wO 2007/149042 A1 |10 00O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [I

) IO T OO O

International Bureau

(43) International Publication Date
27 December 2007 (27.12.2007)

(10) International Publication Number

WO 2007/149042 Al

(51) International Patent Classification:
GOIN 33/558 (2006.01) BOI1L 3/00 (2006.01)

(21) International Application Number:

PCT/SE2007/050444
(22) International Filing Date: 20 June 2007 (20.06.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
0601354-4 20 June 2006 (20.06.2006) SE

(71) Applicant (for all designated States except US): AMIC
AB [SE/SE]; Uppsala Science Park, S-751 83 Uppsala
(SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MENDEL-
HARTVIG, Ib [SE/SE]; Rabeniusvigen 28, S-756 55
Uppsala (SE). OHMAN, Per Ove [SE/SE]; Asplunda,
Uppsala-Nis, S-755 91 Uppsala (SE).

(74) Agent: BERGENSTRAHLE & LINDVALL AB; Box
17704, S-118 93 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

[Continued on next page]

(54) Title: ASSAY DEVICE AND METHOD

(57) Abstract: There is provided an assay
device comprising a lid and a base, said
base comprising, a sample addition zone, a
reaction zone and an absorbing zone, said
components being in fluid connection and
being part of a fluid passage leading from
the sample addition zone to the absorbing
zone, wherein: (a) a sample addition
well is integrated in the lid, (b) the
absorbing zone consists of an area on an
non-porous substrate, having substantially
perpendicular projections, said projections
defining a volume, which together with
the volume of the fluid passage defines the
sample volume subjected to the assay, and
(c) at least one filter is between the sample
addition well and the sample addition
zone. There is further provided methods
for handling samples.
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Assay device and method

The present invention concerns an assay device with integrated

functions which improves the device.

Background

Many biochemical tests formerly performed in the laboratory
using advanced egquipment and skilled technicians can today be
performed by a physician, a nurse or even the patient
himself/herself, using small, often disposable devices. This
is one result of a better understanding of biochemistry and
medicine, as well as the ongoing miniaturization of both
mechanics and electronics, taking place over the recent

decades.

Such tests can be divided into two groups: “one-step tests”
where a reaction takes place on a substrate after the addition
of sample, and the result is detected as a change of one or
more properties of said substrate; and “two-step tests”, where
the sample is followed by the addition of a detection
conjugate, leading to a specific reaction resulting in a

detectable signal.

In most assays, the detection conjugate and possible other
reagents are pre-dispensed or integrated in the device,
setting aside the need for separate addition of reagents by

the user.

The most common type of disposable assay device consists of a
zone or area for receiving 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 immunochromatography assay devices or simply
referred to as strip tests. They employ a porous material,

such as nitrocellulose, defining a fluid passage capable of
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supporting capillary flow. The sample-receiving zone

frequently consists of a more porous material, capable of
absorbing the sample, and, when the separation of blood cells
is desired, effective to trap the red blood cells. Examples of
such materials are fibrous materials, such as paper, fleece,
gel or tissue, comprised e.g. of cellulose, nitrocellulose,
wool, glass fibre, asbestos, synthetic fibres, polymers, etc.
or mixtures of the same. The transport or incubation zone
commonly consists of the same or similar materials, often with
different porosity than that of the sample-receiving zone.
Likewise, the reaction zone, which may be integrated with the
incubation zone, or constituting the most distal part thereof,
commonly consists of similar, absorbing fibrous materials,

such as nitrocellulose, or any of the above listed materials.

Nitrocellulose materials are also frequently used as the
matrix constituting the transport or reaction zone, or
connecting the receiving zone and the reaction zone. A
significant disadvantage with nitrocellulose is its 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. Another disadvantage of
nitrocellulose is its wvariations with regard to both chemical
and physical quality. It is in any case desirable to minimize
the sample volume, in line with the tendency to miniaturize
the entire test, including minimizing the amounts of reagents,

without compromising accuracy and reliability.

In an assay device or strip test, the porous material/-s
is/are assembled on a carrier, 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 a

transparent area for reading the result of the assay.
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Frequently this cover is simultaneously a housing or case,

enclosing the porous material, providing stability and
structural protection. Examples of such constructions include
published US patent application serial number 10/794,516,
published as 2004171174, international publication number
W02004/038414, or US patent serial number 6,846,453,

US 6,312,888 discloses an assay device comprising several

layers for the analysis of an analyte in a biological sample.

From W02005/089082 there is known a device for handling liquid
samples, comprising an area having projections substantially
vertical to its surface, whereby the projections create a
capillary force. In such assay devices there arise new
problems compared to earlier assay devices without projections

creating a capillary force.

Problems in the state of the art regarding assay devices
include how to improve the sample addition, how to improve the
hematocrit tolerance for blood samples, and how to protect the
assay device from damage from a pipette, when a pipette is

used to add a liquid to said assay device.

Summary of the invention

It is an object of the present invention to address the
disadvantages associated with known assay devices, and to
provide an improved assay device, alleviating at least some of
the problems in the prior art. Further disadvantages
associated with known devices and the advantages associated
with the embodiments of the invention will be apparent to
skilled person upon a closer study of the description,

examples and claims.
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The present invention makes available an assay device as

defined in the claims, incorporated herein by reference.
Further aspects of the invention, as well as their advantages,
will become evident to the skilled person upon closer study of

the description, examples, claims and drawings.

Description of the drawings

The invention will be described in detail in the following
description, non-limiting examples, and claims, with reference
to the attached drawings, in which

Fig. 1 shows an exploded view of an embodiment of the
invention,

Fig. 2 shows a side view of an embodiment of the invention,
and Fig. 3 shows schematically an embodiment having a fluid
passage, and a detail of said fluid passage, illustrating the
dimensions of the substantially perpendicular projections.

Fig 4 shows an embodiment having a l1lid, a filter, a base and a

bottom.

Description

Assays can be classified into two groups, based on the
criteria that have the greatest influence on the performance
that can be expected of an assay with regard to precision and
sensitivity:

®* competitive assays, i1.e. assays using a limited amount of

antibody, and

® gsolid phase sandwich assays, using an excess amount of

antibody, also called immunometric assays.

In the competitive assay format, the amount of antibody is
insufficient to bind all of the antigens. A fixed amount of
labelled antigen competes with the unlabelled antigen from the

sample for the limited amount of antibody binding sites. The
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concentration of antigen in the sample can be determined from

the proportion of labelled antigen that is bound to the

antibody or alternatively that is free.

In the sandwich assay format, the antigen present in the
sample binds to excess of antibodies on the solid phase. The
bound antigen is then detected with a second labelled
antibody. In this instance, the amount of labelled antibody
captured on the solid phase is directly proportional to the

amount of antigen in the sample.

In both these basic designs of immunoassays, and the various
variants thereof, there is a big need for standardization and
control of the assay and the environment the assay is run in.
The embodiments of the present invention address some of the
problems connected with solid phase lateral flow immunocassay.
One of the crucial steps is the solubilisation and transport
of the detection conjugate. Another important step is the
separation of red blood cells where there is a high risk for

cell lysis and blood clotting.

The invention is not restricted to the assay format described
above but can of course also be adapted to other assay format

well known for persons skilled in the art.

Before the present device and method is described, it is to be
understood that this invention is not limited to the
particular configurations, method steps, and materials
disclosed herein as such configurations, steps and materials
may vary somewhat. It is also to be understood that the
terminology employed herein is used for the purpose of
describing particular embodiments only and is not intended to
be limiting since the scope of the present invention will be

limited only by the appended claims and equivalents thereof.
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It must also be noted that, as used in this specification and

W

the appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to a reaction mixture
containing “a monoclonal antibody” includes a mixture of two

or more antibodies.

The term “about” when used in the context of numeric wvalues
denotes an interval of accuracy, familiar and acceptable to a

0]

person skilled in the art. Said interval can be + 10 % or

0]

preferably £ 5 %.

In describing and claiming the present invention, the
following terminology will be used in accordance with the

definitions set out herein.

The term “sample” here means a volume of a liquid, solution or
suspension, intended to be subjected to gualitative or
quantitative determination of any of its properties, such as
the presence or absence of a component, the concentration of a
component, etc. The sample may be a sample taken from an
organism, such as a mammal, preferably a human; or from the
biosphere, such as a water sample, or an effluent; or from an
technical, chemical or biological process, such as a process
of manufacturing, e.g. the production of medicaments, food,
feed, or the purification of drinking water or the treatment
of waste effluents. The sample may be subjected to qualitative
or quantitative determination as such, or after suitable
pretreatment, such as homogenization, sonication, filtering,

sedimentation, centrifugation, heat-treatment etc.

Typical samples in the context of the present invention are

body fluids such as blood, plasma, serum, lymph, urine,
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saliva, semen, amniotic fluid, gastric fluid, phlegm, sputum,

mucus, tears etc.; environmental fluids such as surface water,
ground water, sludge etc.; and process fluids such as milk,
whey, broth, nutrient solutions, cell culture medium, etc. The
embodiments of the present invention are applicable to all
samples, but preferably to samples of body fluids, and most
preferably to whole blood samples.

The determination based on lateral flow of a sample and the
interaction of components present in the sample with reagents
present in the device and detection of such interaction,
either qualitatively or quantitatively, may be for any
purpose, such as diagnostic, environmental, quality control,
regulatory, forensic or research purposes. Such tests are
often referred to as chromatography assays, or lateral flow

assays, as 1in e.g. immunochromatography assays.

Examples of diagnostic determinations include, but are not
limited to, the determination of analytes, also called
markers, specific for different disorders, e.g. chronic
metabolic disorders, such as blood glucose, blood ketones,
urine glucose (diabetes), blood cholesterol (atherosclerosis,
obesitas, etc); markers of other specific diseases, e.g. acute
diseases, such as coronary infarct markers (e.g. troponin-T},
markers of thyroid function (e.g. determination of thyroid
stimulating hormone (TSH)), markers of viral infections (the
use of lateral flow immunoassays for the detection of specific

viral antibodies); etc.

Another important field of diagnostic determinations relate to
pregnancy and fertility, e.g. pregnancy tests (determination
of 1i.a. human chorionic gonadotropin (hCG)), ovulation tests

(determination of i.a. luteneizing hormone (LH)), fertility
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tests (determination of i.a. follicle-stimulating hormone

(FSH)) etc.

Yet another important field is that of drug tests, for easy
and rapid detection of drugs and drug metabolites indicating
drug abuse; such as the determination of specific drugs and

drug metabolites (e.g. THC) in urine samples etc.

The term “analyte” is used as a synonym of the term “marker”
and intended to encompass any substance that is measured

quantitatively or qualitatively.

The terms “zone”, “area” and “site” are used in the context of
this description, examples and claims to define parts of the
fluid passage on a substrate, either in prior art devices or

in a device according to an embodiment of the invention.

The term “reaction” is used to define any reaction, which
takes place between components of a sample and at least one
reagent or reagents on or in said substrate, or between two or
more components present in said sample. The term “reaction” is
in particular used to define the reaction, taking place
between an analyte and a reagent as part of the gqualitative or

quantitative determination of said analyte.

The term “base” here means the carrier or matrix to which a
sample is added, and on or in which the determination is
performed, or where the reaction between analyte and reagent

takes place.

The term “chemical functionality” comprises any chemical
compound or moiety necessary for conducting or facilitating
the assay. One group of chemical compounds, with particular

relevance in the present invention, are compounds or
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components exhibiting specific affinity to, or capability of

binding or interacting with, one or more components in the
sample. Red blood cell separating agents constitute an
illustrative example. Such agents may be any substance capable

of aggregating or binding red blood cells.

The term “biological functionality” comprises all biological
interactions between a component in a sample and a reagent on
or in the substrate, such as catalysis, binding,
internalization, activation, or other bio-specific
interaction. Suitable reagents include, but are not limited
to, antibodies, antibody fragments and derivates, single chain
antibodies, lectines, DNA, aptamers, etc., including other
polymers or molecules with binding capacity. Such reagents can
be identified by a person skilled in the art, following the
choice of the component to be separated, using standard
experimentation, e.g. screening methods and chemical

libraries.

The term “physical functionality” here comprises
functionalities involved in reactions and interactions other
than those that are mainly chemical or biological. Examples
include diameter, height, shape, cross section, surface
topography and surface patterns, the number of projections per
unit area, wetting behaviour of the surface of said
projections, or a combination thereof, and/or other
functionalities influencing the flow, retention, adhesion or
rejection of components of the sample.

The distinctions between chemical, biological and physical
interactions are not always clear, and it is possible that an
interaction - such as an interaction between a component in a
sample and a reagent on the substrate - involves chemical,

biological as well as physical zones.
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The terms “hydrophilic” and “hydrophobic”, as in hydrophilic

or hydrophobic compounds, hydrophilic or hydrophobic
interactions etc. have the meaning generally understood by a
person skilled in the art, and corresponding to that used in

generally recognized textbooks.

The present invention provides an assay device comprising a
1lid and a base, said base comprising a sample addition zone, a
reaction zone and an absorbing zone, said components being in
fluid connection and being part of a fluid passage leading
from the sample addition zone to the absorbing zone, wherein
(a) a sample addition well is integrated in the 1lid (b) the
absorbing zone consists of an area on an non-porous substrate,
having substantially perpendicular projections, said
projections defining a volume which together with the volume
of the fluid passage defines the sample volume subjected to
the assay, and (c) at least one filter is between the sample

addition well and the sample addition zone.

Embodiments of the present invention are directed to devices
including at least one fluid passage for fluid transport,
having a first end and a second end; and an absorbing zone
specifically adapted to establish, maintain and/or meter fluid
transport through or along said at least one fluid passage,
wherein said absorbing zone comprises a non-porous substrate
having a substrate surface, said zone having projections
substantially perpendicular to said surface, and said
projections having a height (H), diameter (D) and a distance
or distances between the projections (tl, t2) such, that

lateral capillary flow of said fluid in said zone is achieved.

Other embodiments concern methods for handling fluid transport
in or along at least one fluid passage on or in a substrate,

wherein the fluid transport in said passage 1is established
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and/or maintained and/or metered by an absorbing zone,

arranged in fluid contact with said passage, and said
absorbing zone comprising an zone made of a non-porous
substrate, said zone having projections substantially
perpendicular to said surface, and said projections having a
height (H), diameter (D) and a distance or distances between
the projections (tl, t2) such, that lateral capillary flow of

sald fluid on said zone 1s achieved.

In a device according to the invention, the capacity of the
device is accurately determined by the volume defined by the
absorbing zone. When sample is added in excess, the volume
subjected to the assay will always be identical, due to the
well-defined and reproducible non-porous structure.

The flow rate in turn can be influenced and controlled by
proper selection of the dimensions of the substantially
vertical projections, their diameter, height and distances
between the projections, as well as by adjusting their
chemical, biological or physical properties, e.g. by coating
the projections with a suitable compound. According to one
embodiment, the projections are made hydrophilic by the
addition of dextran. The flow rate can also be further
adjusted by selecting a suitable degree of hydrophilicity of
the foil, or that of an adhesive used to attach the foil to

the projections.

The present assay device comprises a sample addition well. The
sample addition well is integrated in the 1id. The present
assay device further comprises at least one filter. The sample
addition well and the filter together give better separation
of the sample. An advantage of the sample addition well
integrated in the 1id is that no leakage can occur at the

sample addition well. A sample addition well gives protection
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against tiny drops of liquid sample which may splash during

sample addition.

The additional filter makes the device insensitive or less

sensitive to wvariations in hematocrit.

The assay device includes a filter for separating components
in the sample. This filter is preferably a hydrophilic
polymeric membrane capable of separating red blood cells from
plasma, preferably without haemolysis, without non-specific
protein binding, with high separation efficiency, and without
red blood cell leakage. The Primecare® separation membranes
(Spectral® Diagnostics Inc., Toronto, ON, Canada) are examples

of such filters.

A foil can be arranged on the projections, thus accurately
defining a volume between the projections, limited on one side
by the substrate surface and on the other side, by said foil.
It has been surprisingly shown that the addition of a foil
influences the capillarity of the absorbing zone, and by
choosing a suitable foil material and adhesives for fastening
the foil, the hydrophilic properties of the absorbing zone can

be adjusted as desired.

The device according to the invention is practically closed,
and requires minimal interaction by the user. Once sample has
been added, it remains only to insert the device into an
apparatus for reading the result. Leakage of sample from the
device is unlikely, which minimizes the risks for
contamination of the reader. The device is easy to manufacture
and, in its preferred embodiments, consists of only a few
parts or only two main components, the support and the 1lid.
The 1id serves to protect the features of the support from the

environment, dust, mechanical damage etc.
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Further, the construction and the principle of reading the
results from below, through the non-porous substrate, also
aids in the creation of a closed system and protects the
reader from contamination as the surfaces with sample, e.g. a
patient sample, are not accessible to the reader or to the
user. The 1lid also provides an area for labels and barcodes.
Further advantages of the device include that it does not

require disassembly for determination of the assay result.

It is however conceived that the device can have an element
opposite to the 1lid. The bottom can be viewed as an element on
the opposite side to the fluid passage. A bottom is protecting
the other side of the base from mechanical damage,
contamination or the like, that could influence the
determination of the assay result. A bottom preferably has an
aperture or other means enabling the reading of the assay
result. According to one embodiment, not shown, the device has
sliding means protecting the base of the device, but possible
to remove or displace before the assay result is determined.
In one embodiment the bottom has at least one opening so that

the base can be read.

In one embodiment the air space above the base is in contact
with the surrounding air only to a very small extent, through
for instance at least one small opening. These has the
advantage that air inside will be saturated or close to
saturated with solvent wvapours from the sample and thus
prevent or delay further drying of the sample. Thus this
particular embodiment leads to a slower drying of the sample
on the base. One example of such an embodiment is an

embodiment with a light tight 1lid or a bottom and a 1lid.
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Importantly, the sample volume is not critical for the

performance of the assay, as it is the total available volume
of the absorbing zone and the fluid passage that determines
the amount of sample. The assay becomes highly reliable as the
absorbing zone, and in a preferred embodiment, also the fluid
passage, consists of a well defined structure, possible to
manufacture in a identical configuration from test to test,
with no or negligible variations in volume, capacity or

performance.

Fig. 1 shows an exploded view of an embodiment of the
invention, where on the surface of a substrate or base 1 a
flow path or fluid passage 2 is formed by projections,
substantially perpendicular to said surface. These projections
have a diameter, height and distance between them such, that
lateral capillary flow is achieved. The projections are
preferably modified with respect to their chemical, biological
or physical functionality, and given hydrophilic properties,

e.g. by the addition of dextran.

On the substrate surface, i.e. the base surface, a sample
addition zone 3 is formed. Said zone can contain substantially
vertical projections, but can also be a depression or well in
the substrate. It is conceived that the sample addition zone
at least partially contains said substantially perpendicular
projections. Fig. 1 schematically shows an embodiment where
the sample addition contains substantially vertical
projections, but where said substantially vertical projections
other properties, e.g. different dimensions, than those

constituting the fluid passage 2.

Close to the sample addition zone, in the direction of flow, a
detection conjugate is pre-dispensed in an area 4.

Alternatively, the detection conjugate is pre-dispensed in the
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sample addition zone. At the end of the fluid passage 2 is an

absorption zone 5, consisting of substantially perpendicular

projections.

According to a preferred embodiment, the absorbing zone is
covered by a foil 6, together with the surface of the

substrate and the projections defining a volume.

In one embodiment there is a device in the sample addition
well preventing a pipette from being inserted through the
filter. In one embodiment this narrow opening is adapted to
the pipette that is intended to be used together with the
device so that the opening does not allow the pipette to be
inserted completely through the opening. In an alternative
embodiment the device is shaped so that the geometry of the
opening and the pipette interacts and prevents the pipette to

be inserted so that it damages the filter.

Fig. 1 further shows how a lid 7 can be arranged on the base
1. The 1id 7 has at least one surface 8 for carrying
information, such as printed information, text, pictures, bar
codes etc. On the 1id is also arranged a sample addition well

9, having a sample pretreatment filter 10.

The side view shown in Fig. 2 illustrates how the sample
pretreatment filter is in contact with the projections present
on the sample addition zone 3. The side view also indicates
that the 1lid 7 can be attached to the base 1 in a snap-lock
fashion. It can also be glued, welded or otherwise attached to
the base. A skilled person will chose a suitable method for

attaching the 1lid to the base.

It is also conceived that the 1lid extends at least partially

over the bottom surface of the base, protecting the base from
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scratches, dirt or other contamination or other influence that

may compromise the reading of the assay result.

Fig. 3 shows schematically how a flow passage 2 is arranged on
a base 1, said flow passage consisting of projections
substantially perpendicular to the surface of the base, and an
absorbing zone, covered by a foil 6. The detail shows how the
dimensions of the projections, diameter, height and distance

between the projections, are measured.

Fig. 4 shows an alternative embodiment of the present
invention with a bottom 11. In addition to the bottom there is
shown a base 1, comprising projections substantially
perpendicular to said surface. The projections have a
diameter, height and distance between then such that at least
one capillary flow is achieved. In this particular embodiment
there is one absorbing zone 5 covered by a foil 6, which
together with the surface of the base and the projections
define a volume. There is a cover or 1lid 7 protecting the
device. In the 1lid there is integrated a sample addition well
9. Between the sample addition well 9 and the sample addition
zone 3 there is arranged a sample pretreatment filter 10. The
device further comprises a bottom 11 with an opening. The

opening allows reading of the base 1 by a reader.

Examples

Materials and methods:

Micropillar structures as described in WO 03/103835 were
produced by Amic AB, Uppsala, Sweden, and used to form the
sample addition zone, the reaction zone and the absorbing
zone. Multiple test structures were manufactured on a
thermoplastic disc, 1 mm thick, which was cut into strips,
each having a fluid passage or open flow channel consisting of

perpendicular projections or micropillars. The material used
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for manufacturing the disc was Zeonor® (Zeon Corp., Japan) a

cyclic olefin polymer having excellent optical properties.

A positive master including the structures to be tested was
made by etching the structures in silica, and a negative mold
as made in nickel, using said silica master. Multiple test
structures were manufactured by thermoplastic extrusion
against the negative mold, producing the structures on a
polypropylene disc, 1 mm thick, which was cut into strips,
each having a fluid passage or open flow channel consisting of

perpendicular projections or micropillars.

The micropillars had the following dimensions: 69 um in
height, 46 um in diameter and placed at approximately 29 um
distance or distances from each other. The flow channel had a
length of 25 mm and a width of 5 mm. The last 5 mm was used as
support for the absorbing materials, defining an absorbing

zone of about 5 x 5 mm.

The strips were given the same dimensions as a typical

microscope slide, i.e. 20 x 76 mm, for practical reasons.

The steady state flow was measured by applying 10 pL of a
buffer, composed of 0,25% Triton X-100, 0,5% BSA, 0,3M NaCl,
0,1 M Tris-buffer pH 7,0, in sequence five times. The time for
the disappearance of buffer was timed. The last five was used

for steady state calculation.

Example 1. Capillary flow using porous micro beads as

absorbing means

25 mg of dry Sephadex G25 (medium, Amersham Biosciences,
Uppsala, Sweden) was placed at the far end of the flow

channel, dispersed among the perpendicular projections. The
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flow was measured by buffer additions as described above. The

results are shown in Table 1:

Table 1.

Addition Chip A pL/min Chip B pL/min
1 7.1 7.1

2 6.7 7.0

3 6.7 6.8

4 6.9 6.7

5 7.1 7.1

Preliminary experiments using another fraction of the same
micro beads, Sephadex G25 (superfine, Amersham Biosciences,
Uppsala, Sweden) indicated that the particle size

significantly influences the flow.

Example 2. Capillary flow using cellulose/glass fiber filters

as absorbing means

A 25 mm long and 5 mm wide CF6 (Whatman, Maidstone, England)
absorbing filter was placed at the far end of the flow
channel, resting on the perpendicular projections. The flow
was measured by buffer additions as described above. The

results are shown in Table 2:

Table 2.

Addition Chip C pL/min Chip D pL/min
1 11 11

2 12 11

3 12 10

4 11 11

5 11 11
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The results indicate that a well functioning interface was

formed between the fluid passage, the projections and the
absorbing filter material, and that significant flow rated

were achieved.

Example 3. Capillary flow using foam material as absorbing

means

Polyurethane foam was cured in situ on the device, in the far
end of the flow channel, in an area consisting of
perpendicular projections. The foam filled the space between
the projections, providing good fluid communication with the
remaining flow channel. The time for 100 ul to be absorbed by
the foam was measured three times for different samples. The
results (Table 3) showed that a foam can serve as the
absorbing zone and that relevant flow is achieved. It is
anticipated that optimization of the foam with regard to
porosity, curing and other properties, will result in even

better flow rates.

Table 3.
Obtained results for wicking. The y axis reports time to

absorb 100L of water

Sample time 1 time 2 time 3 Average
1.1 2.30 4.30 3.10 3.23
1.2 1.30 2.00 2.00 1.77
2.1 5.00 5.00 5.00 5.00
2.2 2.45 3.00 2.55 2.67
3.1 0.22 0.23 0.30 0.25
3.2 0.33 0.35 0.38 0.35
4.1 0.30 0.41 1.05 0.59
4.2 0.35 0.35 1.05 0.58
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5.1 1.30 1.40 1.45 1.38
5.2 1.45 1.50 2.15 1.70
6.1 1.55 2.10 2.15 1.93
6.2 1.25 2.31 2.33 1.96
7.1 3.50 4.20 4.30 4.00
7.2 3.40 4.25 - 2.55
8.1 4.20 4.49 2.90
8.2 - - - 0.00
3.2-A 2.40 3.10 3.5 3.00
3.2-B 0.00
3.2-2 0.00

Example 4. Foil dependent flow

Test strips were produced having a fluid passage consisting of
or leading into an area of micropillars having the following
dimensions: 69 pm in height. 46 um in diameter and placed at
approximately 29 ym distance or distances from each other. The
flow channel had a length of about 25 mm and a width of 4 mm.
The distal end - relative to the sample addition - as covered
with an adhesive foil. Different foils having hydrophilic and
hydrophobic adhesives were tested (samples provided by

Adhesives Research Inc. USA).
Flow was tested using phosphate buffered saline with an
addition of 0.015 % Tween-20. The results are shown in Table

4.

Table 4. Effect of foil on flow velocity in a micropillar

structure

Width (*): 4 mm 2 mm Tot. vol.
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Flow (pl/min) Flow (pl/min) (nl)
None (open structure) 11 7 40
Hydrophilic foil 15 8 30
Hydrophobic foil VS VS NA

VS= Very Slow
NA= Not applicable
(*) Width of fluid passage

The results show that covering the distal end of the wider
fluid passage (4 mm) with a hydrophilic foil significantly
increased the flow velocity. It is likely that the lesser
improvement achieved in the more narrow fluid passage (2 mm)
is accountable to structural differences. In a narrow fluid
passage the effect of the exposed sides becomes greater. It is
contemplated that. by adjusting the properties of the adhesive
e.g. by choosing different degrees of wetting behaviour or
hydrophilicity the flow velocity can be accurately adjusted

for various sample fluids.

In general all experimental results show that the inventive
concept works in practice. and that the provision of an
absorbing zone significantly increased the absorption capacity
and flow velocity in a device according to the invention. The
experiments using a foil intimately arranged on projections or
the micropillar structure show that not only does this define
the volume very accurately it also influences the flow

velocity.

Although the invention has been described with regard to its
preferred embodiments which comprise the best mode presently
known to the inventors it should be understood that various

changes and modifications as would be obvious to one having
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the ordinary skill in this art may be made without departing

from the scope of the invention as set forth in the claims

appended hereto.
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Claims

1. An assay device comprising a 1lid and a base, said base
comprising, a sample addition zone, a reaction zone and
an absorbing zone, said components being in fluid
connection and being part of a fluid passage leading from
the sample addition zone to the absorbing zone, wherein:

a.a sample addition well is integrated in the 1id.

b. the absorbing zone consists of an area on an non-
porous substrate, having substantially perpendicular
projections, said projections defining a volume,
which together with the volume of the fluid passage
defines the sample volume subjected to the assay,
and

c. at least one filter is between the sample addition

well and the sample addition zone.

2. The assay device according to claim 1, wherein the fluid

passage is an integrated part of the base.

3. The assay device according to any one of claims 1-2,

wherein the assay device further comprises a bottom.

4. The assay device according to any one of claims 1-3,
wherein the projections have a height, diameter and
distance between the projections such that lateral
capillary flow of said fluid in the absorbing zone is

achieved.

5. The assay device according to any one of claims 1-4,
wherein the area of the absorbing zone having
substantially perpendicular projections is covered by a

foil.
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6. The assay device according to claim 5, wherein the foil

has hydrophilic properties.

7. The assay device according to claim 5, wherein the foil
is attached to the perpendicular projections using a

hydrophilic substance.

8. The assay device according to any one of claims 1-7,
wherein said at least one filter is a hydrophilic
polymeric membrane capable of separating red blood cells

from plasma.

9. The assay device according to any one of claims 1-7,
wherein said filter is a hydrophilic polymeric membrane
capable of separating red blood cells from plasma and
said filter is in direct contact with substantially

perpendicular projections in said sample addition zone.

10. The assay device according to any one of claims 1-9,
wherein the base is transparent, enabling reading of the

result through said base.

11. The assay device according to any one of claims 1-10,
comprising detection conjugate pre-dispensed in or near

the sample addition zone.

12. The assay device according to any one of claims 1-11,
wherein the sample addition well comprises a device
preventing a pipette from being inserted through the

filter.

13. A method for handling fluid samples, wherein a device

according to any one of claims 1-12 is used.
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14. A method for performing a diagnostic assay, wherein a

device according to any one of claims 1-12 is used.

15. A method for the handling of whole blood samples,
wherein a whole blood sample is placed in a sample
addition well, and subjected to separation of red blood
cells using a filter, wherein the plasma is brought in
contact with a fluid passage, comprising a sample
addition zone, a reaction zone and an absorbing zone,
wherein the volume of the absorbing zone and the fluid
passage defines the volume of plasma drawn through the

reaction zone.

l6. The method according to claim 15, wherein the
absorbing zone consists of an area on a non-porous

substrate having substantially perpendicular projections.

17. The method according to claim 16, wherein the
projections have a height, diameter and distances between
the projections such that lateral capillary flow of said

fluid in the absorbing zone is achieved.

18. The method according to claim 17, wherein the

projections are covered by a foil.

19. The method according to claim 18, wherein the flow
rate is controlled by selection of the hydrophilic
properties of the foil.
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