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David C. Doyle (CA Bar No. 70690) ['_ 1}
Steven E. Comer (CA Bar No. 154384) S
Jose L. Patifio (CA Bar No. 149568)
Brett D. Ekins (CA Bar No. 194736)
MORRISON & FOERSTER LLP
3811 Valley Centre Drive, Suite 500
San Diego, California 92130-2332
Telephone: (858) 720-5100

Attorneys for Plaintiff
ACON LABORATORIES, INC.

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA
/’
No. 03 CV-477 BTM (AJB)

ACON LABORATORIES, INC.,

Plaintiff,

V. FIRST AMENDED COMPLAINT FOR
DECLARATORY JUDGMENT AND

INVERNESS MEDICAL JURY DEMAND
INNOVATIONS, INC., INVERNESS
MEDICAL SWITZERLAND GmbH and
UNIPATH DIAGNOSTICS, INC.,

Defendants.

FIRST AMENDED COMPLAINT

Plaintiff Acon Laboratories Inc. {“Acon”), by its attorneys, alleges for its first amended
complaint against Defendants Inverness Medical Innovations, Inc. (“IMI”), Inverness Medical
Switzerland GmbH (“IMS™) and Unipath Diagnostics, Inc. (“Unipath”) (collectively,

“Defendants”) the following;

JURISDICTION

1. This is an action for a declaratory judgment pursuant to 28 U.S.C. §§ 2201 and
2202. This Court has jurisdiction over the action pursuant to 28 U.S.C. Sections 1338(a) (action

arising under an Act of Congress relating to patents) and 1331 (federal question).
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VENUE

2. Venue of this action is properly laid in this district pursuant to 28 U.S.C. §
1391(b}, (c), (d) and 28 U.S.C. § 1400(b).

THE PARTIES

3. Plaintiff Acon is a corporation incorporated under the laws of California, with its
principal place of business in San Diego.

4. Upon information and belief, Defendant IMI is a corporation incorporated under
the laws of Delaware, with its principal place of business in Waltham, Massachusetts.

5. Upon information and belief, Defendant IMS is a corporation organized and
existing under the laws of Switzerland, having it principal place of business in Zug, Switzerland.

6. Upon information and belief, Defendant Unipath is a corporation incorporated
under the laws of Delaware, with its principal place of business in Waltham, Massachusetts.

FACTUAL BACKGROUND

7. This action seeks a declaratory judgment concerning U.S. Patent No. 6,228,660
(the “‘660 patent”), U.S. Patent No. 6,352,862 (the “‘862 patent”), U.S. Patent No. 5,656,503
(the “‘503 patent”), U.S. Patent No. 6,187,598 (the “‘598 patent”), U.S. Patent No. 4,602,040
(the ‘040 patent™), and U.S. Patent No. 5,622,871 (the “‘871 patent”). Copies of the patents in
dispute are attached as Exhibits A through F to this First Amended Complaint.

8. Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘660 patent, which is entitled a “Capillary Immunoassay and Device Therefor
Comprising Mobilizable particulate Labelled Reagents,” and was issued by the United States
Patent and Trademark Office on May 8, 2001 to Keith May, et al. Defendants IMI and Unipath
also claim an interest in the enforcement of the ‘660 patent.

0. Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘862 patent, which is entitled “Analytical Test Device for Immuno Assays and

Methods of Using Same,” and was issued and was issued by the United States Patent and
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Trademark Office on March 35, 2002 to Paul Davis, et al. Defendants IMI and Unipath also
claim an interest in the enforcement of the ‘660 patent.

10.  Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘503 patent, which is entitled “Test Device for Detecting Analytes in
Biological Samples,” and was issued. and was issued by the United States Patent and Trademark
Office on August 12, 1997 to Keith May, et al. Defendants IMI and Unipath also claim an
interest in the enforcement of the ‘503 patent.

11.  Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘598 patent, which is entitled “Capillary Inmunoassay and Device Therefor
Comprising Mobilizable Particulate Labelled Reagents,” and was issued by the United States
Patent and Trademark Office on February 13, 2001 to Keith May, et al. Defendant Unipath also
claims an interest in the enforcement of the ‘598 patent.

12.  Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘040 patent, which is entitled “Assays,” and was issued by the United States
Patent and Trademark Office on February 11, 1997 to Keith May, et al. Defendants IMI and
Unipath also claim an interest in the enforcement of the ‘040 patent.

13. Upon information and belief, Defendant IMS claims to be the owner by
assignment of the ‘871 patent, which is entitled “Capillary Immunoassay and Device Therefor
Comprising Mobilizable Particulate Labelled Reagents,” and was issued by the United States
Patent and Trademark Office on April 22, 1997 to Keith May, ef al. Defendants IMI and
Unipath also claim an interest in the enforcement of the ‘871 patent.

14.  Defendants IMS and Unipath commenced an action against Acon in Massachusetts
on November 26, 2002, asserting infringement of the ‘660 and ‘862 patents (the “Massachusetts
Action™). The Massachusetts Action was improperly filed against Acon in a court without
jurisdiction over Acon.

15.  Defendant IMI sent a letter dated January 31, 2003 to the Perrigo Company

(“Perrigo™). In that letter, IMI asserted it believes pregnancy test kits sold by Perrigo may
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infringe the ‘660, ‘862, ‘503, ‘040 and ‘871 patents. IMI expressly demands that Perrigo
“immediately cease and desist in the manufacture, use and/or sale of infringing test kits.” Acon
is the supplier of Perrigo’s pregnancy test kits, Defendant IMI's letter to Perrigo created a
reasonable apprehension by Acon that IMI intends to initiate suit against Acon based on the
‘660, ‘862, ‘503, ‘040 and ‘871 patents.

16.  Defendants IMS and Unipath amended the Massachusetts Action on April 3, 2003,
to add allegations of infringement against Acon based on the ‘503, ‘598, ‘040 and ‘871 patents.
IMI has not joined the Massachusetts Action. As amended, the Massachusetts Action remains
improperly filed against Acon in a court without jurisdiction over Acon.

17.  An actual and justiciable controversy between Acon and Defendants exist
regarding the scope, validity and enforceability of the ‘660, ‘862, ‘503, 598, ‘040 and ‘871
patents. This controversy is established by the suit filed by Defendants IMS and Unipath against
Acon on November 26, 2002, and amended on April 3, 2003. This controversy 1s further
established by Defendant IMI's letter of January 31, 2003 to Acon’s customer.

18.  An actual and justiciable controversy also exists as to the whether Acon infringes
the ‘660, ‘862, ‘503, '598, ‘040 and ‘871 patents. In the Massachusetts Action, Defendants IMS
and Unipath claim Acon infringes the ‘660, ‘862, ‘303, ‘598, ‘040 and ‘871 patents. In its letter
to Perrigo, Defendant IMI claims product manufactured by Acon may infringe the ‘660, ‘862,
‘503, ‘040 and ‘871 patents. Acon denies these allegations, and contends it does not infringe the
‘660, ‘862, ‘503, 598, ‘040 and ‘871 patents or any valid asserted claims thereof.

FIRST CAUSE OF ACTION
(DECLARATORY JUDGMENT OF INVALIDITY AND UNENFORCEABILITY)

19.  Acon realleges and incorporates by reference paragraphs | through 18 of this
Complaint as though fully set forth herein.

20. Each claim of the *660 patent is void, invalid, and/or unenforceable under 35

U.S.C. §§ 101, 102, 103 and/or 112.
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1 21.  Each claim of the ‘862 patent is void, invalid, and/or unenforceable under 35
2| US.C. §§ 101,102, 103 and/or 112.
3 22, Each claim of the *503 patent is void, invalid, and/or unenforceable under 35
4 I US.C.§§ 101, 102, 103 and/or 112.
5 23.  Each claim of the ‘598 patent is void, invalid, and/or unenforceable under 35
6 | US.C.§§ 101, 102, 103 and/or 112.
T 24, Each claim of the ‘040 patent is void, invalid, and/or unenforceable under 35
8 | US.C.§§ 101,102, 103 and/or 112.
9 25. Each claim of the ‘871 patent is void, invalid, and/or unenforceable under 35
10 | US.C.§§ 101, 102, 103 and/or 112.
11 26.  This judicial declaration is necessary and appropriate at this time in order that

12 Acon may ascertain its rights and duties with respect to the ‘660, ‘862, ‘503, ‘598, ‘040 and ‘§71

13 | patents.

14 SECOND CAUSE OF ACTION

15 (DECLARATORY JUDGMENT OF NON-INFRINGEMENT)

16 27.  Aconrealleges and incorporates by reference paragraphs 1 through 26 of this

17 | Complaint as though fully set forth herein.

18 28.  Acon does not infringe the ‘660 patent or any of its claims.
19 29.  Acon does not infringe the ‘862 patent or any of its claims.
20 30.  Acon does not infringe the ‘503 patent or any of its claims.
21 31, Acon does not infringe the ‘598 patent or any of its claims.
22 32.  Acon does not infringe the ‘040 patent or any of its claims.
23 33.  Acon does not infringe the ‘871 patent or any of its claims.
24 34, This judicial declaration is necessary and appropriate at this time in order that

25 Acon may ascertain its rights and duties with respect to the ‘660, ‘862, ‘503, ‘598, ‘040 and ‘871

26 | patents.
27
28 :
5
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US 6,228,660 B1
*May 8, 2001

(10) Patent No.:
@5) Date of atent:

(54) CAPILLARY IMMUNOASSAY AND DEVICE
THEREFOR COMPRISING MOBILIZABLE
PARTICULATE LABELLED REAGENTS

(75) Inventors: Keith May, Bedferdshire; Michael
Evans Prior, Northamptonshire; Lan
Richards, Bedford, ail of (GB)

(73) Assignee: Conopeo Inc., New York, NY (US)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

(1) Appl. No.: 08/474,192
(22) Tiled: Jun. 7, 1995
Related U.S. Application Data

{62) Continvation of application No. 08/102,313, filed on Jul. 15,
1993, now Pat. No. 5,622,871, which is a continuation of
application No. 07/876,449, filed on Apr. 30}, 1992, now
abandoned, which is a division of application No. 07/795,
266, filed on Nov. 19, 1991, now abandoned, which is a
continuation of application No. 07/294,146, filed as appli-
cation No. PCT/GB88/00322 on Apr. 26, 1988, now aban-

doned.
(30) Foreign Application Priority Data
AL 27,1908 (GB) ooooveecomncrisrsmnsssrss s snnes 8709873
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(51} It CL7 oo sssmssenssissssenens GO1N 33/533

(52} US.Cl .. 436/514; 422/55, 422/56,
422/57; 422/58; 435/7.92; 435/962; 435/969;

435/070; 436/518; 436/525; 436/531; 436/533;

436/534; 436/810; 436/814; 436/817; 436/848
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(74) Attorney, Agent, or Firm—Pillsbury Madison & Sutro
LLP

(57) ABSTRACT

An analytical test device useful for example in pregnancy
testing, comprises a hollow casing (500) constructed of
moisture-impervious solid material, such as plastics
malerials, conlaining a dry porous carrier (510) which
communicates indirectly with the exterior of the casing via
a bibulous sample receiving member (506) which protrudes
from the casing such that a liquid test sample can be applicd
to the receiving member and permeate therefrom to the
porous carrier, the carrier containing in a first zone a labelled
specific binding reagent is [reely mobile within the porous
carrier when in the moist state, and in 2 second zone spatially
distinct from the first zone unlabelled specific binding
reagent for the same analyte which unlabelled reagent is
permanenily immobilized on the carrier material and is
therefore not mobile in the moist state, the two zones being
amranged such thal liquid sample applied to the porous
carrier can permeate via the first zone into the second zone,
and the device incorporating means, such as an aperture
(508) in the casing, cnabling the extent (if any) to which the
labelled reagent becomes bound in the second zone to be
ohserved. Preferably the device includes a removable cap for
the protruding bibulous member.

14 Claims, 5 Drawing Sheets
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CAPILLARY IMMUNOASSAY AND DEVICE
THEREFOR COMPRISING MOBILIZABLE
PARTICULATE LABELLED REAGENTS

This is a continuation of application Ser. No. (08/102,313,
filed Jul. 15, 1993, now U 8. Pat. No. 5,622,871, which was
a continvation of 07/876,449 filled Apr. 30, 1992, now
abandoned; which was a division of application Ser. No.
07,795,266, filed Nov. 19, 1991, now abandoned; which was
a continuation of application Ser. No. 07/294,146, filed Teb.
27, 1989, now abandoned, which was a U.S. national phase
of PCT/GB88/00322, filed Apr. 26, 1988. Priority is claimed
in this case from each of the above-listed applications.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to analytical devices which
are suitable for use in the home, clinic or doctor’s surgery
and which are intended to given an analytical resnlt which
is rapid and which requires the minimum degree of skill and
involvement from the user.

2. Description of the Related Art

The use of test devices in the home to test for pregnancy
and fertile period {ovulation) is now commonplace, and a
wide variety of test devices and kits are available commer-
cially. Without exception, the commercially-available
devices all require the user to perform a sequence of
operations before the test result is observable. These opera-
tions necessarily involve time, and introduce the possibility
of error.

SUMMARY OF THE INVENTION

It is an object of the prescnt invention to provide a test

device which is readily usable by an unskilled person and
which preferably merely requires that some portion of the
device is contacted with the sample (e.g. a urine stream in
the case of a pregnancy or ovulation test) and thereafter no
further actions are required by the user before an analytical
result can be observed. Ideally the analytical result should be
ohservable within a matter of minutes following sample
applicalion, e.g. len minutes or less.

The use of reagent-impregnated fest strips in specific
binding assays, such as immunoassays, has previously been
proposed. In such procedures a sample is applied to one
portion of the test strip and is allowed to permeate through
the strip material, usually with the aid of an eluting solvent
such as water. In so doing, the sample progresses into or
through a detection zone in the test strip wherein a specific
binding reagent for an analyte suspected of being in the
sample is immobilised. Analyte present in the sample can
therefore become bound within the detection zone. The
extent to which the analyte becomes bound in that zone can
be determined with the aid of labelled reagents which can
also be incorporated in the test strip or applied thereto
subsequently. Examples of prior proposals utilising these
principles are given in Thyroid Diagnostics Inc GB
1589234, Boots-Celltech Diagnostics Limited EP 0225054,
Syntex (USA) Inc EP 0183442, and Behringwerke AG EP
0186799.

The present invention is concerned with adapting and
improving the known technicques, such as those referred to
in the above publications, to provide diagnostic test devices
especially suitable for home use which are quick and con-
venient 1o use and which require the user to perform as few
actions as possible.
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Atypical embodiment of the invention is an analytical test
device comprising a hollow casing constructed of moisture-
impervious solid material containing a dry porous carrier
which communicates directly or indirectly with the exterior
of the casing such that a liquid test sample can be applied to
the porous carrier, the device also containing a labelled
specific binding reagent for an analyte which labelled spe-
cific hinding reagent is freely mobile within the porous
carrier when In the moist state, aod unlabelled specific
binding reagent for the same analyte which unlabelled
reagent is permanently immobilised in a detection zone o
the carrier material and is therefore not mobile in the moist
state, the relative positioning of the labelled reagent and
detection zone being such that liquid sample applied 1o the
device can pick up labelled reagent and thereafter permeate
into the detection zone, and the device incorporating means
enabling the extent (if any) to which the labelled reagent
becomes in the detection zone to be observed.

Another embodiment of the invention is a device for use
in an assay for an analyte, incorporating a porous solid phase
material carrying in a first zone a labelled reagent which is
rctained in the first zone while the porous material is in the
dry state but is free to migrate through the porous material
when the porous material is moistened, for example by the
application of an aqueous liquid sample suspected of con-
taining the analyte, the porous material carrying in a second
zone, which is spatially distinct from the first zone, an
unlabelled specific binding reagent having specilicity for the
analyte, and which is capable of purticipating with the
labelled reagent in either a “sandwich” or a “competition”
reaction, the unlabelled specific binding reagent being firmly
immobilised on the porous material such that it is not free to
migrate when the porous material is in the moist state.

The invention also provides an analytical method in
which a device as set forth in the proceeding paragraph is
contacted with an aqueous liquid sample suspected of con-
taining the analyte, such that the sample permeates by
capillary action through the porous solid phase material via
the first zone into the sccond zone and the labelled reagent
migrates therewith from the first zone to the second zone, the
presence of analyte in the sample being determined by
observing the extent (if any) to which the labelled reagent
becomes bound in the second zone.

In onc embodiment of the invention, the labelled rcagent
is a specific binding partoer for the analyte. The labelled
reagent, the analyte (if present} and the immobilised unla-
belled specific binding reagent cooperate together in a
“sandwich” reaction. This results in the labelled reagent
being ground in the second zone if analyte is present in the
sample. The two binding reagents musi have specificilies for
dilferent epitopes on (he analyte.

In another embodiment of the invention, the labelled
reagent is either the analyte itself which has besn conjugated
with a label, or is an analyle analogue, ie a chemical entity
having the identical specific binding characteristics as the
analyte, and which similarly has been conjugated with a
label. In the latter case, it is preferable that the propetties of
the analyte analogue which influence its solubility or dis-
perstbility in an aqueous liquid sample and its ability to
migrate through the moist porous solid phase material
should be identical to those of the analyte itsclf, or at least
very closely similar. In this second embodiment, the labelled
analyte or analyte analogue will migrate through the porous
solid phase material into the second zone and bind with the
immobilized reagent. Any analyte present in the sample will
compete with the labelled reagent in this binding reaction.
Such competition will result in a reduction in the amount of
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labelled reagent binding in the second zone, and a conse-
quent decrease in the intensity of the signal observed in the
second zone in comparison with the signal that is observed
in the absence of analyte in the sample.

An important preferred embodiment of the invention is
the selection of nitroceilulose as the carrier material. This
has considerable advantage over conventional strip
materials, such as paper, because it has a natural ability to
bind proteins without requiring prior sensitisation. Specific
binding reagents, such as immunoglobulins, can be applied
directly to nitrocellulose and immobilised thereon. No
chemical treatment is required which might interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitroceilulose can thercafter be blocked
using simple materials, such as polyvinylalcohol. Moreover,
nitrocellulose is readily available in a range of pore sizes and
this facilitates the selection of a camier material to suit
particularly requirements such as sample flow rate.

Another important preferred embodiment of the invention

is the use of so called “direct labels”, attached to one of the
specific binding reagents. Direct labels such as gold sols and
dye sols, are already known per se. They can be used to
produce an instant analytical result without the need to add
further reagents in order to develop a detectable signal. They
are robust and stable and can therefore be used readily in a
analytical device which is stored in the dry state. Their
releasc on contact with an aqueous samplc can be
modulated, for example by the use of soluble glazes.

An important aspect of the invention is the selection of
technical features which enable a direct labelled specific
binding reagent to be used in a carricr-based analytical
device, e.g. one based on a sirip format, to give a quick and
clear result. Ideally, the result of lhe assay should be
discernable by eye and to facilitate this, it is necessary for
the direct label to become concentrated in the detection
zone. To achieve this, the direct labelled reagent should be
transportable easily and rapidly by the developing liquid.
Furthermore, it is preferable that the whole of the developing
sample liquid is directed through a comparatively small
detection zone in order that the probability of an observable
result being obtained in increased.

Another important aspect of the invention is the use of a
directly labelled specific binding reagent on a carrier mate-
rial comprising nitrocellulose. Preferably the nitrocellulose
has a pore sive of al least one micron. Preferably the
nitrocellulose has a pore size not greater than about 20
microns. In a particularly preferred embodiment, the direct
label is a colourcd latex particle of spherical or near-
spherical shape and having a maximum diameter of not
greater than about 0.5 micron. An ideal size range for such
particles is from about 0.05 to about 0.5 microns.

In a further embodiment of the present inventicn, the
porous solid phase material is linked to a porous receiving
member to which the liquid sample can be applied and from
which the sample can permeate into the porous solid phase
malerial. Preferably, the porous solid phase material is
contained within a moisture-impermeable casing or housing
and the porous receiving member, with which the porous
solid phase material is linked, extends out of the housing and
can acl as a means for permitting a liquid sample to enter the
housing and permeate the porous solid phase material. The
housing should be provided with means, e.g. appropriately
placed apertures, which enable the sccond zone of the
porous solid phase material (camrying the immobilised unia-
belled specific binding reagent) to be observable from
outside the housing so thal the result of the assay can be
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observed. If desired, the housing may also be provided with
further means which enable a further zone of the porous
solid phase material to be observed from outside the housing
and which further zone incorporates control reagents which
enable an indication lo be given as to whether the assay
procedure has been completed. Preferably the housing is
provided with a removable cap or shroud which can protect
the protruding porous receiving member during storage
before use. If desired, the cap or shroud can be replaced over
the protruding porous receiving member, after sample
application, while the assay procedure is being performed.
Optionally, the labelled reagent can be incorporated else-
where within the device, e.g. in the bibulous sample collec-
tion member, but this is not preferred.

An important embodiment of the invention is a pregnancy
testing device comprising a hollow elongated casing con-
taining a dry porous nitrocellulose carrier which communi-
cates indirecily with the exterior of the casing via a bibulous
urine receiving member which protrudes from the casing
and which can act as a reservoir from which urine is released
into the porous carrier, the carrier containing in a first zone
a highly-specific anti-hCG antibody bearing a coloured
“direct” label, the labelled antibody being freely maobile
within the porous carrier when in the moist state, and io
second zone spatially distinet from the first zope an highly-
specific unlabelled anti-hCG antibody which is permancaily
immobilised on the carrier material and is therefore not
mobile in the moist state, the labelled and unlabelled anti-
bodies having specificities for different hCG epitopes, the
two zones being arranged such that a urine sample applied
to the porous carrier can permeate via the first zone into the
sccond zone, and the casing being constructed of opaque or
translucent material incorporating al least one aperture
through which the analytical result may be observed,
together with a removable and replaceable cover for the
protruding bibulous urine receiving member. A fertile period
prediction device, essentially as just defined except that the
analyic is LH, is an important alternative.

Such devices can be provided as kits suitable for home
use, comprising a pluralily (e.g. two) of devices individually
wrapped in moisture impervious wrapping and packaged
together with appropriate instructions to the user.

The porous sample receiving member can be made from
any bibulous, porous or fibrous malerial capable of absorb-
ing liquid rapidly. The porosity of the malerial can be
unidirectional (ie with pores or fibres running wholly or
predominantly parallel to an axis of the member) or multi-
directional (omnidirectional, so that the member has an
amorphous sponge-like structure). Porous plastics material,
such as polypropylene, polycihylenc (preferably of very
high molecular weight), polyvinylidene flouride, ethylene
vinylacetate, acrylonitrile and polytetrafluoro-ethylene can
be used. Tt can be advantageous to pre-treat the member with
a surface-active agent during manufacture, as this can reduce
any inherent hydrophobicity in the member and therefore
enhance its ability to take up and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper or other cellulosic materials,
such as nitro-cellulose. Materials that are now used in the
nibs of so-called fibre tipped pens are particularly suitable
and such materials can be shaped or cxtruded in a varicty of
lengths and cross-sections appropriate in the context of (he
invention. Preferably the material comprising the porous
receiving member should be chosen such that the porous
member can be saturated with aqueous liquid within a matter
of seconds. Preferably the material remains robust when
muist, and for this reason paper and similar materials ar¢ less
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preferred in any embodiment wherein the porous receiving
member protrudes from a housing. The liquid must there-
after permeate freely from the porous sample recciving
member into the porous solid phase material.

If present, the “control” zone can be designed merely to
convey an unrelated signal to the user that the device has
worked. For example, the control zone can be loaded with an
antibody that will bind to the labelled antibody from the first
Zone, e.g. an “anti-mouse” antibody if the labelled body is
one thal has been derived using a murine hybridoma, 1o
confirm that the sample has permeated the test strip.
Alternatively, the control zone can contain an anhydrous
reagent thai, when moistened, produces a colour change or
colour formation, c.g. anhydrous copper sulphate which will
turn blue when moistened by an aqucous sample. As a
further alternative, a control zone could contain immobilised
analyte which will react with excess labelled reagent form
the first zone. As the purpose of the control zone is to
indicate to the user that the test has been completed, the
control zone should be located downstream from the second
zone in which the desired test result is recorded. A posilive
conteerl indicator therefore tells the user that the sample has
permeated the required distance through the test device.

The label can be an entity the presence of which can be
readily detected. Preferably the label is a direct label, ie an
entity which, i its natural state, is readily visible cither to
the naked cye, or with the aid of an optical filter and/or
applied stimulation, e.g. UV light to promote flucrescence.
For example, minute colonred particles, such as dye sols,
metallic sols (e.g. gold), and coloured latex particles are very
suitable. Of these options, coloured latex particles are most
prefersed. Concentration of the label into a small zone or
volume should give rise to a readily deteclable signal, 6.g. a
strongly-coloured area. This can be evaluated by eye, or by
instruments if desired.

Indirect labels, such an enzymes, e.g. alkaline phos-
phatase and horseradish peroxidase, can be used but these
usually require the addition of one or more developing
reagents such as substrates before a visible signal can be
detected. Hence these are less preferred. Such additional
reagents can be incorporated in the porous solid phase
material or in the sample receiving member, if present, such
that they dissolve or disperse 1n the aqueous liquid sample.
Alternatively, the developing reagents can be added to the
sample before contact with the porous material or the perous
material can be exposed to the developing reagents after the
binding reaction has taken place.

Coupling of the label to the specific binding reagent can
be by covalent bonding, if desired, or by hydrophobic
bonding. Such techniques are commonplace in the art, and
form no part of the present invemion. In the preferred
embodiment, where the label i1s a direct label such as a
coloured latex particle, hydrophobic bonding is preferred.

In all embodiments of the invention, it is essential that the
labelled reagent migrates with the liquid sample as this
progresses 1o the detection zone. Preferably, the flow of
sample continues beyond the detection zone and sufficient
sample is applied to the porous material in order that this
may occur and that any cxcess labelled reagent form the first
zone which does not participate in any binding reaction in
the second zone is flushed away from the detection zone by
this continuing Aow. If desired, an absorbant “sink™ can be
provided at the distal end of the carrier material. The
absorbent sink may comprise, for example, Whatman 3 MM
chromatography paper, and should provide sufficient absorp-
tive capacily to aliow any unbound conjugage to wash vut of
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the detection zone. As an allernative to such a sink it can be
sufficient to have 2 length of porous solid phase material
which extends beyond the detection zone.

The presence or intensity of the signal from the [abel
which becomes bound in the second zone can provide a
qualitative or quantitative measurcment of zpalyte in the
sample. A plurality of detection zones aranged in scrics on
the porous solid phase material, through which the aqueous
liquid sample can pass progressively, can also be used to
provide a quantitative measurement of the analyte, or can be
loaded individualy with different specific binding agents lo
provide a multi-analyte test.

The immobilised specific binding reagent n the second
zone is preferably a highly specific antibody, and more
preferably a monoclonal antibody. In the embodiment of the
invention involving the sandwich rteaction, the labelled
reagent is also preferably a highly specific antibedy, and
more preferably a monoclonal antibody.

Preferably the carrier material is in the form of a strip or
sheet 1o which the reagents are applied in spacially distinet
zones, and the liquid sample is allowed to permeate through
the sheet or strip from one side or end to another.

If desired, a device according to the invention can incor-
porate two or more discrete bodies of porous solid phase
material, e.g. separate strips or sheets, each carrying mobile
and immobilised reagents. These discrete bodies can be
arranged in parallel, for example, such that a single appli-
cation of liquid sample to the device initiates sample flow in
the discrete bodies simultanecusly. The separate analytical
results that can be determined in this way can be used as
control results, or if different reagents are used on the
different carriers, the simullaneous delerminalion of & plu-
rality of analytes in a single sample can be made.
Alternatively, multiple samples can be applied individualty
to an array of carfers and analysed simultaneously.

The material comprising the porous solid phase is pref-
erzbly nitroceltulose. This has the advantage that the anti-
body in the second zone can be immobilised firmly without
prior chemical treatment. If the porous solid phase material
comprises paper, for example, the immobilisation of the
antibody in the second zone needs to be performed by
chemical coupling using, for example, CNBr,
carbonyldiimidazole, or tresyl chloride.

Following the application of the antibody to the detection
zone, the remainder of the porous solid phase material
should be treated to block any remaining binding sites
elsewhere. Blocking can be achieved by treatment with
protein (.e.g. bovine serum albumin or milk protein), or with
polyvinylalcohol or ¢thanolamine, or any combination of
these agents, for example. The labelled reagent for the first
zone can then be dispensed onto the dry carrier and will
become mobile in the carrier when in the moist state.
Between each of these various process steps (sensitisation,
application of unlabelled reagent, blocking and application
of the labelled reagent), the porous solid phasc material
should be dried.

To assist the free mobility of the labelled reagent when the
porous carrier is moistened with the sample, it is preferable
for the labelled rcagent to be applied to the carder as a
surface layer, rather than being impregnated in the thickness
of the carrier. This can minimise interaction between the
carrier material and the labelled reagent. In a preferred
cmbodiment of the invention, the camier is pre-treated with
a glazing material in the region to which the labelled reagent
is to be applied. Glazing can be achieved, for example, by
deposiling an aqueous sugar or cellulose solution, e.g. of
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sucrose or lactose, on the carrier at the relevant portion, and
drying. The labelled reagent can then be applied 1o the
glazed portion. The remainder of the carder material should
not be glazed.

Preferably the porous solid phase material is nitrocellu-
losc sheet having a pore size of at least about 1 micron, even
more preferably of greater than about 5 microns, and yet
more preferably about 8-12 micrens. Very suitable nitrocel-
lulose sheet having a nominal pore size of up to approxi-
mately 12 microns, is available commercially from Schle-
icher and Schuell GmbH.

Preferably, the nitrocellulose sheet is “backed”, e.g. with
plastics sheet, to increase its handling strenth. This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing material. The actual pore size of the
nitrocellulose when backed in this manner will tend to be,
lower than that of the carresponding unbacked material.

Alternatively, a pre-formed sheet of nitrocellulose can be
tightly sandwiched between two supporting sheets of solid
malerial, e.g. plastics sheets.

It is preferable that the flow rate of an aqueous sample
through the porous solid phase material should be such that
in the unireated material, aqueous liquid migrates at a rate of
1 cm in noi more than 2 minules, but slower flow rates can
be used 1f desired.

The spatial scparation between the zooes, and the flow
rate characteristics of the porous carrier material, can be
selected to allow adequate reaction times during which the
necessary specilic binding can occur, and to allow the
labelled reagent in the first zone to dissolve or disperse in the
liquid sample and migrate through the carrier. Further con-
trol over these parameters can be achieved by the incorpo-
ration of viscosity modifiers (e.g. sugars and medified
celluloses} in the sample to slow down the rcagent migra-
tion.

Preferably, the immobilised reagent in the second vone is
impregnated through the thickness of the carrier in the
second zone (e.g. Ihroughout the thickness of the sheet or
strip if the carrier is tn this form). Such impregnation can
enhance the extent to which the immobilised reagent can
capture any analyte present in the migrating sample.

The reagents can be applied to the carrier material in a
variety of ways. Various “printing” techniques have previ-
ously been proposed for application of liquid reagents to
carriers, e.g. micro-syringes, pens using metered pumps,
direct printing and irk-jet printing, and any of these tech-
niques can be used in the present context. To facilitate
manufacture, the carrier (¢.g. sheet) can be treated with the
reagents and then subdivided into smaller portions (e.g.
small narrow strips each embodying the required reagent-
containing zones) to provide a plurality of identical carrier
units.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 a perspective view ol a slrip of porous selid phase
material for use in an assay tesl in accordance with the
invention; '

FIG. 2 a perspective view of a strip of porous selid phase
malterial for use in an assay lest in accordance with the
invention;

FIG. 3 is a perspective view of a device utilizing a porous
strip of the type illustrated in FIGS. 1 and 2;

FIG. 4 is a perspective view, parially broken away,
revealing a porous strip within the device of FIG. 3;

FIG. 5 is an enlarged view of one end of the device of
FIG. 3,
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FIG. 6 is a perspective view of another test device
according to the invention;

FIG. 7 is a perspective view, similar to FIG. 6, but
partially cut away to reveal the porous test sirtp contained
within the body of the device;

FIG. 8 is an exploded perspective view of an assay device
in accordance wilh the present invention;

FIG. 9 is a cross-sectional side elevalion of the device
shown in FIG. §;

FIG. 10 is an enlarged view of the porous receiving
member and test strip in the device illustrated in FIGS. 8 and
9;

FIG. 11 is a plan view of another embodiment of the
Invention;

FIG. 12 is a schematic cross-sectional view taken along
line 12—12 in FIG. 11;

FIG. 13 is a perspective view of yet another embodiment
of the invention; and

FIG. 14 is a partially cul away view af the device of FIG.
13.

By way of example only, some preferred embodiments of
the invention will now be described in detail with reference
1o the accompanying drawings.

EMBODIMENT 1

FIGS. 1 and 2 represent a typical strip of porous solid
phase material for use in any assay test in accordance wilh
the invention, and illustrate the underlying principle upon
which the invention operates.

Referring to FIG. 1, the assay test strip 10 ts scen as a
rectangular strip having (for the purpose of this description)
its longitudinal axis in a vertical situation. Adjacem the
lower end 11 of sirip 10 is a narrow band or zone 12
extending across the entire width of the strip. A smatl region
13 of strip 10 lies verticaily below zone 12. Above zone 12
is a second zone 14 lying a discrete distance up strip 10 and
similarly extending the entire width of the sirip. The region
15 of strip 10 between zones 12 and 14 can be of any height
as long as the two zones are separate. A further region 16 of
the strip extends above zone 14, and at the top 17 of the strip
is a porous pad 18 firmly linked to strip 10 such that pad 18
can act as a “sink” for any liquid sample which may be rising
by capillary action through strip 10.

Zone 12 is loaded with a first antibody bearing a visible
(“direct”) label (e.g. coloured latex particle, dye sol or geld
sol). This reagent can frecly migrate through the strip in the
presence of a liquid sample. In zone 14, the strip is impreg-
nated with a second antibody having specificity for a dif-
ferent epitope on the same analyle as the first antibody. The
second antibody is firmly immobilised on the strip.

FIG. 2 illustrates what happens when the assay strp is
used in an analytical procedure. The lower end 11 of the dry
strip is contacted with a liquid sample {not shown) which
may contain the analyte to be determined. Capillary action
causes the fluid to rise through the strip and eventually reach
pad 18. In so doing, the sample traverses zone 12 and the
labelled antibody will dissolve or disperse in the sample and
migrate with it through the strip. While migrating towards
zone 14, the labelled antibody can bind to any analylc
present in the sample. On reaching zone 14, any analylc
molecule should become bound 10 the second antibody, so
immobilising the labelled “sandwhich™ so produced. If a
significant concentration of the analyte to be determined is
present in the liquid sample, in 2 short period of time a
distinct accumulation of the visible label should occur in
zone 14.
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As an example of an analysis to which this embodiment
can he applied, the analyle can be hCG, the reagents in zones
12 and 14 can be monoclonal antibodies to hCG which can
participate in a “sandwich” reaction with hCG, and the label
can be a particulate dye, a gold sol or coloured latex
particlcs.

Although deseribed above in relation to a “sandwhich”
reaction, it will be readily apparent to the skilled reader that
this can be modified 1o a “competition” reaction format if
desired, the labelled reagent in zone 12 being the analyte or
an analogue of the analyte.

An assay based on the above principles can be used to
determine a wide variety of analytes by choice of appropri-
ate specific binding reagents. The analytes can be, for
example, proteins, haptens, immunoglobulins, hormones,
polyaucleotides, steroids, drugs, infectious diseast agents
(e.g. of bacterial or viral origin} such as Streplococcus,
Neisseria and Chlamydia. Sandwich assays, for example,
may be performed for analytes such as hCG, LH, and
infections disease agents, whercas competition assays, for
cxample, may be carried out for amalytes such as E-3-G
(estrone-3-glucuronide) and P-3-G (progesterone-3-
glucuronide).

The determination of the presence (if any) of more than
onc analyte in sample can have significant clinical urility.
For example, the ratio of the levels of apolipoproteins A,
and B can be indicative of susceptibility to coronary heart
disease. Similarly, the ratio of the levels of glycated hae-
moglobin (HbA} to unglycated (HbAo) or total (Hb) hae-
moglobin can aid in the management of diabetes. Addition-
ally it is possible to configure tests to measure two steroids
simultaneously, e.g E-3-G and P-3-G. By way of example,
a dual analyte test for apolipoproteins A, and B may be
prepared by depositing, as two spacially distinct zones,
antibody specific for apolipoprotein A, throughout a first
zone and depositing a second antibody specific for apolipo-
protein B, throughout the second zone of a porous carrier
matrix. Following the application of both sntibodies to each
of their respective zones via a suitable application procedure
(e.g. ink-jet printing, metered pump and pen, or airbrush),
the remainder of the porous material should be treated with
a reagent, e.g. bovine serum albumin, polyvinyl alcohel, or
ethanolamine, to block any remaining binding sites else-
where. A third and fourth reagent, bearing a label, may then
be dispensed onto the dry carrier in one or more zones near
to one end of the strip, the sirip being allowed to dry between
applications of the two reagents to the same zone. Reagent
3 and Reagent 4 may comprise conjugates of anti-
apolipoprotein A, antibody and anti-apelipoprotein B anti-
body respectively. Both of these conjugates will become
mobile in and on the carrier when in the moist state.
Reagents 3 and 4 can migrate with the solvent flow when an
aqueous sample is applied to the first end of the carrier strip.
While migrating lowards the two zones further along the
strip, reagent 3 may bind any apolipoprotein A, present in
the sample and reagent 4 may bind any apolipoprotein B
present in the sample. On reaching the first second-antibody
zone (anti-apolipoprotein A, antibody zope) anti-
apolipoprotein A; molecules should become bound to the
sccond antibody, immobilising the labelled ‘sandwich’ so
produced. No labelled apoliprotein B molecules will bind to
this first zone. On reaching the second second-antibody zone
(anti-apolipoprotein A, antibody zone) anti-apolipopretein
B molecules should become bound 1o the second antibody
(solid-pbase antibody), immobilising the labelled ‘sand-
wich’ so produced. No labelled apolipoprotein A, molecules
will bind to the second zone. An accumulation of each of the
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direct label may occur at both or either zones to a lesser or
greater exlent resulting in 2 visible signal at either or both of
the solid phasc antibody zones. Excess unbound conjugate
(of both reagent 3 and reagent 4) can pass freely over the two
antibody zones and will be washed into the distal end of the
strp.

The development of a quantifiable colour in both of the
second-antibody zones may be assessed with an appropriate
form of instrumentation, yielding a ratio of colour density
between the two sites.

The determination of the presence of more than two (ie
multiple) analytes in any example may have significant
clinical utility. For example, the detection of the presence of
various different serotypes of one bacterium, or the detection
of the presence of soluble serological markers in humans
may be useful. By way of example, a mulliple analyte test
for the detection of the presence of different serotypes of
Streptococcus can be prepared for groups A, B, Cand D. A
cocktail of monoclonal antibodies, cach specific for various
pathologically fmportant group serotypes, or a polyclonal
antiserem raised against a particular Streptococeal group,
can be dispensed onte a porous carrier strip as a line
extending the width of the strip of approximately 1 mm zone
length. Multiple lines be dispensed in spatially discrete
zones, each zone containing immunochemically reactive
component(s) capable of binding the analyte of interest.
Following the application of the multiple zones, via a
suitable application procedure {eg ink-jet printing, metered
pump and pen, airbrush), the remainder of the porous
material should be treated with a reagent (eg bovine serum
albumin, polyvinylalcohol, cthanolamine) to block any
remaining binding sites elsewhere. Conjugates of label, e.g.
a dye sol, and e¢ach immunochemically-reactive component
specific for each bacterial group may then be dispensed
either onto a single zone at the bottom end of the strip,
proximal to the sample application zone, or as a series of
scparate Zones.

FIGS. 3, 4 and 5 of the accompanying drawings depict a
complete device utilising a porous strip as just described
above. FIG. 3 represents the complete device viewed from
the front, FIG. 4 shows the same device partially cut away
to reveal the details of the strip inside, and FIG. 5 shows the
underside of the device.

Referring to FIG. 3, the device comprises a flat rectan-
gular body 30 the front face 31 of which is perforated by a
circular hole or window 32 which reveals the porous test
strip 10 within the body. The region of the test strip 10
visible through the window 32 incorporates a narrow hori-
zontal zone 14.

Referring to FIG. 4, the device comprises a dry rectan-
gular test strip 10 made from porous material which cxtends
from the bottom end 33 of the body 30 within the body
between the front 31 and back 34 of the body. Near the
bottom end 11 of the strip 10 is a herizontal zone 12 bearing
alabelled specific binding reagent for an analyte, the binding
reagent being mobile in the test strip in the moist state.
Further up the test strip is the narrow horizontal zone 14
which is visible through the window 32. At the top 17 of (he
test strip 10 is a porous ‘sink’ 18 which can absorb any liquid
sample that has permeated upwards through the strip.

Referring to FIG. 5, the bottom edge 35 of the body 30
incorporates a lateral aperture in which the botlom end 11 of
the strip lies.

In operation, the bottom end 33 of the body 30 is
immersed in a liquid sample (eg urine) so that the hiquid
sample can be absorbed by the bottom end 11 of the test strip
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20 and rise by capillary action to the top 17 of the test strip
and into the sink 18. In so deing, the liquid sample
progeesses via zone 12 to zone 14. Specific binding reactions
as described above occur, and the test result is visible to the
user through the window 32.

EMBODIMENT 2

FIGS. 6 and 7 of the accompanying drawings illusirate
another lest device according to the invention. FIG. 6
illustrates the complete device viewed from the front, and
FIG. 7 depicts the same device partially cut away to reveal
details of a porous test strip contained within the body of the
device.

Referring to FIG. 6, the device comprises an elongate
body 200 terminating at its lower end 201 in a small integral
receptacle 202 which can hold a predetermined volume of a
liquid sample, cg urine. The front face 203 of the body 200
incorporates two square small square apertures or windows
204 and 205 located one above the other.

Referring to FIG, 7, the elongate portion of the body 200
is hollow and incorporates a test strip 206 rinning almost the
full height of the body. This test strip is of similar construe-
tion to thosc described under Embodiment 1, and incorpo-
rates near its lower end 207 a horizontal zone 208 bearing a
labelied specific binding reagent that can freely migrate in
the strip in the moist state. There are two cirenlar zones 209
and 210 adjacent to the windows 204 and 205 and visible
therethrough. The strip terminates at its top end 211 in a
porous sink 212. At the bottom end 201 of the device, the
receptacle 202 communicates with the hollow body via a
lateral aperture 213,

Inn operation, a liquid sample is applied 1o the bottom end
of the device and a predetermined volume of the sample fils
the receptacle 202, From the receptacle 202 the liquid
sample rises by capillary action through the lest strip 206
and conveys and labelled reagent from zone 208 1o the two
circular zones 209 and 210. A series of specific binding
reactions as described in relation to Embodiment 1 above
occur. In this embodiment the second circular zone 210 can
act as a control (giving rise, for example, to a coloured signal
irrespective of whether or not the sample contains the
analyte to be determined) and the determination of the
analyte takes place in the first circular zone 209. The user
can determine whether the analyle is present in the sample
by comparing the signal produced in the two zones.

For example, if the test is used to detcrmine the presence
of hCG in urine during the course of a pregnancy tesl, the
circular control zone 210 can contain immeobilised 11CG
which will bind a labelled antibody which is carried upwards
from zone 208 by ihe migrating liquid sample. The same
labelled antibody can engage in a ‘sandwich’ reaction with
hCG in the sample and be bound in the first circular zone 209
by anotber specific anti-bCG antibody which has been
immobilised therein. Alternatively, if desired, the “control”
zone can be designed merely to convey an unrelated signal
to the user that the device has worked. For example, the
second cireular zone can be loaded with an antibody that will
bind to the labelled antibody from zone 208, e.g. an “anti-
mouse” antibody if the labelled antibody is one that has been
derived using a murine hybridoma, to confirm that the
sample has permeated the test strip.

EMBODIMENT 3

FIG. 8 of the accompanying drawings represents an
isometric view of an assay device in accordance with the
invention, and FIG. 9 represenis a cross-sectional side
elevalion of the device shown in FIG. 8.
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Referring to F1G. 8, the device comprises a housing or
casing 500 of elongate rectangutar form having at one end
501 a portion 502 of reduced cross-sectional arca. Acap 503
can be fitted onto portion 502 and can abut against the
shoulder 504 at end 581 of the housing. Cap 503 is shown
scparated from housing $00. Extending beyond end 505 of
portion 502 is a porous member 506. When cap 503 is fitted
onto portion 502 of the housing, it covers porous member
506. Upper face 507 of housing 500 incorporales two
aperiures 508 and 509.

Referring to FIG. 9, il can be seen that housing 508 is of
hollow construction. Porous member 506 extends into hous-
ing 500 and contacts a strip of porous carrier material 510.
Porous member 506 and strip 510 overlap to ensure that
there is adequate contact between these two materizls and
that a liquid sample applicd to member 506 can permeate
member 506 and progress into strip 510. Strip 510 extends
further into housing 500. Strip 510 is “backed” by a sup-
porting strip 511 formed of transparent moisiure-
impermeable plastics material. Strip 510 extends beyond
apertures 508 and 509. Means are provided within housing
500 by webbs 512 and 513 to bold strip 510 firmly in place.
In this respect, the internal constructional details of the
housing are not a significant aspect of the invention as Ing
as the strip is held firmly in place within the housing, and
porcus member 506 is firmly retained in the housing and
adequate fluid permeable contact is maintained between
member 506 and strip 510. The transparent backing strip 511
lies between strip 510 and apertures 508 and 509 and can act
as a seal against ingress of moisture from outside the
housing 500 via these apertures. If desired, the residual
space 514 within the housing can contain moisture-
absorbanl malerial, such as silica gel, to help maintain (he
strip 510 in the dry state during storage. The reagent-
containing zones in strip 510 are not depicted in FIG. 8, but
the first zone containing the labelled regent which is mobile
when the sirip is moistened will [ie in the regior between the
porous member 506 and aperture 508. The sccond zome
containing the immobilised wnlabelled reagent will lie in the
region exposed through aperture 508 in order that when the
device has been used in an assay, the result can be observed
through aperture 508. Aperture 509 provides means through
which a control zone comtaining further reagents which may
enable the adequate permeation of sample through the strip
lo be observed.

In operation, the protective cap 503 is removed from the
holder and member 506 is exposed to a liquid sample e.g. by
being placed in a urine stream in the case of a pregnancy test.
After exposing member 506 to the liquid sample for a time
sufficient to ensure that member 506 is saturated with the
sample, (he cap 503 can be replaced and the device placed
aside by the user for an appropriate period time (e.g. two or
three minutes) while the sample permeates test strip 510 o
provide the analytical result. After the appropriate time, the
uscr can observe the test strip through apertures 508 and 509
and can asccrtain whether the assay has been completed by
observing the control zone through aperture 509, and can
ascertain the resuft of the assay by observing the second
zone through aperture 508.

During manufacture, the device can be readily assembled
from, for example, plastics material with the housing 500
being moulded in two parts (e.g. upper and lower halves 515
and 516) which can be securely fastened together (¢.g. by
ultrasonic welding) after the porous member and test strip
have been placed within one of the halves and then sand-
wiched between the two halves. The act of forming this
sandwich construction can be used lo “crimp” the porous
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member and test strip together to ensure adequate confact
between them. Cap S03 can be moulded as a separate
complete item. If desired, apertures 508 and 509 can be
provided with transparent inserts which may insure greater
security against ingress of extraneous moisture from outside
the housing. By providing a tight fit betweea the end 505 of
housing 500 and the protruding porous member 506, the
application of sample to the protruding member will not
result in sample entering the device directly and by-passing
member 506. Member 506 therefore provides the sole route
of access for the sample 1o the strp within the housing, and
can deliver sample to the strip in a conirolled manner. The
device as a whole therefore combines the functions of
samples and analyser.

By using the test strip materials and reagents as herein-
after described, a device in accordance with FIGS. 8 and 9
can be produced which is eminently suitable for use as a
pregnancy test kit or fertile period test kit for use in the home
or clinic. The user merely needs to apply a urine sample to

the exposed porous member and then (after optionaily 2

replacing the cap) can observe the test result through aper-
ture 508 within a matter of a few minutes.

Although described with particular reference 1o preg-
nancy tests and fertile period tests, it will be appreciated that
the device, as just described, czn be used to determine the
presence of a very wide varicty of analytes if appropriate
reagents arc incorporated in the test strip. It will be further
appreciated that aperture 509 is redundant and may be
omitted if the test sirip does not contain any conirol means.
Further, the general shape of the housing and cap, both in
terms of their length, cross-section and other physical
features, can be the subject of considerable variation without
departing from the spirt of the invention.

A further option is the omission of the labelled reagent
from the fest sirip, this reagent being added to the sample
prior 1o application of the sample to the test device.
Alternatively, the labelled reagent can be contained in the
protruding porous member 506.

FIG. 10 of the accompanying drawings shows an enlarged
view of the porous receiving member and test strip in the
device illustrated in FIGS. 8 and 9.

The porous receiving member 506 is linked to the porous
test strip 510, backed by the trapsparent plastics sheet 511,
such that liguid can flow i the direction shown hy the
arrows through the porous receiving member and into the
porous strip. Test zone 517 incorporates the immobitised
specific binding reagent, and control zone 518 contains a
reagent to indicate that the sample has permeated a sufficient
distance along the test strip. A portion of the test strip surface
opposile the backing strip 511 and adjacent the porous
teceiving member 506, carries a glaze 519 on which is
deposited a layer 520 of labelled specific binding rezgent.
The thickness of these two layers as depicted in FIG. 10 is
grossly exaggerated purely for the purpose of illustration, It
will be appreciated that, in practice, the glaze may not form
a tree surface layer and the glazing material will penetrate
the thickness of the strip to some extent. Similarly, the
subsequently applied labelled reagent may also penetrate the
strip. Nevertheless, the essential objective of reducing any
interaction between the labeiled rcagent and the carrier
malerial forming the strip will be achieved. An agueous
sample deposited in receiving member 506 can fAow there-
from along the length of strip 510 and in so doing, will
dissolve glaze 519 and mobilise the labelled reagent, and
carry the labelled reagent along the strip and through zone
517.
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Embodiment 4

FIGS. 11 and 12 illustrate another embodiment of the
invention, which is seen in plan view in FIG. 11 and in
cross-section in FIG. 12, the cross-section being an elevation
on the line 12—12 seen in FIG. 11,

Referring 1o FIG. 11, the test device comprises a flat
rectangular casing 608 incorporating a centrally disposed
rectangular aperture 601, adjacent the left hand end 602, and
two further apertures 603 and 604 near the mid point of the
device and arranged such that apertures 601, 603 and 604 lic
on the central longitudinal axis of the device corresponding
1o line 12—12. Although all three aperlures are illustrated as
being rectangular, their actual shape is not critical.

Referring to the cross-section seen in FIG. 12, the device
is hollow and incorporates within il a porous sample receiv-
ing member adjacent end 602 of casing 600 and lying
directly beneath aperture 601. A test strip of similar con-
struction to that described with reference to Embodiment 4,
comprising a porous strip 606 backed by a transparent
plastics shect 607 is also contained within casing 600, and
extends from the porous receiving member 602, with which
the porous carrier is in liquid permeable contact, to the
extreme other end of the casing. The transparenl backing
sheet 607 is in firm contact with the upper inner surface 608
of casing 600, and provides a seal against apertures 603 and
604 to prevent ingress of moisture or sample into the casing.
Although not shown in the drawings, the porous test strip
606 will incorporate a labelled specific binding reagent, and
a fest zone and a control zone placed appropnately in
relation to apertures 603 and 604, in 2 manner analagous to
that described in Embodiment 3.

In operation, an agueous sample can be applied through
aperture 601, e.g. by means of a syringe, 1o saturate porous
receiving metmber 605. Thercafier, the aqueous sample can
permeate the test strip and after an appropriate time the test
result can be observed through apertures 603 and 604.

Embodiment 5

A vet further embodiment of the inventicn is illusirated in
FIGS. 13 and 14 of the accompanying drawings. FIG. 13
shows a device comprising a rectangular casing 700 having
in its upper surface 701 a rectangular aperture 702. One end
wall 703 of the device 703 incorporates an aperture 704
through which a porous tesi element communicates with the
exterior ol the device, Aperture 702 is situated in surface 701
at a point relatively remote from the end 703 containing the
aperture 704.

FIG. 14 shows a partially cut-away view of the device in
FIG. 13. The hollow device incorporates a porous lest strip
705, running almost the entite length of casing 700 from
aperture 704. Test strip 708 incorporates a first zone 706
containing a labelled specific binding reagent and a further
zone 707, remote from aperture 704, incorporating an immo-
bilised specific reagent. Zonc 706 lics directly bencath
aperture 702 is therefore observable from outside casing.
Beneath stdp 705 and adjacent zone 707, is a crushable
clement 708 contzining one or more substrates or reagents
which can be used to produce a detectable signal when
released into zone 707, if labelled reagent from 706 has
become bound in zone 707 following use of the device.
Release of the reagents from member 708 can be ellected by
applying pressure Lo the outside of the casing at that point in
order 1o crush the member and express the reagent there-
from.

In operation, the first test element can be exposed to an
aqueous sample, e.g. by dipping ¢nd 703 of casing 708 inlo
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a vessel containing the sample. The liquid sample will then
permeate the length of test strip 705, taking labelled reagent
from zone 706 and passing through zone 707 where the
labelled reagent can become bound e.g. through a “sand-
wich” reaction involving an analyte in the sample. When the
sample has permeated the test sirip, reagent can be released
from the crushable member 708 and the resull of the test
cbserved through aperture 702.

By way of example only, certain preferred lesl strip
materials, reagents, and methods for their production will
now be described.

1. Selection of Liquid Conductive Material

Representative examples of liquid conductive materials
include paper, nitrocellulose and nylon membrancs. Essen-
tial features of the material are its ability 1o bind protein;
speed of liquid conduction; and, if necessary after pre-
treatment, its ability 1o allow the passage of labelled anti-
bodies along the strip. It this is a direct label, it may be
desirable for the material to allow flow of particles of size up
o a few microns (usually less than 0.54). Examples of flow
rales obtained with various materials are given below:

Time te Flow

Pore size 45 mm (minutes)
Schleicher + Schuell nitrocellulose  3u 3.40
(unbacked) Su ki)
8 3.0
12p 2.20
polyester-backed 8pt (nominal) 3.40
Whatman Nitracellulose 5 19.20
Pall “Immunodyne™ (nylon) 3 4.00
3.20

The speed of a test procedure will be determined by the
flow rate of the material employed and while any of the
above materials can be used some will give faster tests than
others.

Nitrocellulose had the advantage of requiring no activa-
tion and will immobilisc proteins strongly by absorbtion.
“Immunodyne” is pre-activated and requires no chemical
treatment. Papers, such as Whatman 3MM, require chemical
activation with for example carbonyldiimidazole in order to
successfuily immabilise antibody.

2. Labels

Preparation of Labels

A selection of labels which may be used are described
below. This list is not cxhaustive.

A) Gold Sol Preparation

Gold sols may be prepared for use in immunoassay from
commercially-available colloidal gold, and an antibody
preparation such as anti-alpha buman chorionic genadotro-
phin. Metallic sol labels are described, for example, in
Euwropean patent specification No. EP' 7654.

For example, colloidal gold G20 (20 nm particle size,
supplied by Janssen Life Sciences Products) is adjusted 1o
pl! 7 with .22y fillered 0.1M K,CO,, and 20 mis is added
1o a clean glass beaker. 200 g of anti-alpha hCG antibody,
prepared in 2 mM borax buffer pH® at 1 mg/ml, and 0.22x
filtered, is added to the gold sol, and the mixture stirred
continuously for two minutes. 0.1M K,CO, is used to adjust
the pH of the antibody gold sol mixture to 9, and 2 mls of
10% (w/v) BSA is added.

The antibody-gold is purified in a series of three centrifu-
gation steps al 12000 g, 30 minutes, and 4° C., with only the

20

25

30

35

40

45

50

65

16
loose part of the pellel being resuspended for further use.
The finat pellet is resuspended in 1% (w/v) BSA in 20 mM
Tds, 150 mM NaCl pH 8.2.

B) Dyve Sol Preparation

Dye sols (see, for example, Eurapean patent specification
No. EP 32270) may be prepared from commercially-
available hydrophobic dyestuffs such as Foron Blue SRP
(Sandoz) and Resolin Blue BBLS (Bayer). For example,
fifty grammes of dye is dispersed in 1 liter of distilled waler
by mixing on a magnetic stirrer for 2-3 minutes. Fraction-
ation of the dye dispersion can be performed by an initial
centrifugation step at 1500 g for 10 minutes at room tem-
perature 1o remove larger sol particles as a solid pellet, with
the supemnatant suspension being retained for further cen-
trifugation.

The suspension is centrifuged at 3000 g for 10 minutes at
room temperature, the supernatant being discarded and the
pellet resuspended in 500 mls distilled water. This procedure
1s repeated a further three times, with the final pellet being
resuspended in 100 mls distilled water,

The spectra of dye sols prepared as described above can
be measured, giving lambda-max values of approximately
657 nm for Foron Blue, and 650 nm for Resolin Blue. The
absorbance at lambda-max, for 1 cm path length, is used as
an arbitrary measure of the dye sol concentration.

C) Coloured Particles

Latex (polymer) particles for use in immunoassays are
available commercially. These can be based on a range of
synthetic polymers, such as polystyrene, polyvinyliolvene,
polystyrene-acrylic acid and polyacrolein. The monomers
used are normally water-insuluble, and are emulsified in
aqueous surfactanl so that monomer mycelles are formed,
which are then induced to polymerise by the addition of
initiator to the emulsion. Substantially sperical polymer
particles are produced.

Coloured latex particles can be produced cither by incor-
porating a suitable dye, such as anthraguinone, in the
emulsion before polymerisation, or by colouring the pre-
formed particles. In the latter route, the dye should be
dissolved in a waler-immiscible solvent, such a chloroform
which is then added to an aqueous suspension of the latex
particles. The particles take up the non-aqueous solvent and
the dye, and can then be dried.

Preferably such latex particles have a maximum dimen-
sion of less than gbout 0.5 micron.

Coloured latex particles may be sensitised with protein,
and in particular antibody, to provide reagents for use in
immunoassays. For example, polystyrene beads of about 0.3
micron diameter, (supplied by Polymer Laboratories) may
be sensitised with anti-alpha human chorionic
gonadotrophin, in the process described below:

0.5 m! (12.5 mg solids) of suspension is diluted with 1 m)
of 0.IM borate buffer pH 8.5 in an Eppendorf vial. These
particles are washed four times in borate buffer, each wash
consisting of centrifugation for 3 minutes at 13000 rpm in an
MSE microcentrifuge at room temperature. The final pellet
is resuspended in 1 ml borate buffer, mixed with 300 pg of
anti-alpha hCG antibody, and the suspension is rotated
cnd-over-cnd for 16-20 hours at room temperature. The
antibody-latex suspension is ceatrifuged for 5 minutes at
13000 rpm, the supemnatant is discarded and the pellet
resuspended in 1.5 mls borate buffer containing 0.5 milli-
grammes bovine serum albumin. Following rotation end-
over-end for 30 minutes at room temperature, the suspension
is washed three times in 5 mg/ml BSA in phosphale bulfered
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saline pH?.2, by centrifugation at 13000 rpm for 5 minutes.
The pellet is resuspended in 5 mg/ml BSA/5% (w/v) glyc-
crol in phosphate buffered saline pH 7.2 and stored at 4° C.
until used.

{A) Anti-hCG—Dye Sol Preparation

Protein may be coupled to dye sol in a process involving
passive adsorption. The protein may, for example, be an
antibody preparation such as apti-alpha human chorionic
gonadotrophin prepared in phosphate buffered saline pH 7.4
at 2 milligram/ml. A reaction mixture is prepared which
contains 100 u! antibody soluticn, 2 mls dye sol, 2 mls 0.1M
phosphate buffer pH 5.8 and 15.9 mls distilled water. After
gentle mixing of this solution, the preparation is Jeft for
fiftcen minutes at room temperature. Excess binding sites
may be blocked by the addition of, for cxample, bovine
serum albumin: 4 mls of 150 mg/ml BSA in 5 mM NaCl pH
7.4 is added to the reaction mixture, and afier 15 minutes
incubation at room temperature, the solution is centrifuged
at 3000 g for 10 minutes, and the pellet resuspended in 10
mls of 0.25% (w/v) dextran/0.5% (w/v) lactose in 0.04M
phosphate buffer. This antibody-dye sol conjugate is best
stored in a freeze dried form.

{B) LH—Dye Sol Preparation

Due to the structural homology between the alpha sub-
units of hCG and LH, alpha hCG antibody can be used to
detect LH in a cross-reactive immuneassay. Thus, a labelled
antibody may be prepared for use in an LH assay in an
identical manner to that described in Example 1, using
anti-alpha hCG antibody.

3. Preparation of Reagent Strip

Zonal Impregnation of Liquid-conductive Malerials

Liguid-conducting malerial with a resinicted zone of
immobilised protein, particularly antibody, can be prepared
for example as follows:

A rectangular sheet of Schleicher and Schuell backed 8u
nitrocellulose measuring 25 ¢m in length and 20 cm in width
may have a reaction zone formed upon it by applying a line
of material about | mm wide at 5 cm intervals along its
length and extending throughout its 20 cm width. The
material can, for example, be a suitably selecied antibody
preparation such as anti-beta (human chorionic
gonadotropie) of affinity Ka at 10°, prepared in phosphate
buffered saline pH 7.4 at 2 milligram/ml, suitable for immu-
noassay of human chorionic gonadotrophin using 2 second
(labelled) anti-hCG antibody in 2 sandwich format. This
solution can be deposited by means of a microprocessor-
controlled microsyringe, which delivers precise volumes of
reagent through a nozzle, preferably 2 mm diameter. When
the applied material has been allowed to dry for 1 hour at
room temperature, excess binding sites on the nitrocellulose
are blocked with an inert compound such as polyvinyl
alcobol (1% w/v in 20 mM Tris pH 7.4) for 30 minutes at
room lemperature, and sheets are thoroughly rinsed with
distilled water prior to drying for 30 minutes at 30° C.

In one embodiment, the liquid conductive material can
then be cut up into numerous strips 5 cm in length and 1 cm
in width, each strip carrying a limited zone of the immobi-
lised antibody to function as an immunosorbent part way
{c.g. about half way) along its length. In this example the test
strip is used with a liquid label which is mixed with sample.
In use, this limited zone then becomes a test reaction zone
in which the immunoassay reactions take place.

In another embodiment, the label may be dispensed/
deposited intofon 2 restricted zone before cuiting up the
liquid-conductive material into sirips. By way of example,
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this reagent may be dye sol or dye polymer-conjugated
anti-hCG antibody prepared as described under dye sol
preparation, said reagent being retained in the zone when Lhe
material is i the dry state but which is free to migrate
through the carrier material when the material is moistened,
for example, by the application of liquid sample containing
the analyte to be determined. This mobile reagent zone is
applied, for example, as follows:

A sheet of Schleicher and Schuell backed 8y
nitrocellulose, 25 em in length and 20 cm in width with
zones of immobilised antibody at 5 cm intervals along its
length, is prepared as described previously. Prior to the
deposition of dye labelled antibody, a sublayer of, for
example, 60% w/v of sucrose in distilled water is applied by
aitbrush on the microprocessor controlled system at 6 cm
intervals along the length of the sheet. Then scveral passes
(e.g. three) of dye labelled antibody prepared in 1% meth-
acel KAM (Trademark for methylcellulose from Dow
Chemical Company) and 0.6% (w/v) polyvinylalcohol are
applied by airbrush or by microsyringe directly on top of the
sublayer. Sheets are then allowzd to dry, and cut into strips
5cmin length and 1 cm in width, to be used in the completed
device.

Gold sols, or coloured polystyrene particles can be depos-
ited by a similar process,

In addition fo the test zone various control zone options
can be operated. For example a zone of anti-species IgG may
be deposited after the test zone.

4. Sandwich Assays using Strip Format

A sandwich-type reaction may be performed for the
detection of buman chorionic gonadotrophin (hCG) in a
liquid sample. Preferably the label used as a direct label
which is readily visible to the naked eye. Dye sols, gold sols
or coloured latex particles may be linked (o anti hCG
antibody, as described above.

With direct labels, assays may be performed in which
fresh urine samples are applied directly from the urine
stream, or by delivering an appropriate volume (e.g. 100 44)
[rom a container using a pipelie to the absorbent wick of the
test devige. Each sample is allowed 10 run for five minutes
in the device, and the colour generated at the reactive zone
read either by eye, or using a light refleclometer.

Indirect labels such as enzymes e.g. alkaline phosphatase
may also be used, but require the addition of substrate o
generate a coloured endpoint,

Enzyme assays may be performed in which the anti-hCG
antibody is conjugated to alkaline phosphatase, using con-
ventional techniques, and diluted 1/100 in 0.01M phosphate
bulfered saline pH 7 containing 3% polyethylene glycol
6000, 1% (w/v) bovine serum albumin and (.02% TRITON
X305 (Trademark—obtainable from Rohm and Haas) before
application to the sheet. Fresh urine samples are then
applied, either directly from the urine stream, or by deliv-
ering an appropriate volume (e.z. 100 ul) from a container
using a pipette, to the absorbent wick of the test device. Each
sample is allowed to run for five minutes before a pad of
liquid-swellable material soaked in BCIP substrate (at 1
mg/ml in 1M Tris/HCI pH 9.8) is placed in contact with the
immobile antibody zone. After a further five minutes, the
pad is removed, and colour generated read either by eye, or
by using a light reflectometer.

A similar embodiment can be prepared using lutenising
hormone (LH) instead of hCG.

5. Competiiive Assays

A competitive type assay may be performed as exempli-
fied by estrone-3-glucuronide, a urinary metabolite of
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estrone. Conjugates of estrone-3-glucuronide and bovine
serum albumin are prepared as follows:

Preparation of BS A—Estrone-3-glucuronide

The conjugation of E-3-G and BSA may be achieved
throutth the use of a mixed anhydride. All of the glassware,
solvents and reagents employed in the preparation of the
activated species must be thoroughly dried using an oven,
dessicaltor or molecular sieves, as appropriate, for at least 24
hours.

Solutions of E-3-G (2 oM) in dry dimethylformamide
(DMF) and tri-n-butylamine (TaB) (10 oM) to dry DMF
were equilibrated separately at 4° C. Using pre-cooled
glassware £-3-G in DMF (1.25 m!) and TaB in DMF (0.25
ml) were added to a pre-cooled 5 ml Reactivial containing
a magnetic stirrer. A solution of isobutyl chloroformate in
dry DMT (10 nM) was prepared and an aliquot (0.25 ml) was
cooled 1o 4° C. and added to the Reactivial. The contents of
the Reactivial were stirred for 20 minutes at 4° C. and a
solution of BSA(1 mg/ml}) in bicarbonate buffer (0.5%) was
prepared. When the mixed anhydride incubation was
complete, the contents of the Reactivial were added to the
BSA solution (2.5 mi) and stirred on a magnetic stirrer for
4 hours at 4° C. The conjugate preparation was purified by
passage through a Tris buffer equilibrated Pharmacia PD-10
SEPHADEX G-25 column, transferred to an amber glass
storage bottle and stored at 4° C.

Preparation of BSA-E-3-G Dye Sol

A dispersion of dye (5% w/iv) in distilled water was
prepared with thorough mixing and aliquots were centri-
fuged at 3850 rpm (1500 g) for 10 minutes in a bench top
centrifuge. The pellet was discarded and the supernatant was
retained and centriluged in aliquots at 4850 rpm (3000 g) for
10t minutes in a bench top centrifige. The supernatant was
discarded and the pellet was resuspended in half of its
original volume in distilled water. This step was repeated
four times to wash the pellet. The pellet was finally resus-
pended in distilled water and the absorbance at lambda max
was determined.

Solutions of dye sol in distilled water and E-3-G/BSA
conjugate diluted in phosphate buffer were mixed to give
final concentrations of 10 ug/ml conjugate (based on BSA
content) and an extrapolated dye sol optical density of 20 at
the absorbance maximum. The reaction mixlure was incu-
bated for 15 minutes at room lemperature and blocked for 15
minutes at room temperature with BSA in a NaCl solution (5
mM, pH 7.4) 1o vield a final BSA concentration of 25 mg/ml.
The reaction mixture was centrifuged at 4850 rpm (3000 g)
for 10 minutes in a benehtop centrifuge, the supernatant was
discarded and the pellet was resuspended in half of its
original volume in Dextran (0.25% wiv)/Lactose (0.5% wv)
phosphate {0.04M pH 5.8) buffer.

Preparation of E-3-G Test Strips

Antibodies to E-3-G were deposited as described in
example 3. BSA—E-3G dye sol was deposited on the strips
as described in 3.

Determination of E-3-G

Using reagents described above, a standard curve can be
generated by running sirips with samples with known con-
centrations of E-3-G. The colour at the immobile zone can
be read, for example using 2 Minolta chromameter, and the
conceantration of E-3-G calculated by extrapolating from the
reflectance value.

The invention described herein extends to all such modi-
fications and variations as will be apparent to the reader
skilled in the art, and also extends (o all combinations and
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subcombinations of the features of this description and the
accompanying drawings.

What is claimed is:

1. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample and
requiring solely the application thereto of said liquid bio-
logical sample to enable a test to be performed and a test
resull to be provided, said device comprising:

a hollow casing constructed of moisture impervious solid

material;

a test strip, comprising a dry porous carrier disposed in
said casing, said dry porous carrier comprising a test
result zone and a conirol zone; and

a labeled reagent capable of specifically binding with said
analyte to form a first complex of said labeled reagent
and said analyte, said labeled reagent being positioned
within said casing as part of said dry porous carrier
prior to use, said labeled reagent being a particulate
direct label,

said cesing comprising a sample application aperture
through which liquid biological sample can be applicd
direcily or indirectly to said carrier, said labeled reagent
being located upstream from said test result zone prior
to use and released into mobile form by application of
said liquid biological sample,

wherein said carrier comprises, immobilized in said test
result zone, means for binding said first complex, and
wherein migration of said applied liquid biological
sample through said dry porous carrier conveys by
capillarity said first complex to said test result zone of
said dry porous carrier, whereat said binding means
binds said first complex thereby io form a second
complex and lo thereby indicate the presence of said
analyte in said liguid biological sample,

said casing further comprising a lest result observation
aperture remote from said sample application aperture,
said test result zone at least being visible through said
test result observation aperture, said sample application
aperture and said test result observation aperture being
spaced apart and disposed so that sample liquid can be
applied to said sample application aperture to initiate
said test but said test strip is substantially shielded from
accidental initial application of sample liquid directly
to a portion of said test strip downstrcam from said
location of said labeled reagent in the dry state,

wherein said control zone comprises a material for indi-
cating that said Liquid biological sample has been
conveyed thereto by capillarity along said carrier irre-
spective of a presence or absence of said analyte in said
liquid biclogical sample.

2. The analytical test device of claim 1, further comprising

a control zone observation aperture, said control zone being
vistble through said control zone observation aperiure; said
control zone observation aperture being defined separately
from said test result observation aperture.

3. The analytical test device of claim 1, wherein said
control zone comprises means for binding labeled reagent
conveyed therelo by said liquid biological sample, irrespec-
tive of a presence or absence of said analyte.

4, The analytical test device of claim 1, wherein said
carrier communicates indirectly with an exterior of the
casing via a sample receiving member.

5. The analytical test device of claim 4, wherein the
sample receiving member protrudes through the sample
application aperture.

6. The analytical test device of claim 1, wherein said
casing has first and second longitudinal ends, said sample
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application aperture being disposed adjacent said first lon-
gitudinal end and further comprising a displaceable shroud
disposed on said first end for shiclding said liquid biclogical
sample application aperture.

7. The analytical test device of claim 1, wherein said
analyte is human chorionic gonadotrophin (hCG).

8. The analytical test device of claim , wherein said
analyte is hateinizing hormone (LH).

9. The analytical test device of claim 1 wherein said label
is a gold sol.

10. The analytical test device of claim 1, wherein said
label is colored latex particles.

1. Apregpancy testing device for detecting human chori-
onic gonadotrophin (hCG) suspected of being present in a

urine sample and requiring solely the application thercto of 15

said urine sample to enable a test to be performed and a test
result to be provided, said device comprising:

a hollow casing constructed of moisture impervious solid
matenal;

a fest strip, comprising a dry porous carrier disposed in
said casing, said dry porous carrier having a detection
zone and a control zone; and

labeled reagent comprising an anti-hCG antibody bearing
a particulate direct label capable of specifically binding
with said hCG to form a first complex of said labcled
anti-bCG antibody and said hCG, said labeled hCG
antibody reagent being at least one of disposed on and
contained in said test strip in a dry state prior to use,

20

said casing comprising a sample application aperture 1

through which urine can be applied directly or indi-
rectly to said carrier, said labeled hCG antibody being
located upstream from said delection zone prior to use
and released into mobile form by application of said
urine sample,

22

wherein said carrier comprises, immobilized in said
detection zone, means for binding said first complex,
and wherein migration of said applied urine sample
through said dry porous carrier conveys by capillarity
said labeled hCG antibedy and said hCG to said
detection zone of said dry porous carrier, whereal said
binding means binds said first complex thereby to form
a second complex, thereby to indicate the prescoce of
said hCG in said urive sample,
said casing comprising a test result observation aperture
remote from said sample application aperture, said
detection zone at least being visible through said test
result observation aperture, said sample application
aperture and said est result observation aperture being
spaced apart and disposed so that urine can be applied
to said sample application aperture to initiate said test
but said test sirip is substantially shielded from acci-
dental initial application of urine directly to a portion of
said test strip downstream from said location of said
labeled hCG antibody in the dry state,
wherein said control zone comprises a material for indi-
cating that said urine sample has been conveyed thereto
by capillarity along said carrier irrespective of a pres-
ence or absence of hCG in said urine sample.
12. The pregnancy testing device of claim 11, wherein
said control zone is downstream from said detection zone.
13. The pregnancy testing device of claim 11 wherein said
label 15 a gold sol.
14. The pregnancy testing device of claim 11 wherein said
label 1s colored latex particles.
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ANALYTICAL TEST DEVICE FOR IMUNO
ASSAYS AND METHODS OF USING SAME

‘This is a continuation of application Ser. No. 8/488,460,
ftled on Jun. 7, 1995, which was abandoned upon the filing
hereof; a cont. of application Ser. No. 08/400,500 filed Mar.
8, 1995, abandoned; which is & cont. of application Ser. No.
08/183,263 filed Jan, 19, 1994, now abandoned; which was
a cont. of application Ser. No. 07/585,066 filed May 19,
1992, now abandoned.

FIELD OF THE INVENTION

The present invention relates to assays involving specific
binding, especially immunoassays.

In particular, the invention relates to analytical devices
which are suitable for use in the home, ¢linic or doctor’s
surgery and which are intended to give an analytical result
rapidly and which require the minimum degree of skill and
involvement from the user. The use of test devices in the
home 1o test for pregnancy and fertile period (ovulation) is
now commonplace.

BACKGROUND PRIOR ART TO THE
INVENTION

In the specification of UK patent application GB
2204398 A we describe lest devices which are readily usable
even by an unskilled person and which typically merely
require that some portion of the device is contacted with a
samnple (e.g. urine in the case of a pregnancy or ovulation
test} and thereafter no further actions arc required by the user
before an analytical result can be observed. The analytical
result can be observable within a matter of minutes follow-
ing sample application, e.g. ten minutes or less.

The use of reagent-impregnated test strips in specific
binding assays, such as immunoassays, has previously been
proposed. In such procedures a sample is applied to one
portien of the test sirip and is allowed to permeate through
the strip material, usually with the aid of an eluting solvent
such as water, In so doing, the sample progresses into or
through a detection zone in the test strip wherein a specific
binding reagent is immobilised. Analyte present in the
sample can participate in a sandwich or a compctition
reaction within the detection zone, with a labelled reagent
which can also be incorporated in the test strip or applied
thereto. Examples of prior proposals wtilising these prin-
ciples are given in Thyroid Diagnostics Inc GB 1589234,
Boots-Celltech Diagnostics Limited EP 0225054, Syntex
(USA) Inc EF 0183442, and Behringwerke AG EP 0186799.

SUMMARY OF THE INVENTION

The present invention provides an analytical test device
incorporaling a dry porous carrier to which a liquid sample
suspected of containing an analyte can be applied indirectly,
the device also incorporating 2 labelled specific binding
reagent which is freely mobile in the porous cammier when in
the moist state, and an unlabelled specific binding reagent
which is permanently immobilised in a detection zone on the
carricr material, the labelled and unlabelled specific binding
reagents being capable of participaling in cither a sandwich
reaction or a cormpelition reaction in the presence of the
analyte, in which prior to the application to the device of a
liquid sample suspected of conlalning the analyle, the
labelled specific binding reagent is retained in the dry state
in 2 macroporous body through which the applied liquid
sample must pass en roule (o he porous carrier material, the
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labelled specific binding reagent being freely soluble or
dispersible in any hquid sample which enters the
macroporous body.

The invention also encompasses a macroporous bedy
containing in the dry state a labelled specific binding reagent
that is freely soluble or dispersible in an aqueous sample that
may be applied to the macroporous body. The invention
further encompasses any analytical device that incorporates
such a macroporous body together with a test strip or the like
inte which liquid sample carrying dissolved or dispersed
labelled specific binding reagent can flow from the
macroporous body. The invention also encompasses the use
of such a macroporous body to facilitate the uptake of a
labelled specific binding agent by a liquid sample before
such a sample is analysed on a test strip or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents an isometric view of an assay device in
accordance with the invention;

FIG. 2 represents a cross-sectional side elevation of the
device shown in FIG. 1.

FIG. 3 shows an enlarged view of the sample collector,
macroporous body and test strip in the device illustrated in
FIGS. 1 and 2.

FIGS. 4 and 5 illustrate another embodiment of the
invention, which is seen in plan view in FIG. 4 and In
cross-section in FIG. 5, the cross-section being an elevation
on the line A seen in FIG. 4.

Preferably, the dry porous carrier material comprises a
chromatographic strip, such as a strip of nitrocellulose. If
desired, the nitrocellulose can be backed with moisture
impermeable material, such as polyester sheel. Using nitro-
cellulose as the porous carrier material bas considerable
advantage over more conventional strip materials, such as
paper, because nitrocellulose has a patural ability to bind
proteins without requiring prior sensitisation. Specific bind-
ing reagents, such as immunoglobulins, can be applied
directly to nitrocellulose and immobilised thereon. No
chemical treatment is required which might interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitrocellulose can thereafter be blocked
using simple materials, such as polyvinylaleohol. Morcover,
nitrocellulose is readily available in a range of pore sizes and
this facilitates the selection of 2 carrier material to suit
particularly requirements such as sample flow rate. Prefer-
ably the nitrocellulose has a pore size of at least one micron.
Preferably the nitrocellulose has a pore size not greater than
about 20 microns.

In a preferred embodiment of the invention, the labelled
specific binding reagent comprises a specific binding reagent
attached to a paniculate label. Such “direct labels”, e.g.
coloured latex particles, gold sols, non-metallic colloids, and
dye sols, are already known per se. They can be used to
produce an instant analytical resnlt without the need to add
further reageats in order to develop a detectable signal. They
are robust and stable and can therefore be used readily in a
amalytical device which is stored in the dry state. Their
release on contact with an agueous sample can be
modulated, for example by the use of soluble glazes.
Preferably, the particulate label is a latex particle, such as a
coloured latex particle which can be readily visible to the
eye if it becomes bound in the detection zone. If desired, the
assay result can be read instrumentally, eg. by colour reflec-
tance. Alternatively, the latex particle can incorporate a
fluorescent compound which can respond to applied elec-
tromagnetic enetgy such as ultraviolet light or visible light,
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to provide an emitted signal that can be measured instru-
menitally. In a particularly preferred embodiment, the direct
label is a coloured latex particle of spherical or near-
spherical shape and having a maximum diameter of not
greater than about 0.5 micron. An ideal size range for such
particles is from about 0.05 to about 0.3 microns.

We have found that use of a macroporous body as the
portion of the device wherein the applied liquid sample
encounlers the particulate label considerably facilitates the
ease with which the particulate label is taken up by the liquid
sample, compared o the situation that usually prevails if the
parliculate label is incorporated as a pre-dosed reagent on
the dry porous carrier strip. To enable the particulate label to
migrate freely out of the macroporous body with the liquid
sample, the macroporous body preferably has a pore size at
least 10 times greater than the maximum particle size of the
particulate label. More preferably, the macroporous body
comprises plastics material having an average pore size of
not less than 10 microns, and ideally about 100 microns,
because such larger pore sizes give better release of the
labelled reagent. The plastics material should not be protein-
hinding, or should be easily blockable by means of reagents
such as BSA or PVA, to minimise non-specific binding 2nd
to facilitate free movement of the labelled reagent after the
macroporous body has become moistened with the liquid
sample. The plastics material can be pre-treated with surface
active agent or solvent, if necessary, to render it more
hydrophilic and to promote rapid uptake of the liquid
sample. Alternatively, if desired, a surface active agent can
be incorporated in the solution containing the labelled
reagent when this is applied to the macroporous material
during manufacture of the device.

The labeiled reagent is preferably imcorporated in the
macroporous material in bulk, eg. large sheei, form before it
is subdivided into individual bedies for use in a testing
device of the invention.

After a solution containing the labelled reagent has been
allowed to saturate the macroporous material, the
macroporous matcrial should be dried, eg. by vacvum or
air-drying, or preferably by freeze-drying. Optionally, the
solution can also contain a surface active agent, such as a
detergent, and/or 2 glazing material, such as a sugar, e.g.
sucrose. The presence of the glazing material appears to
enhance release of the labelled reagent and promotes sta-
bility of delicate specific binding reagents such as antibod-
ies.

By incorporating the labelled reagent in a separate
macroporous body, rather than pre-dosed onto the carrier
material that also incorporates the delection zone, the fol-
lowing advantages can be obtained:

Enhanced sensitivity of the test, because a substantial
quantity of the liquid sample is able to take up the labelled
reagent before migrating through the carrier material to the
detection zone, enhancing potential reaction time without
significantly increasing overal! test time. Also, the liquid
which permeates the carrier is of a more uniform and
consistent composition. Whereas the test devices as
described in our earlier patent application GB 2204398A are
primarily, although not exclusively, suited to qualitative
assays, those of the present invention are especially suitable
for quantitative assays as well as for qualitative assays.

Enhanced perceived performance of the test. For example,
when the device incorporates & carrier strip and the detection
zone comprises a line of immobilised reagent, and the label
is a visible direct label, a positive result shows up more
clearly, with much reduced temporary background caused
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by the visible labelled reagent being progressively conveved
past the detection zone.

Ease of manufacture, because the incorporation of the
labelled reagent in the separate macroporous body avoids
the need to apply the labelled reagent in a special zone in the
carricr, which may need careful pre-treatment, as deseribed
in our GB 2204398A.

If the assay device is intended to identify more than one
analyte in a single sample, the macroporous body can
incorporate several labelled specific binding reagents each
carrying a different label, eg. having different colours or
fluorescent properties. This will facilitate the manufacture of
a multiple analyte testing device.

Ideally, the macroporous body is in direct moisture-
conductive contact with the porous material, and the detec-
tion zone on the porous carrier material is spaced away from
the region of contact between the porous carrier material and
the macroporous body. In such an embodiment, the quantity
of liquid sample required to saturate the macroporous body
is preferably not less than the quantity of liquid sample
capable of being absorbed by the mass of porous carrier
material linking the macroporous body and the detection
zone. In other words, the liquid capacity of the macroporous
body is at least equal to the liquid capacity of the working
portion of the porous carrier.

The invention also provides an analytical method in
which a device as set forth above is contacted with an
aqueous liquid sample suspected of containing the analyte,
such that the sample permeates by capillary action via the
macroperous body through the perous solid carrier info the
detection zone and the labelled reagent migrates therewith to
lhe detection zone, the presence of analyte in the sample
being determined by observing the extent (if any) Lo which
the labelled reagent becomes bound in the detection zone.

In vne embodiment of the invention, the labelled reagent
is a specific binding partoer for the analyte. ‘The labelled
reagent, the analyte (if present) and the immobilised unla-
belled specific binding reagent cooperate together in a
“sandwich” reaction. This results in the labelled reagent
being bound in the detection zone if analyte is present in the
sample. The two binding reagents must have specificities for
different epitopes on the analyte.

In another embodiment of the invention, the labelled
reagent is either the analyte itself which has been conjugated
with a label, or is an analyte analogue, ie a chemical entity
having the identical specific binding characteristics as the
analyte, and which similarly has been conjugated with a
label. In the latter case, it is preferable that the properties of
the analyte analogue which influence its solubility or dis-
persibility In an agueous liquid sample and ils ability to
migrate through the moist porous solid phase material
should be identical to those of the analyte itself, or at least
very closely similar. In this second embodiment, the labelled
analyle or analytc analogue will migrate through the porous
carrier inlo the detection zone and bind with the immobilised
reagent. Any analyle present in the sample will comnpete with
the labelled reagent in this binding reaction. Such compe-
tition will resull in a reduction in the amount of labeled
reagent binding in the detection zone, and a conseguent
decrease in the intensity of the sigral observed in the
detection zone in comparison with the signal thal is observed
in the absence of analyte in the sample.

In a further alternative embodiment, an analyte or analyte
analogue is immobilised in the detection zooe, and the
labelled reagent is specific for the analyte. If an analyte-
conlaining sample is applicd to the device, compelition
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between the immobilised and free analyte reduced the extent
to which the labelled reagent may become bound in the
detection zone.

In a further embodiment of the present invention, the
porous carrier is linked via the macro-porous body to a
porous receiving member to which the liquid sample can be
applied and from which the sample can permeate into the
porous carrier. Preferably, the porous carrier and the
macroporous body are contained within a moisture-
impermeable casing or housing and the porous receiving
member extends out of the housing and can act as a means
for permitting a liquid sample to enter the housing and reach
the porous carrier. The housing should be provided with
means, e.g. appropriately placed apertures, which enable the
detection zone of the porous solid phase carrier material
(carrying (he immobilised unlabelled specific binding
reagent) to be observable from ouiside the housing so that
the result of the assay can be observed. If desired, the
housing may also be provided with further means which
enable a further zone of the porous solid phase camier
material to be observed from outside the housing and which
further zonc incorporates one or more control rcagents
which enable an indication to be given as to whether the
assay procedure has been completed. Preferably the housing
is provided wilh a removable cap or shroud which can
protect the protruding porous receiving member during
storage before use. If desired, the cap or shroud can be
replaced over the protruding porous receiving member, alter
sample application, while the assay procedure is being
performed.

An important embodiment of the invention is a pregnancy
tesling device comprising a hollow elongated casing con-
taining a dry porous nitrocellulose carrier which communi-
cites indirectly with the exterior of the casing via a bibulous
urine receiving member which protrudes from the casing,
the porous nitrocellulose carrier and the sample receiving
member being linked via a macroporous bady such that any
sample reaching the porous carrier must first pass through
the macroporous body, the sample receiving member and the
macroporous body together acting as a reservoir from which
urine is released into the porous carrier, the macroporous
body containing a highly-specific anti-hCG antibody bear-
ing a coloured “direct” label, the labelled antibody being
freely mobile within the macroporous body and the porous
carrier when in the moist state, and in a detection zone on the
carrier spatially distant from the macroporous body an
highly-specific unlabelled anti-hCG antibody which is per-
manently immobilised on the carrier material and is there-
fore not mobile in the moist state, the labelled and unlabelled
antibodies having specificities for different hCG epitopes,
the casing being constructed of opaque or transiucent mate-
rial incorporating at least one aperture through which the
analytical result may be observed, together with a removable
and replaceable cover for the protruding bibulous urine
receiving member. A fertile period prediction device, essen-
tially as just defined except that the analyte is LH, is an
imporiant alternative.

Such devices can be provided as kits suilable for home
use, comprising a plurality (e.g. two) of devices individually
wrapped in moisture impervious wrapping and packaged
together with appropriate instructions to the user.

The porous sample receiving member can be made from
any bibulous, porous or fibrous material capable of absorb-
ing liquid rapidly. The porosity of the material can be
unidirecticnal (ie with pores or fibres running wholly or
predominantly parallel to an axis of the member) or multi-
directional (omnidirectional, so that the member has an
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amorphous sponge-like structure). Porous plastics matenal,
such as polypropylene, polyethylene (preferably of very
high molecular weight), polyvinylidene fluoride, cthylene
vinylacetate, acrvlontinile and polytetrafluoro-ethylene can
be used. It can be advantageous to pre-treat the member with
a surface-active agent during manufacture, as this can reduce
any inherent hydrophobicity in the member and therefore
enhance its ahility to take np and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper or other cellulosic malerials,
such as nitro-cellulose. Materials that are now used in the
nibs of so-called fibre tipped pens are particularly suitable
and such materials can be shaped or extruded in a variety of
lengths and cross-seclions appropriate in the conlext of the
invention. Preferably the material comprising the porous
receiving member should be chosen such that the poraus
member can be saturated with aqueous liquid within a matter
of seconds. Preferably the material remains robust when
moist, and for this reason paper and similar materials are less
prelerred in any embodiment wherein the porous receiving
member protrudes from a housing. The liquid must there-
after permeate freely from the porous sample receiving
member into the macroporous body.

If present, the “control” zone can be designed merely to
convey an unrelated signal to the user that the device has
worked. For example, the control zone can be loaded with an
antibody that will bind to the labelled reagent, e.g. an
“anti-mouse” antibody if the labelled reagent is an antibody
that kas been derived using a murine hybridoma, to confirm
that the sample has permeated the lest strip. Alternatively,
the control zone can contain an anhydrous reagent that,
when moistened, produces a colour change or colour
formation, ¢.g. anhydrous copper sulphate which will turn
blue when moistened by an aqueous sample. As a further
aliernative, a conirol zone could contain immobilised ana-
lyte which will react with excess labelled reagent from the
first zone. As the purpose of the control zone is to indicate
to the user that the test ras been completed, the control zone
should be located downstream from the detection zone in
which the desired tesl result is recorded. A positive conirol

- indicator therefore tells the user that the sample has perme-

ated the required distance through the test device.

The label can be any entity the presence of which can be
readily detected. Preferably the label is a direct label, ic. an
entity which, in its natural state, is readily visible either to
the nzked eye, or with the aid of an optical filler and/or
applied stimulation, ¢.g. UV light to promote fluorescence.
For example, minute coloured particles, such as dye sols,
metallic sols (e.g. gold), and coloured latex particles, are
very suitable. Of these options, coloured latex particles are
most preferred. Concentration of the label into a small zone
or volume should give rise to a readily detectable signal, e.g.
a strongly-coloured area. This can be evaluated by eye, or by
instruments if desired.

Indirect labels, such as enzymes, e.g. alkaline phosphatase
and horscradish peroxidase, can be used but these usually
require the addition of one or more developing rcagents such
as substrates before a visible signal can be detected. Hence
these are less preferred. Such additional reagents can be
incorporaled in the porous solid phase matertal or 1n the
macroparous body, or in the sample receiving member if
present, such that they dissolve or disperse in the aqueous
liquid sample. Alternatively, the developing reagents can be
added to the sample belore contact with the porous material
or the porous material can be exposed to the developing
reagents after the binding reaction has taken place.

Coupling of the label to the speaific binding reagent can
be by covalent bonding, if desired, or by hydrophobic
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bonding. Such techniques are commonplace in the art, and
form no part of the present invention. In the preferred
embodiment, where the label is a direct label such as a
coloured latex particle, hydrophobic bonding is preferred.

In all embodiments of the invention, it is essential that the
labelled reagent migrates with the liquid sample as this
progresses to the detection zone. Preferably, the flow of
sample continues beyond the detection zone and sufficient
sample is applied to the porous carrier material in order that
this may occur and that any excess labelled reagent which
does not participate tn any binding reaction in the detection
zone is flushed away from the detection zopne by this
continuing flow. Il desired, an absorbant “sink” can he
provided at the distal end of the carrier material. The
absorbent sink may comprise, for example, Whatman 3MM
chromatography paper, and should provide sufficient absorp-
tive capacity (o allow any unbound conjugage to wash out of
the detection zone. As an alternative to such a sink it can be
sufficient to have a length of porous solid phase material
which extends beyond the detection zone.

The presence or intensity of the signal from the label
which becomes bound ia the detection zone can provide a
qualitative or quantitative measurement of analyte in the
sample. A plurality of detection zones arranged in series on
the porous solid phase material, through which the aqueous
liquid sample can pass progressively, can also be used to
provide a quantitative measurement of the analyte, or can be
loaded individually with different specific binding agents to
provide a multi-analyte test.

‘The immobtlised reagent in the delection zone is prefer-
ably a highly specific antibody, and more preferably a
menoclonal antibody. In the embodiment of the invention
involving the sandwich reaction, the labelled reagent is also
preferably a highly specific antibody, and more preferably a
monoclonal antibody.

Preferably the porous carrier material is in the form of a
strip or sheet to which during manufacture of the device, one
or more reagents can be applied in spacially distinct zones.
During use, the liquid sample is allowed to permeate through
the sheet or strip from cne side or cnd to another.

If desired, a device according to the invention can incor-
porate two or more discrete bodies of porous solid phase
carrier material, e.g. separate sirips or sheets, each carrying
immobilised reagents. These discrete bodies can be arranged
in parallel, for example, such that a single application of
liquid sample to the device initiates sample flow in the
discrele bodies simultancously. The separale analylical
results that can be determined in this way can be used as
contro] results, or if different reagents are used on the
different carriers, the simultaneous determination of a plu-
rality of amalytes in a single sample can be made.
Alternatively, multiple samples can be applied individually
lo an array of carriers and analysed simultaneously.

The material comprising the porous solid phasc is pref- s

erably nitroccllulose. This has the advantage that proteina-
ceous reagents, such as an antibody, in the detection zone
can be immobilised firmly without prior chemical treatment.
If the porous solid phase material comprises paper, for
example, the immobilisation of an antibody [n the second
zone needs to be performed by chemical coupling using, for
example, CNBr, carbonyldiimidazole, or tresyl chloride.
Following the application of the specific biding reagent to
the detection zone, the remainder of the porous solid phase
material should be treated to block any remaining binding
sites elsewhere. Blocking can be achieved by treatment with
protein (e.g. bovine serum albumin or milk protein}, or with
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polyvinylalcohol or ethanolamine, or any combination of
these agents, for example. Between these process steps the
porous solid phase carrier material should be dried.

Preferably the porous solid phase material is nitrocellu-
lose sheet having a pore size of at least about 1 micron, even
more preferably of greater than about 5 microns, and yet
more preferably about 8-12 microns. Very suitable nitrocel-
lulose sheet having a nominal pore size of up 0 approxi-
mately 12 microns, is available commercially from Schle-
icher and Scheell GmbH.

Preferably, the nitrocellulose sheet is “backed”, e.g. with
plastics sheet, to increase its handling strength. This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing wmaterial. The actual pore size of the
nitrocellulose when backed in this manner will tend 1o be,
lower than that of the corresponding unbacked material.

Alternatively, a pre-formed sheet of nitrocellulose can be
tightly sandwiched between two supporting sheets of solid
material, e.g. plastics sheets,

It is preferable that the flow rate of an aquecus sample
through the porous solid phase material should be such that
in the untreated material, aqueous liquid migrates at a rate of
L cm in not more than 2 minutes, but slower flow rates can
be used if desired.

The spatial separation between the macroporous body and
the detection zonc, and the flow rate characteristics of the
porous carrier material, can be selected to allow adequate
reaction times during which the necessary specific binding
can occur. Further control over these parameters can be
achieved by the incorporation of viscosity modifiers (e.g.
sugars and modified celluloses) in the sample to slow down
the reagent migration.

Preferably, the immobilised reagent in the detection zone
is impregnated thronghout the thickness of the carrier in the
detection zone (e.g. throughout the thickness of the sheet or
strip if the carrier is in this form). Such impregnation can
enhance the extent to which the immobilised reagent can
capture any analyte or labelled reagemt, present in the
migrating sample.

Reagents can be applied Lo the porous carrier material in
a variety of ways. Various “printing” techniques have pre-
viously been proposed for application of liquid reagents to
carriers, €.g. Micro-syringes, pens using melered pumps,
direct printing and ink-jet printing, and any of these tech-
niques can be used in the present context. To lacilitate
manufacture, the carrier (¢.g. sheet) can be treated with the
reagents and then subdivided into smaller portions (e.g.
small narrow strips cach mbodying the required reagent-
containing zones) to provide a plurality of identical carrier
units.

An assay based on the above principles can be used to
determine a wide variely of analytes by choice of appropri-
ate specific binding reagents. The analytes can be, for
cxample, proieins, haptens, immunoglobulins, hormones,
polynucleotides, stcroids, drugs, infectious discase agents
(e.g. of bacterial or viral origin) such as Sireptococcus,
Neisseria and Chlamydia. Sandwich assays, for example,
may be performed for analytes such as hCG (human chori-
oni¢ gonadotrophin), LH (luteinizing hormone), and infec-
tious disease agents, whereas competition assays, for
example, may be carried oul for analytes such as E-3-G
(estrone-3-glucoronide) and P-3-G (pregnanediol-3-
glucoronide).

The determination of the presence (if any) of more than
one analyte in sample can have significant clinical uulity.
For example, the ratio of the levels of apolipoproteins A,
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and B can be indicative of susceptibility to coronary heart
discase. Similarly, the ratio of the levels of glycated hae-
moglobin (HbA) to unglycated (HbAo) or total (Hb) hae-
moglobin can aid in the management of diabetes. Addition-
ally it is possible to configure tests to measure two sleroids
simultaneously, ¢.¢ E-3-G and P-3-G.

The determination of the presence of more than two (ie
multiple) analytes in any sample may have significant clini-
cal utility. For cxample, the detection of the presence of
various different sereolypes of oue bacterium, or the detec-
tion of the presence of soluble serological markers in
humans may be uscful. By way of example, a multiple
analyte test for the detection of the presence of different
serotypes of Streptococcus can be prepared for groups A, B,
C and D. A cocktail of monaclenal antibedies, each specific
for various pathologically imporlant group serolypes, or a
polyclonal antiserum raised against a particular Streptococ-
cal group, can be dispensed onto a porous carrier strip as a
line extending the width of the strip of approximately Imm
zone length. Multiple lines be dispensed in spatially discrete
zones, cach zooe containing immunochemically reactive
component(s) capable of binding the analyte of intercst.
Following the application of the multiple zones, via a
suitable application procedure (eg ink-jet printing, metered
pump and pen, airbrush), the remainder of the porous
matertal should be treated with a reagent (eg bovine serum
albumin, polyvinylalcehol, ethanolamine) to block any
remaining binding siles elsewhere,

By way of example only, some preferred embodiments of

the invention will now be described in detail with reference »

to the accompanying drawings.

Referring to FIG. 1, the device comprises a housing or
casing 100 of elongate rectangular form having at one end
101 a portion 102 of reduced cross-sectional area. A cap 103
can be fitted onto portion 102 and can abut against the
shoulder 104 at end 101 of the housing. Cap 103 is shown
separated from bousing 100. Extending beyond end 105 of
portion 102 is a porous sample collector 106. When cap 103
is fitted onto portion 102 of the housing, it covers porous
sample collector 106. Upper face 107 of housing 100
incorporates two apertures 108 aod 109. The bousing is
constructed of an upper half 110 and a lower half 111.

Referring to FIG. 2, it can be seen that housing 100 is of
hotlow construction. Porous sample collector 106 extends
into housing 100. The inner end 112 of sample collector 106
is recessed 10 accommodate a macroporous body 113 of
plastics material. Aqueous liquid semple applied to coliector
106 can pass freely into macroporous body 113, rapidly
saluraling it. In turn, macroporous body 113 is in liquid
permeable contact with a strip of porous carrier material 114.
The housing is constructed of an upper half 110 and a lower
half 111 and strip 114 overlap to ensure that there is adequate
conlact between these two components and that a liquid
sample applied to sample collector 106 can permeate via
macroporous body 113 and into strip 114. Strip 114 extends
further inte housing 100. To help ensure that no liquid
sample reaches Strip 114 without firsl passing throngh
macroporous bedy 113, a gap 115 can be lefi in the housing
100 by areanging for the strp 114 to overlap macroporous
body 113 only partially. Strip 114 is “backed” by a support-
ing strip 116 formed of transparcnt moisture-impermeable
plastics material. Strip 114 extends beyond apertures 108
and 109. Means are provided within housing 100 by webbs
117 and 118 to hold strip 114 firmly.in place. In this respect,
the internal constructional details of the housing are not a
significant aspect of the invention as long as the strip is held
firmly in place within the housing, sample collector 106 is
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firmly retained in the housing, and adequate fluid permeable
contact is maintained between sample collector 106,
macroporous body 113 and strip 114. The transparent back-
ing strip 116 lies between strip 114 and apertures 108 and
109 and can act as a scal against ingress of moisture from
outside the housing 108 via thesc apertures. If desired, the
residueal space 119 within the housing can contain moisture-
absorbant malerial, such as silica gel, to help maintain the
strip 114, in the dry state during storage. The reagent-
containing detection zone in strip 114 is not depicted in FIG.
2, but the zone containing the immobilised unlabelled
reagent will lie in the region exposed through Aperture 108
in order that when the device has been used in an assay, the
result can be observed through aperture 108. Aperture 109
provides means through which a control zone coataining
further reagents which may enable the adequate permeation
of sample through the strip to be observed.

In operation, the protective cap 103 is removed from the
holder and sample collector 106 is exposed 1o a liquid
sample e.g. by being placed in a urine stream in the case of
a pregnancy test. After cxposing sample collector 196 to the
liquid sample for a time sufficient to ensure that the collector
106 is saturated with the sample, the cap 103 can be replaced
and the device placed aside by the user for an appropriate
period time {¢.g. two or three minutes) while the sample
permeates test strip 114 to provide the analytical result. After
the appropriate time, the user can observe the test strip
through apertures 108 and 109 and can ascertain whether the
assay has been completed by observing the control zone
through aperture 109, and can ascertain the result of the
assay by observing the second zone through aperture 108.

During manufacture, the device can be readily assembled
from, for example, plastics material with the housing 100
being moulded in two parts (e.g. upper and lower halves 110
and 111) which can be securely fastened together (c.g. by
ultrasonic welding) after the sample collector, macroporous
body and test strip have been placed within one of the halves
and then sandwiched between the two halves. The act of
forming this sandwich construction can be used to “crimp”
the sample collector macroporous body and test strip
together to ensure adequate contact between them. Cap 103
can be moulded as a separate complete item. If desired,
apertures 108 and 109 can be provided with transparent
mserts which may insure greater security against ingress of
extraneous moisture from outside the housing. By providing
a tlight fit between the end 105 of housing 100 and the
protruding sample collector 106, the application of sample
to the protruding member will not result in sample entering
the device directly and by-passing collector 106. Collector
166 thercfore provides the sole route of access for the
sample to the strip within the housing, and can deliver
sample 1o the strip in a controlled manner. The device as a
whole therefore combines the functions of sampler and
analyzer.

By using the test strip materials and rcagents as herein
described, a device in accordance with FIGS. 1 and 2 can be
produced which is eminently suitable for use as a pregnancy
test kit or fertile period test kit for use in the home or clinic.
The user merely needs to apply a urine sample to the
exposed porous member and then (after optionally replacing
the cap) can observe the test result through aperture 108
wilhin a malter of a few minules.

Although described with particular reference to preg-
nancy lests and fertile period tesis, it will be appreciated that
the device, as just described, can be used 1o determine the
presence of a very wide varety of analytes if appropriate
reagents are incorporated in the test sirip. It will be further
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appreciated that aperture 109 is redundant and may be
omitted if the test strip does oot contain any control means.
Further, the general shape of the housing and cap, both in
terms of their length, cross-section aod other physical
features, can be the subject of considerable variation without
departing from the spint of the invention.

The bibulous sample collector 166 is linked to the
macroporous body 113 and test strip 114, backed by the
" ransparent plastics sheet 116, such that liquid can flow in
the direction shown by the arows from the sample collector
through the macroporous hody and into the porous strip. Test
zone 120 incorporates the immobilized specific binding
reagent, and control zone 121 contains a reagent to indicate
that the sample has permeated a sufficient distance along the
test strip.

An aqueous sample deposited in collector 106 can flow
into macroporous body 113 and take up labelled reagent
therein. The sample can permeale from macroporous body
113 along the length of strip 114 and in so doing will carry
the labelled reagent along the strip and through zone 1240.

If the desired, eg. for case of manulaclure, the colleclor
106 need not be recessed to accommodate the macroporous
body 113. Instead, these componenis can simply be placed
in an overlapping arrangement, together with the porous

strip 114, and pressed together during assembly of the -

complete device. This will in practice provide a physical
arrangemen!t in which the liquid path will be essentially as
depicted in FIG. 3.

Embodiment 2

Referring 1o FIG. 4, the fest device comprises a flat
rectangular casing 400 incorporating a centrally disposed
rectangular aperture 401, adjacent the left hand end 402, and
two further apertures 403 and 404 near the mid point of the
device and arranged such that apertures 401, 403 and 404 lie
on the central longitudinal axis of the device corresponding
to line A. Although all three apertures are illustrated as being
reclangular, their actual shape is not critical.

Referring to the cross-section seen in FIG. 5§, the device
is hollow and incorporates within it a macroporous sample
receiving member 405 adjacent end 402 of casing 400 and
lying directly beneath aperture 401. Sample receiving mem-
ber 405 is In liquid-conductive contact with one end of a test
strip 406 backed by a transparent plastics sheet 407 also
contained within casing 400, and which extends to the
extreme other end of the casing. The transparent backing
sheet 407 is in firm contact with the upper inner surface 408
of casing 400, and provides a seal against apertures 403 and
404 to prevent ingress of moisture or sample into the casing,
Although not shown in the drawings, the porous test strip
406 incorporates a test zone and a control zone placed
appropriately in relation 1o apertures 403 and 404, in a
manner analogous to that described in Embodiment 1. The
macroporous sample receiving member incorporates a
labelled reagent which is readily soluble or dispensable in an
applied liquid sample.

In operation, an aqueous sample can be applied (hrough
aperture 401, e.g. by means of a syringe, to saturate porous
receiving member 405 which contains labelled reagent
which can be taken up by the sample. Thereafter, the
aqueous sample can permeate the test strip and, after an
appropriatc time, the test result can be observed through
apertures 403 and 404,

EXAMPLE

Asheet (1.4 mm thick) of commercially-available, deter-
gent pre-treated, macroporous polyethylene having a pore
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size of about 100 microns was saturated with an aqueous
suspension of blue-coloured latex particles (prepared as
described in GB 2204398A) of particle size about 0.4
microns. The latex particles carried an anti-beta LH mono-
clonal antibody. The solution also contained 3% BSA and
4% sugar. The sheet was then freeze-dried and cut into
portions each 6x12 mm, having a liquid capacity of about 50
#L. These were incorporated in test devices as described
above under embodiment 1, with the test strip comprising
backed nitrocellulose with an anti-alpha LI monoclonal
antibody immobilized in the test zone. The liquid capacity of
the “working length” of the lest strip between the
macroporons body and the detection zone was about 40 uL.

When a2 LH-containing urine sample was applied 1o the
device, a positive result showed up as a very clear bluc line,
with negligible background bluc colour being visible in the
detection window while the assay was being run.

What is claimed is:

1. An analytical test device suitable for analyzing a liquid
sample suspected of containing an analyte, said device
comprising the following separate components in sequential
Muid communication: (1) a liquid sample applicalion mem-
ber; (2} a macroporous body positioned to receive Hquid
sample from said sample application member, said
macroporous body inchiding a mobilizable labeled specific
binding reagent for binding to analyte in said sample; and (3)
a dry porous carrier strip downstream of said macroporous
body, said carrier strip including a detection zone compris-
ing an unlabeled immobilized specific binding reagent for
binding to said analyte, said mobilizable labeled reagent
being freely soluble or dispersible in liquid sample applied
to the liquid application member and free to move therewith
through the pores of said macroporons body whereby it is
transported by said liquid sample from said macroporous
body to said delection zone, said macroporous body and
carrier strip comprising separate and different materials
which overlap at their adjacent ends to provide effective
contact between these components to ensure that liquid
sample applied lo said application member can permeate
sequentially through the macroporous body and the carrier
strip.

2. The analytical test device according to clatm 1, wherein
the dry porous carrier strip comprises a chromatographic
strip.

3. The analytical test device according 1o claim 2, whersin
the labelled specific binding reagent comprises a specific
binding reagent attached to a particulate label.

4. The analytical test device according to claim 3, wherein
the particulate label is latex.

S. The analylical test device according to claim 4, wherein
the latex comprises particles having a maximum dimension
of not greater than about 0.5 micron.

6. The analytical test device according to claim 4, wherein
the latex is coloured.

7. The analytical test device according 1o claim 4, wherein
the latex is fluorescent.

8. The analytical test device according to claim 1, wherein
the macroporous body comprises plastics material,

9. The analytical test device according to claim 1, wherein
the macroporous body has an average pore size of not less
than 10 microns.

10. The analytical test device accorling to claim 3,
wherein the macroporous body has a pore size not less than
10 times greater than the maximum particle size of the
particulfate label.

11. The analytical test device according to claim 1,
wherein the porous dry carrier is nitrocellulose.
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12. The analytical test device according to claim 11,
wherein the nitrocellulose has a pore size of greater than
about I micron.

13. The analytical test device according to claim 1,

wherein the macroporous body is capable of absorbing at
least as much of the liquid sample as can be absorbed by the
dry porous carrier linking the macroporous body and the
detection zone.
* 14. The analytical test device according to claim 1
wherein the macroporous body and porous carrier are von-
tained within a casing constructed of moisture-impermeable
material and the means for applying sample to said
mactopotous body comprises a sample entry port commmi-
nicating with the macroporous body, the casing or housing
also incorporating means to cnable the detection zone to be
obscrvable from outside the casing or housing.

15. The analytical device according to claim 1, wherein
the porous carrier is linked via the macroporous body 1o a
porous receiving member to which the liquid sarmple can be
applied and from which the sample can permeate into the
POrous carrier.

16. The analytica! device according to claim 15, wherein
the porous carrier and the macroporous body are contained
within a casing or housing constructed of moisture-
impermeable material and the porous receiving member
cxtends out of the casing or housing and can act as a means
for permitting a liquid sample to enter the housing and reach
the porous carrier, the casing or housing being provided with
means which enable the detection zone of the porous carrier
10 be observable from outside the casing or housing so that
the result of the assay can be observed.

17. The analytical device according to claim 16, wherein
the casing is provided with means which enable a further
zone of the porous carrier to be observed from outside the
housing and which further zone incorporates mean which
enable an indication to be given as to whether an assay
procedure has becn completed.

18. The analytical device according to claim 16, compris-
ing a removable cap or shroud which can protect the
protruding porous receiving member during storage before
use.

19. The analytical test device of claim 1 which comprises
a further zone downstream of said detection zone to indicate
completion of the assay procedure.

20. A pregnancy testing device for detecting hCG antigen
in a urine sample comprising a hollow elongated casing
containing a dry porous nitrocellulose carrier which com-
municates indirectly with the exterior of the casing via a
bibulous urine receiving member which protrudes from the
casing, the porous nitroccllulose carrier and the sample
receiving member being linked via a macroporous body
which is different from the dry porous carrier such that any
urine sample reaching the porous carrier must first pass
through the macroporous body, the sample receiving mem-
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ber and the macreporous body together acting as a reservoir
from which urne is released into the porous carrier, the
macroporous body conlaining a specific anti-hCG antibody
bearing a coloured particulate label, the labelled antibody
being freely mobile within the macroporcus body and the
porous carrier when m the moist state, and in a detection
zene on the carrier spatially distant from the macroporous
body a specific unlabelled anti-hCG antibody which is
permanently immobilised on the carrier material and is
therefore not mobile in the moist state, the labelled and
unlabelled antibodies having specificities for different hCG
epitopes, the casing being constructed of opaque or lrans-
lucent material incorporating at least one aperture through
which the analytical result may be observed, together with
a removable and replaceable cover for the protruding bibu-
lous urine receiving member, said nitrocellulose carrier and
macroporous body overlapping at their adjacent ends to
provide effective contact between these components to
ensure that liquid sample applicd to said application member
can permealc sequentially through the macroporous body
and the carricr strip.

21. A testing device for detecting LH antigen in a urine
sample comprising a hollow elongated casing containing a
dry porous nitrocellulose carrier which communicates indi-
rectly with the exterior of the casing via a bibulous urine
receiving member which protrudes from the casing, the
porous nitrocellulose carrier and the sample receiving mem-
ber being linked via a macroporous body which is dilferent
from the dry porous carrier such that any urine sample
reaching the porous carricr must first pass through the
macroporous body, the sample recciving member and the
macroporous body together acting as a reservoir from which
urine is released into the porous carrier, the macroporous
body containing a specific anti-LH antibody bearing a
coloured particulate [abel, the labelled antibody being frecly
mobile within the macroporous body and the porous carrier
when in the moist state, and in a detection zone on the carrier
spatially dislant from the macroporous body a specific
unlabelled anti-IH antibedy which is permanently immo-
bilised on the carrier materiat and is therefore not mobile in
the moist state, the labelled and unlabelled antibodies having
specificities for different LH epitopes, the casing being
constructed of opaque or transluccat material incorporating
at least one aperture through which the analytical result may
be observed, together with a removable and replaceable
cover for the protruding bibulous urine receiving member,
said nitroceliulose carrder and macroporous body overlap-
ping at their adjacent ends to provide effective contact
between these components o ensure (hat liguid sample
applied to suid application member can permeate sequen-
tially through the macroporous body and the carrier strip.
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TEST DEVICE FOR DETECTING ANALYTES especially suitable for home use which are quick and con-
IN BIOLOGICAL SAMPLES venient to use and which require the user to perform as few

This is a division of application Ser. No. (8/102,313,
filed Jul. 15, 1993 which was a continuation of application
Ser. No. 07/876449 filed Apr. 30, 1992, now abandoned
which was a Divisional of application Ser. No. 07/795,266
filed Nov. 19, 1991, now abandoned which was a continn-
ation of application Ser. No. 07/294,146 filed Feb. 27, 1989,
now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to assays involving specific
binding, especially immuncassays. This applicatior is based
on applications flled in Great Britain, having application Ser.
Nos. 8709873 (filed Apr. 27, 1987) and 8725457 (filed Oct.
30, 1987), as well as PCT application GB38/00322 (filed
Apr. 26, 1988).

In particular, the invention relates to aralytical davices
which are suitable for use in the home, clinic or doctor’s
surgery and which are intended to give an analytical result
which is rapid and which requires the minimum degree of
skill and involvement from the user.

2. Description of the Related Art

The use of test devices in the home to test for pregnancy
and fertile period (ovulation) is now commonplace, and a
wide variety of test devices and kits are available commer-
cially, Without exception, the commercially-available
devices all require the user to perform a sequence of
opezations before the test result is observable, These opera-
tions necessarily involve time, and introduce the possibility
of encar,

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a test
device which is readily usable by an unskilled person and

which preferably merely requires that some portion of the

device is contacted with the sample (e.g. a uripe stream in
the case of a pregnancy or ovulation test) and thereafter no
further actions are required by the user before an analyticat
result can be observed. Ideally the analytical result shonld be
observable within a matier of minutes following sample
application, e.g. ten minutes or less.

The use of reagent-impregnated test strips in specific
binding assays, such as immunoassays, has previously been
proposed. In such procedures a sample is applied to ope
portion of the test strip and is allowed to permeate through
the strip material, usually with the aid of an eluting soivent
such as water. In so doing, the sample progresses into or
through a detection zone in the test strip wherein a specific
binding reagent for an analyte suspected of being in the
sample is immobilised. Analyte present in the sample can
therefore become bound within the detection zone. The
extent to which the analyte becomes bonnd in that zone can
be determined with the aid of labelled reagents which can
also be incorporated in the test strip or applied thercto
subsequently. Examples of prior proposals utilising these
principles are given im Thyroid Diagnostics Inc GB
1589234, Boots-Celltech Diagnostics Limited EP 0225054,
Syntex (USA) Inc EP 0183442, and Behringwerke AG EP
0186799.

The present invention is concerned with adapting and
improving the known techniques, such as those referred to
in the above publications, to provide diagnostic test devices
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actions as possible.

Atypical embodiment of the invention is an 2nalytical test
device comprising a hollow casing constructed of moisture-
impervious solid material comtaining a dry porons carrier
which communicates directly or indirectly with the exteriar
of the casing such that a liquid test sample can be applied to
the porous carrier, the device also containing a labefled
specific binding reagent for an analyte which labelled spe-
cific binding reagent is freely mobile within the porous
carrier when in the moist stats, and unlabelled specific
binding reagent for the same analyte which unlabelled
reagent is permanently immobilised in a detection zone on
the carrier material and is therefore not mobile in the moist
statz, the relative positioning of the labelled reagent and
detection zone being such that liquid sample applied to the
device can pick up labelled reagent and thereafter permeats
into the detection zone, and the device incorporating means
enabling the extent (if any) to which the labelled reagent
becomes in the detection zone to be observed.

Another embodiment of the invention is a device for use
in an assay for an analyte, incorporating a porous solid phase
material carrying in a first zone a labelled reagent which is
retained in the first zone while the porous material is in the
dry state but is free to miprate through the porous material
when the porous material is moistened, for example by the
application of an aquecns liquid sample suspectsd of con-
taining the analyte, the porous material carrying in a second
zone, which is spatially distinct from the first zone, an
unlabelled specific binding reagent having specificity for the
analyte, and which is capable of participating with the
labelled reagent in either a “sandwich™ or a “competition”
reaction, the ualabelled specific binding reagent being firmly
immobilised on the porous material such that it is not fres to
migrate when the porcus material is in the moist state.

The invention also provides an analytical method in
which 2 device as set forth in the proceeding paragraph is
contacted with an aqueous liquid sample suspected of con-
taining the analyie, such that the sample permeates by
capifllary action through the porous solid phase material via
the first zone into the second zone and the labelled reagent
migyates therewith from the first zone to the second zone, the
presence-of analyle in the sample being determined by
observing the extent (if any) to which the labelled reagent
becomes bound in the second: zene.

In one embodiment of the invention, the labelled reagent
is a specific binding partner for the analyte. The labelled
reagent, the analyte (if present) and the immobilised unla-
belled specific binding reagent cooperate together in a
“sandwich” reaction. This results in the labeiled reagent
being bound in the second zone if analyte is present in the
sample. The ewo binding reagents must have specificities for
different epitopes on the analyte.

In apother embodiment of the invention, the labelled
Teagent is cither the analyte itself which has been conjugated
with a label, or is an analyte analogue, ie a chemical entity
having the identical specific binding characteristics as the
anatyte, and which similarly has been conjugated with a
label. In the latter case, it is preferable that the properties of
the analyte analogue which infleence its solubility or dis-
persibility in an aqueous lignid sample and jts ability to-
migrate through the moist porous solid phase material
should be identical to those of the analyte itself, or at least
very closely similar, In this second embodiment, the labelled
analyte or analyte analogue witl migrate through the porous
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solid phase material into the second zone and bind with the
immobolised reagent. Any analyte present in the sample will
compete with the labelled reagent in this binding reaction.
Such competition will result in a reduction in the amount of
labelled reagent binding in the second zoue, and a conse-
quent dacrease in the intensity of the signal observed in the
second zone in comparison with the signal that is observed
in the absence of analyte in the sample.

An important preferred embodiment of the Invention is
the selection of nitrocellulose as the carrier material. This
has conbsiderable advantage over conventional strip
materials, such as paper, because it has a natwral ability to
bind proteins without requiring prior sensitisation. Specific
binding reagents, such as immunoglebulins, can be applied
directly to nitrocellulose and immobilised thereon. No
chemical treatment is required which might. interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitrocelluloss can thereafter be blocked
using simple mateials, such as polyvinylalcohol. Mereover,
nitrocellulose is readily available in a range of pore sizes and
this facilitates the selection of 2 carrier material to suit
particularly requirements such as sample flow rate,

Another important preferred emboditnent of the invention
is the use of so called “direet labels”, attached to one of the
specific binding reagents. Direct labels such as gold sols and
dye sols, are already mown per se. They can be used to
produce an instant analytical result without the need to add
further reagents in order to develop a detectable signal. They
are robust and stable and can therefore be used readily in a
analytical device which is stored in the dry state. Their
release on contact with an aqueous sample can be
modulated, for example by the use of soluble glazes.

An important aspect of the invention is the selection of
technical features which enable a direct labelled specific
binding reagent to be used in a camier-based analytical
device, ¢.g. one based on a strip format, to give a quick and
clear result. Ideally, the result of the assay should be
discernable by eye and to facilitate this, it is necessary for
the direct label to become concentrated in the detection
zone, To achieve this, the direct labefled reagent should be
trapsportable casily and rapidly by the developing Equid.
Furthermore, it is preferable that the whole of the developing
sample liguid is directed through a comparatively small
detection zone in order that the probability of an observable
result being obtained in increased.

Another impartant aspect of the invention is the use of a
directly fabelled specific binding reagent on a carrier mate-
rial comprising nitrocellulose. Preferably the nitrocelinlose
has a pare size of at least one micron. Preferably the
nitrocellulose has a pore size not greater than about 20
microns. In a particularly preferred embodiment, the direct
label is a coloured latex particle of spherical or near-
spherical shape and having a maximum diameter of mot
greater than about 0.5 micron. An ideal size range for such
particles is frome about 0.05 to about 0.5 microns.

In a forther embodiment of the present invention, the
porous solid phase material is linked to a porous receiving
member to which the liquid sample can be applied and from
which the sample can permeate into the porous solid phase
material Preferably, the porous solid phase material is
contained within a moisture-impesmeable casing or housing
and the porous receiving member, with which the porous
solid phase material is linked, extends out of the housing and
can act a5 2 means for permitting a liquid sample to enter the
housing and permeate the porous solid phase material. The
housing should be provided with means, e.g. appropriately

5

50

&0

65

4

placed apertures, which enable the second zone of the
porous solid phase material (carrying the immobilised unta-
belied specific binding reagent) to be observable from
outside the housing so that the result of the assay can be
observed, If desired, the housing may also be provided with
further means which enable a further zone of the porous
solid phase ntaterial to be observed from outside the housing
and which further zone incorporates control reagents which
enable an indication to be given as to whether the assay
procedure has been completed. Preferably the housing is
provided with a removable cap or shroud which can protect
the protruding porous receiving member during storage
befare use. If desired, the cap or shroud can be replaced over
the protruding porous receiving member, after sample
application, whilz the assay procedure is being performed.
Qptionally, the labefled reagent can be incorporated else-
wihere within the device, e.g. in the bibulous sample collec-
tion member, but this is not preferred.

At important embodiment of the invention is a pregnancy
testing device comprising a hollow elongated casing con-
taining a dry parous nitrocellulose carrier which comrngi-
cates indirectly with the exterior of the casing via a bibulous
urige receiving member which protrudes from the casing
and which car act as a reservoir fromn which urine is released
info the porous carrier, the carrier containing in a first zone
:a highly-specific anti-hCG antfbody bearing a coloursd
“direct” label, the labelled antibody being freely mobile
within the porous carrier when in the moist state, 2nd in a
second zone spatially distinct from the first zone an highly-
specific unlabelled anti-hCG antfbody which is permanently
immobilised on the carmrier material ard is therefore not
moebile In the moist State, the labelled and unlabelled
antibodies having specificities far different RCG epitopes,
the¢ two zones being arranged such that a urine sample
applied to the porous carrier can permeate via the first zone
into the second zone, and the casing being constructed of
opaque or translicent matesial incorporating at least one
aperture through which the analytical result may be
observed, together with & removable and replaceable cover
for the protruding bibulous urine receiving member. A fertile
pesiod prediction device, essentially as just defined except
that the analyte is LH, is an important alternative,

Such devices can be provided as kits suitable for home
use¢, comprising a plurelity (e.g. two) of devices individually
wrapped in moisture impervious wrapping and packaged
together with appropriate instructions to the user.

The porous sample receiving member cap be made from
any bibulous, porous or fibrous material capable of absorb-
ing liquid rapidly. The porosity of the material can be
unidirectional (e with pores or fibres running wholly ar
predominantly parallel to an axis of the member) ar multi-
directional (omnidirectional, so that the member has an
amorphous sponge-like structure). Porous plastics material,
such as polypropylene, polyethylene (preferably of very
high molecular weight), polyvinylidene flouride, ethylene
vinylacetate, acrylonitrile and polytetraflucroethylene can
be vsed. It can be advantageous to pre-treat the member with
a surface-active agent during manufacture, as this can reduce
any inherent hydrophobictly in the member and therefore
enhance its ability to take up and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper or other cellnlosic materials,
such as nitrocellulose. Materials that are-now used in the
nibs of so-called fibre tipped pens are particularly suitable
and such materiats can be shaped or extruded in a variety of
lengths and cross-sections appropriate in the context of the
invention. Preferably the material comprising the porous
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receiving member should be chosen such that the porous
member can be saturated with aqueous liquid within a matter
of seconds, Preferably the material remains robust when
moist, and for thisreason paper and similar materials are fess
preferred in any embodiment wherein the porous receiving
member protrudes from a housing. The liquid must there-
after parmeate freely from the porous sample receiving
member into the porous solid phase material.

If present, the “control” zone can be designed merely to
convey an unrelated sighal to the user that the device has
warked. For example, the control zore cag be loaded with an
antibody that will bind to the labelled antibody from the first
zohe, e.g. an “anti-mouse” antibody if the labelled body is
ope that has been derived using a murine hybridoma, to
confirm that the sample has permeated the test strip.
Alternatively, the control zone can contain an anhydrous
reagent that, when moistened, produces a colour change ar
colour formation, e.g. anhydrous copper sulphate which will
tun blue when moistened by an aqueous sample. As a
further alternative, a control zone could contain immobilised
analyte which will react with excess labefled reagent from
the first zone. As the purpose of the control zone is to
indicate to the user that the test has been completed, the
contro] zone should be located downstream from the second
zone in which the desired test result is recorded. A positive
control indicator therefore tells the user that the sample has
peimeated the required distance throagh the test device.

The label can be any entity the presence of which can be
readily detected. Preferably the label is a direct label, ie an
cofity which, is its natural state, is readily visible either to
the naked eye, or with the aid of an optical filter and/or
applied stimulation, e.g. UV light to promote fluorescence.
For example, minuate coloured particles, such as dye sols,
metallic sols (e.g. pold), and coloured latex particles, are
very suitable. Of these options, coloured laiex particles are
most preferred. Concentration of the label into a small zone
ar volume should give rise to a readily detectable signal, e.g-
a strongly-coloured area. This can be evaluated by eye, or by
instruments if desired.

Indirect labels, such as enzymes, e.g. alialine phosphatase
and horseradish peroxidase, can be used bt these nsnally
require the addition of one or more developing reagents such
as substrates befare a visible signal can be detected. Hence
these are less preferred. Such additional reagente can be
incorporated in the porous solid phase material or in the
sample receiving member, if present, such that they dissolve
or disperse in the aqueous liquid sample. Alternatively, the
developing reagents can be added to the sample before
contact with the porous material or the porous material can
be exposed to the developing reagents after the binding
reaction has taken place.

Coupling of the label to the specific binding reagent can
be by covalent boiding, if desired, or by hydrophobic
bonding. Such techniques are commonplace in the art, and
form no part of the present invention. In the preferred
embodiment, where the label is a direct label such as a
coloured latex particle, hydrophobic bonding is preferred.

In all embodiments of the invention, it is essential that the
labelled resgent migrates with the liquid sample as this
progresses to the detection zone. Preferably, the flow of
sample continues beyond the detection zope and sufficient
sarmple is applied to the porous material in order that this
may oceur and that any excess labelled reagent from the first
zone which does not participate in any binding reaction in
the second zone is flushed away from the detection zone by
this continuing fow. If desired, an absorbant “sink™ can be
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provided at the distal end of the carrier material. The
absorbent sink may comprise, for example, Whatman 3MM
chromatography paper, and should provide sufficient absorp-
tive capacity to allow any unbound conjugage to wash out of
the detection zone. As an alternative to such a sink it can be
sufficient to have a length of perous solid phase roaterial
which extends beyond the detection zone.

The presence or intensity of the signal from the label
which becomes bound in the second zone can provide a
qualitative or quantitative measurement of analyte in the
sample. A plirality of detection zones arranged in series on
the porous solid phase material, through which the aqueouns
liquid sample can pass progressively, can also be nsed to
provide a quantitative measurement of the analyte. or can be
loaded individnally with different specific binding agents to
provide a multi-analyte test.

The immobilised specific binding reagent in the second
zone is preferably a highly specific antibody, and more
preferably a monoclonal antibody. In the embodiment of the
invention involving the sandwich reaction, the labelled
reagent is also preferably a highly specific antibody, and
more preferably a monoclonal antibody,

Preferably the camier material is in the form of a strip ar
sheet to which the reagents are applied in spacially distinct
zones, and the Hquid sample is allowed to permeate through
the sheet or strip from one side or end to another.

¥ desired, a device accarding to the invention can incer-
porate two or more discrete bodies of porous solid phase
material, e.g. separate strips or sheets, each carrying mobile
and immobilised reagents. These discrete bodies can be
axranged in paraliel, for example, such that a single appli-
cation of liquid sample to the device initiates sample flow in
the discrete bodies simultancously, The separate analytical
resufts that can be determined in this way can be used as -
control results, or if different reagents are used on the
different carriers, the simultanecus determination of a plu-
rality of analytes in a single sample can be made.
Alternatively, multiple samples can be applied individually
to an array of carriers and analysed simultaneously.

The material comprising the porous solid phase is pref-
erably nitrocellulose, This has the advantage that the anti-
body in the second zone can be immobilised firmly without
priar chemical treatment. If the porous solid phase material
comprises paper, for example, the immobilisation of the
antibody in the second zone needs to be performed by
chemical coupling using, for example, CNBr,
carbonyldiimidazole, or tresyl chloride.

Foltowing the application of the antibody to the detection
zone, the remainder of the porous solid phase material
should be treated to block any remaining binding sites
elsewhere. Blocking can be achieved by treatment with
protein {e.g. bovine serum albumin or milk proteis), or with
polyvinylalcohol or ethanolamine, or any combination of
these agents, for example. The labelled reagent for the first
zone can then be dispensed onte the dry carrier and will
becomne mobile in the carrier when in the moist state,
Between each of these various process steps (sapsitisation,
application of unlabelled reagent, blocking and application
of the labelled reagent), the porous solid phase material
shonld be dried.

To assist the free mobility of the labelled reagent when the
porous carrier is moistened with the sample, it is preferabie
for the labelled reagent to be applied to the carrier as a
surface layer, rather than being impregnated in the thickness
of the carrjer. This can minimise interaction between the
camier material and the fabelled reagent. In a preferred
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embodiment of the invention, the carrier is pre-treated with
a glazing material in the region to which the labelled reagent
is to be applied. Glazing can be achieved, for example, by
depositing an aqueous sugar or cellulose solution, e.g. of
suerose or lactose, on the carrier at the relevant portion, and
drying. The labelted reagent can then be applied to the
glazed portion. The remainder of the camrier material should
oot be glazed,

Prefemably the parous solid phase material is nitrocellu-
lose sheet having a pore size of atleast zbout 1 micron, even
mare preferably of greater than about 5 microns, and yet
more preferably about 8-12 microns. Very suitable nitrocel-
lulose sheet having a nominal pore size of up to approxi-
mately 12 microns, is available commercially from Schle-
icher and Schuell GmbH.

Prefetably, the nitrocellolose sheet is “backed”, e.g. with
plastics sheet, to increase its handling strength. This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing material. The actual pore size of the
nitrocellitlose when backed in this manner will tend to be,
lower than that of the comesponding unbacked material

Alternatively, a pre-formed sheet of nitrocellulose can be
tightly sandwiched between two supporting sheets of solid
material, ¢.g. plastics sheets.

I is preferable that the flow rate of an aqueous sample
through the porous solid phase material should be such that
in the untreated material, aqueous liquid migrates at a rate of
1 ¢m in ot more than 2 mimtes, but slower flow rates can
be used if desired.

The spatial separation between the zones, and the flow
rate Characteristics of the porous carrier material, can be
selected to allow adequate reaction times during which the
necessary specific binding can occur, and to allow the
iabelled reagent in the first zone to dissolve or disperse inthe
liquid sample and migrate through the carrier, Further con-
trol over these parameters can be achieved by the incorpo-
ration of viscosity modifias (c.g. sugars and modified
celluloses) in the sample to slow down the reagent migra-
tion.

Preferably, the immobilised reagent in the second zone is
impregnated throughout the thickness of the carrier in the
second zone (e.g. throughont the thickness of the sheet or
strip if the carrier is in this form) . Such impregnation can
enhance the extent to which the immobilised reagent can
capture any analyte present in the migrating sample.

The reagents can be applied to the carrier material in a
variety of ways. Various “printing” techniquas have previ-
ously been proposed for application of liguid reagents to
carriers, e.g. micro-syringes, pens using metered purups,
direct printing and ink-jet printing, and any of these tech-
niques can be used in the present context. To facilitate
manufacture, the carrier (e.g. sheet) can be treated with the
reagents and then subdivided into smaller portions {c.g.
small parrow strips each embodying the required reagent-
containing zones) to provide a plurality of identical carrier
units.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a perspective view of a strip of porous solid phase
material for use in an assay test in accordapce with the
invention;

FIG. 2 a perspective view of 4 strip of porous solid phase
material for use in an assay test in accordance with the
invention;

FIG. 31is a perspective view of a device utilizing a porous
stripof the type illustrated in FIGS. 1 and 2;
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FIG. 4 is a perspective view, partially broken away,
revealing a porous sirip within the device of FIG. 3;

FIG. 5 is an enlarged view of one end of the device of
FIG. 3;

FIG. 6 is a perspective view of another test device
according to the invention;

FIG. 7 is a perspective view, similar to FIG. 6, but
partially cut away to reveal the porous test strip contained
within the body of the device;

FIG. 8 is an exploded perspective view of an assay device
in accordance with the present invention;

FIG. 9 is a cross-sectional side elevation of the device
shown in FIG. 8;

FIG. 10 is an enlarged view of the porous receiving
member and test strip in the device illustrated in FIGS. 8 and
9

FIG. 11 is a plan view of another embodiment of the
invention;

FIG. 12 is a schematic cross-sectional view taken along
line 12—12 in FIG. 11;

FIG. 13 is a perspective view of yet another embodiment
of the invention; and

FIG. 1 is a partially cut away view of the device of FIG.
13.

By way of exarple only, some preferred embodiments of
the invention will zow be described in detail with reference
to the accompanying drawings.

Embodiment 1

FIGS. 1 and 2 represent a typical strip of porous solid
phase material for use in an assay test in accordance with the
invention, and illustrate the underlying principle upon which
the invention operates.

Referring to FIG. 1, the assay test strip 10 is seen as a
rectangular sirip having (for the purpose of this description)
its longitndinal axis in a vertical situation. Adjacent the
Iower end 11 of strip 10 is a pamrow band or zone 12
extending across the entire width of the strip. A small region
13 of strip 10 Lies vertically below zone 12. Above zone 12
is a second zone 14 lying a discrete distance up strip 10 and
similarly extending the entire width of the sirip. The region
15 of strip 10 between zones 12 and 14 can be of any height
as long as the two zones are separate, A further region 16 of
the strip extends above zone 14, and at the top 17 of the strip
is a porous pad 18 firmly linked to strip 10 such that pad 18
can act as a “sink” for any liquid sample which may be rising
by capillary action through strip 10.

Zone 12 is loaded with a first antibody bearing a visible
(“direct™) label (e.g. colonred latex particle, dye sol or gold
sol). This reagent can freely migrate through the strlp in the
presence of a liquid sample, Ip zone 14, the strip is impreg-
nated with a second antibody having specificity for a dif-
ferent epitope on the same analyte as the first antibody. The
second antibody is firmly immobilised on the strip.

FIG. 2 flinstrates what happens when the assay strip is
used in an analytical procedure. The lower end 11 of the dry
strip is contacted with 2 liquid sample (not shown) which
may cohtain the analyte to be determined. Capillary action
causes the flujd 1o rise through the strip and eventually reach
pad 18. In so deing, the sample traverses zone 12 and the
labelled antibody will dissolve or disperse in the sample and
migrate with it through the strip. While migrating towards
zone 14, the labeHed antibody can bind to any analyte
present in the sample, On reaching zone 14, any analyte
molecule should become bound to the second antibody, so
immobilising the labelled “sandwich™ so produced. If a
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significant concentration of the analyte to be determined is
pesent in the liquid sample, in a short period of time a
distinct accumulation of the visible label should occur in
zone 4,

As an example of an analysis to which this embodiment
can be applied. the analyte can be hCG, the reageats in zones
12 and 14 can be monoclonal antibodies to hCG which can
participate in a “sandwich” reaction with hCG, and the label
can be a paticulatz dye, a gold sol or colowred fatex
particles.

Althongh described above in relation to a “sandwich”
zeaction, it will be readily apparent to the skilled reader that
this can be modified to a “'competition” reaction format if
desired, the labelled reagent in zone 12 being the analyte or
ap anatogue of the analyte.

An assay based on the above principles can be used to
determine a wide variety of analytes by choice of appropri-
ate specific binding reagents. The analytes can be, for
example, proteins, haptens, immunoglobulins, hormones,
polynucleotides, steroids, drugs, infections disease agents
(e.g. of bacterial or vital origin) such as Streptococcus,
Neisseria and Chlamydia. Sandwich assays, for example,
may be performed for analytes such as hCQ, LH; and
infectious discase agents, whereas competition assays, for
example, may be carried out for analytes such as BE-3-G and
(estrone-3-gluceronide) P-3-G (progesterone-3-
glecuronide).

The determination of the presence (if any) of more than
on¢ analyte in sample can have significant clinicat utility.
For example, the ratio of the levels of apolipoproteins A,
and B can be indicative of susceptibility to coronary heart
disease. Similarly, the ratio of the levels of glycated hae-
moglobin (HbA) to nnglycated (HbAo) or total (Hb) hae-
moglobin can aid in the managemest of diabetes. Addition-
ally it is possibie to configure tests to measure two steroids
simultaneonsly, e.g E-3-G and P-3-G. By way of example,
a dual analyte test for apoliproteins A; and B may be
prepared by depositing, as two spacially distinct zones,
antibody specific for apolipoprotein A, throughout a first
zone and depositing a second antibody specific for apolipo-
protein B, throughout the second zone of a porons carrier
matrix. Following the application of both antibodies to each
of their respective zones via a suitable application procedure
(c.g-ink-jet printing, metered pump and pen, or airbrush),
the remainder of the porons material should be treated with
areagent, ¢.g. bovine serum alburnin, polyvinyl alcohol, or
ethanolamine, to block any remaining binding sites else-
where. A third and fourth teagent, bearing a label, may then
be dispensed onto the dry carrier in one or more zones near
to one end of the strip, the stzip being allowed to dry between
applications of the two reagents to the same zone. Reagent
3 and Reagent 4 may comprise conjugates of anti-
apolipoprotein A; antibody and anti-apolipoprotzin B anti-
body respectively. Both of these conjugates will become
mobile in and on the camier when in the moist state.
Reagents 3 and 4 can migrats with the solvent flow when an
aqueatts sample is applied to the first end of the carrier strip.
While migrating towards the two zones further along the
strip. reagent 3 may bind any apolipoprotein A, present in
the sample and rcagent 4 may bird any apolipoprotein B
present in the sample. On reaching the first second-antibody
zone (amti-apolipoprotein A, antibody zone) anti-
apolipoprotein A, molecules should become bound to the
sccond antibody, immobilising the Iabelled ‘sandwich’ so
prodaced, No labelled apoliprotein B molectles will bind to
this first zone. On reaching the second second-antibedy zone
(anti-apolipoprotein B antibody zone) any apolipoprotein B
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molecules should become bound to the second antibody
(solid-phase antibody), framobilising the labelled *sand-
wich’ 50 produced. No labelled apolipoprotein A, molecules
will bind to the second zone. An accumulation of each of the
direct labe] may oceur at both or either zones to a lesser or
greater extent resulting in a visible signal at either or both of
the solid phase antibody zones. Excess unbound conjugate
(of both reagent 3 and reagent 4) can pass freely over the two
antibody zones and will be washed into the distal end of the
sirip.

The development of a quantifiable colour in both of the
second-antibody zones may be assessed with an appropriate
form of instrumentation, yielding a ratio of colonr density
between the two sites,

The determination of the presence of more than two (is
multiple) apalytes in any sample may have significant clini-
cal utility. For example, the detection of the presence of
various different serotypes of one bacterinm, or the detection
of the presence of scluble serological markers in humans
may be useful. By way of example, a multiple analyte test
for the detection of the presence of different serotypes of
Streptococeus can be prepared for groups A, B, C and D, A
cocktail of monoclonal antibodies, each specific for various
pathologically important group serotypes, or a pelyclonal
antiserum rajsed against a particular Streptococcal group can
be dispensed onto a porous carrier strip as a line extending
the width of the strip of approximately 1 mm zone length.
Multiple lines be dispensed ip spatially discrete zones, each
zone containing immurochemically reactive comporent(s)
capable of binding the analyte of interest. Following the
application of the multiple zones, via a suitable application-
procedure (eg ink-jet printing, metered pump and pen,
airhrush), the remainder of the porous material should be
treated with a reagent (sg bovine serum albumin,
polyvinylalcohol, ethanolamine) to block any remaining
binding sites elsewhere. Conjugates of label, e.g. a dye sol
and each immunochemically-reactive component specific
for each bacterial group may thean be dispensed either onto
a single zone at the bottom end of the strip, proximal to the
sample application zone, or as a series of separate zones.

FIGS. 3, 4 and 5 of the accompanying drawings depict a
complete device utilising a porous strip as just described
above. FIG. 3 represents the complete device viewed from
the front, FIG. 4 shows the same device partially cut away
to reveal the details of the strip inside, and FIG. 5 shows the
underside of the device.

Refeming to FIG. 3, the device comprises a fiat rectan-
gular body 30 the front face 31 of which is perforated by a
circular hole or window 32 which reveals the porous test
strip 10 within the body. The region of the test strip 10
visible through the window 32 incorporates a narrow hogi-
zontat zone 14.

Referring to FIG. 4, the device comprises a dry rectan-
gular test strip 10 made from porons material which extends
from the bottom end 33 of the body 30 within the body
between the front 31 and back 34 of the body. Near the
bottom end 11 of the strip 10 is a horizontal zone 12 bearing
alabelled specific binding reagent for an analyte, the binding
reagent being mobile in the test strip in the moist state,
Further up the test strip is the parrow horizontat zone 14
which is visible through the window 32. At the top 17 of the
test strip 10 is a porous ‘sink’ 18 which can absorb any liquid
szmple that has permeated upwards through the strip.

Refeming to FIG. 5, the bottom edge 35 of the body 30
incorporates & lateral aperture in which the bottom end 11 of
tie strip lies.

In operation, the bottom end 33 of the body 30 is
immersed in a liquid sample (eg urine) so that the liquid



Case 3:03-cv-0047. -AJB Document 3 Filed 04/(‘ Page 56 of 123

5,656,503

1

sample can be absarbed by the bottom end 11 of the test strip
20 and rise by capillary action to the top 17 of the test sirip
and into the sink 18. In so doing, the liquid sample
progresses via zone 12 to zone 14, Specific binding reactions
as described above occur, and the test result is visible to the
user through the window 32.

Embodiment 2

FIGS. 6 and 7 of the accompanying drawings illustrate
another test device according to the invention. FIG. 6
illustrates the complete device viewed from the front, and
FIG. 7 depicts the same device partially cut away to reveal
details of a porous test strip contained within the body of the
device.

Referring to FIG. 6, the device comprises an elongate
body 200 terminating at its lower end 201 in a small integral
receptacle 202 which can hold a predetermined volume of a
liquid sample, eg urine. The front face 203 of the body 200
incorporates two square small square apertures or windows
204 and 205 located one above the other.

Referting to FIG. 7, the elongate portion of the body 200
is hollow and incorporates a test strip 206 running almost the
full height of the body. This test strip is of similar construc-
tion to those desaribed under Embodiment 1, and incarpo-
rates near its lower end 207 a horizontal zone 208 boating a
Iabelled specific binding reagent that can freely migrate in
the strip in the moist state. There are two circular zones 209
and 210 adjacent to the windows 204 and 205 and visible
therethrough. The strip terminates at its top end 211 in a
porons sink 212. At the bottom end 201 of the device, the
receptacle 202 communicates with the hollow body via a
lateral aperture 213,

In operation, a liquid sampie s applied to the bottom end
of the device and a predetermined volume of the sample fills
the receptacles 202. From the receptacle 202 the liquid
sample rises by capillary action through the test strip 206
and conveys the labelied reagent from zone 208 to the two
cireular zones 209 and 219. A series of specific binding
reactions as described in relation to Embodiment 1 above
occur. In this embodiment the second circalar zone 210 can
act as a control (giving rise, for example, to a coloured signal
imespective of whether or not the sample contains the
analyte to be determined) and the determination of the
atalyte takes place in the first circular zone 209. The user
can determine whether the analyte is present in the sample
by comparing the signal produced in the two zones.

For example, if the test is used to determine the presence
of hCG in urine during the course of a pregnancy test, the
circular control zone 210 can contain immobilised HCG
- which will bind a labelled antibody which is carried upwards
from zone 208 by the migrating liquid sample. The same
labelled antibody can engage in a *sandwich’ reaction with
hCG in the sample and be bound in the first circular zone 209
by another spccific anti-hCG antibody which has been
immobilised therein. Alteruatively, if desired, the “control”
zone can be designed merely to convey an unrelated signat
to the user that the device has worked. For example, the
second circular zone can be loaded with an antibody that will
bind to the labelled antibody from zone 208, e.g. an “anti-
mouse” antibody if the labelled antibody is one that has been
derived using a murine hybridoma, to confirm that the
sample has parmeated the test strip.

Embodiment 3

FIG. 8 of the accompanying drawings represents an
isometric view of an assay device in accordance with the
invention, and FIG. 9 represents a cross-sectional side
elevation of the device shown in FIG. 8.

Referring to FIG. 8, the device comprises a housing or
casing 500 of elongate rectangular form having at one end
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501 a portion 502 of reduced eross-sectional area. A cap 503
can be fitted onto portion 502 and can abut against the
shoulder 504 at end 501 of the housing. Cap 503 is shown
separated from housing 500. Extending beyond end 505 of
portion 502 is a porous metnber 506, When cap 503 is fitted
onto partion 502 of the housing, it covers porous member
506. Upper face 507 of housing 500 incorporates two
apertures 508 and 509.

Refeming to FIG. 9. it can be seen that housing 500 is of
hollow construction. Porous member 506 extends into hous-
ing 500 and contacts a strip of porous carrier material 510,
Porous member 506 and stip 510 overlap to ensure that
there is adequate contact between these two materials and
that a liquid sample applied to member 506 can permeate
member 506 and progress into strip 510. Strip 510 extends
further into housing 500. Strip 510 is *“backed” by a sup-
porting strip 51t formed of transparent moisture-
impermeable plastics material, Strip 510 extends beyond
apertures 508 and 509. Means are provided within housing
500 by webbs 512 and 513 to hold strip 510 firmly in place.
In this respect, the internal constructional details of the
housing are not a significant aspect of the invention as long
as the strip is held firmly in place within the housing, and
porous mernber 506 is firmly retained in the housing and
adequate fluid permeable contact is maintained between
member 506 and strip 510. The transparent backing strip 511
lies between strip 510 and apertures 508 and 509 and can act
as a scal apainst ingress of moisture from outsids the
housing 500 via these apertures. If desired, the residual
space 514 within the housing can contain moisture-
absorbant material, such as silica gel, to help maintain the
strip 510 in the dry state during storage. The reagent-
containing zones in strip 510 are not depicted in FIG. 8, but
the first zone containing the labefled reagent which is mobile
when the strip is moistened will Bie in the region between the
porous member 506 and sperture 508. The second zone
containing the immobilised unlabelled reagent will Lie in the
region exposed through aperture 508 in order that when the
device has been used in an assay, the result can be observed
through aperture 508. Aperture 509 provides means through
which a control zone containing further reagents which may
cnable the adequats permeation of sample through the strip
to be observed.

In operation, the protective cap 503 is removed from the
holder and member 506 is exposed to a liquid sample e.g. by
being placed in a urine stream in the case of a pregnancy test.
After exposing member 506 to the liquid sample for a time
sufffeient to ensure that member 506 is saturated with the
sample, the cap 503 can be replaced and the device placed
aside by the user for an appropriate period time (e.g. two or

* three minutes) while the sample permeates test strip 510 to

55

provide the analytical result. After the appropriate time, the
user can observe the test strip through apertures 508 and 509
and cag ascertain whether the assay has been completed by
observing the control zone through aperture 569, and can
ascertain the result of the assay by observing the second
zone through aperture 508,

During manufacture, the device can be readily asseinbled
from, for example, plastics material with the housing 500
being moulded in two parts (e.g. upper and lower halves 515
and 516) which can be securely fastened together (e.g. by
ultrasonic welding) after the porous member and test strip
have been placed within one of the halves and then sand-
wiched between the two halves. The act of forming this
sandwich construction can be used to “crimp” the porous
member and test strip together to ensure adequate contact
between them. Cap 503 can be moulded as a separate
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complete item. If desired, apertures 508 and 509 can be
provided with transparent inserts which may insure greater
security against ingress of extraneous moisture from outside
the housing, By providing a tight fit between the end 505 of
housing 500 and the protruding porous member 506, the
application of sample to the protruding member will not
1esult in sample entering the device directly and by-passing
metnber 506, Member 306 therefore provides the sole route
of access for the sample to the sirip within the housing, and
can deliver sample to the strip in a controlled manner. The
device as a whole therefore combines the functions of
samples and analyser.

By using the test strip materials and reagents as herein-
after described, a device in accordance with FIGS. 8 and 9
can be produced which is eminently suitable for use as a
pregnancy test kit or fertile period test kit for use in the home
or clinic. The user merely needs to apply 2 urine sample to
the exposed porous member and then (after optionally
eplacing the cap) can cbserve the test result through aper-
ture 508 within a matter of a few minutes.

Although described with particular reference to preg-
nancy tests and fertile period tests, it will be appreciated that
the device, as just described, can be used to determine the
presence of a very wide variety of analytes if appropriate
reagents are incorporated in the test strip, It will be further
appreciated that aperture 509 i3 redundant and may be
omitted if the test strip does not contain any control means,
Further, the general shape of the housing and cap, both in
terms of their length, cross-section and other physical
features, can be the subject of considerable variation without
departing from the spirit of the invention,

A further option is the omission of the labelled reagent
from the test strip, this reagent being added to the sample
prior to application of the sample to the fest device.
Alternatively, the labelled reagent can be contaiped in the
protruding porous member 506.

FIG. 10 of the accompanying drawings shows an enlarged
view of the porons receiving member and test strip in the
device illustrated in FIGS. 8 and 9.

The porous receiving member 506 is linked to the porous
test sirip 510, backed by the ranspareat plastics sheet 511,
such that liquid can flow in the direction shown by the
arrows throngh the porous receiving member and into the
porous strip. Test zone 517 incorporates the immobitised
specific binding reagent, and control zone 518 contains a
reagent to indicate that the sample has permeated a sufficient
distance along the test strip. A portion of the test strip surface
opposite the backing steip 511 and adjacent the perous
receiving member 506, carries a glaze 519 on which is
deposited a layer 520 of labelled specific binding reagent.
~ The thickness of these two layers as depicted in FIG. 10 is
grossly exaggerated purely for the purpose of illustration. Tt
will be appreciated that, in practice, the glaze may not form
a true surface layer and the glazing material will penetrate
the thickness of the strip to some extent. Similarly, the
subsequently applied labelled reagent may also penetrate the
strip. Nevertheless, the essential objective of reducing any
interaction between the labelled reagent and the camier
material forming the strip will be achieved. An aquecus
sample deposited in receiving member 506 can flow there-
from along the length of strip 510 and in so doing, will
dissolve glaze 519 and mobilise the labelled reagent, and
carry the labelied reagent along the strip and through zone
517.

Embodiment 4

FIGS. 1 and 12 illustrate another embodiment of the

invention, which is seen in plan view in FIG. 11 and in
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cross-section in FIG. 12, the cross-section being an elevation
on the line 12—12 seen in FIG. 11.

Referring to FIG. 11, the test device comprises a flat
reciangular casing 600 incorporating a centrally disposed
rectangular aperture 601. adjacent the left hand end 602, and
two further apertures 603 and 604 near the mid point of the
device and arranged such that apertures 601, 603 and 604 lic
on the central longitudina) axis of the device comesponding
to line 12-—12. Although all three apertures arc illustrated as
being rectangular, their actal shape is not critical.

Referring to the cross-section seen in FIG. 12, the device
is hollow and incorporates within it a porous sample receiv-
ing member adjacent end 602 of casing 600 and lying
directly beneath aperture 601, A test stp of simitar con-
struction to that described with reference to Embodiment 4,
comprising a porons strip 606 backed by a transparent
plastics sheet 607 is also contained within casing 600, and
extends from the porous recelving member 602, with which
the porous carrfer s in liquid permeable contact, to the
extreme other end of the casing. The transparent backing
sheet 607 is in firm contact with the upper inper surface 608
of casing 600, and provides a seal against apertures 603 and
604 10 prevent ingress of moisture or sample into the casing.
Althongh not shown in the drawings, the porous test strip
606 will incarporate a labelled specific binding reagent, and
a test zone and a control zone placed appropriately in
relation to apertures 603 and 604, in a manner analagous to
that described in Embodiment 3.

In operation, an aqueous sample can be applied through
aperture 601, e.g. by means of a syringe, to saturate porous
receiving member 605, Thereafier, the agueous sample can
peomeate the test strip and after an appropriate time the test
result can be observed through apertures 603 and 604,
Embodiment 5

A yet further embodiment of the invention is illustrated in
FIGS. 13 and 14 of the accompanying drawings. FIG. 13
shows a device comprising a rectangular casing 700 having
in jts upper surface 701 a rectangular aperture 702, One end
wall 703 of the device 703 incorporates an aperture 704
through which a porous test element comminicates with the
exterior of the device. Aperture 702 is sitnated in swrface 701
at a point relatively remote from the end 703 containing the
aperture 704,

FIG. 14 shows a partially cut-away view of the device in .
FIG. 13. The hollow device incorporates a porous fest strip
705, running almost the entire length of casing 700 from
aperture 704, Test strip 705 incorparates a first zone 706
containing a labelled specific binding reagent and a further
zone 707, remote from aperture 704, incorporating an immo-
bilised specific reagent. Zone 706 lies directly beneath
aperture 702 is therefore observable from outside casing.
Bepeath strip 705 and adjacent zoge 707, is & crushable
clement 708 containing one or more substrates or reagents
which can be used to produce a detectable signal when
released into zone 707, if iabelled reagent from 706 has
become bound in zore 707 following use of the device.
Release of the reagents from member 708 can be effected by
applying pressure to the outside of the casing at that point in
order to crush the member and express the reagent there-
from.

In operation, the first test element can be exposed to an
aqueous sample, e.g. by dipping end 703 of casing 700 into
a vessel containing the sample, The liquid sample will then
permeate the length of test strip 705, taking labelled reagent
from zone 706 and passing through zone 707 where the
labelled reagent can become bound e.g. through a *sand-
wich” rzaction invelving an analyte in the sample. When the
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sample has permeated the test strip. reagent can be released
from the crushable member 708 and the result of the test
observed through aperture 702,

By way of example only, certain prefemed test steip
materials, reagents, and methods for their production will
pow be described.

1. Selection of Liquid Conductive Material

Representative examples of liguid conductive materials
include paper, nitrocellnlose and nylon membranes. Essen-
tial features of the material are its ability to bind protein;
speed of liquid conduction; and, if necessary after pre-
treatment, its ability to allow the passage of labelled anti-
bodies along the strip. It this is a direct label, it may be
desirable for the material to allow flow of particles of sizeup
to a few microns (asually less than 0.5p). Examples of flow
rates obtained with various materials are given below:

Titne to Flow

Pore size 45 mm {minutes)

Schlicher + Schyell nitrocelhtlose  3u 340
(mbacked)

L 330
8 300
12 220
polyesterbacked 8y (nominal) 340
‘Whatmen Nitrocelhilosa 19.20
Pall “Iamnmodyne™ (nylon) 3 4.00
320

The speed of a test procedure will be determined by the
flow rate of the material employed and while any of the
above materials can be used sorne will give faster tests than
others.

Nitrocellulose had the advantage of requiring no activa-
tion and will immobilise proteins strongly by absorbtion.
“Tmmunodyne” is pre-activated and requires no chemical
treatment. Papers, such as Whatman 3MM, require chemical
activation with for example carbonyldiimidazole in order to
successfully immobilise antibody.

2, Labels

PREPARATION OF LABELS

A selection of labels which may be used are described
below. This list is not exhanstive.
A) Gold Sol Preparation

Gold sols may be prepared for use in immunoassay from
commerciafly-available colloidal gold, and an antibody
preparation such as anti-alpha human chorionic gonadotro-
phin. Metallic sol labels are described, for example, in
European patent specification No, EP 7654.

For example, colloidal gold G20 (20 mm particle size,
supplied by Janssen Life Sciences Products) is adjusted to
PR 7 with 0.22p filtered 0.1M K,CO,, and 20 mls is added
to a clean glass beaker. 200 pl of anti-alpha hCG antibody,
prepared in 2 mM borax, buffer pHO at 1 mg/ml, and 0.2
filtered, is added to the gold sol, and the mixture stirred
continuously for two mirutes, 0. 1M K,CO, is used to adjust
the pH of the antibody gold sol mixture to 9, and 2 mls of
10% (w/v) BSA is added.

The antibody-gold is purified in a series of three centrifu-
gation steps at 12000 g, 30 minutes, and 4° C., with only the
lonse part of the pellet being resuspended for further use.
The final pellet is resaspended in 1% (wiv) BSA in 20 mM
Tris, 150 mM NaCl pH 8.2.

B) Dye Sol Preparation

Dye sols (see, for example, Buropean patent specification

No. EP 32270) may be prepared from commercially-
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available hydrophobic dyestuffs such as Foron Blue SRP
{Sandoz) and Resolin Blue BBLS (Bayer). For example,
fifty grams of dye is dispersed in 1 liter of distilled water by
mixing on a magnetic stirrer for 2-3 minuntes. Fractionation
of the dye dispersion can be performed by an initial cen-
trifugation step at 1500 g for 10 minstes at room temperature
to remove larger sol particles as a solid pellet, with the
supernatant suspension being retained for further centrifu-
gation,

The suspepsion is centrifuged at 3000 g for 10 minutes at
room temperature, the supernatant being discarded and the
pellet resnspended in 500 mis distilled water. This procedure
is repeated a further three times, with the final pellet being
resuspended in 100 mls distilled water,

The spectra of dye sols prepared as described above. can
be measured, giving lambda-max values of approximately
657 nm for Foron Blue, and 690 am for Resolin Blue. The
ahsorbance at lambda-max, for 1 cm path length, is used as
an arbitrary man arbitrary measure of the dye sol concen-
tration.

C) Coloured Partictes

Latex (polymer) particles for use in immunoassays are
available commerically, These can be based on a range of
synthetic polymers, such as polystyrene, polyvinyltoluene,
polystyrene-acrylic acid and polyacrolein. The monomers
used are normally water-insutuble, and are emnlsified in
aqueous surfactant so that monomer mycelles are formed,
which are then induced to polymetise by the addition of
initiator to the emmlsion. Substantially sperical polymer
particles are produced.

Coloured latex particles can be produced either by incor-
porating a suitable dye, such as anthraquinone, in the
emulsion before polymerisation, or by colouring the pre-
formed particles, In the latter route, the dye should be
dissolved in a water-immisicible solvent, such a chloroform,
which is then added to an aqueous saspension of the latex
particles. The particles take up the non-aqueous solvent and
the dye, and can then be dried.

Preferably such latex particles have a maximum dimen-
sion of less than about 0.5 micron.

Coloured latex particles may be sensitised with protein,
and in particular antibody, to provide reagents for use in
immunoassays. For example, polystyrenc beads of about 0.3
micron diameter, {supplied by Polymer Lahoratories) tmay
be sensitised with anti-alpha human cherienic
gonadotrophin, in the process described below: '

0.5 ml (12.5 mg solids) of suspension is diluted with 1 mt
of 0.1M berate buffer pH 8.5 in an Eppendorf vial. These
particles are washed four times in borate buffer, each wash
consisting of centrifugation for 3 minutes at 13000 tpm in an
MSE microcentrifuge at room temperature. The final pellet
is resuspended in 1 ml borate buffer, mixed with 300 pg of
anti-alpha hCG antibody, and the suspension is rotated
end-over-end for 16-20 hours at room temperature. The
antibody-Jatex suspension is centrifuged for 5 minutes at
13000 1pim, the supernatent is discarded and the pellet
resuspended in 1.5 mis borate buffer containing 0.5 milli-
grams bovine serum albumin. Following rotation end-over-
end for 30 minutes at room temperature, the suspension is
washed three times in § mg/ml BSA in phosphate buffered
saline pH7.2, by centrifugation at 13000 rpm for 5 minutes.
The pellet is resuspended in 5 mg/ml BSA/5% (wiv) glyc-
erol in phosphate buffered saline pH 7.2 and stored at 4° C,
until used.

(A) Anti-hCG—Dye Sol Preparation

Protcin may be coupled to dye sol in a process invelving

passive adsorption. The protein may, for example, be an



Case 3:03-cv-004‘ -AJB Document 3 Filed 04/.3 Page 59 of 123

5,656,503

17

antibody preparation such as anti-alpha human cherionic
gonadotrophin prepared in phosphate buffered saline pH 7.4
at 2 milligram/mi. A reaction mixture is prepared which
coatains 100 ut antibody solution. 2 mlls dye sol, 2 mls (. 1M
phosphate buffer pH 5.8 and 15.9 mls distilled water. After
gentle mixing of this soletion. the preparation is left for
fifteen minutes at room temperature, Excess binding sites
may be blocked by the addition of, for example, bovine
serum albumin: 4 mls of 150 mg/ml BSA in 5 mM NaCl pH
7.4 is added to the reaction mixture, and after 15 minutes
incubation at room temperature. the solution is centrifuged
at 3000 g for 10 minutes, and the pellet resuspended in 16
mis of 0.25% (wiv) dextran/0.5% (w/v) lactose in 0.04M
phosphate. buffer. This antibody-dye sol conjugate is best
stored in a freeze dried form
(B) LE—Dye Sol Preparation

Due to the structural komology between the alpha sub-
mnits of hCG and LH, alpha hCG antibody can be used to
detect LH in a cross-reactive immitnoassay. Thus, a Iabelled
aptibody mmay be prepared for use in an LH assay in an
identical maener to that described in Example I, using
anti-alpha hCG antibody.
3. Preparation of Reagent Strip

Zonal Impregnation of Liquid-conductive Materials

Liquid-conducting material with a restricted zone of
immobilised protein, particularly antibody, can be prepared
for example as follows:

A rectangular sheet of Schleicher and Schuell backed 8p
nitrocelinlose measuring 25 cm in length and 20 cm in width
may have areaction zene formed upon it by applying a line
of material about 1 mm wide st 5 cm intervals along its
length and extepding throughout jts 20 em width. The
ruaterial can, for example, be a suitably selected antibody
preparation such as anti-beta (human chorionic
gonadotropin) of affinity Ka at 10°, prepared in phosphats

buffered saline pH 7.4 at 2 milligram/ml, suitable for imm-

noassay of human chorionic gonadotraphin using a second
(labelled) anti-hCG antibody in a sandwich format. This
solution can be deposited by means of a microprocessor-
controlled microsyringe, which delivers precise volumes of
reagent through a nozzle, preferably 2 mm diameter. When
the applied material has been allowed to dry for 1 hour at
toom temperature, excess binding sites on the nitroceliulose
are blocked with an inert componnd such as polyvinyl
alcohol (1% w/v in 20 mM Tris pH 7.4) for 30 minutes at
room temperature, and sheets are thoroughly rinsed with
distilled water priar to drylng for 30 minutes at 30° C.

In one embodiment, the lignid conductive material can
then be cut up into mumerouss strips 5 cm in length and 1 cm
in width, each strip catrying a limited zone of the immobi-
fised antibody to function as an immunoserbent part way
(e.g. about half way) along its length. In this example the test
strip is used with a liquid label which is mixed with sample.
In use. this limited zone then becomes a test reaction zone
in which the immunoassay reactions take place.

In another embodiment, the label may be dispensed/
deposited intofon a restricted zone befare cutting up the
liquid-conductive material into strips. By way of example,
this reagent may be dye sol or dye polymer-conjugated
anti-hCG antibedy prepared as described umder dye sol
preparation, said reagent being retained in the zone when the
material is in the dry state but which is free to migrate
through the carrier material when the material is moistened,
for example, by the application of liquid sample containing
the analyte to be determined. This mobile reagent zone is
applied, for example, as follows:
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A sheet of Schleicher and Schuell backed 8p
nitrocellulose, 25 cm in length and 20 cm in width with
zones of immobilised antibedy at 5 cm intervals along its
length, is prepared as described previously. Prior to the
deposition of dyz labelled antibody, a sublayer of, for
exanmple, 60% wiv of sucrose in distilled water is applied by
airhrush on the microprocessor controlled system at 6 cm
intervals along the length of the sheet. Then several passes
(e.g. three) of dye labelled antibody prepared in 1% meth-
acel KAM (Trademark for methylcellulose from Dow
Chemical Company) and 0.6% (w/v) polyvinylalcohol are
applied by airbrush or by microsyringe directly on top of the
sublayer. Sheets are then allowed to dry, and cat into strips
5 cmoin length and 1 cm in width, to be used in the completed
device. '

Gold sols, or coloured polystyrene particles car be depos-
ited by a similar process.

In addition to the test zone various control zone options
can be operated. For example a zone of anti-species Ig(i may
be deposited after the test zone,

4, Sandwich Assays Using Strip Format

A sandwich-type reaction may be performed for the
detection of humsan chorionic gonadotrophin (hCG) in 2
liquid sample. Preferably the label used is a direct label
which is readily visible to the naked eye. Dye scls, gold sols
ar coloured latex particles may be linked to aoti hCG
antibody, as described above,

With direct labels, assays may be performed in which
fresh urine samples are applied directly from the urine
stream, or by delivering an appropriate volume (e.g. 160 p)
from 2 container using a pipette to the absorbent wick of the
test device, Each sample is allowed to run for five minutes
in the device, and the colour generated at the reactive zone
read either by eye, or using a light reflectometer.

Indirect tabels such as enzymes e.g. alkaline phosphatase
may also be used, but require the addition of substrate to
generate 2 coloured endpoint,

Bnzyme assays may be performed in which the anti-hCG
antibody is comjugated to alkaline phosphatase, nsing con-
ventional techniques, and diluted Yoo in 0.01M phosphate
buffered saline pH 7 containing 3% polycthylene glycol
6000, 1% (wiv) bovine ssrum albumin and 0.02% TRITON
X305 (Trademark—obtainable frorn Rohm and Haas) before
application to the sheet. Fresh urine samples are then
applied, either directly from the urine siream, or by deliv-
ering an appropriate volume {e.g. 100 pl} from a comtainer
using a pipette, to the absorbent wick of the test device. Each
sample is allowed to run for five minutes before a pad of
liquid-swellable material soaked in BCIP substrate (2t 1
mg/ml in 1M Tris/HCI pH 9.8) is placed in contact with the
immobile antibody zome. After a further five minutes, the
pad is removed, and colour penerated read either by eye, or
by using a light reflectometer.

A similar embodiment can be prepared using lutenising
hormone (LH) instead of hCG.

5. Competitive Assays

A competitive type assay may be performed as exempli-
fied by estrone-3-glucuronids, a urinary metabolite of
estrone. Conjugates of estrone-3-glucuronide and bovine
serum afbumin are prepared as follows:

Preparation of BSA—Estrone-3-glucuronide

The conjugation of E-3-(; and BSA may be achieved
through the use of a mixed anhydride. Ali of the glassware,
solvents and reagents employed in the preparation of the
activated specics must be thoroughly dried using an oven,
dessicator or molecular sieves, as appropriate, for at least 24
kours.
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Solutions of E-3-G (2 aM) in dry dimethylformamide
{DMF) and tri-n-butylamine (TnB) (10 nM) in dry DMF
were equilibrated separately at 4° C. Using pre-cooled
glassware E-3-G in DMF (1.25 ml) and TnB in DMF (0.25
ml) were added to a pre-cooled 5 ml Reactivial contairing
a magnetic stirer. A solution of isobutyl chloroformate in
dry DMF (10 aM) was prepared and an aliquot (0.25 ml) was
cooled to 4° C. and added to the Reactivial. The contents of
the Reactivial were stirred for 20 minutes at 4° C. and a
solution of BSA (1 mg/ml) in bicarbonate buffer (0.5%) was
prepared. When the mixed anhydride incubation was
complete, the contents of the Reactivial were added to the
BSA solution (2.5 ml) and stitred on a magnetic stirrer for
4 hours at 4° C. The conjugate preparation Was purified by
passage through a Tris buffer equilibrated Pharmacia PD-10
SEPHADEX G-25 columu, transferred to an amber glass
storage bottte and stored at 4° C,

Preparation of BSA—E-3-G dye Sol

A dispersion of dye (5% w/v) in distilled water was
prepared with thorough mixing and aliquots were centri-
fuged at 3850 xpm (1500 g) for 10 minutes in a bench top
centrifuge. The pellet was discarded and the supernatant was
retained and centrifuged in aliquots at 4850 rpm (3000 g) for
10 minutes in a bench top centrifuge, The supernatant was
discarded and the pellet was resuspended in half of its
original volume in distilled water. This step was repeated
four times to wash the pellet. The pellet was finally resus-
pended in distilled water and the absorbance at lambda max
was determined.

Solutions of dye sol ir distilled water and B-3-G/BSA
conjugate diluted in phosphate buffer were mixzed to give
final eoncentrations of 10 pg/ml conjugate (based on BSA
content) and an extrapolated dye sol optical density of 20 a
the absorbance maximum. The reaction mixture was incy-
bated for LS minutes at room temperature and blocked for 15
minutes at room tempezature with BSA in a NaCl solution (5
mM, pH7.4) to yield a final BSA concentration of 25 mg/ml
The reaction mixture was centrifuged at 4850 tpm (3000 g)
for 10 minutes in a benchtop centrifuge, the supernatant was
discarded and the pellet was resuspended in half of iis
original volume in Dextran (0.25% w/v)/Lactose (0.5% wiv)
phosphate (0.04M pHS.$) buifer.

Preparation of B-3-G Test Strips

Antibodies to E-3-G were deposited as described in
example 3. BSA—E-3-G dye sol was deposited on the strips
as described in 3.

Determination of E-3-G

Using reagents described above, a standard curve can be
generated by moning strips with samples with known con-
centrations of E-3-G. The colour at the immobile zone can
be read, for example using a Minolta chromameter, and the
concentration of B-3-G calculated by extrapolating from the
reflectance value,

The invention described herein extends to all such modi-
fications and variations as will be apparent to the reader
skilled in the ar, and also extends to all combinations and
subcombinations of the features of this description and the
accornpanying drawings.

We claim:

1. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample
selected from the group consisting of urine and serum, said
device comprising:

a) a hollow casing having a liquid biologicat samnple
application aperture and a test result observation aper-
ture;

b} a bibulous liquid biological sample receiving member
within said hollow casing to receive said Hquid bio-
logical sample applied to said sample application aper-
ture;
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€) a test strip comprising a dry porotts carrier within said
casing and extending from said tibulous liquid bio-
logical sample receiving member o and beyond said
test result observatior aperture, said dry porons carsier
having a test result zone observable through said obser-
vation aperture;

* at least one of said bibulons liquid biological sample
receiving member and said test strip containing
upstream from said test result zone a labelled reagent
capable of specifically binding with said analyte to
form a first complex of said labelled reagent and said
analyte; ‘

said label being a particulate direct label wherein said
labelled reagent is dry on said test strip prior to use
and is released into mobile form by said Hquid
biological sample,

wherein mobility of said labelled reagent within sajd
test strip is facilitated by at least one of 1) coating at
least a portion of said test strip upstream from said
test result zone with, or 2) drying said labelled
reagent onto a portion of said test strip upstream
from said test zone in the presence of, a material
comprising sugar, in an amonnt effective to reduce
interaction between said test strip and said labelled
reagent;

said dry porous carrier containing in said test result
zone a means for binding said first complex, said
means for binding comprising specific binding
means and being immobilized in said test result
zone;

migration of said liquid biological sample from said
bibulous semple receiving member into and throagh
said dry porous carrier conveying by capillarity said
first complex to said test result zome of said dry
porous carrier whereat said binding means binds said
first complex thereby to form a second complex;

said second complex being observable through said test
result observation aperture, thereby to indicate the
present of said analyte in sald Hquid biological
sample.

2. The test device accarding to claim 1, wherein said
particulate direct label is a sol.

3. The test device according to claim 1, wherein said sol
is a dye sol or a metallic sol.

4. The device according to claim 1, wherein said labelled
Teagent comprises a label selected from the group consisting
of dye sols, metallic sols and colored latex particles of
maximum diameter not greater than 0.5 microns.

5.'The device according to claim 1, wherein said labelled
reagent comprises an anti-hCG antibody and said lLiquid
biological sample is urine.

6. The device according to claim 1, wherein said labelled
reagent comprises an anti-LH antibody and said liquid
biclogical sample is urine,

7. The apalytical test device according to claim 1, wherein
said labelled reagent is contained in a first zone of sald dry
porous carrier upstream from said test result zone, and said
means for binding is an uniabelled reagent which is immeo-
bilized in said test result zone, said test result zone being
spaced from said first zone, said first zone and said test result
zone being arranged such that said liquid biological sample
applied to said sample aperture is conveyed by capiliarity
through said first zone into said test resuit zone.

8. The test device according to claim 1, wherein said
hollow casing is molded from plastics material,

9. The test device according to claim 1, wherein said dry
parous carrier comprises a strip or sheet of porous material.
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10. The test device according to claim 1, wherein said dry
porous carrier comprises a strip or sheet of porous material
backed with a layer of transparent moisture-impervious
material, sajd transparent layer being in comtact with the
inside of said hollow casing adjacent said test result obsar-
vation aperture to inhibit ingress of moisture or said liquid
biological sample.

11. The test device according to claim 10, wherein said
layer of transparent moisture-impervious material is trans-
parent plastics material.

12. The test device according to claim 1, wherein said dry
porous carrier material is nitrocellulose,

13. The test device according to claim 12, wherein said
nmitrocellulose has a pore size of at least about one rmicron.

14. The test device according to claim 13, wherein said
pore size is about greater than 5 microns.

15. The test device according to claim 14, wherein said
pore size is about 3-12 microns.

16. The test device according to claim 1, further com-
prising a control zone downstream from said test result zone
in said dry porous carrier, which control zone comprises
means to indicate that said liquid biological sample has been
conveyed by capillarity beyond said test result zone, said
contrel zone being observable from outside said hollow

casing.

17. The test device according to claim 1, further com-
prising an absorbent sink at a distal end of said dry porons
camier, said sink having sufficient absarptive capacity to
ahsorb any unbound labelled reagent washed out of said test
result zone,

18. The test device according to claim 1, wherein sajd
labelled reagent has beep applied to said dry porous carrier
as a surface layer. .

1%. The test device according to claim 18, wherein said
dry porous cartier has been pre-treated with a material
comprising sugar in the region to which said labelled reagent
is applied.

20. The test device according to claim 1, wherein said
immobilized reagent in said test result zone is impregnated
throughowt of said dry porous carmier in said test result zone.

21. The device according to claim 1, wherein said binding
means binds directly with said first complex,

22. The device according to claim 1, in combination with

a cap for being selectively received over a longitudinal end
of said hollow casing to selectively cover said sample
application aperture.

2. The device according to claim 1, wherein said bibu-
lous liquid biological sample recejving member protrudes
from said hollow casing through said sample application
aperture.

24. The device according to claim 1, wherein said dry
porous carrier contains said labelled reagent.

25, The device according to claim 1, wherein said bitu-
lous sample receiving member contains said labeled reagent.

26. The test device according to claim 1, wherein said
material comprising sugar further comprises a protein,

27. The test device according to claim 26, wherein said
protein is bovine semm albumin

28. The test device according to claim 1, wherein said
sugar is selected from the group consisting of sucrose,
lactose and dextran.

29. The test device according to claim 1, wherein mobility
of said labelled reagent within said test strip is farther
facilitated by blocking excess binding sites within said test
strip with polyvinyl alcohol.

30. The test device according to claim I, wherein mobility
of said labelled reagent within said test stip is further
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facilitated by blocking excess binding sites within said test
strip with a protein.

31. The test device according to claim 30, wherein said
protein is selected from the group consisting of bovine

5 serum albummin ard milk protein.

32. The test device according to claim 1, wherein said
bibulous liquid biologicel sample rectiving member has
unidirectional porosity parallel to its longitndinal axis.

33. An analytical method for detecting an analyte sus-

1o Pecied of being present in a fiquid biological sample selected

from the group consisting of urine and serum, which com-
prises utilizing an analytical test device comprising:
providing an analytical test device having:
a) a hollow casing having a Mquid biological sample
application aperture and a test result observation

13 aperture;

b) a bibujous liquid biological sample receiving mem-
ber within said hollow casing to receive said liquid
biological sample applied to said sample application
aperture;

LY ¢) a'test strip comprising a dry porous carrier within

said hollow casing and extending from said liquid
biological sample receiving member to and beyond
said test result observation aperture, said dry porous
cartier having a test result zone observable through

25 said observation apertire;

said test strip containing in a first zone upstream from said
test result zone a labelled reagent capable of specifi-
cally binding with said analyte to form a first complex
of said iabelled reagent and said analyte, said label
being a particulate direct label wherein said labelled
reagent is dry on said test strip pror to use and is
released into mobfle form by said liquid biological
sample,

wherein mobility of said labelled reagent within said test
strip is facilitated by at least one of I) coating at least
a portion of said test strip upstream from said test resuit
zone with, or 2) drying said labelled reagent onto a
portion of said test strip npstream froin said test zoze in
the presence of, a material comprising sugar, in an
amount effective to reduce interaction between said test
strip and said labelled reagent;

said carrier containing in said test result zone a means for
binding said first complex, said means for binding
comprising specific binding means and being immobi-
lized in said test result zome;

migration of said applied liquid biological sample from
said bibulous sample receiving member into and
through said dry porous camier conveying by capillarity
said first complex to said test result zone of said dry
porous carrier whereat sald binding means binds said
first complex thereby to form a second complex;

said second complex being observable thraugh said test
result observation aperture, thereby to indicate the

55 presence of said analyte in said lquid biological

sample;

applying said liquid biological sample to said bibulous
receiving member;

permitting said liquid biological sample to convey by .
capillary action throtngh said dry perous carmier via said
first zone into said test result zone with said labeled
reagent and

detecting the presence of said analyte in said liquid
biological sample by visually observing the presence of

65 any labelled reagent bound in said test result zone.

34. The method according to claim 33, wherein said
material comprising sugar forther comptises a protein.
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35. The method according to claim 34, wherein said
protein is bovine serum alburnin,
36. The method according to claim 33, wherein said sugar
is selected from the group consisting of sucrose, lactose and
dextran.
37. The method according to claim 33, wherein mohility
of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with polyvinyl alcohol.
38, The method according to claim 33, wherein mobility
of said labelled reagent within said test strip is frther
facilitated by blocking excess binding sites within said test
strip with a protein.
39. The method according to claim 38, wherein said
protein is selected from the group consisting of bovine
serum albumin and miik protein.
40, The method according to claim 33, wherein said
bibulous liquid biological sample receiving member has
unidirectional perosity parallel to its longitedinal axis.
" 41. The method according to claim 40, wherein the
bibulous liquid biclogical sample receiving member pro-
trudes from said hollow casing through said sample appli-
cation aperture.
42. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample
selected from the group consisting of urine and serum, said
device comptising:
a) a hollow casing having a liquid biological sample
application aperture and a test result observation aper-
ture;
b) a bibuleus liquid biological sample receiving member
within said hollow casing to receive said liquid bio-
logical sample applied to said sample application aper-
c) a test strip comprising a dry perous carrier within said
hollow casing and extending ffom said bibulous Hquid
biological sample receiving member to and beyond said
test result observation aperture, said dry porous carrier
haviog a test result zone observable through said obser-
vation aperture;
at least one of said bibulous liquid biological sample
receiving member and said tesi stip coataining
upstream from said test result zone 3 labelled reagent
capable of specifically binding with said analyte to
form a first complex of said lsbelled reagent and
analyte;

said label being a particulate direct label which is dry
prior to use of the device and is released into mobile
form by said applied liquid hiological sample,
whezein mobility of said labelled reagent within said
test strip is facilitated by at least one of 1) coating at
least a portion of said test strip upstream from said
test result zone with, or 2) drying said labelled
reagent onto a portion of said test strip upstream
from said test zone in the presence of, a materal
comprising sngar, in an amount effective to reduce
interaction between said test strip and said labelled
Icagent;

said carrier containing in said test result zone a means
fer binding said first complex, said means for bind-
ing comprising specific binding means and being
immobilized in said test resuit zore;

(d) a control zone dowastream from said test result zone
in said dry porous camier for binding labelled reagent
to indjcate that said applied liquid biological sample
has been conveyed by capillarity beyond said test result
zone, said hollow casing having a control zone obser-
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vation window defiped therein, whereby said control
zone is observable from outside said hollow casing;
(€) an absorbent sink at a distal end of said carrier, said
sink having sufficient absorptive capacity to allow any
uabound labelied reagent to wash out of said test resudt
zome;
migration of said applied liquid biological sample from
said bibulous sample receiving member into and
through said dry perous carrier conveying by capil-
larity said first complex to said test result zone of
said dry porous carrier whereat said binding means
binds sald first complex thereby to form a second
complex;

said second complex being observable through said test
result observation aperture, thexeby to indicate the
presence of said analyte in said applied liquid bio-
logical sample.

43. The test device according to claim 42, wherein said
material comprising sugar further comprises # protein.

44. The test device according to claim 43 wherein said
protein is bovine serum albumin.

45, The test device according to claim 42, wherein said
sugar is selected from the group comsisting of sucrose,
lactose and dextran.

46. The test device according to claim 42, wherein mobil-
ity of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with polyvinyl alcohol.

47. The test device according to claim 42, wherein mobil-
ity of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with a protein.

48. The test device accarding to claim 47, wherein said
protein is selected from the group consisting of bovine
serum albumin and milk protein.

49. The test device according to claim 42, wherein said
bibulous liguid biological sample receiving member has
unidirectional porosity parailel to its longitudinal axis.

5§0. The test device according to claim 49, wherein the
bibulous Hquid biological sample receiving member pro-
trudes from said hollow casing through said sample appli-
cafion aperture,

51. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample, said
device comprising:

2) a hollow casing having a liquid biological sample
application aperture and a test resalt observation aper-
ture;

b) a test strip comprising a dry porous carrier contained
within said hollow casing, said carrier communicating
directly or indirectly with the exterior of said hollow
casing through said liquid biological sample applica-
tion aperture to receive applied said lignid biological
sample, said carrier having a test result zone observable
throngh said test result observation aperture, said dry
porous carrier comprising a strip or sheet of porous
matetiat backed with a layer of transparent moisture-
impervious material, said transparent layer being in
contact with the inside of said hollow casing adjacent
said test result observation aperture to inhibit ingress of
moisture or liquid biokogical sample, said test strip, in
the dry unused state, containing upstream frotn said test
result zone a labelled reagent capable of specifically
binding with said analyte to form a first complex of said
lzbelled reagent and said analyte, said label being a
particulate direct label which is dry prer to the nse of
the device and is released into mobile form by said
liguid biological sample,
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wherein maobility of said labelled reagent within said
test strip is facilitated by at least one of 1) coating at
least a portion of said test steip upstream from said
test result zope with, or 2) drying said labelled
reagent onto a portion of said test strip upstream
from safd test zone in the presence of, a materal
comprising sugar, in an amount effective to reduce
interaction between said test strip and said labell=d
reagent;

said cartier containing in said test result zone a means
for binding said first complex, said means for bind-
ing comprising specific binding means and being
immobilized in said test result zone;

migration of said applied liquid biclogieal sample
through said dry porous camier conveying by capil-
larity said first complex to said test result zone of
said dry porous carrier whereat said binding means
binds said first complex thereby to form a second
complex;

said second complex being observable through said test
result observation aperture, thereby to indicate the
presence of sald analyte in said liquid biological

le.

sample,
§2. The test device according to claim 51, wherein said
backing material is transparent plastics material,
53. The test device according to claim 51, wherein said
dry parous carrier material is nitroceflulose.
54. The test device according to claim 53, wherein said
nitrocellulose has a pose size of at least one micron.
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55. The test device according to claim 51, wherein said
labelled reagent has been applied to said dry porous carrier
as a surface layer. :

56, The test device according to claim 55, wherein said
dry parous carier has been pre-treated with said material
comprising sugar in the region to which said labelled reagent
is applied.

57. The test device according to claim 51, wherein said
analyte is hCG.

58. The test device according to claim 51, wherein said
analyte is LH.

9. The test device according to claim. 51, wherein said
material further comprises a protein.

60. The test device according to claim 59 wherein said
protein is bovine serum albumin,

61 The test device accarding to claim 51, whereir said
sugar is selected from the group consisting of sucrose,
lactose and dextran,

62. The test device according to claim 51, wherein mobil-
ity of said labelled reagent within said test strip is firther
facilitated by blocking excess binding sites within said test
strip with polyvinyl alcohol.

63. The test device according to claitn 51, wherein mobii-
ity of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with a protein.

64. The test device according to claim 63, wherein said
protein is selected from the group consisting of bovine
serum afbamin and milk protein,

* O X £ %



&

L

B2 51 UEBIRDO e cont 1S 4770

Case 3:03-cv-0047. -AJB Document 3 Filed 04/(‘ Page 64 of 123

YuuIimmsiT™ ™



Case 3:03-cv-004. AJB Docurmntllsllmnwaulg%’gggqﬂwamwm

a2 United States Patent (o) Patent No.:  US 6,187,598 Bl
May et al. 45) Date of Patent: *Feb. 13, 2001
(54) CAPILLARY IMMUNOASSAY AND DEVICE (56) References Cited
THEREFOR COMPRISING MOBILIZABLE U.S. PATENT DOCUMENTS

PARTICULATE LABELLED REAGENTS
Re. 29,169 41977 Schuurs et al. .

(75} Inventors: Keith May, Bedfordshire; Michael (List continued on next page.)
Evans Prior, Northamptonshire; lan
Richards, Bedford, all of (GB) FOREIGN PATENT DOCUMENTS

6007486  7/1985 (AU).
(List continued on next page.)

( * ) Notice: Under 35 US.C. ]54(h), the term of this OTHER PUBLICATIONS
patent shall be extended for 0 days.

(73) Assignee: Conopeo Inc., New York, NY (US)

Leuvering et al, “Optimization of a Sandwich Sol Particle
Immunoassay for Human Chorionic Gonadotrophin™, Jour-

This patent is subject to a terminal dis-
's patent I3 subject fo & ferminat IS nal of Immunological Methods, Nov. 1, 1982, vol. 2, pp.

claimer. 175-184.
(21) Appl. No.: 08/487,319 (List continued on next page.)
(22) Filed: Jun. 7, 1995 Primary Examiner—Christopher L. Chin )
(74) Attorney, Agent, or Firm—Pillsbury Madison & Sutro
Related U.S. Application Data LLP
&) ABSTRACT

(62) Division of application No. 08/102,313, filed on Iul. 15,
1993, now Pal. No. 5,622,871, which is a continuation of  Ap analytical test device useful for example in pregnancy

application No. 07/876,449, filed on Apr. 30, 1992, now : : -
abandoned, which is a division of application No. 07/795, testing, comprises hollqw casing (500 constructed .Of
266, filed on Nov. 19, 1991, now abandoned, which is a moisture-impervious solid material, such as plastics

continuation of application No. 07/294,146, filed as appli- materials, containing a dry porous carrier (510) which
cation No, PCI/GBS8/0(322 on Apr. 26, 1998, now aban-  communicates indirectly with the exterior of the casing via
dozed. a bibulous sample receiving member (506) which protrudes

i from the casing such that a liquid test sample can be applied

0 Foreign Appllcation Priority Data to the receiving member and permeale therefrom lo the
Apr 27, 1987 (GB) covnscrcnrnremsnr st sssssssns 8709873  porous carrier, the carrier containing in a first zone a labelled
Oct. 30, 1988 (GB) wooomceermrenresnenesmmrsssemsececssssinsns 8725457 specific binding reagent is freely mobile within the porous
carrier when in the moist state, and in a second zone spatially

(51) TNt CE ooocmsmsmrnerrnssins GOIN 33558  distinct from the first zone unlabelled specific binding
reagent for the same apalyte which unlabelled reagent is

(52) US. Ch oo 436/514; 422/55; 422/56;  permancntly immobilised on the carrier material and is

422/57; 422/58; 435/1.92; 435/287.1; 435/287.2; therefore not mobile in the moist state, the two zones being
435/805; 435/810; 435/962; 435/969; 435/970; armanged such lhat liquid sample applied to the porous

436/S18: 436/531: 436/533; 436/534; 436/525; carrier can permeate via the first zone into the second zone,

’ i . 4 > amd the device incorporating means, such as an aperture
436/810; 436/814; 436/817, 436/818 (508) in the casing, enabling the extent (if any) to which the
labelled reagent becomes bound in the second zone to be

(58) Field of Search ... 422/55, 56,57, - orved Preferabl -
. . . y the device includes a removable cap for
422/58; 427/2.13; 435/7.92, 962, 969, 970, . protruding bibulous member.

287.1, 287.2, 805, 810, 436/514, 518, 531,
533, 534, 525, 810, 814, 817, 818 38 Claims, 5 Drawing Sheets




Case 3:03-cv-004' -AJB

US 6,187,598 Bl

Document 3 Filed 04/(.3 Page 66 of 123

Page 2
U.S. PATENT DOCUMENTS 4,425,438 1/1984 Bauman el al. .oorrererrveveeen 436/527
4,421,179 1/1984 Recke! et al. . 436,507

3,410,839 11/1968 De Carvalho . 4435504 371984 ZuK nerrinn . 43519
3,420,205 1/1969 Morison . 4442204 4/1984 Greenquist et al. . 43519
3437449 471969 Luckey . 444,193 4/1084 Fogl el al 128/632
3,475,120 10/1969 Peurifoy <t al. . 90 OBt al - 128
AN oy 4,446,232 5/1984 Liotta e . 435119
3,620,677  11/1971 Morison . S
3,666,421 5/1972 Price . 4,447,526 5/1984 Rupchock et al. e 435/7.9
3720760  3/1973. Bemnich et al. oo 42471 4,452,901 6/1984 Gordon . e 436/506
3,723,064 3/1973 Liotla . 4,454,226 6/1984 Alietal .. . 43519
3,744,975 7H973 Mailen . 4,461,829 7/1984 Greenquist . 435719
3,748,004 3/1974 Zerachia et al. . 4,469,787 9/1984 Woods ..oeminimismmmiessnssisins 435/1.9
3,311,840 5/1974 BAUET ..eovererenssicnsiains 435/810 X 4474878  10/1984 Halbert et a . 43578
3,850,578  11/1974 McConnell . 4483921  11/1984 Cole .ovvreriene . 435/7.1
3,876,504 4/1975 Koffler . 4,483,928 11/1984 Suzuta et al. ... 436/519
3915647  10/1975 Wright . 4483929 11/1984 Szoka ... veerreeenee 436/533
3,981,981 /1076 REUNANEN ...crvrvrrsinssvsresssininns 424/1.5 4,493,793 171985 Chu .vvvneninsesinirermsnee s 435111
4,015,043 4/1977 Schuurs et al. . 4,503,143 3/1985 Gerber et al. . . 435179
4,018,662 41977 Rubenstroth-Bauer et al. . 4,515,889 5/1985 Klose et al. .......... ... 435/4
4,022,876 5/1977 Anbar .......... e 82411 4517288 5/1985 Giegel et al. ......... . 43519
4,042,335 8/1977 Clement ... 422/56 4,518,565 5/1985 Bogeretal. ... .. 422/58
4,087,326 5/1978 Kereluk . 4,520,871 771985 Avrameas el al. 436/504
4,087,332 5/1978 Hansen . 4,552,839 11/1985 Gould ............ e 435779
4,004,647 6/1978 Deutsch et al. .......... 4,554,256  11/1985 Sasser et al. .. .. 436/510
4,116,638 9/1978 Kenoff - 4,568,102 2/1986 Dauvergne ... 280/752
4,120,945 10/1978 Gutcho ef al. ..ccovimmrernrirnns 42411 4,587,102 5/1986 Nagalomo et al. . 422/56
4,122,030  10/1978 Smith et al. . 4,590,170 5/1986 Akiyoshi et al. . 436/533
4,123,173 10M1978 Bullock et al. ..o 356/246 4,592,338 6/1986 Blackmorte . 1281 R
4,133,639 11979 Harte . 4,594,327 6/1986 Zauk ... ... 436/514
4,145,186 3/1979 Andersen . 4,595,656 6/1985 Allen et al. . 435119
4,166,102 B/1979 JORDSON .cvirercrnmvmsvvineesssssinssns 424/1 4,608,246 8/1986 Bayer et al .. .. 424/11
4,166,105 81979 Hirschfeld ... o 42478 4,650,769 3/1987 Kakimi et al. ... ... 4367533
4,168,146 9/1979 Grubb et al. . | 4,656,129 4/1987 Wagner ......... ... 436/501 X
4,169,138 9/1979 Jonsson ... 4,659,678 4/1987 Forrest et al. e 436/512
4,180,383  12/1979 Johnsen ... 4,666,866 5/1987 Krauth ........ . 4368/518
4,141,533 3/1980 Bohn et al. . 4,668,638 571987 Janoff et al. ... 436/506
4,219,335 8/1980 FEbersole . 4,670,406 6/1987 Allen et al. ... 436/500
4,225,558  9/1980 Pelerson et al. ... 422/72 4678757 7/1987 Rapkin ... s 436/169
4,230,683 10/1980 Decker 42401 4,693,970 911987 O'Connell et al. e 435/7.9
4,233,029 1141980 Columbus . 4,695,554 9/1987 O'Connell ........ e 436/528
4,233,286  11/1980 Soothill et al. .......... 424,12 4,703,017 10/1987 Campbell et al. . 436/501
4,237,234  12/1980 Meunier ... . 435301 4,713,249 12/1987 Schroder ...... .. 424/488
4,244 916 1/1981 Guigan ..... .. 422[72 4,740,468 4/1988 Wenget al. .. ... 435/7.92
4,244,940 1/1981 Jeongetal. . e 42411 4,742,011 5/1988 Blake et al, ... .. 436/518
4,246,339 1/1981 Cole et al. ....... v 43577 4,743,560 5/1988 Campbell et al. e 436501
4,248,965 2/1981 Mochida et al. .. . 4357 4,757,002 THI88 JOO e semssiranainans 4351.9
4,256,724 3/198t Rutner et al. .... . 424/1 4,774,192 9/1988 Terminiello et al e 436/530
4,236,725 3/198F Rutner et al. .omvreceeeene ... 42411 4775515  10/1988 Cottingham ......cceesveressirenivinns 422173
4,258,001 3/1981 Pierce et al. ... 422/56 4,803,170 2/1989 Sianton et al. 436/518
4,267,270 571981 Stout 4,806,311 2/198% Greenquisl ... 422/56
4,270,921 6/1981 Graas . 4,806,312 2/1989 Greenquist 422/56
4,274,832 6/1981 Wuetal. ... 422/56 X 4,810,470 3/1989 Burkhardt . 422/36
4,278,651 7/1981 Hales ....... e 424/1 4,837,145 6/1989 Liotta i
4,279,862 7/1981 Bretaudiere et al 4221712 4,837,168 6/1982 de Jaenger et ab .........eee.. 436/333
4,279,885 7/1981 Reese etal. ... e $24/1 4,849,337 7/1989 Calenoff et al. .cveervvvninvcrnnnne 43519
4,298345  11/1981 Sodickson et al. . 4,851,356 7/1989 Canficld et al. .. 436/510
4,301,139  11/1981 Feingers et al. ... e 42411 4,855,240 871989 Rosenstein el al.
4,302,536  11/1981 Longenecker 4,857,453 81989 Ullman et al.
4,313,734 2/1982 Leuvering ....ueusverisssrers 4,861,552 8/1989 Masuda et al,
4,315,908 2/1982 Zer 4,861,711 8/1989 Friesen et al.
4,323,536 471982 Columbus ...eccererisisrinssisisssnnns 4,868,106 9/1989 lto et al. ...
4,326,008 4/1982 Rembaum ... 4,868,108 9/1989 Bahar el al.
4,332,783 6/1982 Pemnice et al. ... 4,874,710  10/1989 Piran .......
4,338,094 7/1982 Elahi . 4,889 816  12/1989 Davis et al.
4,347,312 8/1982 Brown el al. ..ccuvnreeens e 435/7.9 4,900,663 2/1990 Wie et al. ...
4,363,874  12/1982 Greenquist ... .. 435/1.9 4,904,583 2/1990 Mapes et al. ...
4,366,241  12/1982 Tom ct al. ... . 435/1.9 4,906,439 3/1990 Grenner
4,373,812 2/1983 Stein et al. ....... 356/246 4,916,056 4/1990 Brown, III et al.
4,373,932 2/1983 Gribapau et al. 436/501 4,938 927 771990 Kelton et al. ...
4,374,925 2/1683 Litman et al. ... . 435/19 4,954,452 9/1990 Yost el al. ..o
4,380,580 4{1983 Boguslaski et al 4,956,275 /1990 .
4411,518  10/1983 Meserol et al. .....covviee 4,956,302 9/1990 .. 436/161




Case 3:03-cv-004.

-AJB Document 3 Filed 04/'8 Page 67 of 123

US 6,187,598 Bl

Page 3
4,960,601  10/1990 GOMON .coorrmerrrectercrsscrrirssssennnss 43546 Bemnett et al, “An improved Procedure . . . Supernatants”,
4963468 10/1990 Olson oo 435179  Jouma) of Immunological Methods, vol. 61, pp 2(1-267
4,981,785  1/1991 Dafforn et al. 435119 (1983).
4999285 * 31901 SHSO meweronn- 435/19 o - )
5,026,653  6/1991 Leeetal . 436/518 ~ Norgaard-Pedersen, “A Highly Sensitive . . . a-Felopro-
5,030,558  7/1991 Litman et al. . 435791  tein”, Clin. Chem. Acta, vol. 48, pp 345-346, (1973).
;’g}m :giggi g“c”:':s%;’" 43452333 Langone et al, “Immunochemical Techniques”, Methods In
5070142 * 11992 Coleman et al. 435/792 Enzymology, vol. 73, pp 339, 340, 346-348, (1981).
5,089,304  2/1992 Chun ...c.ne. ... 435734 Syva/a Syntex Co., Accul.evel TDM Assays, Pamphlet, pp
5120643 6/1992 Ching et al, oeemecsisiinsens 85092 1-6, (1987).
5141875 B8/1992 Kelton et al. wooeeecerermronn 436/514 . nems
5501645 * 1/1997 ROSERSIEID womrmosmomriroms s36/514  1-CJ. Gribnau et al, “Affinity Chromatography . . . Tech-
niques”, Elsevier Scientific Pub, Co., pp 411-424, (1982).
FOREIGN PATENT DOCUMENTS Laurell et al, “Electroimmunoassay”, Academic Press, vol.
1185882 11/1981 (CA). 73, pp 339, 340, 346-348 (1981).
1273306 /1990 (CA). Kenna, et al., “Methods for Reducing Nou—Specific Anti-
63810 11/1982 (gg ) body Binding in Enzyme-Linked Immunosorbent Assays™,
lgégg ﬁﬁga EEP; Journal of Immunological Methods, 85 (1985) pp. 409419,
0149168  7/1985 (EP). Vogt, Ir. et al, “Quantitative differences among various
0212603  8/1985 (EP). proteins as blocking agents for ELISA microtiter plates”,
0154749 9/1985 (EP). Journal of Immunological Methods, 101 (1987) pp. 43-50.
158746 1011985 (EP). . g obuli ( T)pp :
0170746 2/1986 (EP) . Roma:[lo et al., An Aﬂllg() ulin Reagcnl Labelled Wilh
4247 3/1986 (EP Colloidal Gold For Use In Electron Microscopy”, Immu-
301742 /1986 (EF) . p
B10174247  3/1986 (EP). nochemistry, 1974, vol. 11, pp. 521-522.
g}g% gﬁg;‘g (Eg) : Frens, G., Nature Physical Science, “Controlled Nucleation
186100 7/1986 (OEEP; : for the Regulation of the Particle Size in Monodisperse Gold
) Suspensions”, vol. 241, Jan. 1, 1973, pp. 1-3.
0191640  8/1986 (EP). P ) ’ ’ »
0199205  10/1986 (EP). Hoye, Age, “Determination of Radiochemical . .
0212599 3/1987 (EP). High-Voltage Electrophoresis”, Journal of Chromatography,
0250137  12/1987 (EP). 28 (196 379-384
253581  1/1988 (EP). (1967), pp- ) )
0255342 2/1988 (EP). Hsu, “Immunogold for Detection of Antigen on Nitrocellu-
279097  8/1988 (EP). lose Paper”, Analytical Biochemistry, vel. 142, (1984), pp.
0281201 9/1988 (EP). 221-225.
0284232 9/1988 (EP). Surek et al., “Visualization Of Antigenic . . . Method”,
0286371  10/1988 (EP). , . : . et
0299428 1/1989 (EP). Biochemical and Blophysw;é;}csearch Communicalions,
0303784 2/1089 (EP). vol. 121, May 1, 1984, pp. 289.
1526708 9/1978 (GB). Geoghegan et al., “Passive Gold . . . Hemmagglutination”,
%g;gg 25;3;; ﬁggi Journal of Immunological Mcthods, 34, (1980), pp. 11-21.
A6 /1983 (GB) R. Brdicka, “Grundlagen Der Physikalischen Chemie”, Ber-
485925  1/1973 (JP). lin 1958, pp. 775, 784-787, (and English trapslation).
536465 21978 (IF). Zsigmondy, “Ueber wassrige Losungen metallischen
59-122950 7/1984 (IP). " .
WOB001515  7/1980 (WO). goldes”, Annalen der Chemie, 301 (1898), pp. 28-55, (and
WOBL02790 101981 (WO). English translation).
w‘goéégig glgg gg;- Sahlbom, Kolloidehemische Beiheft, Band 11, (1910-1911),
/ 1 : . 78 inglish ion).
WO 870774 5/1987 (WO). pp. 78-141, (and English translation)

OTHER PUBLICATIONS

Glad et al. Analytical Biochemistry (B5) 1978, pp. 180-187.
Gribnau et al. J. Chromatography 376 (1986) pp. 175-189.
J. Skaron et al, Detection of . . . Antibodies, Proc. Nat. Acad.
Sci. USA., 76, pp 1420~1424,(1979).

G.B. Wisdom, “Enzyme-lmmunoassay”, Clinical Chemis-
try, 22, 1248-1255, 1976.

Micheel et al, “A Solid-Phase . . . Filters”, Acta Histochem,
vol. 71, pp 15-18 (1982).

Hawkes et al, “A Dol-Immunobinding Assay . . . Antibod-
ies”, Analylical Biochemistry, vol. 119, pp 142-147 (1982).
Esen et al, “A Simple and Rapid . . . Prolamins”, Analytical
Biochemistry, vol. 132, pp 462-467 (1983).

Zuk, et al. “Enzyme Immunochromatography—A Quantita-
tive Immunoassay Requiring No Instrumentation”, Clinical
Chemistry, vol. 31, No. 7, 1985, pp. 1144-1150.

Van Hell, et al., “Particle immunoassays”, Chapler 4, Alter-
native Immunoassays, Collins, (1985} pp. 39-58.

Bosch, M.G., “Enzym-und Sol Particle Immunoassays for
Hormone,”, Archives of Gynecology and Obstetrics, vol.
242, No. 1-4, (1987), pp. 509-512 (and English translation).

Moecremans, el al., “Sensitive Visualizalion . . . Siraining”,
Journal of Immunological Methods, 74 (1984) pp. 353-360.

Leuvering, et al, “Sol Pariicle Immunoassay (SPIA)",
Abstract, Journat Of Immunoussay, 1 (1}, pp. 77-91 (1980}

* cited by examiner



Case 3:03-cv-0047. -AJB Document 3 Filed 04/0. Page 68 of 123
U.S. Patent Feb. 13, 2001 Sheet 1 of 5 US 6,187,598 B1

» Fig.1

171
?\,: . \-——'16
h-1 s
154"

L~ 10

164

1
14~




" Ca 0346V- O477-B.JB Document 3 Filed 04/04/O.age 69 of 123
- 13, 2001 Sheet 2 of 5

US 6,187,598 B1




Case 3:03-cv-0047. -AJB Document 3 Filed 04/(. Page 70 of 123

U.S. Patent

US 6,187,598 B1

Sheet 3 of 5

Feb. 13, 2001

1S 005 %05
O_(m/ NN /“ 5 NN NN NN NN S N NN A /\ /—\
N ) N _—€5  0IS 715 NN
- N \ T 7777
L+ s S A SN SN S NN S ANNN N
mrm\///////////////%%% _
RRAN ) 205

915

SLS

6 614

60S 805 LIS LOS

Koom




Case 3:03-cv-004. -AJB Document 3 Filed 04/(.3 Page 71 of 123

U.S. Patent

US 6,187,598 Bl

Sheet 4 of §

Feb. 13, 2001

509

N N~ T N NN, Y

I N, O W N VR, .Y

{
| 7 777
S i e S . WA S ot .fJ./.hN e _\. —ﬂ/ o —t .NN .m\m
009 709’ €09’ L09 09’ | 809
,
| _ \ 6
. %09 €09 109 Nh \nx
L \ f ( ﬁ A
L 9 A , -
. _ — ¢09
_ 1 J
9095
oLS 81S LLS 615 025 w
L ! e — T R T — . = ]
§ ) .
LLS QN Q\n\




Case 3:03-cv
77-B -AJB Document 3 Fileo.04/03 P
age f
L

Sheet 5 of 5

U.S. Patent Feb. 13, 2001




Case 3:03-cv-004. -AJB Document 3 Filed 04/‘ Page 73 of 123
US 6,187,598 Bl

1

CAPILLARY IMMUNOASSAY AND DEVICE
THEREFOR COMPRISING MOBILIZABLE
PARTICULATE LABELLED REAGENTS

This is a division of application Ser. No. 08/102,313,
filed Jui. 15, 1993, now U.S. Pat. No. 5,622,871, which was
a continuation of 07/876,449 filled Apr. 30, 1992, now
abandoned; which was a division of application Ser. No.
07/795,266, filed Nov. 19, 1991, now abandoned, which was
a continuation of application Ser. No. 07/294,146, filed Feb.
27, 1989, now abandoned, which was a U.S. national phase
of PCT/GB88/00322, filed Apr. 26, 1988. Priority is clatmed
in 1his case from each of the above-listed applications.

BACKGROUND OF THE INVENTION

1, Ficld of the Invention

The present invention relates to assays involving specific
binding, especially immunoassays.

In particular, the invention relaies to analytical devices
which are suitable for use in the home, clinic or doctor’s
surgery and which are intended to give an analytical result
which is rapid and which requires (he minimum degree of
skiil and involvement from the user.

2. Description of the Related Art

The use of test devices in the home to test for pregnancy
and fertile period (ovulation) is now commonplace, and a
wide variety of test devices and kits are available commer-
cially. Without exception, the commercially-available
devices all require the user to perform a sequence of
operations before the test result is observable, These opera-
tions necessarily involve time, and introduce the possibility
of error.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a test
device which is readily usable by an unskilled person and
which preferably merely requires that some portion of the
device is contacted with the sample (e.g. a urine stream in
the case of & pregnancy or ovulation test) and thereafier no
further actions are required by the user before an analytical
result can be observed. Ideally the analytical result should be
ohservable within 2 matter of minutes following sample
application, ¢.g. ten minutes or less.

The use of reagent-impregnated test sirips in specific
binding assays, such as immunoassays, has previously been
proposed. In such procedures a sample is applied to one
portion of the test strip and is allowed to permeate through
the strip material, usually with the aid of an eluting solvent
such as water. In so doing, the sample progresses into or
through a detection zone in the test strip wherein a specific
binding reagent for an analyte suspected of being in the
sample is immobilised. Analyte present in the sample can
therefore become bound within the detection zone. The
extent to which the analyte becomes bound in that zone can
be determined with the aid of labelled reagents which can
also be incorporated in the test strip or applied thereto
subsequently. Examples of prior proposals utilising these
principles are given in Thyroid Thagnostics Inc GB
1589234, Boots-Celltech Diagnostics Limited EP 0225054,
Syntex (USA) Inc EP 0183442, and Behringwerke AG EP
0186799,

The present invention is concerned with adapting and
improving the known techniques, such as those referred to
in the above publications, o provide diagnostic test devices
especially suitable for home use which are quick and con-
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2

venient 1o use and which requirc the user to perform as few
actions as possible.

A typical embodiment of the invention is an apalytical test
device comprising a hollow casing constructed of moisture-
impervious solid material containing a dry porous carrier
which commicates directly or indirectly with the exterior of
the casing such that a liquid test sample can be applied to the
porous carrier, the device also containing a labelled specific
binding reagent for an analyte which labelled specific bind-
ing reagent is freely mobile within the porous carrier when
in the moist state, and unlabelled specific binding reagent for
the same analyte which unlabelled reagent is permanently
immobilised in a detection zone on the carrier material and
is therefore not mobile in the moist state, the relative
positioning of the labelled reagent and detection zone being
such that liquid sample applied to the device can pick up
labelled reagent and thereafter permeate into the detection
zone, and the device incorporating means enabling the
extent (if any) to which the labelled reagent becomes in the
detection zone to be observed,

Another embodiment of the invention is a device for use
in an assay for an analyte, incorporating a porous solid phase
material carrying in a first zone a labelled reagent which is
retained in the first zone while the porous material is in the
dry state but is free 1o migrate through the porous material
when the porous material is moistened, for example by the
application of an aqueous liquid sample suspected of con-
taining the analyte, the porous material carrying in a second
zone, which is spatially distinct from the first zone, an
unlabelled specific binding reagent having specificity for the
analyte, and which is capable of participating with the
labelled reagent in either a “sandwich” or a “competition”
reaction, the unlabelled specific binding reagent being firmly
immobilised on the porous material such that it is not free to
migrate when the porous material is in the moist state.

The invention also provides an analytical method in
which a device as set forth in the proceeding paragraph is
contacted with an aqueous liquid sample suspected of con-
taining the analyte, such that the sample permeates by
capillary action through the porous solid phase material via
the first zone into the second zone and the labelled reagent
migrates therewith from the first zone to the second zone, the
presence-of analyte in the sample being determined by
observing the extent (if any) to which the labelled reagent
becomes bound in the second zone.

In one embodiment of the invention, the labelled reagent
is a specific binding partaer for the analyte. The labelled
reagent, the analyte (if present) and the immobilised unla-
belled specific binding reagent cooperate together in a
“sandwich” rcaction. This results in the labelled reagent
being bound in the second zone if analyte is present in the
sample. The two binding reagents must have specificities for
different epitopes on the analyte,

In another embodiment of the invention, the labelled
reagent is either the analyte itself which bas been conjugated
with a label, or is an analyte analogue, ie a chemical entity
having the ideatical specific binding characteristics as the
analyte, and which similarly bas been conjugated with a
label. In the latier case, it is preferable that the properties of
the analyte amalogue which influence its solubility or dis-
persibility 1o an aqueous liquid sample and its ability to
migrate through the moist porous solid phase material
should be identical to those of the analyte itself, or ai least
very closely similar. In this second embodiment, the labelled
analyte or analyte analogue will migrate through the porous
solid phase malerial inlo the second zone and bind with the
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immobolized reagent. Any analyte present in the sample wilk
compele with the labelled reagent in this binding rezction.
Such competition will result in a reduction in the amount of
labelled reagent binding in the second zone, and a conse-
quent decrease in the intensity of the signal observed in the
second zone in comparison with the signal that is observed
in the absence of analyte in the sample.

An important preferred embodiment of the invention is
the selection of nitroceliulose as the carrier material. This
has considerable advantage over conventional strip
materials, such as paper, because it has a natural ability to
bind proteins without requiring prior sensitisation. Specific
binding reagents, such as immunoglobulins, can be applied
directly to nitrocellulose and immobilised thereon. No
chemical trcatment is required which might interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitrocellulose can thereafter be blocked
using simple materials, such as polyvinylalcohol. Moreover,
nitracellulose is readily available in a range of pore sizes and
this facilitates the selection of a carmrier material to suit
particularly requirements such as sample flow rate.

Another important preferred embodiment of the invention
is the use of so called “direct labels”, attached to one of the
specific binding reagents. Direct labels such as goid sols and
dye sols, are already known per se. They can be used to
produce an instant analytical result without the need to add
further reagents in order to develop a detectable signal. They

20

23

are robust and stable and can therefore be used readily ina .

znalytical device which is stored in the dry state. Their
release on ceontact with an aqueous sample can be
modulated, for example by the use of soluble glazes.

An important aspect of the invention is the selection of
technical features which enable a direct labelled specific
binding reagent to be used in a carrier-based analytical
device, €.g. one based on a strip format, to give a quick and
clear result. ldeally, the result of the assay should be
discernable by eye and to facilitate this, it is necessary for
the direct label {o become concentrated in the detection
zone. To achieve this, the direct labelled reagent should be
transportable easily and rapidly by the developing liquid.
Furthermore, it is preferable that the whole of the developing
sample liquid is directed through a comparatively small
detection zone in order that the probability of an observable
result being obtained in increased.

Another important aspect of the invention is the use of a
directly labelled specific binding reagent on a carrier male-
rial comprising nitrocellulose. Preferably the nitrocellulose
has a pore size of at least one micron. Preferably the
nitrocellulose has a pore size not greater than about 20
microns. In a particularly preferred embodiment, the direct
label is a coloured latex particle of spherical or near-
spherical shape and having a maximum diameter of not
greater than about 0.5 micron. An ideal size range for such
particles is from about 0.05 to about 0.5 microns.

In 2 further embodiment of the present invention, the
porous solid phase material is linked to a porous receiving
member 10 which the liquid sample can be applied and from
which the sample can permeate into the porous solid phase
material. Preferably, the porous solid phase material is
contained within a moisture-impermeable casing or housing
and the porous receiving member, with which the porous
solid phase material is linked, extends out of the housing and
can act as a means for permitting a liquid sample to enter the
housing and permeate the porous solid phase material. The
housing should be provided with means, e.g. appropnately
placed apertures, which epable the second zone of the
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porous solid phase material {carrying the immobilised unla-
belled specific binding reagent) to be observable from
outside the housing so that the resuit of the assay can be
observed. If desired, the housing may also be provided with
further means which enable a further zone of the porous
salid phase matgrial to be observed from outside the housing
and which further zone incorporates control reagents which
enable an indication to be given as o whetber the assay
procedure has been completed. Preferably the housing is
provided with a removable cap or shroud which can protect
the protruding porous receiving member during storage
before use. If desired, the cap or shroud can be replaced over
the protruding porous receiving member, after sample
application, while the assay procedure is being performed.
Opticnally, the labelled reagent can be incorporated else-
where within the device, e.g. in the bibulous sample collec-
tion member, but this is not preferred.

An important embodiment of the invention is a pregnancy
testing device comprising a hollow elongated casing con-
laining a dry porous nitrocellulose carrier which communi-
cates indirectly with the exterior of the casing via a bibulous
urine receiving member which protrudes from the casing
and which can act as a reservoir from which urine is released
into the porous carrier, the carrier containing in a first zone
a highly-specific anti-hCG antibody bearing a coloured
“dircet” label, the labelled antibody being frecly mobile
within the porous carrier when in the moist state, and in a
second zons spatially distinct from the ficst zone an highly-
specific unlabelled anti-hCG antibody which is permanently
immobilised on the carrier material and is therefore not
mobile in the moist state, the labelled and unlabelled anti-
bodies having specificities for different hCG epitopes, the
two zones being arranged such that a urine sample applied
to the porous carrier can permeate via the first zone into the
second zone, and the casing being constructed of opaque or
translucent material incorporating at least onme aperture
through which the analytical result may be observed,
logether with a removable and replaceable cover for the
protruding bibulous unine receiving member. A fertile period
prediction device, essentially as just defined except that the
analyte is I.H, is an important alternative.

Such devices can be provided as kits suitable for home
use, comprising a plurality (e.g. two) of devices individually
wrapped in moisture impervious wrapping and packaged
together with appropriate instructions 1o the user.

The porous sample receiving member can be made from
any bibulous, porous or fibrous material capable of ahsorb-
ing liquid rapidly. The porosity of the material can be
unidirectional (ie with pores or fibres running wholly or
predominantly paralle] to an axis of the member) or multi-
directional (omnidirectional, so that the member has an
amorphous sponge-like structure). Porous plastics material,
such as polypropylene, polyethylene (preferably of very
high molecular weight), polyvinylidene flouride, ethylene
vinylacetate, acrylonitrile and polytetrafiuoro-ethylene can
be used. [l can be advantageous to pre-treat the member with
a surface-active agent during manufactire, as this can reduce
any ioherent hydrophobicity in the member and therefore
enhance its ability to take up and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper or other cellulosic materials,
such as nitro-cellulose. Materials that are now used in the
nibs of so-called fibre tipped pens are parlicularly suitable
and such materials can be shaped or extruded in a variety of
lengths and cross-sections appropriate in the context of the
invention. Preferably the malerial comprising the porous
receiving member should be chosen such that the porous
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member can be saturated with aqueous liquid within a matier
of seconds. Preferably the material remains robust when
moist, and for this reason paper and similar materials are less
preferred in any embodiment wherein the porous receiving
member protrudes from a housing. The liquid must there-
aller permeate freely from the porous sample receiving
member into the porous solid phase matenial.

If present, the “control™ zone can be designed merely to
convey an unrelated signal to the user that the device has
worked. For example, the control zone can be loaded with an
antibody that will bind to the labelled antibody from the first
Zone, €.g. an “anti-mouse™ antibody if the labelled body is
one that has been derived using a murine hybridoma, (o
confirm that the sample has permeated the test strip.
Alternatively, the control zone can contain an anhydrous
reagent that, when moistened, produces a colour change or
colour formation, e.g. anhydrous copper sulphate which will
turn blue when moistened by an aqueous sample. As a
further alternative, a control zone could contain immobilised
analyle which will react with excess labelled reagent from
the first zone. As the purpose of the control zone is to
indicate to the user that the test has been completed, the
control zone should be located downstream from the second
zone in which the desired test result is recorded. A positive
control indicator therefore tells the user that the sample has
permeated the required distance through the test device.

The label can be any entily Ihe presence of which can be
readily detected. Preferably the label is a direct label, ie an
entity which, in its natural state, is readily visible either to
the naked eye, or with the aid of an optical filter and/or
applied stimulation, ¢.g. UV light to promote fluorescence.
For example, minute coloured particles, such as dye sols,
metallic sols (s.g. gold), and coloured latex particles, are
very suitable. OF these options, coloured lzlex particles are
most preferred. Concenlration of the label into a small zone
or volume should give rise to a readily detectable signal, e.g.
a strongly-coloured area. This can he evaluated by eye, or by
instruments if desired.

Indirect 1abels, such as enzymes, e.g. alkaline phosphatase
and horseradish peroxidase, can be nsed but these usually
require the addition of one or more developing reagents such
as substrates before a visible signal can be detected. Hence
these are less preferred. Such additional reagents can be
incorporated in the porous solid phase material or in the
sample receiving member, if present, such that they dissolve
or disperse in the aqueous liquid sample. Alternatively, the
developing reagenis can be added 1o the sample before
contact with the porous material or the porous material can
be exposed to the developing reagents afier the binding
reaction has taken place.

Coupling of the label to the specific binding reagent can
be by covalent bonding, if desired, or by hydrophobic
bonding. Such techniques are commonplace in the art, and
form no part of the present invention. In the preferred
embodiment, where the label is a direct label such as a
coloured latex particle, hydrophobic bonding is preferred.

In all embodiments of the invention, it is essential that the
labelled reagent migrates with the liquid sample as this
progresses Lo the detection zone. Preferably, the flow of
sample continues beyond the detection zone and sufficient
sample is applicd to the porous material in order that this
may ocecur and that any excess labelled reagent from the first
zone which does not participate in any binding reaction in
the second zone is flushed away from the detection zone by
this continuing flow. If desired, an absorbent “sink™ can be
provided at the distal end of the carrier material. The

10

15

25

35

50

55

60

65

6

absorbent sink may comprise for example, Whatman 3MM
chromatography paper, and should provide suflicient absorp-
tive capacity to allow any unbound conjugage to wash out of
the detection zone. As an alternative to such a sink it can be
sufficient to have a length of porous solid phase material
which extends beyond the detection zone.

The presence or intensity of the signal from the label
which becomes bound in the second zome can provide a
qualitative or quantitative measurement of analyte in the
sample. A plurality of delection zones arranged in series on
the porous solid phase material, through which the agueous
hiquid sample can pass progressively, can alse be used to
previde a quantitative measurement of the analyte, or can be
loaded individually with different specific binding agents to
provide a multi-analyte test.

The immobilised specific binding reagent in the second
zone is preferably a highly specific antibody, and more
preferably a monoclonal antibody. In the embodiment of the
invention involving the sandwich reaction, the labelled
reagent is also preferably a highly specific antibody, and
more preferahly a monoclonal antibody.

Preferably the carrier material is in the form of a strip or
sheet to which the reagents are applied in spacially distinct
zones, and the liquid sample is allowed to permeate through
the sheet or strip from one side or end to another.

If desired, a device according to the invention can incor-
porate two or more discrete bodies of porous solid phase
material, e.g. scparate sirips or sheets, each carrying mobile
and immobilised reagents. These discrete bodics can be
arranged in parallel, for example, such that a single appli-
cation of liquid szmple 1o the device initiates sample flow in
the discrete bodies simultaneously. The separate analytical
results that can be determmined in this way can be used as
control results, or if different reagents are used on the
diffcrent carriers, the simultaneous determination of a plu-
rality of analytes in a single sample can be madc.
Alternatively, multiple samples can be applied individually
lo an array of carriers and analysed simultancously.

The material comprising the porous solid phase is pref-
erably nitrocellulose. This has the advantage that the anti-
body in the second zone can be immobilised firmly without
prior chemical treatment. If the porous solid phase material
comprises paper, for example, the immobilisation of the
antibody in the second zone needs to be performed by
chemical coupling using, for example, CNBr,
carbonyldiimidazole, or tresyl chloride.

Following the application of the antibody to the detection
zone, the remainder of the porous solid phase material
should be treated to block any remaining binding sites
elsewhere. Blocking can be achieved by treatment with
prolein (e.g. bovine serum albumin or milk protein), or with
polyvinylalcohol or cthanolamine, or any combination of
these agents, for example. The labelled reagent for the first
zone can then be dispensed onto the dry carrier and will
become mobile in the carrier when in the moist state.
Between each of these various process steps (sensilisation,
application of unlabelled reagent, blocking and application
of the labelled reagent), the porous solid phase material
should be dried.

To assist the free mobility of the labelled reagent when the
porous carrier is moistened with the sample, it is preferable
lor the labetled reagent (o be applied to the carrier as a
surface layer, rather than being impregnated in the thickness
of the carrier. This can minimise inieraction between the
carrier material and the labelled reagent. In a preferred
embodiment of the invention, Lhe carrier is pre-treated with



Case 3:03-cv-004. -AJB Document 3 Filed 04/.3 Page 76 of 123
US 6,187,598 B1

7

a plazing maicrial in the region to which the labelled reagent
is to be applied. Glazing can be achieved, for example, by
depositing an aqueous sugar or cellulose solution, e.g. of
sucrose or lactose, on the carrier at the relevant portion, and
drying. The labelled reagent can then be applied o the
glazed portion. The remainder of the carrier material should
not be glazed.

Preferably the porous solid phase material is nitrocellu-
lose sheet having a pore size of at least aboul 1 micron, even
more preferably of greater than about 5 microns, and yet
more preferably about 8-12 microns. Very suitable nitrocel-
Iulose sheet having a nominal pore size of up to approxi-
malely 12 microns, is available commercially from Schle-
icher and Schuell GmbH.

Preferably, the nitrocellulose sheet is “backed”, e.g. with
plastics sheet, to increase its handling strength. This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing material. The actual pore size of the
nitrocellulose when backed in this manner will tend o be,
lower than that of the corresponding unbacked material,

Alternatively, a pre-formed sheet of nitrocellulose can be
tightly sandwiched between two supporting sheets of solid
material, e.g. plaslics sheels,

It is preferable that the flow rate of an aqueous sample
through the porous solid phase material should be such that
in the untreated material, aqueous liquid migrates at a rate of
1 ¢cm in oot more than 2 minutes, but slower flow rates can
be used if desired.

The spatial separation between the Zones, and the flow
rate characteristics of the porous carrier malerial, can be
selected to allow adequate reaction times during which the
nceessary specific binding can occur, and to allow the
labelled reagent in the first zone to dissolve or disperse in the
liquid sample and migrate through the carrier. Further con-
trol over these parameters can be achieved by the incorpo-
ration of viscosity modifiers (e.g sugars and modified
celluloses) in the sample to slow down the reagent migra-
tion.

Preferably, the immobilised reagent in the second zone is
impregnated throughout the thickness of the carrier in the
second zone (e.g. throughout the thickness of the sheet or
strip if the carrier is in this form). Such impregnation can
enhance the extent to which the immobilised reagent can
caplure any analyte present in the migrating sample.

The reagents can be applied to the carrier material in a
variety of ways. Various “printing” techniques have previ-
ously been proposed for application of liquid reagents to
carriers, e.g. micro-syringes, pens using metered pumps,
direct printing and ink-jet printing, and any of these tech-
niques can be vsed in the present context. To facilitate
manufzcture, the carrier (e.g. sheet) can be treated with the
reagents and then subdivided into smaller portions (e.g.
smail narrow strips ecach embodying the required reagent-
containing zones) to provide a plurality of identical carrier
unis,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a perspective view of a strip of porous solid phase
material for use in an assay test in accordance with the
nvention;

FIG. 2 a perspective view of a strip of porous solid phase
material for use in an assay test in accordance with the
invention;

FIG. 3 is a perspective view of a device utilizing a porous
strip of the type iltustrated in FIGS. 1 and 2;
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FIG. 4 is a perspective view, partially broken away,
revealing a porous strip within the device of FIG. 3;

FIG. § is an enlarged view of one end of the device of
FIG. 3;

FIG. 6 is a perspective view of another test device
according to the mnvention;

FIG. 7 is a perspective view, similar to FIG. 6, but
partially cut away 1o reveal the porons test strip contained
within the body of the device;

FIG. 8 is an exploded perspective view of an assay device
in accordance with the present invention;

FIG. 9 is a cross-sectional side elevation of the device
shown in FIG. 8;

FIG. 10 is an cnlarged view of the perous receiving
member and test strip in the device illustrated in FIGS. 8 and
9

FIG. 11 is a plan view of another embodiment of the
invention;

FIG. 12 is a schematic cross-sectional view taken along
line 12—12 in FIG. 11,

FIG. 13 is a perspective view of yet another embodiment
of the invention; and

FIG. 14 is a partially cut away view of the device of FIG.
13.

By way of example only, some preferred embodiments of
the invention will now be described in detail with reference
to the accompanying drawings.

EMBODIMENT 1

FIGS. 1 and 2 represent a iypical sirip of porous solid
phase material for use in an assay test in accordance with the
invention, and illustrate the underlying principle upon which
the invention operates.

Referring to FIG. 1, the assay test strip 1% is seen as a
reclangular strip having (for the purpose of this description)
its longitudinal axis in a vertical sitnation. Adjacent the
lower end 11 of strip 10 is a parrow band or zone 12
extending across the entire width of the strip. A small region
13 of strip 10 lies vertically below zone 12. Above zone 12
is a second zone 14 lying a discrete distance up strip 10 and
similarly extending the entire width of the strip. The region
15 of strip 10 between zones 12 and 14 can be of any height
as long as the two zones are separate. A further region 16 of
the strip extends above zone 14, and at the top 17 of the strip
is a porous pad 18 firmly linked to strip 10 such that pad 18
can act as a “sink” for any liquid sample which may be rising
by capillary action through strip 10.

Zone 12 is loaded with a first antibody bearing a visible
(“direct”) label (e.g, coloured latex particle, dye sol or gold
sol). This reagent can freely migrate through the strip in the
presence of a liquid sample. In zone 14, the strip is impreg-
nated with a second antibody having specificity for a dif-
ferent epitope on the same analyte as the first antibody. The
second antibody is firmly immobilised on the strip.

FIG. 2 illustrates what happens when the assay strip is
used in an analytical procedure. The lower end 11 of the dry
strip is contacted with a liquid sample (not shown) which
may contain the analyte to be determined. Capillary action
causcs the fluid to rise through the strip and eventually reach
pad 18. In so doing, the sample traverses zone 12 and the
labelled antibody will dissolve or disperse in the sample and
migrate with it through the sirip. While migrating towards
zone 14, the labelled antibody can bind to any analyte
present in the sample. On reaching zone 14, any analyie
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molecule should become bound {o the sccond antibody, so
immobilising the fabelled “sandwich” so produced. If a
significant concentration of the analyte to be determined is
present in the liquid sample, in a short period of time a
distinct accumulation of the visible label should occur in
zone 14,

As an example of an analysis to which this embodiment
can be applied, the analyte can he hCG, the reagents in zones
12 and 14 can be monoclonal antibodies to hCG which can
participate in a “sandwich” reaction with hCG, and the label
can he a particulate dye, a gold sol or coloured latex
particles.

Although described above in relalion to a “sandwich”
reaction, it will be readily apparent to the skilled reader that
this can be modified to a “competition” reaction format if
desired, the labelled reagent in zone 12 betng the analyte or
an analogue of the analyte.

An assay based on the above principles can be used to
determine a wide variety of analytes by choice of appropri-
ate specific binding reagents. The analytes can be, for
example, proteins, haptens, immunoglobulins, hormones,
pelynucleotides, steroids, drugs,. infectious disease agents
(e.g. of bacterial or viral origin) such as Streptoccus, Neis-
seria and Chlamydia. Sandwich assays, for example, may be
performed for analytes such as hCG, LH, and infectious
discase agents, whereas competition assays, for example,
may be carried out for analytes such as E-3-G (estrane-3-
glucuronide) and P-3-G (progesterone-3-glucuronide).

The determination of the presence (if any) of more than
one analyte in sample can have significant clinical utility.
For example, the ratio of the levels of apolipoproteins A,
and B can be indicative of susceptibility to coronary heart
disease. Similarly, the ratio of the levels of glycated hae-
moglobin (HbA) to unglycated (HbAo) or total (Hb) hae-
moglobin can aid in the management of diabetes. Addition-
ally it is possible to configure tests to measure two steroids
simultanecusly, ¢.g E-3-G and P-3-G. By way of example,
a dual analyte test for apolipoproteins A; and B may be
prepared by depositing, as two spacially distinct zones,
antibody specific for apolipoprotein A, thronghout a first
zone and depositing a second antibody specific for apolipo-
protein B, throughout the second zone of a porous carrier
matrix. Following the application of both antibodies to cach
of their respective zones via a suitable application procedure
(e.g. ink-jet printing, metered pump and pen, or airbrush),
the remainder of the porous material should be treated with
a reagent, e.g. bovine serum albumin, polyvinyl aleohol, or
ethanolamine, to block any remaining bindiog sites else-
where. A third and fourth reagent, bearing a label, may then
be dispensed onto the dry carrier in one or more Zones near
to one end of the strip, the strip being allowed to dry between
applications of the two reagents to the same zone. Reagent
3 and Reagent 4 may comprise conjugates of anti-
apolipoprotein A, antibody and anti-apolipoprotein B anti-
body respectively. Both of these conjugates will become
mobile in and on the carrier when in the moist state,
Reagents 3 and 4 can migrate with the solvent flow when an
aqueous sample is applied to the first end of the carrier strip.
While migrating towards the two zones further along the
sirip, reagent 3 may bind any apolipoprotein A, present in
the sample and reagent 4 may bind any apolipoprotein B
present in the sample. On reaching the first second-antibody
zone (anti-apolipoprotein A, antibody zone) anli-
apolipoprotein A; molecules should become bound to the
second antibody, immobilising the labelled ‘sandwich’ so
produced. No labelled apoliprotein B molecules will bind (o
this first zone. On reaching the second second-antibody zone
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(anti-apolipoprotein B antibody zone) any apolipoprotcin B
molecules should become bound to the second antibody
(solid-phase antibody), immobilising the labelled “sand-
wich’ so produced. No labelled apolipoprotein A, molecuies
will bind 1o the second zone. An accumulation of each of the
direct label may occur at both or either zones 10 a lesser or
greater extent resulting in a visible signal at either or both of
the solid phase antibody zones. Excess unbound conjugate
(of both reagent 3 and reagent 4) can pass freely over the two
antibody zones and will be washed into the distal end of the
strip.

The development of a quantifiable colour in both of the
second-antibody zones may be assessed with an approprate
form of instrumentation, yielding a ratio of colour density
between the two sites.

The determination of the presence of more than two (ie
multiple) analytes in any sample may have significant clini-
cal utility. For example, the detection of the presence of
various different serotypes of one baclerium, or the detection
of the presence of soluble serological markers in bumans
may be useful. By way of example, a multiple analyte tesi
for the detection of the presence of different serotypes of
Streptococcus can be prepared [or groups A, B, Cand D. A
cocktail of monoclonal antibodies, each specific for various
pathologically important group serotypes, or a polyclonal
antiserum raised against a particular Streptococcal group,
can be dispensed onto a porous carrier strip as a line
cxtending the width of the strip of approximately 1 mm zone
length. Multiple lines be dispensed in spatially discrete
zones, cach zone containing immunochemically reactive
component(s}) capable of binding the analyte of interest.
Following the application of the multiple zones, via a
suilable application procedure (eg ink-jet printing, metered
pump and pen, airbrush), the remainder of the porouns
material should be treated with a reagent (eg bovine serum
albumin, polyvinylalcobol, ethanolamine) to block any
remaining binding sites elsewhere. Conjugates of label, .g.
a dye sol, and each immunochemically-reactive component
specific for each bacterial group may then be dispensed
either onto a single zone at the bottom end of the sirip,
proximal to the sample application zone, or as a series of
separate zones.

FIGS. 3, 4 and 5 of the accompanying drawings depict a
complete device utilising a porous strip as just described
above. FIG. 3 represents the complele device viewed from
the front, FIG. 4 shows the same device partially cut away
to reveal the details of the strip inside, and FIG. 5 shows the
underside of the device.

Referring to FIG. 3, the device comprises a flat rectan-
gular body 30 the from lace 31 of which is perforaled by a
circular hole or window 32 which reveals the porous test
strip 10 within the body. The region of the test strip 10
visible through the window 32 incorporates a narrow hori-
zontal zone 14.

Referring to FIG. 4, the device comprises a dry rectan-
gular test strip 10 made from porous material which extends
from the bottom end 33 of the body 30 within the body
between the front 31 and back 34 of the body. Near the
bottom end 11 of the sirip 10 is a horizontal zone 12 bearing
a labelled specific binding reagent for an analyte, the binding
reagent being mobile in the test strip in the moist state.
Further up the test strip is the narrow horizontal zone 14
which is visible through the window 32. At the top 17 of the
test strip 10is a porous ‘sink” 18 which can absorb any liquid
sample that has permeated upwards through the strip.

Referring to FIG. 5, the bottom edge 35 of the body 30
incorporates a lateral aperture in which the bottom end 11 of
the sirip lies.
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In operation, the botlom cnd 33 of the body 30 is
immersed in a liguid sample (eg urine) so thal the liquid
sarople can be absorbed by the bottom end 11 of the test strip
20 and rise by capillary action to the top 17 of the test sirip
and into the sink i8. In so doing, the liguid sample
progresses via zone 12 to zone 14. Specific binding reactions
as described above occur, and the test result is visible 1o the
user through the window 32.

EMBODIMENT 2

FIGS. 6 and 7 of the accompanying drawings illustrate
another test device according to the invention. FIG. 6
illustrates the complete device viewed from the front, and
FIG. 7 depicts the same device partially cut away to reveal
details of a porous test strip contained within the body of the
device.

Referring to FIG. 6, the device comprises an elongate
body 204 terminating at its lower end 201 in a small integral
receplacle 202 which can hold a predetermined volume of a
liquid sample, eg urine. The front face 203 of the body 200
Incorporates two square small square apertures or windows
204 and 205 located one above the other.

Referring to FIG. 7, the elongate portion of the body 200
is hollow and incorporates a test strip 206 running almost the
full height of the body. This test strip is of similar construc-
tion 1o those described under Embediment 1, and incorpo-
rates near its lower end 267 a horizontal zone 208 bearing a
labelled specific binding reagent that can freely migrate in
ihe strip in the moist state. There are wo circular zones 209
and 210 adjacent to the windows 204 and 205 and visible
therethrough. The slrip terminates at its top end 211 in a
porous sink 212. At the bottom end 201 of the device, the
receplacle 202 commumicates with the hollow body viz a
lateral aperture 213.

1n operation, a liguid sample is applied to the bottom end
of the device and a predetermined volume of the sample fills
the receptacle 202. From the receptacie 202 the liquid
sample rises by capillary action through the test strip 206
and conveys the labelled reagent from zone 208 to the two
circular zones 209 and 210. A series of specific binding
reactions as described in relation to Embodiment 1 above
occur. In this embodiment the second circular zone 210 can
act as a control (giving rise, for example, to a coloured signal
irrespective of whether or not the sample contains the
analyte to be determined) and the determination of the
analyte takes place in the first circular zone 209. The user
can determine whether the analyle is present in the sample
by comparing the signal produced in the two zones.

For example, if the test is used to determine the presence
of hCG in urine during the course of a pregnancy test, the

circular contro! zone 210 can contain immobilized HCG

which will bind a labelled antibody which is carried upwards
from zonc 208 by the migrating liquid sample. The same
labelled antibody can engage in a ‘sandwich’ reaction with
hCG in the sample and be bound in the first circular zone 209
by another specific anti-hCG antibody which has been
immobilised therein. Allernatively, if desired, the “control”
zone can be designed merely to convey an unrelated signal
to the user that the device has worked. For example, the
second circular zone can be loaded with an antibody that will
bind to the Jabelled antibody from zone 208, e.g. an “anti-
mouse” antibody if the labelted antibody is one that has been
derived using a murine hybridoma, to confirm that the
sample has permeated the test strip.

EMBODIMENT 3

FIG. B of the accompanying drawings represents an
isometrc view of an assay device in accordance with the
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invention, and FIG. 9 rcprescnts a cross-sectional side
elevation of the device shown in FIG. 8.

Referring to FIG. 8, the device comprises a housing of
casing 500 of elongate rectangular form having at one end
501 a portion 502 of reduced cross-sectional area. A cap 503
can be fitted onto portion 502 and can abut against the
shoulder 504 at end 501 of the housing. Cap 503 is shown
separated from housing 500. Extending beyond end 505 of
portion 502 is a porous member 506. When cap 503 is fitted
onto portion 502 of the housing, it covers porous member
506. Upper face 507 of housing 500 incorporates two
apertures 508 and 509.

Relerring 1o FIG. 9, it can be sten that housing 500 is of
hollow construction. Porous member 506 extends into hous-
ing 500 and contacts a strip of porous carrier material 510.
Porous member 506 and strip 510 overlap to ensure that
there is adequale contact between these two materials and
that a liquid sample applied to member S06 can permeate
member 506 and progress into strip 510. Strip 510 extends
further into housing 500. Strip 510 is “backed” by a sup-
porting strip 511 formed of transparent moisture-
impermeable plastics material. Strip 510 extends beyond
apertures 508 and 509, Means are provided within housing
508 by webbs 512 and 513 to hold strip 5§10 firmly in place.
In this respect, the internal constructional details of the
housing are not a significant aspect of the invention as Jong
as the strip is held firmly in place within the housing, and
perous member 506 is firmly retained in the housing and
adequate fuid permeable contact is maintained between
member 506 and strip 510. The transparent backing strip 511
lies between strip 510 and apertures 508 and 509 and can act
as a seal against ingress of moisture from outside the
housing 500 via these apertures. If desired, the residual
space 514 within the housing cam contain moisture-
absorbanl material, such as silica gel, to help maintain the
strip 510 in the dry state durng storage. The reagent-
containing zones in strip 510 are not depicted in FIG. 8, bui
the first zone containing the labelled reagent which is mabile
when the strip is moistened will lie in the region between the
porous member 506 and aperture 508. The second zone
containing the immobilised unlabelled reagent will lie in the
region exposed through aperture 508 in order (hat when the
device has been used in an assay, the result can be observed
theough aperture 508. Aperture 509 provides means through
which a control zone containing further reagenis which may
enable (he adequate permeation of sample through the strip
to be observed.

In operation, the protective cap 503 is removed from the
holder and member 506 is exposed to a liguid sample e.g. by
being placed in a vrine stream in the case of a pregoancy lest.
After exposing member 506 to the liquid sample for a time
sufficient to ensure that member 506 is saturated with the
sample, the cap 503 can be replaced and the device placed
aside by the user for an appropriate period time (e.g. two or
three minutes) while the sample permeates test strip 510 1o
provide the analytical result. After the appropriate time, the
user can observe the test strip through apertures 508 and 50%
and can ascertain whether (he assay has been completed by
observing the control zone throngh aperture 509, and can
ascertain the result of the assay by observing the second
zone through aperture 508.

During manufacture, the device can be readily assembled
from, for example, plastics material with the housing 500
being moulded in two parts (¢.g. upper and lower halves 515
and 516) which can be securcly fasiened together {e.p. by
ulirasonic welding) after the porous member and test sirip
have been placed within vne of the halves and (hen sand-
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wiched between the two halves. The act of forming this
sandwich construction can be used to “cnmp” the porous
member and test strip together to ensure adequate contact
between them. Cap 503 can be moulded as a scparate
complete item. If desired, apertures 508 and 509 can be
provided with transparent inserts which may insure greater
security against ingress of extraneous moisture from outside
the housing. By providing a tight fit between the end 505 of
housing 500 and the protruding porous member 506, the
application of sample to the protruding member will not
result in sample entering the device directly and by-passing
member 506. Member 506 therefore provides the sole route
of access for the sample to the strip within the housing, and
can deliver sample to the strip in a controlled manuer. The
device as a whole therefore combines the functions of
samples and analyser.

By using the test strip materials and reagents as herein-
after described, a device in accordance with FIGS. 8 and 9
can be produced which is eminently suitable for use as a
pregnancy lest kit or [ertile period Lest kil [or use in the home
or clinic. The user merely needs to apply a urine sample to
the exposed porous member and then (after optionalty
replacing the cap) can observe the test result through aper-
ture 508 within a matter of a few minutes.

Although described with particular reference to preg-
nancy tests and fertile period tests, it will be appreciated that
the device, as just described, can be used to determine the
presence of a very wide variety of analytes if appropriate
reagents are incorporated in the test strip. It will be further
appreciated that aperturc 509 is redundant and may be
omilted if the test strip does not contain any ceatrol means.
Further, the general shape of the housing and cap, both in
terms of their length, cross-section and other physical
features, can be the subject of considerable variation without
departing from the spirit of the invention.

A further option is the omission of the labelled reagent
from the test strip, this reagent being added to the sample
prior to application of the sample to the test device.
Alternatively, the labelled reagent can be contained in the
protruding porous member 506.

FIG. 10 of the accompanying drawings shows an enlarged
view of the porous receiving member and test strip in the
device illustrated in FIGS. 8 and 9.

The porous receiving member 506 is linked to the porous
test strip 510, backed by the transparent plastics sheet 511,
such that liquid can flow in the direction shown by the
arrows through the porous receiving member and into the
porous strip. Test zone 517 incorporates the immobilised
specific binding reagent, and control zone 518 contains a
reagent to indicate that the sample has permealed a sufficient
distance along the test strip. A portion of the test strip surface
opposite the backing strip 511 and adjacent the porous
receiving member 506, carries a glaze 519 on which is
deposited a layer 520 of labelled specific binding reagent.
The thickness of these two layers as depicted in FIG. 10 is
grossly exaggerated purely for the purpose of illustration.
will be appreciated that, in practice, the glaze may not form
a true surface layer and the glazing material will penetrate
the thickness of the strip to some extent. Similarly, the
subsequently applied labelled reagent may also penetrate the
strip. Nevertheless, the essential objective of reducing any
interaction between the labelled reagent and the carrier
material forming the strp will be achieved. An aqueous
sample deposited in receiving member 506 can flow there-
from along the length of strip 510 and in so doing, will
dissolve glaze 519 and mobilise the labelled reagent, and
carry the labelled reagent along the strip and through zone
517.
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EMBODIMENT 4

FIGS. 11 and 12 illustrate ancther embodiment of the
inventien which is seen in plan view in FIG. 11 and in
cross-section in FIG. 11, the cross-scction being an clevation
on the line 12—12 seen in FIG. 12

Referring to FIG. 11, the test device comprises a flat
rectangular casing 600 incorporating a centrally disposed
rectangular aperture 601, adjacent the left hand end 602, and
two further apertures 603 and 604 near the mid point of the
device and arranged such that apertures 601, 603 and 604 lic
on the central longitudinal axis of the device corresponding
to line A. Although all three apertures are illustrated as being
rectangular, their actual shape is not critical.

Referring to the cross-section seen in FIG. 12, the device
is hollow and incorporates within it a porous sample receiv-
ing member adjacent end 602 of casing 600 and lying
directly beneath aperture 6. A test strip of similar con-
struction to that described with reference to Embodiment 4,
comprising a porous strip 606 backed by a transparent
plastics sheet 607 is also contained within casing 600, and
extends [rom (he porous receiving member 602, with which
the porous carder is in liquid permeable contaci, lo the
extreme other end of the casing. The transparent backing
sheet 607 is in firm contact with the upper inner surface 608
of casing 600, and provides a seal against apertures 603 and
604 to prevent ingress of moisture or sample into the casing.
Although not shown in the drawings, the porous test strip
606 will incorporate a labelled specific binding reagent, and
a test zone and a control zone placed appropriately in
relation to apertures 603 and 604, in a manner analogous to
that described in Embodiment 3.

In operation, an aqueous sample can be applied through
aperture 601, e.g. by means of a syringe, to saturate porous
receiving member 605. Thereafter, the aqueous sample can
permeale Lhe test strip and afler an appropriale time the lest
result can be observed through apertures 603 and 604,

EMBODIMENT 5

A yelt further embodiment of the invention is illustrated in
FIGS. 13 and 14 of the accompanying drawings. FIG. 13
shows a device comprising a rectangular casing 700 having
in its upper surface 701 a rectangular aperture 702. One end
wall 703 of the device 703 incorporates an aperture 704
through which a porous test element communicates with the
exterior of the device. Aperture 702 is situated in surface 701
at a point relatively remote from the end 703 containing the
aperture 704.

FIG. 14 shows a partially cut-away view of the device in
FIG. 13. The hollow device incorporates & porous test strip
705, running almost the entire length of casing 700 from
aperture 704. Test stdp 705 incorporates a first zone 706
containing a labelled specific binding reagent and a further
zone 707, remote from aperture 704, incorporating an immo-
bilised specific reagent. Zone 706 lies directly beneath
aperture 702 is therefore observable from outside casing.
Beneath strip 705 and adjacent zone 707, is a crushable
clement 708 containing one or more substrates or reagents
which can be used te produce a detectable signal when
released into zone 707, if labelled reagent from 706 has
become bound in 7one 707 following use of the device.
Release of the reagents from member 708 can be ellected by
applying pressure to the ouiside of the casing at that point in
order to crush the member and express the reagent there-
from.

In operation, the first test element can be exposed to an
aqueous sample, e.g. by dipping end 703 of casing 700 inlo



Case 3:03-cv-004. -AJB Document 3 Filed 04/.3 Page 80 of 123
US 6,187,598 Bl

15

a vessel containing the sample. The liquid sample will then
permeate the length of test strip 705, taking labelled reagent
from zone 706 and passing through zone 707 where the
labelled reagent can become bound e.g. through a “sand-
wich” reaction involving an anzlyie in the sample. When the
sample has permeated the test strip, reagent can be released
from the crushable member 708 and the result of the test
obscrved through aperture 702

By way of example only, cerfain preferred tesi strip
materials, reagents, and methods for their production will
now be described.

1. Selection of Liquid Cenductive Material

Representative examples of liquid conductive materials
include paper, nitrocellulose and nylon membranes. Essen-
tial features of the material are its ability to bind protein;
speed of liquid conduction; and, if necessary after pre-
treatment, its ability to allow the passage of labelled anti-
bodies along the strip. It this is a direct label, it may be
desirable for the material 10 allow flow of particles of size up
1o a few microns (usually less than 0.54). Examples of flow
rates obtained with various materials are given below:

‘Time to Flow

Pore size 45 mm (minutes)
Schleicher + Schuell nitrocellutose  3u 340
(unbacked) Su 330

Bu .00

12 220
polyester-backed 8 (aominal) 3.40
Whatman Nitrocellulose 5 16.20
Pall “Immunodyne” (aylon) 3 4.00

5 320

The speed of a test procedure will be determined by the
flow rate of thc material employed and while any of the
above materials can be used some will give faster tests than
others.

Nitrocellulose had the advantage of requiring no activa-
tion and will immobilise proleins strongly by absorbtion.
“Imunodyne” is pre-activated and requires no chemical
treatment. Papers, such as Whatman 3MM, require chemical
activation with for example carbonyldiimidazole in order to
successfully immobilise antibody.

2. Labels

Preparation of Labels

A selection of labels which may be used are described
below. This list is not exhaustive.

A} Gold Sol Preparation

Gold sols may be prepared for use in immunoassay from
commercially-available colloidal gold, and an antibody
preparation such as anti-alpha human chorionic gonadotro-
phin. Metallic sol labeis are described, for example, in
European patent specification No. EP 7654,

For example, colloidal gold G20 (20 nm particle size,
supplied by Janssen Life Sciences Products) is adjusted to
pH 7 with 0.22u filtered 0.1M K, CO,, and 20 mls is added
1o a clean glass beaker. 200 ul of anti-alpha hCG antibody,
prepared in 2 mM borax buffer pH9 at 1 mg/ml, and 0.22u
filtered, is added to the gold sol, and the mixture stirred
continuously for two minutes. 0.1M K,CO, is used to adjust
the pH of the antibody gold sol mixture (o 9, and 2 mls of
10% (w#v) BSA is added.

The antibody-gold is purified in a series of three centrifu-
gation steps at 12000 g, 30 minutes, and 4° C., with only the
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loose part of the pellet being resuspended for further use.
The final pellet is resuspended 10 1% (w/v) BSA in 20 mM
Tris, 150 mM NaCl pH 8.2.

B) Dye Sol Preparation

Dye sols (see, for example, European patent specification
No. EP 32270) may be prepared from commercially-
available hydrophobic dyestuffs such as Foron Blue SRP
(Sandoz) and Resolin Blue BBLS (Bayer). For example,
fifty grammes of dye is dispersed 1o 1 liter of distilled water
by mixing on a magnetic stirrer for 2-3 minutes. Fraction-
ation of the dye dispersion can be performed by an initial
centrifugation step at 1500 g for 10 minutes at room tem-
perature to remove larger sol particles as a solid pellet, with
the supernatant suspension being retained for further cen-
trifugation.

The suspension is centrifuged at 3000 g for 10 minutes at
room temperature, the supernatant being discarded and the
pellet resuspended in 500 mis distitled water. This procedure
is repeated a further three times, with the final pellet being
resuspended in 100 mis distilled water.

The spectra of dye sols prepared as described above can
be measured, giving lambda-max values of approximately
657 nm for Foron Blue, and 690 nm for Resolin Blue. The
absorbance at lambda-max, for 1 cm path length, is vsed as
an arbilrary measure of the dye sol concentration.

C) Coloured Particles

Latex (polymer) particles for use in immunoassays are
available commerically. These can be based on a range of
synthetic polymers, such as polystyrene, polyvinyltoluene,
polystyrene-acrylic acid and polyacrolein. The monomers
used are normally water-insuluble, and are emuisified in
aqueous surfactant so that monomer mycelles are formed,
which are then induced fo polymerise by the addition of
initiator {o the emulsion. Substantially sperical polymer
particles are produced.

Coloured latex particles can be produced either by incor-
porating a suitable dye, such as anothraguinone, in the
emulsion before polymerisation, or by colouring the pre-
formed particles. In the latter route, the dye should be
dissolved in a water-immiscible solvent, such a chloroform,
which is then added to an aqueous suspension of the latex
particles. The particles take up the non-aqueous solvent and
the dye, and can then be dried.

Preferably such latex particles have a maximum dimen-
sion of less than about 0.5 micron.

-Coloured latex particles may be sensitised with protein,
and in particular antibody, to provide reagents for use in
imunoassays. For example, polystyrene beads of about 4.3
micron diameter, (supplicd by Polymer Laboratories) may
be sensitised with anti-alpha human chorionic
gonadotrophin, in the process described below:

0.5 ml (12.5 mg solids) of suspension is diluted with 1 ml
of 0.1M borate buffer pH 8.5 in an Eppendorf vial. These
particles are washed [our times in borate bulfer, each wash
consisting of centrifugation for 3 minutes at 13000 rpm in an
MSE microcentrifuge at room temperature. The final pellet
is resuspended in 1 ml borate buffer, mixed with 300 ug of
anli-alpha hCG antibody, and the suspension is rotated
end-over-end for 16-20 hours at room temperature. The
antibody-latex suspension is centrifuged for 5 minutes at
13000 rpm, the supernatant is discarded and the pellet
resuspended in 1.5 mls borate buffer containing 0.5 milli-
grammes bovine serum albumin. Following rotation end-
over-end for 30 minutes al room temperature, the suspension
is washed three times in 5 mg/ml BSA in phosphate bullered
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salinc pH 7.2, by centrifugation at 13000 rpm for 3 minules.
The pellet is resuspended in 5 mg/m! BSA/5% (wiv) glyc-
erol in phosphate buffered saline pH 7.2 and stored at 4° C.
until used.

(A} Anti-hCG—Dye Sol Preparation

Protein may be coupled to dye sol in a process involving
passive adsorption. The protein may, for example, be an
antibody preparation such as anti-alpha human chorionic
gonadotrophin prepared in phosphate buflered saline pH 7.4
al 2 milligram/ml. A reaction mixture is prepared which
contains 100 4l antibody selution, 2 mls dye sol, 2 mls 0.1M
phosphate buffer pH 5.8 and 15.9 mls distilied water. After
gentle mixing of this solution, the preparation is left for
fifteen minutes at room temperature. Excess binding sites
may be blocked by the addition of, for example, bovine
serum albumin: 4 mls of 150 mg/ml BSA in 5 mM NaCl pH
7.4 is added to the reaction mixture, and after 15 minutes
incubation at room temperature, the solution is centrifuged
at 3000 g for 10 minutes, and the pellet resuspended in 10
mls of 0.25% (w/v) dexiran/0.5% (w/v) lactose in 0.04M
phosphate buffer. This antibody-dye sol conjugate is best
stored in a freeze dried form.

(B) LR—Dye Sol Preparation

Due to the structural homology between the alpha sub-
units of hCG and LH, alpha hCG antibody can be used to
detect LH in a cross-reactive immunoassay. Thus, a labelled
antibody may be prepared for use in an LH assay in an
identical macner to that described in Example 1, using
anti-alpha hCG antibody.

3, Preparation of Reagent Strip

Zonal Impregnation of Liquid-conductive Materials

Liquid-conducting malerial with a restricted zone of
immobilised prolein, particularly antibody, can be prepared
for example as follows:

A rectangular sheet of Schleicher and Schuell backed 8u
nitrocellulose measuring 25 cm in length and 20 em in width
may have a reaction zone formed upon it by applying a line
of material about 1 mm wide at 5 cm intervals along its
length and extending throughout its 20 ¢m width, The
material can, for example, be a suitably selected antibody
preparation such as anti-beta (human chorionic
gonadotropin) of affinity Ka at 10°, prepared in phosphate
buffered saline pH 7.4 at 2 milligram/m, suitable for immu-
noassay of human chorionic gonadotrophin using a second
(labelled) anti-hCG antibody in a sandwich format. This
solution can be deposited by means of a microprocessor-
controlled microsyringe, which delivers precise volumes of
reagent through a nozzle, preferably 2 mm diameter. When
the applied material has been allowed to dry for 1 hour at
room temperature, excess binding sites on the nitrocellulose
are blocked with an inert compound such as polyvinyl
alcohol (1% w/v in 20 mM Tris pH 7.4) for 30 minutes at
room temperature, and shects are thoroughly rinsed with
distilled water prior to drying for 30 minutes at 30° C.

In one embodiment, the liquid conductive material can
then be cut up into numerous strips 5 cm in length and | cm
in width, each strip carrying a limited zone of the immobi-
lised antibody to funclion as an immunosorbenl parl way
(e.g. about half way) along its length. In this example the fest
strip is used with a liquid label which is mixed with sample.
In use, this limited zone then becomes a test reaction zone
in which the immuncassay reactions take place.

In another embodiment, the label may be dispensed/
deposited into/on a restricted zone before cutting up the
liquid-conduclive material into sirips. By way of example,
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this reagent may be dye sol or dye polymer-conjugated
anti-hCG antibody prepared as descnbed under dye sol
preparation, said reagent being retained in the zone when the
material is in the dry state but which is free to migrate
through the carrier material, when the material is moistened,
{or example, by the application of liquid sample containing
the analyte to be determined. This mobile reagent zone is
applicd, for example, as follows:

A sheet of Schleicher and Schuell backed 8u
nitrocellulose, 25 cm in length and 20 cm in width with
zones of immobilised antibody at 5 cm intervals along its
length, is prepared as described previously. Prior to the
deposition of dye labelled antibody, a sublayer of, for
example, 60% w/v of sucrose 1n distilled water is applied by
airbrush on the microprocessor controlled system at 6 cm
intervals along the length of the sheet. Then several passes
(e.g. three) of dye labelled. antibody prepared in 1% sethacel
KAM (Trademark for methylcellulose from Dow Chemical
Company) and 0.6% (w/v) polyvinylalcohol are applied by
aitbrush or by microsyringe directly on lop of the sublayer.
Sheets are then allowed to dry, and cut into strips 5 cm in
length and 1 em in width, 1o be used in the corpleted device.

Gold sols, or coloured polystyrene particles can be depos-
ited by a similar process.

In addition to the test zone various control zone options
can be operated. For example a zone of anti-species IgG may
be deposited after Lhe test zone.

4. Sandwich Assays Using Strip Format

A sandwich-type reaction may be performed for the
detection of human chorionic gonadotrophin (hCG) in a
liquid sample. Preferably the label used is a direct label
which is readily visible to the naked eye. Dye sols, gold sols
or coloured latex particles may be linked to anti hCG
antibody, as described above.

With direct labels, assays may be performed in which
fresh urine samples are applied directly from the urine
siream, or by delivering an appropriate volume (e.g. 100 z)
from a container using a pipetie to the absorbent wick of the
test device. Each sample is allowed to run for five minutes
in the device, and the colour generated at the reactive zone
read either by eye, or using a light reflectometer.

Indirect labels such as enzymes e.g. alkaline phosphatase
may also be vsed, but require the addition of substrate to
generale a coloured endpoint.

Enzyme assays may be performed in which the anti-hCG
antibody is conjugated to alkaline phosphatase, using con-
ventional techniques, and diluted Yoo in 0.01M phosphate
buffered saline pH 7 containing 3% polyethylene glycol
6000, 1% (w/v) bovine serum albumin and 0.02% TRITCON
X305 (Trademark—obtainable from Robm and Haas) before
application to the sheet. Fresh urne samples are then
applied, either directly from the urine stream, or by deliv-
ering an appropriate volume {e.g. 100 al) from a container
using a pipelie, to the absorbent wick of the test device. Each
sample is allowed to un for five minutes before a pad of
liquid-swellable material soaked in BCIP substrate (at 1
mg/m} in 1M Tris/HC] pH 9.8) is placed in contact with the
immobile antibody zone. After a further five minutes, the
pad is removed, and colour generated read either by eye, or
by using a light reflectometer.

A similar embodiment can be prepared using lutenising
hormonre {LH) instead of hCG.

5. Competitive Assays

A competitive type assay may be performed as exempli-
fied by estrone-3-glucuronide, a urinary metabolile of
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cstrone. Conjugales of estrone-3-glucuronide and bovine
serum albumin are prepared as follows:
Preparation of BSA—Estrone-3-glucuronide

The conjugation of E-3-G and BSA may be achieved
theough the use of 2 mixed anhydride. All of the glassware,
solvents and reagents employed in the preparation of the
aclivated species must be thoroughly dried using an oven,
dessicator or molecular sicves, as appropriate, for at least 24
hours.

Solutions of Z-3-G (2 nM) in dry dimethylformamide
(DMF) and tri-n-butylamine (ToB) (10 oM) in dry DMF
were equilibrated separately at 4° C. Using pre-cooled
glassware E-3-G in DMF (1.25 ml) and TnB iz DMF (0.25
ml) were added to a pre-cooled 5 ml Reactivial containing
a magnetic stirrer. A solution of isobuty! chloroformate in
dry DMF {10 nM) was prepared and an aliquot {0.25 ml) was
cooled to 4° C. and added to the Reactivial. The contents of
the Reactivial were stirred for 20 minutes at 4° C. and a
solution of BSA (1 mg/ml) in bicarbonate buffer (0.5%) was
prepared. When the mixed anhydride incubation was
complete, the contents of the Reactivial were added to the
BSA solution (2.5 ml) and stirred on a magnetic stimer for
4 hours at 4° C, The conjugate preparation was purified by
passage through a Tris buffer equilibrated Pharmacia PD-10
SEPHADEX G-25 column, transferred to an amber glass
storage botile and stored at 4° C,

Preparation of BSA—E-3-G Dye Sol

A dispersion of dye (5% wiv) in distilled water was
prepared with thorough mixing and aliquots were centri-
fuged at 3850 rpm (1500 g) for 10 minutes in 2 bench top
centrifuge. The pellet was discarded and the supernatant was
retained and centrifuged in aliquots at 4850 rpm (3000 g) for
10 nlxinules in a beach top centrifuge. The supernatant was
discarded and the pellet was resuspended in half of its
original volume in distilled water. This step was repeated
four times to wash the pellel. The pellet was finally resus-
pended in distilled water and the absorbance at lambda max
was determined.

Solutions of dye sol in distilled water and E-3-G/BSA
conjugale diluted in phosphate buffer were mixed to give
final concentrations of 10 ug/ml conjugate (based on BSA
content) and an extrapolated dye sol optical density of 20 at
the absorbance maximum. The reaction mixture was incu-
bated for 15 minutes at room temperature and blocked for 15
minutes at room lemperature with BSAin a NaCl solution (5
mM, pH 7.4) te yield a final BSA concentration of 25 mg/ml.
The reaction mixture was centrifuged at 4850 rpm (3000 g)
for 10 minutes in a benchtop centrifuge, the supernatant was
discarded and the pellet was resuspended in half of ils
original volume in Dextran (0.25% w/v)/Lactose (0.5% w/iv)
phosphate (0.04M pH 5.8) buffer.

Preparation of E-3-G Test Strips

Antibodies to E-3-G were deposited as described in
example 3. BSA—E-3-G dye sol was deposited on the strips
as described in 3.

Determination of E-3-G

Using reagents described above, a standard curve can be
generated by running strips with samples with known con-
centrations of E-3-G. The colour at the immobile zone can
be read, for example using a Minolta chromameter, and the
concentration of E-3-G calculated by extrapolating from the
reflectance value. :

The invention described herein extends o all such modi-
fications and variations as will be apparent to the reader
skilled in the art, and also extends to all combinations and
subcombinations of the features of this description and the
accompanying drawings,
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What is claimed is:
1. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample, said
device comprising a fest strip comprising 2 dry porous
carrier comprising a test result zone, said test strip, in 2 dry
unused state, comprises a labeled reagent capable of spe-
cifically binding with said analyte to form a first complex of
said Jabeled reagent and said analyte, said labeled reagent
comprising a particulate direct label, wherein said labeled
reagent is dry on a portion of said iest strip upstream from
said test resnlt zone prior to use and is released into mobile
form by application of said liquid biological sample,
wherein said carrier comprises in said test resull zone a
means for binding said first complex, said means for
binding comprising specific binding means and being
immeobilized
in said test result zone,

wherein migration of said applied liquid biological
sample through said carrier conveys by capillarity said
first complex to said test result zone of said carrier
where at said binding means binds said first complex
thereby to form a second complex, thereby to indicate
the presence of said analyte in said Liquid biological
sample,

wherein mobility of said labeled reagent within said test

strip is facilitated by at least one of 1) coating at least
satd portion of said fest strip with, or 2) drying said
labeled reagent onto said portion of said test strip in the
presence of a material which is effective to reduce
interaction between said portion of said test strip and
said labeled reagent.

2. The test device according to claim 1, wherein excess
binding sites within said test strip are blocked.

3. The test device according to claim 2, wherein said
excess binding sites are blocked by polyvinyl alcohel.

4. The test device according to claim 2, wherein said
excess binding sites are blocked by a blocking protein.

5. The test device according to claim 4, wherein said
blocking protein is selected from the group consisting of
bovine serum albumin and milk protein.

6. The test device according to claim 1, wherein said label
is selected from the group consisting of dye sols and metallic
sols.

7. The test device according to claim 1, wherein said
labeled reagent comprises an anli-human chorionic gona-
dotropin (HCG) antibody.

8. The test device according to claim 1, wherein said
labeled reagent comprises an anti-lutenising horomone (LH)
antibody.

9. The test device according to claim 1, wherein said
carrier material is nitrocellulose.

10. The test device according to claim 9, wherein said
nitrocellulose s a pore size greater than aboul 5 microns.

11. The test device according to claim 9, wherein said
nitrocellulose has a pore size of about 8-12 microns.

12. The test device according to claim 1, further com-
prising an absorbent sink at a distal end of said carrier, said
sink having sufficient absorptive capacity to absorb any
labelled reagent not bound to said analyte washed out of said
test zone.

13. The test device according to claim !, wherein said
means for binding is impregnated throughout said carrier in
said test zone.

14. The device according to claim 1, wherein said mezns
for binding binds directly with said first complex.

15. A test device according to claim 1 wherein said
material comprises a sugar,
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16. The test device according to claim 15 wherein said
SUBAF 18 SUCrose,

17. The test device according to claim 15 wherein said
sugar 1s lactose.

18. The test device according o claim 1 wherein said
malerial comprises a protein.

19. The test device according to claim 18 wherein said
protein is bovine serum albumin,

20. The test device according to claim 18 wherein said
protein is milk protein,

21. The test device according to claim | wherein said test
strip is disposed within a hollow casing having a liquid
biological sample application aperture and at least one
observation aperture for permitting observation of said test
result zone.

22. The test device as in claim 21, wherein said hollow
casing further comprises a test result observation aperture
defined through a wall of said casing, spacially separated
from said sample application aperiure.

23. The test device according to claim 21 further com-
prising (i) a control zone downstream from said test zone in
said carmier wherein said control zone indicates said applied
liquid biological sample has been conveyed by said capil-
larity beyond said test result zone, and (i) a conirol zone
observation aperture in said hollow casing lo observe said
control zone from outside said hollow casing,

24. The test device according to claim 23, wherein said
control zone comprises a means for binding said labeled
reagent which comprises specific binding means and is
immobilized in said control zone.

25. An analytical method comprising:

a) contacting an znalytical test device for detecting an
analyte suspected of being present in a liquid biological
sample, said device including;

a test strip comprising a dry porous carrier comprising
a test resnlt zone, said test strip, in a dry unused state,
comprises a labeled reagent capable of specifically
binding with said analyte to form a first complex of
said labeled reagent and said analyte, said labeled
reagent comprising a particulate direct label, wherein
said labeled reagent is dry on a portion of said test
strip upstream from said test result zone prior to use
and is released into mobile form by said contacted
liquid biological sample,

wherein said carrier comprises in said test resull zone
a means for binding said first complex, szid means
for binding comprising specific binding means and
being immaobilized in said test result zone,

wherein migration of said applied liquid biological
sample through said carrier conveys by capillarity
said labeled reagent and said analyte to said test
result zone of said carrier whereat said binding
mears binds said first complex thereby to form a
sccond complex, thereby to indicate the presence of
said analyte in said liquid biological sample,

wherein mobility of said labeled reagent within said
test strip is facilitated by at least one of 1) coating at
least said portion of said test strip with, or 2} drying
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said labeled reagent onto said portion of, said test
strip in the presence of a maierial which is eflective
to reduce interaction between said portion of said test
sirip and said labeled reagent;

b} allowing said contacted liquid biological sample to be
conveyed by said capillary action through said dry
porous carrier into said test zone and said labeled
reagent being conveyed therewith; and

¢) detecting the presence of said analyte in said liquid
biological sample by observing the presence of any
labeled reagent-analyte complex bound in said test
result zone.

26. The melhod according to claim 25, wherein excess

binding sites within said test strip are blocked.

27. The method according to claim 26, wherein said
excess binding sites is effected by polyvinyl alcohol.

28. The method according to claim 26, wherein said
excess binding sites are blocked by a blocking protein.

29. The method according to claim 28, wherein said
blocking protein is selected from the group coosisting of
bovine serum albumin and milk protein.

30. The method according to claim 23 wherein said
malerial comprises a sugar.

31. The method according to claim 30 wherein said sugar
is sucrose.

32. The method according to claim 30 wherein said sugar
is lactose.

33. The method according to claim 25 wherein said
malerial comprises a protein.

34. The method according to claim 33 wherein szid
protein is bovioe serum albumin.

35, The method according to claim 33 wherein said
proltein is milk protein.

36. The method according to claim 25 wherein said test
strip is disposed within a hollow casing having a liquid
biological sample application aperture and at least one
observation aperture for permitting observation of said test
resull zone.

37. The method according to claim 36, wherein said
contacting step comprises contacting a device in which said
carrier is a strip of dry porous material, and has a control
zone downstream from satd test result zone, for indicating to
a user that the liquid biclogical sample has been conveyed
by said capillarity beyond said test result zone; and said
hollow casing has a second observation aperture through
which said control zone is visible and wherein said liquid
biological sample is a urine sample whereby urine is con-
veyed hy said capillarity through said carrier to said test
resull zone and to said control zone, and szid tesl result is
obtained by observing the extent to which said labeled
reagent-analyte complex becomes bound in said test result
Zone.

38. The method according to claim 37, wherein said
control zone contains a means for binding said labelled
reagent which comprises specific binding means and is
immobilized in said control zone.

* * ¥ k %
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ASSAYS

This 15 a continuation of application Ser. No. 07/876,448,
filed on Apr. 30, 1992, which was abandoned epen the filing
hereof which was a Divisional of application Ser. No,
07/795,266 filed Nov. 19, 1991 which was a continuation of
application Ser. No. (7/294,146 filed Feb. 27, 1989, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to assays invelving specific
binding, especially immunoassays. This application is based
on applications filed in Great Britain, having application
numbers 8709873 (filed Apr. 27, 1987) and 8725457 (filed
Oct. 30, 1987), as well as PCT application GB88/00322
(filed Apr. 26, 1988).

In particular, the invention relates to analytical devices
which are suitable for use in the home, clinic or doctor's
surgery and which are intended to give an analytical result
which is rapid and which requires the minimum degree of
skill and involvement from the user.

2, Description of the Related Art

The use of test devices in the home to test for pregnancy
and fertile period (ovulation) is now commonplace, and a
wide variety of test devices and kits are available commer-
cially. Without exception, the commercially-available
devices all require the user to perform a sequence of
operations before the test result is observable. These opera-
tions necessarily involve time, and introduce the possibility
of error,

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a test
device which is readily usable by an unskilled person and
which preferably merely requires that some portion of the
device is contacted ‘with the sample (e.g. a urine stream in
the case of a pregnancy or cvulation test) and thereafier no
further actions are required by the user before an analylical
result can be observed, Ideally the analytical result should be
observable within a matier of minutes following sample
application, e.g. ten minutes or less.

The use of reagent-impregnated test strips in specific
binding assays, such as immunoassays, has previously been
proposed. In such procedures & sample is applied to one
portion of the test strip and is allowed to permeate through
the strip material, asually with the aid of an eluting solvent
such as water. In so doing, the sample progresses into or
through a detection sons in the test strip wherein a specific
binding reagent for an analyte suspected of being in the
sample is immobilised. Analyte present in the sample can
therefore become bound within the detection zone. The
extent to which the analyte becomes bound in that zone can
be determined with the aid of labelled reagents which can
also be incorporated in the test strip or applied thereto
subsequently. Examples of prior proposals utilising these
principles are given in Thyrold Diagnostics Inc GB
1589234, Boots-Celltech Diagnostics Limited EP 0225054,
Syntex (U.5.A)) inc EP 0183442, and Behringwerke AG EP
0186799,

The present invention is concemned with adapling and
improving the known techniques, such as those referred to
in the above publications, to provide diagnostic test devices
especially suitable for home use which are quick and con-
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venient 1o use and which require the user to perform as few
actions as possible.

A typical embodiment of the invention is an analytical test
device comprising a hollow casing constructed of moisture-
impervious solid material containing a dry porous carrier
which communicates directly or indirectly with the exterior
of the casing such that a liquid test sampie can be applied to
the porous carrier, the device also containing a labelled
speeific binding reagent for an analyte which labelled spe-
cific binding reagent is freely mobile within the porous
carrier when in the moist state, and unlabelled specific
binding reagent for the same analyte which unlabelled
Teagent is permanently immobilised in a detection zone on
the carrier material and is therefore not mobile in the moist
state, the relative positioning of the labelled reagent and
detection zone being such that liquid sample applied to the
device can pick up labelled reagent and thereafter permeate
into the detection zone, and the device incorporating means
enabling the extent (if any) to which the labelled reagent
becomes in the detection zone to be chserved.

Another embodiment of the invention is a device for use
in an assay for an analyte, incorporating a porous solid phase
material carrying in a first zone a labelled reagent which is
retained in the first zone while the porous material is in the
dry state but is free to migrate through the porous materiat
when the porous material is moistened, for example by the
application of an aqueous liquid sample suspected of con-
taining the analyte, the porons material carrying in a second
zone, which is spatially distinct from the first zone, an
unlabelled specific binding reagent having specificity for the
analyte, and which is capable of participating with the
labelled reagent in either a “sandwich” or a *“competition”
reaction, the unlabelled specific binding reagent being firmly
immobilised on the porous material such that it is not free to
migrate when the porous material is in the moist state.

The invention also provides an analytical methed in
which a device as set forth in the proceeding paragraph is
contacted with an aqueous liquid sample suspected of con-
taining the analyte, such that the sample permeates by
capillary action through the porous solid phase material via
the first zone into the second zone and the labelled reagent
migrates therewith from the first zone to the second zone, the
presence of analyle in the sample being determined by
observing the extent (if any) to which the labelled reagent
becomes bound in the second zone.

In one embodiment of the invention, the labelled reagent
is a specific binding partner for the analyte, The labelled
reagent, the analyte (if present) and the immobilised unla-
belled specific binding reagent cocperate together in a
“sandwich” reaction. This results in the labelled reagent
being bound in the second zone if analyte is present in the
sample. The two binding reagents must have specificities for
different epitopes on the analyte.

In another embodiment of the invention, the labelled
reagent is either the analyte itself which has been conjugated
with a label, or is an analyte analogue, ie a chemical entity
having the identical specific binding characteristics as the
analyte, and which similarly has been conjugated with a
label. In the latter case, it is preferable that the properties of
the analyte analogue which influence its solubility or dis-
persibility in an aqueous liquid sample and its ability to
migrate through the moist porous solid phase material
should be identical to those of the analyte itself, or at least
very closely similar, In this second embodiment, the fabelled
analyte or analyte analogue will migrate through the porous
solid phase material into the second zoge and bind with the
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immobilised reagent. Any analyie present in the sample will
compete with the labetled reagent in this binding reaction.
Such competition will result in a reduction in the amount of
labelled reagent binding in the second zone, and 2 conse-
quent decrcase in the intensity of the signal observed in the
second zone in comparison with the signal that is chserved
in the absence of analyte in the sample.

An impontant preferred embodiment of the invention is
the selection of nitrocellulose as the carrier material, This
has considerable advantage over conventional strip materi-
als, such as paper, because it has a naturat ability to bind
proteins without requiring prior sensitisation. Specific bind-
ing reagents, such as immunoglobulins, can be applied
direclly to nitrocellulose and immobilised thereon. No
chemical treatment is required which might interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitrocellulose can thereafter be blocked
using simple materials, such as polyvinylalcohol. Moreover,
nitrocellulose is readily available in a range of pore sizes and
this facilitates the selection of a carder material to suit
particularly requirements such as sample flow rate.

Another important preferred embodiment of the invention
is the usc of so called “direct labels”, attached to one of the
specific binding reagents. Direct labels such as gold sols and
dye sols, are already known per se. They can be used to
produce an instant analytical result without the need to add
further rcagents in order to develop a detectable signal. They
are ropust and stable and can therefore be used readily in a
analytical device which is stored in the dry state. Their
release on contact with an aqueous sample can be modu-
lated, for example by the use of soluble glazes.

An impontant aspect of the invention is the selection of
technical features which enable a direct labelled specific
binding reagent to be used in a carrier-based analytical
device, e.g. one based on a strip format, to give a quick and
clear result. Ideally, the result of the assay should be
discernable by eye and to facilitate this, it is necessary for
the direct label to become concentrated in the detection
zome. To achieve this, the direct labelled reagent should be
transportable easily and rapidly by the developing liquid.
Furthermore, it is preferable that the whole of the developing
sample liquid is directed through a comparatively small
delection zone in order that the probability of an observable
result being obtained in increased.

Another important aspect of the invention is the use of a
directly labelled specific binding reagent on a carrier mate-
rial comprising nitrocellulose. Preferably the nitroceliuiose
has a pore size of at least ome micren, Preferably the
nitrocellulose has a pore size not greater than about 20
microns. In a particularly preferred embodiment, the direct
label is a coloured latex particle of spherical or near-
spherical shape and having a2 maximum diameter of not
greater than about 0.5 micron. An ideal size range for such
particles is from about 0.05 to about 0.5 microns.

In a forther embodiment of the present invention, the
porous solid phase material is linked to a porous receiving
member to which the liquid sample can be applied and from
which the sample can permeate into the porous solid phase
material. Preferably, the porous solid phase material is
contained within a moisture-impermeable casing or housing
and the porous receiving member, with which the porous
solid phase material is linked, extends out of the housing and
can act as a means for permitting a liquid sample to enter the
housing and permeate the porous solid phase material, The
housing should be provided with means, e.g. appropriately
placed apertures, which enable the second zone of the
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porous solid phase material (carrying the immobilised uala-
belled specific binding reagent) to be observable from
cutside the housing so thal the result of the assay can be
observed. If desired, the housing may also be provided with
further means which enable a further zone of the porous
solid phase material to be observed from outside the housing
and which further zone incorporates control reagents which
enable an indication to be given as to whether the assay
procedure has been completed. Preferably the housing is
provided with a removable cap or shroud which can protect
the protruding porous receiving member during .storage
before use. If desired, the cap or shroud can be replaced over

- the protruding porous receiving member, after sample appli-

cation, while the assay procedure is being performed.
Optionally, the labelled reagent can be incorporated else-
where within the device, e.g. in the bibulous sample collec-
tion member, but this is not preferred.

An importani embodiment of the invention is a pregnancy
testing device comprising a hollow elongated casing con-
laining a dry poreus nitrocellulose carrier which communi-
cates indirectly with the exterior of the casing via abibulous
urine receiving member which protrudes from the casing
and which can act as a reservoir from which urine is released
into the porous carrier, the carrier Containing in 2 first zone
a highly-specific anti-hCG antibody bearing a coloured
“direct” label, the labelled antibody being freely mobile
within the porous carrier when in the moist state, and in a
second zone spatially distinct from the first zone an highly-
specific unlabelled anti-hCG antibody which is permanently
immobilised on the carrier material and is therefore not
mobile in the moist state, the labelled and unlabelled anli-
bodies having specificities for different hCG epitopes, the
two zones being arranged such that a urine sample applied
to the porous carrier can permeate via the first zone into the
second zone, and the casing being constructed of opague or
translucent material incorporating at least one aperiure
through which the analytical result may be observed,
together with a removable and replaccable cover for the
protruding bibulous urine receiving member. A fertile period
prediction device, essentially as just defined except that the
analyte is LH, is an important altemative.

Such devices can be provided as kits suitable for home
use, comprising a plurality (e.g. two) of devices individuaily
wrapped in moisture impervieus wrapping and packaged
together with appropriate instructions to the user.

The porous sample receiving member can be made from
any bibulous, porous or fibrous material capable of absorb-
ing liguid rapidly. The porosity of the material can be
unidirectional (ie with pores or fibres runming wholly or
predominanily parallel to an axis of the member) or multi-
directional (omnidirectional, so that the member has an
amorphous sponge-like structure). Porous plastics material,
such as polypropylene, polyethylene (preferably of very
high molecular weight), polyvinylidene flouride, ethylene
vinylacetate, acrylonitrile and polytetrafluoroethylene can
be used. It can be advantageous to pre-treat the member with
a surface-active agent during manufacture, as this can reduce
any inherent hydrophobicity in the member and therefore
enhance its ability to take up and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper or other cellulosic materials,
such as nitrocellulose. Materials that are now used in the
nibs of so-called fibre tipped pens are particulacly suitable
and such materials can be shaped or extruded in a variety of
lengths and cross-sections appropriate in the context of the
invention. Preferably the material comprising the porous
receiving member should be chosen such that the porous
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member can be saturated with aqueous liquid within a mater
of seconds. Preferably the material remains robust when
moist, and for this reason paper and similar materials are fess
prelerred in any embodiment wherein the porous receiving
member protrudes from a housing. The liquid must there-
after permeate freely from the porous sample receiving
member into the porous solid phase material,

If present, the “control” zone can be designed merely to
convey an unrelated signal to the user that the device has
worked. For example, the control zene can be loaded with an
antibody that will bind to the labelled antibody from the first
zone, €.g. an “anti-mouss” antibody if the labelled body is
one (hat has been derived using 2 murine hybridoma, to
confirm that the sample has permeated the test strip. Alter-
natively, the control zone can contain an anhydrous reagent
that, when moistened, produces a colour change or colour
formation, e.g. anhydrous copper sulphate which will um
blue when moistened by an agueous sample. As a further
alternative, a control zone could contain immobilised ana-
lyte which will react with excess labelied reagent from the
first zone. As the purpese of the contro! zone is to indicate
to the user that the test has been completed, the control zone
should be located downstream from the second zone in
which the desired test result is recorded. A positive control
indicator therefore tells the user that the sample has perme-
ated the required distance through the test device.

The label can be any entity the presence of which can be
readily detected. Preferably the label is a direct label, ie an
entity which, in its natural state, is readily visible either to
the naked eye, or with the aid of an optical filter and/or
applied stimulation, e.g. UV light to promote fluorescence,
For example, minute coloured particles, such as dye sols,
metallic sols (e.g. gold), and coloured latex particles, are
very suitable. Of these options, coloured latex particles are
most preferred. Concentration of the label into a small zone
or volume should give rise to a readily detectable signal, e.g.
a strongly-coloured area, This can be evaluated by eye, orby
instruments if desired.

Indirect labels, such as enzymes, e.g. alkaline phosphatase
and horseradish peroxidase, can be used but these usually
require the addition of one or more developing reagents such
as substrates before a visible signal can be detected. Hence
these are less preferred. Such additional reagents can be
incorporated in the porous solid phase material or in the
sample receiving member, if present, such that they dissolve
or disperse in the agueous liguid sample. Alternatively, the
developing rcagents can be added 1o the sample before
contact with the porous material or the porons material can
be exposed to the developing reagents after the binding
reaction has taken place.

Coupling of the label to the specific binding reagent can
be by covalent bonding, if desired, er by hydrophobic
bonrding. Such techniques are commonplace in the art, and
form no part of the present invention. In the preferred
embodiment, where the label is a direct label such 25 a
coloured latex particle, hydrophebic bonding is preferred.

In all embodiments of the invention, it is essential that the
labelled reagent migrates with the liquid sample as this
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progresses 10 the detection zone. Preferably, the flow of 60

sample continues beyord the detection zone and sufficient
sample is applied to (he porous material in order that this
may occur and that any excess labelled reagent from the first
zone which does not participate in any binding reaction in
the second zone is flushed away from the detection zone by
this continuing flow. If desired, an absorbant “sink™ can be
provided at the distal end of the camier material. The

absorbent sink may comprise, for example, Whatman 3MM
chromatography paper, and should provide sufficient absorp-
tive capacity to allow any nnbound conjugage to wash out of
the detection zone. As an alternative 10 such a sink it can be
sufficient to have a length of porous solid phase material
which extends beyond the detection zone,

The presence or intensity of the signal from the label
which becomes bound in the second zonc can provide a
qualitative or guantitative measurement of analyte in the
sample, A plurality of delection zones arranged in series on
the porous solid phase material, through which the agueous
liquid sample can pass progressively, can also be used to
provide a quantitative measurement of the analyte, or can be
loaded individually with differcnt specific binding agents to
provide a multi-analyte test.

The immobilised specific binding reagent in the second
zone is preferably a highly specific antibody, and more
preferably a monoclonal antibody. In the embodiment of the
invention involving the sandwich reaction, the labelled
reagent is also preferably a highly specific antibody, and
more preferably a monoclonal antibody.

Preferably the carrier material is in the form of a strip or
sheet to which the reagents are applied in spacially distinct
zones, and the liquid sample is allowed to permeate through
the sheet or strip from one side or end to another.

If desired, a device according to the invention can incor-
porate two or more discrete bodies of porous solid phase
material, e.g. Separate strips or sheets, each carrying mobile
and immobilised reagents. These discrete bodies can be
arranged in parallel, for example, such that a single appli-
cation of liguid sarnple to the device initiates sample flow in
the discrete bodies simultaneously. The separate analytical
results that can be determined in this way can be used as
control results, or if different reagents are used on the
different carriers, the simultaneous determination of a plu-
rality of analytes in a single sample ¢an be made. Alterna-
tively, multiple samples can be applied individually to an
array of cartiers and analysed simultaneously.

The material comprising the porous solid phase is pref-
erably nitrocellulose. This has the advantage that the anti-
body in the second zone can be immobilised firmly without
prior chemical treatment. If the porous solid phase matcrial
comprises paper, for example, the immobilisation of the
antibody in the second zone needs to be performed by
chemical coupling using, for example, CNBr, carbonyldi-
imidazole, or tresyl chloride,

Following the application of the antibody to the detection
zene, the remainder of the porous solid phase material
should be treated to block any remaining binding sites
elsewhere. Blocking can be achieved by treatment with
protein {e.g. bovine serum albumin or milk protein), or with
polyvinylalcobol or ethanolamine, or any combination of
these agents, for example. The labeled reagent for the first
zone can then be dispensed onto the dry carrier and will
become mobile in the carrer when in the moist state.
Between each of these various process steps (sensitisation,
application of unlabelled reagent, blocking and application
of the labelled reagent), the porous solid phase material
should be dried.

To assist the free mobility of the labeiled reagent wher the
porous carrier is moistened with the sample, it is preferable
for the lIabelled reagent to be applied to the carrier as a
surface layer, rather than being impregnated in the thickness
of the carder. This can minimise interaction between the
carrier material and the labelled reagent. In a preferred
embodiment of the invention, the carrier is pre-treated with
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a glazing material in the region to which the labelled reagent
is to be applied. Glazing can be achieved, for example, by
depositing an aqueous sugar or cellulose solution, e.g. of
sucrose or lactose, on the carricr at the relevant portion, and
drying. The labelled rcagent can then be applied to the
glazed portion, The remainder of the carrier material should
not be glazed.

Preferably the porous solid phase material is nitrocellu-
lose sheet having a pore size of at least about 1 micron, even
more preferably of greater than about 5 microns, and yet
more preferably about 8-12 microns. Very suitable nitrocel-
lulose sheet having a nominal pore size of up to approxi-
mately 12 microns, is available commercially from Schie-
icher and Schueli GmbH.

Preferably, the nitrocellulosc sheet is “backed”, e.g. with
plastics sheet, to increase its handling strenth. This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing material. The actual pore size of the
nitroce!lulose when backed in this manner will tend to be,
lower than that of the corresponding unbacked material.

Alternatively, a pre-formed sheet of nitroceflulose can be
tightly sandwiched between two supporting sheets of solid
material, e.g. plastics sheets.

It is preferable that the flow rate of an agueous sample
through the porous solid phase material should be such that
in the untreated material, aqueous liquid migrates at a rate of
I cm in not more than 2 minutes, but slower flow rates can
be used if desired.

The spatial separation between the zones, and the flow
rate characteristics of the porous carrier material, can be
selected to allow adequalte reaction times during which the
necessary specific binding can occur, and to allow the
labelled reagent in the first zone to dissolve or disperse in the
liquid sample and migrate through the carrier. Further con-
tro! over these parameters can be achieved by the incorpo-
ration of viscosity modifiers (e.g. sugars and modified
celluloses) in the sample to slow down the reagent migra-
tion,

Preferably, the immobilised reagent in the second zone is
impregnated throughout the thickness of the carrier in the
second zone (e.g. throughout the thickness of the sheet or
strip if the carrier is in this form). Such impregnation can
enhance the extent to which the imemobilised reagent can
capture any analyte present in the migrating sample.

The reagents can be applied to the carrier material in a
variely of ways. Various “printing” techniques have previ-
ously been proposed for application of liquid reagents o
carriers, e.g. micro-syringes, pens using metered pumps,
direct printing and ink-jet printing, and any of these tech-
nigues can be uscd in the present context. To facilitate
manufacture, the carrier (e.g. sheet) can be treated with the
reagents and then subdivided into smaller portions (e.g.
small narcow strips each embodying the required reagent-
containing zones} to provide a plurality of identical carrier
units.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a perspective view of a strip of porous solid phase
material for use in an assay test in accordance with the
invention;

FIG. 2 a perspective view of a strip of porous solid phase
material for use in an assay lest in accordance with the
invention,

FIG. 3 is a perspective view of a device utilizing a porous
strip of the type illustrated in FIGS. 1 and 2;
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FIG. 4 is a perspeclive view, partially broken away,
revealing a porous strip within the device of FIG. 3;

FIG. 5 is an enlarged view of one end of the device of
FIG, 3;

FIG. 6 is a perspective view of another test device
according to the invention;

FIG. 7 is a perspective view, similar to FIG. 6, but
partially cut away to reveal the porous test strip contained
within the bedy of the device;

FIG. 8 is an exploded perspective view of an assay device
in accordance with the present invention;

FIG. 9 is & cross-sectional side elevation of the device
shown in FIG. 8;

FIG. 10 is an enlarged view of the porous receiving
member and test strip in the device illustrated in FIGS, 8 and
9,

FiG, 11 is a plan view of another embodiment of the
invention;

FIG. 12 is a schematic cross-sectional view taken along
line 12—12 in FIG. 11,

FIG. 13 is a perspective view of yet another embodiment
of the invention; and

FIG. 14 is a partially cut away view of the device of FIG.
13,

By way of example only, some preferred embodiments of
the invention will now be described in detail with reference
te the accompanying drawings.

Embodiment 1

FIGS. 1 and 2 represent a typical strip of porous solid
phase material for use in an assay lest in accordance with the
invention, and illustrate the underlying principle upon which
the invention operates.

Referring to FIG. 1, the assay test strip 10 is scen as &
rectangular strip having (for the purpose of this description}
its longimdinal axis in a vertical siwation. Adjacent the
lower end 11 of strip 10 is a narrow band or zone 12
extending across the entire width of the strip. A small region
13 of strip 10 lies vertically below zone 12, Above zone 12
is a second zone 14 lying a discrete distance up strip 10 and
similarly extending the entire width of the strip. The region
15 of strip 18 between zones 12 and 14 can be of any height
as long as the two zones are separate. A further region 16 of
the strip extends above zone 14, and at the top 17 of the strip
is a porous pad 18 firmly linked to strip 10 such that pad 18
can act as a “sink” for any liquid sample which may be rising
by capillary action through strip 10,

Zone 12 is loaded with a first antibody bearing a visible
(“direct™) labe! (e.g. coloured latex particle, dye sol or gold
sol). This reagent can freely migrate through the strip in the
presence of a liquid sample. In zone 14, the strip is impreg-
nated with a second antibody having specificity for a dif-
ferent epitope on the same analyte as the first antibody. The
second antihody is firmly immobilised on the strip.

FIG. 2 illustrates what happens when the assay strip is
used in an analytical procedure. The lower end 11 of the dry
strip is contacled with a liquid sample (not shown) which
may contain the analyte to be determined. Capillary action
causes the fluid to rise through the strip and eventaily reach
pad 18. In so doing, the sample traverses zone 12 and the
labelled artibody will dissolve or disperse in the sample and
migrate with il through the strip. Whilc migrating towards
zone 14, the labelled amibody can bind t0 any analyte
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/reachiug zone 14, any analyte
dound 1o the second antibody, so
ﬂ;éﬁ “sapcdwich” so produced. If a
1o W2 ,m of the analyte to be detcrmined is
cese™ o 0Vsample, in & short period of time 2
** o\e ‘;.;\sﬂﬂ of the visible label shonld oceur in
ﬁ\

51%"‘ of an analysis to which this cmbodiment
%% the analyte cat be kCG, the teagents in zones
be monoclonal antibodies to hCG which can
sandwich” reaction with hCG, and the label
particulate dye, a gold sol or coloured latex

4
Aough described above in relation to a “sandwick”
Aion, it wili be readily apparent to the skilled reader that

45 can be taodified t0 2 “competition” reaction format if
desired, the labelled reagent in zone 12 heing the analyte or
an analogue of the analyte,

An assay based on the above principles can be used to
determine & wide variety of mmalyles by choice of appropri-
ate specific binding reagents. The snalytes can be, for
example, proteins, haptens, immunogiobulins, hormones,
polynucleotides, steroids, drugs, infectious disease agents
{e.g. of bacterial or vital origin such as Streptococcus,
Neisseria and Chlamydia. Sandwich assays, for example,
may be performed for analytes such as hCG, LH, and
infectious ctisease agents, whereas competition assays, for
example, may be carded out for analytes such as E-3-G
{estrone-3-glucuronide) and P-3-G {progesterone-3-glicu-
ronide).

The determination of the presence (f any) of more than
one analyte in sample can have gignificant clinical utiity,
For example, the ratio of the levels of apolipoproteins A,
and B can be indicative of susceptibility to coronary headt
disease. Similarly, the ratio of the levels of glycated hae-
moglobin {(HbA) to unglycated (HbAo) or total (Hb) hae-
moglobin can aid in the management of diabetes. Addition-
aily it is possible to confipure tests to measure two steroids
simultaneously, e.g E-3-G and P-3-G. By way of example,
2 dual anaiyte test for apolipoproteins A, and B may be
prepared by depositing, as two specially distinct zonss,
antibody specific for apolipoprotein A, throughout a first
zone and depositing a second antibody specific for apolipo-
protein B, throughout the second zone of 2 porous carer
matrix. Following the application of both antibodies o sach
of their respeclive zones via a suitable application procedure
{¢.g. ink-jet printing, metered pump and pen, or airbrush),
the remainder of the porous materinl should be treated with
4 reagent, e.g. bovine serum atbumin, polyvinyl sicohol, or
sthanolamine, to block any remaining binding sites else-
where. A third and fourth reagent, bearing a label, may then
be dispensed onto the dry carier in obe or more zones near
to ane end of the strip, the strip being atlowed to dry between
applications of the two reagents to the same zone. Reagent
3 and Reagent 4 may comprise conjugates of anti-apolipo-
protein A, antibody and anti-apolipoprotein B antibody
respectively, Both of these conjugates will become mobile in
and on the carrier when jn the moist state. Reagents 3 and
4 can migrate with the solvent flow when an aqueous sample
is applied to the first end of the carrier suip. While migrating
towards the two zones further along the sirip, reagent 3 may
bind any apolipoprotein A, present in the sample and
reagent 4 may bind any apolipoprotein B present in the
sample. On reaching the fist second-antibody zone (anti-
apolipoprotein A; antibody zone) anti-apolipoprotein A,
molecules should become bound to the second antibody,
immobilising the labelled ‘sandwich’ so produced. No
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iabelled apoliprotein B molecules will bind to this fiest zone,
On reaching the second second-antibody zone {anti-apeli-
poprotein B antibedy zone) any apelipoprotein B molecules
should become bound to the second antibody {solid-phase
antibbdy), immebilising the labelled ‘sandwich’ so pro-
duced, No labelled spolipoprotein A, molecules will bind 10
the secand zone. An accumulation of each of the direct label
may occur 2l both or cither zones to a lesser or greater extent
resilting in a visible signat al either or both of the solid
phase anibody zones. Excess unbound conjugate (of both
reagent 3 and resgent 4) can pass freely over the two
antthody zones and will be washed into the distal end of the
strip.

The development of a quantifiable colour in both of the
serond-antibody zones may be assessed with an appropriste
form of instrumentation, yielding a ratio of colour density
between the two sites.

The determination of the presence of more than two (ie
raultiple) analytes in any sample may have significant clini-
¢al utility. For example, the detection of the presence of
various different setotypes of one bacterium, ot the detection
of the presence of soluble serological markers in humans
may be useful. By way of example, a multiple analyte test
for the detection of the presence of different serotypes of
Streptococcus can he prepared for groups A, B, Cand DL A
cocktail of mosoclonat antibodies, each specific for various
pathologically important group serotypes, or a polyclona}
antiserum raised against g peiticular Streptococcal group,
can be dispensed onic a porous carier sirip as a line
extending the width of the surip of approximately ! mm zone
length. Multiple lines be dispensed in spaialy discrete
zones, ¢ach zone comaining immumochemically reactive
componept(s) capable of binding the analyte of interest,
Following the application of the multiple zones, via a
suitable application procedure (eg fuk-jet printing, metered
pump and pes, aicbrush), the mmeinder of the porous
material should be treated with a reagent (eg bovine serum
albumin, polyvinylalcohol, ethanclamine) to block any
remaining binding sites elsewhere. Conjugates of label, e.g.
a dye sol, and each immunachemically-reactive component
specific for each bacterial group may then be dispensed
cither onto 4 single zone at the bottom end of the stxip,
proximal to the sample application zone, or as g series of
separate zomes.

FIGS. 3, 4 and 5 of the accompanying drawings depict &
complete device utilising a porous strip as just described
sbove. FIG. 3 represents the complete device viewed from
the front, FIG. 4 shows the same device partially cut away
1o reveal the details of the strip inside, and PIG, § shows the
underside of the device.

Referring to FIG. 3, the device comprises a ffat rectan-
gular body 30 the fromt face 31 of which is perforated by o
circular hole or window 32 which reveals the porous test
strip 10 within the body. The region of the test strip 16
visible through the window 32 incorporates s narrow hori-
zontal zone 14,

Referring to FIG. 4, the device comprises a dry rectan-
gular test strip 10 made from porous material which extends
from the bottom end 33 of the body 30 within the body
between the front 31 and back 34 of the body. Near the
bottom end 11 of the strip 10 is 2 horizontal zone 12 bearing
alabelled specific binding reagent for an analyte, the binding
reagent being mokbile in the test strip in the moist state,
Further up the test strip is the narrow horizontal zone 14
which is vigible through the window 32. At the top 17 of the
test strip 18is 2 porous ‘sink” 18 which can absorb any liquid
sample that has permeated upwards through the strip.
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Referning to FIG. 5, the bottom edge 35 of the body 30
incorporates a lateral aperture in which the bottom end 11 of
the strip lies.

In operation, the bottom end 33 of the body 30 is
immersed in a liquid sample (cg urine) so that the lignid
sample can be absorbed by the hottom end 11 of the test strip
20 and rise by capillary action to the top 17 of the test strip
and into the sink 18. In so doing, the liquid sample
progresses viazone 12 to zone 14, Specific binding reactions
as described above occur, and the test result is visible to the
user through the window 32.

Embodiment 2

FIGS. 6 and 7 of the accompanying drawings illustrate
another test device according to the inveniion. FIG. 6
illustrates the complete device viewed from the front, and
FIG. 7 depicts the same device partially cut away to reveal
details of a porous test strip contained within the body of the
device,

Referring to FIG. 6, the device comprises an elongate
body 200 terminating at its lower end 201 in 2 small integral
receptacle 202 which can biold a predetermined volume of 2
liquid sample, eg urine, The front face 203 of the body 200
incorporates two square small square apertures or windows
204 and 205 located one above the other

Referring to FIG. 7, the elongate portion of the body 200
is hollow and ircorporates a test strip 206 running almost the
full height of the body. This test strip is of similar construc.
tion 1o those described under Embodiment 1, and incorpo-
rates near its lower end 207 a horizontal zone 208 bearing a
labelled specific binding reagent that can freely migrate in
the strip in the moist state, There arc two circular zones 209
and 210 adjacent to the windows 204 and 205 and visible
therethirough, The strip terminates at its top end 211 in a
porous sink 212. At the bottom end 201 of the device, the
recepiacle 202 communicates with the hollow body via a
lateral aperture 213.

Tn operation, a liquid sample is applied to the boltom end
of the device and a predetermined volume of the sample fiils
the receptacle 202. From the receptacle 202 the liquid
sample rises by capillary action through the test strip 206
and conveys the Jabelled reagent from zone 208 to the two
circular zones 209 and 210. A series of specific binding
reactions as described in relation to Embodiment T above
occur. In this embodiment the second circular zone 210 can
act as & control (giving rise, for example, to a coloured signal
irrespective of whether or not the sample comains the
analyte to be determined) and the determination of the
analyte takes place in the first circular zone 209. The user
can determine whether the analyte is present in the sample
by comparing the signal produced in the two zones.

For example, if the test is used 1o determine the presence
of hCG in urine during the course of a pregnancy test, the
circular control zone 210 can contain immobilised HCG
which will bind a labelled antibody which is carried upwards
from zonc 208 by the migrating liquid sample. The same
labelled antibody can engage in a *sandwich’ reaction with
hCG in the sample and be bound in the first circutar zone 209
by another specific anti-hCG antibody which has been
immobilised therein. Alternatively, if desired, the “control”
zone can be designed merely to convey an unrelated signal
to the user that the device has worked, For example, the
second circular zone can be leaded with an antibody that will
bind to the labelled antibody from zone 208, e.g. an “anij-
mouse” antibedy if the labelled antibody js one that has been
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derived using 2 murine hybnidoma, to confirm thar the
sample has permcated the test strip.

Embodiment 3

FIG. 8 of the accompanying drawings represents an
isomelric view of an assay device in accordance with the
invention, and FIG. 9 represents a cross-sectional side
elevation of the device shown in FIG, 8,

Referring to FIG. 8, the device comprises a housing or
casing 500 of elongate rectangular form having at one end
501 a portion 502 of reduced cross-sectional area, A cap 503
can be fitted onto portion 502 and can abut against the
shoulder 504 at end 501 of the housing. Cap 503 is shown
separated from housing 500. Extending beyond end 505 of
portion 502 is a porous menber 506. When cap 503 is fitted
onlo portion 502 of the housing, it covers porons member
506. Upper face 507 of housing 500 incorporates two
apertures 508 and 509,

Referring to FIG. 9, it can be seen that housing 500 is of
hollow construction. Porons member 506 extends into hous-
ing 500 and contacts a strip of porous carrier material 510.
Porous member 506 and strip 510 overlap to epsure that
there is adeguate contact between these two materials and
that a liquid sample applied to member 506 can permeate
member 506 and progress into strip 510. Strip 510 extends
further into housing 500. Strip 510 is “backed” by a sup-
porting strip S11 formed of transparent moisture-imperme-
able plastics material. Strip 510 extends beyond apertures
508 and 509. Means are provided within housing 500 by
webbs 512 and 513 to hold strip 510 firmly in place, In this
respect, the internal constructional details of the housing are
not a significant aspect of the invention as long as the strip *
is held firnly in place within the housing, and porous
member 596 is firmly retained in the housing and adequate
finid permeable contact is maintained between member 506
and strip 510. The transparent backing strip 511 lies between
strip 510 and apertures 508 and 50% and can act as a seal
against ingress of moisture from outside the housing 500 via
these apertures, If desired, the residual space 514 within the
housing can contain moisture-absorbant material, such as
silica gel, to help maintain the strip 510 in the dry state
during storage. The reagent-containing zones in strip 510 are
not depicted in FIG. 8, but the first zone containing the
labelled reagent which is mobile when the strip is moistened
will lie in the region between the porous member 506 and
aperiure 508. The second zone containing the immobilised
unlabelled reagent will lie in the region exposed through
aperture 508 in order that when the device has been used in
an assay, the result can be observed through aperture 508.
Aperture 509 provides means through which a control zone
containing further reagents which may enable the adequate
permeation of sample through the strip to be observed.

In operation, the protective cap 503 is removed from the
holder and member 506 is exposed to a liquid sample e.g. by
being placed in a urine stream in the case of a pregnancy test.
After exposing member 506 o the liquid sample for a time
sufficient to ensure that member 506 is saturated with the
sample, the cap 503 can be replaced and the device placed
aside by the user for an appropriate period lime (e.g. two or
three minutes) while the sample permeates test strip 510 to
provide the analytical result. After the appropriate time, the
user can observe the test strip through apertures 508 and 509
and can ascertain whether the assay has been completed by
observing the control zone through aperture 508, and can
ascertain the result of the assay by observing the second
zone through aperture 508.
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During manufacture, the device can be readily assembled
from, for example, plastics material with the housing 500
being moulded in two parts (e.g. upper and lower halves 515
and 516 which can be securely fastened together (eg by
ulirasonic welding) after the porous member and test strip
have been placed within one of the halves and then sand-
wiched between the two halves. The act of forming this
sandwich construction can be used to “crimp” the porous
member and test strip together to ensure adequate contact
between them. Cap 503 can be moulded as a separate
complete item. If desired, apertures 508 and 509 can be
provided with transparent inserts which may insure greater
security against ingress of extraneons moisture from outside
the housing. By providing a tight fit between the end 505 of
housing 500 and the protruding porous member 506, the
epplication of sample to the protruding member will not
result in sample entering the device directly and by-passing
member 506. Member 506 therefore provides the sole route
of access for the sample to the strip within the housing, and
can deliver sample to the strip in a controlled manner. The
device as a whole therefore combines the functions of
samples and anabyser,

By using the test strip materials and reagents as herein-
after described, a device in accordance with FIGS. 8 and 9
can be produced which is eminently suitable for use as a
pregnancy test kit or fertile period test kit for use in the home
or clinic. The user merely nieeds to apply a urine sample to
the exposed porous member and then (after oplionally
replacing the cap) can ebserve the test result through aper-
ture 508 within a matter of a few minutes.

Although described with particular reference o preg-
nancy tests and fertile period tests, it will be appreciated that
the device, as just described, can be used 1o determine the
presence of a very wide variety of analytes if appropriate
Teagents are incorporated in the test strip. It will be further
appreciated that aperture 509 is redundant and may be
omitted if the test strip does not contain any control means.
Further, the general shape of the housing and cap, both in
terms of their length, cross-section and other physical fea-
tures, can be the subject of considerable variation without
departing from the spirit of the invention.

A forther option is the omission of the labelled reagent
from the test strip, this reagent being added to the sample
prior to application of the sample 1o the test device. Alter-
natively, the labelled reagent can be contained in the pro-
truding porous member 506.

FIG. 10 of the accompanying drawings shows an cnlarged
view of the porous receiving member and test strip in the
device illustrated in FIGS. 8 and 9.

The porous receiving member 506 is linked to the porous
test strip 510, backed by the transparent plastics sheet 511,
such that liquid can flow in the direction shown by the
arrows through the porous receiving member and into the
perous strip. Test zone 517 incorporates the immobilised
specific binding reagent, and control zone 518 contains a
reagent to indicate that the sample has permeated a sufficient
distance along the test strip, A portion of the test strip surface
opposite the backing strip 511 and adjacent the porous
receiving member 506, carres a glaze 519 on which is
deposited a layer 520 of labelled specific binding reagent.
The thickness of these two layers as depicted in FIG. 10 is
grossly exaggerated purely for the purpose of illustration. It
will be appreciated (hat, in practice, the glaze may not form
a true surface layer and the glazing material will penetrats
the thickness of the strip to some extent. Similarly, the
subsequently applied labelled reagent may also penetrate the
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strip. Nevertheless, the essential objective of reducing any
interaction between the labelled reagent and the carrier
material forming the strip will be achieved. An aqueous
sample deposited in receiving member 506 can flow there-
from along the length of strip 510 and in so doing, will
dissolve glaze 519 and mobilise the labelled rcagent, and
carry the labelled reagent along the strip and through zone
517.

Embodiment 4

FIGS. 11 and 12 iilustrate ancther embodiment of the
invention, which is seen in plan view in FIG. 11 and in
cross-section in FIG. 12, the cross-section being an elevation
on the line 12—12 seen in FIG. 11.

Referring to FIG. 11, the test device comprises a flat
rectangular casing 600 incorporating a centrally disposed
rectangular aperture 601, adjacent the left hand end 602, and
two further apertures 603 and 604 near the mid point of the
device and arranged such that apertures 601, 603 and 604 lie
on the central longitudinal axis of the device corresponding
to line 12—12. Although all three apertures are illustrated as
being rectangular, their actual shape is not critical,

Referring to the cross-section seen in FIG. 12, the device
is hollow and incorporates within it 2 porous sample receiv-
ing member adjacent end 602 of casing 600 and lying
directly beneath aperture 601. A test strip of similar con-
struction to that described with reference to Embodiment 4,
comprising a porous strip 606 backed by a transparent
plastics sheet 607 is also contained within casing 600, and
extends from the porous receiving member 602, with which
the porous carier is in liquid permeable contact, to the
extreme other end of the casing. The transparent backing
sheet 607 i in firm contact with the upper inner surface 608
of casing 600, and provides 2 seal against apertures 603 and
684 to prevent ingress of moisture or sample into the casing.
Although net shown in the drawings, the porous test sirip
606 will incorporate a labelled specific binding reagent, and
a test zone and a control zone placed appropriately in
relation to apertures 603 and 604, in 2 manner analagous to
that described in Embodiment 3.

In operation, an aqueous sample can be applied through
aperture 601, e.g. by means of a syringe, to saturate porous
receiving member 605, Thereafter, the aqueous sample can
permeate the test strip end after an appropriate time the test
result can be observed through apertures 603 and 604.

Embodiment 5

A yet further embodiment of the invention is illustrated in
FIGS. 13 and 14 of the accompanying drawings. FIG. 13
shows a device comprising a rectangular casing 700 having
in its upper surface 701 a rectangular aperture 702, One end
wall 703 of the device 703 incorporates an aperture 704
through which a porous test element communicates with the
exterior of the device, Aperture 702 is situated in surface 701
at a point relatively remote from the end 703 containing the
aperture 704,

FIG. 14 shows a partially cut-away view of the device in
FiG. 13. The hollow device incorporates a porous test strip
705, running almost the entire length of casing 700 from
aperture 704, Test strip 705 incorporates a first zone 706
containing a labelled specific binding reagent and a further
zone 707, remote from aperture 704, incorporating an immo-
bilised specific reagent. Zone 706 lies direcily beneath
aperture 702 is therefore observable from outside casing.
Beneath strip 705 and adjacent zone 707, is a crushable
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clement 708 containing one or more substraics or reagents
which can be used to produce a detectable signal when
released into zone 707, if labelled reagent from 706 has
become bound in zone 707 following use of ihe device.
Release of the reagents from member 708 can be effected by
applying pressure to the outside of the casing at that point in
order to crush the member and express the reagent there-
from.

In operation, the first test element can be exposed to an
aqueots sample, e.g. by dipping end 703 of casing 700 into
a vessel containing the sample. The liquid sample will then
permeate the length of test strip 705, taking labelled reagent
from zone 706 and passing through zene 707 where the
labelled reagent can become bound e.g. through a “sand-
wich” reaction involving an analyte in the sample. When the
sample has permeated the test strip, reagent can be released
from the crushable member 700 and the result of the test
observed through aperture 702.

By way of cxample only, certain preferred test strip
malerials, reagents, and methods for their production will
now be described.

1. Selection of Liquid Conductive Material

Representative examples of liquid conductive materials
include paper, nitrocellulose and nylon membranes. Essen-
tial features of the material are its ability to bind protein;
speed of liquid conduction; and, if necessary after pre-
treatment, its ability to allow the passage of labelled anti-
bodies along the strip. It this is a direct label, it may be
desirable for the material to allow flow of particles of size up
to a few microns (nsually less than 0.5y). Examples of flow
rates obtained with various materials are given below:

Time to Flow
Pore size 45 mm (minutes)
Sehlzicher + Schuclt kM 3.40
nitrocellnlose (unbacked) Su 3.30
8 3.00
124 220
polyesier-backed 8 (nominal) 3.40
Whatman Nitrecellylose 5 19.20
Pall “lmmunodyne™ (nylon) 3 400
5 320

The speed of a test procedure will be determined by the
flow rate of the material employed and while any of the
above materials can be used some will give faster tests than
others.

Nitrocellulose had the advantage of requiring no activa-
tion and will immobilise proteins strongly by absorbtion.
“Immunodyne” is pre-activated and requires no chemical
treatment. Papers, such as Whatman 3MM, require chemical
activation with for example carbonyldiimidazole in order to
successfully immobilise antibody.

2, Labels

Preparation of Labels
A selection of labels which may be used are described
below, This list is not exhaustive.
A) Gold So} Preparation

Gold sols may be prepared for use in immunoassay from
commercially-available colloidal gold, and an antibody
preparation such as anti-alpha human cherionic gonadotro-
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phin. Metatlic so! labels are described, for example, in
European patent specification No, EP 7654,

For example, colloidal gold G20 (20 nm panicle size,
supplied by Janssen Life Sciences Products) is adjusted to
pH 7 with 0.22p filtered 0.1M K,CO,;, and 20 mls is added
to a clean plass beaker. 200 pl of anti-alpha hCG antibody,
prepared in 2 mM borax buffer pHY at 1 mg/m, and 0.22,
filtered, is added to the gold sol, and the mixture stirred
continuously for two minutes. 0.1M K,CO, is used 10 adjust
the pH of the amibody gold sol mixture to 9, and 2 mls of
10% (w/v) BSA is added.

The antibody-gold is purified in a series of three centrifu-
gation steps at 12000 g, 30 minutes, and 4° C., with only the
loose part of the pellet being resuspended for further use.
The final pellet is resuspended in 1% (w/v) BSA in 20 mM
Tris, 150 mM NaCl pH 8.2.

B) Dye Sol Preparation

Dye sols (see, for example, European patent specification
No. EP 32270) may be prepared from commercially-avail-
able hydrophobic dyestuffs such as Foron Blue SRP (San-
doz) and Resolin Blue BBLS (Bayer). For cxample, fifty
grammes of dye is dispersed in 1 liter of distilled water by
mixing on a magnetic stirrer for 2-3 minutes. Fractionation
of the dye dispersion can be performed by an initial cen-
trifugation step at 1500 g for 10 minutes at room ternperature
to remove larger sol particles as a solid pellet, with the
supernatant suspension being retained for further centrifu-
gation.

The suspension is centrifuged at 3000 g for 10 minutes at
room iemperature, the supernatant being discarded and the
pellet resuspended in 500 mis distilled water. This procedure
is repeated a further three times, with the finai pellet being
resuspended in 100 mls distiiled water.

The spectra of dye sols prepared as described above ean
be measured, giving lambda-max values of approximately
657 nm for Foron Blue, and 690 nm for Resolin Blue. The
absorbance at lambda-max, for 1 cm path length, is used as
an arbitrary measure of the dye sol concentration.

C) Coloured Particles

Latex (polymer) particles for use in immunoassays are
available commerically. These can be based on a range of
synthetic polymers, such as polystyrene, polyvinylioluene,
polystyrene-acrylic acid and polyacrolein, The monomers
used are normally water-insuluble, and are emulsified in
2queous surfactant so that monomer mycelles are formed,
which are then induced to polymerise by the addition of
initiator 10 the emulsion. Substaniially sperical polymer
particles are produced.

Coloured latex particles can be produced either by incor-
porating a2 sujtable dye, such as anthraquinone, in the
emulsion before polymerisation, or by colouring the pre-
formed particles. In the latter route, the dye should be
dissolved in 2 water-immiscible solvent, such a chloroform,
which is thet added to an aquecus suspension of the latex
particles. The particles take up the non-aqueous solvent and
the dye, and can then be dried,

Preferably snch latex particles bave a maximum dimen-
sion of [ess than about 0.5 micron.

Coloured latex particles may be sensitised with protein,
and in particular antibody, to provide reagents for use in
immunoassays. For example, polystyrene beads of about 0.3
micron diameter, (supplied by Polymer Laboratories) may
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be sensitised with anti-alpha human chorionic gonadotro-
phin, in the process described below:

0.5 ml (12.5 mg solids) of suspension is diluted with 1 mi
of 0.IM borate buffer pH 8.5 in an Eppendorf vial. These
particles are washed four times in borate buffer, each wash
consisting of centrifugation for 3 minutes at [3000 rpm in an
MSE microcentrifuge at room temperature. The final pellet
is resuspended in | ml borate buffer, mixed with 300 pg of
anti-alpha hCG antibody, and the suspension is rotated
end-over-end for 16-20 hours at room temperature, The
aniibody-latex suspension is centrifuged for 5 minutes at
13000 rpm, the supematant js discarded and the pellet
resuspended in 1.5 mis borate buffer containing 0.5 milli-
grammes bovine serum albumin. Following rotation end-
over-end for 30 minutes at room temperature, the suspension
is washed three times in 5 mg/ml BSA in phosphate buffered
saline pH7.2, by centrifugation at 13000 rpm for 5 minutes,
The pellet is resuspended in 5 mg/ml BSA/S% (w/v) glyc-
erol in phosphate buffered saline pH 7.2 and stored at 4° C.
until used.

(A) Anti-hCG—Dye Sol Preparation

Protein may be coupled to dye sol in a process involving
passive adsorption. The protein may, for example, be an
antibody preparation such as anti-alpha human chorionic
gonadotrophin prepared in phosphate buffered saline pH 7.4
at 2 milligram/ml. A reaction mixture is prepared which
contains 100 pl antibody solution, 2 mls dye sof, 2 mls 0.1M
phosphate buffer pH 5.8 and 15.9 mls distilled water. After
gentle mixing of this solution, the preparation is left for
fifteen minutes at room temperature. Excess hinding sites
may be blocked by the addition of, for example, bovine
serum albummin: 4 mls of 150 mg/ml BSA in 5 mM NaCl pH
7.4 is added to the reaction mixture, and after 15 minutes
incubation at room temperature, the solution is centrifuged
at 3000 g for 10 minutes, and the pellet resuspended in 10
mls of 0.25% (w/v dextran/0.5% (wfv lactose in 0.04M
phosphate buffer. This antibody-dye sol conjugate is best
stored in a freeze dried form,

(B) LH—Dyc Sol Preparation

Due to the structural homology between the alpha sub-
units of hCG and LH, alpha hCG antibody can be used to
detect LH in a cross-reactive immunoassay. Thus, a labelled
antibody may be prepared for use in an LH assay in an
identical manner to that described in Example 1, using
anti-alpha hCG antibody.

3. Preparation of Reagent Strip

Zonal Impregnation of Liguid-conductive Materials

Liquid-conducting material with a restricted zone of
immobilised protein, particularly antibody, can be prepared
for example as follows:

A rectangular sheet of Schleicher and Schuell backed 8y
nitrocellulose measuring 25 cm in length and 20 cm in width
may have a reaction zone formed upen it by applying a line
of material about 1 mmi wide at 5 cm intervals along its
length and extending throughout its 20 ¢m width. The
material can, for example, be a suitably selected antibody
preparation such as anti-beta (human chorionic gonadotro-
pin} of affinity Ka at 10°, prepared in phesphate buffered
saline pH 7.4 at 2 milligram/m, suitable for immunoassay of
human cherionic gonadotrophin using 2 second (labelled)
anti-hCG antibody in a sandwich format. This solution can
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be deposited by means of a microprocessor-controlled
microsyringe, which delivers precise volumes of reagent
through a nozzle, preferably 2 mm diameter. When the
applied material has been allowed to dry for 1 hour at room
temperature, excess binding sites on the nitrocellulosc are
blocked with an inert compound such as polyvinyl alcohol
(1% w/v in 20 mM Tis pH 7.4) for 30 mioutes at room
temperature, and sheets are thoroughly rinsed with distilled
water prior to drying for 30 minutes at 30° C.

In one embodiment, the liquid conductive material can
then be cut up into numerous strips 5 cm in length and 1 cm
in width, each strip carrying a limited zone of the immobi-
lised antibody to function as an immunosorbent part way
(.- about half way) atong its length. In this example the test
strip is vsed with a liquid label which is mixed with sample.
In use, this limited zone then becomes a test reaction zone
in which the immunoassay reactions take place.

In another embodiment, the label may be dispensed/
deposited intofon a restricted zore before cutting up the
liquid-conductive material into sirips. By way of example,
this reagent may be dye sol or dye polymer-conjugated
anti-hCG antibody prcpared as described under dye sol
preparation, said reagent being retained in the zone when the
material is in the dry state but which is free to migrate
through the carrier material when the material is moistened,
for example, by the application of liquid sample containing
the analyte to be determined. This mobile reagent zone is
applied, for example, as foliows:

A sheet of Schleicher and Schuell backed 8u nitrocellu-
lose, 25 cm in length and 20 c¢m in width with zones of
immebilised antibody at 5 cm intervals along its length, is
prepared as described previously. Prior to the deposition of
dye labelled antibody, a sublayer of, for example, 60% wiv
of sucrose in distilled water is applied by airbrush on the
microprocessor controlled system at 6 cm intervals along the
length of the sheet, Then several passes (e.g. three) of dye
labelled antibody prepared in 1% methacel KAM (Trade-
mark for methyleellulose from Dow Chemical Company)
and 0.6% (wiv) polyvinylalcohol are applied by airbrush or
hy micresyringe directly on top of the sublayer. Sheets are
then allowed to dry, and cut into sirips S cm in length and
1 e¢m in width, to be used in the completed device.

Gold sols, or coloured polystyrene particles can be depos-
ited by a similar process.

In addition to the test zone various control zone oplions
can be operated. For exampie a zone of anti-species IgG may
be deposited after the test zone,

4. Sandwich Assays Using Strip Format

A sandwich-type reaction may be performed for the
detection of human chorienic genadetrophin (hCG) in a
liquid sameple. Preferably the label used is a direct label
which is readily visible to the naked eye. Dye sols, gold sols
or coloured latex particles may be linked to anti hCG
antibody, as described above.

With direct labels, assays may be performed in which
fresh urine samples are applied -directly from the urine
strearmn, or by delivering an appropriate volume (e.g. 100 pl)
from a container using a pipette to the absorbent wick of the
test device. Each sample is allowed to run for five minutes
in the device, and the colour generated at the reactive zone
read cither by eye, or using a light reflectometer.

Indirect labels such as enzymes e.g. alkaline phosphatase
may also be used, but require the addition of substrate to
generate a coloured endpoint,
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Enzyme assays may be performed in which the anti-hCG
antibody is conjugated 1o alkaline phosphatase, using con-
ventional techniques, and diluted Yico in 0.01M phosphate
buffered saline pH 7 containing 3% polyethylene glycol
600, 1% (w/v) bovine serum albumin and 0.02% TRITON
X303 (Trademark—obtainable from Rohm and Haas) before
application to the sheet. Fresh urine samples are then
applied, either dirccily from the urine stream, or by deliv-
ering an appropriate volame {e.g. 100 pl) from a container
using a pipette, to the absorbent wick of the test device. Each
sample is allowed 10 run for five minutes before a pad of
liquid-swellable material scaked in BCIP substrate (at 1
mg/ml in IM Fris/HC] pH 9.8) is placed in contact with the
immobile antibody zone. After a further five minutes, the
pad is removed, and colour generated read either by eye, or
by using a light refleciometer.

A similar embodiment can be prepared using lutenising
hormone (LH) instead of hCG.

5. Competitive Assays

A competitive type assay may be performed as exempli-
fied by estrone-3-glucuronide, a urinary metabolite of
estrone. Conjugates of cstrone-3-glucuronide and bovine
serum albumin are prepared as follows:

Preparation of BSA—Estrone-3-glucoronide

The conjugation of E-3-G and BSA may be achieved
through the use of a mixed anhydride. All of the glassware,
solvents and reagents employed in the preparation of the
activated species rmust be thoroughly dred using an oven,
dessicator or molecular sieves, as appropriate, for at {east 24
hours.

Solutions of E-3-G (2 nM) in dry dimethylformamide
(DMF) and tr-n-butylamine (TnB) (10 nM) in dry DME
were equilibrated separately at 4° C. Using pre-cooled
glassware E-3-G in DMF (1.25 ml) and TnB in DMF 0,25
ml) were added to 2 pre-cooled 5 m! Reactivial containing
a magnetic stirrer, A solution of isobutyl chloroformate in
dry DMF (10 nM) was prepared and an aliquot (0.25 ml) was
cooled to 4° C. and added to the Reactivial. The contents of
the Reactivial were stirred for 20 minutes at 4° C. and a
solution of BSA (1 mg/ml in bicarbonate buffer (0.5%) was
prepared. When the mixed anhydride incubation was com-
plete, the contents of the Reactivial were added to the BSA
solution (2.5 ml) and stirred on 2 magnetic stirrer for 4 hours
at 4° C. The conjugate preparation was purified by passage
through a Tris buffer equilibrated Pharmacia PD-10 SEPHA-
DEX G-25 column, transferred to an amber glass storage
bottle and stored at 4° C.

Preparation of BSA—E-3-G dye Sol

A dispersion of dye (5% w/v) in distilled water was
prepared with thorough mixing and aliquots were centri-
fuged at 3850 rpm 1500 g) for 10 minutes in 2 bench top
centrifuge. The pellet was discarded and the supernatant was
retained and centrifuged in aliquots at 4850 rpm (3000 g) for
10 minutes in a bench top centrifuge. The supematant was
discarded and the pellet was resuspended in half of its
original volume in distilled water. This step was repeated
four times to wash the peller. The pellet was finally resus-
pended in distilled water and the absorbance at lambda max
was determined.
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Solulions of dye sol in distilled water and E-3-G/BSA
conjugate diluted in phosphate buffer were mixed to give
final concemtrations of 10 pg/ml conjugaie (based on BSA
content) and an extrapolated dye sol optical density of 20 at
the absorbance maximum. The reaction mixture was incu-
bated for 1.5 minutes a1 room temperature and blocked for 15
minutes at room temperature with BSA in 2 NaCt selution (5
mM, pH7.4) 1o yield a final BSA concentration of 25 mg/ml.
The reaction mixture was centrifuged at 4850 rpm (3000 g)
for 10 minutes in a benchiop centrifuge, the supernalant was
discarded and the pellet was resuspended in half of its
original volume in Dextran {0.25% wiv)/Lactose {0.5% wiv)
phosphate (0.04M pH5.8) buffer.

Preparalion of E-3-G Test Strips

Antibodies to E-3-G were deposited as described in
example 3. BSA - E-3-G dye sol was deposited on the strips
as described in 3,

Determination of E-3-G

Using reagents described above,  standard curve can be
generated by running strips with samples with known con-
centrations of E-3-G. The colour at the immobile zone can
be read, for example using a Minolta chromameter, and the
concentration of E-3-G calculated by extrapolating from the
reflectance value.

The invention described herein extends to afl such modi-
fications and variations as will be apparent 1o the reader
skilled in the art, and also extends to combinations and
subcombinations of the features of this description and the
accompanying drawings.

We claim:

L An analytical test device for detecting an analyte
suspected of being present in a liquid biotagical sample, said
device comprising:

a) a hollow casing having a first end, a second end, 2
longitudinal axis, and a liquid biclogical sample appli-
cation aperture adjacent to said first end;

b} a displaceable shroud disposed on said first end for
shiclding said liguid biological sample application
aperture;

c) a test strip comprising a dry porous carrier disposed
within said hollow casing, said dry porous carrier
communicating directly or indirectly with the exterior
of said hollow casing through said liquid biological
sample application aperture to receive applied said
liquid biological sample; said dry porous carrier having
a detection zone; said hollow casing including means
permitting observation of said detection zome from
outside said casing; said lest strip, in the dry unused
state, containing upstream from said detection zone a
labelled reagent capable of specifically binding with
said anzlyte to form a first complex of said labelled
reagent and said analyte, said labelled reagent being
labelled with a particulate direct Iabel, wherein said
labelled reagent is dry on said test strip prior to use and
is released into maobile form by said liquid biological
sample,

wherein mobility of said labelled reagent within said test
strip is facilitated by at least one of 1} coating at least
a portion of said test strip upstream from said detection
zone with, or 2} drying said labelled reagent onto a
portion of said test strip upstream of said detection zone
in the presence of, a material comprising sugar, in an
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amount effective to reduce interaction between said test
strip and said Jabelled reagent;

said dry porous carrier containing in said detection zone

a means for binding said first complex, said means for
binding comprising specific binding means and being
immobilized in said detection zone;

migration of said liquid biclogical sample through said

dry porous carrier conveying by capiflarity said first
complex to said detection zomc of said dry porous
carrier whereat said binding means binds said first
complex thereby to form a second complex;

said second complex being observable via said detection

zone observation means, thereby to indicate the pres-
ence of said analyte in said liquid biological sample.

2, The test device according to claim 1, wherein said
particulate direct label is selecied from the group consisting
of a dye sol, a metallic sol, and colored latex particles having
a maximum diameter of less than or equal to about (.5
Mmicroi.

3. The test device according to claim 1, wherein said
means permitting observation comprises at least one aper-
ture through which the second complex may be observed.

4. The test device according to claim 3, wherein said dry
porous carrier comprises a strip or sheet of porous material
backed with a layer of transparent moisture-impervious
material, said transparent layer being in contact with the
inside of said hollow casing adjacent said at least one
aperture to inhibit ingress of moisture or said liquid biologi-
cal sample.

5. The test device according to claim 1, wherein said
hollow casing and said shroud are molded from a plastic
material,

6. The test device according o claim 1, wherein said dry
porous carrier comprises a strip or sheet of porons material,

7. The test device according to claim 1, wherein said dry
porous carrier material is nitrocellnlose.

8. The test device according to claim 7, wherein said
nitrocellulose has a pore size of at least about one micron,

9. The test device according to claim 7, wherein said pore
size is greater than about 5 microns.

18. The test device according to claim 7, wherein said
pore size is about §-12 microns.

11. The test device according to claim 1, incorporating a
contre] zone downstream from said detection zone in said
dry porous carrier, which control zone comprises means to
indicate that said liquid biological sample has been con-
veyed by capillarity beyond said detection zone, said hollow
casing further including means permitting observation of
said contro] zene from outside said hollow casing.

12. The test device according to claim 1, further com-
prising an absorbent sink at a distal end of said dry porous
carrier, said sink having sufficient absorptive capacity to
allew any labelled reagent not bound with said analyte to
wash out of said detection zone.

13. The test device according to claim 1, wherein said
Tabelled reagent is applied to said dry porous carrier as a
surface layer.

14. The test device according to claim 13, wherein said
dry porous camier has becn pre-treated with said material
comprising sugar in the upstream portion to which said
labelled reagent is applied.

15. The test device according to claim 1, wherein said
means for binding in said detection zone is impregnated
throughout the thickness of said dry porous carrier in said
detection zone.

16. The test device according to claim 1, wherein said
analyte is hCG.
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17. The test device according to claim 1, wherein said
analyte is LH.
18. The test device according to claim 1, wherein

(a) said dry porous carrier
(i) is nitroceltulose and
(ii) communicates indirectly with the exterior of said
hollow casing via a bibulous urine receiving member
which protrudes from said hollow casing and which
acts as a reservoir from which urine is released;

(b) contains said labelled reagent in a first zone upstream
from said detection zone, wherein said Iabelled reagent
(i) comprises an anti-LH antibody conjugated to a

colored particulate label and
{i1) is freely mobile within said dry porous carrier when
wetted with said urine;

(c} said detection zone is spatially distinct from said first
zone,

(d) said means for binding said first complex is an
unjabelled anti-LH antibody which is permanently
immobilized in said detection zone, wherein said unla-
belled anti-LH antibody specifically binds a different
LH epitope than the anti-LH antibody of said labelled
reagent; and

(e) said first zone and said detection zone being arranged
such that said urine applied to said protruding bibulous
urine recetving member, and consequently thereby to
said dry porous carrier, is conveyed by capillarity via
said first zone into said detection zone, said hollow
casing having art least one aperfure through which said
second complex can be observed, whereby said test
device is a fertile period prediction device.

19. The test device according to claim 1, wherein

(a) said dry porous carrier
(i) is nitrocellulose and
(if} communicates indirectly with the exterior of said
hollow casing via a bibulous urine receiving member
which protrudes from said hollow casing and which
acts as a reservoir from which urine is released;

(b) contains said labelled reagent in a first zone upstream
from said detection zone, wherein said labelled reagent
(i) comprises an anti-hCG antibody conjugated to a

colored particulate label and
(ii) is freely mobile within said dry porous carrier when
wetted with said urine;

(c) said detection zone is spatially distinct from said fiest
zone;

(d) said means for binding said first complex is an
untabelled anti-hCG antibody which is pesmanently
immobilized in said detection zone, wherein said unla-
belled anti-hCG antibody specifically binds a different
hCG epitope than the anti-hCG antibody of said
labelled reagent; and,

(e} said first zone and said detection zone being arranged
such that said urine applied to seid protruding bibulous
urine receiving member, and consequently thereby to
said dry porous camier, is conveyed by capillarity via
said first zone into said detection zone, said hollow
casing having at least one aperture through which said
second complex can be observed, whereby said test
device is a pregnancy test device.

20. The device according to claim 1, wherein said test
strip further comprises a bibulous sample receiving member
for initially receiving said liquid biological sample, said
bibulous sample receiving member thereafter releasing said
liquid biological sample into said dry porous carrier, and
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whercin said dry porous carricr contains said labelled
reagent.

21. The test device according to claim 20, wherein said
bibulous sampic receiving member protrudes from said
housing through said sample aperture, and wherein said
shroud surrounds said protruding bibulous member.

22. The test device according to claim 1, which further
comprises a control zone downstream from said detection
zone in said dry porous carrier, which control zone com-
prises means to indicale that said fiquid biological sample
has been conveyed by capillarity beyond said detection
zone, said hollow casing further including means permitting
observation of said control zone from outside said hollow
casing.

23. The test device according to claim 22, wherein said
means permitting observation of said control zone comprises
a coniral zone observation aperture.

24. The test device according to claim 1, wherein said
means permitting observation of said detection zone com-
prises & detection zone observation aperture,

25, The lest device according to claim 1, wherein said
shroud is constructed of opaque or translucent material.

26. The test device according to claim 1, wherein said
material comprising sugar further comprises a protein.

27. The test device according to claim 26, wherein said
protein is bovine serum albumin,

28. The test device according to claim 1, wherein said
sugar is selected from the proup consisting of sucrose,
lactose and dextran,

29. The test device according 1o claim 1, wherein mobility
of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with polyviny! alcohol.

30. The test device according to claim 1, wherein mobility
of said labelled reagent within said test strip is further
facilitaled by blocking excess binding siles within said test
strip with a protein.

31. The test device according to claim 30, wherein said
protein is selected from the group consisting of bovine
serum albumin and milk protein.

32. The test device according to claim 20, wherein said
bibulous sample receiving member has unidirectional poros-
ity parallel to its longitudinal axis.

33, A kit comprising a packaged pregnancy test device for
detecting hCG suspected of being present in a urine sample,
said device comprising:

a) a hollow casing having a first end, a second end, a
longitudinal axis, and a urine sample application aper-
ture adjacent to said first end;

b) a displaceable shroud disposed on said first end for
shielding said urine sample application aperture;

c} a tesl strip comprising a dry porous carrier disposed
within said hollow casing, wherein said dry porous
carrier .is nitrocellulose and communicates indirectly
with the exterior of said hollow casing via a bibulous
urine sample receiving member which protrudes from
said hollow casing and which acts as a reservoir from
which said urine sample is released into said dry porous
carrier,

said dry perous carrier having a detection zone; said
hollow casing including means permitting cbservation
of said detection zone from outside said casing;

said dry porous carrier containing in a first zone upstream
from said detection zone a labelled reagent comprising
a colored particulate direct fabel conjugated to an
anti-hCG antibody, wherein said anti-hCG antibody
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present in said labelled reagent is capable of specifi-
cally binding with said hCG to form a first complex of
said Jabelled reagent and said hCG,

whesein said labelted reagent is dry on said test strip prior
to use and is released into mobile form by said urine
sample, said labelled reagem being freely mobile
within said test strip when said test strip is wetted with
said urine sample, said detection zone being spatially
distinct from said first zone;

wherein mobility of said labelled reagen: within said test
strip is facilitated by at least one of 1) coating at least
said first zone with, or 2} drying said labelled reagent
onto a portion of said first zone in the presence of, a
material comprising sugar, in an amount effcctive to
reduce interaction between said test strip and said
labelled reagent;

said dry porous carrier containing in said detection zone
a means for specifically binding said first complex, said
means for specifically binding said first complex being
an uniabelled anti-hCG antibody which is impregnated
throughout the thickness of said dry porous carrier in
said detection zone and is permanently immobilized in
said detection zone,

wherein said anti-hCG antibody of said labelled reagent
and said unlabelled anti-bCG antibody specifically bind
to different hCG epitopes,

said first zone and said deteclion zone being arranged
such that said urine sample applied to said protruding
bibulous urine sample receiving member and conse-
quently to said dry porous carrier can migrate via said
first zone into said detection zone,

said migration of said urine sample through said dry
porous carrier conveying by capillarity said first com-
plex to said detection zone whereat said means for
specifically binding binds said first complex Lhereby to
form a second complex:

said second complex being observable via said means
permitiing observation in said detection zone, thereby
1o indicate the presence of said hCG in said wrine
sample.

34. A kit comprising a packaged fertile period prediction
test device for detecting LH suspected of being present in a
urine sample, said device comprising:

a) a hollow casing having a first end, a second end, a
lengitudinal axis, and a urine sample application aper-
ture adjacent to said first end;

b) a displaceable shroud disposed on said first end for
shielding said vrine sample application aperture;

c) a test strip comprising a dry porous carrier disposed
within said hollow casing, wherein said dry porcus
carrier is nitrocellulose communicates indirectly with
the exterior of said hollow casing via a bibulous urinc
sample receiving member which protrudes from said
hollow casing and which acts as a reservoir from which
said urine sample is released into said dry porous
carrier,

said dry porous carrier having a detection zonme; said
hollow casing including means permitting observation
of said detection zone from outside said casing;

said dry porous carrier containing in a first zone upstream
from said detection zone a labelled reagent comprising
a colored particulate dircet label conjugated to an
anti-LH antibody, wherein said anti-LH antibody
present in said labelled reagent is capable of specifi-
cally binding with said LH to form a first complex of
said labelled reagent and said LH,
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wherein said labelled reagent is dry on said test strip prior
to use and is released into mobile form by said urine
sample, said labelled reagent being freely mobile
within said test strip when said test steip is wetted with
said urine sample, said detection zone being spatially
distinct from said first zone;

wherein mobility of said labelled reagent within said test
strip is facilitated by at least one of 1) coating at least
said first zone with, or 2) drying said labeliled reagent
onto a portion of said first zone in the presence of, a
material comprising sugar, in an amount effective to
reduce interaction between said test strip and said
labelled reagent;

said dry porous carrier containing in said detection zone
ameans for specifically binding said first complex, said
means for specifically binding said first complex being
an unlabelled anti-LH antibody which is impregnated
throughout the thickness of said dry porous carrier in
said detection zone and is permanently immobilized in

* said detection zone.

15

26
wherein said anti-LH antibody of said labelled reagent
and said unlabelled anti-L.H antibody specifically bind
to different LH epitopes,

said first zone and said detection zone being arranged
such that said urine sample applied to said protruding
bibulous urine sample receiving member and conse-
quently to said dry porous carrier can migrate via said
first zone into said detection zone,

said migration of said urine sample through said dry
porous carrier conveying by capillarity said first com-
plex to said detection zone whereat said means for
specifically binding binds said first complex thereby to
form a second complex;

said second complex being observable via said means
permitting observation in said detection zone, thercby
to indicate the presence of said LH in said urine sample.

* * ¥ ¥k F
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[57] ABSTRACT

An analytical test device useful for example in pregnancy
testing, includes a hollew casing (500) constructed of mois-
ture-impervious solid material, such as plastics materials,
containing a dry porous carrier {51¢) which communicates
indirectly with the exterior of the casing via a bibulous
sample receiving member (506) which protrudes from the
casing such that a liquid test sample can be applied to the
receiving member and permeate therefrom to the porous
carrier, the carrier containing in 2 first zone a labelled
specific binding reagent is freely mobile within the porous
carrier when in the moist state, and in a second zone spatially
distinct from the first zone unlabelled specific binding
reagent for the same analyte which unlabelled reagent is
permanently immobilised on the camier material and is
therefore not mobile in the moist state, the two zones being
arranged such that liguid sample applied to the porous
carrier can permeate via the first zone into the second zone,
and the device incorporating an aperture (508) in the casing,
enabling the extent Gf any) to which the labelled reagent
becomes bound in the second zone to be observed. Prefer-
ably the device includes a removable cap for the protruding
bibulous member.

36 Claims, 5 Prawing Sheets
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CAPILLARY IMMUNOASSAY AND DEVICE
THEREFOR COMPRISING MOBILIZABLE
PARTICULATE LABELLED REAGENTS

This is a continuation of application Ser. No. 07/876,449
filed on Apr. 30, 1992, which was abandoned upon filing
hereof, which is a Divisional of Appln. Ser. No. 07/795,266
filed Nov. 19, 1991, now abandoned which is a continuation
of Appln. Ser. No. 07/204,146, filed as PCT/GB8BAX322,
Apr. 26, 1988, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to assays involving specific
binding, especially immunoassays.

In particular, he invention relates to analytical devices
which are suitable for use in the home, clinic or doctor's
surgery and which are intended to give an analytical result
which is rapid and which requires the minimum degree of
skill and involvement from the user.

2. Description of the Related Art The use of test devices
in the bome to test for pregnancy and fertile period (ovula-
tion) is now commonplace, and 2 wide variety of test devices
and kits are available commercially. Without exception, the
commercially-avaitable devices all require the vser to per-
form-a sequence of operations before the test result is
observable. These operations necessarily involve time, and
introduce the possibility of error.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a test
device whick is readily usable by an unskilled person and
which preferably merely requires that some portion of the
device is contacted with the sample (e.g. a vrine stream in
the casc of a pregnancy or ovulation test) and thereafter no
further actions are required by the user before an analytical
resuit can be observed. Ideally the analytical result should be
observable within a matter of minutes following sample
application, ¢.g. ten mimutes or less. ‘

The use of reagent-impregnated test strips in specific
binding assays, such as immunoassays, hias previously been
proposed. [n such procedures a sample is applied to one
portion of the test strip and is allowed to permeate through
the strip material, usually with the aid of an eluting solvent
such as watet. In so doing, the sample progresses into or
through a detection zone in the test strip wherein a specific
binding reagent for an analyte suspected of being in the
sample is immobilised. Analyte present in the sample can
therefore become bound within the detection zome. The
extent to which the analyte becomes bound in that zone can
be determined with the aid of labelled reagents which can
also be incorporated in the test stip or applied thereto
subsequently. Examples of prior proposals utilising these
principles are given in Thyroid Diagnostics Inc GB
1589234, Boots-Celltech Diagnostics Limited EP 0225054,
Syntex (USA) Inc EP 0183442, and Behringwerke AG EP
0186799.

The present invention is concerned with adapting and
improving the known techniques, such as those referred to
in the above publicatians, to provide diagnostic test devices
especially suitable for home use which are quick and con-
venient to use and which require the user to perform as few
actions a3 possible.
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Atypical embodiment of the invention is an analytical test
device comprising a hollow casing constructed of moisture-
impervious solid material containing a dry porous carrier
which communicates directly or indirectly with the exterior
of the casing such thai a liguid test sample can be applied to
the porous carrier, the device also containing a labelied
specific binding reagent for an analyle which labellcd spe-
cific binding reagent is freely mobile within the porous
carrier when in the moist state, and unlabelled specific
binding reagent for the same analyte which unlabelled
reagent is permanently immebilised in a detection zone on
the carrier material and is therefore not mobile in the moist
state, the relative positioning of the labelled reagent and
detection zone being such that fiquid sample applied to the
device can pick up labelled reagent and thereafter permeate
into the detection zone, and the device incorporating means
enabling the extent (if any) to which the labelled reagent
becomes in the detection zone to be chserved,

Ancther embadiment of the invention is a device for use
in an assay for an analyte, incorporating a porous solid phase
material carrying in a first zone a labelled reagent which fs
retained in the first zone while the porons material is in the
dry state but is free to migrate thiough the porous material
when the porous material is moistened, for example by the
application of an aqueous liquid sample suspected of con-
taining the analyte, the porous material carrying in a second
zone, which is spatially distinct from the first zone, an
untabelled specific binding reagent having specificity for the
analyte, and which is capable of participating with the
labelled reagent in either a “sandwich” or a “competition”
reaction, the unlabelled specific binding reagent being firmly
immobilised on the porous material such that it is not free to
migrate when the porous material is in the moist state.

The invention also provides an amalytical method in
which a device as set forth in the proceeding paragraph is
contacted with an aqueous liquid sample suspected of con-
taining the analyte, such that the sample permeates by
capillary action trough the porous solid phase material via
the first zone into the second zone and the labelled reagent
migrates therewith from the first zone to the second zone, the
presence of analyte in the sample being determined by
observing the extent (if any) to which the labelled reagent
becomes bound in the second zone.

In one embodiment of the invention, the labelled reagent
is a specific binding partner for the analyte. The labelled
reagent, the analyte (if present) and the immobilised unla-
belled specific binding reagent cooperate together in a
“sandwich” reaction. This results in the lgbeliled reagent
being bound in the second zone if analyte is preseot in the
sample. The two binding reagents must have specificities for
different epitopes on the analyte.

Tn another-embodiment of the invention, the labelled
reagent is either the analyte itself which has been conjugated
with a label, or is an analyte analogue, ie a chemical entity
having the identical specific binding characteristics as the
analyte, and which similarly has-been conjugated with a
tabel, In the latter case, it is preferable that the properties of
the analyte analogue which influence its solubility or dis-
persibility in an aqueous liguid sample and its ability to
migrate through the moist porous solid phase material
shoutd be identical to those of the analyte itself, or at least
very closcly similar. In this second embodiment, the labelled
analyte or analyte analogue will migrate throngh the porous
solid phase material into the second zone and bind with the
immobolised reagent. Any analyte present in the sample will
compete with the labelled reagent in this binding reaction.
Such competition will result in a reduction in the amount of
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labelled reagent binding in the second zone, and a conse-
quent decrease in the intensity of the signal observed in the
second zone in comparison with the signa) that is observed
in the absence of analyte in the sample.

An important preferred embodiment of the invention is
the selection of nitroceliulose as the carrier material. This
has considerable advantage over conventional strip materi-
als, such as paper, because it has a natural ability to bind
proteins without requiring prior sensitisation. Specific bind-
ing reagents, such as immunoglobulins, can be applied
directly to nitrocellulose and immobilised thereon. No
chemical treatment is required which might interfere with
the essential specific binding activity of the reagent. Unused
binding sites on the nitrocellutose can thereafier be bocked
using simple materials, suck as polyvinylalcohol. Moreover,
nitrocellulose is readily available in a range of pore sizes and
this facilitates the selection of a carrier material 10 suit
particularly requirements such as sample flow rate.

Another important preferred embodiment of the invention
is the use of so called “direct labels”, attached 10 one of the
specific binding reagents. Direct Jabels such as gold sols and
dye sols, are already known per se. They can be used to
produce an instant analytical result without the need to add
further reagents in order 1o develop a detectable signal. They
are robust and stable and can therefore be used readily in a
analytical device which {s stored in the dry staie. Their
release on contact with an aqueous sample can be modu-
lated, for example by the use of soluble glazes.

An important aspect of the invention is the selection of
technical features which enable a direct labelled specific
binding reagent to be used in a carrer-based analytical
device, ¢.g. one based on a strip format, 10 give a quick and
clear result. Ideally, the result of the assay should be
discernable by eye and to facilitate this, it is aecessary for
the direct label to become concentrated in the detection
zone. To achieve this, the direct labelled reagent should be
transportable easily and rapidly by the developing liquid.
Furthermore, it is preferable that the whole of the developing
sample liquid is directed through a comparatively small
detection zone in order that the probability of an observable
result being obtained in increased.

Another important aspect of the invention is the use of 2
directly lahelled specific binding reagent on a carrier mate-
rial comprising nitrocellulose. Preferably the nitrocellulose
has a pore size of at least one micron. Preferably the
nitrocellulose has a pore size not greater than about 20
microns. In a particularly preferred embodiment, the direct
label is a coloured latex particle of spherical or near-
spherical shape and having a maximum diameter of not
greater than about 0.5 micron. An ideal size range for such
particles is from about 0.05 to about 0.5 microns.

In a further embodiment of the present invention, the
porous solid phase material s linked to a porous receiving
member to which the liquid sample can be applied and from
which the sample can permeate into the porous solid phase
material, Preferably, the porous solid phase material is
contained within a moisture-impermezble casing or housing
and the porous receiving member, with which the porous
solid phase material is linked, extends out of the housing and
can act as a means for permitting a liquid sample to enter the
housing and permeate the porous solid phase material. The
housing should be provided with means, e.g. appropriately
placed apertures, which enable the second zone of the
porous solid phase material (carrying the immobilised unia-
belled specific binding reagent) to be obscrvable from
outside the housing s0 that the result of the assay can be
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observed. If desired, the housing may also be provided with
further means which enable a further zone of the porous
solid phase material to be observed from outside the housing
and which further zone incorporaies controf reagents which
enable an indication to be given as to whether the assay
procedure has been compleled, Preferably the housing is
provided with 2 removable cap or shroud which can prolect
the protruding porous receiving member during storage
before use, If desired, the cap or shroud can be replaced over
the protruding porous receiving member, after sample appli-
cation, while the assay procedure is being performed.
Optionally, the labelled reagent can be incorporled else-
where within the device, e.g. in the bibulous sample collec-
tion member, but this is not preferred.

An important embodiment of the invention is a pregnancy
testing device comprising a hollow elongated casing con-
taining & dry porous nitrocellufose carrier which communi-
cates indirectly with the exterior of the casing via a bibulous
urine receiving member which protrudes from the casing
and which can act as a reserveir from which urine is released
into the porous carrier, the carrier centaining in a first zone
a highly-specific anti-hCG antibody bearing a coloured
“direct” label, the labelled antibody being freely mobile
within the porous carrier when in the moist state, andina
second zone spatially distinct from the fitst zone an highly-
specific unlabelled anti-hCG antibody which is permanently
immobilised on the carrder material and is therefore not
mobile in the moist state, the labetled and unlabelled anti-
bodies having specificities for different hCG epitopes, the
two zones being arranged such that a urine sample applied
to the porous carrier can permeate via the first zone into the
second zone, and the casing being constructed of opaque or
translucent material incorporating at least one aperture
through which the analytical resull may be cbserved,
together with 2 removable and replaceable cover for the
protruding bibulous urine receiving member, A fertile period
prediction device, essentially as just defined except that the
analyte is LH, is an important alternative.

Such devices can be provided as kits suitable for home
use, comprising a plurality (e.g. two) of devices individually
wrapped in moisture impervious wrapping and packaged
together with appropriate instructions to the user.

The porous sample receiving member can be made from
any bibulous, porous or fibrous material capabie of absorb-
ing liquid rapidly. The porosity of the material can be
unidirectional {is with pores or fibres Tunning wholly or
predominantly paralle] to an axis of the member) or multi-
directional (omnidirectional, so that the member has an
amorphous sponge-like structure), Porous plastics material,
such as polypropylenc, polyethylene (preferably of very
high molecular weight), polyvinylidene flouride, ethylene
vinylacetate, acrylonitrile and polytetrafivoro-ethylene can
be used. It can be advantageous to pre-treat the member with
a surface-active agent during manufacture, as this can reduce
any inherent hydrophobicity in the member and therefore
enthance its ability to take up and deliver a moist sample
rapidly and efficiently. Porous sample receiving members
can also be made from paper-or other cellulosic materials,
such as nitro-cellulose. Materials that are now used in the
nibs of so-called fibre tipped pens are particularly suitable
and such materials can be shaped or extruded in a variety of
lengths and cross-sections appropriate in the context of the
invention. Preferably the material comprising the porous
receiving member should be chosen such that the porous
member can be saturated with aqueous liquid within a mater
of seconds. Preferably the material remains robust when
moist, and for this reason paper and similar materials are less
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preferred in any embodiment wherein the porous receiving
member -protrudes from a housing. The liquid must there-
after permeate freely from the porous sample receiving
member into the porous solid phase material.

If present, the “control” zone can be designed merely to
convey an unselated signal to the user that the device has
worked, For example, the control zone can be loaded with an
antibody that will bind to the labelled antibody from the first
zone, e.g. an “anti-mouse” antibody if the labelled body is

one that has been derived using a2 murine hybridoma, to 10

confirm that the sample has permeated the test strip. Alter-
natively, the control zone can contain an anhydrous rcagent
that, when moistened, produces a colour change or colour
formation, e.g. anhydrous copper sulphate which will turm

blue when mojstened by an agueous sample. As a further 15

alternative, a control zone could contain immobilised ana-
lyte which will react with excess labelled reagent from the
first zone. As the purpose of the control zone is to indicate
to the user that the test has been completed, the control zone

shonld be located downstreama from the second zone in 20

which the desired test result is recorded. A positive control
indicator therefore tells the user that the sample has perme-
ated the required distance through the test device,

The 1abel can be any entity the presence of which can be

readily detected, Preferably the label is a direct label, ie an =

entity which, in ts natural state, is readily visible either to
the naked eye, or with the aid of an optical filter and/or
applied stimulation, e.g. UV light to promote fluorescence.
For example, minute coloured particles, such as dye sols,
metallic sols (e.g. gold), and coloured latex particles, are
very suitable. Of these options, coloured latex particles are
most preferred, Concentration of the label into a small zone
ot volume should give rise to a readily detectable signsl, e.g.
a strongly-coloured area. This can be evaluated by eye, or by
instruments if desired.

Indirect labels, such as enzymes, e.g, alkaline phosphatase
and horseradish peroxidase, can be used but these usvally
require the addition of one or more developing reagents such
a8 substrates hefore a visible signal can be detected. Hence
these are less preferred. Such additional reagents can be
incorporated in the porous solid phase material or in the
sample receiving member, if present, such that they dissolve
or disperse in the aqueous liquid sample. Alternatively, the

developing reagents can be added to the sample before ,

contact with the porous material or the porous malerial can
be exposed to the developing reagents after the binding
reaction has taken place.

Coupling of the label to the specific binding reagent can

be by covalent bonding, if desired, or by hydropbobic .

bonding. Such techniques are commonplace in the art, and
form no part of the present invention. In the preferred
embodiment, where the Iabel is & direct iabel such as a
coloured latex particle, hydrophobic bonding is preferred.

In all embodiments of the invention, it is essential that the 55

labelled reagent migrates with the liquid sample as this
progresses to the detection zone. Preferably, the flow of
sample continues beyond the detection zone and sufficient
sample is applied to the porous material in order that this

may occur, and that any excess labelled reagent from the first 60

zone which does not participate in any binding reaction in
the second zone is flushed away from the detection zone by
this continuing flow. I desired, an absorbant “sink” can be
provided at the distal end of the carrier material. The

absorbent sink may comprise, for example, Whatman 3 MM 65

chromatography paper, and should provide sufficient absorp-
tive capacity 10 allow any unbound conjugate to wash out of -
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the detection zone. As an alternative to such a sink it can be
sufficient to have a length of porous solid phase material
which extends beyond the detection zone.

The presence or intensity of the signal from the label
which becomes bound in the second zone can provide a
qualitative or quantitative measurement of analyte in the
sample. A plurality of detection zones arranged in series on
the porous solid phase material, through which the aqueous
liquid sample can pass progressively, can aiso be used o
provide a quantitative measurement of the analyte, orcanbe -
loaded individually with different specific binding agents to
provide a multi-analyte test.

The immobilised specific binding reagent in the second
zope is preferably a highly specific antibody, and more
preferably a monoclonal antibody. In the embodiment of the
invention involving the sandwich rcaction, the labelled
reagent is also preferably a highly specific antibody, and .
more preferably a monoclonal antibody.

Preferably the carrier material is in the form of a strip or
sheet to which the reagents are applied in spacially distinet
zones, and the liquid sample is allowed to permeate through
the sheet or strip from one side or end to another,

If desired, a device according to the invention can incor-
porate lwo or more discrete bodies of porous solid phase
material, e.g. separate strips or sheets, each carrying mobile
and immobilised reagents. These discrete bodies can be
arranged in parallel, for example, such that a single appli-
cation of liquid sample to the device initiates sample flow in
the discrete hodies simultaneously. The separate analytical
results that can be determined in this way can be used as
control results, or if different reagents are used on the
different carriers, the simultaneous determination of a plu-
rality of analytes in a single sample can be made. Alterna-
tively, multiple samples can be applied individually to an
array of carriers and analysed simultancously.

The material comprising the porous solid phase is pref-
erably nitrocellulose. This has the advantage that the anti-
body in the second zone can be immobilised firmly without
prior chemical treatment. If the porous solid phase material
comprises paper, for example, the immobilisation of the
antibody in the second zone needs to be performed by
chemical coup ling using, for example, CNBr, carbonyldi-
imidazole, or tresyl chloride.

Following the application of the antibody to the detection
zone, the remainder of the porous solid phase material
should be treated to block any remaining binding sites
elsewhere. 8locking can be achieved by treatment with
protein (e.g. bovine serum albumin or milk protein}, or with
polyvinylalcohol or ethanplamine, or any combination of
these agents, for example. The labelled reagent for the first
zone can then be dispensed onio the dry carrier and will
become mobile in the carrier when in the moist state.
Between each of these various process steps (sensitisation,
application of unlabelled reagent, blocking and application
of the labelled reagent), the porous solid phase material
should be dried.

To assist the free mobility of the labelled reagent whenthe
porous carrier is moistened with the sample, it is preferable
for the labelled reagent to be appled to the carrier as a
surface layer, rather than being impregnated in the thickness
of the carrier. This can minimise interaction between the
carrier material and the labelled reagent. In a preferred
embodiment of the invention, the carrier is pre-treated with
a glazing material in the region to which the labelled reagent
is to be applicd. Glazing can be achieved, for example, by
depositing an aqueous sugar or cellulose solution, e.g. of
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sucrose or lactose, on the carrier at the relevant portion, and
drying. The labelled reagent can then be applied to the
glazed portion. The remainder of the carrier material should
not be glazed.

Preferably the porous solid phase material is nitrocellu-
lose sheet having a pore size of at least about ] micron, even
more preferably of greater than about § microns, and yet
more preferably about 8-12 micrans. Very suitable nitrocel-
lulose sheet having a nominal pore size of up to approxi-
mately 12 microns, is available commercially from Schle-
icher and Schuell GmbH.

Preferably, the nitrocellulose sheet is “backed”, e.g. with
plastics sheet, to increase its handling strength, This can be
manufactured easily by forming a thin layer of nitrocellulose
on a sheet of backing material. The actual pore size of the
nitrocellulose wher backed in this manner will tend to be,
lower than that of the correspending unbacked material.

Alternatively, a pre-formed sheet of nitroceliulose can be
tightly sandwiched between two supporting sheets of solid
material, e.g. plastics sheets.

It is preferable that the flow rate of an ageous sample
through the perous solid phase material should be such that
in the untreated material, aqueous-liquid miprates at a rate of
1 cm in not more than 2 minutes, but stower flow rates can
be used if desired.

The spatial separation between the zones, and the flow
rate characteristics of the porous carrier material, can be
selected to allow adequate reaction times during which the
necessary specific binding can occur, 2nd to allow the
labeiled reagent in the first zone to dissolve or disperse inthe
liquid sample and migrate through the carrier. Further con-
trol over these parameters can be achieved by the incorpo-
ration of viscosity modifiers (e.p. sugars and modified
celluloses) in the sample to slow down the reagent migra-
tion.

Preferably, the immobilised reagent in the second zone is
impregnated througheout the thickness of the carrier in the
second zone (c.g. throughout the thickness of the sheet or
strip if the carrier is in this form). Such impregnation can
enhance the extent to which the immobilised reagent can
caplure any analyte present in the migrating sample.

The reagents can be applied to the carrier material in a
variety of ways. Various “printing” techniques have previ-
ously been proposed for application of liquid reagents to
carriers, e.g. micro-syringes, pens using metcred pumps,
direct printing and ink-jet printing, and any of these tech-
niques can be used in the present context. To facilitate
manufacture, the carrier {e.g. sheet) can be treated with the
reagents and then subdivided into smaller portions (e.g.
smail narrow strips each embodying the required reagent-
containing zones) to provide a plurality of identical carrier
units,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a perspective view of a strip of porous solid phase
material for use in an assay test in accordance with the
invention;

FIG. 2 a perspective view of a strip of porous solid phase
material for use in an assay test in accordance with the
invention;

FIG. 3 is a perspective view of a device utilizing a porous
strip of the type illustrated in FEGS. 1 and 2,

FIG. 4 is a perspective vicw, parially broken away,
revealing a porous strip within the device of FIG. 3;
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FIG. 5 is an enlarged view of one end of the device of
FIG. 3;

FIG. 6 is a perspective view of another test device
according to the invention;

FIG. 7 is a perspective view, similar to FIG. 6, but
partially cut away to reveal the porous test strip contained
within the body of the device;

FIG. 8 is an exploded perspective view of an assay device
in accordance with the present invention;

FIG. 9 is a cross-sectional side clevation of the device
shown in FIG. 8;

FIG. 10 is an enlarged view of the porous receiving
member and test strip in the device illustrated in FIGS. 8 and
9

FIG. 11 is a plan view of another embodiment of the
invention,

FIG. i2 is a schematic cross-sectional view taken along
line 12—12 in FIG. 11;

FIG. 13 is a perspective view of yet another embodiment
of the invention; and

FIG. 14 is a partially cut away view of the device of FIG.
13.

By way of exampile only, some preferred embodiments of
the invention will now be described in detail with reference
to the accompanying drawings.

Embodiment 1

FIGS. 1 and 2 represent a typical strip of porous solid
phase material for use in an assay test in accordance with the
invention, and illustrate the underiying principle upon which
the invention operates.

Referring 10 FIG. 1, the assay test strip 10 is seen as a
rectangular strip having (for the purpose of this description)
its longitudinal axis in a vertical situation. Adjacent the
lower end 11 of strip 10 is a narrow band-or zone 12
extending across the entire width of the strip. A small region
13 of strip 10 lies vertically below zonc 12. Above zone 12
is a second zone 14 lying a discrete distance up strip 10 and
similarly extending the entire width of the strip. The region
15 of strip 10 between zones 12 and 14 can be of any height
as long as the two zones are separate, A further region 16 of
the strip extends above zone 14, and at the top 17 of the strip
is a porous pad 18 firmly linked to strip 10 such that pad 18
can act as a “sink” for any liquid sample which may be rising
by capillary action through strip 10.

Zone 12 is Toaded with a first antibody bearing a visible
(“direct”) label (e.g. coloured latex particle, dye sol or gold
sol). This reagent can freely migrate through the strip in the
presence of a liquid sample. In zone 14, the sirip is impreg-
nated with a second antibody having specificity for a dif-
ferent epitope on the same analyte as the first antibody. The
second antibody is firmly immobilised on the strip.

FIG. 2 illustrate what happcns when the assay strip is used
in an analytical procedure. The lower end 11 of the dry strip
is contacted with a liguid sample (not shown) which may
contain the analyte to be determined. Capillary action causes
the fluid to rise through the strip and eventually reach pad
18. In so doing, the sample traverses zome 12 and the
labelled antibody will dissolve or disperse in the sample and
migrate with it through the strip. While migrating towards
zone 14, the labelled antibody can bind to any analyte
present in the sample. On reaching zone 14, any analyte
molecule should become bound to the second antibody, so
immobilising the labelled “sandwich” so produced. If a
significant concentration of the analyte to be determined is
present in the liquid sample, in a short perfod of time a
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sample can be absorbed by the bottom end 11 of the test strip
20 and rise by capillary action to the top 17 of the test sirip
and into the sink 18. ln so doing, the liquid sample
progresses via zone 12 10 zone 4. Specific binding reactions
as described above occur, and the test result is visible to the
user through the window 32.

Embodiment 2

FIGS. 6 and 7 of the accompanying drawings illustrate
another test device according to the invention. FIG. &
illustrates the complete device viewed from the front, and
FIG. 7 depicts the same device partially cut away to reveal
details of a porous test strip contained within the body of the
device.

Referring to FIG. 6, the device comprises an elongate
body 200 terminating at its lower end 201 in a small integral
receptacle 202 which can hold a predetermined volume of 2
liquid sample, eg urine. The front face 203 of the body 200
incorporates iwo square small square apertures or windows
204 and 205 located one above the other.

Referring to FIG. 7, the elongate portion of the body 200
is hollow and incorporates a test strip 206 running almost the
full height of the body. This test strip is of similar construc-
tion to those described under Embodiment 1, and incorpo-
rates near its lower end 207 a horizontal zone 208 bearing a
labelled specific binding reagent that can freely migrate in
the strip in the moist state. There are two circular zones 209
and 210 adjacent to the windows 204 and 205 and visible
therethrough. The strp terminates at its top end 21k in 2
porous sink 212. At the bottom end 201 of the device, the
receptacle 202 communicates with the hollow body via a
lateral aperture 213.

In operatiot, a liquid sample is applied to the bottom end
of the device and a predetermined volume of the sample fills
the receptacle 202. From the receptacle 202 the liquid
sample rises by capillary action through the test strip 206
and conveys the labelled reagent from zone 208 to the two
circular zones 209 and 210. A seres of specific binding
reactions as described in relation to Embodiment 1 above
oceur. In this embodiment the second circular zone 210 can
act as a control (giving rise, for example, to & coloured signal
irespective of whether or not (he sample contains the
analyte to be determined) and the determination of the
analyte takes place in the first circular zone 209. The user
can determine whether the analyte is present in the sample
by comparing the signal produced in the two zones.

For example, if the test is used to determine the presence
of hCG in urine during the course of a pregnancy test, the
circular contro! zone 210 can contain immobilised HCG
which will bind a labelled antibody which is carried upwards
from zone 208 by the migrating liquid sample. The same
labelled antibody can enpage in a “sandwich’ reaction with
hCG in the sample and be bound in the first circular zone 209
by another specific anti-hCG antibedy which has been
immobilised therein. Altemnatively, if desired, the “control”
zone can be designed merely to convey an unrelated signal
to the user that he device has worked. For example, the
second circular zone can be loaded with an antibody that will
bind to the labelled antibody from zone 208, e.g. an “anti-
mouse” antibody if the 1abelted antibody is one that has been
derived using a murine hybridoma, to confirm that the
sample has permeated the test sirip.

Embodiment 3

FIG. 8 of the accompanying drawings represents an
isometric view of an assay device in accordance with the
invention, and FIG. 9 rcpresents a cross-sectional side
elevation of the device shown in FIG. 8.

Referring to FIG. 8, the device comprises a housing or
casing 500 of elongate rectangnlar form having at one end
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501 a portion 502 of reduced cross-sectional area. A cap 503
can be fitted onto portion 502 and can abut apainst the
shoulder 504 at end 501 of the housing. Cap 503 is shown
separated from housing 500. Extending beyond end 505 of
portion 502 is a porous member 506, When cap 503 is fined
onto portion 502 of the bousing, it covers porous member
506. Upper face 507 of housing 500 incorporates two
apertures 508 and 509.

Referring to FIG. 9, it can be seen that housing 500 is of
hollow construction, Porous member 506 extends into hous-
ing 500 and contacts a strip of porous carrier material 510.
Porous member 506 and strip 510 overlap to ensure that
there is adequate contact hetween these two materials and
that a liquid sample applied to member 506 can permeate
member 506 and progress into strip 510, Strip 510 extends
further into housing 500. Strip 510 is “backed” by a sup-
porting strip 511 formed of transparent moisture-imperme-
able plastics material. Strip 510 extends beyond apertures
508 and 509. Means are provided within housing 500 by
webbs 512 and 513 1o hold strip 510 firmly in place. In this
respect, the internal constructional details of the housing are
not & significant aspect of the invention as long as the sirip
is held firnly in place within the housing, and porous
member 506 is firmly retained in the housing and adequate
fiuig permeable contact is maintained between member 506
and strip 510, The transparent backing strip 511 lies between
strip 510 and apertures 508 and 509 and can act as a seal
against ingress of moisture from outside the housing 500 via
these apertures. If desired, the residual space 514 within the
housing can contain moisture-absorbant material, such as
silica gel, to help maintain the strip 510 in the dry state
during storage. The reagent-containing zones in strip 510 are
not depicted in FIG. 8, but the first zone containing the
labelled reagent which is mobile when the strip is moistened
will lie in the region between the porcus member 506 and
aperture 508. The second zone containing the immobilised
uriahelied reagent will lie in the region exposed through
aperture 508 in order that when the device has been used in
an assay, the result can be observed through aperivre 508,
Aperture 509 provides means through which a control zone
containing further reagents which may enable the adequate
permeation of sample through the strip to be observed.

In operation, the protective cap 503 is removed from the
holder and member 506 is exposed to a liquid sample e.g. by
being placed in a urine stream in the case of a pregnancy test.
After exposing member 506 to the liquid sample for a time
sufficient to ensure that member 506 is saturated with the
sample, the cap 503 can be replaced and the device placed
aside by the user for an appropriate time (e.g. two or three
minutes) while the sample permeatcs test strip 510 to
provide the analytical result, After the appropriate time, the
user can observe the test strip through apertures 508 and 509
and can ascertain whether the assay has been completed by
obscrving the control zone through aperture 509, and can
ascertain the result of the assay by observing the second
zone through aperture 508.

During manufacture, the device can be readily assembled
from, for example, plastics material with the housing 500
being moulded in 1wo parts (e.g. upper and lower halves 515
and 516) which can be securely fastened together (e.g. by
ultrasonic welding) after the porous member and test strip
have been placed within one of the halves and then sand-
wiched between the two halves. The act of forming this
sandwich construction can be used to ‘scrimp’ the porous
member and test strip together 10 ensure adequate contact
between them, Cap 503 can be moulded as a2 separate
complete item. If desired, apertures 508 and 509 can be
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provided with transparent inserts which may insure greater
security against ingress of extrancous moisture from outside
the housing. By providing a tight fit between the end 505 of
housing 500 and the protruding porous member 506, the
application of sample to the protruding member will not
result in sample entering the device directly and by-passing
member 506. Member 506 therefore provides the sole route
of access for the sample to the strip within the housing, and
can deliver sample to the strip in a controlled manmer. The
device as a whole therefore combines the functions of
samples and analyser.

By using the test strip materials and reagents as herein-
after described, a device in accordance with FIGS. 8 and 9
can he produced which is eminently suitable for use as a
pregnancy test kit or fertile period test kit for use in the home
or clinic, The user merely needs to apply a urine sample to
the exposed porous member and then (after optionally
replacing the cap) can chserve the test result through aper-
ture 508 within a matter of a few minutes.

Although described with particular reference to preg-
nancy tests and fertile period tests, it will be appreciated that
the device, as just described, can be used to determine the
presence of a very wide variety of analytes if appropriate
reagents are incorporated in the fest strip, It will be further
appreciated that aperture 509 is redundant and may be
omitted if the test strip does not contain any control mears.
Further, the general shape of the housing and cap, both in

terms of their length, cross-section and other physical fea- -

tures, can be the subject of considerable variation wnhuut
departing from the spirit of the invention.

A further option is the omission of the labelled reagent
from the test strip, this reagent being added to the sample
prior to application of the sample to the test device. Alter-
natively, the labelled reagent can be contained in the pro-
truding porous member 506,

FIG. 10 of the accompanying drawings shows an enlarged
view of the porous receiving member and test strip in the
device illustrated in FIGS. 8 and 9.

The porous receiving member 506 is linked to the porous
test strip 510, backed by the wransparent plastics sheet 511,
such that liquid can flow in the direction shown by the
arrows through the porous receiving member and into the
porous strip. Test zone 517 incorporates the immobilised

specific binding reagent, and control zone 518 contains 2

reagent to indicate that the sample has permeated a sufficient
distance along the test strip. A portion of the test strip surface
opposite the backing strip 511 and adjacent the porous
receiving member 506, carries a glaze 519 on which is
deposited a layer 520 of labelled specific binding reagent.
The thickness of these two layers as depicted in FIG. 10 is
grossly exaggerated purely for the purpose of iilustration. It
will be appreciated that, in practice, the glaze may not form
a true surface layer and the glazing material will penetrate
the thickness of the strip to some exient. Similarly, the
subsequently applied labslled reagent may also penetrate the
strip. Nevertheless, he essential objective of reducing any
interaction between the labelled reagent and the carrier
material forming the strip will be achieved. An agueous
sample deposited in receiving member 506 can flow there-
from among the length of strip 510 and in so deing, will
dissolve glaze 519 and mobilise the labelled reagent, and
carry the labelled reagent along the strip and through zone
517
Embodiment 4

FIGS. 11 and 12 illustrate another embodiment of the
invention, which is seen in plan view in FIG. 11 and in
cross-section in FIG. 12, the cross-section being an elevation
on the line 1212 seen in FIG. 11.
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Referring to FIG. 11, the test device comprises a flat
rectangular casing 600 incorporating a centrally disposed
rectangular aperture 601, adjacent the left hand end 602, and
two further apertures 603 and 604 near the mid point of the
device and arranged such that apertures 601, 603 and 604 lie
on the central longjtudinal axis of the device corresponding
to line 1212, Although all three apertures are illustrated as
being rectangular, their actual shape is not critical.

Referring to the cross-section seen in FIG. 12, the device
is hollow and incorporates within it a porous sample receiv-
ing member adjacent end 602 of casing 600 and lying
directly beneath aperturc 601. A test strip of similar con-
struction to tat described with reference to Embodiment 4,
compriging a porous strip 606 backed by a transparent
Pplastics sheet 607 is also contained within casing 600, and
extends from the porous receiving member 602, with which
the porcus carrier is in liquid permeable contact, to the
extreme other end of the casing. The transparent backing
sheet 607 is in firm contact with the upper inner surface 608
of casing 600, and provides a seal apainst apertures 603 and
604 io prevent ingress of moisture or sample into the casing.
Although not shown in the drawings, the porous test strip
606 will incorporate a labelled specific binding reagent, and
a test zone and a control zone placed appropriately in
relation to apertures 603 and 604, in a reanner analagous to
that described in Embodiment 3.

In operation, an aqueous sample can be applied throngh
aperture 601, e.g. by means of a syringe, to saturate porous
receiving member 605. Thereafter, the aqueous sample can
permeate the test strip and after an appropriate time the test
result can be observed through apertures 403 and 604.
Embodiment 5

A yet further embodiment of the invention is illustrated in
FIGS. 13 and 14 of the accompanying drawings. FIG. 13
shows a device comprising a rectangular casing 700 having
in its upper surface 701 a rectangular aperture 702. One end
wall 703 of the device 703 incorporates an aperture 704
through which a porous test element communicates with the
exterior of the device. Aperre 702 is sitvated in surface 701
at & point relatively remote from the end 703 containing the
aperture 704,

FIG. 14 shows a partially cut-away view of the device in
FIG. 13. The hollow device incorporates a porous test strip
705, running almost the entire length of casing 700 from
aperture 704. Test strip 705 incorporates a first zone 706
containing a labelled specific binding reagent ad a further
zone 707, remote from aperture 704, incorporating an immo-
bilised specific reagent. Zone 706 lies directly beneath
aperture 702 is therefore observable from outside casing.
Beneath strip 705 and adjacent zone 707, is a crushable
element 708 containing one or more snbstrates or reagents
which can be used 10 produce a detectable signal when
released into zone 707, if labelled reagent from 706 has
become bound in zone 707 following use of the device.
Release of the reagents from member 708 can be effected by
applying pressure to the outside of the casing at that pointin
order to crush the member and cxprcss the reagent there-
from.

In operation, the first test element can be exposed to an
aqueous sample, e.g. by dipping end 703 of casing 700 into
a vesse] containing the sample. The liquid sample will then
permeate the length of test strip 705, taking labelled reagent
from zone 706 and passing throngh zone 707 where the
labelled reagent can become boand e.g. through a “sand-
wich” reaction involving an analyte in the sample. When the

sample has permeated the test strip, reagent can he released
from the crushable member 708 and the result of thc test
ohserved through aperture 702.
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By way of example only, certain preferred test strip
materials, reagents, and methods for their production will
now be deseribed,

1. Selection of Liquid Conductive Material

Representative examples of liquid conductive materials
include paper, nitrocellulose and nylon membranes. Essen-
tial features of the material are its ability 1o bind protein
speed of liquid conduction; and, if necessary after pre-
treatment, its ability to allow the passage of labelied anti-
bodies along the strip. It this is a direct label, it may be
desirable for the material to allow flow of particles of size up
to a few microns (usually less than 0.5 p). Examples of flow
rates obtained with various materials are given below:

Pore Time to Flow

size 45 mm {minates)
Schleicher + Schusll I 3.40
nitrocellulese (unbacked) 1] 330
- 300
12p 220
polyester-backed 8y (nominal) 340
‘Whatman Nitrocellzlose 5 19.20
Pall "Immuncdyne™ (nylon) 3 400
5 3.20

The speed of a test procedure will be determined by the
flow rate of the material employed and while any of the
above materials can be used some will give faster tests than
others.

Nitrocellulose had the advantage of requiring no activa-
tion and will immobilise proteins strongly by absorbtion,
“Immunodyne” is pre-activated and requires no chemical
treatment. Papers, such as Whatman 3 MM, require chemi-
cal activation with for example carbonyldiimidazole in order
to successfully immobilise antibody.

2. Labels
Preparation of Labels

A selection of labels which may be used are described
below. This list is rot exhaustive.
A) Gold Sol Preparation

Gold sols may be prepared for use in immunoassay from
commercially-available colloidal gold, and an antibody
preparation such as anti-alpha human chorionic gonadolro-
phin. Metallic sof labels are described, for example, in
European patent specification No. EP 7654.

For example, colloidal gold G20 (20 nm particle size,
supplied by Janssen Life Sciences Products) is adjusted to
pPH 7 with 0.22 p filtered 0.1 M K,CO,, and 20 mls is added
to a clean glass beaker. 200 ul of anti-alpha hCG antibody,
prepared in 2 mM borax buffer pH 9 at 1 mg/ml, and 0.22u
filtered, is added to the gold sol, and the mixture stirred
continuously for two minutes. 0.1M K,CO, is used to adjust
the pH of the antibody gold sol mixmure 10 9, and 2 mis of
10% (wiv) BSA is added.

The antibody-gold is purified in a series of three centrifu-
gation steps at 12000 g, 30 minutes, and 4° C., with only the
loose part of the pellet being resuspended for further use.
The final pellet is resuspznded in 1% (w/v) BSA in 20 mM
Tris, 150 mM NaCl pH 8.2.

B) Dye Sol Preparation

Dye sols ( see, for example, European patent specification
No. EP 32270) may be prepared from commercially-avail-
able hydrophobic dyestuffs such as Foron Blue SRP (San-
doz) and Resolin Blue BBLS (Bayer). For example, fifty
grammes of dye is dispersed in 1 litre of distilled water by
mixing on a magnetic sticrer for 2-3 minutes, Fractionation
of the dye dispersion can be performed by an initial cen-
trifugation step at 1500 g for 10 minutes at room temperature
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to remove larger sol particles as a solid pellet, with the
supcrmatant suspensicn being retained for further centrifu-
gation.

The suspenston is centrifuged at 3000 g for 10 minutes at
room temperature, the supernatant being discarded and the
pellet resuspended in 500 mis distilled water. This procedure
is repeated a further three times, with the final pellet being
resuspended in 100 mls distilled water.

The spectra of dye sols prepared as described sbove can
be measured, giving lambda-max values of approximately
657 nm for Foron Blue, and 690 nm for Resolin Blue. The
abscrbance at lambda-max, for 1 cm path length, is used as
an arbitrary measure of the dye sol concentration,

C) Coloured Particles

Latex (polymer) particles for use in immuncasays are
available commerically. These can be based on a range of
synthetic polymers, such as polystyrene, polyvinyltoluene,
polystyrene-acrylic acid and polyacrolein. The monomlers
used are normally water-insuluble, and are emulsified in
aqueous surfactant so that monomer mycelles are formed,
which are then induced to polymerise by the addition of
initiator to the emulsion. Substantially sperical polymer
particles are produced.

Coloured latex particles can be produced either by incor-
porating a suitable dye, such as anthraquinone, in the
emulsion before polymerisation, or by colouring the pre-
formed particles. In the latter route, the dye should be
dissolved in a water-immiscible solvent, such a chloroform,
which is then added to an aqueous suspension of the latex
particles, The particles take up the non-aqueous solvent and
the dye, and can then be dried.

Preferably such Iatex particles have a maximum dimen-
sion of less than about 0.5 micron.

Coloured latex particles may be sensitised with protein,
and in particular antibody, to provide reagents for use in
immunoassays. For example, polystyrene beads of about 0,3
micron diameter, (supplied by Polymer Laboratories) may
be sensitised with anti-alpha human chorionic gonadotro-
phin, in the process described below:

0.5 ml (12,5 mg solids) of suspension is diluted with 1 ml
of 0.1M borate buffer pH 8.5 in an Eppendorf vial, These
particles are washed four times in borate buffer, each wash
consisting of centrifugation for 3 minutes at 13000 rpm in an
MSE microcentrifuge at roem temperature. The final pellet
is resuspended in 1 ml borate buffer, mixed with 3002 pg of
anti-aipha hCG antibedy, and the suspension is rotated
end-over-end for 16~20 hours at room temperature. The
antibody-latex suspension is centrifuged for 5 minutes at
13000 rpm, the supematant is discarded and the pellet
resuspended in 1.5 mls borate buffer containing 0.5 milli-
grammes bovinc serum albumin. Following rotation end-
over-end for 30 minutes at room temperature, the suspension
is washed three times in 5 mg/ml BSA in phosphate buffered
saline pH 7.2, by centrifugation at 13000 rpm for 5 minutes,
The pellet is resuspended in 5 mg/mt BSA/5% (wiv) glyc-
erol in phosphate buffered saline pH 7.2 and stored at 4° C.
until used,

(A) Anti-hCG-Dye Sol Preparation

Prolein may be coupled to dye sol in a process involving
passive adsorption. The protein may, for example, be an
antibody prepasation such as anti-alpha human chorionic
gonadotrophin prepared in phosphate buffered saline pH 7.4
at 2 milligram/mi. A reaction mixiure is prepared which
contains 100 ! antibody solution, 2 mls dye sol, 2 mls 0,1M
phosphate buffer pH 5.8 and 15.9 mis distilted water. After
gentle mixing of this solution, the preparation is left for
fifteen minutes at room temperature. Excess binding sites
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may be blocked by the addition of, for example, bovine
serum albumin: 4 mis of 150 mg/ml BSA in 5 mM NaCl pH
7.4 is added to the reaction mixture, and afier 15 minutes
incubation at room temperature, the solution is centrifuged
at 3000 g for 10 minutes, and the pellet resuspended in 10
mls of 0.25% (w/v) dextran/0.5% (w/v) lactose in 0.04M
phosphate buffer. This antibody-dye sol conjugate is best
stored in a freeze dried form.

(B) LH-Dye Sol Preparation

Due to the structural homology between the alpha sub-
units of hCG and LH, alpha hCG antibody can be used to
detect LH in a cross-reactive immunoassay. Thus, a labelled
antibody may be prepared for use in an LH assay in an
identical manner to that described in Example 1, using
anti-alpha hCG antibody.

3. Preparation of Reagent Strip
Zonal Impregnation of Liquid-conductive Material

Liquid-conducting material with a restricted zone of
immobilised protein, particularly antibody, can be prepared
for example as follows: -

A rectangular sheet of Schieicher and Schuell backed 8
nitrocellulose measuring 25 cm in length and 20 cmin width
may have a reaction zone formed upon it by applying a line
of material about 1 mm wide at 5 cm intervals along its
length and extending throughout its 20 cm width. The
material can, for example, be a suitably selected antibody
preparation such as anti-beta (human chorionic gonadotro-
pin of affinity Ka at 10° prepared in phosphate buffered

saline pH 7.4 at 2 milligram/ml, suitable for immunoassay of

human chorionic gonadotrophin using a second (labelled)

15

2
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anti-hCG antibody in a sandwich format. This solution can -

be deposited by means of a microprocessor-controlled
microsyringe, which delivers precise volumes of reagent
through a nozzle, preferably 2 mm diameter. When the
applied material has been allowed to dry for 1 hour at room
temperature, excess binding sites on the nitrocellulose are
blocked with an inert compound such as polyviny] alcohol
(1% wiv in 20 mM Tris pH 7.4) for 30 minntes at room
temperature, and sheets are thoroughly rinsed with distilled
water prior to drying for 30 minutes at 30° C,

In one embodiment, the liquid conductive material can
then be cut up into numerous strips 5 cm in length and 1 cm
in width, each strip carrying a limited zone of the immobi-
lised antibody to function as an immunosorbent part way
(e.g. about half way) along its length. In this example the test
strip is used with a liquid label which is mixed with sample,
In use, this limited zone then becomes a test reaction zone
in which the immunoassay reactions take place.

In another embodiment, the label may be dispensed/
deposited intofon a restricted zone before cutting up the
liguid-conductive material into strips. By way of example,
this reagent may be dye sol or dye polymer-conjugated
anti-hCG antibody prepared as described under dye sol
preparation, said reagent being retained in the zone when the
material is in the dry state but which is free to migrate
through the carrier materia! when the material is moistened,
for example, by the application of liquid sample containing
the analyte to be determined, This mobile reagent zong is
applied, for example, as follows:

A sheet of Schleicher and Schuell backed 8 p nitrocellu-
lose, 25 cm in length and 20 cm in width with zones of
immobilised antibody at 5 cm intervals along its length, is
prepared as described previously. Prier to the deposition of
dye labelled antibody, a sublayer of, for example, 60% w/v
of sucrose in distilled water is applied by airbrush on the
microprocessor controlled system at 6 cm intervals along the
length of the sheet. Then sevcral passes {e.g. three) of dye
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labelled antibody prepared in 1% methacel KAM (Trade-
mark for methylcellulose from Dow Chemical Company)
and 0.6% {w/v} polyvinylalcohol are applied by airbrush or
by micresyringe directly on top of the sublayer. Sheets are
then allowed to dry, and cut into strips 5 cm in length and
1 cm in width, to be used in the completed device.

Geld sols, or coloured polystyrene particles can be depos-
ited by a similar process.

In addition to the test zone various control zone options
can be operated. For example a zone of anti-species IgG may
be deposited after the test zone.

4, Sandwich Assays Using Strip Format

A sandwich-type reaction may be performed for the
detecion of human chorionic gonadotrophin (hCG) in a
liquid sample. Preferably the label used is a direct label
which is readily visible to the naked eye. Dye sols, gold sols
or coloured lalex particles may be linked to anti hCG
antibody, as described above.

With direct labels, assays may be performed in which
fresh urine samples are applied directly from the urine
stream, or by delivering an appropriate volume (e.g. 100 pt)
from 2 container using a pipette to the absorbent wick of the
test device. Each sample is atlowed to run for five minutes
in the device, and the colour generated at the reactive zone
read either by eye, or using a light reflectometer.

Indirect labels such as enzymes e.g. alkaline phosphatase
may also be used, but require the addition of substrate to
generate a coloured endpoint,

Enzyme assays may be performed in which the anti-hCG

| antibody is conjugated to alkaline phosphatase, using con-

ventional techniques, and diluted Yiw in 0.01M phosphate
buffered saline pH 7 containing 3% polyethylene glycol
6000, 1% (w/v) bovine serum albumin and 0.02% TRITON
X305 (Trademark—obtainable from Rohm and Haas) before
application to the sheet. Fresh urine samples are then
applied, either directly from the urine stream, or by deliv-
ering an appropriate volume (e.g. 100 pl) from a container
using & pipette, to the absorbent wick of the test device. Each
sample is allowed to run for five minutes before & pad of
liquid-swellable material soaked in BCIP substrate (at 1
mg/ml in 1M Tris/HCI pH 9.8) is placed in contact with the
immobile antibody zone. After a further five minutes, the
pad is removed, and colour generated read either by eye, or
by using a light reflectometer.

A similar embodiment can be prepared using lutenising
hormone (LH)} instead of hCG.

5. Competitive Assays

A competitive type assay may be performed as exempli-
fied by estrone-3-glucuronide, a urinary metabolite of
estrone. Conjugates of estrone-3-glucuronide and bovine
serum albumin are prepared as follows:

Preparation of BSA-Estrone-3-glucuronide

The conjugation of E-3-G and BSA may be achieved
through the use of a mixed anhydride. All of the glassware,
solvents and reagents employed in the preparation of the
activated species must be thoroughly dried using an oven,
dessicator or molecular sieves, as appropriate, for at least 24
hours.

Solutions of E-3-G (2 oM) in dry dimethylformamide
(DMF)} and tri-n-butylamine (TnB) (10 nM) in dry DMF
were equilibrated separately at 4° C. Using pre-cooled
glassware E-3-G in DMF (1.25 ml) and TnB in DMF (0.25
ml) were added 1o a pre-cooled 5 ml Reactivial containing
a magnetic stirer. A solution of isobutyl chioroformate in
dry DMF (10 nM) was prepared and an aliquot (0.25 ml) was
cooled to 4° C. and added to the Reactivial. The contents of
the Reactivial were stirred for 20 minutes at 4° C, and 2
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solution of BSA (1 mg/ml) in bicarbonate buffer (0.5%) was
prepared. When the mixed anhydride incubation was com-
plete, the contents of the Reactivial were added to the BSA
solution (2.5 ml) and stirred on a magnetic stitrer for 4 hours
at 4° €, The conjugate preparation was purified by passage
through a Tis buffer equilibrated Pharmacia PD-10 SEPHA-
DEX G-25 column, transferred to an amber glass storage
boltle and stored at 4° C.

Preparation of BSA-E-3-G dye Sol

A dispersion of dye (5% w/v) in distilled water was
prepared with thorough mixing and aliquots were centri-
fuged at 3850 rpm (1500 g) for 10 minutes in a bench top
centrifuge. The pellet was discarded and the supernatant was
retained and centrifuged in aliquots at 4850 rpm (3000 g) for
10 minutes in a bench top centrifuge. The supernatant was
discarded and the pellet was resuspended in half of its
original volume in distilled water. This step was repeated
four times to wash the pellet. The pellet was finatly resus-
pended in distilled water and the absorbance at lambda max
was determined.

Sotutions of dye sol in distilled water and E-3-G/BSA
conjugate diluted in phosphate buffer were mixed to give
final concentrations of 10 pg/ml conjugate (based on BSA
content) and an extrapolated dye sol optical density of 20 at
the absorbance maximum. The reaction mixture was incu-
bated for 15 minutes at room temperature and blocked for 15
tninutes at room temperature with BSA in a NaCl solution (5
mM, pH 7.4 to yield a final BSA concentration of 25 ma/ml.
The reaction mixture was centrifuged at 4850 rpm (3000 g)
for 10 minutes in a bench top centrifuge, the supemnatant was
discarded and the pellet was resuspended in half of its
original volume in Dextran (0.25% wiv)/Lactose (0.5% w/v)
phosphate (0.04M pH 5.8 buffer.

Preparation of E-3-G Test Strips

Antibodies to E-3-G were deposited as described in
example 3. BSA-E-3-G dye sol was deposited on the strips
as deseribed in 3,

Determination of E-3-G

Using reagents described above, a standard curve can be
generated by running strips with samples with known con-
centrations of E-3-G. The colour at the immobile zone can
be read, for example using a Minolta chromameter, and the
concentration of E-3-G calculated by extrapolating from the
reflectance value. ’

The invention described herein extends to all such modi-
fications and variations as will be apparent to the reader
skilled in the art, and also exiends to combinations and
subcombinations of the features of this description and the
accompanying drawings.

We claim:

1. An anpalytical test device for detecting an anatyte
suspected of being present in 2 liquid biological sample, said
device comprising:

a) a bollow casing having a liquid biological sample
application aperture and means permitting observation
of a test result;

b) a test strip comprising a dry porous carer contained
within said hollow casing, said carrier communicating
directly or indirectly with the exterior of said hollow
casing through said liquid biological sample applica-
ton aperture to receive applied liquid biological
sample, said carrier having a test result zone observable
via said means permitting observation, said test strip, in
the dry unused siate, conteining a labelled reagent
capable of specifically binding with said analyte to
form a first complex of said labelled reagent and said
analyte, said label being a particulate direct label,
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wherein said labelled reagent is dry on sad test sirip
prior to use and is released into mobile form by sald
applied liguid biological sample,

wherein mobility of said labelled reagent within said test
strip is facilitated by at least one of 1) coating at Icast
a portion of said test strip upstream from said test result
zone with, or 2) drying said labelled reagent onto a
portion of said test strip upstream from said test result
zone in the presence of, a material comprising a sugar,
in an amount effective to reduce interaction between
said test strip and said labelled reagent;

said carrier containing in said test result zone a means for
binding said first complex, said means for binding
comprising specific binding means and being immobi-
lized in said test result zone;

migration of said applied liguid biological sample through
said dry porous carrier conveying by capillarity said
first complex to said test result zone of said dry porous
carrier whereat said binding means binds said first
complex thereby to form a second complex;

said second complex being observable via said means
permitting observation, thereby to indicate the presence
of said analyte in said liquid biological sample,

2, The device according to claim 1, wherein said label is
selected from the group consisting of dye sols and metallic
sols.

3. The device according 10 claim 1, wherein said labelled
reagent comprises an anti-hCG antibody and said liquid
biological sample is urine,

4. The device according to claim 1, wherein said labelled
reagent comprises an anti-LH antibody and said liquid
biological sample is urine,

3. The test device according to claim 1, wherein said dry
porous carrier material 5 nitroceilulose.

6. The test device according 1o claim 5, wherein said
nitrocellulose has a pore size greater than about S microns.

7. The test device according to claim 5, wherein said
nitrocellulose has a pore size of about 8-12 microns.

8. The test device according to claim 1 which further
comprises a control zone downstream from said test result
zone in said dry porous carrier to indicate that said liquid
biological sample is conveyed by capillarity beyond said test
result zone, and a control zone observation apcrture in said
casing, said control zone also being observable from outside
said hollow casing through said control zone observation
aperture.

9. The test device according to claim 8, wherein said
control zone contains a means for binding said labelled
reagent which comprises specific binding means and is
immobifized in said contro! zone.

10. The test device according to claim 1, further com-
prising an absorbent sink at a distal end of said dry porous
carrier, said sink having sufficient absorptive capacity to
absorb any labelled reagent not bound to said analyte
washed out of said test zene.

11. The test device according to claim 1, wherein said
means for binding is impregnated throughout said dry
porous carrier in said test zone.

12. The device according to claim 1, wherein said means
for binding binds directly with said first complex.

13. The test device as in claim 1, wherein said means
permilting observation comprises a test result observation
aperture defined through a wall of said casing.

14. The test device according to claim 1, wherein said
material further comprises a protein,

15. The test device according to claim 14, wherein said
protein is bovine serum albumin.
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16. The test device according to claim 1, wherein said
sugar -is selected from the group consisting of sucrose,
lactose and dextran.

17. The test device according to claim 1, wherein mobility
of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with polyvinyl alechol. .

18. The test device according to claim 1, wherein mobility
of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with a protein.

19, The test device according to claim 18, wherein said
protein is selected from the group consisting of bovine
seum albumin and milk protein.

20. An analytical methed comprising:

contacting an analytical test device for detecting an ana-

lyte suspected of being present in a liguid biological

sample, said device including:

a) a hollow casing having a liquid biological sample
application aperture and means permitting observa-
tion of a test result;

b) a test strip comprising a dry porous carrier contained
within said hollow casing, said carrier communicat-
ing directly or indirectly with the exterior of said
hollow casing through said liquid biological sample
application apertnre to receive applied lignid bio-
logical sample, said carrier having a test result zone
observable via said means permitting observation,
said test strip, in the dry unused state, containing a
labelled reagent capable of specifically binding with
said analyte to form a first complex of said labelled
reagent and said analyte, said label being a particu-
late direct label, wherein said labelled reagent is dry
on said test strip prior to use and is released into
mobile form by said applied liquid biological
sample, ’

wherein mobility of said labelled reagent within said test

strip is facilitated by at least ane of 1) coating at least

a portion of said test strip upstream from said test result

15

zone with, or 2) drying said labelled reagent onto a 40

portion of said test strip upstream from said test result
zone in the presence of, a material comprising a sugar,
in an amount effective to reduce interaction between
said test strip and said labelled reagent;

said carrier containing in said test result zone 2 means for 45

binding said first complex, said means for binding
comprising specific binding means and being immobi-
lized in said test result zone;

migration of said applied liquid biological sample through
said dry porous carrier conveying by capillarity said
first complex to said test result zone of said dry porous
carrier whereat said binding means binds said first
complex thereby to form a second complex;

said second complex being obscrvable via said means
pergitting observation, thereby to indicate the presence
of said analyte in said liquid biological sample, with
said liquid bielogical sample suspected of containing
said analyte;

allowing said liquid biological sample to convey by
capillary action through said dry porous carter into
said test result zone and said iabelled reagent is con-
veyed therewith,

and detecting the presence of said analyte in said liquid
biological sample by observing the presence of any
labelled reagent-analyte complex bound i said test
result zone.

55
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21, The method according to claim 20, wherein said dry
porous carrier is a strip of dry porous material, and has a
control zone downstream from said test result zone, to
indicate to a user that the test has been completed; and said
hollow casing has a second observation aperture throngh
which said control zone is visible and wherein said liquid
biological sample is a urine sample whereby urine is con-
veyed by capillarity through said dry perous carrier into said
test result zone and said control zone, and said test result is
obtained by observing the extent to which said Jabelied
reagent-analyte complex becomes bound in said test result
zone.

22. The method according to claim 21, wherein said
control zone contains a means for binding said labelled
reagent which comprises specific binding means and is
immobilized in said contro! zone.

23. The method according to claim 20, wherein said
material further comprises a protein.

24, The method according to claim 23, wherein said
protein is bovine serum albumin.

25. The method according to claim 20, wherein said sugar
is selected from the group consisting of sucrose, lactose and
dextran. '

26. The methed according to claim 20, wherein mobility
of said Iabelled reagent within said test stip is further
facilitated by blocking excess binding sites within said test
strip with polyviny! alcohol.

27. The method according to claim 20, wherein mobility
of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with a protein.

28. The method according to claim 27, wherein said
protein is selected from the group consisting of bovine
serum albumin and milk protein.

29. An analytical test device for detecting an analyte
suspected of being present in a liquid biological sample, said -

. device comprising:

a) a hollow casing having a liquid biological sample
aperture, a test result observation aperture, and a con-
tro! zone observation aperture;

b) a test strip comprising a dry porous carrier contained
within said hollow casing, said carrier communicating
directly or indirecly with the exterior of said hollow
casing through said liquid biological sample aperture to
receive applied liquid biological sample, said carrer
having a test result zone abservable through said test
result observation aperture and a control zone observ-
able through said control zone observation aperture,
said test strip, in the dry ununsed state, containing a
labelled reagent capahle of specifically binding with
said analyte to form a first complex of said labelled
reagent and said analyte, said label being a particulate
direct label, wherein said labelled reagent is dry on said
test strip prior to use and is released into mobile form
by said applied liquid biological sample;

¢) an absorbent sink at a distal end of said dry porous
carrier, said sink having sufficient absorptive capacity
1o allow any labelled reagent not bound to said analyte
to wash out of said test zone;

said carrier containing in said test resuil zone a means for
Dbinding said first complex, said means for binding satd
first complex comprising specific binding means and
being immobilized in said test result zone, said carrier
containing in said control zone a means for binding said
labelled reagent, said means for binding said labelled
reagent being immobilized in said control zone,

wherein mobility of said iabelled reagent within said test
strip is facilitated by at Ieast one of 1) coaling at least
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a portion of said test strip upstream from said test result
zone with, or 2) drying said labelled reagent onto a
portion of said test strip upstream from said test resull
zone in the presence of, 2 material comprising a sugar,
in an amount effective to reduce inleraction between
said test strip and said labelled reapent;

migration of said applied liquid biological sample through

said dry porous carrier conveying by capiliarity said
first complex to said test result zone of said dry porous
carrier whereat said means for binding said first com-
plex binds said first complex, thereby to form a second
complex;

said second complex being observable through said test

result observation aperture, thereby to indicate the
presence of said analyte in said liquid biological
sample.

30. The test device according to claim 29, wherein said
conirol zone contains a means for binding said labelied
reagent which comprises specific binding means and is
immobilized in said contrel zone.
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31. The method according to claim 29, wherein said
matedal further comprises a protein.

32, The method according to claim 31, wherein said
protein is bovine serum albumin.

33. The test device according to claim 29, wherein said
sugar is selected from the group consisting of sugrose,
lactose and dextran.

34. The test device according (o claim 29, wherein mobil-
ity of said labelled reagent within said test sirip is further
facilitated by blocking excess binding sites within said test
strip with polyvinyl alcehol.

35. The test device according to claim 29, wherein mobil-
ity of said labelled reagent within said test strip is further
facilitated by blocking excess binding sites within said test
strip with a protein,

36. The test device according to claim 35, wherein said
protein is selected from the group consisting of bovine
serum albumin and mitk protein.



