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(57) Abstract: The present disclosure relates to a self-wicking device. The device can include a fluid flow channel including a porous
substrate for sequential fluid flow through multiple regions. The multiple regions can include a complexing region, a charge adjusting
region, a concentrating region, and a detecting region. The complexing region can include a compound having a functional group to
bind with an analyte in a sample to form an analyte complex. The charge adjusting region can provide charge modulation by modifying
a charge of the analyte complex or providing a modified concentration of charged centers to interact with the analyte complex. The
concentrating region can include an immobilized material having an affinity to the analyte complex following charge modulation. The
detecting region can receive concentrated analyte from the concentrating region.
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SELF-WICKING DEVICES

BACKGROUND

[0001] Self-wicking devices are intended to detect the presence of a target
analyte in a sample fluid. These devices are simple and can be used typically
without specialized training by the user. Accordingly, seif-wicking devices can be
widely used for medical diagnoestic {esting, environmental sample testing, and in

laboratories, 1o name a few.

BRIEF DESCRIPTION CF THE DRAWINGS

[0002] F1G5. 1 graphically illustrates an example self-wicking device in
accordance with the present disclosure;

[00031 FIG. 2 graphically illusirates an example self-wicking system in
accordance with the present disclosure; and

[0004] FIG. 3 graphically illustrates a method of concentrating and

detecting an analyte in a sample fluid in accordance with the present disclosure.

DETAILED DESCRIPTION

[0005] Self-wicking devices can permit the detection of a target analytein a
sampie fluid. These devices can incormporate a porous substrate. The sample fluid
sequentially runs along the porous subsirate via capillary flow. When a target
analiyte is present in the sampile fluid, the target analyte will interact with a
compound having a functional group that is capable of binding to the target

anaiyte. A testing region on the porous substrate can detect a complex of the

PCT/US2020/054917



10

15

20

25

30

WO 2022/075992

target analyte and the compound and a coniral region on the porous substrate
can detect the compound. When a complex of the target analyte and the
compound is detecied in the testing region, an optical indicator will appear or will
not appear, depending on the device type. When the compound is detected in the
control region, an optical indicator will appear, such as a line. Self-wicking
devices may be limited in use due to detection limits of these devices.

100081 In accordance with an example of the present disclosure, a
self-wicking device ("device”) can include a fluid flow channel including a porous
substrate for sequential fluid flow through multiple regions. The mulliple regions
of the porous substrate can include a complexing region including a compound
that can have a functional group o bind with an analvie in a sample fluid to form
an analyte complex; a charge adjusting region to provide charge modulation by
modifying a charge of the analyte complex or providing a modified concentration
of charged centers 1o interact with the analyle complex; a concentrating region
that can include an immobilized material having an affinity to the analyte complex
after the charge modulation; and a detecting region that can receive concentrated
analyte from the concentrating region. In one example, modification of the chargs
of the analyte compiex in the charge adjusting region can occur by a change in pH
therein of from about 1 pH unit 1o about 3.5 pH units relative to a pH of fluid of the
complexing region. In another example, a pH of the fluid in the complexing region
can be about 8.5 to about 7.5, and a pH of the fluid in the charge adjusting region
can be about 4 to about 6 or from about 8 to about 10. In yet another example, the
charge adjusting region, the concentrating region, or a combination thereof
includes charged centers including a divalent cation. In a further example, the
divalent cation can be selected from a calcium ion, a magnesium ion, a barium
ion, a strontium ion, or a combination thereof. In another exampile, the charge
adjusting region and the concentrating region are at a comimon [ocation onof the
porous substrate. In one example, the device can further include a fluid input port
to flow a sampie fluid into the fluid flow channel and the fluid input port can be

available to subsequently flow an elution fluid therethrough, or the device can
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further include a separate elution fluid input port positioned to flow an elution fluid
at or upstream of the concentrating region.

[0007] In another example, a self-wicking system ("system”™) can include a
self-wicking device and a sampile fluid containing the analyte to flow through the
fluid flow channel. The self-wicking device can include a fluid flow channel
including a porous substrate for sequential fluid flow through multiple regions.
The multiple regions can include a complexing region including a compound that
can have a functional group to bind with an analvie in a sample fluid to form an
analyte complex; a charge adjusting region to provide charge modulstion by
modifying a charge the analyte complex or providing charged centers to interact
with the analvte complex; a concenirating region that can include an immobilized
material having an affinity with the analyte complex afier the charge modulation;
and a detecting region that can receive concentrated analyte from the
concentrating region. In an exampile, modification of the charge of the analyle
complex in the charge adjusting region can occur by a change in pH of the sample
fluid therein of from about 1 pH unit to about 3.5 pH units relative to a pH of the
sampile fluid in the complexing region, or wherein the charge adjusting region, the
concenirating region, or a combination thereof includes charged centers that can
include a divalent cation. In another example, the system can further include an
elution fluid to decouple the analyte complex from the immaoebilized material. In yet
ancther example, a pH of fluid in the complexing region can be from about 6.5 o
about 7.5, and a pH of fluid in the charge adjusting region can be from about 4 o
about 8 and the elution fiuid can include a tris base, a dibasic sodium phosphate,
magnesium oxide, disodium hydrogen phosphate, arginine, sodium bicarbonate,
ammonium bicarbonate, sodium carbonate, borate, glycine-NaOH, ora
combination thereof, or can be from about 8 to about 10 and the slution fluid can
include citric acid, tris-HCI, monobasic sodium phosphate, tartaric acid, succinic
acid, acetic acid, phosphoric acid, glvcerine-HCI, sodium acetate, or a
combination thereof. In yvet another example, the charge adjusting region, the

concentrating region, or the combination thereof can include the divalent cation
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and the elution fluid can include EDTA, EGTA, GLDA, trisodium g-Di-alanine
diacetate, phytic acid, tetrascdium iminodisuccinate, or a combination thereof.
[0008] In another example, a method of concentrating and detecting an
analyte in a sample *method”) is disclosed herein. The method can include
flowing a sample fluid along a fluid flow channel including a porous substrate,
where relative o fluid flow, the fluid flow channel sequentially includes a
complexing region, a charge adjusting region, a concentrating region, and a
detecting region. The method can aiso include binding an analyle carried by the
sampile fluid to a compound having a function group to bind with the analyte in the
complexing region to form an anaiyte complex, and modulating a charge by
modifying a charge of the analyte complex in the charge adjusting region or
providing a modification of charged centers in the charge adjusting region or the
concentrating region. The method can further include immaobilizing the analyte
complex in the concentrating region, releasing concentrated analyte from the
concentrating region, and detecting the concentrated anaivte in the detecting
region. In an example, modulating the charge occurs by modifying the charge of
the analyte complex in the charge adjusting region by changing a pH of the
sample fiuid therein of from about 1 pH unit to aboui 3.5 pH units relalive to a pH
of fiuid in the complexing region, or providing a divalent cation ioaded in the
charge adjusting region. In another example, the releasing of the concentrated
anaiyte can include passing an elution fluid through the concentrating region.
[0009] When discussing the self-wicking device, the self-wicking system,
and the method of concentrating and detecting an analyte in a sample fluid
herein, such discussions can be considered applicable to one another whether or
not they are explicitly discussed in the context of that example. Thus, for exampie,
when discussing a complexing region in a self-wicking device, such disclosure is
also relevant to and directly supported in the context of the self-wicking system,
the method of concentrating and detecting an analyte in a sample, and vice versa.
Furthermore, in accordance with the definitions and examples herein, FIG. 1 and
FIG. 2 depict various self-wicking devices and systems, respectively, and FIG. 3

depicts an example method. These various examples can include various
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features, with several common features. Thus, the reference numerals used fo
refer to features depicted in FIGS. 1-2 may be the same throughout to avoid
redundancy, even though the self-wicking devices and the self-wicking sysiems
can have structural differences, as shown.

10010] Terms used herein will be interpreted as the ordinary meaning in
the relevant technical field unless specified otherwise. In some instances, there
are terms defined more specifically throughout or included at the end of the
present disclosure, and thus, these terms are supplemented as having a meaning
described herein.

Self-wicking Devices

[0011] A self-wicking device 100, as illustrated in FIG. 1, can include a fluid
flow channel including a porous substrate 110 for sequential fluid flow through
multiple regions. The multiple regions can include a compiexing region 120 that
can include a compound 122 having a functional group to bind with an analyie in
a sample fluid to form an analyte complex, a charge adjusting region 130
configured to provide charge modulation by modifying a charge of the analvie
complex or providing a medified conceniration of charged centers 1o inferact with
the analyte compilex, a concentrating region 140 that can include an immobilized
material 142 with an affinity {o the analyie complex after the charge modulation,
and a detecting region 150 that can receive concentrated analyte from the
concentrating region. In one example, the charge adjusting region and the
concentrating region can overlap or be within the same physical area, but can
provide both functions. The detecting region can include a testing strip 152 and a
control strip 154 as shown in FiG. 1.

(00121 The fluid flow channel can include a negative space that can be
etched, molded, or engraved from a material of a housing and may surround the
porous substrate of a self-wicking device. The fluid flow channel can have a
channel size that can range from about 5 um to about 15 mm in diameter. in yat
other examples, the fluid fiow channel can have a diameter that can range from

about 5 pm 1o about 1,006 um, from about 1 mm t© about 15 mm, from about 100
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uir to about 500 um, from about 560 um to about 1,000 um, or from about 5 mm
to about 10 mm, etc. The fluid flow channel may include a pathway. The pathway
may be a linear pathway, a curved path, a pathway with tumns, a branched
pathway, a serpentine pathway, or any other pathway configuration. in some
examples, the pathway may be linear and/or branched. The porous substrate
may be present in a portion of or throughout the entire length of the fluid flow
channel.

[0013] The porous substrate may include a fibrous substrate that can allow
a sample fluid to flow therethrough via capillary action. In some examples, the
porous subsirate can include nitrocellulose, celluiose, acetate cellulose,
fiberglass, porous silica, polyester, surface modified polyesier, hydrogel, ora
combination thereof. In one example, the porous substrate can include a
nitroceliulose pad, a cellulose pad, or a fiberglass pad. In another example, the
porous substrate can include a nitroceliulose pad. Pores of the porous substrate
can have an average pore size ranging from about 500 nm to about 10 um, from
about 1 pm to about 10 um, from about 5 um to about 10 um, from about 500 nm
to about 5 um, or from about 2 um {o about 8 um. A thickness of the porous
substrate can range from about 0.1 mm to about 1 mm, from about 0.5 mm to
about 1 mm, or from about 0.2 mm to about 0.8 mm. A length of the porous
substrate can range from about 1 mm to about 10 mm, from about 5 mm o about
10 mm, from about 1 mm to about 5 mim, or from about 2 mmto about 8 mm. A
width of the porous subsirate can range from about 1 mm to about 20 mm, from
about 5 mm o about 15 mm, or from about 8 mm {o about 16 mm.

[0014] The porous substrate can include multiple regions that can be
designed to interact with an analyle in a sample fluid. The porous subsirate can
include a complexing region, a charge adjusting region, a concentrating region,
and a detecting region. The complexing region in further detail can be a
hydrophilic region and can have a pH ranging from about 8.5 1o about 7.5, from
about 7 to aboui 7.5, or from about 6.5 to about 7. The complexing region can be
impregnated with a compound having a functional group that can bind with an

anaiyte in a sample fiuid {0 form an analyte compiex. The complexing region can
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reiease the compound having the functional group to bind with the analyte in the
sample upon application and movement of a sample fluid therethrough. The
compound having a functional group 10 bind with an analyte in a sample may vary
based on the analyte and the purpose of the self-wicking device. In some
examplas, the compound having the functional group o bind with the analyte in
the sample fluid can include a colloidal gold, a colored latex particle, a flucrescent
latex particle, a paramagnetic latex particie, a cellulose nancbead, a florescent
tag, or a combination thereof. The compound having the functional group to bind
with the analyle can be a detection moiety that can be detected in a control strip of
the detecling region; thereby indicating that a sample fluid has passed through
the self-wicking device.

[G015] The charge adjusting region can provide charge moduiation. The
charge modulation may include modifying a charge of the analyte. The charge
modulation may include providing a modified conceniration of charged centers {0
interact with the analyte complex. In an example, adjusting the charge of the
analyte complex can cccur by adjusting a pH of the sample fiuid that the analyie
complex is in. Modification of the charge of the analyie complex in the charge
adjusting region can occur by a change in pH of the sample fluid therein of from
about 1 pH unit to about 3.5 pH units relative to a pH of the sample fluid in the
complexing region. A pH of the sample fluid in the complexing region can range
from about 8.5 {0 about 7.5, In some examples, 3 pH of the sample fluid can be
reduced to a pH ranging from about 4 to about 6, from about 4.5 to about 5.5, or
from about 5 to about 8. In other examples, a pH of the sample fluid can be
increased to a pH ranging from about 8 to about 10, from about 9 to about 10, or
from about 8.5 {0 about 9.5. In yet ancther example, providing charge modulation
can occur by providing a modified concentration of charged centers. The charged
centers can include a divalent cation. The divalent cation can be selected from a
calcium ion, a magnesium ion, a barium ion, a strontium ion, or a combination
theraof. in another example, the divalent cation can be selected from a caicium
ion, a magnesium, or a combination thereof. The divalent cation can be located in

the charge adjusting region, the concentrating region, or a combination thereof.
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[0016] Following charge modulation, the analvte complex may become
temporarily trapped in the concentrating region. An immobilized material in the
concenirating region can have an affinity with the anaiyte complex. As used
herein, “affinity with” indicates that the immobilized material is capable of
attracting, interacting, binding, covalent bonding, ionic bonding, hydrogen
bonding, slowing the movement of, attesting, or any combinations thereof of the
analyte complex as it enters and flows through the concentrating region. Other
components of the sample fluid will continue to pass therethrough. The
immobilized material caninciude a ligand, gold, polymer, or a combination thereof
that can be responsive with the analyte complex.

[0017] The affinity between the immobilized material and the anaivte
compiex can be reversed by further modulating a charge of the analyte complex.
This can occur as a charge-modifying fluid flows through the concentrating region
and a pH of the fluid returns to neuiral or as the divalent ion is removed. The
charge-modifying fluid can inciude an elution fluid or additional sample fiuid. The
charge-modifying fluid may be added to the porous substrate of the self-wicking
device at or upstream of the concentrating region. In one example, the charge
adjusting region and the concentrating region can overlap or be within the same
physical area, but can provide both functions.

10018] The detecting region can be configured to receive concentrated
analyte from the concentrating region. “Concentrated analyte” as used herein can
refer o the analyte in any form and may include analyie complex,
charge-modified analyte, analyte, or any other forms of analyte that are flowing
through the detecting region. The detecting region can include a test strip and &
control strip. The detecting region may be a sandwich format detecting region ora
competitive format detecting region. A sandwich format detecting region can
generate a positive result by displaying an optical indicator, such as a colored
fine. A competitive format detecting region can generate a positive resuit by
displaying the absence of an optical indicator.

[0019] In some examples, the self-wicking device may further include other

components. For example, the device may indude a fluid input port. The fluid
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input port may be used {0 access the complexing region so that a sample fluid, an
glution fluid, or a combination thereof may be applied through the fluid flow
channel and onto the porous subsirate. The seif-wicking device may also include
an elution fluid input port. The elution fluid input port may be positioned at or
upstream of the concentrating region. The elution fluid input port may also be
used o add other charge-modifying fluids into the self-wicking device.

(00207 In some examples, the self-wicking device can further inciude a flow
controlling agent. The flow controlling agent may be impregnated within the
porous substrate and may inciude buffer salts, proteins, surfactants, and the like.
The flow controlling agent may increase or decrease a fluid flow rate of the
sampie fiuid through the porous substrate.

[G021] In some exampies, the self-wicking device may further include a
housing. A housing can be & casing that the porous subsirate may be disposed
within. In some examples, the housing may further include a viewing window over
the detecting region. The viewing window may be an opening in the housing or
may include an optically transparent material in the ares of the detecting region to
allow a user {0 view the results of a selfwicking test.

[0022] In some examples, the self-wicking device can further include a
backing. The backing can support the porous substrate. In some examples, the
backing can include polyphenylene ether, polyester, polytetrafiucroethylens,
glass, glass fiber, celluiose, nitrocellulose, or a combination thereof. The backing

can be used to provide stability to the porous subsirate.

Self-wicking Systems

[0023] Also presented herein is a self-wicking system 200. The system can
include a seif-wicking device 100 and a sample fluid 210. The self-wicking device
can include a fluid flow channel including a porous substrate 110 for sequential
fluid How through multiple regions. The mutltiple regions can include a complexing
region 120 that can include a compound 122 having a funclional group 1o bind
with an analyie in a sample to form an analyte complex, a charge adjusting region

130 that can provide charge modulation by modifying a charge of the analyte
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complex or by providing a modified conceniration of charged centers {0 interact
with the analyte complex, a concentrating region 140 that can include an
immobilized material 142 having an affinity to the analyte complex after charge
modulation, and a detecting region 150 that can receive concentrated analyle
from the concentrating region. in one example, the charge adjusting region and
the concentrating region can overlap or be within the same physical area, but can
provide both functions. The sample fluid 210 can include the analyte 212 to flow
through the fluid flow channel. The seif-wicking device can be as described
above.

[0024] The sampie fluid may be a fluid that can include an analyte to be
detected or can exclude the analyte {0 be detected by the self~wicking device.
When the sample fluid includes the analyle, a positive result may be generated by
the device. When the sample fluid excludes the analvie, a negstive result may be
generated by the device. The analyte in the sample fluid may be selected from
amino acids, peplide strands, glycans, polypeptides, antibodies, proteins, or a
combination thereof. In one example, the analyte can include a protein. The
analyte may be at least ten residues long. A single strand of the analyie may have
a weight average molecular weight ranging from abcout 1,500 Dalions o about
250 KD, about 5,000 Dalions to about 200 KD, or from about 50 KD io about 250
KD,

[0025] In some examples, the system can further include an elution fluid.
The elution fluid can decouple the analyte complex from the immobilized material
in the concentrating region. In some examples, the sample fluid with the analyte
complex can have a pH of from about 4 to about 8 and the elution fluid can be
selected from a tris base, a dibasic sodium phosphate, magnesium oxide,
disodium hydrogen phosphate, arginine, sodium bicarbonate, ammonium
bicarbonate, sodium carbonate, borate, glycine-NaOH, or a combination thereof.
In another example, the sample fluid with the analyte complex can have a pH of
from about 8 0 about 10 and the elution fluld can be sslected from cifric acid,
tris-HCI, monobasic sodium phosphate, tartaric acid, succinic acid, acetic acid,

phosphoric acid, glycerine-HC!, sodium acetate, or a combination thereof in a
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further example, the charge adjusting region, the concentrating region, or a
combination thereof can include a divaient cation, and the elution fluid can be
selected from EDTA, EGTA, GLDA, trisodium a-DL-alanine diacetate, phytic

acid, tetrasodium iminodisuccinate, or a combination thereof.

Method of Concentrating and Detecting an Analyte in a Sample Fluid

[0028] Further presented herein is a method of concentrating and
detecting an analyte in a fluid sample. The method 300 can include flowing 310 a
sample fluid along a fluid flow channel including a porous substrate, where
reiative to fluid flow, the fluid flow channel sequentially can include a compiexing
region, a charge adjusting region, a concenirating region, and a detecting region.
A sample fluid can pass sequentially through the complexing region, the charge
adjusting region, the concentrating region, and the detecting region. The method
can further include binding 320 an analyte carried by the sample fluid to a
compound having a functional group to bind with the analyte in the complexing
region to form an analyle complex; modulating 330 a charge by modifying a
charge of the analyte complex in the charge adjusting region or by providing a
modification of charged centers in the charge adjusting region; immobilizing 340
the analyte complex in the concentrating region; releasing 350 concentrated
analyte from the concentrating region; and detecting 360 the concentrated
anaiyte in the detecting region.

00277 In an example, modifying a charge of the analvie complex in the
charge adjusting region can occur by modifying a pH of the sampile fiuid that the
analyte complex is located in or by providing a divalent cation. Modifying the
charge by adjusiing a pH can involve changing the pH of the sample fluid by from
about 1 pH unit to about 3.5 pH units relative to a pH of the sample fluid in the
complexing region. The pH modifying fluids and divalent cations can be as
described above.

[0028] The releasing can include, in some examples, passing an elution
fluid through the concentrating region. The elution fluid may vary depending on

how the charge modulation occurs and can be as described above.
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[0029] The detecting can include visually inspecting the detecting region
for the presence of an optical indicator. The optical indicator may be a colored dye
in an example.

[GO30] The method can concentrate an analyle when present in a sample
fluid in the concentrating region of the device, theraby eliminating a need for
sample preparation and concentrating steps before applying a sample fluid to a
porous substrate of a self-wicking device. Further, concentrating the anaiyte in
the concentrating region can improve the results of the device by increasing a
guantity of the concentrated analyte passing through the detecting region at a

fime period thereby increasing an overall sensitivity of the device.

Definitions
100317 As used in this specification and the appended claims, the singular

forms "a," "an,” and "the" include plural referents uniess the content clearly
dictates otherwise.

[0032] As used herein, a plurality of items, structural elements,
compositional elements, and/or materials may be presented in a common list for
convenience. However, these lists should be construed as though individual
members of the list are individually identified as a separate and unigue member.
Thus, no individual member of such list should be construed as a de facfo
equivalent of any other member of the same list solely based on presentationin a
common group without indications to the contrary.

[0033] Concentrations, dimensions, amounts, and other numerical data
may be presented herein in a range formatl. A range format is used merely for
convenience and brevity and should be inferpreted flexibly to include the
numerical values explicitly recited as the limits of the range, and aiso to include all
the individual nurmerical values or sub-ranges encompassed within that range as
if individua! numerical values and sub-ranges are explicitly recited. For example,
a numeric range that ranges from about 10 to about 500 should be interpreted to
include the explicitly recited sub-range of about 10 to about 500 as well as

sub-ranges thereof such as about 50 and about 300, as well as sub-ranges such
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as from about 100 to about 400, from about 150 to about 450, from about 25 o
about 250, etc.

[0034] The terms, descriptions, and figures used herein are set forth by
way of illustration and are not meant as limitations. Many variations are possible
within the disclosure, which is intended to be definad by the following claims --
and equivalents - in which ali terms are meant in the broadest reasonable sense

unless otherwise indicated.

EXAMPLES

[0035] The following illustrates examples of the present disclosure.
However, the following are illustrative of the application of the principles of the
present disclosure. Numerous modifications and alternative compositions,
methods, and systems may be devised without departing from the spirit and
scope of the present disclosure. The appended claims are intended to cover such

modifications and arrangements.

Example 1 - Protein Conceniration and Detection

(00361 A sample fluid is tested for the presence of a protein. The sample
fluid is applied to a self-wicking device including a nitrocellulose porous subsirate
having a complexing region, a charge adjusting region, a concentrating region,
and a detecting region thereon, as described above. The complexing region
includes a colored latex particle capable of binding with the protein to form an
analyte complex. A pH of the sample fluid including the analyte complexis
reduced using monobasic sodium phosphate. The analyte complex binds to
immobilized gold in the concentrating region of the device. A pH of the sample
fluid is increased using dibasic sodium phosphate. Following an increase in the
pH the analyte complex is released and passes 1o the detecting region, where a

testing strip indicates the presence of the protein by showing a colored line.
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Example 2 ~ Antibody Concentration and Detection

00377 A sample fluid is tested for the presence of an antibody. The sample
fluid is applied to a self-wicking device including a nitrocellulose porous substrate
having a complexing region, a charge adjusting region, a concentrating region,
and a detecting region therseon, as described above. The complexing region
includes a flucrescent latex particle capable of binding with the antibody {o form
an analyte complex. Divalent calcium ions in the charge adjusting region provide
additional interaction centers allowing the analyte complex to further interact and
concentrate. The analyte complex binds to immobilized gold in the concentrating
region. EDTA is flowed through the self-wicking device and the analyte complex
is released from the concentraling region. The analvie complex passes o the
detecting region, where a testing strip indicates the presence of the antibody by

showing a colorad line.
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CLAIMS

What is Claimed Is:

1. A self-wicking device, comprising a fluid flow channel including a porous
substrate for sequential fluid flow through multiple regions, including:

a complexing region including a compound having a functional group to
bind with an analyte in a sample fluid to form an analyte complex;

a charge adjusting region to provide charge modulation by modifying a
charge of the analyte complex or to provide a modified concentration of charged
centers o interact with the analyte complex;

a concentrating region including an immobilized material having an affinity
with the analyte complex after the charge modulation; and

a detecting region to receive concentrated analyte from the concentrating

region.

2. The device of claim 1, wherein modification of the charge of the analyte
complex in the charge adjusting region occurs by a change in pH of the sample
fluid therein of from about 1 pH unit to about 3.5 pH units relafive to 3 pH of the

sample fiuid in the complexing region.

3. The device of claim 2, wherein a pH of the sampie fluid in the
complexing region is to be about 6.5 to about 7.5, and a pH of the sample fiuid in
the charge adjusting region is to be from about 4 {o about 6 or from about 8 o
about 10.

4. The device of claim 1, wherein the charge adjusting region, the
concentrating region, or a combination thereof includes charged centers including
a divalent cation.
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PCT/US2020/054917



10

15

20

25

30

WO 2022/075992 PCT/US2020/054917

5. The device of claim 4, wherein the divalent cation is selected from a
calcium ion, a magnesium ion, a barium ion, a strontium ion, or a combination

thereof.

8. The device of claim 1, wherein the charge adjusting region and the

concentrating region are at common location of the porous substrate.

7. The device of claim 1, further comprising a fluid input port to flow a
sample fluid into the fluid flow channel and

wherein the fluid input port is also available 1o subseguently flow an elution
fluid therethrough, or

wherein the device further includes a separate elution fluid input port

positioned to flow an elution fluid at or upstream of the concentrating region.

8. A self-wicking system, comprising:
a self-wicking device, comprising a fluid flow channsl including a porous
substrate for sequential fluid flow through multiple regions, including:

a complexing region including a compound having a functional
group 1o bind with an analyte in a sampie fluid to form an
analyte complex,

a charge adjusting region to provide charge modulation by
modifying a charge of the analyte complex or providing a
modified concentration of charged centers to interact with
the analyte complex,

a concentrating region including an immobilized material having
an affinity {o the analyte complex afier the charge
modulation, and

a detecting region to receive concentrated analyte from the
concentrating region; and

a sample fluid containing the analyte to flow through the fluid flow channel.

16
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8. The system of claim 8, wherein modification of the charge of the analyle
complex in the charge adjusting region occurs by a change in pH of the sample
fluid therein of from about 1 pH unit to about 3.5 pH units relative to 3 pH of the
sampie fluid in the complexing region, or wherein the charge adjusting region, the
concentrating region, or a combination thereof includes charged centers including
a divalent cation.

10. The system of claim 8, further comprising an elution fiuid to decouple

the analyte complex from the immobilized material.

11. The sysiem of claim 8, wherein a pH of the sample fluid in the
complexing region is to be about 8.5 to about 7.5, and a pH of the sampie fiuid in
the charge adjusting region is:

from about 4 to about 6 and the slution fluid includes a tris base, a dibasic
sodium phosphate, magnesium oxide, disodium hydrogen phosphate, arginine,
sodium bicarbonate, ammonium bicarbonate, sodium carbonate, borate,
giycine-NaQH, or a combination thereof; or

from about 8 to about 10 and the elution fluid includes citric acid, tris-HCH,
monobasic sodium phosphate, tartaric acid, succinic acid, acetic acid, phosphoric

acid, glycerine-HCI, sodium acetate, or a combination thereof.

12. The system of claim 9, wherein the charge adjusting region, the
concentrating region, or a combination thereof includes thedivalent cation, and
wherein the elution fluid includes EDTA, EGTA, GLDA, trisodium a-DlL-alanine

diacetale, phytic acid, tefrasodium iminodisuccinate, or a combination thereof.

13. A method of concentrating and detecting an analyte in a sample fluid,
comprising
flowing a sample fluid along a fluid flow channel including a porous

substraie, wherein relative to fluid flow, the fluid flow channel sequentially

17
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includes a complexing region, a charge adjusting region, a concentrating region,
and a detecting region;

binding an analyte carried by the sampie fluid to a compound having a
funclion group o bind with the analyie in the complexing region to form an analyte

5  complex;

modulating a charge by modifying a charge of the analyte complex in the
charge adjusting region or providing a modification of charged centers in the
charge adjusting region;

immobilizing the analyte complex in the concentrating region;

10 releasing concenirated analyte from the concentrating region; and
detecting the concentrated analyte in the detecting region.

14. The method of claim 13, wherein modulating a charge occurs by
modifying the charge of the analyte complex in the charge adjusting region
15 by changing a pH of the sample fluid therein of from about 1 pH unit to about 3.5
pH units relative to a pH of the sample fluid in the complexing, or
providing a divalent cation loaded in the charge adjusting region.

15. The method of claim 13, wherein the reieasing of the concentrated

20  analyte includes passing an elution fluid through the concentrating region.
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212
300

flowing a sample fluid along a fluid flow channel including a
porous substrate, wherein relative to fluid flow, the fluid flow /310
channel sequentially includes a complexing region, a charge

adjiusting region, a concentrating region, and a detacting region
. A

binding an analyte carried by the sample fiuid to a compound
having a function group to bind with the analyte in the complexing

region to form an analyte complex )
\.

7 ™
modulating a charge by modifying a charge of the analyte complex

330

in the charge adjusting region or by providing a modification of

9 charged centers in the charge adjusting region .

e 340
immobilizing the analyle complex in the concentrating region }/
.

/f'
-350

releasing concentrated analyte from the concentrating region

.

360
( detecting the concentrated analyte in the detecting region }/
\.
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