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AN ASSAY METHOD AND DEVICES INVOLVING THE USE OF

MAGNETIC PARTICLES

Technical Field of the Invention

[0001] The present mvention relates to the field of diagnostic assays, and 1n
particular open or at least partially open lateral flow assays where an analyte to be
detected 18 present in a complex biological sample. The mmvention makes available
devices and methods for improving the handling of samples; for example, improving the
reaction kinetics and thus mimproving the sensitivity of the assay, based on the use of

magnetic particles as the solid phase carrying capture molecules.

Background of the Invention

[0002] Today, diagnostic assays are widespread and central for the diagnosis,
treatment and management of many diseases. Different types of diagnostic assays have
been developed over the years in order to simplify the detection of various analytes
clinical samples such as blood, serum, plasma, urine, saliva, tissue biopsies, stool,
sputum, and skin or throat swabs. These assays are frequently expected to give a fast and
rehiable result, while being easy to use and cheap to manufacture. Understandably, 1t 1s
difficult to meet all these requirements mm one and the same assay. In practice, many
assays arc limited by their speed. Another important parameter 1s sensitivity. Recent
developments 1n assay technology have led to increasingly more sensitive tests that allow
detection of an analyte 1n trace quantities, as well the detection of disease mdicators 1 a

sample at the earliest time possible.

[0003] The most common type of disposable assay device consists of a zone or
arca for recerving the sample, a reaction zone, and optionally a transport or incubation
zone connecting the receiving and reaction zone, respectively. These assay devices are
known as chromatography assay devices or simply referred to as test strips. They employ
a porous material defining a path for fluid flow capable of supporting capillary flow, ¢.g.

a filter material.
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[0004] The sample-receiving zone frequently consists of a more porous material,
capable of absorbing the sample, and, when separation of blood cells 1s desired, also
ctfective to trap the red blood cells. Examples of such materials are fibrous materials,
such as paper, fleece, gel or tissue, comprising ¢.g., cellulose, wool, glass fiber, asbestos,

synthetic fibers, polymers, or mixtures of the same.

[0005] The transport or incubation zone commonly consists of the same or similar
materials, often with a porosity other than that in the sample-receiving zone. Likewise,
the reaction zone, which may be integrated with the incubation zone, or constituting the
most distal part thercof, commonly consists of similar, absorbing fibrous materials, or

any of the above listed materials.

[0006] In an assay device or strip test, the porous material(-s) 1s (are) assembled
on a carricr, such as a strip of thermoplastic material, paper, cardboard or the like.
Further, a cover can be provided, said cover having at least one aperture for receiving the
sample, and an aperture or transparent arca for allowing a reading of the result of the

assay.

[0007] Nitrocellulose materials are frequently used as the matrix constituting the
transport or reaction zone, connecting the receiving zone and the reaction zone. A
significant disadvantage with nitrocellulose 1s 1ts high non-specific binding of proteins
and other bio-molecules. Present test strips, however, often handle a surplus of sample,
reducing the influence of this binding. It 1s however desirable to minimize the sample
volume, 1n line with the tendency to minmiaturize the entire test, mcluding minimizing the

amounts of reagents, without compromising accuracy and reliability.

[0008] A specific type of assay devices 1s the non-porous assay, for example the
open lateral flow device as disclosed in WO 03/103835, WO 2005/089082, WO
2005/118139, and WO 2006/137785.

[0009] WO 03/103835 bricfly mentions the incorporation of ‘“‘processing
compartments, elements and/or devices” 1n an assay device having a capillary structure
facilitating or driving the capillary flow of a liquid along said structure. These
“processing compartments, clements and/or devices” include “magnetic means for

trapping magnetic components of said liquid”. Further, WO 2003/103835 tcaches that
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“magnets or means for detection of magnetic substances can also be arranged 1n or
around the flow paths. Thereby, magnetic particles can be trapped and retained at desired
locations 1n the structure, and the magnetic property of the particles can thereby be used
as a marker or indicator of successful transport to a certain point i the system.
Furthermore, magnetic particles can be coated with substances with biological affinity
and used 1n different kinds of assays.” The teaching of WO 2003/103835 1s focused on
the use of magnetic propertics as another marker. While suggesting that magnetic
particles could also be used as carriers, for example coated with substances with

biological affinity, WO 2003/103835 does not show how this would be put into practice.

[00010] WO 2005/089082 mentions the use of magnetic particles in a non-porous
assay, where magnetic means are used for the separation of unwanted components of the
sample.

[00011] WO 2006/134546 concerns the use of magnetic labels 1n a sensing device

comprising at least one sensing surface, the sensing surface comprising at least one sort
of binding sites capable of specifically attaching to at least one sort of biological entities
linked to the magnetic labels. The sensing device further comprises at least one magnetic
sensor clement, the sensing device further comprising distinction means for
distinguishing between magnetic labels specifically attached to the binding sites versus

labels non-specifically attached in a manner that 1s time-resolved.

[00012] WO 2007/110779 discloses an assay method and device, where a sample
1s mixed with magnetically susceptible particles, and where said particles can be

manipulated via an applied magnetic field.

[00013] WO 2007/129275 describes a system where magnetic particles are moved
over a sensor surface within a reaction chamber, wherein analyte-specific probes or

analyte-analogue are bound to the sensor surface.

[00014] US 2008160630 discloses a device for detecting an analyte 1n a sample,
said device comprising a fluidic network having a sample zone, a cleaning zone, and a
detection zone. The analyte interacts with magnetic particles which can be moved within

the fluidic network using micro coil arrays or mechanically movable permanent magnets.
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[00015] WO 2009/009408 concerns a system and methods for detecting analytes
such as pathogenic cells. The methods allow for the direct measurement of analytes, such
as pathogenic organisms, without the need for sample preparation and/or PCR. The
method involves the use of magnetic beads having an outer surface comprising a plurality

of ligands which specifically bind to a target analyte.

[00016] Biosensors relying on the use of magnetic particles tend to build on the
traditional sandwich assay where the first capture molecule or capture element 1s bound
to the magnetic bead, and the second capture molecule or capture element 1s bound to the
solid phase, and the main focus 1s on utilizing the magnetic properties for accurate

detection, down to single bead sensitivity (Janssen ¢t al.,, in Biosensors and

Bioclectronics, 23 (2008) 833-838).

[00017] There 15 a need for further improved kinetics, increased sensitivity and
specificity in methods and devices for biochemical and biomolecular assays, in particular

for diagnostic assays where the requirements for sensitivity and accuracy are very high.

Summary of the Invention

[00018] The present mventors make available a method for the detection of an
analyte 1n a liquid sample using a lateral flow assay device, preferably an open lateral
flow assay device, including at least one sample addition zone, at least one reaction zone,
and at least onc sink on a surface, said zones forming a capillary flow path for said
sample on said surface; a first capture molecule, capable of binding to said analyte, and a
second capture molecule also capable of binding to said analyte, wherein said first
capture molecule carries a first label which 1s not a magnetic label, and said second

capture molecule 1s attached to a magnetic particle.

[00019] In methods according to embodiments of the invention, said magnetic
particle preferably has a size 1n the interval of about 5 nm to about 5000 nm, and more
preferably about 50 to about 500 nm. Said second capture molecule and/or said magnetic

particle may also carry a second label, distinguishable from said first label.
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[00020] In one embodiment, said second capture molecule bound to a magnetic
particle forming a capture conjugate, 18 pre-deposited on said assay device, and said
second capture molecule bound to a non-magnetic label, forming a detection conjugate, 1s

added before or simultancously with the addition of said sample.

[00021] Alternatively, said first capture molecule 1s pre-deposited on said assay
device, and said second capture molecule 1s added after or simultancously with the

addition of said sample.

[00022] Preferably, both said first and second capture molecules are pre-deposited

on said assay device.

[00023] According to another embodiment, freely combinable with the first
described embodiment, both said first and said second capture molecules are deposited in
said sample addition zone, and capable of being transported along said flow path upon
addition of a sample to said sample addition zone, and reacting with the analyte thus
forming a detection complex consisting of said analyte, first and second capture

molecules, and said label(-s) and magnetic particle.

[00024] In the above embodiment, said first and second capture molecules are
transported by the sample, through the influence of capillary force, to said reaction zone,

forming said detection complex.

[00025] According to another embodiment, freely combinable with the above
described embodiments, a magnetic force 18 applied to move said second capture
molecule with 1ts attached magnetic particle within said reaction zone. In this
embodiment, the detection complex 18 moved within the reaction zone, for example
retarded or accelerated, oscillated or moved back and forth, and preferably finally
concentrated to a discrete location using magnetic force before the qualitative or

quantitative detection of said first and/or second label.

[00026] Said sample can be any biological, environmental or clinical sample, but 1S

preferably a sample taken from a mammal, the sample chosen from blood, serum,

plasma, urine, saliva, tissue biopsies, stool, sputum, and swabs, such as swabs from the
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skin or mucosal surfaces, such as nose, throat, and genital swabs, to mention some non-

[imiting examples.

[00027] Said first and second capture molecule can be any suitable molecule with
atfinity for the target analyte to be detected or quantified, but 1s preferably chosen from
the group consisting of antibodies, antibody fragments, aptamers, and nucleic acid

sequences, specific for the analyte to be detected.

[00028] Said first and/or second label can be any suitable label, but 1s preferably a

label chosen from chromophores, fluorophores, radioactive labels, and enzymes.

[00029] One particular embodiment of the invention 1s a method for the detection
of an analyte 1n a liquid sample using a lateral flow assay device including at least one
sample addition zone, at least one reaction zone, and at least one sink, said zones forming
a capillary flow path for said sample; a first capture molecule, capable of binding to said
analyte, and a second capture molecule also capable of binding to said analyte, wherein
said first capture molecule carries a first label which 1s not a magnetic label, and said
second capture molecule 1s attached to a magnetic particle, wherein said sample, and said
first and second capture molecules, are transported along the flow path through the

influence of capillary force.

[00030] Another embodiment is a method for the detection of an analyte in a liquid
sample using a lateral flow assay device mcluding at Ieast one sample addition zone, one
reaction zone, and one sink, said zones forming a capillary flow path for said sample; a
first capture molecule, capable of binding to said analyte, and a second capture molecule
also capable of binding to said analyte, wherein said first capture molecule carries a first
label which 1s not a magnetic label, and said second capture molecule 1s attached to a
magnetic particle, wherein said first and second capture molecules are manipulated

through the mfluence of magnetic force.

[00031] According to one embodiment, magnetic force can also be applied from
the “open” side of the assay. Magnetic force can thus be applied, not only through the
substrate, drawing the magnetic carrier particles towards the substrate, but from above, or
from the open side of the capillary structure. Experiments performed by the mventors

show that the magnetic particles concentrate under the liquid-air interface, without
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leaving the liquid phase. This allows qualitative and quantitative detection of the result
from above, unencumbered by the substrate; 1.¢., without having to compensate for the

influence of the substrate on signal strength, distortion etc.

[00032] The inventors also make available an mmproved assay device for the
detection of an analyte 1n a sample, said device comprising a sample addition zone,
optionally a conjugate zone, a reaction zone, and a sink, said zones forming a flow path; a
first capture molecule, capable of binding to said analyte, optionally deposited on the
device;, and a second capture molecule also capable of binding to said analyte, optionally
deposited on said device, wherein said first capture molecule carries a first label which 1s

not a magnetic label, and said second capture molecule 1s attached to a magnetic particle.

[00033] In an assay device according to the above embodiment, said magnetic
particle preferably has a size in the interval of about 5 nm to about 5000 nm, more
preferably about 50 to about 500 nm. Said second capture molecule and magnetic particle

optionally also carries a second label, distinguishable from said first label.

[00034] In an embodiment, freely combinable with the above embodiment, said
second capture molecule 1s pre-deposited on said assay device. Alternatively, said first
capture molecule 1s pre-deposited on said assay device. Preferably, both said first and

second capture molecules are pre-deposited on said assay device.

[00035] In another embodiment, freely combinable with the above embodiments,
both said first and said second capture molecules are deposited 1in said sample addition
zone, and capable of being transported along said flow path upon addition of a sample to

said sample addition zone.

[00036] In a preferred embodiment, freely combinable with the above
embodiments, at least said sink consists of projections, substantially perpendicular to the
surface of the device, and having a height, width, and reciprocal spacing such, that

capillary flow 1s induced 1n the flow path.

[00037] Preferably the flow path consists of micro-pillars being projections
substantially vertical in relation to a surface, and having a height, diameter and reciprocal

spacing capable of creating lateral flow of the sample 1n said flow path.
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[00038] Alternatively, the flow path comprises a nitrocellulose based material.
[00039] In one embodiment, freely combinable with the above embodiments, the

flow path 1s covered by a lid. Said lid preferably only offers mechanical protection of the
flow path, but does not participate 1 the creation of capillary flow. When a lid 1s present,
it 18 arranged at a distance from the flow path, said distance exceeding the capillary

distance.

[00040] According to another embodiment, freely combinable with the above
embodiments, the flow path comprises an areca without micro-pillars within the reaction
zone. Alternatively, or in addition thereto, an arca without micro-pillars 1s provided

adjacent to said flow path 1n fluid connection therewith.

[00041] Further, the flow path preferably comprises at Ieast one discrete arca with
micro-pillars having a different height, diameter or reciprocal spacing than the micro-

pillars in the surrounding flow path.

[00042] According to yet another embodiment, freely combinable with the above
embodiments, said device comprises magnetic elements. Said magnetic elements are
preferably permanent magnets, incorporated mto the device. Alternatively, said magnetic
clements are clements capable of gencrating a magnetic field when subjected to an

external signal; ¢.g., the application of an ¢lectric current through a conducting element.

[00043] Further, said device preferably comprises a discrete arca in connection
with the flow path, said areca having features improving the reading of the result of the

assay.

[00044] In any of the above embodiments, the device 1s preferably a disposable

assay device.

[00045] Further, in any of the above embodiments, said first and second capture
molecule can be any suitable molecule with affinity for the target analyte to be detected
or quantified, but 1s preferably chosen from the group consisting of antibodies, antibody

fragments, aptamers, and nucleic acid sequences, specific for the analyte to be detected.
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[00046] Further, said first and/or second label can be any suitable label, but 1s
preferably a label chosen from chromophores, fluorophores, radioactive labels, and

CNZymes.

[00047] The mnventors also make available a device for reading (a reader) the result
of an assay performed on an assay device (an assay platform), wheremn said device
comprises means for reading a signal emitted by, or reflected from said detection
complex, means for computing the signal and displaying a result, and means capable of

manipulating magnetic components present on said assay device.

[00048] In one embodiment of the device, saild means capable of manipulating
magnetic components present on said assay device are preferably means for activating an

clement or elements present in the assay device.

[00049] Alternatively, in another embodiment of the device, said means capable of
manipulating magnetic components present on said assay device are magnetic means
capable of being brought within an effective distance from the assay device for
manipulating magnetic components present on the assay device. Said magnetic means
can be for example permanent magnets, brought in contact with or within an effective
distance from the assay device; or electromagnets, present at an effective distance from

the device, and activated when the influence of magnetic force 1s desired.

[00050] In either of the above embodiments, said means capable of manipulating
magnetic components present on said assay device may also comprise first means present
in said device for reading the result (the reader), which activate second means, present in

the assay device (the assay platform), which upon activation generate a magnetic field.

[00051] Another embodiment 1s a device for reading the result of an assay
performed on an assay device, wherein said device comprises a detector capable of
reading a signal emitted from or reflected from at least one detection complex present n
a defined location of said assay device, and means capable of drawing magnetic

components present on said assay device to said location before reading said signal.

[00052] In the above embodiment, said means may comprise first means present in

said device for reading the result, which activate second means, present 1in the assay
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device, which upon activation generate a magnetic field capable of drawing magnetic
components present on said assay device to said defined location before reading said

signal.

[00053] In either of the above embodiments, the reading preferably is chosen from
the detection and/or quantification of color, fluorescence, radioactivity or enzymatic

activity.

[00054] The method, assay device, and reader according to an embodiment of the
invention have many advantages, mainly related to the improved reaction kinetics of the

immunochemical reactions and the increased sensitivity of the assay.

[00055] Another advantage is that the method can be applied on existing assay

platforms, and 1n particular the open lateral flow platform.

[00056] A further advantage 1s that the deposition of the second capture molecule,
covalently coupled to the magnetic particle, to the sample addition zone 1s casier than
separate and discrete covalent immobilization of the capture molecules to one or several
positions 1 the reaction zone omitting activation of the flow channel surface. Thus, the
method and device according to various embodiments of the mvention makes 1t possible
to handle capture molecules 1 an environment as far as possible optimized for said
entities, without having to take into account the requirements of accurate positioning and
immobilization. Instead, the immobilization 1s achieved by applying an external magnetic

force.

[00057] The capture molecule which 1s attached to a magnetic particle can be
manipulated within the {flow path, preferably agitated, oscillated, transported,
immobilized and the like, m order to improve mixing and thus reaction kinetics, prolong
the contact time between analyte and capture molecules, and focus the detection

conjugates before reading the result of the assay.

[00058] Further, not only the capture conjugate, but also the detection complex
comprising the first and second capture molecules, the analyte, the magnetic particle and

on¢ or more labels, can be manipulated, preferably immobilized or oscillated. In the case
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the system 1is satiated, the oscillation of the particles during reading of the signal will

improve the reading as the particles otherwise would shadow the labels.

[00059] It 1s also an advantage to be able to concentrate the detection complex to a
specific location, within the flow path, or outside 1t, before reading the result. This 1s

advantageous for example 1n situations where the background 1s high.

[00060] Yet a further advantage 1s that the surface of the assay device requires
only minimal or no chemical modification to accommodate the reaction chemistry, as all

chemistry resides on the particles.

[00061] These and other features and advantages will be further discussed 1n the
following Detailed Description, which should be read 1n conjunction with the

accompanying drawings.

Brief Description of the Drawings

[00062] The mvention will be described in closer detail below, in the description

and non-limiting examples, and with reference to the attached drawings in which:

00063 ] Figure 1 schematically shows a lateral flow assay platform according to an

exemplary embodiment of the mvention;

100064 ] Figure 2 schematically shows the capture and detection of an analyte using

two capture molecules, whereot one capture molecule 1s coupled to a magnetic particle;

[00065] Figures 3a, b, ¢ and d schematically show various embodiments of a

lateral tflow assay device according to the invention;

[00066] Figures 4 a and b shows two embodiments of a lateral flow assay platform
where a discrete location 1s formed, here shown as an appendix to the main flow path, 1n

fluid connection therewith; and

[00067] Figure 5 shows the results of an analyte binding assay of fluorophore
labeled CRP binding measured as signal (RFU) to various concentrations of anti-CRP

antibody linked to magnetic beads retarded by a magnet.
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Detailed Description of the Invention

[00068] Before the mvention 1s disclosed and described 1 detail, 1t 1s to be
understood that this invention i1s not limited to particular devices, compounds,
configurations, method steps, substrates, and materials disclosed herein as such devices,
compounds, configurations, method steps, substrates, and materials may vary somewhat.
It 1s also to be understood that the terminology employed herein 1s used for the purpose of
describing particular embodiments only and 1s not intended to be limiting since the scope

of the present invention 1s limited only by the appended claims and equivalents thereof.

[00069] It must be noted that, as used i this specification and the appended

claims, the singular forms “a”, “an” and “‘the” mclude plural referents unless the context

clearly dictates otherwise.

[00070] If nothing ¢lse 1s defined, any terms and scientific terminology used herein
arc mtended to have the meanings commonly understood by those of skill in the art to

which this invention pertains.

[00071] The term “about” as used in connection with a numerical value throughout

the description and the claims denotes an interval of accuracy, familiar and acceptable to

a person skilled 1n the art. Said interval 1s £ 10 %.

[00072] The term “capture molecule” means a molecule suitably chosen for its
affinity to the target biological compound or compounds or its affinity to relevant
modifications of said target biological compound or compounds. For example, if the
target biological compounds are DNA, the capture molecule can be, but 1s not limited to,
synthetic oligonucleotides, analogues thercof, or specific antibodies. A non-limiting
example of a suitable modification of a capture molecule 1s a biotin substituted target

biological compound, in which case the probe may bear avidin functionality.

[00073] The term "label” designates an agent which 1s detectable with respect to its
physical distribution or/and the intensity of the signal i1t delivers, such as but not limited
to luminescent molecules (e.g., fluorescent agents, phosphorescent agents,

chemiluminescent agents, bioluminescent agents and the like), colored molecules,



CA 02777807 2012-04-16
WO 2011/045436 PCT/EP2010/065600

_ 13 -

molecules producing colors upon reaction, enzymes, radioisotopes, ligands exhibiting

specific binding and the like.

[00074] Two labels are “distinguishable” when they can be individually detected
and preferably quantified simultancously, without significantly disturbing, interfering or

quenching cach other.

[00075] The term “manipulated” 1s intended to mean exerting an influence on the
magnetic particles, and the capture molecules bound thereto, or the entire detection
complex, comprising a magnetic particle. “Manipulating” comprises both retarding and
accelerating the movement of the particles 1n relation to their movement in the absence of
the magnetic force. This term also encompasses that the particles are moved 1n one, two
or three directions, such as back and forth in relation to the flow of sample, transversally
in relation to the flow of sample, or oscillated within the sample layer on the assay
device. The term also encompasses that the capture molecules, or the entire detection
complex, arec moved to different locations on the assay device, ¢.g., returned to the
sample addition zone for prolonged contact with the sample, circulated within the
reaction zone for improved kinetics, or concentrated 1n a specific location for reading the

result of the assay etc.

[00076] “Sink™ as used throughout the claims and the description denotes an areca

with the capacity of recerving liquid sample.

[00077] The present mventors make available a method for the detection of an
analyte m a liquid sample using a lateral flow assay device including at least one sample
addition zone, at least one reaction zone, and at least one sink, said zones forming a
capillary flow path for said sample; a first capture molecule, capable of binding to said
analyte, and a second capture molecule also capable of binding to said analyte, wherein
said first capture molecule carries a first label which 1s not a magnetic label, and said

second capture molecule is attached to a magnetic particle.

[00078] Figure 2 schematically shows the capture and detection of an analyte 16,
using detection conjugates 10 comprising a first capture molecule 11 and a label 12, ¢.g. a
fluorophore, and capture conjugates 13 comprising a second capture molecule 14, which

1s the same or different from the first capture molecule 11, and a magnetic particle 15.
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When brought in contact with the analyte 16, the detection and capture conjugates 10 and
13 respectively form a detection complex 17. According to one embodiment of the
invention, this detection complex 17 can be manipulated using a magnet 18, ¢.g.
immobilized to a specific location on the surface of an assay device, for example a chip,

here schematically indicated as 19.

[00079] In methods according to embodiments of the invention, said magnetic
particle preferably has a size 1n the interval of about 5 nm to about 5000 nm, and more

preferably about 50 to about 500 nm.

[00080] Suitable magnetic particles are known from the literature, and available
from commercial suppliers|[[,]]. ¢.g., Chemicell GmbH, of Berlin, Germany; Bioclone
Inc., of San Dicgo, CA, USA; Nanostructured & Amorphous Materals, Inc., of Huston,
TX, USA. Known magnetic particles for bioseparation consist of one or more magnetic
cores with a coating matrix of polymers, silica or hydroxylapatite with terminal
functionalized groups. The magnetic core generally consists either of magnetite (Fe;Oy)

or maghemite (gamma Fe;03) with superparamagnetic or ferromagnetic properties.

[00081] Alternatively, magnetic cores made with magnetic ferrites, such as cobalt
ferritec or manganese ferrite can also be produced. Magnetic particles can also be
manufactured to order, and given the desired properties for a given application. Non-

[imiting examples of magnetic particles are given in Table 1:
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Table 1
Name Description Average Manufacturer
diameter
(Lm)
Uptibeads polystyrene coated magnetic 0.86 Uptima, France
particles
PN-particles PNIPAM-coated particles 0.29 Ademtech,
(PN 113 ¢) France
PNIPAM-coated particles 0.57
(PN 145 TTb)
Adembeads uniform superparamagnetic 0.2
nanoparticles
IMC AS CR Alginic acid - magnetite particles 5-10 NA
AEHMBP magnetite particles coated with [(2- [ 0.5-1.0 | NA
amino-cthyl)hydroxymethylene]-
biphosphonic acid
poly(HEMA-co- | magnetic particles coated with 2.5 NA
EDMA)- poly(2-hydroxyethyl methacrylate-
microspheres co-cthylene dimethacrylate)
PGMA - poly(glycidylmethacrylate) 2.9 NA
microspheres
[00082] Said second capture molecule and/or said magnetic particle may also carry

a second label, distinguishable from said first label.

[00083] In one embodiment, said first detection conjugate 1s pre-deposited on said
assay device, and said second capture conjugate 1s added after or together with the
addition of said sample. Alternatively, said second capture conjugate 18 pre-deposited on
said assay device, and said first detection conjugate 1s added after or sitmultancously with
the addition of said sample. Preferably, both said detection and capture conjugates are

pre-deposited on said assay device.

100084 ] In the above embodiment, said first and second capture molecules are
transported by the sample, through the influence of capillary force, to said reaction zone,

forming said detection complex.

[000835] According to another embodiment, freely combinable with the above

described embodiments, a magnetic force 18 applied to move said second capture
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molecule with 1ts attached magnetic particle within said reaction zone. The capture
conjugate can be retarded, accelerated, oscillated, moved back and forth, or manipulated
in any other suitable way. In a preferred embodiment, the detection complex 1s
concentrated to a discrete location using magnetic force before the qualitative or

quantitative detection of said first and/or second label.

[00086] Said sample 1s preferably a sample taken from a mammal, chosen from
blood, serum, plasma, urine, saliva, tissue biopsies, stool, sputum, and so called swabs,
such as swabs from the skin or mucosal membranes, for example but not limited to the

nose, throat or genitalia.

[00087] Said first and second capture molecule 1s preferably chosen from the
ogroup consisting of antibodies, antibody fragments, aptamers, and nucleic acid sequences,

specific for the analyte to be detected.

[00088] Said first and/or second label 1s preferably a label chosen from
chromophores, fluorophores, radioactive labels, and enzymes. Suitable labels are
available from commercial suppliers, providing a wide range of dyes for the labeling of
antibodies, proteins, and nucleic acids. There are for example fluorophores spanning
practically the entire wvisible and 1nfrared spectrum. Suitable fluorescent or
phosphorescent labels include for mstance, but are not limited to, fluoresceins, Cy3, Cy5
and the like. Suitable chemoluminescent labels are for instance but are not limited to

[uminol, cyalume and the like.

[00089] Stmilarly, radioactive labels are commercially available, or capture
molecules can be synthesized so that they incorporate a radioactive label. Suitable

radioactive labels are for instance but are not Iimited to radioactive 1odine and

phosphorus; ¢.g., 1251 and 32P.

100090] Suitable enzymatic labels are for instance but are not limited to

horseradish peroxidase, beta-galactosidase, luciferase, alkaline phosphatase and the like.

[00091] One particular embodiment of the invention 1s a method for the detection
of an analyte 1n a liquid sample using a lateral flow assay device including at least one

sample addition zone, at least one reaction zone, and at least one sink on a surface, said
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zones forming a capillary flow path for said sample on said surface; a first capture
molecule, capable of binding to said analyte, and a second capture molecule also capable
of binding to said analyte, wherein said first capture molecule carries a first label which 1s
not a magnetic label, and said second capture molecule 1s attached to a magnetic particle,
wherein said sample, and said first and second capture molecules, are transported by the

sample along the flow path through the influence of capillary force.

[00092] Another embodiment is a method for the detection of an analyte in a liquad
sample using a lateral flow assay device mmcluding at Ieast one sample addition zone, one
reaction zone, and one sink on a surface, said zones forming a capillary flow path for said
sample on said surface; a first capture molecule, capable of binding to said analyte, and a
second capture molecule also capable of binding to said analyte, wherein said first
capture molecule carries a first label which 1s not a magnetic label, and said second
capture molecule 1s attached to a magnetic particle, wherein said first and second capture
molecules are manipulated through the influence of magnetic force. The molecules bound
to magnetic particles can be both retarded and accelerated in relation to their movement
in the absence of the magnetic force. Retarding the movement of a particle will make 1t
move more slowly than the sample, and can prolong the contact time. Accelerating the
particle can help to agitate the sample, also improving contact and kinetics of the
reaction. Manipulating the particles also encompasses that the particles are moved 1n one,
two or three directions, such as back and forth in relation to the flow of sample,
transversally 1 relation to the flow of sample, or oscillated within the sample layer on the
assay device. This also encompasses that the capture molecules, or the entire detection
complex, are moved to different locations on the assay device, ¢.g. returned to the sample
addition zone for prolonged contact with the sample, circulated within the reaction zone
for improved kinetics, or concentrated 1 a specific location for reading the result of the

assay, ctc.

[00093 ] According to one embodiment of the invention, the method 1s applied to a
lateral flow assay, for example an assay performed on a platform as schematically shown
in Figure 1. This lateral flow assay platform, or so called assay chip 1, has at least on¢

sample zone 2, optionally at least one conjugate zone 3, at least one reaction zone 4
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optionally comprising several reaction zones (not shown), placed in parallel between the
sample zone and at least one sink 5. The flow path can comprise open or closed paths,
grooves and/or capillaries. Preferably the flow path comprises a lateral flow path of
adjacent projections, each having a size, shape and mutual spacing such that capillary
flow 1s sustained through said flow path. Figure 1 also schematically indicates the
position of one or more magnetic elements 6, either mcorporated mto the assay platform,
or clements of a reader (not shown), which can be brought into operational contact with

the assay chipl.

100094 ] In one embodiment the flow path 1s at least partially open. In another
embodiment the flow path 1s entirely open. “Open” 1n accordance with this invention
means that there 1s no lid or cover at a capillary distance. Thus the lid, if present as a
physical protection for the flow path, does not contribute to the capillary flow 1n said
flow path. An open lateral flow path 1s described for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>