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(57) ABSTRACT

The present invention includes methods and devices for pre-
venting interfering substances from affecting the accuracy of
a lateral flow immunoassay. In preferred embodiments, a test
strip includes a capturing zone that includes at least one
mobile capturing reagent that separates at least one interfer-
ing substance from the analyte. The capturing zone is prefer-
ably located upstream of the sample application zone. In
some embodiments, the reagent/conjugate zone is also
located upstream of the sample application zone. The captur-
ing zone may be located upstream, downstream, or overlap-
ping with the reagent/conjugate zone in these embodiments.
In other preferred embodiments, one or more mobile captur-
ing reagents are included in the elution medium/running
buffer. In yet other embodiments, the capturing reagent is
incorporated into a sample collection device of a sample
collection system, preferably separate from the chromato-
graphic test strip. A lysis zone is also included in some pre-
ferred embodiments.
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METHOD TO INCREASE SPECIFICITY
AND/OR ACCURACY OF LATERAL FLOW
IMMUNOASSAYS

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims one or more inventions
which were disclosed in Provisional Application No. 61/098,
935, filed Sep. 22, 2008, entitled “IN SITU LYSIS OF
CELLS IN LATERAL FLOW IMMUNOASSAYS”, and
Provisional Application No. 61/179,059, filed May 18, 2009,
entitled “METHOD AND DEVICE FOR COMBINED
DETECTION OF VIRAL AND BACTERIAL INFEC-
TIONS”. The benefit under 35 USC §119(e) of the United
States provisional applications are hereby claimed, and the
aforementioned applications are hereby incorporated herein
by reference.

[0002] This application is also a continuation-in-part appli-
cation of copending application Ser. No. 11/052,748, filed
Feb. 9, 2003, entitled “METHOD FOR THE RAPID DIAG-
NOSIS OF TARGETS IN HUMAN BODY FLUIDS”,
copending application Ser. No. 11/224,298, filed Sep. 13,
2005, entitled “METHOD TO INCREASE SPECIFICITY
AND/OR ACCURACY OF LATERAL FLOW IMMU-
NOASSAYS”, copending application Ser. No. 11/698,053,
filed Jan. 26, 2007, entitled “METHOD FOR THE RAPID
DIAGNOSIS OF TARGETS IN HUMAN BODY FLUIDS”,
copending application Ser. No. 12/469,207, filed May 20,
2009, entitled “NANOPARTICLES IN DIAGNOSTIC
TESTS”, which claimed priority from Provisional Applica-
tion No. 61/071,833, filed May 20, 2008, entitled “NANO-
PARTICLES IN DIAGNOSTIC TESTS”, copending appli-
cation Ser. No. 12/481,631, filed Jun. 10, 2009, entitled
“COMBINED VISUAL/FLUORESCENCE ANALYTE
DETECTION TEST”, which claimed priority from Provi-
sional Application No. 61/060,258, filed Jun. 10, 2008,
entitled “COMBINED VISUAL/FLUORESCENCE ANA-
LYTE DETECTION TEST”, copending Application Ser. No.
12/502,626, filed Jul. 14, 2009, which claimed priority from
Provisional Application No. 61/080,879, filed Jul. 15, 2008,
entitled “LATERAL FLOW NUCLEIC ACID DETEC-
TOR”, and application Ser. No. 12/502,662, filed Jul. 14,
2009, entitled “IN SITU LYSIS OF CELLS IN LATERAL
FLOW IMMUNOASSAYS”. The aforementioned applica-
tions are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The invention pertains to the field of immunoassays.
More particularly, the invention pertains to methods and
devices for increasing specificity and/or accuracy of lateral
flow immunoassays.

[0005] 2. Description of Related Art

[0006] Lateral flow immunoassays are a subset of anti-
body-based immunoassays combining various reagents and
process steps in one assay strip, thus providing a sensitive and
rapid means for the detection of target molecules. Lateral flow
immunoassays are available for a wide area of target analytes
and can be designed for sandwich or competitive test prin-
ciples. Generally high molecular weight analytes with several
epitopes are analyzed in a sandwich format whereas small
molecules representing only one epitope are detected by
means of a competitive assay. The first tests were made for
human chorionic gonadotropin (hCG). Today there are com-
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mercially available tests for monitoring ovulation, detecting
infectious disease organisms, analyzing drugs of abuse and
measuring other analytes important to human physiology.
Products have also been introduced for veterinary testing,
environmental testing and product monitoring.

[0007] U.S. Pat. No. 5,714,341 discloses a lateral flow
immunoassay for HIV specific antibodies in saliva samples.
The saliva sample is diluted in a sample buffer and the lateral
flow immunoassay is dipped into the diluted saliva sample.
The disclosure of this document is herein incorporated by
reference.

[0008] German Patent DE 196 22 503 discloses methods
for detecting illegal narcotics on a surface using lateral flow
immunoassays. The disclosure of this document is herein
incorporated by reference.

[0009] The growing use of antibody based immunoassays
in recent years has required increased effort and investigation
on minimizing interferences found in many samples. A typi-
cal problem is the presence of interfering substances, e.g.
antibodies, in whole blood, serum and other human fluid
samples. These interfering antibodies can be divided into
auto-antibodies or rheumatoid factors (RF), heterophilic anti-
bodies and human anti-mouse antibodies (HAMA).

[0010] Auto-antibodies or rheumatoid factors (RF) show
anti-IgG activity and are predominantly composed of the IgM
class. Most often they recognize the Fc region of the antigen
bound IgG antibodies. Rheumatoid factor antibodies may
also be of the IgG and IgA classes and have been observed
reacting with antibodies of the IgM class. To further compli-
cate this group of interfering antibodies, rheumatoid factors
from one species may react with immunoglobulins of another
species.

[0011] Heterophilic antibodies are one of many sources of
interference in immunoassays. This often-misapplied term
was historically used to refer to certain populations of anti-
bodies in patient sera, which caused the aggregation of sheep
red blood cells, and observed to be associated with Epstein-
Barr virus (EBV) infections. In immunoassay development
labs today, the term heterophile is frequently used to describe
aninterfering antibody (or other binding molecule) which has
an unknown origin. These relatively common low affinity
antibodies occur in approximately 1-5% of'the healthy human
population and effectively compete with the analyte of inter-
est, which may produce abnormally high or false positive
immunoassay results.

[0012] Human anti-mouse antibodies (HAMA) are high
affinity human anti-animal antibodies, which are directed
against specific animal immunoglobulins. Human anti-
mouse antibodies have been reported to give false positive
results in sandwich immunoassays that utilize mouse mono-
clonal IgG. HAMA reactivity has been detected in approxi-
mately 9% of the normal human population. In this segment
of the population, the patient sample contains an antibody to
mouse immunoglobulin due to a previous exposure to mouse
antibodies. This can occur through diet or through exposure,
or may be a direct result of monoclonal antibody therapy—a
presently uncommon, but growing subset of the patient popu-
lation. Actually, not all HAMAs are human anti-mouse anti-
bodies. Many are other animals, such as, for example anti-
rabbit antibodies or anti-dog antibodies. Since
immunoglobulins are highly conserved across species, it is
not uncommon to see a patient with an antibody titer to
immunoglobulins exhibiting cross-reactivity to mouse IgG.
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[0013] All these interfering antibodies are capable of simu-
lating an analyte of interest when body fluids are tested in an
immunoassay. This interference can result in false positives,
false negatives and all graduations in between these two
extremes. There is a need in the art for methods and devices
that accurately detect analytes in body fluids in the presence
of interfering substances.

SUMMARY OF THE INVENTION

[0014] The presentinvention includes methods and devices
for preventing interfering substances from affecting the accu-
racy of a lateral flow immunoassay. In preferred embodi-
ments, a test strip includes a capturing zone that includes at
least one mobile capturing reagent that separates at least one
interfering substance from the analyte. The capturing zone is
preferably located upstream of the sample application zone.
In some embodiments, the reagent/conjugate zone is also
located upstream of the sample application zone. The captur-
ing zone may be located upstream of, downstream of, or
overlap the reagent/conjugate zone in these embodiments.
[0015] In other preferred embodiments, one or more
mobile capturing reagents are included in the elution
mediuny/running buffer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 schematically shows a sandwich immunoas-
say strip.

[0017] FIG. 2 shows a lateral flow immunoassay strip with
an analyte sandwich-complex.

[0018] FIG. 3 shows how the presence of human anti-
mouse antibodies (HAMA) leads to a positive signal in the
absence of the analyte.

[0019] FIG. 4 shows an immunoassay strip including a
capturing zone in an embodiment of the present invention.
[0020] FIG. 5 shows asample analysis device in the form of
a chromatographic test strip in an embodiment of the present
invention.

[0021] FIG. 6 shows a sample analysis device that may be
used in embodiments of the present invention.

[0022] FIG. 7 shows a housing containing the strip of FIG.
6.

[0023] FIG. 8 shows a collection device for collecting a
sample.

[0024] FIG.9 shows atestkit including the sample analysis
device of FIGS. 6 and 7 and the collection device of FIG. 8.
[0025] FIG. 10 shows a sample analysis device including a
reagent zone upstream of a sample application zone in an
embodiment of the present invention.

[0026] FIG. 11 shows a top view of a sample analysis
device including a reagent zone upstream of a sample appli-
cation zone and a capturing zone downstream of the sample
application zone in another embodiment of the present inven-
tion.

[0027] FIG. 12 shows a top view of a sample analysis
device including a capturing zone upstream of a sample appli-
cation zone, with a reagent zone downstream of the sample
application zone in another embodiment of the present inven-
tion.

[0028] FIG. 13 shows a top view of a sample analysis
device including a reagent zone upstream of a sample appli-
cation zone, with a capturing zone downstream of the reagent
zone but upstream of the sample application zone in another
embodiment of the present invention.
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[0029] FIG. 14 shows a top view of a sample analysis
device including a reagent zone overlapping a capturing zone,
where both the reagent zone and capturing zone are upstream
of a sample application zone in another embodiment of the
present invention.

[0030] FIG. 15 shows a top view of a sample analysis
device including a reagent zone upstream of a sample appli-
cation zone, with a capturing zone upstream of the reagent
zone in another embodiment of the present invention.

[0031] FIG. 16 shows a top view of a sample analysis
device including a reagent zone upstream of the sample appli-
cation zone, and a capturing zone overlapping the sample
application zone in another embodiment of the present inven-
tion.

[0032] FIG. 17 shows a sample analysis device including a
capturing zone between a sample application zone and a
reagent zone in an embodiment of the present invention.
[0033] FIG. 18 shows a sample analysis device including a
capturing zone between a sample application zone and a
detection zone in another embodiment of the present inven-
tion.

[0034] FIG. 19 shows a sample analysis device including a
capturing zone between a sample application zone and a
reagent zone in another embodiment of the present invention.
[0035] FIG. 20 shows a sample analysis device including a
capturing zone between a sample application zone and a
detection zone in another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention relates to methods and
devices for detecting an analyte (also known as the target) in
a sample, where the sample to be analyzed is applied to a
chromatographic carrier. After separating the analyte from an
interfering substance which may be present in the sample, the
analyte of interest is detected on the carrier by means of an
immunological assay. The invention further relates to meth-
ods and devices for reducing interference when detecting an
analyte on a chromatographic carrier.

[0037] Capture of an interfering substance by one or more
capturing reagents, as defined herein, occurs when the cap-
turing reagent interacts in some manner with the interfering
substance to keep the interfering substance from interfering
with the detection of the analyte. Types of interactions that
may occur between the capturing reagent and the interfering
substance include, but are not limited to, binding, engulfing,
coating, coalescing, flocculation, reacting, complexing, and
adhering. If a complex results from the interaction, the com-
plex is usually larger than the individual components. Thus,
the interfering substance may be inflated, enlarged, inflamed,
expanded in size or swelled when it complexes with the
capturing reagent. In some preferred embodiments, the inter-
action is an interaction between an antibody and an antigen,
thus forming an antibody-antigen complex that includes the
interfering substance and the capturing reagent. The interac-
tion between the interfering substance and the capturing
reagent results in the interfering substance being captured by
the capturing reagent such that it is no longer able to interfere
with the reaction between the analyte and the reagents in the
reagent zone and/or in the detection zone. Thus, the interfer-
ing substance no longer affects the results of the assay.
[0038] The capturing reagents may be located in a captur-
ing zone made of materials that allow the capturing reagents
to be mobile, in the elution medium, mixed and dried with the
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reagents, incorporated into the sample application zone,
incorporated into the sample collector fleece material and/or
immobilized on an immobilizing material (for example,
nitrocellulose) either as a line or a zone. Any of these or
combinations of these may be used depending on the test and
sample matrix.

[0039] The invention provides a sensitive and rapid method
for the detection of analytes, e.g. pathogens, allergy-associ-
ated components, nucleic acids, and/or low-molecular-
weight compounds, in samples which may contain interfering
substances. The methods and devices are suitable for diagno-
sis in human beings and animals, e.g. pets or livestock ani-
mals. The detection may include direct detection of the ana-
lyte and/or the detection of antibodies against the analyte,
which are present in the fluid sample to be tested. Preferably,
the method includes a parallel determination of a plurality of
analytes. The pathogens are preferably selected from viruses
or microorganisms, such as bacteria or parasites (e.g. amoe-
bae or nematodes). The allergy-associated components are
selected from allergens and anti-allergic components. The
low-molecular-weight compounds may include drug mol-
ecules.

[0040] Interfering substances according to the invention
include, but are not limited to, antibodies, e.g. human-anti-
mouse antibodies (HAMA), or compounds exhibiting struc-
tural similarity with the analyte, e.g. low-molecular-weight
compounds or nucleic acids.

[0041] The detection may include a direct detection of the
target, e.g. the pathogen, and/or the detection of antibodies
against the target, e.g. the pathogen which are present in the
fluid sample to be tested. Preferably, the method includes a
parallel determination of a plurality of targets.

[0042] More preferably, the analyte is a pathogen or a plu-
rality of pathogens associated with conjunctivitis, an inflam-
mation of the eye which is often caused by an infection. Most
preferably, the analyte is a pathogen including, but not limited
to, adenoviruses, herpesviruses, chlamydiae, cytomegalovi-
ruses, pseudomonas, streptococci, haemophilus, staphylo-
cocci, amoebae and combinations thereof. These ocular
pathogens associated with conjunctivitis replicate intracellu-
larly. Therefore, in embodiments testing for ocular pathogens
related to conjunctivitis, where there is no pretreatment of the
sample prior to transfer to the sample analysis device, it is
important to either use an alkaline buffer solution to rupture
cellular membranes and enhance release of the antigen and/or
include a lysing agent to lyse the cellular membranes in situ.

[0043] Alternatively, the analyte of interest may be a low-
molecular-weight compound. In a preferred embodiment, the
analyte to be detected is a drug molecule such as heroin or
methamphetamine.

[0044] The invention also includes the detection of a plu-
rality of pathogens, allergens, nucleic acids or low molecular-
weight compounds on a single chromatographic carrier. The
sample analysis device may allow a simultaneous detection of
a plurality of low molecular-weight compounds, allergy-as-
sociated components or pathogens.

[0045] The body fluid is preferably whole blood, serum, or
a fluid from a body surface selected from mucose membrane
fluids (of the oral, nasal, vaginal, and ocular cavities) tears,
penile fluids, secretions from glands and secretions from
lesions or blisters, e.g. lesions or blisters on the skin. More
preferably, the sample is selected from oral, nasal, ocular,
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genital and rectal fluids and secretions from skin lesions or
blisters. Most preferably, the sample is an eye fluid, sweat or
saliva.

[0046] Inpreferred embodiments, the sample is a fluid that
does not drip or flow after it is collected. Instead, the fluid is
a congealed mass, such that, after the sample is collected on
the sample collector, the sample can be held vertically or even
upside down, and the sample remains on the sample collector.
For example, when an eye sample is collected and not subject
to pretreatment, the sample remains on the sample collector
even if held vertically or upside down, primarily due to sur-
face tension. This is because the sample is effectively trapped
and contained on the sample collector material, for example a
sample collector fleece. In preferred embodiments, Polyeth-
ylene terephthalate (PET) fibers, such as Dacron® fibers, or
nylon fibers are used because the binding is not specific or
permanent, so these fibers “release” the analyte when wet.
The phenomenon is similar to gently mopping up a spill by a
paper towel such that the moisture is held in the pores and by
the surface tension. Other materials that could be used for the
sample collector fleece include, but are not limited to, poly-
esters, cellulose, rayon, calcium alginate, a microengineered
mechanical structure containing microcapillaries and/or
microchannels, or other fabrics and meshes. In embodiments
where a sterile collector material is needed to collect a human
body fluid, materials that can be sterilized and are approved
for bio-compatibility are preferably used.

[0047] A significant advantage of the method is that test
results are provided within the medical consultation period,
e.g. in a few minutes. Preferably, the results are provided in a
time period up to 20 minutes, more preferably up to 15 min-
utes. The test may also be run up to 24 to 48 hours after the
sample has been taken from the patient. Also, as the test is
noninvasive, it poses very little risk to the patient. Thus, the
best available treatment can be applied on a timely basis for a
specific pathogen. A further advantage over prior art methods
is that only a few microliters of sample are required to per-
form an analysis. The sample is preferably about 0.1 pl to
about 100 pl, more preferably about 0.2 ul to about 20 ul and
most preferably about 0.5 pl to about 10 pl.

[0048] The invention may be performed by means of a
simple test kit. Handling of the test kit does not necessitate
additional laboratory equipment, further handling of reagents
or instrumentation. Another important advantage of the
invention described herein is that the detection limit is typi-
cally 10to 100 times lower than currently available diagnostic
tests because samples do not require dilution before they are
transferred to the analysis device. Therefore the methods of
the present invention are more sensitive and accurate than
methods of the prior art.

[0049] Insome of the embodiments of the invention, a body
fluid sample is non-invasively collected with a collection
device or swab member, respectively. The collection step
preferably includes wiping or dabbing the swab member over
a surface of the body containing body fluid to be tested.
Preferably, the swab member is sterile. The swab member
may be dry or pretreated with a fluid before the collection
step.

[0050] In preferred embodiments, there is no pretreatment
of the swab member, and the sample is collected and trans-
ferred to the sample analysis device without any treatment of
the collected sample. By collecting the sample with a collec-
tion device and not subjecting the sample to pretreatment
steps such as extracting and/or diluting the sample, degrada-
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tion of the sample is avoided. The analyte to be tested pref-
erably remains intact or in its native form surrounded or
mixed with the other naturally occurring substances in the
sample.

[0051] In the prior art, when the sample is extracted and
diluted in buffer, the sample is often no longer intact. This
may change the “conformation” of the analyte due to its
stability or lability. By collecting a sample directly using a
collection device and not pretreating the sample, the native
nature of the sample is preserved in the concentrated form.
Since this results in a higher concentration of sample in less
volume, it increases the sensitivity of the test. In addition,
with no dilution of the sample, the time of appearance and the
intensity of the test line are directly proportional to the analyte
concentration. Using a spectrometer, it is possible to get abso-
lute numerical quantification. In addition, not having to pre-
treat the sample makes the test easier, faster, and less expen-
sive. It also permits the test to be performed in a clinical
setting, by doctors, nurses, or lab technicians. In test strips
used to detect conjunctivitis, the sensitivity of the tests is
comparable to the sensitivity of ultra-sensitive polymer chain
reaction tests.

[0052] The prior art methods and devices required pre-
treatment. Some of the reasons that it was believed that pre-
treatment was necessary included the mistaken belief that
pretreatment would result in a more homogeneous sample.
Another reason was that it was believed that concentrated
samples needed to be buffered before conducting a binding
assay. Others described the need to wash the sample, remove
contaminating particles and substances that potentially could
cause a non-specific binding reaction and therefore a false
positive test result. There was also a generalized belief in the
prior art that a larger homogeneous sample produced the most
sensitive and specific assay test results.

[0053] On the contrary, the present invention overcomes all
the prior art issues of inhomogeneous, highly concentrated or
highly contaminated samples. As described by the material
principle interfacial polarization, in inhomogeneous dielec-
tric materials there are charge distributions occurring at the
interfaces of the phases making up the inhomogeneous
dielectric. In an “intact” (undiluted or undisturbed) in vivo
infectious body fluid sample the charges or charge carriers are
impeded by trapping at impurity centers or at the phase inter-
faces. The characteristic of this “intact” sample results in a
two layer capacitor effect resulting in space-charge polariza-
tion. As the present invention has shown, the characteristic of
an “intact” inhomogeneous nature results in higher binding
efficiency and therefore a more sensitive assay.

[0054] It was unknown what effects body fluids, including
blood, tears, and purulent exudates, would have on different
collector fleece materials until the present invention. Specifi-
cally, it was unknown whether the analytes would be effec-
tively released from the other cellular material and transferred
from a sample collector to a sample analysis device.

[0055] It is particularly useful to transfer the sample with-
out pretreatment in embodiments for diagnosing conjunctivi-
tis. In these embodiments, the sample is preferably an eye
fluid sample. Prior to the present invention, there was no
method for diagnosing conjunctivitis that collected an eye
fluid sample with a swab member, and then transferred the
sample to a sample analysis device without pretreatment,
where at least part of the eye fluid sample was released
directly from the swab member to a sample application zone
of the device. In the prior art, one of the reasons that those
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skilled in the art believed that pretreatment was necessary was
because it was traditionally believed that cellular material
collected with a conjunctival swab required placement in an
extraction buffer to increase its release from the swab into the
fluid. This perceived increased availability of analyte was
thought to lead to a greater concentration and efficiency dur-
ing the transfer to the test strip and thus enhanced sensitivity.
In reality, placing the swab in an extraction buffer has two
major limiting effects. First, it dilutes the free analyte and it
does not obtain 100% efficient transfer of material from the
swab to the solution.

[0056] Incontrast, the direct transfer of antigen has several
dramatic and unanticipated effects. The material collected is
rich in cellular material and this gets transferred at a high
concentration to the test strip without any dilution. Since the
sample collector comes in direct contact with the test strip, it
allows more efficient transfer of the material. Further, it
allows for a micro-filtration process to occur that further
concentrates the elutant by removing cellular debris.

[0057] Insomeembodiments, the sample size is preferably
a few microliters. After transfer of the sample to the sample
application zone (preferably without treating the sample),
elution medium (also known as running buffer) is added.
Prior art methods of running lateral flow immunoassays were
unable to perform this washing step. For example when col-
lecting an eye sample to test for eye infections such as con-
junctivitis, the sample size is preferably 3 to 10 pl. In this
example, 150 to 200 pl of elution medium is then added to the
test strip. As a comparison with different assay systems, this
50 to 60 fold washing exceeds the washing performed in
machine dependent ELISA tests.

[0058] In one example of collecting a sample, using a
gentle swirling motion, a sterile swab member may be applied
to the body surface or mucous membrane of concern and
allowed to capture any pathogens, low-molecular weight
compounds, and/or allergy-associated components contained
in the body fluid.

[0059] The swab member may be a part which is separate
from the sample analysis device. The sample is then trans-
ferred by contacting the sample analysis device with the swab
member under conditions where at least a part of the sample
on the swab member is transferred to the sample analysis
device. In this embodiment, the swab member preferably
contacts a sample application zone on the analysis device
from which the sample is then transferred to the detection
zone. The contact preferably includes fixing the swab mem-
ber in a contact position with the sample analysis device in
which the sample collection zone of the swab member is in
direct contact with the sample application zone of the analysis
device. Thus, the swab member and/or the analysis device
preferably includes fixing means for providing a fixed contact
between both parts in a predetermined position. Alternatively,
the swab member may be an integrated part of the sample
analysis device and the transfer includes passing at least a part
of the sample on the swab member to the sample application
zone on the sample analysis device.

[0060] The transfer of the sample from the swab member to
the sample application zone on the sample analysis device is
preferably a direct transfer, i.e. the transfer takes place with-
out pretreatment of the sample on the swab member. In
embodiments without pretreatment of the sample or the swab
member, microfiltration occurs in the region where the swab
member fleece directly contacts the fleece on the strip. The
fibers of the fleeces interlock to form a grating or physical
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interference. Thus, larger elements contained in the sample
are held back and not transferred to the sample analysis
device. In embodiments where the reagent zone (also known
as a conjugate zone) is upstream of the sample application
zone, the elution medium contacts the reagent zone, thus
migrating the reagent through the “filter”. As the reagent
moves through the sample application zone, it elutes the
smaller analytes. Also, when using samples from mucosal
membrane fluids, mechanical disruption of the mucous in
mucosal membrane bodily fluids purifies the sample and the
analyte of interest.

[0061] In other embodiments, the transfer includes an elu-
tion of the sample from the swab member with an elution
medium, e.g. a buffer or water. The elution medium may be
added from an external source or may be provided e.g. as a
reservoir within the analysis device. Further, the transfer is
preferably a chromatographic and/or capillary transfer of
fluid to the detection zone on the sample analysis device.
[0062] In some preferred embodiments, the swab member
is placed on a lateral flow test strip. With this step, the col-
lected specimen is transferred directly on an immunochro-
matographic or enzymatic test strip. The test strip includes
one or several capillary active fleeces or membranes.

[0063] The detection process will be either started directly
with sample transfer or may require an elution medium to be
applied for sample analysis. In some embodiments, the elu-
tion medium is simple tap water. In other embodiments, the
elution medium is an alkaline buffer solution. In the case ofan
immunochemical test strip, the chosen elution medium
moves towards a detection zone and thereby passes the con-
tact site within the collection device. The analyte is eluted by
the elution medium and carried with it to the detection zone.
In the detection zone, the analyte is determined by qualitative
and/or quantitative methods, e.g. in an immunological bind-
ing reaction.

[0064] The test strip can be made of one single chromato-
graphic material, or preferably several capillary active mate-
rials made of the same or different materials and fixed on a
carrier backing. These materials are in close contact with each
other so as to form a transport path along which a liquid driven
by capillary forces flows from the start zone, passing the
contact site of the swab and the detection zone, towards a
waste zone at the other end of the strip.

[0065] Some preferred materials and membranes for the
test strip include, but are not limited to, Polyethylene tereph-
thalate (PET) fibers, such as Dacron® fibers, nitrocellulose,
polyester, nylon, cellulose acetate, polypropylene, glass
fibers, and combinations of these materials and their back-
ings. The characteristics of the fleeces and membranes
depend upon the types of materials used for a particular
region or zone of the test strip or collection device. As
described herein, materials that allow reagents (including
those in the reagent zone, the capturing zone, or any of the
other zones or lines described herein) to be mobile and travel
with the elution medium include fleece materials or fibers,
where the binding is not specific or permanent, so that the
analyte and reagents may be released when they encounter the
elution medium or with large sample volume. Some of these
materials include, but are not limited to, Polyethylene tereph-
thalate (PET) fibers, such as Dacron® fibers, nylon fibers,
polyester fibers, cellulose acetate fibers, polypropylene
fibers, glass fibers, and other fabrics and meshes. In contrast,
materials that immobilize reagents in a particular zone (in-
cluding, for example, the reagents immobilized on the test
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line and control line of the detection zone and the capturing
reagents in the embodiments where the capturing reagents are
immobilized in a capturing zone downstream of the sample
application zone) include, but are not limited to, nitrocellu-
lose and nylon fibers chemically treated such that individual
fibers in the nylon mesh bind permanently to reagents such as
proteins. Some methods for manufacturing different portions
of the strip include, but are not limited to, striping, spraying,
soaking and drying materials onto the strip.

[0066] Theteststrip materials preferably filter and/or retain
particulate matter as well as cell debris, the precipitates, etc.
in the membranes. In addition, since the volume of the sample
is preferably so small, the sample stays put in the materials
and the elution buffer flowing directly underneath the sample
contacts and transports the sample such that the sample may
be extracted, lysed, and/or filtered before it reaches the test
line of the detection zone.

[0067] Furthermore, devices and test kits of the present
invention preferably perform the methods described herein.
[0068] In some preferred embodiments of the invention, it
is possible to make use of different immunological testing
procedures to detect bacterial or viral constituents on one or
several immunological binding reactions. In a preferred
embodiment, a chromatography test strip contains: a sample
application zone (also known as an application zone) and a
reagent zone containing at least one labeled binding partner
that is able to migrate with the elution medium. The binding
partner is capable of specifically binding to an analyte and to
a further specific reagent in the detection zone. The detection
zone contains a first section for the detection of a first analyte,
e.g. a test line, including an immobilized specific binding
partner for the analyte, and optionally further sections for the
detections of further analytes, and at least one control section,
e.g. a control line comprising an immobilized specific bind-
ing partner of an indicator substance indicating the function-
ality of the test kit.

[0069] In a preferred embodiment, the specific binding
partners for the analytes in the reagent and the detection zone
are monoclonal, polyclonal or recombinant antibodies or
fragments of antibodies capable of binding to a pathogen. In
other embodiments, specific binding partners may also be
antigens capable of binding to antibodies against a pathogen
or an allergen. Other types of binding partners are bioorganic
macromolecules like aptamers or receptors, nanoparticles or
nucleic acids. The methods and devices of the present inven-
tion can be used for any binding assays, and can avoid the use
of antibody/antigens or nucleic acids, for example, in ligand-
receptor binding assays and enzyme substrate binding assays.
[0070] The reagent zone may be located before (see FIGS.
10-11 and 13-16), within or after the sample application zone
(see FIGS. 5-6, 12 and 17-20), seen in the running direction of
the eluent liquid. In any of these embodiments, the reagent
zone is preferably made of a material that permits the reagents
in the reagent zone to be mobilized by the elution medium or
by the large volume of the transferred sample itself. At least
one test line is located after the reagent/application zone and
at least one control line is located after the test line. Together,
the test line and control line make up the detection zone. The
detection zone is preferably made of a material that immobi-
lizes the reagents on the test line and the control line.

[0071] Detection of at least one analyte that has been sepa-
rated from at least one interfering substance is achieved by at
least one detection zone present on the carrier, the detection
zone including an immobilized binding molecule specific to
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an analyte. The binding molecule immobilizes the labeled
analyte or the labeled analyte-analogue by immune reaction
in the detection zone, thus building up a visible test line in the
detection zone during the immunoassay process (FIG. 2).
[0072] Depending on the type of detection method, differ-
ent binding partners are present in the different zones. In a
sandwich immunoassay, it is preferred to have a labeled,
non-immobilized analyte binding partner in the reagent zone.
The binding partner forms a complex with the analyte which
is bound to the immobilized binding partner at the test line. In
a preferred manner, the label of the reagent binding partner is
an optically detectable label. Forming a complex in the detec-
tion zone at the test line concentrates and immobilizes the
label and the test line becomes visible to the naked eye,
indicating a positive test result. Particularly preferred are
direct labels, and more particularly, gold labels which can be
best recognized by the naked eye. Additionally, an electroni-
cally photometrical read out device can be used to obtain
more precise results, including a semi-quantification of the
analyte. Other labels may be latex, fluorophores or phospho-
rophores.

[0073] The visual label may be any label visible to the
naked eye, including, but not limited to, colored particles such
as colloidal gold, dyed latex beads, selenium, or carbon. In
some embodiments, the visual tags are also coated with fluo-
rescing elements. In some embodiments, the fluorescing ele-
ment is a fluorescing dye. Alternatively, a mixture of prefer-
ably colorless fluorescing latex bead conjugates are mixed
with colloidal gold (a visible spectrum) conjugates, or con-
jugates producing a visible read test line, in lateral flow
immunoassays to enhance sensitivity of the assay and to aid in
visually reading true positives and true negatives. In embodi-
ments where nanoparticles are used, the nanoparticles that
may be used include, but are not limited to, selenium, carbon,
and colloidal gold.

[0074] In order to test ocular fluids, a sample may be col-
lected with a sample collection device from the patient’s eye
by a health care professional. The sample collection device
should be wiped or dabbed slightly several times in the infe-
rior formix of the lower eye lid. If necessary, the collection
device may be wet with sterile physiological saline to
decrease patient’s discomfort. This procedure is well known
in the opthalmology practice, as it is necessary for collecting
specimens for conventional laboratory analysis. Generally
the sample collection device includes a capillary active mate-
rial suitable for receiving a body fluid sample. In a preferred
manner, the sample collection material is made out of fibers
on the basis of cellulose, polyester, rayon or calcium alginate.
However, the sample collection device can also be designed
as a microengineered mechanical structure containing micro-
capillaries and/or microchannels.

[0075] Afterthe sampleis collected, the collection device is
fixed to a plastic housing containing the test strip (see F1IG. 9)
and thereby the collection applicator is slightly pressed on the
sample application zone of the strip. The collection device
remains in this position for the test.

[0076] Inanalternative embodiment, the sample is taken by
a standard swab member as currently used in the physician’s
office or emergency rooms. This swab member is subse-
quently pressed into the sample application zone of the chro-
matographic test strip by means of an additional device simi-
lar to the sample collection unit.

[0077] In another preferred embodiment, the sample is
taken by a swab member and the sample collection device is
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pressed for only a short time into the sample application zone
of the chromatographic test strip. A short period of time
preferably means a time up to 20 seconds, particularly
between 0.1 and 10 seconds. A transfer of the sample from the
swab to the sample application zone occurs within the contact
period.

[0078] In the next step, an elution medium is applied by
dipping the absorbent pad into the chromatographic liquid.
The absorbent pad is made of a particularly well-absorbing
material which delivers the liquid for the immunochemical or
enzymatic reactions. Preferred elution media are water or
buffer solutions that are conventionally used in immunoas-
says.

[0079] Alternatively the elution medium is contained in a
reservoir which may be integrated within the analysis device,
e.g. as an ampoule or a blister. The reservoir may be opened
by fixing the swab member or sample collection device on the
detection part of the device or by additional means. After a
time period of up to 15 minutes, preferably within two to five
minutes, the result can be read out in the detection zone. The
result is considered positive when at least a partial area of the
test line and the control line show a color change.

[0080] Anexample ofachromatographic test strip that may
be used in the present invention is shown in FIGS. 6 through
9. The test strip in these figures preferably includes a plurality
of different strip materials including, but not limited to, poly-
esters, glass fibers, nitrocellulose, nylon, polypropylene,
Polyethylene terephthalate (PET) fibers, such as Dacron®
fibers, and cellulose acetate. The device preferably includes
an absorbent pad (61), a sample application zone (62), a
detection zone (63), and a waste zone (64). The strip materials
are arranged on an adhesive plastic backing (65). The absor-
bent pad (61) is provided in this example for adding an elution
medium in order to facilitate the elution of the sample to the
detection zone (63). FIG. 7 shows a housing (66), which is
preferably plastic, containing the strip shown in FIG. 6. A
sample application window (67) brings a collection device
into contact with the strip. The test result is displayed in the
read out window (68).

[0081] FIG. 8 shows an example of a collection device for
collecting a sample. In one example, the collection device is
a swab member. The material used for the sample collection
material portion of the collection device is preferably a
sample collector fleece. In a preferred embodiment, the
sample collection material is made of Polyethylene tereph-
thalate (PET) fibers, such as Dacron® fibers, which, in assays
that collect bodily fluids such as eye fluid, effectively captures
the body fluid and the infectious agent. In other embodiments,
nylon may be used. Other materials, as described herein,
could alternatively be used. The fleece holds a precise amount
of fluid, so precision regarding the amount of sample being
taken is the same or better than in systems that use a pipette.
[0082] In preferred embodiments, the device includes an
indicator which indicates when sufficient material has been
collected. For example, one could use a pH indicator such as
Phenol Red, which, in a very dilute and dried state, is very
light. When exposed to moisture, especially with a different
pH, the color changes to red. An evenness of the red color
indicates evenness of the moisture uptake. The dye permits
the naked eye to see colorless liquids, for example tears, on
white materials, for example Dacron® fibers, which would
otherwise be very difficult to see with the naked eye. Other
dye indicators may be used depending upon the application.
The choice of dye indicator (and/or its pH) may depend upon
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the acidity/alkalinity of the body fluid being tested. For
example, if the device is being used to test for sexually trans-
mitted diseases, the fluid may be very acidic.

[0083] The collection device preferably includes a body
(89), which is preferably plastic, with a sample collection
material (81) fixed on it and an opening (80) corresponding to
aread out window when the collection device is operatively in
contact with a test strip. The collection device in FIG. 8 could
be used in combination with any of the embodiments of the
present invention. Similarly, transfer of the sample from the
collection device to the sample analysis device without pre-
treatment of the sample may also be used in combination with
any of the embodiments of the present invention.

[0084] FIG. 9 shows a test kit, which includes the sample
analysis device of FIGS. 6 and 7 and the collection device of
FIG. 8.

[0085] The methods and devices of the present invention
preferably incorporate a capturing zone on the test strip or the
sample collection device that includes at least one reagent that
interacts with interfering substances in order to separate inter-
fering substances from the analyte and reduce the occurrence
offalse positives or false negatives. In other embodiments, the
reagents that interact with the interfering substances are part
of the elution medium on a lateral flow immunoassay test
strip, such as those shown in FIGS. 6 through 9, or other
lateral flow immunoassay devices known in the art.

[0086] Insome preferred embodiments, the capturing zone
is located on a material on the test strip chosen such that the
capturing reagent becomes mobile when it encounters the
elution medium or large volumes of the transferred sample
itself. Some examples of these materials include, but are not
limited to, Polyethylene terephthalate (PET) fibers, such as
Dacron® fibers, nylon fibers, polyester fibers, cellulose
acetate fibers, polypropylene fibers, glass fibers, and other
fabrics and meshes. Preferably, the capturing zone is located
separate from the test strip on the collection device, or
upstream of the sample application zone on the test strip, in
these embodiments.

[0087] Inother embodiments, the capturing zone is located
on a material on the test strip chosen such that the capturing
reagents are immobilized on the test strip, and effectively act
as a filter. One preferred material for the capturing zone in
these embodiments is nitrocellulose. Other preferred materi-
als include nylon fibers chemically treated such that indi-
vidual fibers in the nylon mesh bind permanently to reagents
such as proteins. Preferably, the capturing zone is located
downstream of the sample application zone in these embodi-
ments.

[0088] In preferred embodiments of the present invention,
the interfering substance is separated from the analyte of
interest. Preferably, the capturing step includes an immune
reaction. In particular, the immune reaction may include
immobilizing the interfering substance with an immobilized
capturing reagent specific to the interfering substance. In
other embodiments, the immune reaction or complex forma-
tion may include binding the interfering substance to amobile
capturing reagent specific to the interfering substance.
[0089] Theinterfering substance may be an antibody which
interferes with the detection of the analyte, e.g. by reacting
with detection reagents. For example, the antibody may be
selected from human anti-mouse antibodies (HAMA), het-
erophilic antibodies, rheumatoid factors (RF) or any combi-
nation thereof. In an especially preferred embodiment, the
interfering compound is a human anti-mouse antibody
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(HAMA). Interfering antibodies may be separated from the
sample by reaction with a capturing reagent which specifi-
cally recognizes the interfering antibody, but does not react
with the analyte or the detection reagent. For example, a
human-anti mouse antibody (HAMA) may be separated from
the analyte by an immune reaction with a monoclonal or a
polyclonal mouse antibody.

[0090] In alternative embodiments, the interfering sub-
stance may be a low-molecular-weight compound, e.g. a drug
molecule, exhibiting structural similarity with the analyte.
Especially preferred interfering substances are legal drugs
like morphine, codeine or dihydrocodeine, all of which show
high structural similarity with the illegal drug heroin and its
metabolite 6-monoacetylmorphine. 6-monoacetylmorphine
is measured with laboratory based instrumental methods to
differentiate between legal and illegal use of opiates. Other
preferred low-molecular-weight interfering substances
according to the invention include, but are not limited to,
amphetamine, Ecstasy or ephedrines, which exhibit interfer-
ing properties when analyzed in combination with the differ-
ently classified drug methamphetamine. Amphetamines or
ephedrines are subcompounds in medications whereas meth-
amphetamine is a classified illegal drug. Interfering drug
analogues may be separated from the sample by reaction with
a capturing reagent which specifically recognizes the inter-
fering drug analogue, but does not react with the target ana-
lyte or the detection reagent.

[0091] In embodiments where one or more nucleic acids
are the target analyte, DNA is a cross-contaminant for RNA
and RNA is a cross-contaminant for DNA. Therefore, other
nucleic acids can interfere with detecting the nucleic acid
analyte of interest. Interfering nucleic acids may be separated
from the sample using capturing reagents which specifically
bind to the interfering nucleic acid, but do not react with the
target analyte or the detection reagent.

[0092] In methods of the invention, the sample to be ana-
lyzed for the analyte of interest is applied to a chromato-
graphic carrier. The carrier can be made of one single chro-
matographic material, or preferably several capillary active
materials made of the same or different materials and fixed on
a carrier backing. These materials are in close contact with
each other so as to form a transport path along which a liquid
driven by capillary forces passes a sample application zone, a
reagent zone and at least one capturing zone, towards one or
more detection zones and optionally a waste zone at the other
end of the carrier. In an especially preferred embodiment, the
carrier is a chromatographic test strip.

[0093] Preferably, the sample is directly applied to the car-
rier by dipping the carrier’s application zone into the sample.
Alternatively, application of the sample to the carrier may be
carried out by collecting the sample with a dry or wetted
wiping element from which the sample can be transferred,
with or without pretreatment, to the carrier’s application
zone. In some embodiments, the wiping element is sterile and
may be dry or pretreated with a fluid before the collection
step. Materials suitable for wiping elements according to the
invention may include synthetic materials, woven fabrics or
fibrous webs. Some examples of such wiping elements
include, but are not limited to, those described in German
Patents DE 44 39 429 and DE 196 22 503, which are hereby
incorporated by reference.

[0094] Depending on the type of detection method, differ-
ent reagents are present in the carrier’s reagent zone, which
may be located between the sample application zone and the



US 2010/0112725 Al

detection zone. In other embodiments, the reagent zone is
located upstream of the sample application zone. In a sand-
wich immunoassay, it is preferred to have a labeled, non-
immobilized reagent specific to the analyte in the reagent
zone. The reagent forms a complex with the analyte which is
eventually bound to an immobilized analyte binding partner
at a test line in the detection zone. In a competitive immu-
noassay, the reagent zone preferably contains a labeled, non-
immobilized analyte analogue which competes with the ana-
lyte for the immobilized analyte binding partner in the
detection zone. The analyte binding partners in the reagent
zone and in the detection zone are preferably monoclonal,
polyclonal or recombinant antibodies or fragments of anti-
bodies capable of binding to a pathogen or a low-molecular-
weight compound. In other embodiments, the reagents may
also be antigens capable of binding to antibodies against a
pathogen or a low-molecular-weight compound. Other types
of binding partners are biological compounds like receptors
or RNA- or DNA-macromolecules or synthetic bioorganic
macromolecules such as aptamers or artificial receptors, or
nanoparticles.

[0095] FIG. 1 shows an example of a sandwich immunoas-
say strip. These devices are typically used for the detection of
microbial antigens in serum and other body fluids or preg-
nancy testing. The immunoassay strip includes a sample
application zone (22), a reagent zone (23), a detection zone
(25) including a test line (29), and a waste zone (26). A control
line (not shown in FIG. 1) is also preferably present. Flow
(28) occurs in the direction of the arrow. Labelled antibody
(20)is located in the reagent zone (23). Test line antibody (21)
is located on the test line (29). Both the labeled antibody (20)
and the test line antibody (21) are specific to the analyte (27)
and may be mouse anti target antibodies. This figure shows a
specific embodiment of an immunoassay strip design.
[0096] FIG. 2 shows a lateral flow immunoassay strip with
an analyte sandwich-complex (24). The sample fluid is flow-
ing over the strip and the analyte (27) is “sandwiched”
between a labeled, non-immobilized antibody (20) and an
immobilized test line antibody (21).

[0097] FIG. 3 shows how the presence of an interfering
substance (30), human anti-mouse antibodies (HAMA) in
this figure, leads to a positive signal in the absence of the
analyte (27). This occurs as a result of bridging the soluble
(20) and the immobilized analyte specific antibody (21).
HAMA antibodies utilize mouse-specific epitopes on the
soluble, labeled antibody (20) and the immobilized antibody
(21), respectively.

[0098] FIG. 4 shows a lateral flow immunoassay strip with
a capturing zone (4) in an embodiment of the present inven-
tion. The immunoassay strip includes a sample application
zone (2), a reagent zone (3) including a mobile labeled anti-
body (10) specific to the analyte, a capturing zone (4) includ-
ing an immobile capturing agent (15) that captures interfering
substances (14), a detection zone (5) including a test line (9)
with an immobile test line antibody (11) specific to the ana-
lyte, and a waste zone (6). Flow (8) occurs in the direction of
the arrow. Both the labeled antibody (10) and the test line
antibody (11) are specific to the analyte and may be mouse
anti target antibodies. The capturing zone (4) removes the
interfering antibody, HAMA in the figure, from the sample
before the sample reaches the detection zone (5), thus avoid-
ing false positive results.

[0099] In embodiments where the interfering substance of
interestis HAMA, the capturing zone (4) is preferably normal
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mouse Immunoglobulins immobilized in the capturing zone
(4), preferably on a nitrocellulose membrane.

[0100] The capturing zone (4) in these embodiments ties up
human anti-mouse antibody. This is important when the
visual (colloidal gold or dyed latex beads) labels are coated
with specific mouse monoclonal antibody to which the
human anti-mouse antibody will bind. Since the antibody has
two binding sites, the human anti-mouse antibody can poten-
tially bind to the visual reagent as well as to the immobilized
reagent at the test line, which is also a mouse monoclonal
antibody, potentially giving rise to a false positive. In addi-
tion, there are non-specific reactions where “sticky” sub-
stances like Rheumatoid factors and other immune com-
plexes just stick non-specifically to proteins. By
incorporating mouse Immunoglobulins upstream of the test
line, these interfering substances are also effectively removed
before they reach the test line. Alternatively, it may be pos-
sible to force the sticky complexes to stick to mouse Immu-
noglobulins in the mobile state and take away their stickiness
so that these complexes just flow past the test line and do not
adhere to it. For this reason, lateral flow immunoassay buffers
often have Bovine Serum Albumin to “block’ these unwanted
phenomena. It is also possible to achieve this by varying the
salt concentration, detergents or pH of the elution medium.
Any or all of these strategies may be used to decrease non-
specific interference.

[0101] FIG. 5 shows one example of a sample analysis
device in the form of a chromatographic test strip in an
embodiment of the present invention. The chromatographic
test strip in this figure preferably includes a plurality of dif-
ferent strip materials building an absorbent pad (1), a sample
application zone (2), a reagent zone (3), a capturing zone (4),
a detection zone (5) and a waste zone (6). The strip materials
are preferably arranged on an adhesive plastic backing (7).
The absorbent pad (1) provides a location for adding an
elution medium and facilitates the transfer of the sample to
the detection zone (5), which includes one or more test lines
(9) and preferably at least one control line (17). Any material
capable of receiving elution medium and transferring that
medium in the direction (8) of fluid flow could be used, and it
is not necessary to use an absorbent pad (1) made of a differ-
ent material than the other sections of the test strip. The
reagent zone (3) of the chromatographic test strip includes a
non-immobilized reagent specific to the analyte, whereas the
test line (9) of the detection zone (5) includes an immobilized
reagent specific to the analyte. The waste zone (6) is also an
optional section of the test strip.

[0102] Insome preferred embodiments, the capturing zone
(4) is a relatively large area, not just a single line of immobi-
lized capturing reagent. In one preferred embodiment, the
capturing zone (4) is approximately 1 to 4 mm wide, approxi-
mately equivalent to the width of three test lines. Using a zone
instead of just one individual test line creates more area for the
interfering substance to traverse and the zone permits more
efficient capture of the interfering substance. In this zone, in
addition to specific binding between the targeted interfering
substance and the capturing reagent, non-specific binding
occurs, removing other potentially interfering substances.
These substances are absorbed upstream of the detection
zone, and the capturing zone thus acts like a filter zone. The
relatively large amount of area permits nonspecific binding of
substances that would otherwise interfere with the accuracy
of the test. This binding may be due to cross-reactions, spe-
cific binding, or just adherence or “stickiness” causing non
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specific binding. For example, the capturing zone may filter
out RF and immune complexes, which are generally adherent.
[0103] In other embodiments, when the eluent (running
buffer) reaches the capturing zone, which is preferably made
ofnitrocellulose or another immobilizing material in embodi-
ments where it is downstream of the sample application zone,
one or more capturing reagents that would interact with the
interfering substance in the sample is manually added, for
example as a drop, onto the test strip. The added capturing
reagent interacts with the interfering substance in the sample
to render it unable to bind to the test line where the analyte
will become immobile. This embodiment requires the end
user to add the capturing reagents to the test strip at the correct
time. In kits utilizing this embodiment, the capturing reagent
would need to be separately provided as a component of the
kit.

[0104] In an example of the invention shown in FIG. 5, the
chromatographic test strip is designed to reduce or eliminate
the effects of HAMA on the accuracy of the test. In the
capturing zone (4) of the chromatographic test strip, a human
anti-mouse antibody (HAMA) capturing reagent is immobi-
lized. After applying a patient sample to the sample applica-
tion zone (2), the sample and the non-immobilized reagent for
detecting the analyte pass the capturing zone (4) during the
elution process. Human anti-mouse antibodies (HAMA) pos-
sibly present in the patient samples will be captured in this
zone in order to prevent false positive signals within the
detection zone (5) of the test strip resulting from nonspecific
binding of HAMA to the detection antibodies.

[0105] The effectiveness in preventing false positive sig-
nals due to human anti-mouse antibodies (HAMA) in patient
samples was demonstrated by applying 5 ul HAMA-positive
human blood plasma to a chromatographic test strip like the
one shown in FIG. 5. Three different plasma samples with
concentrations of 100 ng/ml, 1494 ng/ml and 161 ng/ml of
HAMA were used. In the capturing zone (4) of the test strip,
purified non specific murine IgG was immobilized, which
was applied at a concentration of 3 mg/ml and a dispensing
rate of 0.3 pul/mm. The test strip was designed for detecting
virus antigen in human body fluids using monoclonal mouse
antibodies both as a capturing reagent in the capturing zone
(4) and as an immobilized detection antibody in the detection
zone (5). Gold-labeled monoclonal mouse antibodies were
used as the non-immobilized detection reagent located in the
reagent zone.

[0106] Performing a comparative test on a chromato-
graphic test strip not including a capturing zone (4) and apply-
ing HAMA-positive plasma to the strip led to clearly false
positive signals within the detection zone (5). When perform-
ing a test on a test strip including the capturing zone (4),
binding of the non-immobilized gold-labeled antibodies to
the capturing zone (4) due to formation of a complex with
human anti-mouse antibodies (HAMA) was observed. How-
ever, no false positive signals were detected. In addition, no
influence on true positive signals could be observed when
confirmed virus-positive samples were tested.

[0107] Inembodiments of the present invention, the sample
application zone and the reagent zone may be arranged in a
different way, e.g. the sample application zone may be posi-
tioned downstream of the reagent zone and/or reagents may
be mobilized by the chromatographic fluid.

[0108] FIG. 10 shows a reagent zone (103) upstream of a
sample application zone (102) in an embodiment of the
present invention. In this embodiment, the mobile labeled
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reagent travels from the reagent zone (103) through the
sample application zone (102), where it binds to the analyte,
if present. One or more test lines in the detection zone (105)
include an immobile test line reagent that also binds to the
analyte, if present. There is also optionally an absorbent pad
(101) upstream of the other elements, and a waste zone (106)
downstream of all of the zones in this figure. Flow (108)
occurs in the direction of the arrow.

[0109] Placing the reagent zone upstream of the sample
application zone increases sensitivity of the assay. Some rea-
sons for this include that there is a slightly longer “interac-
tion” time between the reagents and the sample before their
complex (half of the “sandwich’) gets captured at the test line
to form the full sandwich and the reagents steadily hit the
concentrated sample as the flow mobilizes the dried reagents
slowly and steadily. This effect is in addition to the previously
mentioned higher affinity of the intact sample.

[0110] FIG. 11 shows a reagent zone (113) upstream of the
sample application zone (112) and a capturing zone (114)
downstream of the sample application zone (112) in an
embodiment of the present invention. In this embodiment, the
mobile labeled reagent travels from the reagent zone (113)
through the sample application zone (112), where it binds to
the analyte, if present. The sample then travels to the captur-
ing zone (114), where interfering substances interact with one
or more immobilized capturing reagents. One or more test
lines in the detection zone (115) include an immobile test line
reagent that also binds to the analyte, if present. The presence
of the capturing reagent(s) in the capturing zone (114) elimi-
nates interference by interfering substances, such as HAMA.
There is also optionally an absorbent pad (111) upstream of
the other elements, and a waste zone (116) downstream of all
of the zones in this figure. Flow (118) occurs in the direction
of the arrow.

[0111] Inother preferred embodiments, the capturing zone
is located upstream of the sample application zone on the test
strip. In these embodiments, one or more mobile capturing
reagents in the capturing zone travel to the sample application
zone, where they interact with one or more interfering sub-
stances, keeping the interfering substances from affecting the
accuracy of or otherwise interfering with the assay. In these
embodiments, the capturing reagent travels to the sample
rather than the sample (including the interfering substance)
traveling to the capturing reagent.

[0112] When the capturing zone is located upstream of the
sample application zone, the elution medium mobilizes one
or more capturing reagents and releases them slowly and
steadily into the sample. In preferred embodiments, the
sample is concentrated, for example because it has not been
subject to pretreatment. Since many interfering substances in
the sample are larger in size than the analyte, they move more
slowly than the capturing reagent. Placing the capturing zone
upstream of the sample application zone avoids any problems
with the capturing reagent being washed away by the elution
medium before it encounters a slower moving interfering
substance.

[0113] FIG. 12 shows a capturing zone (124) upstream of
the sample application zone (122), with the reagent zone
(123) downstream of the sample application zone (122). One
or more test lines in the detection zone (125) include a test line
reagent that also binds to the analyte, if present. In a preferred
embodiment of FIG. 12, mouse immunoglobulins are added
to the capturing zone (124) upstream of the sample applica-
tion zone (122). The mouse immunoglobulins interact with
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HAMA, and keep it from affecting the accuracy of the test.
There is also optionally an absorbent pad (121) upstream of
the other elements, and a waste zone (126) downstream of all
of the zones in this figure. Flow (128) occurs in the direction
of the arrow.

[0114] FIG. 13 shows a reagent zone (133) upstream of the
sample application zone (132), with a capturing zone (134)
downstream of the reagent zone (133) but upstream of the
sample application zone (132). One or more test lines in the
detection zone (135) include a test line reagent that also binds
to the analyte, if present. In a preferred embodiment of FIG.
13, mouse immunoglobulins are added to the capturing zone
(134) upstream of the sample application zone (132). The
mouse immunoglobulins interact with HAMA, and keep it
from affecting the accuracy of the test. There is also option-
ally an absorbent pad (131) upstream of the other elements,
and a waste zone (136) downstream of all of the zones in this
figure. Flow (138) occurs in the direction of the arrow.
[0115] FIG. 14 shows a reagent zone (143) overlapping a
capturing zone (144), where both the reagent zone (143) and
capturing zone (144) are upstream of the sample application
zone (142). One or more test lines in the detection zone (145)
include a test line reagent that also binds to the analyte, if
present. There is also optionally an absorbent pad (141)
upstream of the other elements, and a waste zone (146) down-
stream of all of the zones in this figure. Flow (148) occurs in
the direction of the arrow. While the reagent zone (143) and
the capturing zone (144) only partially overlap and part of the
reagent zone (143) is upstream of part of the capturing zone
(144) in this figure, other overlapping configurations are pos-
sible. For example, the reagent zone (143) and the capturing
zone (144) may completely overlap, with the reagents and the
capturing reagent both occupying the same location on the
test strip. Alternatively, a part of the reagent zone (143) may
be downstream of part of the capturing zone (144). In a
preferred embodiment of FIG. 14, mouse immunoglobulins
are added to the reagent zone/capturing zone upstream of the
sample application zone. The mouse immunoglobulins inter-
act with HAMA, and keep it from affecting the accuracy of
the test.

[0116] FIG. 15 shows a reagent zone (153) upstream of the
sample application zone (152), with a capturing zone (154)
upstream of the reagent zone (153). One or more test lines in
the detection zone (155) include a test line reagent that also
binds to the analyte, if present. There is also optionally an
absorbent pad (151) upstream of the other elements, and a
waste zone (156) downstream of all of the zones in this figure.
Flow (158) occurs in the direction of the arrow. In a preferred
embodiment of FIG. 15, mouse immunoglobulins are added
to the capturing zone (154) upstream of the sample applica-
tion zone (152). The mouse immunoglobulins interact with
HAMA, and keep it from affecting the accuracy of the test.
[0117] FIG. 16 shows a reagent zone (163) upstream of the
sample application zone (162), and a capturing zone (164)
overlapping the sample application zone (162) in an embodi-
ment of the present invention. One or more test lines in the
detection zone (165) include a test line reagent that also binds
to the analyte, if present. There is also optionally an absorbent
pad (161) upstream of the other elements, and a waste zone
(166) downstream of all of the zones in this figure. Flow (168)
occurs in the direction of the arrow. While the sample appli-
cation zone (162) and the capturing zone (164) only partially
overlap and part of the sample application zone (162) is
downstream of part of the capturing zone (164) in this figure,
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other overlapping configurations are possible. For example,
the sample application zone (162) and the capturing zone
(164) may completely overlap, with the sample being applied
directly on top of the capturing reagent. In this embodiment,
the capturing reagent may be mobile or immobilized on the
test strip. Alternatively, a part of the sample application zone
(162) may be upstream of part of the capturing zone (164). In
a preferred embodiment of FIG. 16, mouse immunoglobulins
are added to the capturing zone (164). The mouse immuno-
globulins interact with HAMA, and keep it from affecting the
accuracy of the test.

[0118] In the embodiments where the capturing reagent is
located in a capturing zone upstream of the sample applica-
tion zone, the capturing reagent will have preferably been
pre-loaded and dried onto the test strip and is eluted and
carried by the elution medium to the sample application zone,
where it interacts and captures an interfering substance. The
capturing reagent is preferably soluble in the elution medium
and the capturing reagent is solubilized and mobilized upon
contact with the elution medium. In some preferred embodi-
ments, the capturing reagent has been dried into the test strip.
In other preferred embodiments, the capturing reagent may be
pre-dried by freeze drying or lyophilizing and then pre-
loaded into the test strip. In other embodiments, the capturing
reagent may be absorbed, adsorbed, embedded or trapped on
the test strip. When elution medium reaches the capturing
reagent in the capturing zone, the mobile capturing reagent is
suspended and travels with the elution medium.

[0119] As an interfering substance, e.g. a human anti-
mouse antibody (HAMA), is also capable of forming a com-
plex with the labeled, non-immobilized reagent of the reagent
zone and the immobilized analyte binding partner of the
detection zone, thus indicating a positive test result in the
immunoassay (FIG. 3), the carrier further preferably includes
at least one capturing zone. Each capturing zone contains a
capturing reagent specifically interacts with a certain inter-
fering substance, thereby immobilizing the interfering sub-
stance in the capturing zone. As the capturing zone is sepa-
rated from the detection zone by space, and the sample starts
to migrate over the reagent zone and the capturing zone
before reaching the carrier’s detection zone, the method
allows a separation of the interfering substance from the
analyte of interest (FIG. 4). In some embodiments, the cap-
turing zone is located between the reagent zone and the detec-
tion zone. In other embodiments, the capturing zone may also
be located between the sample application zone and the
reagent zone.

[0120] In a preferred embodiment, the capturing zone is
located upstream of the sample application zone, as shown in
FIGS. 12-15.

[0121] Insome preferred embodiments, the invention is in
the form of a test kit for the detection of adenovirus using a
sample obtained from a patient’s eye, preferably using a col-
lection device such as a sterile swab member. If such a col-
lection device is used (see example shown in FIG. 8), it is
preferably made out of a bibulous material, for example
Dacron® fibers, or highly purified cotton fibers, which are
preferably fixed to the plastic device by ultrasonic welding.
Alternative materials may be polyester, rayon, polyamide or
other fibrous polymeric materials.

[0122] Ifan absorbent pad is included, a polyester fleece is
preferably used for the absorbent pad and is preferably manu-
factured by Binzer, Hatzfeld (Federal Republic of Germany).
The fleece is preferably a polyester fleece reinforced with
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10% Kuralon® fibers. The thickness of the fleece preferably
ranges from 1 and 2 mm, and the absorbance capacity is 1800
ml/m?.

[0123] Insome preferred embodiments, the application and
reagent zones are preferably made of 80 parts polyester and
20 parts viscous staple fibers at a preferred thickness of 0.32
mm and an absorbing capacity of 500 ml/m*. The reagent
zone is preferably impregnated with the following solutions
and then dried: 100 mmol/l HEPES Buffer, pH 7.5, 100 mol/1
NaCl, conjugate of gold particles and anti-Hexon antibodies
at a concentration that has an optical density of 10 at 520 nm.
Hexon is a protein that is common in the capsid of human
adenoviruses. The test gold is mixed with control gold and
sprayed together onto the reagent zone. The gold sol is pref-
erably manufactured according to standard procedures (Fres.
Nature Vol. 241, p. 20-22, 1973, incorporated herein by ref-
erence). Conjugation with the antibody is preferably carried
out according to prior art procedure (J. Immunol. Meth. Vol.
34,p.11-31, 1980, incorporated herein by reference). Sample
application takes place in the sample application zone.
[0124] In some preferred embodiments, the detection zone
is made of a nitrocellulose (NC) membrane with a nominal
pore size of 8 um and a thickness of 100 um (produced by
Schleicher & Schuell, Germany). Alternatively, other custom
prepared nitrocellulose membranes of different pore sizes
(for example, nitrocellulose membranes of different pore
sizes from MDI Membrane Technologies, India), preferably
ranging from 3 pm to 15 pm, may be used. The test line
preferably contains a Hexon specific antibody (not labeled)
which is specific for a different epitope than the antibody
conjugated to the gold. The control zone preferably contains
a totally unrelated species, for example Rabbit anti chicken
antibody or antigen, that binds to the control conjugate when
Chicken IgY is conjugated to the gold. If the test works
correctly, the control line will appear even if Hexon is not
present.

[0125] The interfering substances are preferably removed
by incorporating capturing reagents at a variety of positions
and configurations. Some examples of the capturing reagents
that could be used include, but are not limited to, Mouse
Immunoglobulins (for example immunoglobulins obtained
from Millipore Corporation, Massachusetts), TRU Block™
blocking reagent (Meridian Life Science, Inc, Ohio), hetero-
philic blocking agents, for example, Heterophilic Blocking
Reagents (HBR) from Scantibodies Laboratory, Inc. (Cali-
fornia). The capturing reagents may be in the elution medium,
mixed and dried with the reagents, incorporated into the
sample application zone, incorporated into the sample collec-
tor fleece material, located upstream of the sample applica-
tion zone and/or can be immobilized on the nitrocellulose
either as a line or a zone. Any of these or combinations of
these may be used depending on the test and sample matrix.
[0126] The chromatographic materials are preferably in
communication with each other by overlapping with each
other in order to create a fluid pathway.

[0127] In some preferred embodiments, instead of lysing
cells “outside” of a point-of-care testing device, the present
invention utilizes “in situ lysis”. The term “in situ lysis”, as
used herein, describes techniques for incorporating lysis
agents into a point-of-care testing device, such as a chroma-
tography test strip or other lateral flow immunoassay device,
so that the lysis operation is not conducted as a separate step.
[0128] In these embodiments, the methods and devices of
the present invention incorporate a lysis zone including at
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least one lysis agent as part of a lateral flow immunoassay test
strip, such as those discussed herein, or other lateral flow
immunoassay devices known in the art, in order to lyse the
sample material in situ. In addition, a capturing zone captures
interfering substances to increase the accuracy of the assay.
[0129] The present invention is suitable for various meth-
ods of loading the sample. The assay will either be started
directly when sample is transferred in a sufficient volume of
liquid, such as a body fluid, or the process may require that a
sample be added to or eluted by a sample transport liquid (e.g.
tap water or a buffer solution). In one preferred embodiment,
a sample which has been collected, such as by a swab, is
transferred directly onto the sample application zone of a test
strip. In this embodiment, a sample transport liquid is then
added to the test strip. In another preferred embodiment, a
liquid sample is deposited directly onto the sample applica-
tion zone of a test strip. In this embodiment, the liquid sample
itself, if of sufficient volume, becomes the transport liquid. If
the volume of the liquid sample is insufficient, then a sample
transport liquid is additionally added. In yet another preferred
embodiment, a liquid sample is pre-mixed with the sample
transport liquid and then both are applied to the test strip
together.

[0130] Following sample loading, sample traveling with
the transport liquid encounters the lysis agent. The lysis agent
will have been pre-loaded onto the test strip and is eluted by
the transport liquid. In some preferred embodiments, the lysis
agent has been dried into the test strip. Alternatively, the lysis
agent may be pre-dried by freeze drying or lyophilizing and
then pre-loaded into the test strip. In other embodiments, the
lysis agent may be absorbed, adsorbed, embedded or trapped
on the test strip. In a preferred embodiment, the lysis agent is
localized between the sample application zone and the
reagent zone. The lysis agent is preferably soluble or miscible
in the sample transport liquid, and the lysis agent is solubi-
lized and activated upon contact with the sample transport
liquid. The sample transport liquid then contains both lysis
agent in solution or suspension and sample components in
suspension. Any lysis-susceptible components in the sample,
then being exposed in suspension to the lysis agent, are them-
selves lysed in situ. The elution medium then carries the
analyte, including any lysis-freed components, through the
reagent and capturing zones and to the detection zone.
[0131] The location where the lysis agent is pre-loaded can
be varied as needed. In order to maximize the time that the
sample has to interact with the lysis agent as well as to
minimize the amount of lysis agent reaching the detection
zone, the dried, absorbed, adsorbed, embedded, or trapped
lysis agent may be located in or just downstream of the
sample application zone. Or, in order to minimize the distance
in which the lysed product must travel before reaching the
reagent zone, the lysis agent may be located closer to the
reagent zone.

[0132] The concentration of lysis agent pre-loaded onto a
test strip is preferably between 0.001% and 5% weight/vol-
ume. The volume to be pre-loaded depends on where the lysis
agentis pre-loaded. Appropriate ranges are 1 to 10 microliters
when pre-loaded into the sample collector fleece (the sample
application zone) or 5 to 50 microliters when pre-loaded into
the absorbent pad or into other locations within the test strip.
Ideally, the amount pre-loaded should be approximately 3
microliters pre-loaded into the sample collector fleece or
approximately 10 microliters pre-loaded into the absorbent
pad or into other locations within the test strip.
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[0133] Selection of a specific lysing environment and agent
will depend on the analyte and the assay. pH and ionic
strength are key to the lysing environment. As to pH estab-
lished by the lysis agent, a pH below 4.0 tends to precipitate
materials, especially proteins. Higher pH, above approxi-
mately 10.0, tends to lyse materials such as proteins and cells
walls. Therefore, a pH of approximately 10.0 or above is
preferable for many applications. Alternatively, lower pH
may be preferred for nucleic acid targets.

[0134] As to ionic strength established by the lysis agent,
both high and low ionic strength may be used to lyse. For
example, a lower ionic strength (hypotonic) tends to break up
erythrocytes. Water by itself can lyse erythrocytes. Higher
ionic strength environments may be used to rupture certain
cell walls and membranes.

[0135] As to specific lysis agents, they may be grouped and
selected based on their properties: salts, amphoteric and cat-
ionic agents, ionic and non-ionic detergents. The salt, Ammo-
nium Chloride (NH,CI), lyses erythrocytes. Other salts,
including, but not limited to, high concentrations of Sodium
Chloride (NaCl) and Potassium Chloride (KCl), may rupture
certain cell walls and membranes. Other lysis agents are
amphoteric agents including, but not limited to, Lyso PC,
CHAPS, and Zwittergent. Alternatively, cationic agents
including, but not limited to, C16 TAB and Benzalkonium
Chloride may be used as a lysis agent. Both ionic and non-
ionic detergents are often used to break or lyse the cell wall or
cell membrane components such as lipoproteins and glyco-
proteins. Common ionic detergents include, but are not lim-
ited to, SDS, Cholate, and Deoxycholate. Ionic detergents are
good solubilizing agents. Antibodies retain their activity in
0.1% SDS or less. Common non-ionic detergents include, but
are not limited to, Octylglucoside, Digitonin, C12ES8, Lubrol,
Triton X-100, Noniodet P-40, Tween 20, and Tween 80. Non-
ionic and mild ionic detergents are weaker denaturants and
often are used to solubilize membrane proteins such as viral
surface proteins. Additional lysis agents include, but are not
limited to, urea and enzymes. Combinations of different lysis
agents may be used to optimize the lysing environment.
[0136] Surfactants are generally wetting agents and lower
the surface tension of a liquid. This then allows easier spread-
ing by lowering the interfacial tension between liquids. So,
surfactants can interfere with the natural binding of antigen
and antibody or ligand and receptors. The concentrations are,
therefore, experimentally chosen for each class of lysis agent.
Once lysis occurs, it is important that the desired binding
reactions not be hindered. Generally, 0.001% lysis agent con-
centration is considered the lower limit, and the upper limit is
approximately 1%. There is an additive or synergistic effect
when combinations of lysis agents are used. This expands the
working range of concentration to run from approximately
0.001% to 1%. Finally, some undesirable non-specific bind-
ing may be prevented at a Tween 20 concentration of 5%. In
all cases, the total amount of lysis agent pre-loaded onto all
locations of an individual test strip must be sufficient to lyse
barriers to immunodetection, permitting practical operation
of the test strip.

[0137] The lysis agent itself should not interfere with any
other assay detector or indicator agents and thus does not
interfere with any other assay interactions and reactions to
such an extent as to prevent practical operation of the assay. A
lysis agent should have sufficient shelf life to allow manufac-
ture, distribution and storage before use of a test strip in
point-of-care testing.
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[0138] Ina preferred embodiment of the present invention,
the lateral flow immunoassay device of the present invention
includes a sample-transporting liquid, which can be a buffer,
and a chromatography test strip containing one or several
fleece materials or membranes with capillary properties
through which sample flows. In a device and method of the
invention, itis unnecessary to lyse the cells in the sample prior
to applying the sample to the test strip.

[0139] FIGS. 17 through 20 show a lysis zone (170) and a
capturing zone (174) between a sample application zone
(172) and the reagent zone (173) (FIGS. 17 and 19) or the
reagent zone (173) between the lysis zone (170) and the
capturing zone (174) (FIGS. 18 and 20) of the test strip. In
either case, the lysis zone (170) either overlaps with the
sample application zone (172) such that the lysis agent is
pre-loaded in the sample application zone (172) (see FIGS. 19
and 20) or the lysis zone (170) is located between the sample
application zone (172) and the capturing zone (174) such that
the lysis agent is pre-loaded between the sample application
zone (172) and the capturing zone (174) (see FIGS. 17 and
18). Thus, lysis occurs before the sample reaches the captur-
ing zone (174). As discussed above, the capturing zone (174)
includes at least one capturing reagent that interacts with at
least one interfering substance to keep the interfering sub-
stance from interfering with the assay. In some preferred
embodiments, the capturing reagent is immobilized in the
capturing zone. In other preferred embodiments, the captur-
ing reagent is mobile. Selection of a specific capturing
reagent depends on the analyte and the assay. The detection
zone (175) preferably includes at least one test line (179) and
at least one control line (177).

[0140] Inother embodiments, a lysis zone could be used in
combination with any of the device configurations shown in
FIGS. 11 through 16.

[0141] Inother preferred embodiments, at least one captur-
ing reagent is included in the elution medium. In one pre-
ferred embodiment, mouse immunoglobulins are included in
the elution medium. In these embodiments, mobile capturing
reagents are part of the elution medium and they are released
slowly and steadily into the sample. Incorporating capturing
reagents into the running buffer ensures slow and steady
interaction with the interfering substance in the sample. In
one embodiment, the mouse immunoglobulins capture
HAMA, and keep it from affecting the accuracy of the test.
[0142] These embodiments could use the device configu-
rations shown in FIGS. 1-3, 6, and 10 or known lateral flow
immunoassay devices. In addition, these embodiments could
be used in combination with a lysis zone, such as the lysis
zone discussed herein.

[0143] Insomeembodiments, all of the capturing reagentis
in the elution medium. In other embodiments, there may be
one or more capturing reagents in the elution medium and one
or more capturing reagents in one or more capturing zones
(with configurations for the device as shown in FIGS. 4-5 and
11-20). Alternatively, there could be multiple capturing zones
located in multiple places on the device. For example, in one
embodiment, there may be one or more capturing zones
located upstream of the sample application zone and one or
more capturing zones located downstream of the sample
application zone. As another example, there may be one or
more capturing zones located upstream of the sample appli-
cation zone, one or more capturing zones located downstream
of the sample application zone and one or more capturing
reagents included in the elution medium.
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[0144] In other preferred embodiments, one or more cap-
turing reagents are incorporated into the sample collection
device, which may be completely separate from the test strip
or may alternatively be somehow connected to the test strip.
One example of a collection device and test strip that could be
used in these embodiments is shown in FIGS. 6 through 9.
Other collection devices, known in the art, including, but not
limited to, swab members, could be used in these embodi-
ments in combination with any of the test strips discussed
herein. These embodiments could also be used in combina-
tion with any of the other embodiments described herein.

[0145] In preferred embodiments, the collection device is
made from one or more materials including, but not limited
to, Polyethylene terephthalate (PET) fibers, such as Dacron®
fibers, or nylon fibers, polyester fibers, cellulose fibers, rayon
fibers, calcium alginate fibers, a microengineered mechanical
structure containing microcapillaries and/or microchannels,
or other fabrics and meshes.

[0146] In these embodiments, the capturing reagent will
have preferably been pre-loaded and dried onto the collection
device. In other preferred embodiments, the capturing
reagent may be pre-dried by freeze drying or lyophilizing and
then pre-loaded into the test strip. In other embodiments, the
capturing reagent may be absorbed, adsorbed, embedded or
trapped on the collection device. The capturing reagent is
preferably soluble in the elution medium and the capturing
reagent is solubilized and mobilized upon contact with the
elution medium. After sample collection, the capturing
reagent is transferred to the sample application zone along
with the sample. Similar to the other embodiments described
herein, the capturing reagent interacts with an interfering
substance and keeps it from interfering with the assay.

[0147] In one example of these embodiments, a collection
device, such as a sample collector fleece material is manufac-
tured to include at least one capturing reagent. The fleece is
thus impregnated with the capturing reagent. The collector
fleece may then be wet and then wiped on the inanimate
object of interest to collect a sample. This would be particu-
larly useful to test for drugs of abuse on inanimate objects.
This activates the capturing reagent and both the sample and
the capturing reagent are transferred to the test strip for per-
formance of the assay. Similar to other embodiments, the
capturing reagent interacts with the interfering substance and
keeps it from interfering with the results of the assay.

[0148] As another example, a collection device such as a
swab member could be used to collect bodily fluids that do not
require biocompatibility of the collection device including,
but not limited to, urine.

[0149] In some preferred embodiments, there may be a
primary collection device, which collects a body fluid sample,
and a secondary intermediary collection device, which
includes the capturing reagent. Two collection devices may
be particularly useful in embodiments that require sterile
collection devices to collect a body fluid sample. In these
embodiments, the sample is collected on the primary collec-
tion device, and then transferred to the secondary intermedi-
ary collection device, where it is subject to elution and trans-
fer to a chromatographic test strip. The capturing reagent
located on the secondary intermediary collection device is
also transferred to the test strip, and interacts with the inter-
fering substances in the sample. As an example, in testing for
sexually transmitted diseases, a first swab member could be
used to swab the urethra or vagina. A second sample collector
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fleece could then be used to wipe the swab. The second
sample collector fleece would include the capturing reagents.
[0150] The present invention also discloses a test strip that
keeps interfering substances from affecting the proper detec-
tion of a target/analyte. In a preferred embodiment, the test
strip includes an application zone for applying the sample, a
reagent zone containing reagents for detecting the analyte, a
capturing zone that includes one or more capturing reagent
that separates the interfering substance from the sample, a
detection zone for detecting the analyte, and optionally a
waste zone. The detection zone may include further sections
for the detection of other analytes and at least one control
section, e.g. a control line comprising an immobilized spe-
cific binding partner of an indicator substance indicating the
functionality of the test strip.

[0151] In preferred embodiments, the capturing zone is
located upstream of the sample application zone. In other
preferred embodiments, the capturing zone is eliminated, and
the capturing reagents are included as part of the elution
medium. In yet other preferred embodiments, capturing
reagents are incorporated into a sample collection device.
[0152] The invention further relates to a method for reduc-
ing interference in a method for detecting an analyte on a
chromatographic carrier. After applying a sample to the car-
rier, reduction of interference can be realized by having the
sample containing an interfering substance, e.g. an antibody
or a low-molecular-weight compound, come into contact
with at least one capturing reagent traveling along the carrier,
thereby separating the analyte(s) from the interfering sub-
stance, and subsequently passing the sample to a detection
zone also located on the carrier for detecting the analyte. In
some preferred embodiments, the capturing reagent begins by
being in a capturing zone upstream of the sample application
zone. When elution medium is applied, the capturing reagent
travels along the test strip until it contacts the sample, and
binds with the interfering substance. In other preferred
embodiments, one or more capturing reagents are incorpo-
rated into a sample collection device. In other preferred
embodiments, the capturing reagent is a component of the
elution medium itself, and captures the interfering substance
in the sample when it elutes through the test strip.

[0153] Accordingly, it is to be understood that the embodi-
ments of the invention herein described are merely illustrative
of'the application of the principles of the invention. Reference
herein to details of the illustrated embodiments is not
intended to limit the scope of the claims, which themselves
recite those features regarded as essential to the invention.

What is claimed is:

1. A method for detecting an analyte in a sample, compris-

ing the steps of:

a) applying the sample to a sample application zone of a
chromatographic carrier;

b) eluting at least one mobile capturing reagent located in
a capturing zone, wherein the capturing zone is located
upstream of the sample application zone on the chro-
matographic carrier, such that the mobile capturing
reagent travels downstream to encounter the sample;

c) if at least one interfering substance is present in the
sample, capturing the interfering substance, wherein the
mobile capturing reagent interacts with the interfering
substance and separates the interfering substance from
the analyte; and

d) detecting the analyte separated from the interfering sub-
stance on the carrier.
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2. The method of claim 1, wherein the chromatographic
carrier further comprises:

i) a reagent zone containing reagents for detecting the
analyte, wherein the sample and the reagents encounter
each other while a test for detecting the analyte is being
performed; and

ii) a detection zone for detecting the analyte, wherein the
detection zone is located downstream of the sample
application zone.

3. The method of claim 2, wherein the reagent zone is

located upstream of the sample application zone.

4. The method of claim 3, wherein the reagent zone over-
laps the capturing zone.

5. The method of claim 3, wherein the reagent zone is
located upstream of the capturing zone.

6. The method of claim 3, wherein the reagent zone is
located downstream of the capturing zone.

7. The method of claim 2, wherein the method is used to
detect conjunctivitis and, in step a), an eye fluid sample col-
lected on a sterile swab member is applied to the chromato-
graphic carrier by directly contacting the swab member with
the sample application zone without pretreatment of the
sample wherein at least a part of the eye fluid sample is
released directly into the sample application zone due to the
swab member contacting the sample application zone.

8. The method of claim 2, wherein the capturing zone
comprises a mobile capturing reagent which specifically
interacts with the interfering substance, thereby complexing
with the interfering substance.

9. The method of claim 1, further comprising, prior to step
a), the step of collecting the sample with a collection device.

10. The method of claim 1, wherein the sample is a body
fluid selected from blood, serum or a body surface fluid.

11. The method of claim 10, wherein the body fluid is an
eye fluid, sweat or saliva.

12. The method of claim 1, wherein the analyte is detected
by an immune reaction.

13. The method of claim 1, wherein the analyte is a patho-
gen or a plurality of pathogens.

14. The method of claim 13, wherein the analyte is a
pathogen or a plurality of pathogens associated with conjunc-
tivitis.

15. The method of claim 14, wherein the pathogen is
selected from the group consisting of adenoviruses, herpes-
viruses, chlamydiae, cytomegaloviruses, pseudomonas,
streptococci, haemophilus, staphylococci, amoebae and com-
binations thereof.

16. The method of claim 1, wherein the analyte is a low-
molecular-weight compound.

17. The method of claim 16, wherein the interfering sub-
stance is a low molecular-weight drug molecule which exhib-
its structural similarity with the analyte.

18. The method of claim 16, wherein the analyte is heroin
or 6-monoacetylmorphine and the interfering substance is
another opiate like morphine, codeine or dihydrocodeine.

19. The method of claim 16, wherein the analyte is meth-
amphetamine and the interfering substance is a structural
similar compound like amphetamine, Ecstasy or ephedrine.

20. The method of claim 1, wherein the interfering sub-
stance is captured and thereby separated from the analyte by
an immune reaction.

21. The method of claim 20, wherein the immune reaction
comprises the interfering substance complexing with a
mobile capturing reagent.
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22. The method of claim 1, wherein the interfering sub-
stance is an antibody.

23. The method of claim 22, wherein the antibody is a
human anti-mouse antibody (HAMA).

24. The method of claim 23, wherein the human anti-
mouse antibody (HAMA) is separated from the analyte by an
immune reaction with a monoclonal or a polyclonal mouse
antibody.

25. The method of claim 1, wherein the interfering sub-
stance is selected from the group consisting of at least one
heterophilic antibody; at least one rheumatoid factor (RF);
and both at least one heterophilic antibody and at least one
rheumatoid factor.

26. The method of claim 1, wherein the carrier further
comprises a waste zone.

27. The method of claim 1, wherein the carrier is a chro-
matographic test strip.

28. A test strip for detecting an analyte in a sample, com-
prising:

a) an application zone, wherein the sample is applied to the

application zone;

b) a reagent zone comprising at least one first reagent,
wherein the sample and the first reagent encounter each
other while a test for detecting the analyte is being per-
formed and wherein the first reagent interacts with the
analyte to form a first complex;

¢) a capturing zone, wherein the capturing zone comprises
at least one mobile capturing reagent that is capable of
interacting with at least one interfering substance in the
sample such that the capturing reagent separates the
interfering substance from the analyte, wherein the cap-
turing zone is located upstream of the application zone;
and

d) a detection zone comprising at least one test zone com-
prising at least one second reagent, wherein the second
reagent complexes with and immobilizes the analyte at
the test zone and wherein the detection zone is located
downstream of the application zone.

29. The test strip of claim 28, wherein the reagent zone is

located upstream of the application zone.

30. The test strip of claim 29, wherein the reagent zone
overlaps the capturing zone.

31. The test strip of claim 29, wherein the reagent zone is
located upstream of the capturing zone.

32. The test strip of claim 29, wherein the reagent zone is
located downstream of the capturing zone.

33. A test kit for detecting an analyte in a sample compris-
ing:

a) a chromatographic test strip comprising:

1) an application zone, wherein the sample is applied to
the application zone;

ii) a reagent zone comprising at least one first reagent,
wherein the sample and the first reagent encounter
each other while a test for detecting the analyte is
being performed and wherein the first reagent inter-
acts with the analyte to form a first complex; and

iv) a detection zone comprising at least one test zone
comprising at least one second reagent, wherein the
second reagent complexes with and immobilizes the
analyte at the test zone and wherein the detection zone
is located downstream of the application zone; and

b) at least one sample collection system comprising at least
one sample collection device and at least one mobile
capturing reagent that is incorporated into at least one
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sample application device, wherein the mobile captur-
ing reagent is capable of interacting with at least one
interfering substance in the sample such that the captur-
ing reagent separates the interfering substance from the
analyte, wherein the collection system collects the
sample prior to the sample being transferred to the chro-
matographic test strip.

34. The test kit of claim 33, wherein the reagent zone is
located upstream of the application zone.

35. The test kit of claim 33, wherein the sample collection
system comprises one sample collection device and the cap-
turing reagent is incorporated into the sample collection
device.

36. The test kit of claim 33, wherein the sample collection
system comprises a first sample collection device and a sec-
ond sample collection device, wherein the first sample col-
lection device collects the sample and the second sample
collection device comprises the mobile capturing reagent,
wherein the sample is transferred from the first sample col-
lection device to the second sample collection device before
being transferred to the chromatographic test strip.

37. A method for detecting an analyte in a sample, com-
prising the steps of:

a) collecting a sample with at least one sample collection

system, wherein the sample collection system comprises
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at least one sample collection device and at least one
capturing reagent that is incorporated into at least one
sample collection device;

b) applying the sample and the capturing reagent to a

sample application zone of a chromatographic carrier;

c) if at least one interfering substance is present in the

sample, capturing the interfering substance, wherein the
mobile capturing reagent interacts with the interfering
substance and separates the interfering substance from
the analyte; and

d) detecting the analyte separated from the interfering sub-

stance on the carrier.

38. The method of claim 37, wherein the capturing reagent
is incorporated into the sample collection device that collects
the sample.

39. The method of claim 37, wherein the sample collection
system comprises a first sample collection device and a sec-
ond collection device, wherein the first sample collection
device collects the sample and the second collection device
comprises the mobile capturing reagent, wherein the sample
is transferred from the first sample collection device to the
second collection device before being applied to the chro-
matographic test strip.
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