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Assays and methods including mobile tagged single stranded 
nucleic acid reagents pre-loaded on an analysis device, which 
are preferably tagged, but not labeled and are complementary 
to a strand (preferably the anti-sense strand in double 
stranded DNA targets) of the target nucleic acid. The assay 
also includes a running buffer that includes a dye or other 
detectable label that nonspecifically binds only to double 
Stranded nucleic acids. In addition, the analysis device 
includes a detection Zone including one or more test Zones 
that have an immobilized tag that binds to the tag on the 
mobile nucleic acid reagent. 
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LATERAL FLOWASSAYS 

REFERENCE TO RELATED APPLICATIONS 

0001. This application claims one or more inventions 
which were disclosed in Provisional Application No. 61/266, 
641, filed Dec. 4, 2009, entitled “LATERAL FLOW 
NUCLEIC ACID DETECTOR, Provisional Application 
No. 61/331,966, filed May 6, 2010, entitled “MULTIPLA 
NAR LATERAL FLOW ASSAY WITH SAMPLE COM 
PRESSOR', Provisional Application No. 61/352,093, filed 
Jun. 7, 2010, entitled “LATERAL FLOW ASSAYS, and 
Provisional Application No. 61/392,981, filed Oct. 14, 2010, 
entitled “MULTIPLANAR LATERAL FLOW ASSAY 
WITH SAMPLE COMPRESSOR. 
0002 This application is also a continuation-in-part appli 
cation of application Ser. No. 12/502,626, filed Jul. 14, 2009, 
entitled LATERAL FLOW NUCLEIC ACID DETEC 
TOR, which claims one or more inventions which were 
disclosed in Provisional Application No. 61/080,879, filed 
Jul. 15, 2008, entitled “LATERAL FLOW NUCLEIC ACID 
DETECTOR, Provisional Application No. 61/098,935, filed 
Sep. 22, 2008, entitled “1N. 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 DETEC 
TION OF VIRAL AND BACTERIAL INFECTIONS and is 
a continuation-in-part application of application Ser. No. 
12/481,631, filed Jun. 10, 2009, entitled “COMBINED 
VISUAL/FLUORESCENCE ANALYTE DETECTION 
TEST, which claimed priority from Provisional Application 
No. 61/060,258, filed Jun. 10, 2008, entitled “COMBINED 
VISUALAFLUORESCENCE ANALYTE DETECTION 
TEST. 
0003. The benefit under 35 USC S119(e) of the United 
States provisional applications is hereby claimed, and the 
aforementioned applications are hereby incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005. The invention pertains to the field of lateral flow 
assays for the detection of analytes. 
0006 2. Description of Related Art 
0007 Lateral flow assays area subset of assays 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 principles. 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 gona 
dotropin (hCG). Today, there are commercially available tests 
for monitoring ovulation, detecting infectious disease organ 
isms, 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. 

SUMMARY OF THE INVENTION 

0008 Embodiments of the present invention include 
assays where the analyte (target) to be detected does not bind 
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directly to an immobilized binding partner in the test Zone of 
a test strip. Instead, the analyte preferably interacts with one 
or more analyte binding partners in other Zones (including the 
buffer, in some embodiments) on the strip. At least one of the 
analyte binding partners includes a first tag that forms a 
complex with a second immobilized tag in the test Zone. 
0009. In some preferred embodiments, the assays and 
methods do not use any microspheres, beads, or Suspensions 
(such as colloidal gold or colored latex beads). Instead, the 
visualization at the test and control lines is due to the acqui 
sition and accumulation of soluble dyes delivered to the 
detection Zone. 

0010. In some preferred embodiments, a binding assay of 
the present invention preferably includes a mobile tagged 
single stranded nucleic acid reagent pre-loaded on an analysis 
device. The mobile single Stranded nucleic acid reagent is 
preferably tagged, but not labeled. The mobile tagged singled 
Stranded nucleic acid reagent is complementary to a strand 
(preferably the anti-sense strand in double stranded DNA 
targets) of the target nucleic acid. The assay also preferably 
includes pre-loaded lysis agents and/or nucleic acid denatur 
ants, which lyse the components of the sample, and denature 
any double stranded target nucleic acid into single strands. 
The assay is applicable to both DNA and RNA test samples. 
The assay is also applicable regardless of whether the test 
sample is double Stranded in its native form or single stranded 
in its native form. The assay also includes a running buffer 
that includes a dye or other label that nonspecifically binds 
double stranded nucleic acids. The dye or label is preferably 
visible to the naked eye and/or fluorescent, but may be detect 
able by other known methods. In addition, the analysis device 
includes a detection Zone including one or more test Zones 
that have an immobilized tag that binds to the tag on the 
mobile single stranded nucleic acid reagent. 
0011. In one preferred method of the present invention, the 
sample is preferably lysed by one or more lysis agents to 
make the nucleic acid in the sample accessible to the compo 
nents of the assay. Pathogenic as well as non-pathogenic 
organisms produce enzymes which may be present in the 
sample and beneficially aid in lysis. In embodiments where 
the nucleic acid is double Stranded, the lysis agent includes 
one or more nucleic acid denaturants that denatures the 
nucleic acid into single strands. The lysis agents are prefer 
ably located in alysis Zone on a chromatographic test strip. In 
other embodiments, the lysing is performed external to the 
device or included in the running buffer. When the mobile 
tagged single stranded nucleic acid reagent encounters the 
single stranded target nucleic acid, a double Stranded com 
plex between the mobile tagged single stranded nucleic acid 
reagent and the single stranded target nucleic acid forms. If 
the target nucleic acid is not in the sample, no double stranded 
complex will form. A mobile label in the running buffer or 
embedded either upstream of the application Zone, in the 
application Zone, or downstream to the application Zone, 
binds to the double stranded nucleic acid complex, forming a 
labeled duplex complex. When the labeled duplex complex 
reaches an immobilized test line of the detection Zone, the tag 
on the mobile tagged single stranded nucleic acid reagent 
binds to a tag immobilized on the test line. When the test is 
positive (target nucleic acid is in the sample), the final com 
plex is labeled with the label (for example, a dye), and the test 
line is detectable, for example it is visible to the naked eye 
and/or underfluorescence. When the test is negative (no target 
nucleic acid in the sample), the mobile tagged single stranded 
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nucleic acid reagent remains single stranded. The immobi 
lized tag still binds to the tag on the mobile tagged single 
Stranded nucleic acid reagent when the test is negative. How 
ever, the resulting complex is not labeled and nothing is 
detectable at the test line. 

0012. A test kit for detection of at least one target nucleic 
acid in a sample includes a test Strip including at least one 
detection Zone that includes at least one test Zone. The test 
strip also includes a sample application Zone for applying the 
sample to the test strip and at least one mobile tagged nucleic 
acid reagent including a plurality of nucleic acids comple 
mentary to a first portion of a sequence of the target nucleic 
acid and at least one tag portion but not including a label. The 
mobile tagged nucleic acid reagent is loaded in a reagent 
Zone. The test strip preferably also includes at least one lysis 
agent that processes the sample Such that the target nucleic 
acid can bind to the mobile tagged nucleic acid reagent when 
the target nucleic acid encounters the mobile tagged nucleic 
acid reagent. The lysis agent is loaded in a lysis Zone or is in 
the buffer. The test strip also includes at least one immobi 
lized tag that is immobilized in a test Zone of the assay, which 
binds to the tag portion of the mobile tagged nucleic acid 
reagent. The test kit also includes a running buffer including 
at least one detectable label that binds only to double stranded 
nucleic acids. The double stranded nucleic acid to which the 
detectable label binds can be PNA:DNA, DNA:DNA, PNA: 
RNA, RNA:DNA or RNA:RNA. 
0013. In other preferred embodiments, a binding assay 
preferably includes a first analyte binding partner with a 
detectable label (the labeled conjugate) and a second analyte 
binding partner that is tagged but not labelled. The assay also 
includes a detection Zone, which includes an immobilized tag 
that forms a complex with the tag on the second binding 
partner. In preferred embodiments, a “full sandwich is pref 
erably formed between the first analyte binding partner, the 
analyte, and the second analyte binding partner before the 
complex reaches the detection Zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 shows a schematic side view of a test strip for 
a lateral flow binding assay in an embodiment of the present 
invention. 
0015 FIG. 2 schematically shows an example of a double 
stranded PNA-DNA complex. 
0016 FIG. 3 schematically shows a running buffer added 

to the test strip of FIG. 1 in an embodiment of the present 
invention. 
0017 FIG. 4 schematically shows a tagged and labeled 
nucleic acid complex at the detection Zone of the test strip of 
FIG. 1 in an embodiment of the present invention. 
0018 FIG. 5 shows a schematic top view of a test strip for 
a lateral flow binding assay in an embodiment of the present 
invention. 

0019 FIG. 6 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0020 FIG. 7 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0021 FIG. 8 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
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0022 FIG.9 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0023 FIG. 10 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0024 FIG. 11 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0025 FIG. 12 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0026 FIG. 13 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0027 FIG. 14 shows a schematic top view of a test strip for 
a lateral flow binding assay in another embodiment of the 
present invention. 
0028 FIG. 15a shows a test strip and sample collector. 
0029 FIG. 15b shows a “half sandwich that forms 
between the analyte and the labeled conjugate. 
0030 FIG. 15c shows a “full sandwich that forms at the 
test line between the analyte, the labeled conjugate, and an 
immobilized binding partner. 
0031 FIG. 16a shows a lateral flow test strip in an embodi 
ment of the present invention. 
0032 FIG. 16b shows a “full sandwich, which preferably 
forms before reaching the test line, between the analyte, the 
labeled conjugate, and a second tagged mobile binding part 

. 

DETAILED DESCRIPTION OF THE INVENTION 

0033 Rapid point-of-care analysis is becoming increas 
ingly important in the screening and/or diagnosis and treat 
ment of various viral and other pathogenic microbiological 
agents. Prior art point-of-care tests, such as lateral flow 
immunochromatography tests, are immunoassays involving 
an antibody and its antigen. Prior art Sandwich immunoassays 
included at least one binding partner for the analyte immobi 
lized at the test line in the detection Zone of the test strip. 
Binding assays in Some formats operate on the basis of 
ligands and receptors and their associated binding constants. 
0034. The inherent deficiencies in the associations 
between antibodies and their antigens are well known in the 
art in that ligand-receptor binding assays are prone to degrade 
with temperature cycling and heat stress while in storage, and 
interferences often occur from components in the sample 
matrix, causing non-specific binding during the assay and 
leading to false results. These inherent limitations do not 
provide Sufficient specificity in the ligand-receptor interac 
tion for reliable assay results. Ligand-receptor binding pro 
vides the above-mentioned specificity and limitations to a 
protein antigen target but not to a nucleic acid sequence 
coding for the protein. 
0035. The present invention includes assays where the 
analyte to be tested for does not bind directly to an immobi 
lized binding partner in the test Zone of a test strip. Instead, the 
analyte preferably interacts with one or more analyte binding 
partners in other Zones (including the buffer, in some embodi 
ments) on the strip. At least one of the analyte binding part 
ners preferably includes a first tag that forms a complex with 
a second immobilized tag in the test Zone. 
0036. The assays described herein are preferably “point 
of-care assays, which, as defined herein, include both lateral 
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flow assays and flow through assays. These point-of-care 
assays may be run and results read within a matter of minutes 
to a few hours after the sample is obtained, but the assays may 
alternatively be run at a later time such as up to 24 to 48 hours 
after obtaining the sample. The analytical tests discussed 
herein preferably permit a result while the patient is still being 
examined by the practitioner. In a preferred embodiment, the 
test result is obtained in under 10 minutes after applying the 
sample to the device, and it is preferably read approximately 
10 minutes after applying the sample. In samples that are 
highly positive, a read-out of the test Zone (preferably a test 
line) is visible within 1 to 5 minutes. The tests are also much 
more heat stable and easier to manufacture than prior art 
point-of-care diagnostic tests. 
0037. The flow of the transport liquid in the detector may 
be gravity-dependent or as a result of capillary action or 
Surface tension. The transport liquid may be applied by dip 
ping the test strip in the transport liquid, injecting liquid onto 
the test strip, or the transport liquid may be contained in a test 
housing for the test strip. 
0038. The detectors of the present invention may be uni 
planar with a single sheet on a test strip for the detection Zone. 
Alternatively, the detectors may be multiplanar with multiple 
detection Zones on multiple sheets influid communication for 
simultaneous assays for the same or different target analytes 
from the same or different samples. 
0039. A sample for testing in the present invention may be 
any sample expected to potentially include a target nucleic 
acid or other analyte including, but not limited to, saliva, 
nasopharyngeal secretions, mucus, tissue, blood, urine, tears, 
vaginal or penal fluid, cerebrospinal fluid, skin ulcerations, an 
environmental water sample, food sources, inanimate hard 
Surfaces, and a soil sample. 
0040 Some preferred materials and membranes for the 

test strip include, but are not limited to, Polyethylene tereph 
thalate (PET) fibers, such as Dacron(R) 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, labeled conjugate Zone, lysis Zone, 
sample application 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 terephthalate (PET) 
fibers, such as Dacron(R) 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 (including, for 
example, the reagents immobilized on the test line and control 
line of the detection Zone) include, but are not limited to, 
nitrocellulose, hydrogel, and nylon fibers chemically treated 
such that individual fibers in the nylon mesh bind perma 
nently to reagents such as proteins. Some methods for manu 
facturing different portions of the strip include, but are not 
limited to, Striping, spraying, soaking and drying materials 
onto the strip. 
0041. A lateral flow nucleic acid detector of the present 
invention preferably detects nucleic acids in a sample without 
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utilizing the polymerase chain reaction or other amplification 
steps designed to enhance sensitivity for the target nucleic 
acid. The methods and detectors described herein are able to 
detect the target nucleic acids without amplifying the target 
nucleic acids. However, if the test analyte is already ampli 
fied, the amplified sample can still be used as a sample in the 
embodiments described herein. In some embodiments, the 
detected nucleic acids are also quantified. Some examples of 
how the nucleic acids may be quantified include, but are not 
limited to, quantification through visual gradations of the line 
intensity or through the use of an electronic optical reader. 
0042 Viruses and organisms that contain DNA or RNA 
can be detected through the usage of their nucleic acid as the 
target. Certain specific single stranded sequences of nucleic 
acids bind the target nucleic acid by hybridization. This bind 
ing always results in the formation of double stranded nucleic 
acid sequences. 
0043. There are specific labels or dyes which bind only to 
double stranded nucleic acids and not single strand nucleic 
acid sequences. Peptide nucleic acids (PNAS) bind to their 
complementary ribo or deoxyribo nucleic acid sequences 
under a wide range of pH and salt concentrations. PNA bind 
ing is stronger than the RNA or DNA binding and PNAS are 
resistant to mammalian nucleases and are generally more 
stable. 
0044. In preferred embodiments, there is a reagent Zone 
that includes one or more mobile tagged reagent nucleic 
acids, with a sequence complementary to a target nucleic acid 
sequence. In some embodiments, the mobile tagged reagent 
nucleic acids are Peptide Nucleic Acid (PNA) sequences. In 
Some embodiments, the reagent nucleic acids are tagged with 
biotin. The reagent nucleic acids do not include a detectable 
label. Instead, a detectable label (for example, a dye) that 
binds only to double stranded nucleic acids is included in the 
running buffer or elsewhere (for example, somewhere on the 
test strip). The label is preferably detectable visibly and/or by 
fluorescence, but any form of detection known in the art may 
be used, depending upon the label chosen. Since the label 
binds only to double stranded nucleic acids, the tag at the test 
Zone does not bind directly to the analyte (the target nucleic 
acid). Note that the complex between the tag on the reagent 
nucleic acids and the immobilized tag in the detection Zone 
occurs regardless of whether or not the analyte is present. 
However, the complex is only detectable when the analyte is 
present and the reagent nucleic acids have bound to the ana 
lyte nucleic acid. 
0045 While any label that nonspecifically binds only to 
double stranded nucleic acid could be used, some examples 
include, but are not limited to, SYBRR) green dye, 
Pico Green(R) reagents or ethidium bromide. The device also 
preferably includes a lysis/denaturant Zone including a lysis 
agent that lyses the sample components, and, in embodiments 
where the target nucleic acid is a double stranded nucleic acid, 
preferably also denatures any double stranded nucleic acid in 
the sample. Pathogenic as well as non-pathogenic organisms 
produce enzymes which may be present in the sample and 
beneficially aid in lysis. The detection Zone includes an 
immobile tag that binds to the tag portion of the reagent 
nucleic acids. In embodiments where the tag on the reagent 
nucleic acids is biotin, the immobilized tag in the detection 
Zone is preferably avidin, neutravidin, or streptavidin. 
0046. The term “label as used herein refers to any atom, 
atoms, molecule, or molecules, such as a phosphorescent or 
fluorescent tag, used to provide a detectable and preferably 
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quantifiable signal. Methods of detection of the label include, 
but are not limited to, visible detection, fluorescence, chemi 
luminescence, radioactivity, colorimetry, gravimetry, X-ray 
diffraction, X-ray absorption, magnetism, fluorescent reso 
nant emissions, and enzymatic activity. Visible spectrum test 
lines may be interpreted by a spectrometer to yield quantified 
test results. 
0047 Qualitative interpretation is performed visually by 
observing the test line intensity and hue. In an example where 
a visual reddye is used as the label, when the concentration of 
the analyte is equal or slightly above the lower limit of detec 
tion, the test line can be seen faintly and the hue is pink. As the 
concentration of the analyte is increased, the test line intensity 
correspondingly increases and the hue shifts from pink to 
bright red. Other colors can also be employed and are not 
limited to pink or red. A combination of colors can be used 
Such that the color and/or hue changes with a increased inten 
sity (e.g. changing from pink to purple). A quantitative inter 
pretation is developed using a spectrometer operating in the 
visible spectrum. Either an absorption or a reflectance mea 
surement may be used in the visible spectrum to develop the 
quantification of the test line. First a set of characterized 
concentrations of the analyte are developed. Each of the con 
centrations is applied to the sample application Zone and the 
test is developed. The spectrometer is used to measure either 
the absorption or the reflectance of the test line. A standard 
curve is calculated from the measured values of the spectrom 
eter. The standard curve is normally linear. In other embodi 
ments, if fluorescent tags are used, a similar set of known 
concentrations of the analyte may be developed. An unknown 
concentration of the analyte tested and quantified by the spec 
trometer yields a value that, when plotted on the standard 
curve, can be correlated to a concentration of analyte. 
0048. In a method of the present invention, a sample is 
added to the sample application Zone of a chromatographic 
test strip. The sample preferably encounters a lysis Zone on 
the test Strip, where the sample is lysed and denatured in situ. 
In other embodiments, the sample is lysed and denatured 
prior to being transferred to the test strip. For example, the 
sample may be transferred to a solution which contains lysis 
and denaturing agents. In other examples, the sample collec 
tion device may include pre-loaded lysis and denaturing 
agents that lyse and denature the sample prior to its transfer to 
the test strip. 
0049. If the target nucleic acid is in the sample, the now 
available single stranded target nucleic acid then encounters 
the tagged reagent nucleic acid, and the two single stranded 
sequences form a double stranded complex due to comple 
mentary base pairing. The double Stranded complex binds to 
the dye/label in the running buffer or elsewhere, and travels to 
the detection Zone, where the tag on the reagent nucleic acid 
binds to the immobile tag in the detection Zone. While this 
binding will occur whether or not the target nucleic acid is in 
the sample, the resulting complex will only be detectable (for 
example, visibly or fluorescently) if the label in the running 
buffer or elsewhere has also bound to the complex, which will 
only occur if the tagged reagent nucleic acid has bound to the 
target nucleic acid. 
0050. In a preferred embodiment, one or more specific 
tagged nucleic acid partner PNA sequences complementary 
to a target RNA or DNA of a virus or another organism is 
embedded into a reagent Zone of a lateral flow strip. Lateral 
flow devices are known, and are described in, e.g., U.S. Pub 
lished Patent Application Nos. 2005/0175992 and 2007/ 
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0059682. The contents of both of these applications are incor 
porated herein by reference. Other lateral flow devices known 
in the art could alternatively be used with the systems and 
methods of the present invention. 
0051. The PNAS are preferably also synthesized with a 
biotin"tail. The test sample containing the target RNA/DNA 
is added to the strip on a sample application Zone. Commer 
cially available lysis agents and/or denaturants (for example, 
DNAZol(R) reagents) are preferably impregnated or embed 
ded in the sample application Zone. Thus, the virus or other 
organism is lysed in situ and hybridizes with the biotinylated 
PNAS. The running buffer containing double strand nucleic 
acid binding dyes (for example, SYBR(R) Green dye, 
Pico Green(R) reagents or Ethidium Bromide dye) binds to the 
double Strand sequences of the tagged nucleic acid partner 
PNA: target nucleic acid sequence. These dyes are preferably 
visible as well as fluorescent. The running buffer transports 
these complexes to a detection Zone where immobilized avi 
din binds to the biotinylated PNAS in the “dyed duplex”. The 
dyed duplex then accumulates in the detection Zone. Under 
their specific excitation wavelength, there is an emission of 
fluorescence which can be visually observed or “read' by a 
spectrometer. There are dyes that can become turbid in the 
presence of certain salts such as magnesium pyrophosphate 
and one can ascertain the turbidity also at the test line. 
0052. These embodiments eliminate the need for detect 
able (e.g. by the naked eye or by fluorescence) labels on the 
tagged nucleic acid partner and thus has considerable advan 
tages in manufacturing as well in the stability of the test. 
0053 Regarding materials and compositions incorporated 
into the running buffer or impregnated or embedded into the 
test Strip in the reagent Zone and/or the lysis Zone, any mate 
rial and composition combinations capable of lysing the 
sample (and denaturing the nucleic acids, if necessary) with 
out destroying the target nucleic acids could be used in the 
present invention. There are commercially available lysis 
agents (for example, DNAZolR reagents, Life Technologies, 
Carlsbad, Calif.) that could be impregnated or embedded into 
the strip material. Some other examples of reagents that 
would denature the nucleic acids include, but are not limited 
to, uric acid, high salt concentration solutions, high pH solu 
tions, certain detergents, and any combination thereof. There 
are also commercially available membranes or lattices where 
lysis agents are already impregnated or embedded. Although 
long term storage is not necessary in all embodiments of the 
present invention, there are also known mediums capable of 
storing DNA, for example those disclosed in U.S. Pat. Nos. 
5,496,562, 5,756,126, 5,807,527, 5,972,386, and 5,985,327, 
herein incorporated by reference. One example of a medium 
that contains chemicals that lyse samples, denature proteins 
and protect nucleic acids from degradation are Whatman FTA 
cards (Whatman, Kent, UK) (http://www.whatman.com/ 
FTANucleic AcidCollectionStorageandPurification.aspx. 
herein incorporated by reference). By using these types of 
pads, manufacturing steps can be further reduced. Other 
materials and compositions could be used in the present 
invention to impregnate and maintain the mobile tagged 
nucleic acids in the reagent Zone. 
0054 Where each Zone is on the strip may vary. For 
example, the reagent Zone (containing the mobile tagged 
nucleic acid reagents) may be located upstream of the sample 
application Zone, overlapping the sample application Zone or 
downstream of the sample application Zone. 
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0055 Similarly, the lysis Zone may overlap the sample 
application Zone or be either upstream or downstream of the 
sample application Zone. In other embodiments, the lysis 
agent may be incorporated into the sample collector device. 
In these embodiments, the sample collector device is prefer 
ably separate from the lateral flow strip, but it may alterna 
tively be integral with the lateral flow strip. These embodi 
ments are particularly useful when it is unnecessary for the 
sample collector device to be biocompatible or sterilized. For 
example, the lysis agent could be on the sample collection 
device when testing samples which are exudates such as 
sputum, urine or blood, cultures, inanimate Surfaces, ecologi 
cal samples or agricultural samples. 
0056. The reagent Zone may also be upstream, down 
stream or overlapping the lysis Zone, as long as the mobile 
tagged nucleic acid reagents encounter the sample at Some 
point during or after it is being lysed so that a double stranded 
complex can form between the mobile tagged nucleic acid 
reagents and the target nucleic acids. 
0057. In some preferred embodiments, there are addi 
tional compositions in the running buffer that neutralize the 
lysis agent such that it does not destroy the mobile tagged 
nucleic acids or other components of the assay. Some 
examples, depending on the lysis agent used, include, but are 
not limited to, strong buffers that neutralize high pH, hypo 
tonic solutions to lower hypertonicity, diluting agents to 
dilute the detergents and denaturants, or chelating agents that 
bind to high salt Solutions. 
0058. One advantage of embodiments of the present 
invention includes increased heat stability of lateral flow 
assays. The reagents, including the nucleic acids and the 
running buffer, are heat stable. Another advantage when using 
PNAS as the mobile tagged nucleic acid reagents is increased 
sensitivity relative to prior art assays. Since the backbone of 
PNAS contain no charged phosphate groups, the binding 
between PNA/DNA strands is stronger than between DNA/ 
DNA strands due to the lack of electrostatic repulsion. Simi 
larly, PNA/RNA binding is stronger than DNA/RNA. Since 
the present invention does not use PCR, heat cycling of RT 
PCR DNA analysis is eliminated. However, the products from 
RT-PCT can be used as the starting sample in the assays and 
methods described herein. 
0059. In preferred embodiments, the sample application 
Zone is coated with two compositions. The first is a compo 
sition that lyses components of the sample. The lysis agents 
may be commercially available lysis agents such as DNAZole 
or others known in the art. Some other examples include, but 
are not limited to, strong buffers or acidic solutions to neu 
tralize the pH in a hypotonic solution. Some other examples 
of reagents that would denature the nucleic acids include, but 
are not limited to, uric acid, high salt concentration Solutions, 
high pH solutions, certain detergents, and any combination 
thereof. In embodiments where the target nucleic acid is 
double stranded DNA or double stranded RNA in the sample, 
the first composition also denatures the target DNA or RNA 
into single Strands. The second composition is a cocktail of 
Peptide Nucleic Acid sequences selected to bind to the anti 
sense (complementary) portions of the single Stranded DNA 
or RNA. The PNAS are preferably tagged with biotin. The 
lysis composition and PNA are both mobile reagents. When at 
least a portion of the sample is transferred to the sample 
application Zone of the test Strip, a first complex is formed 
between the target nucleic acid and its complementary PNAS. 
A running buffer label that nonspecifically binds to double 
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stranded nucleic acid is applied to the test strip. The label 
binds to any double stranded nucleic acids formed by the 
complementary binding of the target nucleic acid and the 
tagged PNAS, forming a second complex. In some embodi 
ments, SYBR(R) green dye is used as the label. The detection 
Zone is impregnated with a tag complementary to the tag on 
the PNAS. In embodiments where biotin is used, avidin, neu 
travidin or streptavidin is the immobilized tag in the detection 
Zone. The immobilized avidin binds to the biotin tag on the 
PNA in the second complex, forming a third complex. The 
visual/fluorescent dye can then be visualized by the naked eye 
or by fluorescence. Presence of the signal indicates that the 
target nucleic acid is in the sample. If there is no target nucleic 
acid present, the immobilized avidin still binds to the biotin 
tag on the PNA, but the single stranded PNAS are not bound 
to the dye and thus there is nothing detected in the detection 
Zone by the naked eye or fluorescence. 
0060. Note that the location of sample loading, lysis agent 
pre-loading and reagent Zone reagent pre-loading depends on 
the conditions of the assay, and may be varied as long as the 
sample encounters the mobile tagged nucleic acid reagents on 
the test strip such that the target nucleic acid sequence can 
bind to the complementary nucleic acid sequence of the 
mobile tagged nucleic acid reagents. For example, the sample 
may be added directly onto the mobile tagged nucleic acid 
reagents and other embedded materials or downstream or 
upstream of the mobile tagged nucleic acid reagents and the 
embedded materials. Similarly, the sample may be added 
directly onto the lysis agents in the lysis Zone or downstream 
or upstream of the lysis agents. The reagent Zone may be 
upstream of the lysis Zone, as long as the mobile tagged 
nucleic acid reagents are able to access and bind to a single 
Stranded version of the target nucleic acid and also bind to the 
double stranded binding label in the running buffer before 
reaching or when simultaneously reaching the test line of the 
detection Zone. 

0061 Some embodiments also include a control Zone, 
waste Zone, or absorbent pad on the test strip. 
0062. The detector may be used to detect a target nucleic 
acid sequence associated with any target virus, bacterium, 
fungus, protozoa, other pathogens, allergens, any genetic 
deficiency, or any other target nucleic acid in a sample. Other 
target nucleic acids include, but are not limited to, those that 
code for tumor markers (oncogenes), cardiac markers (for 
example, myoglobin, troponin, creatine kinase, MMP-9, 
C-reactive protein) inflammatory markers (such as cytokines, 
lymphokines, chemokines, cellular signaling factors, chemo 
attractants, metalloproteinases, interferons, MXA, and 
growth factors), hormones, and tissue typing. The target 
nucleic acid may be any nucleic acid including, but not lim 
ited to, DNA, an oligonucleotide, messenger RNA, or any 
other type of RNA. In embodiments where the nucleic acid is 
naturally double stranded in the sample, the target nucleic 
acid is denatured and separated into single-stranded Strands 
so that it can bind with its complementary tagged nucleic acid 
reagent. 
0063. The present invention is particularly useful for 
detecting single stranded viruses including, but not limited to, 
single stranded DNA viruses (for example, Parvoviruses 
including, but not limited to, fifth disease), (+)single stranded 
RNA viruses (for example SARS virus, hepatitis C virus, 
yellow fever virus, Dengue fever virus, West Nile Virus, Japa 
nese encephalitis virus, other Flaviviruses, rubella virus, 
chikengunya virus, other Togaviruses, and Picornaviruses 
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including Hepatitis. A virus, enteroviruses, rhinoviruses, 
poliovirus, Norwalk virus, and foot-and-mouth virus), 
(-)single stranded RNA viruses (for example Orthomyxovii 
ruses and Rhabdoviruses including Ebola virus, Marburg 
virus, influenza virus, avian influenza, Swine influenza, 
measles, mumps and rabies.) and single stranded RNA-RT 
viruses (for example, retroviruses including, but not limited 
to, HIV). In other preferred embodiments, the invention 
detects double stranded viral targets, including, but not lim 
ited to, double stranded DNA viruses (for example, Adenovi 
ruses, Herpesviruses, and Poxviruses), double stranded RNA 
viruses (for example, Reoviruses), and double stranded 
DNA-RT viruses (for example, Hepadnaviruses). In embodi 
ments detecting viruses that have double-stranded nucleic 
acid in the sample, the DNA or RNA is denatured by a lysis 
agent in a lysis Zone such that it becomes single Stranded and 
accessible to the tagged binding partner nucleic acid 
sequence. Other preferred target nucleic acid sequences are 
from bacteria. One example is nucleic acid sequences from 
Coxiella burnetii (which causes Q fever). 
0064. The early diagnosis and treatment of sexually trans 
mitted diseases is extremely important for patient health and 
to avoid further spread of the disease. Some examples of 
prevalent sexually transmitted diseases include, but are not 
limited to HIV, genital herpes, Chlamydia, gonorrhea, syphi 
lis, human papillomavirus (HPV), hepatitis B (HBV), Tri 
chomoniasis and bacterial vaginosis. Unfortunately, there is 
currently no rapid point of care test available that is suffi 
ciently heat stable to be used to diagnose these diseases in the 
hotter areas of the world, such as Africa. Instead, all of the 
current tests use antibodies, which are naturally occurring and 
are prone to degrade with temperature cycling and heat stress 
while in storage. The present invention does not rely on anti 
bodies, and instead is able to use synthetic reagents. Thus, the 
device is much more heat stable and would be particularly 
useful in detecting sexually transmitted diseases in warm 
climates. 
0065. The nucleic acid sequences used to detect the target 
nucleic acid sequences can be of any length such that they are 
specific to the target of interest. In preferred embodiments, 
the sequences are approximately 10 to 25 nucleotides long, 
however, longer or shorter sequences are possible, as long as 
they provide the requisite specificity and do not otherwise 
interfere with the assay. In some preferred embodiments, the 
sequences are around 15 to 17 nucleotides long. If peptide 
nucleic acid sequences (PNAS) are being used, the length may 
be as short as 10 or 11 nucleotides. If PCT primers are being 
used, they are generally 16 to 24 nucleotides long. 
0066. The test strip 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 (and 
through) 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. In most cases, it is preferable to add a denaturant or 
lysis agent in situ to the sample in order to make the nucleic 
acids in the sample accessible to the reagent Zone tagged 
nucleic acids. As discussed herein, the term “lysis agent' is 
used to describe agents that lyse the cells or otherwise break 
up the components of the sample, and/or denature the proteins 
or nucleic acids in the sample. Although the lysis agent may 
be added to the sample prior to application of the sample to 
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the test strip, the lysis agent is preferably pre-loaded onto a 
Zone of the test Strip as a dried denaturant or lysis agent so that 
the sample may be applied directly to the test strip without a 
step of adding denaturant or other lysis agent. Alternatively, 
the lysis agent may be pre-dried by freeze drying or lyophiliz 
ing and then pre-loaded into the test Strip. The lysis agent can 
be absorbed, adsorbed, embedded, or trapped on the test strip. 
The dried or embedded denaturant or lysis agent is pre-loaded 
onto the test Strip in a location so that it frees the target nucleic 
acids to complex with the mobile tagged nucleic acid reagents 
on the test strip. The dried or embedded denaturant or lysis 
agent is preferably soluble in the transport liquid and located 
in the sample application Zone or between the sample appli 
cation Zone and the Zone where the nucleic acid reagents are 
pre-loaded. In other embodiments, mild lysis agents may be 
part of the running buffer. In this scenario, there is no adverse 
effect on the reagent Zone (containing the mobile tagged 
nucleic acid reagents) and the sample may be applied 
upstream, downstream, or overlapping the reagent Zone. In 
other embodiments, commercially available media, for 
example Whatman FTA cards (Whatman, Kent, UK), can be 
used separately or incorporated into the test strip. 
0068. If the sample that has been collected is not lysed 
prior to collection and transfer to the sample analysis device, 
the number of steps needed to collect and prepare the sample 
for analysis is decreased. In these embodiments, following 
sample loading, the sample traveling with the transport liquid 
(buffer) will encounter a lysis agent. In embodiments testing 
for double stranded nucleic acid targets, the lysis agent 
includes a denaturant, which denatures the nucleic acid into 
single strands accessible to the mobile tagged nucleic acid. 
The lysis agent will have preferably been pre-loaded and 
dried onto the test strip and is eluted by the transport liquid. 
The initially dried lysis agent is preferably localized in the 
sample application Zone, but may alternatively be located 
between the sample application Zone and a reagent Zone or 
overlapping either or both of these Zones. The lysis agent is 
preferably soluble in the sample transport liquid, and the lysis 
agent is solubilized 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 or denatur 
ant-Susceptible components in a sample, then being exposed 
in Suspension to the lysis agent, are themselves lysed and 
denatured in situ. The running buffer then carries the analyte, 
including any lysis-freed components, to a detection Zone. 
0069. The location where the lysis agent is pre-loaded and 
dried (or embedded) 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 lysis agent may be located in 
or just downstream of the sample application Zone. Alterna 
tively, in order to minimize the distance along which the lysis 
product must travel before reaching the reagent Zone, the lysis 
agent may be located closer to the reagent Zone. In embodi 
ments where the reagent Zone is upstream of the sample 
application Zone, the lysis agent is preferably located 
upstream of the sample application Zone or in the sample 
application Zone, Such that the sample has been effectively 
lysed and/or denatured when it encounters the tagged nucleic 
acid reagents from the reagent Zone. In other embodiments, 
the lysis agent is pre-loaded onto the sample collector device. 
(0070 U.S. Published Patent Application Nos. 2007/ 
0059682 and 2010/01 12725, incorporated herein by refer 
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ence, disclose detecting an analyte and a sample which can 
also contain one or more interfering Substances. These pub 
lications teach separating the analyte from the interfering 
Substances by capturing the interfering Substances on the 
chromatographic carrier, and detecting the analyte on the 
carrier separated from the interfering Substances. 
(0071 U.S. Pat. No. 7,723,124, incorporated herein by ref 
erence, discloses a method for detecting targets, such as 
pathogens and/or allergy-associated components, in a human 
body fluid where the body fluid sample is collected by a 
collection device. Such as a Swab member. The samples are 
transferred from the Swab member to a sample analysis 
device, on which an analysis of the targets can occur by 
immunochemical or enzymatic means. The test result is 
capable of being displayed within a very short period of time 
and can be directly read by the user. This enables point-of 
care testing with results available during a patient visit. The 
inventions disclosed in this patent are particularly advanta 
geous for the diagnosis of conjunctivitis. 
0072 FIG. 1 shows a schematic top view of a test strip for 
a lateral flow binding assay for nucleic acid detection in an 
embodiment of the present invention. 
0073. The test strip 10 in this example includes a first 
section 12, a second section 14, a third section 16, and option 
ally a fourth section 18. These sections are preferably 
mounted on a backing material 20. Flow 22 occurs in the left 
to right direction in the figures. The fourth section 18 serves as 
an optional waste pad for collecting the transport liquid and 
materials flowing past the third section 16, also termed the 
detection Zone herein, which preferably includes a nitrocel 
lulose membrane. 

0074 Mobile tagged single stranded nucleic acids 
complementary to the target nucleic acid sequence, for 
example a cocktail of nucleic acid sequences, are pre-loaded 
onto a reagent Zone. The mobile tagged single stranded 
nucleic acids are not labeled by a dye or other label that is 
detectable, for example a dye that is able to be viewed by the 
naked eye or by fluorescence. In preferred embodiments, the 
tagged nucleic acid sequences are a plurality of PNA 
sequences. In some embodiments, the tag is a biotin tag. In 
other embodiments, the tag is an avidin tag. The reagent Zone, 
where the tagged nucleic acids are preferably pre-loaded, 
may be located in the first section 12, the second section 14, 
or the third section 16 of the test strip 10. The sample appli 
cation Zone, where the sample is applied to the test strip, is 
preferably located in the second section 14. When the reagent 
Zone is located in the first section 12, the reagent Zone is 
therefore located upstream of the sample application Zone. 
When the reagent Zone is located in the second section 14, the 
reagent Zone preferably overlaps the sample application Zone. 
When the reagent Zone is located in the third section 16, the 
reagent Zone is located downstream of the sample application 
Zone and upstream of the detection Zone. Lysis agents and/or 
denaturants are also preloaded onto the test strip. In some 
embodiments, the lysis Zone, which includes the lysis agents 
and/or denaturants, is located in the second section 14, and the 
lysis Zone overlaps the sample application Zone. In other 
embodiments, the lysis Zone is located in the third section 16, 
downstream of the sample application Zone but upstream of 
the detection Zone or in the third section 12, upstream of the 
sample application Zone. In embodiments where the reagent 
Zone is located in the first section 12, upstream of the sample 
application Zone, the mobile tagged nucleic acids need to 
encounter the sample at Some point during or after the sample 
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is lysed and denatured, so that the mobile tagged nucleic acids 
are able to access and bind to the target nucleic acid 
Sequences. 
(0075. The first section 12 is preferably an absorbent pad 
onto which the running buffer 19 is added, as shown in FIG. 
3. However, the first section 12 is optional in embodiments 
where neither the reagent Zone nor the lysis Zone is upstream 
of the sample application Zone. 
0076. The running buffer preferably includes one or more 
dyes or labels that bind to double stranded nucleic acids. Any 
label that binds to any double stranded nucleic acid and is 
detectable could be used in the running buffer of the present 
invention. In other embodiments, the dye or label may be 
located on the test strip prior to use, in a location where it will 
encounter the sample and the other reagents before they reach 
the test Zone. In still other embodiments, the dye or label can 
be added to the test strip separately from the running buffer. 
(0077. In preferred embodiments, the label is visible by the 
naked eye and/or by fluorescence. In a preferred embodiment, 
the dye is a dye that binds only double stranded DNA, for 
example the dyes disclosed in U.S. Pat. Nos. 5,312.921, 
5,763,162, 5,783,687, and 6,054,272, herein incorporated by 
reference, including, but not limited to, thiazole orange tet 
ramethylpropane diamine, thiazole orange tetramethyl 
diamine, ethidium propane diamine, ethidium diethylene tri 
amine, N,N'-tetramethyl-1,3-diaminopropane)propyl-TAB, 
Triethylaminobutyl-thiazole blue.and the asymmetric cya 
nine dye, thiazole orange (4-3-methyl-2,3-dihydro-(benzo 
1,3-thiazole)-2-ethylidene-quinolinium iodide). One 
example of a cyanine dye that could be used in the present 
invention is SYBRR) green dye (Life Technologies, Carlsbad, 
Calif.). SYBR(R) green dye binds to double-stranded DNA, 
and upon excitation, emits light. The DNA-dye-complex 
formed with SYBR(R) green dye and double stranded DNA 
absorbs blue light and emits green light. In other embodi 
ments, ethidium bromide dye may be used. In other embodi 
ments, PicoGreen(R) reagents (Life Technologies, Carlsbad, 
Calif.) may be used. 
0078. The third section 16 preferably includes a detection 
Zone, which is preferably downstream of the reagent Zone, the 
sample application Zone, and the lysis Zone. The detection 
Zone includes a test Zone including one or more test lines, 
each test line including an immobilized tag, which binds to 
the tag on the mobile tagged nucleic acids from the reagent 
Zone. In embodiments where biotin is the tag on the mobile 
tagged nucleic acids, the tag on the immobilized tag in the test 
Zone is preferably avidin, neutravidin, or streptavidin. Alter 
natively, the tag on the mobile nucleic acids may be a lectin 
and the immobilized tag may be a glycosyl moiety. For 
example, in Some embodiments, the lectin is the Garden pea 
Lectin and the glycosyl moiety is an erythrocyte glycosyl 
unit. The tag on the mobile nucleic acids and the immobilized 
tag may be reversed within the spirit of the present invention. 
For example, avidin may be the tag on the mobile nucleic 
acids in the reagent Zone, with an immobilized biotin tag in 
the detection Zone. 

007.9 The immobilization of the tag in the detection Zone 
may be direct, where the immobilization is achieved by bind 
ing the tag to at least one chemical, or indirect, where the 
immobilization is achieved by physically trapping the tag 
with at least one chemical or other moiety. Immobilization 
methods include, but are not limited to, associating with 
poly-lysine, coupling to microbeads, and incorporating into a 
hydrogel. The microbeads, such as latex beads, may be immo 
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bilized directly or trapped in the pores of a medium Such as a 
nitrocellulose membrane, a nylon, or a polyester. The hydro 
gel may be immobilized in a suitable medium directly or by a 
trapping mechanism. 
0080. The detection Zone also preferably include a control 
Zone that includes an immobilized binding partner, capable of 
binding with a component of the assay to confirm proper 
operation of the assay, preferably by visual, fluorescent or 
another known detection method. Although an assay of the 
present invention may be run without a control Zone, a control 
Zone is preferred for confirming negative test results and for 
comparison to the detection Zone for positive test results. The 
control Zone is preferably downstream of the test Zone. How 
ever, in other embodiments, the control Zone may be located 
upstream of the test Zone. Although only one control line is 
shown in the figure, multiple control lines may alternatively 
be used. Any known control system could be used in the 
present invention. 
0081. In a preferred embodiment, the control line in the 
control Zone is preferably made of an immobilized cocktail of 
double stranded nucleic acids from a species unrelated to the 
species from which the sample was taken. As an example, 
when the target is from a human sample, the immobilized 
nucleic acids may come from chicken or fish. The mobile 
control moiety is a cocktail of nucleic acids complementary 
to the immobilized cocktail of nucleic acids. In a preferred 
embodiment, the mobile control moiety is the tagged single 
Stranded nucleic acids from the reagent Zone. Since these 
mobile single stranded nucleic acids are also complementary 
to the immobile single stranded nucleic acids at the control 
line, the two sequences always bind to each other, regardless 
of whether the test is positive or negative for the target nucleic 
acid. Thus, the control line mimics the test line. Once bound, 
the resulting double stranded nucleic acid, which is now 
immobilized at the test line, binds to the dye (which is pref 
erably always in excess during the assay) and shows a positive 
result on the control line if the test has run correctly. 
0082 In another preferred embodiment, the control Zone 
includes a recombinant protein which binds to a component 
of the elution medium or other composition being used in the 
test. In one example, the recombinant protein is a lectin. 
Lectins are specific binding agents for different proteins. 
Lectins are complex molecules containing both protein and 
Sugars. Lectins bind to the outside of a cell and can cause 
biochemical changes in the cell. This family of plant/animal 
proteins binds very specifically to particular Sugar residues of 
glycoproteins. Different lectins are specific for certain mate 
rials, for example, Some bind to albumins, while others may 
bind to red blood cell or white blood cell membranes. Par 
ticular lectins can be chosen for use in the present invention 
based on their affinities for glycoproteins that may be found in 
the running buffer or other composition being used in the 
methods and devices of the present invention. 
0083. In one preferred embodiment, Albegone recombi 
nant protein, a lectin which binds to all mammalian albumins, 
may be used. Albegone recombinant protein is a proprietary 
recombinant protein from Advanced Product Development 
and Consulting for the Life Sciences, State College, Pa. 
0084 Albumins, such as Bovine Serum Albumin (BSA) 
and the human counterpart HSA are often used in point of 
care devices in a variety of ways. For example, the albumins 
may be in the running buffer, to block the unreacted sites on 
nitrocellulose, in the reagent or sample application Zones or in 
the reagents themselves. 
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I0085. In one preferred embodiment, the sample applica 
tion Zone, which is preferably located in the second section 14 
of FIG. 1, is coated with two compositions such that the 
sample application Zone, the reagent Zone, and the lysis Zone 
overlap and all three Zones are located in the second section 
14. The first composition lyses and denatures the target 
nucleic acid to single strands. The second composition 
includes a tagged cocktail of nucleic acid sequences, includ 
ing, but not limited to, Peptide Nucleic Acid sequences 
selected to bind to the antisense (complementary) portions of 
the single stranded nucleic acid. The PNAS are preferably 
tagged with biotin and both the first composition and the 
second composition are mobile. 
I0086. The lysis/denaturant composition lyses the sample 
to make the components of the sample accessible to the assay. 
For double stranded targets, the lysis/denaturant composition 
also denatures the nucleic acid target into single stranded 
nucleic acid. A first complex is formed after at least a portion 
of the sample is transferred to the sample application Zone and 
encounters the PNAS and the single stranded target nucleic 
acid binds to its complementary PNAs. An example of a 
PNA-DNA complex 30 is shown in FIG. 2. 
I0087 As shown in FIG. 3, a running buffer that includes 
one or more detectable labels that bind to double stranded 
nucleic acid is added to the test strip. In a preferred embodi 
ment, the label is SYBR(R) green dye. SYBR(R) green dye 
binds to double-stranded DNA, and upon excitation, emits 
light. The DNA-dye-complex formed with SYBRR green 
dye and double stranded DNA absorbs blue light and emits 
green light. In another preferred embodiment, the label is 
ethidium bromide. As shown by arrow 32, the running buffer 
travels to the second section 14, where it binds to the double 
stranded nucleic acid complex formed between the PNAS and 
the target nucleic acids. The resulting complex (a dyed duplex 
of nucleic acids) is now dyed and labeled 31 such that it can 
be detected in the detection Zone. 

0088. The test Zone 25 of the detection Zone in FIG. 4 is 
impregnated with an immobilized tag that binds to the mobile 
tag on the mobile tagged nucleic acids from the reagent Zone 
to form a complex between the mobile tagged nucleic acids 
and the immobilized tag. If the target nucleic acid is present, 
the complex formed between the mobile tag portion of the 
dyed duplex and the immobilized tag is also dyed and labeled, 
as shown in FIG. 4. The dyed duplex accumulates at one or 
more test lines in the test Zone 25. The dyes in the running 
buffer are preferably visible as well as fluorescent. Under 
their specific excitation wavelength, there is an emission of 
fluorescence which can be visually observed or “read' by a 
spectrometer. There are dyes that can become turbid in the 
presence of certain salts such as magnesium pyrophosphate 
and one can ascertain the turbidity also at the test line. 
I0089. While the test strip shown in FIG. 1 has a certain 
configuration, other configurations with different locations 
for sample application, the reagent nucleic acid Zone, and 
placement of the denaturant/lysis agent are within the spirit of 
the present invention. Some examples of other designs are 
shown in FIGS. 5-14. 

(0090 FIG. 5 shows a reagent Zone 53 upstream of a 
sample application Zone 52 in an embodiment of the present 
invention. In this embodiment, the mobile tagged nucleic acid 
reagents are pre-loaded onto the reagent Zone 53. The mobile 
tagged nucleic acid reagents are complementary to a single 
Stranded moiety of the target nucleic acid. In this embodi 
ment, the mobile tagged nucleic acids travel from the reagent 
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Zone 53 through the combination sample application and lysis 
Zone 52, which preferably includes lysis agents and/or dena 
turants. The running buffer, which includes the label that 
nonspecifically binds to the double stranded nucleic acids 
formed when the mobile tagged nucleic acids from the 
reagent Zone 53 bind to the single stranded moiety of the 
target nucleic acid, is preferably added to an absorbent pad 51 
upstream of the other elements. One or more test lines 57 in 
the detection Zone 55 include an immobile tag that binds to 
the mobile tagged nucleic acids. There are also optionally one 
or more control lines 59 that indicate operability of the test, as 
well as a waste Zone 56 downstream of all of the Zones in this 
figure. Flow 58 occurs in the direction of the arrow. 
0091 FIG. 6 shows a reagent Zone 63 downstream of a 
combination sample application and lysis Zone 62 in another 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
reagent Zone 63. The mobile tagged nucleic acid reagents are 
complementary to a single-stranded moiety of the target 
nucleic acid. In this embodiment, the sample travels from the 
sample application and lysis Zone 62, which preferably 
includes lysis agents and/or denaturants. The running buffer, 
which includes a label that nonspecifically binds to double 
Stranded nucleic acid, is preferably added to an absorbent pad 
61 upstream of the other elements. The label binds to the 
double stranded nucleic acids formed when the mobile tagged 
nucleic acids from the reagent Zone 63 bind to the single 
Stranded moiety of the target nucleic acid. One or more test 
lines 67 in the detection Zone 65 include an immobile tag that 
binds to the mobile tagged nucleic acids. There are also 
optionally one or more control lines 69 that indicate operabil 
ity of the test, as well as a waste Zone 66 downstream of all of 
the Zones in this figure. Flow 68 occurs in the direction of the 
aOW. 

0092 FIG. 7 shows a reagent Zone 73 downstream of both 
a sample application Zone 72 and a lysis Zone 74 in another 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
reagent Zone 73. The mobile tagged nucleic acid reagents are 
complementary to a single-stranded moiety of the target 
nucleic acid. In this embodiment, the sample travels from the 
sample application Zone 72, through the lysis Zone 74, which 
preferably includes lysis agents and/or denaturants, and the 
reagent Zone 73. The running buffer, which includes a label 
that nonspecifically binds to double stranded nucleic acid, is 
preferably added to an absorbent pad 71 upstream of the other 
elements. The label binds to the double stranded nucleic acids 
formed when the mobile tagged nucleic acids from the 
reagent Zone 73 bind to the single stranded moiety of the 
target nucleic acid. One or more test lines 77 in the detection 
Zone 75 include an immobile tag that binds to the mobile 
tagged nucleic acids. There are also optionally one or more 
control lines 79 that indicate operability of the test, as well as 
a waste Zone 76 downstream of all of the Zones in this figure. 
Flow 78 occurs in the direction of the arrow. 

0093 FIG.8 shows a reagent Zone 83 downstream of both 
a sample application Zone 82 and a lysis Zone 84 in another 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
reagent Zone 83. The mobile tagged nucleic acid reagents are 
complementary to a single-stranded moiety of the target 
nucleic acid. In this embodiment, the mobile lysis/denaturing 
agents travel from the lysis Zone 84 to the sample, which is 
applied to the test strip in the sample application Zone 82. The 
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lysed and denatured sample then travels to the reagent Zone 
83. The running buffer, which includes a label that nonspe 
cifically binds to double stranded nucleic acid, is preferably 
added to an absorbent pad 81 upstream of the other elements. 
The label binds to the double stranded nucleic acids formed 
when the mobile tagged nucleic acids from the reagent Zone 
83 bind to the single stranded moiety of the target nucleic 
acid. One or more test lines 87 in the detection Zone 85 
include an immobile tag that binds to the mobile tagged 
nucleic acids. There are also optionally one or more control 
lines 89 that indicate operability of the test, as well as a waste 
Zone 86 downstream of all of the Zones in this figure. Flow 88 
occurs in the direction of the arrow. 

0094 FIG. 9 shows a lysis Zone 94 downstream of a com 
bination sample application and reagent Zone 92 in another 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
combination sample application and reagent Zone 92. The 
mobile tagged nucleic acid reagents are complementary to a 
single stranded moiety of the target nucleic acid. The sample 
and the mobile tagged nucleic acid reagents travel from the 
combination sample application and reagent Zone 92 to the 
downstream lysis Zone 94, where the sample is lysed and 
denatured and the target nucleic acid binds to the mobile 
tagged nucleic acid. The running buffer, which includes a 
label that nonspecifically binds to double stranded nucleic 
acid, is preferably added to an absorbent pad 91 upstream of 
the other elements. The label binds to the double stranded 
nucleic acids formed when the mobile tagged nucleic acids 
from the reagent Zone 92 bind to the single stranded moiety of 
the target nucleic acid. One or more test lines 97 in the 
detection Zone 95 include an immobile tag that binds to the 
mobile tagged nucleic acids. There are also optionally one or 
more control lines 99 that indicate operability of the test, as 
well as a waste Zone 96 downstream of all of the Zones in this 
figure. Flow 98 occurs in the direction of the arrow. 
(0095 FIG. 10 shows a lysis Zone 104 downstream of a 
reagent Zone 103 and a sample application Zone 102 in 
another embodiment of the present invention. In this embodi 
ment, the mobile tagged nucleic acid reagents are pre-loaded 
onto the reagent Zone 103. The mobile tagged nucleic acid 
reagents are complementary to a single-stranded moiety of 
the target nucleic acid. The reagent Zone 103 is upstream of 
the sample application Zone in this embodiment. The sample 
and the mobile tagged nucleic acid reagents travel down 
stream to the lysis Zone 104, where the sample is lysed and 
denatured and the target nucleic acid binds to the mobile 
tagged nucleic acids. The running buffer, which includes a 
label that nonspecifically binds to double stranded nucleic 
acid, is preferably added to an absorbent pad 101 upstream of 
the other elements. The label binds to the double stranded 
nucleic acids formed when the mobile tagged nucleic acids 
from the reagent Zone 103 bind to the single stranded moiety 
of the target nucleic acid. One or more test lines 107 in the 
detection Zone 105 include an immobile tag that binds to the 
mobile tagged nucleic acids. There are also optionally one or 
more control lines 109 that indicate operability of the test, as 
well as a waste Zone106 downstream of all of the Zones in this 
figure. Flow 108 occurs in the direction of the arrow. 
0096 FIG. 11 shows a lysis Zone 114 downstream of a 
sample application Zone 112 and a reagent Zone 113 in 
another embodiment of the present invention. In this embodi 
ment, the mobile tagged nucleic acid reagents are pre-loaded 
onto the reagent Zone 113. The mobile tagged nucleic acid 
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reagents are complementary to a single-stranded moiety of 
the target nucleic acid. The reagent Zone 113 is downstream 
of the sample application Zone 112 in this embodiment. The 
sample and the mobile tagged nucleic acid reagents travel 
downstream to the lysis Zone 114, where the sample is lysed 
and denatured and the target nucleic acid binds to the mobile 
tagged nucleic acids. The running buffer, which includes a 
label that nonspecifically binds to double stranded nucleic 
acid, is preferably added to an absorbent pad 111 upstream of 
the other elements. The label binds to the double stranded 
nucleic acids formed when the mobile tagged nucleic acids 
from the reagent Zone 113 bind to the single stranded moiety 
of the target nucleic acid. One or more test lines 117 in the 
detection Zone 115 include an immobile tag that binds to the 
mobile tagged nucleic acids. There are also optionally one or 
more control lines 119 that indicate operability of the test, as 
well as a waste Zone 116 downstream of all of the Zones in this 
figure. Flow 118 occurs in the direction of the arrow. 
0097. The tagged nucleic acid reagents in the reagent Zone 
are preferably not affected by the lysis agents. In fact, in 
preferred embodiments, the lysis agents stabilize single 
Stranded nucleic acids (which include single Stranded nucleic 
acids in the sample or the reagent, as well as single stranded 
moieties of double stranded target nucleic acid sequences). In 
preferred embodiments, excess amounts of the label and lysis 
agents are both included in the assay. 
0098 FIG. 12 shows alysis Zone 124 upstream of a sample 
application Zone 122 but downstream of a reagent Zone 123 in 
another embodiment of the present invention. In this embodi 
ment, the mobile tagged nucleic acid reagents are pre-loaded 
onto the reagent Zone 123. The mobile tagged nucleic acid 
reagents are complementary to a single-stranded moiety of 
the target nucleic acid. The reagent Zone 123 is upstream of 
both the lysis Zone 124 and the sample application Zone in this 
embodiment. The mobile tagged nucleic acid reagents and the 
lysis/denaturing agents travel downstream to the sample 
application Zone 122, where the sample is lysed and dena 
tured and the target nucleic acid binds to the mobile tagged 
nucleic acid. The running buffer, which includes a label that 
nonspecifically binds to double Stranded nucleic acid, is pref 
erably added to an absorbent pad 121 upstream of the other 
elements. The label binds to the double stranded nucleic acids 
formed when the mobile tagged nucleic acids from the 
reagent Zone 123 bind to the single stranded moiety of the 
target nucleic acid. One or more test lines 127 in the detection 
Zone 125 include an immobile tag that binds to the mobile 
tagged nucleic acids. There are also optionally one or more 
control lines 129 that indicate operability of the test, as well as 
a waste Zone 126 downstream of all of the Zones in this figure. 
Flow 128 occurs in the direction of the arrow. 

0099 FIG. 13 shows a lysis Zone 134 upstream of both a 
sample application Zone 132 and a reagent Zone 133 in an 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
reagent Zone 133. The mobile tagged nucleic acid reagents 
are complementary to a single-stranded moiety of the target 
nucleic acid. The reagent Zone 133 is upstream of the sample 
application Zone 132 in this embodiment. The mobile tagged 
nucleic acid reagents and the lysis/denaturing agents travel 
downstream to the sample application Zone 132, where the 
sample is lysed and denatured and the target nucleic acid 
binds to the mobile tagged nucleic acid. The running buffer, 
which includes a label that nonspecifically binds to double 
Stranded nucleic acid, is preferably added to an absorbent pad 
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131 upstream of the other elements. The label binds to the 
double stranded nucleic acids formed when the mobile tagged 
nucleic acids from the reagent Zone 133 bind to the single 
Stranded moiety of the target nucleic acid. One or more test 
lines 137 in the detection Zone 135 include an immobile tag 
that binds to the mobile tagged nucleic acids. There are also 
optionally one or more control lines 139 that indicate oper 
ability of the test, as well as a waste Zone 136 downstream of 
all of the Zones in this figure. Flow 138 occurs in the direction 
of the arrow. 

0100 FIG. 14 shows a sample application Zone 142 down 
stream of a combination reagent and lysis Zone 143 in an 
embodiment of the present invention. In this embodiment, the 
mobile tagged nucleic acid reagents are pre-loaded onto the 
reagent Zone 143. The mobile tagged nucleic acid reagents 
are complementary to a single-stranded moiety of the target 
nucleic acid. In this embodiment, lysis/denaturing reagents 
and the mobile tagged nucleic acids travel from the combi 
nation reagent and lysis Zone 143 to the sample application 
Zone 142. The running buffer, which includes a label that 
nonspecifically binds to double Stranded nucleic acid, is pref 
erably added to an absorbent pad 61 upstream of the other 
elements. The label binds to the double stranded nucleic acids 
formed when the mobile tagged nucleic acids from the com 
bination reagent and lysis Zone 143 bind to the single stranded 
moiety of the nucleic acid. One or more test lines 147 in the 
detection Zone 145 include an immobile tag that binds to the 
mobile tagged nucleic acids. There are also optionally one or 
more control lines 149 that indicate operability of the test, as 
well as a waste Zone 66 downstream of all of the Zones in this 
figure. Flow 148 occurs in the direction of the arrow. 
0101. In the embodiments of FIGS. 5 and 9-14, it is essen 

tial that the sample and the reagents in the reagent Zone and 
the lysis Zone travel on the membranes on the test strip with a 
speed that ensures that the sample encounters the reagent 
Zone reagents during or after the sample has been lysed (and 
the target nucleic acid denatured, if necessary). 
0102 Although only one test line is shown in the figures, 
multiple test lines are within the spirit of the invention. In 
Some embodiments where there are multiple targets, the pres 
ence of each target preferably corresponds to a separate test 
line. In embodiments testing for two target nucleic acids, for 
example, there is preferably a first mobile tagged nucleic acid 
reagent and a second mobile tagged nucleic acid reagent, 
where the first mobile tagged nucleic acid reagent includes a 
different tag than the second mobile tagged nucleic acid 
reagent. The first mobile tagged nucleic acid reagent includes 
a nucleic acid sequence complementary to a first target 
nucleic acid and the second mobile tagged nucleic acid 
reagent includes a nucleic acid complementary to the second 
target nucleic acid. The label in the running buffer nonspe 
cifically binds to double stranded nucleic acid. A first immo 
bilized tag on a first test line in the detection Zone binds to the 
first mobile tagged nucleic acid reagent and a second immo 
bilized tag on a second test line in the detection Zone binds to 
the second mobile tagged nucleic acid reagent. As an example 
ofusing two separate tags and their binding partners, the first 
mobile tagged nucleic acid reagent is preferably tagged with 
biotin and the first immobilized tag is preferably tagged with 
avidin, Streptavidin or neutravidin. In this example, the sec 
ond mobile tagged nucleic acid reagent is preferably tagged 
with a lectin and the second immobilized tag is a glycosyl 
moiety that specifically binds to the lectin on the second 
mobile tagged nucleic acid reagent. 
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0103) In a preferred embodiment, the denaturant or lysis 
agent is located in the sample application Zone Such that the 
nucleic acid is denatured and/or lysed soon after it is added to 
the test strip. In other embodiments, the denaturant or lysis 
agent is placed on any location on the test strip Such that the 
target nucleic acid is at least partially denatured and/or lysed 
prior to or while encountering the mobile tagged nucleic acid 
reagents. 
0104. A "conjugate', as broadly defined, is any combina 
tion of two things joined together. The term “labeled conju 
gate', as it is used in the embodiments discussed below and 
exemplified in FIGS. 15 and 16, is a reagent that includes a 
binding partner for an analyte and a detectable label. 
0105. In some preferred embodiments, lateral flow test 
strips include a labeled conjugate, which includes a first bind 
ing partner for an analyte and a detectable label, and a second 
binding partner for the analyte, which includes a tag but not a 
detectable label. The labeled conjugate and/or the second 
binding partner may be located upstream of the sample appli 
cation Zone, overlapping the sample application Zone, or 
downstream of the sample application Zone in preferred 
embodiments of the present invention. In other embodiments, 
the labeled conjugate and/or the second binding partner could 
be included in the buffer, overlap the detection Zone, or even 
be premixed with the sample prior to application to the test 
strip. The label of the labeled conjugate is preferably detect 
able visibly and/or by fluorescence, but any form of detection 
known in the art may be used, depending upon the label 
chosen. The detection Zone, which is preferably located 
downstream of the labeled conjugate, the second binding 
partner, and the sample, includes an immobile tag that binds 
to the tag portion of the second binding partner. The immobile 
tag does not bind directly to the analyte; the binding is indirect 
through an intermediary. 
0106. In some embodiments, the detectable label for the 
labeled conjugate can be colloidal gold, colored latex beads, 
fluorescent nanoparticles, chemiluminiscent nanoparticles, 
paramagnetic nanoparticles orphosphorescent nanoparticles. 
0107 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. 
0108. In one preferred embodiment, the second binding 
partner is tagged with biotin. In embodiments where the tag 
on the second binding partneris biotin, the immobilized tag in 
the detection Zone is preferably avidin, neutravidin, or 
streptavidin. In other embodiments, the second binding part 
ner is tagged with avidin, neutravidin, or streptavidin. In these 
embodiments, the immobilized tag in the detection Zone is 
preferably biotin. Alternatively, the tag on the second binding 
partner may be a lectin and the immobilized tag may be a 
glycosyl moiety. For example, in Some embodiments, the 
lectin is the Garden pea Lectin and the glycosyl moiety is an 
erythrocyte glycosyl unit. The tag on the second binding 
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partner and the immobilized tag may be reversed within the 
spirit of the present invention. For example, the glycosyl 
moiety may be the tag on the second binding partner, with an 
immobilized lectin tag in the detection Zone. In other embodi 
ments, other receptors and ligands may be used. 
0109 The embodiments of the present invention provide a 
sensitive and rapid method for the detection of analytes, e.g. 
pathogens, immune mediators, nucleic acids (including, but 
not limited to, nucleic acids coding for pathogens or immune 
mediators, as well as nucleic acids corresponding to normal 
or abnormal genetic conditions), and/or low-molecular 
weight compounds, including, but not limited to, haptens. 
The methods and devices are Suitable for diagnosis in human 
beings and animals, e.g. pets or livestock animals. The detec 
tion may include direct detection of the analyte 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 micro 
organisms, such as bacteria, fungi (e.g. yeast or molds) or 
parasites (e.g. amoebae or nematodes). The immune media 
tors are part of the inflammatory cascade and include, but are 
not limited to, cardiac markers, tumor marks, antibodies, 
growth factors, complement, cytokines, lymphokines, 
chemokines, interferons and interferon derivatives, C-reac 
tive protein, calcitonin, amyloid, adhesion molecules, and 
chemo-attractant components. The low-molecular-weight 
compounds may include drug molecules or haptens. 
0110. In a preferred embodiment, the specific binding 
partners for the analytes are monoclonal, polyclonal or 
recombinant antibodies or fragments of antibodies capable of 
binding to the analyte. In other embodiments, specific bind 
ing partners may also be antigens capable of binding to anti 
bodies against the analyte. Other types of binding partners are 
bioorganic macromolecules like aptamers or receptors, nano 
particles or nucleic acids. The methods and devices of the 
present invention 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 Sub 
strate binding assays. 
0111. A full “sandwich is preferably created between the 

first binding partner of the labeled conjugate, the analyte, and 
the second binding partner, at the sample application Zone 
when the analyte is present. Alternatively, the full “sandwich 
may form between the sample application Zone and the detec 
tion Zone, if either or both of the first binding partner or the 
second binding partner is located downstream of the sample 
application Zone. The full sandwich then travels to the detec 
tion Zone, where the tag on the second binding partner binds 
to the immobilized tag in the detection Zone. Note that the 
complex between the tag on the second binding partner and 
the immobilized tag in the detection Zone occurs regardless of 
whether or not the analyte is present. However, the complex is 
only detectable when the analyte is present and the labeled 
conjugate (which includes a detectable label) has bound to the 
analyte. 
0112 The device also preferably includes a control Zone, 
which indicates whether the test was run correctly. In pre 
ferred embodiments, a control Zone binding partner, for 
example a mobile control line binding partner with a visual 
label, is also located in the sample application Zone or else 
where on the test strip. 
0113 FIG. 15a shows a sample analysis device (test strip) 
151 and a sample collector 152. The sample collector 152 
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may be any type of sample collector 152 known in the art, for 
example the sample collector 152 could be a swab member. 
The sample 150 may include the analyte 153, as well as 
interfering particles 155 (which may include interfering pro 
teins or interfering genes) and other interfering particles or 
cell debris 154. The sample analysis device 151 includes a 
labeled conjugate Zone 158 upstream of the sample applica 
tion Zone 168 in this figure. Although the labeled conjugate 
Zone 158 is shown upstream of the sample application Zone 
168 in this figure, the labeled conjugate Zone 158 may alter 
natively overlap the sample application Zone 168 or be down 
stream of the sample application Zone 168. The sample appli 
cation Zone 168 is also a microfiltration Zone, which 
preferably filters out cell debris and interfering particles 154 
that are in the sample 150. 
0114. The labeled conjugate Zone 158 preferably includes 
a mobile labeled conjugate 165, which includes a portion 163 
that binds to the analyte 153 and a detectable label 169. In 
Some embodiments, the mobile labeled conjugate is a test 
antibody with a visual label. The detection Zone 162 includes 
a test Zone 160 and a control Zone 161, which indicates if the 
test has run smoothly. If the analyte 153 is present in the 
sample 150, the analyte 153 binds to the labeled conjugate 
165, and the labeled conjugate 165-analyte 153 complex 
travel to the test Zone 160 in the detection Zone 162, forming 
a “half sandwich 172, which is shown in FIG. 15b. The 
analyte 153 then binds to an immobilized binding partner 167 
for the analyte 153, to form the full “sandwich’ 175 in a 
sandwich-type assay. The full sandwich 175 that forms 
between the portion 163 of the labeled conjugate 165 that 
binds to the analyte 153, the analyte 153, and the second 
binding partner 167 when the analyte 153-labeled conjugate 
165 complex reach the test Zone 160 is shown in FIG. 15c. 
0115 The transfer of the sample from the sample collector 
152 to the sample application Zone 168 on the sample analysis 
device is preferably a direct transfer and the transfer prefer 
ably takes place without pretreatment of the sample on the 
sample collector 152. In embodiments without pretreatment 
of the sample or the sample collector 152, pressure 164 is 
applied and microfiltration occurs in the region where the 
sample collector fleece directly contacts the fleece on the 
sample analysis device 151. The fibers of the fleeces interlock 
to form a grating or physical interference. Thus, larger ele 
ments contained in the sample, for example cell debris and 
interfering particles 154 are held back and not eluted. 
0116. The sample application device 151 preferably also 
includes a blocking Zone 159 that includes one or more cap 
turing reagents. This blocking Zone captures interfering pro 
teins and/or genes 155 that may be in the sample 150. Capture 
of an interfering substance 154, 155 by one or more capturing 
reagents occurs when the capturing reagent interacts in some 
manner with the interfering Substance to keep the interfering 
substance from interfering with the detection of the analyte. 
While a blocking Zone 159 is shown in FIG. 15, the capturing 
reagents may be located in a capturing Zone 159 made of 
materials that allow the capturing reagents to be mobile, in the 
elution medium, mixed and dried with the reagents, incorpo 
rated 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 in the embodiments of the present invention, depending 
on the test and sample matrix. 
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0117 The sample analysis device 151 also optionally 
includes an absorbent pad 157 upstream of the labeled con 
jugate Zone 158 and the sample application Zone 168. Buffer 
156 is added and travels in the direction of the arrow to elute 
the test components, including the sample 150 and the labeled 
conjugate 165 to the detection Zone 162. The sample analysis 
device 151 also preferably includes a waste pad 176 at the 
downstream end of the device 151. The sample analysis 
device 151 may also optionally include a backing 173. 
0118 FIG. 16a show an example of a test strip in an 
embodiment of the present invention. The test strip preferably 
includes an absorbent pad 182, a sample application Zone 
184, a detection Zone 192, and an optional waste pad 187. The 
test strip also preferably includes a carrier backing 198. 
Unlike in FIG. 15, in this embodiment, the entire sandwich 
(first binding partner 163-analyte-153-second binding part 
ner-188) forms in the sample application Zone 184. The “full 
Sandwich 174 is shown in FIG. 16b. The test Zone 185 in this 
embodiment includes an immobilized tag 190 that binds to 
the tag 189 of the second binding partner 188. The immobi 
lized tag 190 does not bind directly to the analyte 153: 
instead, it binds through an intermediary, the tag 189 on the 
second binding partner 188 for the analyte 153. 
0119. In this embodiment, a first binding partner 163, 
which is part of the labeled conjugate 165, binds the analyte 
153 in the test sample to form half a sandwich. The second 
binding partner 188 also includes a tag 189. The second 
binding partner 188 in this embodiment is preferably pre 
loaded and dried on the sample application Zone 184 of the 
test strip, while the labeled conjugate 165 is preferably pre 
loaded and dried onto a labeled conjugate Zone 195 upstream 
of the sample application Zone 184. Alternatively, the second 
binding partner 188 and/or the labeled conjugate Zone 195 
may be located anywhere on the test strip upstream of the 
detection Zone including, but not limited to, overlapping the 
sample application Zone, upstream of the sample application 
Zone, or between the sample application Zone and the detec 
tion Zone. In one preferred embodiment, approximately 
75-80% of the labeled conjugate 165 is upstream of the 
sample application Zone (with approximately 20-25% of the 
labeled conjugate 165 overlapping the sample application 
Zone 184) and approximately 75-80% of the second binding 
partner 188 is located downstream of the sample application 
Zone 184 (with approximately 20-25% of the second binding 
partner overlapping the sample application Zone 184). 
Although not preferred, in other embodiments, either the 
labeled conjugate 165, the second binding partner 188, or 
both may be located in the buffer or pre-mixed with the 
sample before the sample is added to the test strip. In still 
other embodiments, any or all of the components could over 
lap the detection Zone. 
I0120 In some embodiments, both the first binding partner 
163 and the second binding partner 188 are different antibod 
ies to the analyte 153. In other embodiments, specific binding 
partners may also be antigens capable of binding to antibod 
ies against the analyte. Other types of binding partners are 
bioorganic macromolecules like aptamers or receptors, nano 
particles or nucleic acids. The device shown in FIG. 16a 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. 
I0121. In one preferred embodiment, the second binding 
partner 188 is tagged 189 with biotin. In embodiments where 
the tag 189 on the second binding partner 188 is biotin, the 



US 2011/0086359 A1 

immobilized tag 190 in the detection Zone 192 is preferably 
avidin, neutravidin, or streptavidin. In other embodiments, 
the second binding partner 188 is tagged 189 with avidin, 
neutravidin, or streptavidin. In these embodiments, the 
immobilized tag 190 in the detection Zone 192 is preferably 
biotin. Alternatively, the tag 189 on the second binding part 
ner 188 may be a lectin and the immobilized tag 190 may be 
a glycosyl moiety. For example, in Some embodiments, the 
lectin is the Garden pea Lectin and the glycosyl moiety is an 
erythrocyte glycosyl unit. The tag on the second binding 
partner and the immobilized tag may be reversed within the 
spirit of the present invention. For example, the glycosyl 
moiety may be the tag on the second binding partner, with an 
immobilized lectin tag in the detection Zone. In other embodi 
ments, other receptors and ligands may be used for the tags. 
0122. In operation, a sample collector containing the 
sample is placed Such that the sample is directly above the 
sample application Zone 184. In preferred embodiments, the 
sample has not been Subject to pretreatment prior to applica 
tion to the test strip. Instead, the sample is still in its native 
form. 

0123. The sample is transferred to the sample application 
Zone 184 of the test strip. A sandwich forms with the labeled 
conjugate 165 as one piece of bread and the second binding 
partner 188 as a second piece of bread, with the analyte 153 in 
between them, when the three components come into contact 
with each other during flow 193. The labeled conjugate 165 
analyte 153 (if present)-second binding partner 188 complex 
(a complete sandwich) flow to the detection Zone 192. An 
immobilized tag 190 in the test Zone 185 then binds the tag 
189. Since the labeled conjugate 165 includes a label 169, the 
complex that forms is detectable and indicates a positive 
result. Proper operation of the test also results in a detectable 
positive result in the control Zone 186, preferably due to the 
interaction between a control line binding partner and its 
immobilized partner in the control Zone 186. 
0.124. Although it is not shown, there may also optionally 
be a lysis Zone, which preferably overlaps the sample appli 
cation Zone 184 or is alternatively located in other portions of 
the test strip within the spirit of the present invention. In other 
embodiments, there may be a blocking Zone that includes 
capturing reagents, similar to the Zone discussed with respect 
to FIG. 15a. 

0.125. Although the methods and devices described in FIG. 
16 are sandwich assays, methods and devices in these 
embodiments may equally be used in competitive assays. In 
these competitive assays, the labeled conjugate preferably 
includes an analyte or an analyte analog, instead of a binding 
partner for the analyte, bound to a detectable label. The 
labeled conjugate competes with the analyte of interest for the 
binding sites of the second binding partner, which includes 
the first tag. A positive test result is then indicated by the lack 
of the presence of the label in the test Zone of the test strip. 
0126. In some preferred embodiments using tags, the 
detection Zone, where either the hybridized double stranded 
nucleic acid (see FIGS. 1-14) or the full sandwich (see FIGS. 
15 and 16) bind, includes an antibody against the tag (which 
is on the mobile nucleic acid reagents in FIGS. 1-14 and on 
the second binding partner in FIGS. 15 and 16). The antibody 
may be a monoclonal, polyclonal or single domain antibody. 
For example, when the tag is biotin, an anti-biotin antibody is 
immobilized in the test Zone instead of avidin, neutravidin, or 
streptavidin. 
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I0127. 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 test strip for detection of at least one target nucleic acid 

in a sample comprising: 
at least one detection Zone comprising at least one test 

Zone; 
a sample application Zone for applying the sample to the 

test strip; 
at least one mobile tagged nucleic acid reagent comprising 

a plurality of nucleic acid sequences complementary to 
a first portion of a sequence of the target nucleic acid and 
at least one tag portion comprising a first tag, wherein 
the mobile tagged nucleic acid reagent does not include 
a detectable label and wherein the mobile tagged nucleic 
acid reagent is loaded in a reagent Zone; and 

at least one second immobilized tag that binds to the first 
tag, wherein the immobilized tag is immobilized in a test 
Zone on the test strip; and 

wherein the sample, the mobile tagged nucleic acid 
reagent, and the immobilized tag are all loaded on the 
test strip at locations such that the sample encounters the 
mobile tagged nucleic acid reagent and the immobilized 
tag while running an assay to detect the target nucleic 
acid in the sample. 

2. The test strip of claim 1, further comprising at least one 
lysis agent, wherein the lysis agent is loaded in a lysis Zone 
located Such that the lysis agent lyses the sample and a plu 
rality of single strands of the target nucleic acid are accessible 
to the mobile tagged nucleic acid reagent at Some point during 
the assay when the sample encounters the mobile tagged 
nucleic acid reagent. 

3. The test strip of claim 2, wherein the target nucleic acid 
is a double-stranded nucleic acid. 

4. The test strip of claim 1, wherein the target nucleic acid 
is a single-stranded nucleic acid. 

5. The test strip of claim 1, wherein the detection Zone 
further comprises a control Zone located beyond the test Zone. 

6. The test strip of claim 1, further comprising at least one 
label that nonspecifically binds double stranded nucleic 
acids. 

7. The test strip of claim 6, wherein the label is selected 
from the group consisting of SYBRR green dye, PicoGreen(R) 
reagents and ethidium bromide. 

8. The test strip of claim 6, further comprising a running 
buffer, wherein the label is in the running buffer. 

9. The test strip of claim 1, wherein the mobile tagged 
nucleic acid reagents comprises peptide nucleic acid (PNA) 
Sequences. 

10. The test strip of claim 1, wherein the tag and the 
immobilized tag comprise a pair selected from the group 
consisting of: 

a) a first biotin tag and a second immobilized tag selected 
from the group consisting of avidin, neutravidin and 
streptavidin; 

b) a first tag selected from the group consisting of avidin, 
neutravidin and streptavidin and a second biotin immo 
bilized tag: 

c) a first lectin tag and a second glycosyl moiety immobi 
lized tag; and 
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d) a first glyosyl moiety tag and a second lectin immobi 
lized tag. 

11. The test strip of claim 1, further comprising a lysis 
agent or a denaturant. 

12. The test strip of claim 1, wherein the target nucleic acid 
is not amplified. 

13. A method of detecting at least one target nucleic acid in 
a sample using a point-of-care assay, the method comprising 
the steps of: 

a) exposing the sample to at least one mobile tagged 
nucleic acid reagent comprising a plurality of nucleic 
acids complementary to a portion of a sequence of the 
target nucleic acid and a first tag but not a detectable 
label; and 

b) exposing the sample to a detectable label, wherein the 
label nonspecifically binds to double stranded nucleic 
acids; 

wherein, when the target nucleic acid is present in the 
sample, the mobile tagged nucleic acid reagent binds to 
the target nucleic acid sequence and the first tag of the 
mobile tagged nucleic acid reagent binds to a second 
immobilized tag in a test Zone of the assay at a comple 
tion of the assay. 

14. The method of claim 13, wherein the detectable label is 
in a running buffer. 

15. The method of claim 13, further comprising the step of 
taking the sample from the patient. 

16. The method of claim 13, wherein the mobile tagged 
nucleic acid reagents comprises peptide nucleic acid (PNA) 
Sequences. 

17. The method of claim 13, wherein the label is selected 
from the group consisting of SYBRR green dye, PicoGreen(R) 
reagents and ethidium bromide. 

18. The method of claim 13, wherein the first tag and the 
second immobilized tag comprise a pair selected from the 
group consisting of 

a) a first biotin tag and a second immobilized tag selected 
from the group consisting of avidin, neutravidin and 
streptavidin; 

b) a first tag selected from the group consisting of avidin, 
neutravidin and streptavidin and a second biotin immo 
bilized tag: 

c) a first lectin tag and a second glycosyl moiety immobi 
lized tag; and 

d) a first glyosyl moiety tag and a second lectin immobi 
lized tag. 

19. The method of claim 13, wherein the sample is from a 
body fluid selected from the group consisting of: 

a) saliva; 
b) mucus; 
c) tissue; 
d) tears; 
e) cerebrospinal fluid; 
f) vaginal fluid; 
g) penile fluid; 
h) nasopharygeal Secretions; 
i) skin ulcerations; 
j) exudates; 
k) secretions; 
1) blood; 
m) inanimate hard Surfaces; 
n) food sources; 
o) environmental water; 
p) soil; and 
q) urine. 
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20. The method of claim 13, further comprising the step of 
exposing the sample to a lysis agent and/or a denaturant, 
wherein the target nucleic acid is double-stranded in the 
sample. 

21. The method of claim 13 further comprising the step of 
detecting for a presence or an absence of the label in the test 
ZO. 

22. The method of claim 21, wherein the step of detecting 
the label comprises the Substep of using a method selected 
from the group consisting of visual detection, phosphores 
cence, fluorescence, chemiluminescence, radioactivity, colo 
rimetry, gravimetry, X-ray diffraction, X-ray absorption, 
magnetism, fluorescent resonant emissions, and enzymatic 
activity. 

23. The method of claim 13, where in the assay is run on a 
chromatographic test strip. 

24. The method of claim 13, further comprising the step of 
exposing the mobile tagged nucleic acid reagent to a control 
Zone comprising a plurality of immobilized nucleic acids 
complementary to a portion of a sequence of the mobile 
tagged nucleic acid reagent, 

wherein the mobile tagged nucleic acid reagent binds to the 
immobilized nucleic acids to form a plurality of double 
stranded nucleic acids such that the detectable label 
binds to the double stranded nucleic acids. 

25. The method of claim 13, wherein the target nucleic acid 
is not amplified. 

26. A test kit for detection of at least one target nucleic acid 
in a sample comprising: 

a test Strip comprising: 
at least one detection Zone comprising at least one test 

Zone: 
a sample application Zone for applying the sample to the 

test strip; 
at least one mobile tagged nucleic acid reagent compris 

ing a plurality of nucleic acids complementary to a 
first portion of a sequence of the target nucleic acid 
and at least one tag portion but not including a label, 
wherein the mobile tagged nucleic acid reagent is 
loaded in a reagent Zone; 

at least one lysis agent loaded in a lysis Zone wherein the 
lysis agent processes the sample Such that the target 
nucleic acid can bind to the mobile tagged nucleic 
acid reagent when the target nucleic acid encounters 
the mobile tagged nucleic acid reagent; and 

at least one immobilized tag that binds to the tag portion 
of the mobile tagged nucleic acid reagent, wherein the 
immobilized tag is immobilized in a test Zone of an 
assay; and 

a running buffer comprising at least one detectable label 
that nonspecifically binds to double stranded nucleic 
acids. 

27. The test kit of claim 26, wherein the sample, the mobile 
tagged nucleic acid reagent, the lysis agent and the immobi 
lized tag are all loaded on the test strip at locations such that: 

if the target nucleic acid is present in the sample, the target 
nucleic acid binds to the mobile tagged nucleic acid 
reagent to form a double stranded nucleic acid complex; 

the double stranded nucleic acid complex binds to the label 
in the running buffer to form a labeled duplex complex; 
and 

the immobilized tag binds to the tag portion on the mobile 
tagged nucleic acid reagent of the labeled duplex com 
plex while running an assay to detect the target nucleic 
acid in the sample. 


