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(57) ABSTRACT

Described herein are methods and devices for detecting the
presence of an analyte in a liquid sample. In some embodi-
ments, methods and devices for the detection of an antigen in
a body fluid using a plurality of species-specific antibodies
are provided. A sandwich complex may be formed using
primary antibodies derived from two different species.
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species-specific origins for the mixed-species embodiments
described herein are provided in Table 1.

TABLE 1

Exemplary Combinations for Species-Specific Antibodies

Species  Species  Species Species
A B C D
Labeled Antibody Yes No No No
(Antibody-Antigen Sandwich)
Non-Labeled Antibody No Yes No No
(Antibody-Antigen Sandwich)
Test Line Antibody Yes No Yes Yes
Control Line Antibody No Yes Yes Yes
[0042] For example, if the labeled conjugate antibody is

derived from mouse, the non-labeled capturable component
antibody can be derived from any species other than mouse.
Alternatively, if the non-labeled capturable component anti-
body is derived from mouse, the labeled conjugate antibody
can be derived from any species other than mouse. Further, if
the labeled conjugate antibody is derived from mouse, the test
line antibody can be derived from mouse (and targeted to the
species from which the non-labeled capturable component
antibody is derived), and the control site antibody can be
derived from any species other than mouse. One of skill in the
art will recognize numerous possible combinations of species
for the embodiments described herein. Further, one of skill in
the art will recognize that antibodies can be derived from any
appropriate species, including mouse, sheep, goat, rabbit,
llama, etc.

[0043] Inpreferred embodiments, the antibodies described
herein have not undergone chemical modification. For
example, in some embodiments, antigen-recognizing anti-
bodies are used to capture an antibody-antigen sandwich
complex at a test line without employing any components of
an avidin-biotin system.

[0044] Forexample, in some embodiments, the presence of
a detectable level of hCG in the urine is recognized by a
colloidal gold-labeled anti-hCG antibody derived from a first
species. After recognition, urine wicking up the release
medium results in the formation of an “hCG sandwich com-
plex,” whereby the hCG is also detected by the anti-hCG
antibody derived from a second species (which recognizes a
different epitope or portion of the hCG hormone). This “sand-
wich complex™ is then captured at the test line by a third
antibody that is an anti-second species antibody, and the
resulting color development at the test line provided by the
colloidal gold particles informs the consumer of a positive
result (e.g, the presence of hCG in the urine sample).

[0045] In one embodiment, a mixed species test strip com-
prising a gold labeled conjugate antibody derived from Spe-
cies A, a non-labeled capturable component antibody derived
from Species B, a non-labeled antibody derived from Species
C (which is anti-Species B), and a non-labeled antibody
derived from Species D (which is anti-Species A) is con-
structed.

[0046] When a sample in which an antigen is present is
applied to the test strip of this embodiment, fluid moves down
the test strip, and the antigen is recognized and bound by a
gold-labeled conjugate antibody derived from Species A. As
fluid moves further down the test strip, this “half sandwich” is
recognized and bound by the non-labeled capturable compo-
nent antibody derived from Species B. This complete anti-
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body-antigen sandwich then flows to the test line, where it is
captured by the immobilized non-labeled antibody that is
specific to Species B (e.g., an anti-species B antibody). The
gold-labeled antibody derived from Species A allows color to
be observed at the test line, informing the user of a positive
test result. Excess gold-labeled antibody (which is derived
from Species A, and not bound to the anti-species B antibody
at test line 34) then flows past the test line and is captured at
acontrol line containing an antibody that is specific to Species
A (e.g., an anti-species A antibody).

[0047] Incontrast, when a sample in which an antigen is not
presentis applied to the test strip of this embodiment, only the
gold-labeled antibody derived from Species A and the unla-
beled antibody derived from Species B move up the test strip.
Because no antibody-antigen sandwich is formed, only the
unlabeled antibody derived from Species B is captured at the
test line by the anti-Species B antibody. As a result, no color
development occurs at the test line, conveying a negative
result to the user. The gold-labeled antibody is then captured
at the control line by an anti-Species A antibody.

[0048] Inone embodiment, a mixed species test strip com-
prises a gold-labeled conjugate anti-hCG antibody derived
from mouse is deposited at line 26, a non-labeled capturable
component anti-hCG antibody derived from sheep at line 28,
a non-labeled IgG antibody derived from mouse (which is
anti-sheep) is immobilized at test line 34, and a non-labeled
IgG antibody derived from goat (which is anti-mouse) is
immobilized at control line 36.

[0049] When a sample containing hCG is applied to the test
strip of this embodiment, fluid moves down the test strip, and
hCG present in the sample is recognized and bound by the
gold-labeled anti-hCG antibody derived from mouse. As fluid
moves further down the test strip, this ‘half sandwich’ is
recognized and bound by the non-labeled anti-hCG antibody
derived from sheep. This complete antibody-antigen sand-
wich then flows to the test line, where it is captured by the
immobilized mouse-derived anti-sheep IgG antibody at the
test line. The mouse-derived gold-labeled antibody in the
antibody-antigen sandwich allows color to be observed at the
test line, informing the user of a positive test result. Excess
anti-hCG gold-labeled antibody (which is derived from
mouse, and not bound to anti-sheep IgG antibody at the test
line 34) then flows past the test line and is captured at the
control line 36 containing a goat-derived anti-mouse IgG
antibody.

[0050] Incontrast, when a sample devoid of hCG is applied
to the test strip of this embodiment, only the anti-hCG mouse-
derived gold-labeled antibody and the unlabeled anti-hCG
sheep-derived antibody move up the test strip. Because no
antibody-antigen sandwich is formed, only the unlabeled
anti-hCG sheep-derived antibody is captured at the test line
by the mouse-derived anti-sheep IgG antibody. As a result, no
color development occurs at the test line, conveying a nega-
tive result to the user. The gold-labeled antibody is then
captured at the control line by a goat-derived anti-mouse IgG
antibody.

[0051] In some embodiments, the labeled conjugate anti-
body, capturable component antibody, and test line antibody
are derived from three different species. For example, the
labeled conjugate antibody could be a mouse derived primary
antibody, the capturable component could be a rabbit derived
primary antibody, and the test line antibody could be a goat
derived anti-rabbit secondary antibody. If the control line is
present, it could be derived from a fourth species. If added to



US 2013/0157379 Al

the above example, the control line antibody could be a sheep
derived anti-mouse secondary antibody.

[0052] The methods described herein may be designed to
incorporate any conventional “sandwich” or “competitive”
techniques known to one of skill in the art. In the case of
sandwich techniques, the labeled binding member can com-
prise an antibody from a first species which binds to an
epitope on the analyte of interest to form a labeled antibody-
antigen complex. This complex then migrates to react with a
capturable component, which comprises a second antibody
from a second species that is specific for a second epitope of
the analyte, forming a “sandwich” comprising the second
antibody, analyte, and labeled antibody. At the capture site, an
immobilized capture member binds to the antibody from the
second species in the “sandwich.” As more and more labeled
conjugate is immobilized at the capture site, the colored par-
ticles aggregate and become visible through the window of
the casing, indicating the presence of the analyte in the liquid
sample. Both in the presence or absence of a detectable level
of analyte, the colored particles gather at the control site
which also is visible through the window.

[0053] In the case of competitive techniques, a known
amount of the analyte of interest can be labeled and disposed
upstream of unlabeled antibodies in the release medium that
are specific for the analyte. The labeled analyte may com-
prise, for example, a sample of the analyte, or a fraction
thereof which has comparable specificity for the antibodies.
As a liquid sample is transported along the release medium,
the labeled analyte and any unlabeled analyte present in the
sample compete for sites of attachment to the antibody. If no
analyte is present in the sample, labeled analyte-antibody
aggregates at the capture site, and the presence of color indi-
cates the absence of detectable levels of analyte in the sample.
If analyte is present, the amount of labeled analyte which
binds at the test site is reduced because of binding of analyte
in the sample with the antibody, and no color, or a paler color,
develops. Alternatively, the analyte disposed upstream of the
antibodies in the release medium can be labeled with a marker
that differs from a marker used for antibodies in the release
medium. If analyte is present in the sample, more than one
label will be detected at the capture site.

[0054] In one embodiment, the methods and devices
described herein are designed to detect human pregnancy. In
another embodiment, the methods and devices described
herein are designed to predict human ovulation. In another
embodiment, the methods and devices described herein are
designed to determine human fertility status though gauging
the ovarian reserve. In another embodiment, the device may
be adapted to detect infectious agents, such as streptococcus.
Samples for use in conjunction with the methods and devices
described herein can include any liquid sample of interest
known to one of skill in the art, including without limitation
urine, blood, sweat, tears, saliva, or other bodily fluids.

Example 1

Construction of Mixed-Species Pregnancy Test Kit

[0055] Biphasic test sheets of hydrophilic cellulosic mate-
rial and nitrocellulose were prepared using production strip-
ing procedures and an IVEK linear striper. The release
medium portion of the biphasic medium was striped with
colloidal gold conjugated with mouse-derived anti-hCG anti-
body at line 26 of FIG. 6 and sheep-derived anti-hCG anti-
body at line 28 of FIG. 6. The nitrocellulose portion of the
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biphasic medium was striped with mouse-derived anti-sheep
IgG antibody at test line 34 of FIG. 6 and goat-derived anti-
mouse IgG antibody at control line 36 of FIG. 6. The striped
biphasic material was allowed to dry overnight at 50° C. The
test sheets were then cut into 8 mm test strips and assembled
with sample receiving materials and absorbent reservoir
materials in device housings.

Example 2

Mixed-Species Pregnancy Assay

[0056] The devices described in Example 1 were tested in
replicates of five in hCG urine standards prepared in negative
urine pool (NUP) to contain 0, 25, 50, and 100 mIU hCG/mL..
After three minutes, all devices tested in NUP were clearly
negative. All devices tested at 25, 50, and 100 mIU hCG/mL
gave positive results, and the test lines of those devices were
read on a Biodot device to generate quantitative data for color
development at the test line (see FIG. 7; each data point is
representative of an average of five replicates).

[0057] The results in FIG. 7 demonstrate a linear correla-
tion between increasing concentrations of hCG (x-axis) and
increasing color intensity of the test line (y-axis). These
results indicate that the mouse-derived anti-sheep antibody is
effective as a capturing reagent in a mixed-species system,
and can specifically capture the mixed-species antibody sand-
wich complex (e.g., mouse Ab-hCG-sheep Ab) at the test line.

[0058] From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of embodi-
ments of this invention, and without departing from the spirit
and scope thereof, can make various changes and modifica-
tions to adapt it to various usages and conditions. Such
embodiments are intended to be included within the scope of
the following claims.

What is claimed is:

1. A device for determining the presence of an analyte in a
liquid sample, the device comprising:

a release medium forming an upstream portion of the
device;

at least two primary antibodies that recognize the analyte
that are derived from at least two different species,
wherein the at least two primary antibodies are located in
or on the release medium;

a capture medium forming a downstream portion of the
device;

at least one secondary antibody specific for only one of the
at least two primary antibodies, wherein the at least one
secondary antibody is located in or on the capture
medium.

2. The device of claim 1, wherein a first one of the at least
two primary antibodies is conjugated to a label, and wherein
a second one of the at least two primary antibodies is uncon-
jugated.

3. The device of claim 2, wherein a first antibody of the at
least one secondary antibody is specific for the species from
which the second one of the at least two primary antibodies is
derived.

4. The device of claim 3, comprising a second secondary
antibody located in or on the capture medium that is specific
for the species from which the first one of the at least two
primary antibodies is derived.
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5. The device of claim 4, wherein the first and second ones
of the at least two primary antibodies in or on the release
medium are deposited in or on different locations of the
release medium.

6. The device of claim 5, wherein the first and second
secondary antibodies in or on the capture medium are immo-
bilized in or on different locations of the capture medium.

7. The device of claim 1, wherein neither of the two pri-
mary antibodies are biotinylated.

8. A device for determining the presence of an analyte in a
liquid sample, the device comprising:

a release medium comprising:

a labeled conjugate comprising a binding member
derived from a first species and a label, wherein the
binding member is reactive with a first epitope of the
analyte; and

a capturable component derived from a second species,
wherein the capturable component is reactive with a
second epitope of the analyte, such that if the analyte
is present in the sample, a sandwich complex is
formed comprising the labeled conjugate, the analyte,
and the capturable component; and

a capture medium comprising a capture site for capturing

the complex, the capture site having immobilized

thereon a capture component having specificity for the
capturable component.

9. The device of claim 8, wherein the binding member of
the labeled conjugate is an antibody.

10. The device of claim 8, wherein the capturable compo-
nent is an antibody.

11. The device of claim 8, wherein the capture component
is an antibody.

12. The device of claim 8, wherein the capture component
is derived from the first species.

13. The device of claim 8, wherein the capture component
is an antibody derived from the first species.

14. The device of claim 8, wherein the capture component
is derived from a third species.

15. The device of claim 8, wherein the capture component
is an antibody derived from a third species.

16. The device of claim 8, wherein the capture medium
further comprises a control site having immobilized thereon
an agent having specificity for the labeled conjugate.

17. The device of claim 16, wherein the agent having
specificity for the labeled conjugate is an antibody.

18. The device of claim 16, wherein the agent having
specificity for the labeled conjugate is derived from the sec-
ond species.

19. The device of claim 16, wherein the agent having
specificity for the labeled conjugate is an antibody derived
from the second species.

20. The device of claim 16, wherein the agent having
specificity for the labeled conjugate is derived from a third
species.

21. The device of claim 16, wherein the agent having
specificity for the labeled conjugate is an antibody derived
from a third species.

22. The device of claim 8, wherein the capture medium
further comprises a control site having immobilized thereon
an agent having specificity for the labeled conjugate, wherein
the capture component is derived from a third species, and
wherein the agent is derived from a fourth species.
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23. The device of claim 8, wherein the analyte is human
chorionic gonadotropin, follicle stimulating hormone, or
luteinizing hormone.

24. The device of claim 8, further comprising a sample
receiving material located upstream of the substrate at the
proximal end of the device.

25. The device of claim 8, further comprising a reservoir
absorbent material located downstream of the substrate at the
distal end of the device.

26. The device of claim 8, wherein the release medium
comprises absorbent material.

27. The device of claim 8, wherein the capture medium is
laminated to or cast on a transparent polymeric material.

28. The device of claim 8, wherein the capture medium
comprises nitrocellulose or nylon.

29. The device of claim 8, wherein the release medium and
the capture medium are both laminated on a single backing
support.

30. The device of claim 8, wherein the labeled conjugate
comprises a colored particle.

31. The device of claim 30, wherein the colored particle is
a gold sol particle.

32. The device of claim 8, further comprising a casing
enclosing the release medium and the capture medium, the
casing defining a sample inlet in fluid communication with
the release medium and one or more detection openings for
viewing at least the capture site.

33. The device of claim 32, wherein a control site is visible
through the one or more detection openings.

34. The device of claim 32, wherein the detection opening
is located on an end of the casing opposite the sample inlet.

35. A method of determining the presence of an analyte in
a liquid sample, the method comprising:

forming a sandwich complex comprising a first primary

antibody derived from a first species, the analyte, and a

second primary antibody derived from a second, differ-

ent species; and

capturing the sandwich complex with a secondary anti-

body specific for only one of the first and second differ-

ent species.

36. The method of claim 35, comprising applying the liquid
sample to a release medium having deposited thereon the first
and second primary antibodies.

37. The method of claim 36, wherein the liquid sample
flows to a capture medium having immobilized thereon the
secondary antibody.

38. The method of claim 37, comprising detecting the
sandwich at the location where the secondary antibody is
immobilized.

39. The method of claim 35, wherein the liquid sample
comprises at least one of urine, blood, and saliva.

40. A method for determining the presence of an analyte in
a liquid sample, the method comprising:

contacting the liquid sample with a release medium com-

prising:

a labeled conjugate comprising a binding member
derived from a first species, wherein the binding
member is reactive with a first epitope of the analyte,
and wherein the binding member is labeled with a
detectable marker; and

a capturable component derived from a second species,
wherein the capturable component is reactive with a
second epitope of the analyte, such that if the analyte
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is present in the sample, a complex comprising the
labeled conjugate, the analyte and the capturable
component is formed;

contacting the liquid sample with a capture medium fol-

lowing exposure to the release medium, wherein the
capture medium comprises a capture site for capturing
the complex, the capture site having immobilized
thereon a capture component having specificity for the
capturable component; and

determining whether the analyte is present in the liquid

sample by observing the presence of the detectable
marker at the capture site.

41. The method of claim 40, further comprising contacting
the liquid sample with a control site having immobilized
thereon an agent having specificity for the labeled conjugate.

42. The method of claim 40, wherein the binding member
of the labeled conjugate is an antibody.

43. The method of claim 40, wherein the capturable com-
ponent is an antibody.

44. The method of claim 40, wherein the capture compo-
nent is an antibody.

45. The method of claim 40, wherein the capture compo-
nent is derived from the first species.

46. The method of claim 40, wherein the capture compo-
nent is an antibody derived from the first species.

47. The method of claim 40, wherein the capture compo-
nent is derived from a third species.

48. The method of claim 40, wherein the capture compo-
nent is an antibody derived from a third species.

49. The method of claim 40, wherein the capture medium
further comprises a control site having immobilized thereon
an agent having specificity for the labeled conjugate.

50. The method of claim 49, wherein the agent having
specificity for the labeled conjugate is an antibody.

51. The method of claim 49, wherein the agent having
specificity for the labeled conjugate is derived from the sec-
ond species.
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52. The method of claim 49, wherein the agent having
specificity for the labeled conjugate is an antibody derived
from the second species.

53. The method of claim 49, wherein the agent having
specificity for the labeled conjugate is derived from a third
species.

54. The method of claim 49, wherein the agent having
specificity for the labeled conjugate is an antibody derived
from a third species.

55. The method of claim 40, wherein the capture medium
further comprises a control site having immobilized thereon
an agent having specificity for the labeled conjugate, wherein
the capture component is derived from a third species, and
wherein the agent is derived from a fourth species.

56. The method of claim 40, wherein the analyte is human
chorionic gonadotropin, follicle stimulating hormone, or
luteinizing hormone.

57. The method of claim 40, further comprising applying
the liquid sample to a sample receiving material prior to
contacting the liquid sample with the release medium.

58. The method of claim 40, wherein at least some of the
liquid sample flows to a reservoir absorbent material subse-
quent to contacting the capture medium.

59. The method of claim 40, wherein the capture medium
is laminated to a single backing support.

60. The method of claim 40, wherein the capture medium
comprises nitrocellulose or nylon.

61. The method of claim 40, wherein the release medium
comprises absorbent material.

62. The method of claim 40, wherein the release medium
and the capture medium are both laminated on a single back-
ing support.

63. The method of claim 40, wherein the labeled conjugate
comprises a colored particle.

64. The method of claim 63, wherein the colored particle is
a gold sol particle.
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DIAGNOSTIC DETECTION DEVICES AND
METHODS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to diagnostic assays
for analytes in a liquid sample. In some embodiments, meth-
ods and devices for the detection of an analyte in a body fluid
using a plurality of species-specific antibodies are provided.
[0003] 2. Description of the Related Art

[0004] Many types of ligand-receptor assays have been
used to detect the presence of analytes in body fluids such as
saliva, urine or blood. These assays typically involve antigen-
antibody reactions, synthetic conjugates comprising enzy-
matic, fluorescent, or visually observable tags, and specially
designed reactor chambers. In most of these assays, there is a
receptor (e.g., an antibody) specific for the selected analyte
(e.g., antigen), and a means for detecting the presence and/or
amount of the antigen-antibody reaction product. Although
some commercially available tests are designed to make a
quantitative determination, in many circumstances all that is
required is a qualitative indication (e.g., positive/negative).
Examples of such qualitative assays include blood typing,
pregnancy testing, ovulation prediction and many types of
urinalysis. For these tests, visually observable indicia, such as
the presence of agglutination or a color change, are preferred.
[0005] Diagnostic assays should generally be very sensi-
tive because of the often low concentrations of analytes of
interest present in a test fluid. False positives can be problem-
atic, particularly with agglutination and other rapid detection
methods such as dipstick and color change tests. Because of
these problems, sandwich assays which use metal sols or
other types of colored particles have been developed that rely
on the interaction between avidin and biotin-tagged antibod-
ies. For example, in some commercially available pregnancy
tests, an antibody-antigen sandwich complex comprising a
colloidal gold-labeled anti-hCG antibody and an anti-hCG
biotin-labeled antibody is used.

[0006] Because the above disclosed assays and methods
enable the formation of antibody-antigen sandwich com-
plexes in the liquid phase of an assay prior to the test line, they
allow for more time for antigen recognition and binding to
occur. These assays and methods therefore have greater sen-
sitivity and discrimination for analytes of interest, resulting in
greater reproducibility, sensitivity, and avoidance of false
positives. Although such advances have improved these types
of assays, further improvements in reliability and ease of
manufacture are desirable.

SUMMARY OF THE INVENTION

[0007] The presentinvention provides rapid, sensitive diag-
nostic devices and methods for detecting the presence of
analytes in body fluids. In preferred embodiments, these
methods and devices have high sensitivity and result in vir-
tually no false positives, enabling reliable results even when
used by untrained persons.

[0008] In preferred embodiments, a mixed-species lateral
flow assay is provided, whereby an antibody-antigen sand-
wich complex is captured at a test result site thorough the
recognition of a species-specific antibody in the sandwich
complex. The antibodies in this antibody-antigen sandwich
complex are derived from different species, allowing an anti-
body-antigen sandwich complex to be captured at the test line
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by an antibody that recognizes only one of the species-spe-
cific antibodies in the sandwich complex.

[0009] A device for determining the presence of an analyte
in a liquid sample is provided. The device includes a release
medium forming an upstream portion of the device; at least
two primary antibodies that recognize the analyte and are
derived from at least two different species, where at least two
primary antibodies are located in or on the release medium; a
capture medium forming a downstream portion of the device;
and at least one secondary antibody specific for only one of
the at least two primary antibodies, where the at least one
secondary antibody is located in or on the capture medium.
[0010] Insome embodiments, a first one of the at least two
primary antibodies is conjugated to a label, and a second one
of the at least two primary antibodies is unconjugated. In
some embodiments, a first antibody of the at least one sec-
ondary antibody is specific for the species from which the
second one of the at least two primary antibodies is derived. In
some embodiments, a second secondary antibody is located
in or on the capture medium that is specific for the species
from which the first one of the at least two primary antibodies
is derived. In some embodiments, the first and second ones of
the at least two primary antibodies in or on the release
medium are deposited in or on different locations of the
release medium. In some embodiments, the first and second
secondary antibodies in or on the capture medium are immo-
bilized in or on different locations of the capture medium. In
some embodiments, neither of the two primary antibodies are
tagged with a capturable moiety or component such as biotin.
[0011] Inanotherembodiment,adevice for deteimining the
presence of an analyte in a liquid sample is provided. The
device includes a release medium comprising: a labeled con-
jugate comprising a binding member derived from a first
species and a label, where the binding member is reactive
with a first epitope of the analyte; and a capturable component
derived from a second species, where the capturable compo-
nent is reactive with a second epitope of the analyte, such that
if the analyte is present in the sample, a sandwich complex is
formed comprising the labeled conjugate, the analyte, and the
capturable component; and a capture medium comprising a
capture site for capturing the complex, the capture site having
immobilized thereon a capture component having specificity
for the capturable component.

[0012] In another embodiment, a method of determining
the presence of an analyte in a liquid sample is provided. The
method includes forming a sandwich complex comprising a
first primary antibody derived from a first species, the analyte,
and a second primary antibody derived from a second, differ-
ent species; and capturing the sandwich complex with a sec-
ondary antibody specific for only one of the first and second
different species.

[0013] In another embodiment, a method for determining
the presence of an analyte in a liquid sample is provided. The
method includes contacting the liquid sample with a release
medium comprising: a labeled conjugate comprising a bind-
ing member derived from a first species, where the binding
member is reactive with a first epitope of the analyte, and
where the binding member is labeled with a detectable
marker; and a capturable component derived from a second
species, wherein the capturable component is reactive with a
second epitope of the analyte, such that if the analyte is
present in the sample, a complex comprising the labeled
conjugate, the analyte and the capturable component is
formed. The method further comprises contacting the liquid
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sample with a capture medium following exposure to the
release medium, where the capture medium comprises a cap-
ture site for capturing the complex, the capture site having
immobilized thereon a capture component having specificity
for the capturable component; and determining whether the
analyte is present in the liquid sample by detecting the pres-
ence of the detectable marker at the capture site.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIGS.1A and 1B show a perspective view, and FIG.
1C shows a top view, of an analog detection device.

[0015] FIGS.2A and 2B show a perspective view, and FIG.
2C shows a top view, of a digital detection device.

[0016] FIG. 3 shows a top view of a lateral flow test strip
comprising an absorbent material, a biphasic substrate, and a
reservoir material outside of a casing.

[0017] FIG. 4 shows a top view of the biphasic substrate of
FIG. 3

[0018] FIG. 5 shows a side view of the test strip of FIG. 3.
[0019] FIG. 6 shows a top view of a test strip comprising an

absorbent material, a reservoir, a release medium, a capture
medium, and species specific antibodies deposited on the
release medium and immobilized on the capture medium.
[0020] FIG. 7 shows a linear correlation between increas-
ing concentrations of hCG (x-axis) and increasing color
intensity (y-axis) for a mixed-species pregnancy assay using
the test strip of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The methods and devices described herein are used
to perform immunologically-based diagnostic tests. The
devices described herein enable a user to determine with high
accuracy and sensitivity the presence or absence of a biologi-
cal marker which is indicative of a physiological condition or
state. For example, the methods and devices described herein
can enable untrained personnel to reliably assay a liquid
sample for the presence of small quantities of a particular
analyte, while avoiding false positives and simplifying test
procedures. The devices described herein are ideal for use in
over-the-counter test kits, which can enable a consumer to
self-diagnose, for example, pregnancy, ovulation, venereal
disease and other diseases, infections, or clinical abnormali-
ties which result in the presence of an antigenic substance in
a body fluid, including determination of the presence of
metabolites of drugs or toxins. Some embodiments involve
the use of a biphasic chromatographic substrate to achieve an
easily readable, sensitive, reproducible indication of the pres-
ence of an analyte, such as human chorionic gonadotropin
(hCG), follicle stimulating hormone (FSH), or luteinizing
hormone (LH), in a test sample, such as a human urine
sample. A variety of analytes can be detected in a variety of
liquid samples, including urine, blood, saliva, or any other
liquid.

[0022] Described herein are detection methods and devices
that enable the formation of antibody-antigen sandwiches
with antibodies derived from more than one species. Unlike
commercially available tests, these devices and methods can
be used without chemical modifications (e.g., conjugation or
biotinylation) that can alter the activity of antibodies. In addi-
tion, these devices and methods can eliminate the need for
additional steps during the manufacturing process of detec-
tion devices, making the devices simpler, less expensive to
manufacture and cost-effective to the end-user.
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[0023] FIGS.1A-C illustrate an embodiment of exemplary
device 10. FIG. 1A illustrates a perspective view ofthe device
with the cap intact, while FIG. 1B illustrates a perspective
view of the device with the cap removed. FIG. 1C illustrates
a top view of the device with the cap intact. The device
comprises an outer, molded casing 12 which defines a hollow,
elongate enclosure. The casing 12 includes a detection open-
ing 40 comprising a window through which a test site (and
control site, if applicable) is visible. Casing 12 is configured
to provide a recessed portion 20 shaped to permit users to
place their thumb into the recessed portion and their forefin-
ger on the bottom of the casing to securely hold the device 10.
A central section on the top of the casing 12 defines the
centrally located window 40 which permits a user to observe
test results on a portion of a lateral flow test strip inside the
casing 12, details of which are described further herein. The
surface of the test strip in the area of the window 40 may be
covered with a clear polymer layer that prevents contamina-
tion during use. The device 10 further includes a sample
receiving member 16, functioning as a test liquid inlet onto
which a liquid sample can be applied to the test strip. Sample
receiving member 16 can be covered by a removable cap 14.
Sample receiving member 16 is positioned so that part of the
sample receiving member is received in the casing enclosure
and part of the sample receiving member extends from the
end of the casing enclosure. In this embodiment, a test liquid
inlet 16 is external to the casing 12 and may be covered by the
cap 14 except when in use. Providing the test liquid inlet 16
external to the casing 12 allows for ease of application of the
test liquid to the device 10, such as by placing the test liquid
inlet 16 in the path of a urine stream or in a container holding
the test liquid. The cap 14 is re-attachable (such as by “snap-
fitting” onto a lip extending from casing 12) and can be
replaced after application of the test liquid to avoid contami-
nation of the sample while the test is proceeding. In this
embodiment, the capture sites and control sites visible to the
user through the window 40 provide a color or reflectivity
change which can be viewed by a user to detect the presence
of an analyte and proper functioning of the device.

[0024] FIGS. 2A-C illustrate another embodiment of an
exemplary device 10. FIG. 2A illustrates a perspective view
of the device with the cap intact, while FIG. 2B illustrates a
perspective view of the device with the cap removed. FIG. 2C
illustrates a top view of the device with the cap intact. The
device also comprises an outer, molded casing 12 which
defines a hollow, elongate enclosure, and shares many simi-
larities with the device illustrated in FIGS. 1A-1C. Casing 12
is configured to provide a recessed portion 20 shaped to
permit users to place their thumb into the recessed portion and
their forefinger on the bottom of the casing to securely hold
the device 10. A central section on the top of the casing 12
defines a centrally located window 40 which permits a user to
observe test results. Inside the casing 12 is a lateral flow test
strip and electronic components, details of which will be
described further below. Casing 12 defines a sample receiving
member 16 onto which a liquid sample can be applied to the
test strip in the device. A removable cap 14 can be secured to
one end of the casing enclosure over the sample receiving
member 16. Sample receiving member 16 is positioned so
that part of the sample receiving member is received in the
casing enclosure and part of the sample receiving member
extends from the end of the casing enclosure. In this embodi-
ment, color or reflectivity changes are sensed electronically,
and the results are presented to a user on a display 42. The
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display 42 may render various icons or messages to a uset,
such as test results, device status, or error messages. The
display 42 may be color or monochrome. In one embodiment,
the display 42 is a liquid crystal display (LCD).

[0025] FIG. 3 illustrates a preferred embodiment of a test
strip. The strip comprises a sample receiving material 22,
biphasic chromatographic substrate 18, and reservoir absor-
bent material 24. When the device is placed in contact with a
liquid sample, the liquid is transported by capillary action,
wicking, or simple wetting along the flow path downstream
through sample receiving material 22, along chromato-
graphic substrate 18, and into reservoir absorbent material 24,
generally as depicted by the arrow. Sample receiving material
22 may also serve as a filter which can remove particulate
matter and interfering factors from a sample. The sample
receiving material 22 preferably is a bibulous hydrophilic
material which facilitates absorption and transport of a fluid
sample to the biphasic chromatographic substrate 18. Such
materials may include cellulose acetate, hydrophilic polyes-
ter, or other materials having similar properties. A combina-
tion of absorbent materials also may be used. Preferred mate-
rials include bonded cellulose acetate, bonded polyolefin or
hydrophilic polyester, such as those materials commercially
available from American Filtrona Company (Richmond, Va.).
Other preferred materials include absorbent papers such as
Grade 989 or Grade 939 made of cellulose with polyamide
and Grade 1281 made of cellulose and rayon with polyamide,
available from Filtertek, Inc. The sample receiving material
preferably is coated with a buffered solution containing BSA
and a nonionic surfactant, such as Triton X-100. The presence
of BSA and surfactant can minimize non-specific absorption
ofthe analyte. For example, a concentration of about 1% BSA
and about 0.2% surfactant in tris buffer can be effective for
this purpose. As noted above, a filtration means which limits
the introduction to the test site of contaminants from the
sample may also be included.

[0026] FIG. 4 illustrates an exemplary biphasic chromato-
graphic substrate 18, comprising a release medium 30 and a
capture medium 32 joined together to form a single liquid
path. In some embodiments, the release medium comprises a
bibulous, hydrophilic material, such as absorbent paper.
Other materials useful in forming the release medium
include, for example, cotton linter paper such as S&S 903 and
S&S GB002 (available from Schleicher and Schuell, Inc.,
Keene, N.H.), and BFC 180 (available from Whatman, Fair-
field, N.J.); and glass fiber such as Lydall borosilicate (avail-
able from Lydall, Inc., Rochester, N.H.). The release medium
is also preferably coated with a buffered solution containing
BSA and a nonionic surfactant, such as Triton X-100. The
presence of BSA and surfactant can minimize non-specific
binding and facilitate release of the diffusible reagents. For
example, a concentration of about 3% BSA and about 0.1%
surfactant can be used.

[0027] Insomeembodiments, the capture medium 32 com-
prises a hydrophilic polymeric material, preferably a nitro-
cellulose or nylon membrane. Preferred materials for use as a
capture medium are microporous films or membranes which
permit protein reagents to be immobilized directly on the
membrane by passive adsorption without need for chemical
or physical fixation. For this purpose, membranes of nitrocel-
lulose, nylon 6,6 or similar materials are preferred, most
preferably having a pore size in the range of from about 5 pm
to about 20 pm. Nitrocellulose membranes may be nitrocel-
lulose alone or a mixed ester of nitrocellulose.
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[0028] Releasably deposited on release medium 30 is a
band 26 of dehydrated labeled conjugate binding member,
such as an antibody-metal sol specific to a first epitope of the
analyte. Metal sols and other types of colored particles useful
as marker substances in immunoassay procedures are known
to one of skill in the art, such as those in U.S. Pat. No.
4,313,734, which is incorporated herein by reference, includ-
ing without limitation for the purpose of describing colored
particles. Details and engineering principles involved in the
synthesis of colored particle conjugates are also known to one
of skill in the art, such as those described in Horisberger
(Evaluation of Colloidal Gold as a Cytochromic Marker for
Transmission and Scanning Electron Microscopy, Biol. Cel-
lulaire, 36, 253-258 (1979)); Leuvering et al. (“Sol Particle
Immunoassay”, J. Immunoassay 1 (1): 77-91 (1980)), and
Frens (“Controlled Nucleation for the Regulation of the Par-
ticle Size in Monodisperse Gold Suspensions”, Nature,
Physical Science, 241: 20-22 (1973)), which are incorporated
herein by reference in their entireties.

[0029] As the liquid sample moves past band 26, the
labeled binding member becomes entrained in the liquid,
reconstituted, and reacts or competes with an analyte present
in the liquid sample. Disposed downstream of the labeled
binding member is a band 28 of dehydrated capturable com-
ponent. The capturable component comprises a binding
member such as an antibody which binds to a second epitope
of the analyte. The capturable component also becomes
entrained in the liquid sample as it advances along substrate
18. The labeled conjugate and capturable component may be
disposed in preserved form, e.g., air dried or freeze-dried, on
the release medium 30. Analytes passing through the device
contact the labeled conjugate and capturable component,
forming a sandwich complex or initiating competition in situ,
with the complex ultimately being captured by reagents
immobilized on the capture medium as described below.
[0030] Immobilized on capture medium 32 are, respec-
tively, capture site 34 and optional control site 36. In FIG. 4,
the control and capture sites are illustrated as being disposed
serially along the flow path. Alternatively, the control and
capture site or sites may be disposed side by side or in other
spatial relationships. Capture site 34 comprises a capture
component specific for the capturable component deposited
on the release medium. Control site 36 comprises immobi-
lized antisera or an antibody specific for the labeled conju-
gate. This binding agent can be used to capture labeled bind-
ing members which are not captured at the upstream capture
site. When used, the presence of the detectable marker at the
control site indicates that the assay has operated properly.
[0031] Polyclonal antisera and monoclonal antibodies or
fractions thereof having specific binding properties and affin-
ity for antigenic substances for use with the devices described
herein are known to one of skill in the art, and/or can be
produced from stable cell lines using cell fusion and screen-
ing techmques known to one of skill in the art. The literature
provides protocols for producing and immobilizing proteins,
such as Laboratory Techniques in Biochemistry and Molecu-
lar Biology (Tijssen, Vol. 15), Practice and Theory of Enzyme
immunoassays (chapter 13), The Immobilization of Immu-
noreactants on Solid Phases (pp. 297-328), and the references
cited therein, which are incorporated herein by reference in
their entireties.

[0032] The device may further comprise a reservoir absor-
bent material 24 disposed downstream of the biphasic chro-
matographic substrate 18 and in fluid communication there-
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with. By providing a reservoir of sorbent material disposed
beyond the biphasic chromatographic substrate, a relatively
large volume of a test liquid containing analytes can be drawn
through the test area to aid sensitivity. The reservoir absorbent
material preferably comprises a hydrophilic material which
may be the same as the upstream sample receiving material,
although any absorbent material may suffice. Another pur-
pose of the reservoir absorbent material is to facilitate capil-
lary action along the biphasic chromatographic substrate and
to absorb excess liquid contained within the device. The
reservoir absorbent material preferably compromises absor-
bent paper made from cotton long linter fibers, such as S&S
300, S&S 470 and S&S 900 (available from Schleicher &
Schuell, Inc.) or cellulosic materials, such as Grade 3 mM
(available from Whatman) and Grade 320 (available from
Alhstrom).

[0033] FIG. 5 illustrates a side view of a test strip. As
shown, sample receiving material 22 is disposed proximate to
release medium 30, and overlaps release medium 30 at one
end. Release medium 30 in turn overlaps capture medium 32,
which is disposed distal to release medium 30. Reservoir
absorbent material 24 overlaps the distal end of capture
medium 32. These four components together form a single
fluid path, and cooperate to cause sample liquid to flow from
sample receiving material 22 along release medium 30 and
capture medium 32 into reservoir absorbent material 24.
[0034] Both the release medium and the capture medium
may be laminated onto a polyester film such as MYLAR® or
other polymer backing to form a solid phase support. For
example, the release and capture media may be laminated
onto 5 mil clear PET precoated with an adhesive (available
from Adhesives Research).

[0035] Upon lamination, the release medium is positioned
on top of the capture medium, allowing a small region of
overlap between the two media to aid in fluid transfer. This
biphasic material containing the assay reagents can be cut
into test strips (e.g., as shown in FIG. 4) that can be assembled
into a test device (e.g., as shown in FIGS. 1 & 2). Briefly, the
release medium and capture medium can be positioned such
that they overlap slightly, with an adhesive disposed on the
back of each (i.e., the side opposite that which will receive the
reagents). The adhesive may be any pressure sensitive or hot
melt adhesive which does not fill the pores of the release or
capture medium, thereby permitting unimpeded flow of the
fluid front through the media. Commercially available adhe-
sives, such as those from Adhesives Research Corp. or Lohm-
ann Precision Die Cutting, LLC, can be used. In a preferred
embodiment, the adhesive is disposed on a clear polymer
backing. The overlapped release and capture media are then
passed through the laminating rollers of a laminating machine
together with the backed adhesive, forming a laminate of the
capture and release media, the adhesive and the polymer
backing. The resulting laminated biphasic substrate is then
ready to receive the reagents, which are deposited as continu-
ous stripes onto the top of the substrate. Once the reagents
have been deposited and dried, if necessary, the substrate is
cut into the desired size.

[0036] In some embodiments, the devices and methods
described herein utilize a biphasic chromatographic medium
which enhances the speed and sensitivity of an assay, such as
those described in U.S. Pat. Nos. 6,319,676; 6,767,714, and
7,045,342, which are incorporated herein by reference,
including without limitation for the purpose of describing
biphasic chromatographic media. Methods for manufactur-

Jun. 20, 2013

ing biphasic chromatographic media are also described in
detail in U.S. Pat. No. 5,846,835, the disclosure of which is
hereby incorporated herein by reference in its entirety.
[0037] Conventionally, the labeled conjugate at line 26 of
FIG. 4 is a gold labeled primary monoclonal antibody having
specificity for a first epitope of the analyte. The capturable
component at line 28 of FIG. 4 is a second primary mono-
clonal antibody that is specific for a second epitope of the
analyte. These two antibodies are conventionally derived
from the same species, such as mouse antibodies. The cap-
turable component antibody is biotinylated. The capture com-
ponent at line 34 of FIG. 4 is streptavidin. When present, the
control line 36 has been formed with monoclonal or poly-
clonal secondary antibodies specific to the antibodies used at
line 26 such as goat anti-mouse antibodies.

[0038] The use of the biotin-avidin binding system in these
conventional devices has several drawbacks. For example,
biotinylation can potentially alter the binding properties of
the second primary antibody at line 28. In addition, strepta-
vidin is a hydrophilic protein that is difficult to immobilize
onto the capture medium 32. It has the potential of being
washed from the medium during the test, blurring and reduc-
ing the intensity of the capture line 34 that the user is intended
to read. These problems can be resolved with the system
described below with reference to FIGS. 6 and 7.

[0039] FIG. 6 illustrates a preferred embodiment of an test
strip. As shown, release medium 30 has releasably deposited
thereon a band of labeled binding member 26, which in the
preferred embodiment is a primary antibody derived from a
first species (Species A). Disposed downstream from band 26
is band 28 comprising the capturable component, which in the
preferred embodiment is a primary antibody derived from a
species other than Species A (referred to here as Species B).
Band 28 is also releasably deposited on release medium 30.
Located downstream of release medium 30 is capture
medium 32 having immobilized thereon capture site 34,
which in a preferred embodiment is a secondary antibody
derived from a third species (Species C) that is specific for the
capturable component. Located on capture medium 32 down-
stream of capture site 34 is control site 36, which in a pre-
ferred embodiment is a secondary antibody derived from a
fourth species (Species D) that is specific for the labeled
antibody of band 26.

[0040] The methods and devices described herein are not
limited by the precise nature of the capture site 34 and corre-
sponding control site 36, and in fact, control site 36 may be
entirely eliminated if desired. Generally, an antibody or other
appropriate affinity agent can be immobilized at capture site
34 and control site 36 using absorption, adsorption, or ionic or
covalent coupling, in accordance with methods known to one
of skill in the art.

[0041] In a preferred embodiment, the methods described
herein employ the detection of an antibody-antigen sandwich
that is captured at a capture site 34 (or “test line”) of a device
through the recognition of a species-specific antibody in the
sandwich, and an optional control site 36 (or “control line”).
This is an improvement over the conventional biotin-avidin
system because biotinylation is not needed, and the anti-
species antibody is easier to immobilize at the test line 34 than
avidin. To accomplish this, the antibodies in an antibody-
antigen sandwich are derived from two different species,
allowing an antibody-antigen sandwich complex to be cap-
tured at the test line by an antibody that recognizes only one
of the species-specific antibodies in the sandwich. Potential
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