with a single oval-shaped sample port 112
and a single oval-shaped buffer port 114 upstream of the
sample port 112. Additional sample and/or buffer ports may
be provided, although it is preferred that the housing only
include one of each in order to facilitate easy and convenient
use of the device. The housing top 113 is further provided
with a result window 116 downstream of the sample port 112
and arranged over a detection zone 120 contained in the
lateral flow path. The housing 113 may be further provided
with a control window 124 downstream of the result window
116 and over a control zone 128. As previously described, the
control zone 128 is optionally included in the device, and, in
turn may optionally be provided with at least one visible
marking, for example, of water soluble dye, indicated in FIG.
6 at 117, which is visible through the control window. The
marking 117 may be used to confirm that a sample has been
properly applied to the assay device during use and as a signal
to complete the assay procedure by application of liquid
buffer. The result window 116 and the control window 124
may be composed of merely openings in the housing top, or,
alternatively, a transparent covering can be provided in one or
both of the openings. The housing top 113 may also be pro-

Mar. 31, 2011

vided with indicia 115 adjacent the result window in order to
distinguish the locations of respective specific binding pair
members immobilized in the detection zone, for example to
distinguish the locations of respective species of IgE antigens
which are immobilized in the detection zone 120.

[0048] FIG. 7 shows a schematic top view of a lateral flow
matrix suitable for use in the device of FIG. 6, while FIG. 8
shows a schematic side view of the lateral flow matrix of FIG.
7. With reference to FIG. 7, the lateral flow path 132 includes
an upstream portion 132a which is upstream of a blood sepa-
ration system 136 and a downstream portion 1325 which is
downstream of the blood separation system 136. As in the
previously discussed embodiment, the blood separation sys-
tem 136 is adapted to underlie the sample port 112 in the
housing top. The blood separation system may include any of
the embodiments previously discussed with respect to the
blood separation system 36, or may be omitted, if desired. In
the embodiment shown in FIG. 8, the system 136 comprises a
top glass fiber filter paper layer 138, a middle glass fiber filter
paper layer 140, and a bottom glass fiber filter paper layer
142. One or more of the glass fiber filter paper layers may
include aggregating agent to remove red blood cells from the
samples and/or additives to facilitate flow of a filtered sample
to the lateral flow path 132. To facilitate flow along the lateral
flow matrix in the downstream direction, contact between the
bottom layer 142 and the lateral flow path is limited at the
upstream side of the layer 142 by arrangement of a thin liquid
impervious layer 144 between the upstream portion of the
layer 142 and the lateral flow path 132. The layer 144 may be
formed of a lamination tape or the like, and the downstream
edge of the layer 144 is shown by a phantom line 148 in FIG.
7

[0049] The lateral flow path includes a lateral flow matrix
150 which is porous or bibulous and promotes lateral flow of
liquid applied thereto by capillary action. As shown in FIG. 8,
the lateral flow matrix includes a main strip 152 which
extends from a position upstream of the sample port 112 and
the blood separation system 136 to a position downstream of
the result window 116. The main strip 152 may be formed of
any desirable flow material, including those described previ-
ously with respect to the main strip 52. The main strip 152
includes the detection zone 120 having immobilized thereon
at least one second member of the specific binding pair for
reaction with an immobilization of the first member con-
tained in a sample. In a specific embodiment, the detection
zone of the main strip 152 contains a plurality of IgE allergens
specific for a series of IgE antibodies desired for detection.

[0050] The lateral flow matrix 150 further includes an
upstream lower wick 154 which is in fluid flow communica-
tion with the upstream end of the main strip 152, and a
downstream upper wick 156 which is in fluid flow commu-
nication with the downstream end of the main strip 152. In
FIG. 7, the upstream edge of the main flow strip 152 is shown
by phantom line 153, while the downstream edge of main
stream 152 is shown by phantom line 155. At a location
upstream of its contact point with the main strip 152, the
upstream lower wick 154 includes dried labeled reagent 158,
which is adapted to be mobilized for flow through the lateral
flow matrix once a liquid buffer is applied to the device ina
manner as previously described. Thus, the upstream end of
upper wick 154 preferably extends into a buffer well con-
tained in the bottom housing of the device in a manner as
shown in FIG. 4. The downstream upper wick 156 is arranged
under the control window 124 with the immobilized unla-
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beled reagent 128 at a position appearing through the control
window 124 as shown in FIG. 6.

[0051] The lateral flow matrix may be arranged and main-
tained in the device housing in any manner known in the art,
including those discussed above with respect to FIGS. 4 and
5. In one embodiment, a liquid impervious layer or support
159 is provided to underlie the lateral matrix.

[0052] In operation of the devices according to the inven-
tion, a sample is collected. For example, when identification
of IgFE antibodies is desired, a whole blood sample is col-
lected, although a separated blood component, or other
sample, may be employed. Sample collection is preferably
conducted in a capillary device of a size sufficient to provide
a sample volume appropriate for travel along the lateral flow
matrix to the control zone of the lateral flow path(s) within the
device. Application of a measured quantity of sample, as from
a capillary, will assist in preventing application of a quantity
of sample in excess of that needed for the proper use of the
device. The capillary may optionally contain an anti-coagu-
lant, for example, heparin. The whole blood sample is sup-
plied to the sample port from the capillary device. As the
blood sample travels downwardly from the sample port
through the top, middle and bottom glass fiber filter paper
layers, red blood cells are aggregated and retained in the filter
paper layers. That is, the aggregating agent such as mannitol
which is contained in the top and middle filter paper layers
acts as an agglomerating agent for the red blood cells to
prevent them from passing through the filter paper layers. As
aresult, a red blood cell-free plasma sample is delivered from
the bottom glass fiber filter paper layer to the main strip of the
lateral flow path(s).

[0053] Once the plasma sample contacts the main strip(s),
the sample flows laterally towards the respective detection
zone under the result window where specific IgE antibody
analyte in the sample will bind to the respective immobilized
specific IgE allergen particles. The sample plasma continues
to flow along the strip to the upper wick where it will wash
away the water soluble dye marking from the control window
to provide a visual confirmation that the sample addition step
of the testing procedure has been completed. In the event that
the device which is employed does not include the optional
control window, the user may merely allow a predetermined
period of time, for example 5 minutes, to pass to ensure that
the sample addition step of the testing procedure has been
completed.

[0054] A buffer liquid, preferably saline, is then added to
the buffer well via the buffer port. The buffer liquid is
absorbed from the well by an upstream portion of the lower
wick(s) extending into the well, and as the buffer liquid flows
laterally along the length of the lower wick, it mobilizes the
dried labeled reagent and carries the mobilized labeled
reagent along the length of the main strip and to the upper
wick. As the labeled reagent passes through the detection
zone on the main strip, it binds with any IgE antibody analyte
bound to the immobilized IgE allergen particles, thus result-
ing in a visibly detectable marking. The indicia on the hous-
ing top allow correlation of any visibly detectable marking in
the result windows with antibody/allergen information to
determine the identities of IgE antibodies bound in the detec-
tion zone(s).

[0055] As thebuffer liquid carries excess labeled reagent to
the upper wick(s) and control zone(s), the labeled reagent
binds with IgE antibody immobilized in the control zone to
produce an additional visibly detectable marking. The
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appearance of the marking in each control zone provides a
visual confirmation that labeled reagent has successfully
passed through the detection zone and testing is completed.

[0056] Thus, the assay devices of the invention are adapted
for conducting a two step assay. To facilitate use of a device
according to the invention, the device may be provided in a kit
in combination with a capillary device of a size effective for
providing an appropriate quantity of sample for use in the
device, as described above. The kit may optionally further
comprise a quantity of buffer liquid, i.e., saline, which is
effective for mobilizing the labeled reagent and transporting
the labeled reagent along the lateral flow matrix to the control
zones. In a further embodiment, a kit according to the inven-
tion may comprise a plurality of assay devices as described, a
corresponding plurality of capillaries for collecting samples
for application to the devices, and a supply of saline sufficient
for proper use of the devices. The saline may be supplied ina
single package or may be supplied in a plurality of individual
packages corresponding with the plurality of assay devices.

[0057] Although the assay methods and devices according
to the invention involve two steps, namely sample application
followed by buffer liquid application, the methods and
devices may be easily and conveniently employed without
error and with confirmation that the methods have been cor-
rectly performed. That is, since a single sample port can
deliver a sample to one, two or more lateral flow paths, each
having a plurality of binding members, i.e., IgE antibodies of
different specificities, immobilized in a detection zone, only a
single sample application is required to test for a plurality of
analytes, for example a plurality of IgE antibodies. Moreover,
since the buffer well distributes buffer liquid to all lateral flow
paths, only a single buffer liquid application is required, even
when testing for a plurality of analytes such as a plurality of
IgE antibodies. Further, as the control zone may be initially
provided with a water soluble dye marking, without interfer-
ing with the detection reactions, a readily detectable signal,
i.e., disappearance of the water soluble dye marking, indi-
cates when the sample has successfully traversed the detec-
tion zone to the control zone and the buffer liquid may then be
properly applied. Finally, a readily detectable signal occurs
when the labeled reagent has successfully traversed the detec-
tion zone to the control zone by reaction of the labeled reagent
with the immobilized IgE antibody in the control zone,
thereby clearly signaling when the assay method is complete.
Accordingly, the two step methods and devices are conve-
nient and reliable.

[0058] Moreover, because the assay methods are conducted
in two steps, and the analyte-containing sample is contacted
with the immobilized specific binding pair member before it
is contacted with the labeled reagent, a more accurate analyte
detection method is achieved, particularly for samples which
contain a plurality of non-specific binding pair members,
such as a whole blood sample when IgE antibody detection is
desired. The IgE antibodies are allowed to react with respec-
tive antigens in the detection zone, and, once these reactions
have occurred, the labeled reagent is then transported to the
detection zones by the subsequent application of buffer lig-
uid. Surprisingly, when the labeled reagent does not interfere
with the antibody-antigen reactions in the detection zones, the
assay methods and devices exhibit improved sensitivity and
more accurate identification of IgE antibodies is obtained.
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[0059] The advantages of the methods and devices of the
present invention are demonstrated in the following example.

EXAMPLE

[0060] Various assays were conducted to detect IgE anti-
bodies in serum sample mixtures. The sample mixtures con-
tained many different IgE antibodies, with known amounts of
four IgE antibodies (e1, t3, and d1), as set forth in the follow-
ing Table. The total IgE antibody content of each sample was
measured and is also set forth in the Table below. For each
sample mixture, a two step assay method according to the
invention was conducted wherein the sample was contacted
with immobilized IgFE antigens in a detection zone of a lateral
flow assay, after which a labeled anti-IgE antibody (on gold
sol particles) was transported to the detection zone. The
resulting visible color changes in the detection zone were
evaluated on a scale of 0 (no color change) to 5 (indicating
greatest color change), the results of which are set forth in the
Table. For comparison purposes, the samples were also sub-
jected to analysis using a one step method as commonly
employed in the art, wherein the samples were contacted with
the labeled anti-IgE antibody (on gold sol particles) prior to
arrival of the sample in the detection zone, along the lines of
the methods taught by the prior art discussed in the Back-
ground of the Invention. The resulting visible color changes
in the detection zone were evaluated on the aforementioned
scale, and the results are also set forth in the Table below.
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matrix having a plurality of IgE antigen species immo-
bilized at respective positions at a first location,

after a predetermined period of time following application
of the sample to the sample port, applying liquid buffer
to the lateral flow matrix, the applied liquid buffer mobi-
lizing labeled reagent which is adapted to bind IgE anti-
body and which is dried on the lateral flow matrix at a
location upstream of the sample port delivery of the
sample to the lateral flow matrix, and

allowing labeled reagent mobilized by the liquid buffer to
travel along the lateral flow matrix through the immobi-
lized plurality of IgE antigen species and to bind with
any IgE antibody bound to the immobilized IgE antigen
species, and to travel to a second location downstream of
the first location, wherein the mobilized labeled reagent
causes a visible change to occur at the second location.

2. The two step method according to claim 1, wherein the
liquid buffer is applied through a buffer port upstream of the
dried, labeled reagent.

3. The two step method according to claim 2, wherein the
liquid buffer is delivered from the buffer port to a buffer well
in fluid communication with the lateral flow matrix.

4. The two step method according to claim 1, wherein the
sample is a whole blood sample, and the device is adapted to
filter the sample and deliver a filtered sample substantially
free of red blood cells to the lateral flow matrix.

Comparison of Two Step and One Step Assays (Concentrations in kU/1)

Total 2step 1 step 2step 1 step 2step 1 step
Igfin  elin el el t3in t3 3 dlin d1 d1

Run sample sample score score sample score score sample score score
1 1958 31.7 4 2 3.1 1 0 149 0 0
2 4637 65.8 4 3 28.9 2 0 >100 5 2
3 5000  >100 5 4 129 3 0 >100 4 1
4 4064 55.7 4 3 >100 3 1 >100 5 3
5 523 097 0 0 22.2 3 2 206 0 0
6 114 401 2 2 329 1 0 2.6 0 0
7 384 389 4 4 229 1 0 < 0 0

< indicates concentration below 0.35 kU/L

[0061] The results set forth in the Table surprisingly dem-
onstrate that the two step method according to the invention
exhibits improved sensitivity with respect to IgE antibody
detection, particularly at higher antibody concentrations, as
compared with the one step methods commonly taught in the
prior art. Thus, the present methods and devices not only
provide a convenient, point of care technique for IgE antibody
testing, but also provide improved sensitivity in detection of
specific IgE antibodies for improved diagnosis of allergy.
[0062] The specific illustrations and embodiments
described herein are exemplary only in nature and are not
intended to be limiting of the invention defined by the claims.
Further embodiments and examples will be apparent to one of
ordinary skill in the art in view of this specification and are
within the scope of the claimed invention.

What is claimed is:
1. A two step lateral flow assay method for identifying IgE
antibodies in a sample, comprising
applying a sample to a sample port of a device, wherein the
device is adapted to deliver the sample to a lateral flow

5. The two step method according to claim 4, wherein the
sample is filtered by passing the sample through at least one
layer of material adapted to aggregate red blood cells therein.

6. The two step method according to claim 5, wherein the
atleast one layer of material includes an agglomerating agent.

7. The two step method according to claim 1, wherein the
labeled reagent comprises anti-IgE antibody.

8. The two step method according to claim 7, wherein
unlabeled IgE or anti mouse antibody is immobilized on the
lateral flow matrix at the second location.

9. The two step method according to claim 1, wherein the
sample is whole blood.

10. A lateral flow immunoassay device for identifying IgE
antibodies in a sample, comprising

a housing provided with a sample port, a buffer port

upstream of the sample port, a result window down-
stream of the sample port, and a control window down-
stream of the result window,

a buffer well upstream of the sample port and adapted to

receive a quantity of liquid buffer applied through the
buffer port,
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a lateral flow path within the housing, extending from the
buffer well to the result window and comprising a lateral
flow matrix,

dried, labeled reagent adapted to bind IgE antibody
arranged on the lateral flow matrix downstream of the
buffer well and upstream of the sample port, wherein the
labeled reagent is adapted to be mobilized in the lateral
flow matrix by liquid buffer passing from the buffer well
along the lateral flow matrix,

aplurality of IgE antigen species immobilized at respective
positions on the lateral flow matrix at a first location
which is visible through the result window, and

unlabeled IgE or anti mouse antibody immobilized on the
lateral flow matrix at a second location which is down-
stream of the first location and which is visible through
the control window.

11. The device according to claim 10, wherein the lateral
flow matrix comprises, at its upstream end, an upstream wick
which is adapted for delivery of aliquid buffer from the buffer
well to the lateral flow matrix.

12. The device according to claim 11, wherein the labeled
reagent is provided on the upstream wick of the lateral flow
matrix.

13. The device according to claim 12, wherein the lateral
flow matrix comprises, at its downstream end, a downstream
wick on which the unlabeled IgE or anti mouse antibody is
immobilized.

14. The device according to claim 13, wherein the lateral
flow matrix comprises a nitrocellulose matrix or a polymer
matrix between the upstream wick and the downstream wick.

15. The device according to claim 14, wherein the nitro-
cellulose matrix extends upstream of the sample port.

16. The device according to claim 10, wherein the housing
is provided with one sample port and one buffer port, wherein
the device comprises two lateral flow paths, two result win-
dows and two control windows, and wherein each lateral flow
path is associated with a respective result window and a
respective control window.
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17. The device according to claim 16, wherein the two
lateral flow paths are substantially parallel.

18. The device according to claim 10, further comprising a
blood separation system between the sample port and the
lateral flow matrix.

19. The device according to claim 18, wherein the blood
separation system comprises at least one layer of material
adapted to aggregate red blood cells therein.

20. The device according to claim 19, wherein the agglom-
erating agent comprises mannitol.

21. The device according to claim 10, wherein the plurality
of IgE antigen species are attached to immobilized particles
which exhibit hydrophilic groups on their surface and have a
diameter smaller than a smallest inner dimension of flow
channels of the lateral flow matrix in the first location, the
particles being immobilized on the lateral flow matrix at the
first location.

22. The device according to claim 10, wherein the labeled
reagent comprises anti-IgE antibody labeled with a metal sol.

23. A kit for identifying IgE antibodies in a sample, com-
prising a capillary for collecting a quantity of whole blood,
and the device according to claim 10, wherein the device is
adapted to receive the quantity of whole blood from the cap-
illary.

24. Thekitaccording to claim 23, further comprising liquid
buffer in an amount sufficient to mobilize the labeled anti-
body and transport the labeled antibody along the lateral flow
matrix to the second location.

25. A two step lateral flow assay method for identifying IgE
antibodies in a sample, comprising applying a blood sample
to the sample port of a device according to claim 10, and, after
a predetermined period of time following application of the
sample to the sample port, applying a liquid buffer to the
buffer port.
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