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A TEST STRIP FOR PAPER-BASED ASSAY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of priority of Singapore application number
10201405360P, filed 30 August 2014, the contents of it being hereby incorporated by

reference in its entirety for all purposes.

FIELD OF THE INVENTION
[0002]  The invention relates to a test strip for paper-based assays. The invention further

relates to a method of detecting an analyte in a sample using said test strip.

BACKGROUND OF THE INVENTION

[0003]  Paper-based assays such as the dipstick and lateral flow tests are available as low-cost
screening devices for many physiological-relevant compounds in bodily fluids. Paper-based
assays utilize test strips that rely on the use of enzymes or bio/chemistry principles to enable
detections of analytes or nucleotides or antibodies conjugated to detector molecules for analyte
detection.

[0004]  An important limitation of test strips used in lateral flow tests is the sensitivity of
the test strip due to the poor limit-of-detection of the detector molecules used to visualize the
results. Poor limit-of-detection translates to a larger sample requirement. While this limitation
can be overcome via using the enzyme-substrate or horseradish peroxidase (HRP) with
tetramethylbenzidine (TMB) amplification approach, a minimum waiting time is required prior to
activation of the substrate addition step. As such, this introduces the possibility of human error.
If the user activates the addition step too early, false negatives can arise. Another limitation of
the enzyme-substrate amplification approach is the rate at which the enzymatic substrate contacts
the test zone, which directly affects the rate of transport of the substrate to the enzymes and
therefore assay sensitivity.

[0005]  There is therefore a need to provide a test strip that overcomes, or at least

ameliorates, one or more of the disadvantages described above.



10

15

20

25

30

WO 2016/032404 PCT/SG2015/050291

SUMMARY OF THE INVENTION
[0006] In one aspect, there is provided a test strip for a paper-based assay comprising, a
substrate addition zone for receiving a substrate and a test zone, said test zone comprising a
capture agent, wherein the substrate addition zone is located upstream of said test zone.
[0007]  In one aspect, there is provided a paper-based enzyme assay comprising a test strip
as described herein.
[0008]  In one aspect, there is provided a method of detecting the presence of an analyte in
a sample, said method comprising the steps of: a) contacting said sample onto said test zone
of a test strip as described herein; b) dispensing a substrate onto the substrate addition zone;
and c) detecting an emitted signal from said test zone to confirm the presence or absence of
said analyte in said sample.
[0009] In one aspect, there is provided a method of detecting the presence of an analyte in
a sample, said method comprising the steps of: a) contacting said sample onto said detector
zone of a test strip as described herein; b) dispensing a substrate onto the substrate addition
zone; and c) detecting an emitted signal from said test zone to confirm the presence or

absence of said analyte in said sample.

DEFINITIONS
[0010]  The term “antigen binding protein” as used herein refers to antibodies, antibody
fragments and other protein constructs, such as domains, which are capable of binding to an
antigen.
[0011]  The term “antibody” is used herein in the broadest sense to refer to molecules with
an immunoglobulin-like domain and includes monoclonal, recombinant, polyclonal,
chimeric, humanised, bispecific and heteroconjugate antibodies; a single variable domain, a
domain antibody, antigen binding fragments, immunologically effective fragments, single
chain Fv, diabodies, Tandabs™, etc (for a summary of alternative “antibody” formats see
Holliger and Hudson, Nature Biotechnology, 2005, Vol 23, No. 9, 1126-1136).
[0012]  The phrase “single variable domain” refers to an antigen binding protein variable
domain (for example, Vu, Vun, VL) that specifically binds an antigen or epitope
independently of a different variable region or domain.
[0013] A “domain antibody” or “dAb” may be considered the same as a “single variable

domain” which is capable of binding to an antigen. A single variable domain may be a
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human antibody variable domain, but also includes single antibody variable domains from
other species such as rodent, nurse shark and Camelid Vyy dAbs. Camelid Vyy are
immunoglobulin single variable domain polypeptides that are derived from species including
camel, llama, alpaca, dromedary, and guanaco, which produce heavy chain antibodies
naturally devoid of light chains. Such Vyy domains may be humanised according to standard
techniques available in the art, and such domains are considered to be “domain antibodies”.
As used herein Vyincludes camelid Vyy domains.

[0014]  As used herein the term “domain” refers to a folded protein structure which has
tertiary structure independent of the rest of the protein. Generally, domains are responsible
for discrete functional properties of proteins, and in many cases may be added, removed or
transferred to other proteins without loss of function of the remainder of the protein and/or of
the domain. A “single variable domain” is a folded polypeptide domain comprising
sequences characteristic of antibody variable domains. It therefore includes complete
antibody variable domains and modified variable domains, for example, in which one or
more loops have been replaced by sequences which are not characteristic of antibody variable
domains, or antibody variable domains which have been truncated or comprise N- or C-
terminal extensions, as well as folded fragments of variable domains which retain at least the
binding activity and specificity of the full-length domain. A domain can bind an antigen or
epitope independently of a different variable region or domain.

[0015]  An antigen binding fragment may be provided by means of arrangement of one or
more CDRs on non-antibody protein scaffolds such as a domain. The domain may be a
domain antibody or may be a domain which is a derivative of a scaffold selected from the
group consisting of CTLA-4, lipocalin, SpA, an Affibody, an avimer, GroEl, transferrin,
GroES and fibronectin/adnectin, which has been subjected to protein engineering in order to
obtain binding to an antigen, other than the natural ligand.

[0016] An antigen binding fragment or an immunologically effective fragment may
comprise partial heavy or light chain variable sequences. Fragments are at least 5, 6, 8 or 10
amino acids in length. Alternatively the fragments are at least 15, at least 20, at least 50, at
least 75, or at least 100 amino acids in length.

[0017] The term “specifically binds” as used throughout the present specification in
relation to antigen binding proteins means that the antigen binding protein binds to a specific

antigen of interest with no or insignificant binding to other proteins. However, the term does
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not exclude the fact that the antigen binding proteins may also be cross-reactive with closely
related molecules. The antigen binding proteins described herein may bind to an antigen with
at least 2, 5, 10, 50, 100, or 1000 fold greater affinity than they bind to closely related
molecules.

[0018]  As used herein, the term “analyte” refers to a compound of interest. It will be
generally understood that an analyte includes but is not limited to an antigen, antibody,
hormone, drug, therapeutic, cell protein, nucleic acid, cardiac marker, tumor or cancer
marker, autoimmune disease marker, or any macromolecule. For example, an antigen analyte
can be an antigen associated with an infectious agent such as a virus, a bacterium, a fungus,
or a prion. An example of a hormone analyte includes but is not limited to hCG, thyroxine,
TSH, glucagons, insulin, relaxin, prolactin, luteinizing hormone, melanotropin, somatotropin,
follicle-stimulating hormone, gastrin, bradykinin, vasopressin, and other releasing factors;
other hormones of physiological or pathological interest can be the analyte. An example of an
analyte that is a cancer or tumor marker includes but is not limited to prostate specific antigen
(PSA), carcinoembryonic antigen (CEA), and a-fetoprotein. However, other cancer or tumor
markers can be the analyte. An example of a drug analyte includes but is not limited to an
opiate. Examples of an antibody analyte include but are not limited to immunoglobulins such
as IgG, IgM, IgA, IgE and IgD. An example of a therapeutic analyte includes but is not
limited to doxorubicin.

[0019]  As used herein, the term “sample” refers to a biological sample or non-biological
sample. Biological sample refers to a sample obtained from a biological subject, including a
sample of biological tissue or fluid origin obtained in vivo or in vitro. Such samples can be,
but are not limited to blood, blood plasma, serum, buccal smear, amniotic fluid, prenatal
tissue, sweat, nasal swab or urine, organs, tissues, fractions, and cells isolated from mammals
including humans. Biological samples also may include sections of the biological sample
including tissues (e.g., sectional portions of an organ or tissue). Biological samples may also
include extracts from a biological sample, for example, an antigen from a biological fluid
(e.g., blood or urine). A non-biological sample includes but is not limited to water from some

ecological niche, e.g., a river or a lake; or a solution used in a laboratory.

[0020]  Asused herein, the term “applicator” refers to a device to apply a compound onto a

test strip. An applicator may be a membrane, including but not limited to porous membranes,
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such as a filter membrane. Examples of filter membranes include but are not limited to
Fusion5 from Whatman™, glass fibers, symmetric and asymmetric polyethersulfone

membranes, CytoSep™ and cellulose filter membranes.

[0021]  As used herein, the term “porous membrane” refers to a membrane with pores.
Examples of porous membrane include but are not limited to porous membranes may be
selected from the group consisting of celiulose acetate, cellulosic paper, filter paper, tissue
paper, writing paper, paper lowel, cloth, or porous polymer {iro nitrocellulose membrane,
polyvinylidene fluoride (PVDF) membrane and filter paper. In one embodiment, the porous
membrane is a nitrocellulose membrane such as nitrocellulose acetate.

[0022]  As used herein the terms “applied” or “contacted” may be used interchangeably
with respect to the applicator.

[0023]  As used herein, the term “nucleic acid” refers to any single or double-stranded
RNA or DNA molecule, such as mRNA, cDNA, and genomic DNA.

[0024]  As used herein, the term "oligonucleotide” refers to a single-stranded nucleotide
polymer made of more than 2 nucleotide subunits covalently joined together. Preferably
between 10 and 100 nucleotide units are present, most preferably between 12 and 50
nucleotides units are joined together. The sugar groups of the nucleotide subunits may be
ribose, deoxyribose or modified derivatives thereof such as 2'-O-methyl ribose. The
nucleotide subunits of an oligonucleotide may be joined by phosphodiester linkages,
phosphorothioate linkages, methyl phosphonate linkages or by other rare or non-naturally-
occurring linkages that do not prevent hybridization of the oligonucleotide. Furthermore, an
oligonucleotide may have uncommon nucleotides or nonnucleotide moieties. An
oligonucleotide as defined herein is a nucleic acid, preferably DNA, but may be RNA or have
a combination of ribo- and deoxyribonucleotides covalently linked. Oligonucleotide probes
and amplification oligonucleotides of a defined sequence may be produced by techniques
known to those of ordinary skill in the art, such as by chemical or biochemical synthesis, and
by in vitro or in vivo expression from recombinant nucleic acid molecules, e.g., bacterial or
retroviral vectors. As intended by this disclosure, an oligonucleotide does not consist of wild-
type chromosomal DNA or the in vivo transcription products thereof. One use of a probe is as

a hybridization assay probe; probes may also be used as in vivo or in vitro therapeutic
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amplification oligomers or antisense agents to block or inhibit gene transcription, or
translation in diseased, infected, or pathogenic cells.
[0025]  As used herein, the term “peptide” refers to two or more amino acid molecules

linked by amide bonds. Peptides may be naturally occurring or synthetic.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]  The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:
[0027]  Fig. 1. Schematic diagram illustrating the method to achieve paper-based ELISA
colourimetric results via a combined wash and substrate addition step, i.e. no separate wash
step is required. The first step entails the mixing of sample with the detector agent-enzyme
conjugate and spotting onto the test spot/line 201. This is followed by the second step of
enzyme substrate 302 addition at substrate pad 102. No waiting time is necessary between
steps 1 and 2.
[0028]  Fig. 2. Graph of pixel intensity (gray value) against human chorionic gonadotropin
(hCG) concentration for paper-based ELISA using (A) alkaline phosphatase with BCIP/NBT
and (B) horseradish peroxidase with TMB. N=3. Representative images of the test strips are
included as the inset images.
[0029]  Fig. 3. Schematic diagram illustrating the method to achieve an array of paper-
based ELISA colourimetric results via a combined wash and substrate addition step, i.e. no
separate wash step is required. The first step entails the mixing of sample with the detector
agent-enzyme conjugate and spotting onto the test array 201a. This is followed by the second
step of enzyme substrate 302 addition at substrate pad 102. No waiting time is necessary
between steps 1 and 2.
[0030] Fig. 4. Representative images of arrays of paper-based ELISA colourimetric
results obtained via a combined wash and substrate addition step, i.e. no separate wash step is
required. 2 x 2 and 3 x 3 arrays obtained using (A) alkaline phosphatase with BCIP/NBT and
(B) horseradish peroxidase with TMB. The darker and lighter results were obtained using
1000 mIU mL'1 and 50 mIU mL'1 of hCG respectively.
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[0031]  Fig. 5. (A) Visualization of test spot using water-soluble dyes (blue food coloring
in this example). The images are representative images of paper-based ELISA colorimetric
results obtained using the combined wash and substrate addition step (i.e. no separate wash
step was required). The AP and BCIP/NBT system was used along with the hCG assay, and
with 15 min of substrate flow time. N = 3. (B) Visualization of test spot with water-insoluble
dyes. The test spots were created using 3-um yellow carboxylated polystyrene beads
conjugated with capture antibodies. The images are representative images of paper-based
ELISA colorimetric results obtained using the combined wash and substrate addition step (i.e.
no separate wash step was required). The AP and BCIP/NBT system was used along with the
luteinizing hormone assay, and with 15 min of substrate flow time. N = 3. NB: In Figure 6A,
the substrate flow washed away the soluble dye, while in Figure 6B, the yellow color
remained as the polystyrene beads remained entrapped within the test spot.

[0032]  Fig. 6. Schematic of alternative method for performing paper-based ELISA on a
test strip.

[0033]  Fig. 7. (A) Formulation of polyacrylamide-substrate mix for paper-based ELISA.
(B) Image demonstrating application of polyacrylamide-substrate mix for paper-based
ELISA.

[0034]  Fig. 8. Images of the effect that sample spotting location has on the paper-based
ELISA colourimetric results obtained via a combined wash and substrate addition step. The
AP and BCIP/NBT system was used along with the hCG assay for a substrate flow time of 15
min. Sample concentration = 1000 mIU ml™. (A) Sample-detector mixture 301a was posted
upstream of the test spot (indicated by the granular dot). (B) Sample-detector mixture 301a
was spotted on the test spot (indicated by the granular dot). Nitrocellulose strips were treated
using 2% BSA with 0.02% Tween®20. Anti-mouse AP conjugate was used as the control
spot.

[0035]  Fig. 9. Schematic diagram illustrating prior art to achieving paper-based ELISA
colourimetric results via a combined wash and substrate addition step (i.e. no separate wash
step was required). The detector agent-enzyme conjugate was dried on the porous membrane
207 in this case. The first step entailed the introduction of the sample 301 only onto the test
spot 201, and the second step involved enzyme substrate 302 addition at substrate pad 102.

No waiting time was necessary between steps 1 and 2.
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[0036] Fig. 10. Representative images of paper-based ELISA colourimetric results
obtained via prior art method of combined wash and substrate addition step (i.e. the detector
agent-enzyme conjugate was dried on the porous membrane in this case after treating the
nitrocellulose using 2% BSA with 0.02% Tween®20). The AP and BCIP/NBT system was
used along with the hCG assay for a substrate flow time of 15 min. N=3. Anti-mouse AP
conjugate was used as the control spot.

[0037]  Fig. 11. Illustration depicting the assembly of the conjugate pad 104 directly on
top of the test spot/line 201. NB: the conjugate pad 104 is intentionally separated from test
spot/line 201 to reveal test spot/line 201.

[0038]  Fig. 12. Pixel intensity (gray value) of colorimetric results obtained for HBsAg-
positive and -negative “whole blood samples”. The results were obtained from paper-based
ELISA using RBC filter membranes as conjugate pads and assembled on top of the test spots.
N=3.

[0039]  Fig. 13. Illustration depicting the use of the conjugate pad 104 in front of the test
spot/line 201.

[0040]  Fig. 14. Pixel intensity (gray value) of colorimetric results obtained for HBsAg-
positive and -negative “whole blood samples”. The results were obtained from paper-based
ELISA using RBC filter membranes as conjugate pads and assembled upstream of the test

spots. N = 3.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0041] In one aspect, there is provided a test strip for a paper-based assay comprising, a
substrate addition zone for receiving a substrate and a test zone, said test zone comprising a
capture agent, wherein the substrate addition zone is located upstream of said test zone.
[0042] It will be generally understood that the substrate addition zone is located upstream
of the test zone with respect to the direction of flow of liquid through and/or along said test
strip.

[0043]  In some embodiments, the substrate addition zone and the test zone are in a spaced
part configuration. Spaced apart would be generally understood to mean that the substrate
addition zone and test zone may be arranged anywhere on the test strip apart from each other,
whilst maintaining the upstream location of the substrate addition zone with respect to the test

zone. In other words, the test zone and substrate addition zone may be located on the test
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strip in any spaced apart relationship with respect to one another. For example, the substrate
addition zone may be situated at one end or end region of the test strip and the test zone may
be situated at the opposite end or end region of the test strip. The substrate addition zone and
the test zone may also be situated in the middle region of the test strip.

[0044] In some embodiments, the substrate addition zone and the test zone are in an
adjacent configuration.

[0045] In some embodiments, the substrate addition zone and the test zone are in an
immediately adjacent configuration.

[0046] In some embodiments, the substrate addition zone and the test zone are situated on
the test strip such that fluid flow may be direct from the substrate addition zone to the test
zone. In other words, fluid flow from the substrate addition zone to the test zone is not
interposed by any other zone or chemical addition, as is exemplified in Figure 1.

[0047] In other embodiments, the substrate addition zone and the test zone may be
interposed by a detector zone.

[0048] In some embodiments, the sample may be premixed with a detector agent. It will
be appreciated that the sample premixed with a detector agent may be contacted with the test
strip at the test zone.

[0049]  In some embodiments, the detector agent may be pre-dried onto the detector zone
or test zone.

[0050] In some embodiments, the detector agent may be pre-dried onto an applicator. It
will generally be understood that pre-drying refers to drying the detector agent onto the
detector zone or test zone on the test strip or applicator prior to using the test strip. Drying the
detector agent may take place in a vacuum or at atmospheric pressure. Drying the detector
agent may also take place at ambient temperature or at temperatures above or below ambient
temperature. It will also be appreciated that the detector agent may be dried at various levels
of relative humidity. For example, 100%, 95%, 90%, 85%, 80%, 75%, 710%, 65%, 60%, 55%,
50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, 0%. 1t will generally be understood
that the length of time of drying the detector agent will vary according to the conditions
employed. The detector may also be dried with one or more additional compounds including
but not limited to preservatives, proteins and/or surfactants. Examples of preservatives
include but are not limited to sucrose and trehalose. An example of a protein that may be

dried with the detector is bovine serum albumin (BSA). An example of a surfactant that may
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be dried with the detector is polysorbate 20. It will generally be appreciated that drying the
detector with one or more additional compounds may confer stability during long-term
Storage.

[0051] In some embodiments, the detector agent may be pre-dried onto an applicator. It
will be generally understood that an applicator may be any absorbent or porous material. For
example, an applicator may be a membrane such as a filter membrane. It will also be
generally understood that a membrane may be a single layer membrane or a plurality of
layers. Examples of an applicator include but are not limited to Fusion5 from Whatman™,

glass fibers, CytoSep™, symmetric and asymmetric polyethersulfone membranes, and

cellulose filter membranes.
[0052] In one embodiment, an applicator may be a conjugate pad comprising a detector-
agent conjugated to an enzyme.

[0053] It will be generally understood that the applicator may be untreated or treated prior
to the addition of a detector agent. Pre-treatment of the applicator includes but is not limited
to washing the applicator with compounds such as preservative, proteins and/or surfactants.
Examples of preservative include but are not limited to sucrose and trehalose. Examples of
proteins include but are not limited to bovine serum albumin (BSA). Examples of surfactants
include but are not limited to polysorbate 20.

[0054] It will also be appreciated that the applicator may be cut to an appropriate size
prior to use. The material, thickness, number of layers and size of the applicator used will be
generally understood to vary based on the assay in question. The applicator will be applied
onto the test zone or detector zone prior to the start of the assay.

[0055] In some embodiments, the sample may be contacted with the test strip at the test
zone. In other embodiments, the sample is contacted with the test strip at the interposed
detector zone.

[0056]  In some embodiments, the sample may be applied onto the applicator.

[0057] In some embodiments, the applicator may be applied onto the test strip and the
sample may be applied onto the applicator.

[0058] In some embodiments, the applicator may be removed from the test strip prior to
addition of the substrate but after addition of the sample. The applicator may be removed
after 1s,5s, 105, 20s, 308,45 s, 1 min, 2 min, 3 min, 4 min, 5 min, 6 min, 7 min, 8 min, 9

min 10 min.
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[0059] In other embodiments, the applicator may not be removed prior to addition of the
substrate.

[0060] The detector agent may be selected from the group consisting of antibodies,
antigens, oligonucleotides and peptides. It will be appreciated that the detector agent may be
conjugated to a detectable material such as a coloured agent, a fluorescent agent, an enzyme
or a chemiluminescent agent. For example, the detector agent may be conjugated to an
enzyme selected from the group consisting of alkaline phosphatase, beta-galactosidase,
glucose oxidase, glucose dehydrogenase and horseradish peroxidase. It will be appreciated
that the detector agent will bind to an analyte of interest. It will also be appreciated that the
enzyme conjugated on the detector agent will react with the substrate to emit a signal.

[0061] In one embodiment, the test strip is a porous membrane. Suitable porous
membranes may be selected from the group consisting of celluiose acetate, cellulosic paper,
filter paper, tissue paper. writing paper, paper towel, cloth, or porons polymer film
nitrocellulose membrane, polyvinylidene fluoride (PVDF) membrane and filter paper. In one
embodiment, the porous membrane is a nitrocellulose membrane such as nitrocellulose
acetate.

[0062] In one embodiment, the test zone is subdivided into two or more areas, each arca
comprising the same or different capture agent. In some embodiments, each area may
comprise one or more than one capture agent. In some embodiments, the test zone may
occupy a footprint from a single test spot to an array of test spots 2 x 1,2 x 2, 3 x 1, up to but
not limited to 4 x 4, covering an area of up to 4 cm x 4 cm. The at least two or more areas may
comprise the same or different capture agent. In some embodiments, the test strip may
comprise more than one test zone. In other embodiments, the test strip may comprise an array of
test zones, each test zone may occupy a footprint from a single test spot to an array of test
spots 2 x 1,2 x 2,3 x 1, up to but not limited to 4 x 4, covering an area of up to 4 cm x 4 cm.

In some embodiments, the capture agent may be selected from the group consisting of
antibodies, antigens, oligonucleotides and peptides. It will be appreciated that the capture
agent specifically binds to an analyte of interest and retains the analyte of interest on the test
zone. In one embodiment, the or each capture agent may be mixed with a coloured marker to
assist in the localization of the or each capture agent on said test strip. Examples of colour
markers include but are not limited to dyes and coloured beads. It will be appreciated that

dyes such as water dye, food dye, poster colour and colours that generically absorbs on porous
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membranes may be used. It will also be appreciated that coloured beads include but are not
limited to dyed polystyrene beads, nanoparticles such as gold or silver nanoparticles and
cerium nanoparticles.

[0063]  In another embodiment, coloured beads may be mixed with the captured antibody
and dispensed onto the test zone during the membrane preparation phase. An advantage of
using coloured beads is that these produce a light, but observable colour to enable users to
identify the test zone. A further advantage is that since coloured beads are used, the colour will
persist throughout the experiment.

[0064] In one embodiment, the test strip further comprises one or more control areas
located within or without of the test zone. The control area may be downstream or upstream
of the test zone relative to the flow of the liquid through and/or along said test strip. The
control area may be one or more spots in an array of test spots within the test zone.

[0065]  In one embodiment, the test zone is marked on the test strip. Marking the test zone
may assist the user to accurately dispense the mix onto the test zone. The test zone is marked on
the test strip with a dye or an outline. It will generally be understood that the test zone may
be marked by an indication line or circle. The dye may be a washable dye. For example,
water dye, food dye, poster colour and colours that generically absorbs on porous membranes.
[0066] In some embodiments, the substrate may be an enzymatic substrate. The
enzymatic substrate may be converted into a product that emits a signal. Suitable examples
of such substrate include 5-Bromo-4-chloro-3-indolyl phosphate (BCIP), nitroblue
tetrazolium (NBT) or combined BCIP/NBT, tetramethylbenzidine (TMB), diaminobenzidine
(DAB), glucose/electron acceptor, glucose/potassium ferricyanide/Fe3+ and 5-bromo-4-
chloro-3-indolyl-B-D-galactopyranoside (X-gal). It will be understood to a skilled person that
other enzymatic substrates known in the art would be possible.

[0067] In one embodiment, the substrate may be contacted with the test strip as an
aqueous solution. In another embodiment, the substrate may be contacted with the test strip
as a polymer solution. It will generally be understood that a polymer solution refers to a
polymeric solution prior to the polymeric solution setting into a gel. In yet another
embodiment, the substrate may be contacted with the test strip in a polymer gel. It will
generally be understood that the substrate may be added upstream at the substrate addition
zone. It will also be appreciated that the substrate may be added via a cavity under the test

strip. It will also be appreciated that the substrate may be added onto the test strip.
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[0068] In some embodiments, the substrate is polymerized in polyacrylamide. In some
embodiments, the substrate may be mixed with precast polymeric gels before flowing. The
choice of polymeric gel includes, but not limited to, polyacrylamide gels. The advantage of
applying gels to substrate is to improve the contact between the substrate and test zone. In
addition, the curing of gels may consume the excess, unreacted substrate to improve the signal
stability.

[0069]  In some embodiments, the substrate may be dispensed onto the test strip. In other
embodiments, the substrate may be dispensed onto the underside of the test strip. For
example, the aqueous solution, polymeric solution or polymeric gel comprising the substrate
may be dispensed onto the test strip. In another example, the aqueous solution, polymeric
solution or polymeric gel comprising the substrate may be dispensed onto the underside of
the test strip. In some embodiments, when the substrate is dispensed onto the underside of
the test strip, this dispensing step is via a cavity underneath the test strip.

[0070] In some embodiments a sample is contacted with the test strip directly at the test
zone. In one embodiment, a sample is dispensed onto said test zone. The sample may be one
of blood, urine, saliva, sweat, nasal swab with or without a suitable buffer, and with or without a
detector, or a mix of at least two of blood, urine, saliva, sweat, nasal swab with or without a
suitable buffer, and with or without a detector. The sample may be added in the range of 0.1 to
100 pl. For example, 0.1 pl to 100 pl, 0.5 pl to 95 pl, 1 ul to 90 pl, 1.5 pl to 85 pl, 2 ul to 80 pl,
25ulto 75 ul, 3 pl to 70 pl, 3.5 pul to 65 pl, 4 pl to 60 pl, 4.5 pl to 55 pl, 5 pl to SO pl, 5.5 pl to
45ul, 6 plto40 pul, 6.5 plto 35 wl,7 plto 30 ul, 7.5 pl to 30 pl, 8 pl to 25 pl, 8.5 pl to 20 pl, 9 wl
to 15 ul, 9.5 pl to 10 pl.

[0071]  In one aspect, there is provided a paper-based enzyme assay comprising a test strip
as described herein.

[0072]  In one aspect, there is provided a method of detecting the presence of an analyte in
a sample, said method comprising the steps of: a) contacting said sample onto said test zone
of a test strip as described herein, wherein said sample comprises a detector antibody specific
for said analyte; b) dispensing a substrate onto the substrate addition zone; and c) detecting
an emitted signal from said test zone to confirm the presence or absence of said analyte in
said sample.

[0073]  In one aspect, there is provided a method of detecting the presence of an analyte in

a sample, said method comprising the steps of: a) contacting said sample onto said detector
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zone of a test strip as described herein,; b) dispensing a substrate onto the substrate addition
zone; and c) detecting an emitted signal from said test zone to confirm the presence or
absence of said analyte in said sample.

[0074] In some embodiments, the sample may be contacted onto the test zone or the
detector zone directly.

[0075]  In some embodiments, the sample may be contacted onto the test zone or detector
zone via the applicator located at the test zone or detector zone.

[0076] In some embodiments, the applicator may be applied onto or contacted with the
test zone. In other embodiments, the applicator may be applied onto or contacted with the
detector zone. It will be appreciated that the sample may be added onto the applicator either
in situ on the test strip or prior to contacting the test strip with the applicator.

[0077] It will be appreciated that the applicator may be removed prior to substrate
addition. It will also be appreciated that the applicator may be removed at any time prior to
the substrate front reaching a zone where the applicator was applied. For example, the test
zone or the detector zone. For example, the applicator may be applied onto the test zone or
detector zone and the sample may then be added onto the applicator. The applicator may then
be removed prior to substrate addition, or after substrate is added but prior to the substrate
front reaching the applicator. In another example, the applicator may be applied onto the test
zone or detector zone. The applicator may then be removed and the sample may be added
onto the zone from which the applicator was removed. Subsequently, substrate may be added.
[0078] The emitted signal may be detected by means of a colour change, a
chemiluminescent detector such as a charge-coupled device (CCD) imager or X-ray or a plate
reader. It will be appreciated that other methods of detection known in the art may be used.
These include but are not limited to fluorescence, radioactive, electrochemiluminescence and
electrochemical detection methods.

[0079]  In one embodiment, step (b) may immediately follow step (a) with no waiting time
in between steps (a) and (b). In another embodiment, step (a) may be followed by an
incubation period prior to step (b). Incubation period may be from between 1 second to 10
minutes. For example, between 10 seconds to 10 minutes, between 20 seconds to 9 minutes,
between 30 seconds to 8 minutes, between 30 seconds to 7 minutes, between 40 seconds to 6
minutes, between 50 seconds to 5 minutes, between 1 minute to 4 minutes, between 2

minutes to 3 minutes. In some embodiments, incubation of the test strip after step (a) permits
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the sample to interact with the capture agent at the test zone and increase the signal. In other
embodiments, incubation of the test strip after step (a) permits the sample to interact with the
detector agent at the detector zone and increase the signal. It will be generally understood that
the incubation period may be varied depending on the sample and capture agent used.

[0080] In one embodiment, the signal is a colourimetric signal. In another embodiment,
the signal is a fluorescent signal. In yet another embodiment, the signal is a chemiluminescent
signal. It another embodiment, the signal is an electrochemiluminescent signal. In another
embodiment, the signal is an electrochemical signal.

[0081] In some embodiments, the test strip may be washed after step (a). In other
embodiments, the test strip may be washed after step (b). In yet other embodiments, the test
strip may be washed after step (a) and after step (b).

[0082]  The wash step can be introduced by a droplet of wash buffer onto the test membrane
thus ensuring that excess unbound sample or substrate is washed downstream before the test
zone contacts the substrate. The mentioned droplet may range from 10 pl to 500 ul. For
example, 15 pl to 450 ul , 20 pl to 400ul, 25 ul to 350 ul, 30 ul to 350 ul, 35 ul to 300 ul, 40
ul to 250 pl, 45 pl to 200 pl, 50 pl to 150 pl, 55 pl to 100 pl, 60 ul to 100 pl, 70 pl to 90 ul or
80 pl to 90 pl.

[0083]  Advantageously, the invention described herein provides improved paper-based
assay results, including cleaner signal readout, reduction in false positives and/or false
negatives and improved efficiency in obtaining results.

[0084]  The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising", "including”, "containing", etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.
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[0085] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

[0086]  Other embodiments are within the following claims and non- limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

EXPERIMENTAL SECTION
[0087] Non-limiting examples of the invention, including the best mode, and a
comparative example will be further described in greater detail by reference to specific

Examples, which should not be construed as in any way limiting the scope of the invention.

[0088] EXAMPLE 1
[0089] Method of performing paper-based ELISA

[0090]  Materials and Methods

[0091]  Paper-based Wash-free ELISA Procedure and Colourimetric Results using
Nitrocellulose Membranes.

[0092]  Prior to performing the paper-based wash-free ELISA, the nitrocellulose
membrane strip 101 was prepared with a test spot/line 201 and control spot/line 202 (Figure
1). A test spot/line 201 was created by spotting anti-beta human chorionic gonadotropin
(hCG) antibody (capture antibody) upstream of the strip and demarcating this spot using a
pencil. A control spot/line 202 to confirm the validity of the assay, if desired, was created by
spotting anti-mouse antibody-enzyme (AP or HRP, AP = alkaline phosphatase, HRP =
horseradish peroxidase) further downstream of the test spot/line 201 unless other indicated.
The strips were vacuum dried, blocked using 0.1x PBS blocking buffer with 1% BSA, 0.05%
Tween®20, and then washed with 5 mM of HNa,O4P.2H,0 in double distilled (d.d.) H20, pH

~ 7.6, unless otherwise indicated. Finally, the strips were vacuum dried again to allow
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complete removal of water. Next, the substrate pad 102 and absorbent pad 103 were
overlapped sufficiently with the nitrocellulose membrane 101 to ensure continuous flow.

[0093]  To start the ELISA (Figure 1), anti-alpha hCG antibody-AP or HRP conjugate was
prepared at a desired concentration (preferably ~ 2 ug mL™1). hCG ELISA standards (as
samples) of different concentrations, 5, 50, 200, 500 and 1000 mIU mL"1, were added to this
anti-alpha hCG antibody-AP or HRP conjugate at a ratio of 1:1 to form the sample-detector
mixture. The sample-detector mixture 301a was spotted onto the test spot/line 201 to form a
detection complex with the capture antibody. Next, excess 5-bromo-4-chloro-3'-
indolyphosphate/nitro-blue tetrazolium chloride (BCIP/NBT) or tetramethylbenzidine (TMB)
substrate 302 was immediately added, and allowed to migrate across the nitrocellulose strip.
A wash step is not necessary. Signal was recorded 12 min after addition of the substrate
solution. The strips were then removed from the testing device, and washed with 1x Tris-
buffered saline (TBS), 0.1% Tween 20. Finally, the strips were scanned in using a scanner to

obtain digital images for image analysis.

[0094]  Results and Discussion

Distinct colorimetric results can be obtained, on the test spots, for the AP with BCIP/NBT
system (Figure 2A), and HRP with TMB system (Figure 2B). For both enzymatic systems, a
proportional relationship between intensity of the coloured result and hCG concentration can
be observed at the lower concentrations, and the results appear to plateau at the higher

concentrations.

[0095] EXAMPLE 2
[0096]  Method of performing an array of paper-based ELISA

[0097]  Materials and Methods

[0098]  Paper-based Wash-free ELISA Array Procedure and Colourimetric Results using
Nitrocellulose Membranes.

[0099]  Prior to performing the array of paper-based wash-free ELISA, the nitrocellulose
membrane strip 101 was prepared with an array of test spots 201a and control spot/line 202
(Figure 3). An array of test spots 201a was created by spotting anti-beta human chorionic

gonadotropin (hCG) antibody (capture antibody) upstream of the strip and demarcating the
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spots using a pencil. A control spot/line 202 to confirm the validity of the assay, if desired,
was created by spotting anti-mouse antibody-enzyme (AP or HRP) further downstream of the
test spots 201a unless otherwise indicated. The strips were vacuum dried, blocked using 0.1x
PBS blocking buffer with 1% BSA, 0.05% Tween®20 , and then washed with 5 mM of
HNa,O4P.2H,0 in double distilled (d.d.) H20, pH ~ 7.6, unless otherwise indicated. Finally,
the strips were vacuum dried again to allow complete removal of water. Next, the substrate
pad 102 and absorbent pad 103 were overlapped sufficiently with the nitrocellulose
membrane 101 to ensure continuous flow.

[00100] To start the ELISA (Figure 3), anti-alpha hCG antibody-AP or HRP (AP =
alkaline phosphatase, HRP = horseradish peroxidase) conjugate was prepared at a desired
concentration (preferably ~ 2 pg mL'1). hCG ELISA standards (as samples) of different
concentrations, 50 or 1000 mIU mL"1, were added to this anti-alpha hCG antibody-AP or
HRP conjugate at a ratio of 1:1 to form the sample-detector mixture 301a. The sample-
detector mixture 301a were spotted onto the test spots 201a individually to form a detection
complex with the capture antibody. Next, excess S5-bromo-4-chloro-3'-indolyphosphate
salt/nitro-blue tetrazolium chloride (BCIP/NBT) or tetramethylbenzidine (TMB) substrate
302 was immediately added, and allowed to migrate across the nitrocellulose strip. A wash
step is not necessary. Signal was recorded 12 min after addition of the substrate solution. The
strips were then removed from the testing device, and washed with 1x Tris-buffered saline
(TBS), 0.1% Tween 20. Finally, the strips were scanned in using a scanner to obtain digital

images for image analysis.

[00101] Results and Discussion

[00102] Distinct colourimetric results can be obtained, on the test spots, for the AP with
BCIP/NBT system (Figure 4A), and HRP with TMB system (Figure 4B). For both
enzymatic systems, colourimetric results were obtained for different 2 x 2 and 3 x 3 arrays.
The 1000 mIU mL'1 samples gave a darker spot while the 50 mIU mL'1 samples gave a

lighter spot. Results for the control spots were not shown in this example.

[00103] EXAMPLE 3
[00104] Visualizing of Test Spots using Dyes
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[00105] Visualization of the test spots can be achieved using either water-soluble dyes or
water-insoluble dyes (Figure 5). Water soluble dyes (e.g. food dyes) can be spotted onto the
test spots (with or after the spotting of capture antibodies) to indicate where the sample-
detector mixture should be introduced and/or where results should be expected (Figure SA).
Upon introduction of the substrate, the substrate flow washes away the water-soluble dye and
colorimetric results can be observed on the test spots (depending on the sample
concentration).

[00106] Water-insoluble dyes can also be spotted onto the test spots to indicate where the
sample-detector mixture should be introduced and where results should be expected (Figure
5B). In this example, 3-pm carboxylated yellow polystyrene (PS) beads conjugated with
capture antibodies were used as the water-insoluble “dyes” (NB: it might not be necessary for
the capture antibodies to be conjugated with the beads). These beads permanently “stained”
the test spots as the beads became entrapped within the porous membrane (bead size > pore
size). Unlike the previous example, the beads did not get washed away by the substrate flow,
and a different color change (yellow to brown in this example) could be observed on the test
spots (depending on the sample concentration), even though the same enzymatic-substrate

amplification system was used.

[00107] EXAMPLE 4

[00108] Alternative Method of performing paper-based ELISA

[00109] Figure 6 demonstrates an alternative method to perform the paper-based ELISA. A
sample-detector mixture 301a is first introduced onto the test spot/line 201 or test spots 201a.
Next, the colourimetric substrate is introduced upstream before it flows underneath the porous test
membrane and within cavity 205 after wash-buffer is introduced through the test strip 101 at
region 204. This introduces a separation between the substrate and the mix, thus ensuring that
the unbound enzyme conjugate is washed downstream before the test zone 201/201a contacts
the substrate. The mentioned wash buffer droplet may range from 2 pl to 500 pl. Due to the
hydrophilic nature of the device base 206, the substrate distributes uniformly throughout the test
spot within 2 sec. This ensures the enzyme-substrate reaction starts at about the same time.
[00110] In another embodiment, the enzyme conjugate is dried at region 207, or anywhere
between the test zone 201/201a and region 203. This allows for direct dispensing of biological

samples 301 onto the test zone 201/201a with minimum sample preparation. The colourimetric
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substrate then is introduced upstream before it flows underneath the porous test membrane and
within cavity 205 after wash-buffer is introduced through the test strip 101 at region 204.

[00111] Yet in another embodiment, the sample 301 or sample-detector mixture 301a may be
dispensed at Region 203 instead of the test zone 201/201a. This technique is useful when the test
requires a large amount of mix flows through the test zone. The amount of mix may range from 5
ul to 400 pl. The colourimetric substrate then is introduced upstream before it flows underneath
the porous test membrane and within cavity 205 after wash-buffer is introduced through the test

strip 101 at region 204.

[00112] EXAMPLE S

[00113] Achieving paper-based ELISA colourimetric results with precast polymeric gel-
substrate mix.

[00114] As depicted in Figure 6, the rationale for flowing substrate underneath the
membrane is to ensure uniform distribution of the substrate in the shortest amount of time. Herein
an approach to polymerize the substrate within 1 min is proposed. This ensures consistent
contact of the substrate to the test zone.

[00115] To prepare the platform, 1% ammonium persulfate (dissolved in water) was coated and
dried on the base 206 of the device (Figure 6). A piece of absorbent pad 103 and a piece of
glass fiber membrane were adhered onto the nitrocellulose membrane downstream and
upstream respectively using epoxy glue. A 3 x 3 array of 1 pl alkaline phosphatase (1 in 500
dilution) was dispensed on the nitrocellulose membrane. The setup was then dried in a vacuum
oven for 1 hour.

[00116] To prepare the substrate mix, acrylamide and bis-acrylamide solution were first
mixed at a ratio of 19:1, followed by dissolution in water to obtain a 30% solution (Figure 7A).
Next, 1 part of this solution is mixed with 2 parts of BCIP/NBT, followed by addition of 1 pl of
N,N,N’,N’-tetramethylethylenediamine (TEMED) to obtain the final substrate mix. To conduct the
experiment, 400 ul of wash buffer was added to the glass fiber membrane. When the
nitrocellulose membrane was wet, 800 pl of substrate mix was dispensed into cavity 205. Within
5 min, a blue colourimetric signal was observed in the area that was coated with alkaline
phosphatase (Figure 7B). In practice, the wash buffer removed the unbound analytes and
enzyme conjugates, and would wet the nitrocellulose membrane. The wetted nitrocellulose

membrane ensured that the substrate would permeate through the membrane slowly,
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preventing smearing of the colourimetric results. This was advantageous, especially if the

substrate did not precipitate properly upon enzyme-substrate reaction.

[00117] EXAMPLE 6

[00118] Limitations of prior art.

[00119] Significance of Sample Location Spotting on Colourimetric Results.

[00120] Figure 8A shows colourimetric results obtained from spotting the sample-detector

mixture 301a upstream of the test spot/line 201. This spotting location was chosen in replication
of procedures in the art. Figure 8B highlights colourimetric results obtained from spotting the
sample-detector mixture 301a directly onto the test spot/line 201. The results in Figure 8A
highlighted the inconsistency and unreliability of the former approach whereby the sample-
detector mixture were spotted upstream of the test spots. False negative results were obtained
occasionally and the colouration within positive results was not evenly distributed. On the
other hand, the colourimetric results obtained in Figure 8B appeared relatively more
consistent and reliable. No false negative results were observed, and colouration within the
positive results was more evenly distributed. This improves the performance in quantitative
measurements. Spotting directly onto the test spot ensured sufficient time was available for
binding between the capture antibody and the sample, and that the sample-detector mixture was

evenly distributed before the sample bound to the capture antibody.

[00121] Use of Impregnated Detector Enzyme Conjugate System

[00122] Prior to performing the paper-based ELISA, the nitrocellulose membrane was
prepared with a test spot/line 201 and a control spot/line 202, and an upstream region 207 was
impregnated with dried detector antibody-AP conjugate (Figure 9). A test spot/line 201 was
created by spotting anti-beta hCG antibody along the middle portion of the strip, and this spot
was demarcated using a pencil. A control spot/line 202 to confirm the validity of the assay was
created by spotting anti-mouse antibody-AP conjugate further downstream of the test spots. The
strips were vacuum dried, blocked with a blocking buffer, and washed with 5 mM of
HNa,O4P.2H,0 in d.d. H,O, pH - 7.6. Finally, the strips were vacuum dried again to allow for
complete removal of water. Anti-alpha hCG antibody-AP (~20 pg mL™) in an aqueous solution
containing 1% BSA, 5% sucrose and 5% trehalose was applied upstream of the test spots

(Figure 9) at region 207. The strips were again vacuum dried to allow for complete removal of
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water. Next, the substrate pad 102 and absorbent pad 103 were overlapped sufficiently with the
nitrocellulose membrane to ensure continuous flow.

[00123] To start the ELISA (Figure 9), hCG standards 301 (as samples) of different
concentrations, 5, 50, 200, 500 and 1000 mIU rnL'l, were spotted directly (without mixing with
the detector antibody) onto the test spot/line 201, and excess BCIP/NBT substrate 302 was
immediately added to the substrate pad 102 (Note: no prior waiting or separate wash-step was
required). After 15 min of substrate flow, the strips were removed from the testing device and
washed with 1x TBS, 0.1% Tween® 20. Finally, the strips were scanned using a scanner to obtain

digital images.

[00124] Results and Discussion

[00125] Colourimetric results were obtained from using this set of hCG concentrations (Figure
10). A directly proportional relationship was observed between the intensity of the test spot and
the hCG concentration. The test spots were not uniform and appeared to have a lower
intensity than the results in Figure 2. The non-uniformity and lower colourimetric intensity
were likely due to the uneven flow properties of the detector antibody-AP within the
membrane, and its lower binding kinetics with captured hCG, respectively. (In Example 1, the
detector antibody-enzyme and hCG were allowed to interact in the solution phase, and this has
higher binding kinetics.) The intense colouration observed at region 207 where the detector
antibody-AP conjugate was dried was due to non-specific adsorption of these conjugates to

the membrane.

[00126] EXAMPLE 7
[00127] Conjugate Pad on Top of Test Spot/line

[00128] Preparation of conjugate pad

[00129] RBC filter membranes (e.g. Fusion5 from Whatman) are first cut into desired
diameters to handle the appropriate volume of whole blood samples. Although it is not
necessary for the assay to work, pre-treatment of the filter membranes (e.g. with surfactants
such as polysorbate 20) can be performed to reduce protein adsorption. Next, the desired
detector agent-enzyme conjugate is dispensed onto these RBC filter membrane discs and

dried. The desired detector agent-enzyme conjugate can be dried in the presence of sucrose
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and/or trehalose to preserve its stability during long-term storage. The filter membrane

containing dried detector agent-enzyme is herein defined as conjugate pad 104.

[00130] Performing of paper-based ELISA

[00131] A representative method for assembly of the conjugate pad 104 with the test strip
is illustrated in Figure 11. In this method, conjugate pad 104 is assembled directly on top of
and in contact with test spot/line 201. (NB: The assay will also work if conjugate pad 104 is
partially overlapping on top of test spot/line 201) The paper platform test strip consists of
overlapping porous materials: reaction matrix 101 (e.g. nitrocellulose), substrate pad 102
(e.g. glass fiber) and absorbent pad 103 (e.g. cellulose) where substrate pad 102 is considered
as upstream and absorbent pad 103 as downstream of reaction matrix 101. Reaction matrix
101 serves to create a test spot/line 201 and a control spot/line 202. Test spot/line 201 is
created by dispensing the desired capture agent (e.g. antibodies, aptamers, peptides,
recombinant proteins) capable of capturing the desired analyte present in the sample 301 (e.g.
whole blood, serum), while control spot/line 202 is created by dispensing a capture reagent
(e.g. antibodies, aptamers, peptides, recombinant proteins) capable of capturing the detector
agent (e.g. antibodies, aptamers, peptides, recombinant proteins)-enzyme (e.g. alkaline
phosphatase, horseradish peroxidase, f-galactosidase) conjugate. Substrate pad 102 serves to
transport the enzymatic substrate 302 (e.g. 5-bromo-4-chloro-3-indoyl
phosphate/nitrobluetetrazolium,  tetramethylbenzidine, 5-bromo-4-chloro-3-indolyl-B-D-
galactopyranoside) into reaction matrix 101. Absorbent pad 103 serves to wick up reagents
from reaction matrix 101. Transport of liquid reagents (e.g. enzymatic substrate 302) through
the porous materials (reaction matrix 101, substrate pad 102 and absorbent pad 103) occurs
laterally and via capillary action.

[00132] In a preferred embodiment, performing the paper-based ELISA is initiated via
direct introduction of sample 301 onto conjugate pad 104 and where sample 301 will dissolve
the dried detector agent-enzyme conjugate. Any analyte of interest present in sample 301 will
react with this conjugate to form an analyte-detector antibody complex. As conjugate pad 104
is in direct contact with test spot/line 201, the non-particulate components in solution (e.g.
detector agent-enzyme conjugate and any analyte-detector agent complex) from sample 301
will be filtered through conjugate pad 104, and gets transferred directly onto test spot/line

201. Any analyte-detector antibody complex present will bind with capture agents within test
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spot/line 201. Enzymatic substrate 302 is introduced directly onto substrate pad 102, after
removal of conjugate pad 104, and will migrate along substrate pad 102 and reaction matrix
101 before reaching absorbent pad 103. (NB: Removal of contact between conjugate pad 104
and reaction matrix 101 is crucial to prevent non-specific colorimetric smearing of reaction
matrix 101.) Due to differential migration of components in enzymatic substrate 302, any
detector agent-enzyme conjugate not binding to test spot/line 201 will get washed
downstream and binds to capture agents in control spot/line 202 before reacting with the
enzymatic substrate components present in enzymatic substrate 302. If the analyte is present
in sample 301, both test spot/line 201 and control spot/line 202 will eventually show
colorimetric results; whereas if the analyte is not present in sample 301, only the control

spot/line 202 will eventually show colorimetric results.

[00133] Hepatitis B surface antigen (HBsAg) paper-based ELISA using RBCs filter
membranes as conjugate pads and assembled on top of the test spots

[00134] Briefly, the paper platform (nitrocellulose membrane) strip was prepared with a
test spot by dispensing anti-hepatitis B surface antigen (HbsAg) antibody (capture antibody)
upstream of the strip. The strips were vacuum dried, blocked using 1x PBS with 2% BSA and
0.02% Tween®20, and then washed with 5 mM of phosphate buffer in double distilled H20,
pH ~ 7.6. Finally, the strips were vacuum dried again to allow complete removal of water.
“Whole blood samples” were obtained by mixing packed red blood cells with serum in the
volume ratio of 1:1. Hepatitis B negative “whole blood sample” were obtained by using the
mixed sample as it was. Hepatitis B positive “whole blood sample” were obtained by spiking
recombinant HBsAg into the “whole blood sample” at a concentration of 4300 ng/mL. The
detector component, anti-HBsAg antibody-AP conjugate, was dried on a red blood cell filter
membrane (e.g. Fusion5) disc. The desired concentration was preferably ~ 1 ug/mlL, and
dried in 1 mM Tris buffer pH ~ 7.4 with 2% sucrose and 0.2% BSA. The red blood cell filter
membrane containing the dried anti-HBsAg antibody-AP conjugate was termed the conjugate
pad. This conjugate pad was directly assembled on top of the test spot before starting the
HBsAg paper-based ELISA. To start the HBsAg paper-based ELISA, ~ 5 puL of “whole
blood sample” was first aspirated into the droppers before dispensing onto the conjugate pad.
The conjugate pad was next removed (when sufficient serum samples have been transferred

onto the paper platform strip) and excess BCIP/NBT substrate was immediately added
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upstream of the test spot. After 15 min of substrate addition, the strips were washed with 1x
Tris-buffered saline, 0.1% Tween®20. Finally, the strips were scanned using a scanner to
obtain digital images for image analysis using ImageJ.

[00135] Results for the HBsAg paper-based ELISA (using RBCs filter membranes as
conjugate pads and assembled on top of the test spots) are shown in Figure 12 where the
pixel intensity of colorimetric signals obtained from HBsAg-positive “whole blood sample”
was significantly higher than the pixel intensity of colorimetric signals obtained from

HBsAg-negative “whole blood sample”.

[00136] EXAMPLE 8
[00137] Conjugate Pad Upstream of Test Spot/line

[00138] Preparation of conjugate pad

[00139] RBC filter membranes (e.g. FusionS from Whatman) are first cut into desired
diameters to handle the appropriate volume of whole blood samples. Although it is not
necessary for the assay to work, pre-treatment of the filter membranes (e.g. with surfactants
such as polysorbate 20) can be performed to reduce protein adsorption. Next, the desired
detector agent-enzyme conjugate is dispensed onto these RBC filter membrane discs and
dried. The desired detector agent-enzyme conjugate can be dried in the presence of sucrose
and/or trehalose to preserve its stability during long-term storage. The filter membrane
containing dried detector agent-enzyme is herein defined as conjugate pad 104.

[00140] An alternative representative method for assembling the conjugate pad 104 with
the test strip is illustrated in Figure 13. In this method, conjugate pad 104 is assembled
upstream of test spot/line 201 (no overlapping). The paper platform test strip consists of
overlapping porous materials: reaction matrix 101 (e.g. nitrocellulose), substrate pad 102
(e.g. glass fiber) and absorbent pad 103 (cellulose), where substrate pad 102 is considered as
upstream and absorbent pad 103 as downstream of reaction matrix 101. Reaction matrix 101
serves to create a test spot/line 201 and a control spot/line 202. Test spot/line 201 is created
by dispensing the desired capture agent (e.g. antibodies, aptamers, peptides, recombinant
proteins) capable of capturing the desired analyte present in sample 301 (e.g. whole blood,
serum), while control spot/line 202 is created by dispensing a capture reagent (e.g. antibodies,

aptamers, peptides, recombinant proteins) capable of capturing the detector agent (e.g.
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antibodies, aptamers, peptides, recombinant proteins)-enzyme (e.g. alkaline phosphatase,
horseradish peroxidase, B-galactosidase) conjugate. Substrate pad 102 serves to transport the
enzymatic substrate 302 (e.g. 5-bromo-4-chloro-3-indoyl phosphate/nitrobluetetrazolium,
tetramethylbenzidine, 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside) into reaction
matrix 101. Absorbent pad 103 serves to wick up reagents from reaction matrix 101.
Transport of liquid reagents through the porous materials (reaction matrix 101, substrate pad
102 and absorbent pad 103) occurs laterally and via capillary action.

[00141] In a preferred embodiment, performing the paper-based ELISA is initiated via
direct introduction of sample 301 onto conjugate pad 104, and where sample 301 will
dissolve the dried detector agent-enzyme conjugate. Any analyte of interest present in sample
301 will react with this conjugate to form an analyte-detector antibody conjugate. As
conjugate pad 104 is in direct contact with reaction matrix 101, the non-particulate
components in solution (e.g. detector agent-enzyme conjugate and any analyte-detector agent
complex) from sample 301 will filter through conjugate pad 104, and gets transferred directly
onto reaction matrix 101. Enzymatic substrate 302 is introduced directly onto substrate pad
102 after removal of conjugate pad 104, and will migrate along substrate pad 102 and
reaction matrix 101 before reaching absorbent pad 103. (NB: Removal of contact between
conjugate pad 104 and reaction matrix 101 is crucial to prevent non-specific colorimetric
smearing of reaction matrix 101.) Due to differential migration of components in enzymatic
substrate 302, the detector agent enzyme complex or analyte-detector antibody conjugate will
get washed downstream before reacting with the enzymatic substrate components present in
enzymatic substrate 302. During the downstream washing process, the analyte-detector
antibody complex (if any) will bind with capture agents within test spot/line 201, whereas the
detector agent-enzyme conjugate will bind to capture agents in control spot/line 202. If the
analyte is present in sample 301, both test spot/line 201 and control spot/line 202 will
eventually show colorimetric results; whereas if the analyte is not present in sample 301, only

the control spot/line 202 will eventually show colorimetric results.

[00142] Hepatitis B surface antigen (HBsAg) paper-based ELISA using RBCs filter
membranes as conjugate pads and assembled upstream of the test spots
[00143] Briefly, the paper platform (nitrocellulose membrane) strip was prepared with a

test spot by dispensing anti-hepatitis B surface antigen (HbsAg) antibody (capture antibody)
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upstream of the strip. The strips were dried, blocked using 1x PBS with 2% BSA with 0.02%
Tween®20, and then washed with 5 mM of phosphate buffer in double distilled H20, pH ~
7.6. Finally, the strips were dried again to allow complete removal of water.

[00144] “Whole blood sample” was obtained by mixing packed red blood cells with serum
in the volume ratio of 1:1. Hepatitis B negative “whole blood sample” was obtained by using
the mixed sample as it is. Hepatitis B positive “whole blood sample” were obtained by
spiking recombinant HBsAg into the “whole blood sample” at a concentration of 4300
ng/mL. The detector component, anti-HBsAg antibody-AP conjugate, was dried on a red
blood cell filter membrane (e.g. FusionS) disc. The desired concentration was preferably ~ 1
pug/mL, and dried in 1 mM Tris buffer pH ~ 7.4 with 2% sucrose and 0.2% BSA. The red
blood cell filter membrane containing the dried anti-HBsAg antibody-AP conjugate was
termed the conjugate pad. This conjugate pad was assembled upstream of the test spot (but
downstream of the enzymatic substrate addition region) before starting the HBsAg paper-
based ELISA. To start the HBsAg paper-based ELISA, ~ 5 uL of “whole blood sample” was
first aspirated into the droppers before dispensing onto the conjugate pad. The conjugate pad
was next removed (when sufficient serum samples have been transferred onto the paper
platform strip), and excess BCIP/NBT substrate was immediately added upstream of the test
spot. After 15 min of substrate addition, the strips were washed with 1x Tris-buffered saline,
0.1% Tween® 20. Finally, the strips were scanned using a scanner to obtain digital images for
image analysis using ImageJ.

[00145] Results for the HBsAg paper-based ELISA (using RBCs filter membranes as
conjugate pads and assembled upstream of the test spots) are shown in Figure 14 where the
pixel intensity of colorimetric signals obtained from HBsAg-positive “whole blood sample”
were significantly higher than the pixel intensity of colorimetric signals obtained from

HBsAg-negative “whole blood sample”.
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Claims

A test strip for a paper-based assay comprising, a substrate addition zone for receiving
a substrate and a test zone, said test zone comprising a capture agent, wherein the
substrate addition zone is located upstream of said test zone.

The test strip according to claim 1, wherein the substrate addition zone and the test
zone are in a spaced apart configuration.

The test strip according to claim 1, wherein the substrate addition zone and the test
zone are in an adjacent configuration.

The test strip according to claim 1, wherein the substrate addition zone and the test
zone are in an immediately adjacent configuration.

The test strip according to any one of claims 1 to 4, wherein the substrate addition
zone and the test zone are not interposed by any other zone.

The test strip according to any one of claims 1 to 5, wherein a sample is premixed
with a detector agent.

The test strip according to claim 1, wherein the substrate addition zone and the test
zone are interposed by a detector zone.

The test strip according to claim 7, wherein a detector agent is pre-dried onto the
detector zone.

The test strip according to claim 7, wherein a detector agent is pre-dried onto an
applicator, and wherein the applicator is applied onto the detector zone.

The test strip according to any one of claims 1 to 5, wherein a detector agent is pre-
dried onto the test zone.

The test strip according to any one of claims 1 to 5, wherein a detector agent is pre-
dried onto an applicator, and wherein the applicator is applied onto the test zone.

The test strip according to any one of claims 7 to 9, wherein a sample is contacted
with the test strip at the detector zone.
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The test strip according to any one of claims 6, 10 or 11, wherein a sample is
contacted with the test strip at the test zone.

The test strip according to any one of claims 6 or 8 to 13, wherein the detector agent
is selected from the group consisting of antibodies, antigens, oligonucleotides and
peptides, and wherein the detector agent is conjugated to an enzyme.

The test strip according to claim 14, wherein the enzyme is alkaline phosphatase,
beta-galactosidase, glucose dehydrogenase and horseradish peroxidase.

The test strip according to any one of claims 1 to 15, wherein the test strip is a porous
membrane.

The test strip according to claim 16, wherein the porous membrane is selected from
the group consisting of nitrocellulose membrane, polyvinylidene fluoride (PVDF)
membrane and filter paper.

The test strip according to claim 17, wherein the membrane is nitrocellulose
membrane.

The test strip according to any one of claims 1 to 18, wherein the test zone is
subdivided into two or more areas, each area comprising the same or different capture
agent.

The test strip according to claim 19, wherein the two or more areas comprises an
array.

The test strip according to claims 19 or 20, wherein the capture agent is selected from
the group consisting of antibodies, antigens, oligonucleotides and peptides.

The test strip according to any one of claims 19 to 21, wherein the capture agent is
mixed with a coloured marker to assist in the localization of the or each capture agent
on said test strip.

The test strip according to any one of claims 1 to 22, wherein the test strip further
comprises one or more control areas located within or without of the test zone.

The test strip according to any one of claims 1 to 23, wherein the test zone is marked
on the test strip.
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The test strip according to claim 24 wherein the test zone is marked on the test strip
with a dye or outline.

The test strip according to claim 25, wherein the dye is a washable dye.

The test strip according to any one of claims 1 to 26, wherein the substrate is an
enzymatic substrate.

The test strip according to claim 27, wherein the enzymatic substrate is BCIP, NBT or
combined BCIP/NBT, TMB, DAB, glucose/potassium ferricyanide/Fe3+ or X-gal.

The test strip according to any one of claims 1 to 28, wherein the substrate is
contacted with the test strip in an aqueous solution, polymer solution or a polymer gel.

The test strip according to any one of claims 1 to 29, wherein the substrate is
dispensed on the underside of the test strip.

A paper-based enzyme assay comprising a test strip as defined in any of claims 1 to
30.

A method of detecting the presence of an analyte in a sample, said method comprising
the steps of:
a) contacting said sample onto said test zone of a test strip according to claim 13;
b) dispensing a substrate onto the substrate addition zone; and
c) detecting an emitted signal from said test zone to confirm the presence or
absence of said analyte in said sample.

A method of detecting the presence of an analyte in a sample, said method comprising
the steps of:
a) contacting said sample onto said detector zone of a test strip according to
claim 12;
b) dispensing a substrate onto the substrate addition zone; and
c) detecting an emitted signal from said test zone to confirm the presence or
absence of said analyte in said sample.

The method of claims 32 or 33, wherein the signal is a colourimetric signal.
The method according to claims 32 or 33, wherein the signal is a fluorescent signal.

The method according to claims 32 or 33, wherein the signal is a chemiluminescent
signal.
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The method according to claims 32 or 33, wherein the signal is an
electrochemiluminescent signal.

The method according to claims 32 or 33, wherein the signal is an electrochemical
signal.
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